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chapter I

Introduction

The course of disease after infection with the hepatitis B virus is very diverse. The
ecrly manifestations of the disecse may be mild and anicteric, more severe with
jaundice or even fulminent with acute liver fodlure. Most patients recover comple-
tely. However, in some individuals the virus is not cleared emd they become chronic
hepatitis B virus ecrriers. [t is not well known whether the ecnly course of disease in
patients who clear the virus is similar to the ealy course in those who eventually
become chronic corriers. Some clinicdl, serological and histolegical differences
between the various initial disecse periods have been described. For example, a
mild or asymptomatic ecrly cowrse of disease has been reperted to be more
frequently followed by persistence of the virus than a joundiced episode.

Chrenic carmiers are also not a homogeneous group. A large propeorton are
asymptomatic. They have no biochemical or histological signs of hepatitis. The rest
of the hepatitis B virus ccoriers have some degree of chronic hepatitis. This varies
from mild with litfle tendency to liver damage to active liver disease with progression
to liver cirrhosis. Primary hepatocellular carcinoma is relatively requently found in
patients with hepatitis B positive liver cirhosis. Chronic iver failure emd hepatocel-
lular carcinoma both may lead to death.

This clinical spectrum, ranging from complete recovery to death, is the result of
infection with just one type of virus. Althcugh many subtypes of the hepatitis B virus
are known, no differences of vindlence have become apparent, which suggests that
differences in clinical course are due to differences in host response. Subjects with
impaired cellular or humoral immunity, in comparison to apparently healthy sub-
jects, requently fail to eliminate the virus after infection but usually develop milder
forms of chronic hepatitis. On examination of liver biopsies T-lymphocytes appecr
to be the effecter cells in the hepatocytolysis which accompanies viral hepatitis.
Therefore, the varicus courses of disease have been ascribed to differences of the
host’s immune response to the viral infection. The immune response may have at
least two effects: 1) (partal) removal of vira] products and 2) damage of infected
liver cells. An adequate immune response results in clearemce of the virus. In some
cases this is accompanied by appreciable liver cell danage and jaundice, in others
the clearamce of the virus ccours without clinical symptoms. In the case of an
inadequate immune response, with failure to clear the virus, the liver cell damage
may daso vary from severe to completely absent. Elimination of the virus and
damage to liver cells therefore seem to be mediated by different immunological
mechanisms.

It is possible that the course of disease is determined somewhere between the
infecton and the early symptoms. The key factor may be the efficacy of early viral
elimination. Theoretically, virad elimination may be the result of 1) destruction and
elimination of dll infected Liver cells and/or 2) selective intracellular suppression of
viral replication. The fermer is a general mechanism of viral elimination. With res-
pect tc hepatitis B virus infection there is some doubt as to whether viral elimination
is the exclusive result of destruction of infected liver cells, as viral elimination cnd
liver cell damage do nct appeor to be congruent in the various clinical forms of
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chapter I

hepatitis B. Although there is no clear evidence for specific suppression of hepatitis
B virus replication, selective suppression of viral replication. by antiviral aniibodies
has been described for other viruses. Thus, besides liver cell destruction, selective
suppression of viral replication could conceivably play a role in the elimination of
the hepatitis B virus. It is not known ot what time during the ecrly disease the see-
mingly different immunological mechenisms mediating viral clearance and liver
cell damage come into play. Similarly, the factors that influence these immunolo-
gical processes cre not well known.

Hepatitis B virus infection couses considerable morbidity and mortality throug-
hout the world. Recently, safe and reliable prophylaxis has become available in the
form of vaccination. However, despite many efforts, no therapy has been shown to
be conclusively effective in patients who have developed chronic hepatitis B

Motivation.

Apart from prophylaxis, effective treatment of chronic hepatitis B is an important
goal. Rational therapy can conly be based on an extensive understending of the
disease processes. The mechanism that triggers the development of chronic hepat-
tis B is unknown. Even the factors that determine the efficacy of viral elimination emd
the extent of liver cell damage have been only portially characterized.

Aim of the study

The aim of this study was to find cormrelations between 1) the verious courses of
disecse afier infection with the hepahitis B virus and 2) quantitative parameters of
viral replication and liver cell degradation, viral subtypes end the immunclegical
response, in order to obtain mere insight into the timing and the mechanisms of the
development of chronic hepatitis B.

Design

Potients were grouped according to the several possible courses of disease ofter
infection with the hepatitis B virus:

1) patients with acute hepuatitis B;

2) subjects who had recovered from acute icteric hepatitis B;

3) subjects who had recovered from acute non-icteric hepatitis B;

4) chronic hepatitis B virus camiers without hepatitis;

5) chronic hepdiitis B virus camiers with chronic persistent hepatitis;

&) chronic hepatitis B virus carriers with chronic active hepatitis and

7) patients who had cleared the hepdtitis B virus and had developed chrenic
“"auto-immune” hepatitis.

The study was designed to comrelate these various well defined courses of disease

after hepatitis B virus infection to:
1) quemtitative parameters of viral activity and

11



chapter I

2) quontitative parameters of liver cell degradation, separately and compared in
Hme, in order to obtain information about the course of viral activity emd liver cell
degradation in patients with ealy hepdtitis B who would eventually have
different outcomes;

3) the hepatitis B viral subtypes and the subtypes of antiviral antibodies, in order
to estimate the mpotance of vird factors and the subtype-related aspects of
humora immunity;

4) the peripheral T-cell status, in order to determine possible cellular immunore-
qulatory factors; and

5) the HLA type, in order to establish genetic (immunoregulatory) factors predis-
posing the host to a particular course of disease.

The following deta were necessary:

1) Quemtitative parameters of hepatitis B virus replication and viral products in
time during the early phase of acute hepatitis B;

2) Quantitative parameters of liver cell deenage, simultemeocusly with the viral
parameters,

3) Characterization of subtypes of hepatitis B viral antigens end antibodies in
palients with the verious courses of acute hepctitis B ond chronic hepatitis B
carmiership;

4) Characterization of immunoregulatory T-lymphocyte subtypes in subjects
with the various courses after hepaiitis B virus infection;

5) Determination: of the (genetic) HLA type in subjects with the various courses
cfter hepatitis B virus infection.

6) Nommal control values.

12
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chapter I

2.1 The hepctitis B virus

The hepatitis B virus 1BV) is a DNA containing virus that mainly replicates in the
liver cells of man omd some higher primeates, such as the chimpenzee. The viral
genome codes for production of infectious virus particles with a diameter of 45 nm
and o large amount of nen-infectious smaller spherical cnd tubular particles by the
infected liver cells. The laiter are 22 nm in diameter and consist of excess viral coat
protein, lipids ond carbohydrates. The viral coat protein contains the hepatitis B sur-
lace antigen (HBsAg). The HBV ifself consists of anucleocapsid core swirounded by
an envelope of the HBsAg containing viral coat protein, lipids and corbohydrates.
The core includes the DNA gencme, a DNA polymerase and a capsid protein, becringthe
hepedtitis B core antigen (HBcAg) and the hepatitis B e antigen (HBeAqg) (g 2.1).

HBsAg

o i

figure 2.1: The structure and the antigens of the hepatitis B virus.

Several subtypes ol the hepatitis B virus have been described (1,2), based on dif-
ferences in the coat protein. There are four major subtypes: adw, ayw, adr ond ayr,
which have the determinant a in common. The determinants d end v, and wand 1
are mutually exclusive in one subtype. The antigenic differences between the HBV
strains are well established in epidemioclogical studies (3), inoculation studies in
onimals (4,5) emd DNA sequence studies (8,7).
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HBV DNA is a small circular molecule. It was first described by Robinson et al. (8). The
DNA molecule is partly double-stremded, partly single-stremded, with a veriable ratic.
The long stromd, or minus stamd, has o fxed length of about 3200 nuclectides. The
length of the short (plus) strand ranges from 50 to 75 per cent of that of the long (minus)

figure 2.2: Genetic organisation of the hepatitis B virus genome. (Reproduced from
Tiollas (17), with permission of the publishers.)
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strand (8). The plus strand is repaired by a DNA polymerase, using the minus stremd
as a template (10). The complete nuclectide sequence of HBV DNA is known for
several subtypes of the virus (6,7). The minus strand contains four large open reading
fromes, called the S, P, X and C regions (11) {fig 2.2},

The S region codes for the HBsAg related proteins of the viral envelope. This
region is divided into the gene S, the pre-S! and pre-32 sub-regions. The gene S
region encodes the polypeptides P24 and GP27, both 226 amino acids long, but
with different glycosylation. Theoretical analysis of the structure of these polypeptides
has permitted @ model for the spatial structure of HBsAg, with hydrophylic end
hydrophobic regions (12,13). The hydrophylic regions probably bear the emtigenic
determinanis of HBsAg (13). The pre-52 and pre-S1 regions code for minor additional
polypeptides at the N-terminal side of the gene S polypeptides. These laager forms
of HBsAg are termed GP31/GP34 and P39/GP42, respectively (14,15}, clso with dif-
ferent glycosylation. P39 and GP42 have been identified as the tramslation products
of the entire pre S/ gene S reading frame (16). Thus, apart from the subtypes, six
HBsAg centaining polypeptides are known to date. The HBsAg subtypes seemtc be
comrelated to slight differences in the amino acid sequences coded forin the gene S
oand the pre-31 regions (13,17). The relative concentration of the pre-S coded poly-
peptides, in comparisen to P24 and GP27, is higher in HBeAg positive than in
HBeAg negative serum (18). Since HBeAg is comrelated with active HBV replication,
this suggests that the pre-S region is activated in that condition. GP31 and GP34
probably bear the receptor for polymerized human serum albumin, which may play
a role in the penetration of the HBV into the hepatocyte (19).

The P region is the longest reading frame of the HBV genome, having considerable
overlap with ol other regions. There is some evidence that it codes for the DNA poly-
merase molecule (10},

The X region encodes a small polypeptide with slight variations according to the
viral subtype (6). The functional meaning of the X region is unknown. Antibodies
against peptide products of this region have been detected in human sera (20).

The Cregion codes for the polypeptides of the capsid, which is related to HBcAg
and HBeAg. These polypeptides are hydrophobic and may play a rele in the bin-
ding of the core to the viral envelope (13). HBeAg ocours as a soluble protein in the
serum, either free or in association with immunoglobulin G (21).

The HBV DNA can ocour in a freely replicating form, which has been detected in
liver cells as well as in HBeAg positive serum of HBV carriers (22). It can alsc existin
on integrated form in the genome of the hepatocyte. Integrated HEV DNA is mostly
found in liver cells of HBeAg negative chronic HBV carriers, without active liver
disease and in hepatocellular carcinema cells (23,24). In such cases the S gene
may come to expression of HBsAg, but no products of the P and C regions are
chserved.

HBV DNA has also been detected in bene marrow end mononuclear blood cells
during acute and chronic hepatitis B (25). Other extra-hepdtic tissues, such as bile
ducts, pemcreas, spleen, kidney, skin, endothelial and smooth muscle cells, have
also been found to contain HBV DNA (26,27).

The replication cycle of hepatitis B-like viruses has been invesBgated in other
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viruses of the sc-called hepadna virus group (28), the duck hepdtitis virus, the
ground squirrel hepatitis virus end the woodchuck hepatitis virus, which are com-
parable to the humem hepatitis B virus and therefore con be used as a model (29).
Thereplication cycle of hepadnaviruses is characterized by the use of cn RNA inter-
mediate in the multiplication of the DNA genome (30,31). In these hepatitis B-like
viruses multiple plus stremd RNA copies are produced by the celluler RNA polymerase
fromn each minus strand DNA molecule. The RNA intermediates eithermay serve as a
template for DNA replication or have messenger function for the viral proteins. The
RNA precursors of the DNA genome, termed “pre-genomes”, are assembled into the
immature nucleocapsid cores and degradated during reverse transcription of the
new DNA minus strand. Synthesis of the plus sirand DNA starts after completion of
the minus strand (17,32).

2.2 Detection of hepatitis B virus products in serum and Hver.

Several serological markers can be used to characterize the clinical stage after
hepatitis B virus infection. Signs of active viral replication are high titres of HBsAg as
well as positive tests for HBeAg, DNA polymerase and HBV DNA in the serum and
the presence in liver cells of HBcAg, HBeAg and HEBV DNA.

Qualitative detection of the viral antigens HBsAg and HBeAg by sensitive and
specific radicimmuncassays end enzyme immunoassays is in wide use (33-35).
Quantitative determination of these antigens, however, usually remains restricted to
centres with special interest in hepatitis B virus infection (38-32). The absence of
HBsAg and/or HBeAg does not prove that the serum is non-infectious, since HBV
infections have been described with HBsAg negative, anti-HBe positive sera (40), as
well as with HBsAg positive, HBeAg negative anti-HBe paesitive sera (41).

DNA polymerase cctivity points t¢ the presence of DNA containing hepatitis B
virus particles (42). DNA polymerase activity is usually found in the sera of patients
with active viral replication. HBsAg positive sera without DNA polymerase activity
may contain hepatitis B virus perticles, visible by electron microscopy, but these
particles probably do not contain the complete viral DNA within their cores. f that is
true, they would be non-infectious (43). However, non-infectivity of HBsAg positive
sera is very difficult to prove. DNA polymerase activity is detected by counting the
incorporated radiolabel after incubation of serum with radiclabeled thymidine in a
suitable medium (44,45).

Hepadtitis B core antigen in serum can be detected by radioimmunoassay. A posi-
tive test is considered to be a sign of active viral replication (48).

Hepctitis B virus DNA in serum is detected by means of molecular hybridization
techniques. Usually HBV DNA, adsorbed from the serum to a nitrecellulose sheet, is
hybridized with « HBV DNA probe. Such a probe consists of in vitro produced HBV
DNA, labeled with an isotope (47). In « second step the fixed hybrdized probe is
revecied by cutoradiography. Like the tests for DNA polymerase, HBchg and
HBeAg in serum, the HBV DNA hybridization assay is positive in the case of active
virel replication.

Hepatitis B virus antigen locdlizations in liver tissue are demonstrated with
immuncflucrescence and immunoperoxidase techniques. Specific antibodies
labeled with flucrescein or peroxidase are incubated with the liver tissue to bind to
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the antigens. After washing the tissue slides are examined microscopically. In this
way, the expression of HBsAg and HBcAg caon be investigated (48-51). HBeAg is
predominantly found in co-occumence with HBcAg (52,53). The viral antigen
expression in liver tissue is believed to be modulated, ot least in pezt, by the host's
immune defence and to reflect the grade of insufficiency to eliminate the hepatitis B
virus (54).

Detection of hepatitis B virus DNA in liver issue is performed either with extraction
ol DNA from the liver tissue and Southem blotting or with in situ hybridization. In the
former technique, the extracted DNA is digested with endonucleases, followed by
electroferesis and melecular hybridization with isctope-labeled DNA {55). This
technique allows the detection of ree HBV DNA as well as HBV DNA integrated in
the host genome (56-58). The in situ hybridization technique can be applied to
formalin-fized liver biopsy specimens. A DNA probe, labeled with an isctope or a
bictin-avidin-peroxidase complex, is incubated with the liver tissue and in asecond
step the coupe is autoradiographed or examined by microscope, depending on the
labeling method (26,59).

2.3 The clinical course cfier hepatitis B virus infection.

Verious courses of disease mey develop after infection with the hepctitis B virus
(fig 2.3). The HBV can cause acute icteric hepatitis, non-icteric hepatitis or no
hepatitis ot all. In any of these cases the vinus cam be cleared, leading to recovery, or
persist, leading to chronic HBV carriership. Chronic HBV carmiers may be asympto-
matic or develop chronic persistent or chronic active hepdtitis, in @ mild, moderate
or severe form. So, in acute disease as well as in chronic camiership varicus degrees
of hepctitis are found, irespective clearance or persistence of the virus. The dis-
congruency between liver cell degeneration and virus elimination suggests that
these two processes are mediated by different mechanisms.

Some factors, such as age, sex and immunoclegical status, may predispose to per-
sistence of the virus. The age af the fime of iInfection is importamt, s almost oll necnctes
develop chronic HBV carriership after infection with the HBV, whereas children end
adults do so much less requently (60-63). Sex is also a predisposing factor in adults,
but notin children (60,51). Chronic HBV carriership is about two times more frequent
in men than in women (63,64). The importance of the immunological status is reflected
by the high prevalence of chronic HBV carriers in subjects with impaired celluler
immunity, such as renal diclysis patients, subjects with Down's syndrome and
patients with lymphoma or leukemia (63,64). It has been observed that a mild early
course of disease, mostly without joundice, is relatively requently followed by persistence
of the virus and the development of chronic HBV comiership (62,63,65,66).
Exogenous factors which may influence the clinical course after BV infection
include concomitant infection with other viruses, of which the Delta agent is possibly
the mest important (67), and exposure to hepatotoxing such as ethanol {68).

It is estimated that there are about 200 millicn chronic HBV carriers worldwide

(64). The frequency of HBV cammiers ranges from 15-20% in some countries in Africa
and Southeast Asia to less than 1% in North America and Westem Eurcpe. High risk
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groups for acquiring a HBV infection cre discemable in the populations of the
geographical regions with low overall prevalence, for instance medical personnel,
infravencus drug abusers and male homosexuals with frequently chomging sexual
contacts. These groups have in common that they cre involved in the transmission
routes of the HBV.
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figure 2.3: Courses of disease after hepatitis B virus infection. The relative number
of patients following a certain course is roughly indicated by the width of
the amrow.

HBYV is usually ransmitted by meeoms of blood or bleod containing products from
infectious individuals (63). Tramsmission may take place through skin lesions or by
injections, for instomce by « contaminated needle, or through mucous membrones,
by sexual contact. This person-to-person spread of the virus is termed “horizontad
tremsmission”. Another imporiemt mode of HBV tremsmission is “vertical” spread from
an infectious mother to her child during pregnancy or at the time of birth (70).
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The natural history of chronic hepatitis B includes chamges in the clinical course,
accompanied by changes in biochemical and serclogic parameters. Three courses
of disease can be distinguished:

1) Persistence of chronic active hepatitis and serclogical markers of viral replica-
tion, HBeAg, DNA polymerase activity cnd HBV DNA.

2) Disappearance of these merkers from the serum and seroconversion from
HBeAgto antibodies against HBeAg (amti-HBe) (71-74). The seroconversion may be
preceded by a period of cbvious reactivation of the hepatitis activity (75). Following
HBeAq seroconversion, the liver disease becomes asymptomatic. HBsAg remains
present or may be serologically cleared as well. As discussed in section 2.1, HBV
DNA is suspected to be integrated in the liver cell genome in this type of
patients (23,24).

3) Initial diseppearance of the serclogical markers of viral replication and
seroconversion to emti-HBe, but subsequently reactivation of chronic active hepatitis with
reappecrance of markers of viral replication (76,77, In a group of patients with this
course of disease the mean age was clder compared to patients with the first or
second type of disease, and the liver disease was of longer duration with « higher
prevalence of cirthosis (77). The cause of reactivation is unknown, but it has incidentcdly
been chserved dfter immunosuppressive chemotherapy (76), antiviral chemotherapy,
major systemic bacterial infections and surgery (78).

The three courses of disease have been described to occur in 58, 29 and 12 % of
chrenic hepatitis B cases, respectivaly (78).

Simultanecus presence of HBsAg and antibodies to HBsAg (cmti-HBs) has been
described in single case reports of chronic hepatitis B. In our patients this phenomenon
was found in 32 out of 89 patients (36%), as dicussed in chapter IV {79). In each
instonece anti-HBs seemed to be directed to cnother subtype of HBsAg than thet
present in the same serum. These findings have been confirmed by others
(78,80, 81).

Approaches 1o treatment of chronic hepatitis B mainly comprise immune modula-
ting cmd antiviral therapy.

Immune modulating therapy is based on the assumption that humoeral and cellular
mechcnisms may play an essenticl role in the clearance of the virus and in the
pathegenesis of liver cell degeneration. From this point of view, immunosuppressive
therapy might be effective in suppressing liver cell damage, as has been described
for chronic non-viral hepatditis (82). However, immunosuppression has been shown
to be ineffective in chrenic hepatitis B (83,84}, probably because of continuing
synthesis of virad products. Immunostimulation theoretically might impreve the clecrance
of the virus, but in practice this has not been shown; the course of disease even worsened
in some patients because of increased hepatitis activity (85

Antiviral therapy includes interferons, adenine arabinoside and acyclovir. In
some patients a temporary supprassion of viral replication can be achieved. Mono-
therapy with these agents has not shown to be efficacious over a longer period of
time (74,86,87). The effect of combination of antiviral drugs is being studied
(88).
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2.4 Mechanisms of liver cell degeneration and viral elimination.

The occurrence of viral replication eamd continuing liver cell damage show a close
tempordl relaticnship in one clinical condition, the period of reactivation of liver
disease preceding HBeAg seroconversion in chronic active hepatitis, as described
in section 2.3 (71-77). This relationship suggests a causal role of active viral replication in
the pathogenesis of liver cell degeneration in this conditior.. However, in various
other clinical courses of disease there is a discrepancy between viral replicction
and liver cell degradation, indicating that the amount of HBV in liver and serum
does not conrelate with the severity of the hepatitis (77,32). Therefore, the HEV itself
doesnot seem o be directly cytopathic (89,20) cnd another mechanism is probably
involved in the pathogenesis of HBV induced liver cell derage.

Several observations point to the cellular immune system as a mediator of liver
cell damage in hepatitis B (21): on microscopic examination of liver biopsies the
necrotic liver cells appecr to be surrounded by T lvmphocytes, which are assumed
to cause the liver cell necrosis (92); patients with defective cellular immunity more
frequently become chronic HBV carriers after HBV infection (93), but they usudlly
have cnly minor or no activity of chronic hepatitis (83); reactivation of hepatitis
activity has been described to cccur during immunosuppressive chemotherapy as
well as after discontinuation of such therapy (76,90}; stimulation of cellular immunity
in chronic HBV camiers is reportec to increase the liver cell necrosis (94,95).

Humeoral immunity does not seem to be closely related with liver cell necrosis,
since patients with agammaglobulinemia may develop severe acute and chronic
hepatitis (26) and infusion of large doses of anti-HBs does not result in increased
liver cell necrosis (97,98).

The mechanism by which the cellular immune system couses chronic liver cell
necrosis has been studied from several hypothetical starting-points. The “classical”
theory assumes that T-cell cytotoxicity is evoked by the expression of HBV-
associated antigens on the liver cell sufface, amechanism that requires dual recognition
of viral and self (HLA-) entigens on the target cells (99). In this theory, chronic hepatitis Bis
the result of insufficient viral clecrance and continuing expression of viral antigens.
HBcAg-like expression on the liver cell membrane is especially found in the case of
chronic active, HBeA g positive, hepatitis (100, 101). Cytotexic T lymphocytes with
HBcAg specificity have been described in patients with this kind of disease (102).
These cells may therefore play arole in hepatocytolysis. Antibodies to HBcAg (emti-
HBc), bound tc the HBcAg-like determinant on the cell surface (101), may perthaps
modulate the cytotoxic attack by covering the infected cells (102).

Othertheories assume that the primary defect in chronic hepatitis is related to the
immunoregulation of lymphocytotoxicity, either by stimulation of antibody-
dependent cellular cytotoxicity by antibodies attached to liver-specific lipoprotein
emtigens (LSP) on the liver cell surface (103), or by immunoregulatery molecules,
originating from necrotic liver cells or lymphocytes (104). In these theories, chronic
hepatitis B is not necessarily the result of persistence of viral replication, but rather
the effect of changes in liver cell membranes or immunoregulatory lymphocytes.

In attempts tc cmswer these questions, many investigations have been performed
on general cellular immune functon, the cytotoxic lymphocyte function and the
suppressor cell function in hepatitis B (91). A major problem of these tests is the lack
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of om experimental in vivo or in vitro model that has sufficient congruence with the
different courses of hepatitis B. The studies on general immune function in hepatitis
B have produced divergent results with respect by lymphocyte sensitization and
transformation by HBV antigens, other amtigens and mitogens (105). Alterations
found in cytotoxic lymphocyte function have been interpreted as the result of
increased T lymphocyte cytotoxic functicn, antibocdy-dependent cellular cytotoxicity or
natural killer (NK) cell activity, Defective suppressor cell function is presumed to be
a regulatery factor in enhanced cytotoxic activity (106}, Many types of suppressor
cell activity assays have been used to study this issue. Although the resulis of these
non antigen-specific assays are heterogeneous, there is a tendency to decreased
suppressor cell activity in patients with chronic active hepatitis B, but a significant
comrelation with the disease activity has not been found (91).

The interpretation of these immunologic function tests remains difficult, because
the methods are indirect cmd artefacts comnot be excluded. A main artefact inthe in
vitro tests seems to be the NK cell activity. NK cells in low concentrations already
have a profound effector functon and overshadow the T lymphocyte cytotoxic
function emd the antibody-dependent cellular cytotoxicity for which the tests were
designed {21). In one study (107) lymphocytes of chronic HBV ceariers showed
enhanced aspecific cytotoxicity against a series of epithelidl, fibroblasteid, lympho-
blasteid end myeloid cell lines. The effector cells had properties of NK cells.
However, the degree of NK cytotoxicity did not correlate with the degree of hepatitis.
Thus, the importonce of NK cell cytotoxicity in the pothogenesis of liver cell damage
in vive remains uncertain and the mearked in vitro effects of NK cells should probably
be regar ded as artefacts.

Direct characterization of the phenotypes of immuncregulatory peripheral T
lymphocyte subpopulctions by meons of monoclonal entibodies has revealed a
slight tendency to a decreased number of suppressor cells in various forms of chro-
nic hepatitis B as well as in ecrly acute hepatitis B (21). In two studies (108,10%)
lowest numbers of T suppressor cells occurred in HBeAg negative chronic active
hepatitis B patients. This finding may indicate that ongoing liver disease activity
dfter (portial) clearamee of the virus is caused by cytotoxic activity against liver cell
constituents rather than HBV antigens (108}, as discussed in chapter V of this study.
These investigations on T-cell phenotype have some limitations. The peripheral cir-
culating T-cell subsets can enly reflect major alterations in the immunoregulatory
status of the patients, and may be different from the local situation in the ver. The
phenctypic expression of the T-cells has no clecely defined comelation with T-cell
function (91). The subsets cre detected by meonoclonal antibodies which do not dis-
tinguish between suppressor and cytetoxic T-cells. Similerly, the functional display
in the subpopulation with helper/inducer phenctypic expression is not homogeneous.

The Major Histocompatibility Complex, the Humem Leucocyte Anfigen system in
mamn, is involved in the requlation of the immune response. The class | HLA antigens
cre mainly recognized by T-cells that have the ability to develop into cytotoxic cells.
Class I antigens play a role in the activation of regulatory T lymphocytes and
cooperation between those and other cells of the immune system (110). Therefore,
several investigaters have looked for a possible relationship between HLA and the
course of disease after HBV infection (111). These studies have not provided con-
clusive evidence for an association between HLA and HBV infection, chronic
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HBsAg camiership or HBsfg positive chronic active hepatitis, probably in part
because of the divergent patient groups studied ond the numbers of HLA antigens
tested. In chapter VI a study is presented which excamines the relationship between
the different courses of disease end both HLA class I and class I antigens.

Viral elimination may be on importent factor determining the course of disease.
Although HBV is not thought to be directly cytopathic, o close relationship has been
established between viral replication end continuing liver cell degeneration, as dis-
cussed in sections 2.3 and 2.4. Moreover, a role for HBV in the continuction of liver
disease is suggested by the observaiion that immunosuppressive therapy is not
effective in chronic hepatitis B, in contrast to other forms of chronic hepatitis (83,84).
Therefore, in addition to a study of the immunoclogic mechcmisms of liver cell
degeneration, itis important to obtain insight into the mechomism of viral elimination
in acute end chronic hepatitis B.

Antibedies against HBV antigens may play on importent role in viral clearonce.
Freely circulating virus particles are neutralized and prevented from infecting liver
cells by anti-HBs, as shown by the efficacy of anti-HBs after vaccination with HBsAg
in preventing HBV infection. A similar effect has been ascrbed to cnt-HBV
antibodies which are distinct from omiti-HBs (anti-Dane aniibodies) (112,113). Re-
infection of liver cells by HBV released from infected cells is also possibly prevented
in this way. Anti-Dane antibodies com almost never be detected in the serum of
patients with chronic active hepatitis B {113). The absence of these antibodies
would allow chronic re-infection of hepatocytes. The possible modulating effect of
anti-HB¢ on the cytotoxic altack to infected liver cells has been mentioned above
(101,102). Finally, it is possible that antiviral cmtibodies may suppress the intracellulor
HBV production, as dicussed below, but this mechanism remains hypethetical.

Two main hypotheses have been formulated regording HBV elimination from
infected liver cells. In the first hypothesis, the vinus is eliminated by destruction of all
infected liver cells by means of a cytotoxic mechanism (22). The second hypcthesis
assumes that cntiviral cntibodies may suppress the synthesis of viral proteins, without
necesscarily destroying all infected liver cells (104). The first mechanism is a general
mechanism of viral elimination. With hepatitis B this mechanism would imply that
the degree of liver injury is dependent on the number of infecied liver cells.
However, observations in chimpanzees (114-116) and man (117) have revealed
that the majority of liver cells are already infected with HBV in the early phase of
acute hepatitis B. All observed cases recovered nomeally without massive liver cell
necrosis. It is difficult to believe in these instemces that virad elimination has eccurred
only by destruction of all infected liver cells. In the second hypothesis different
immunclogic mechanisms are proposed for viral elimination and liver cell necrosis.
Although such mechanisms remain hypothetical for hepatitis B, suppression of viral
replication by cntiviral entlbodies on the cell surface has been described for measles
(118-120), Epstein-Barr virus (121) and herpes simplex virus {122). The hypotheses
conceming viral elimination are discussed in chapter ITl, in connecticn with g study
on virad elimination in acute hepatitis B.

Despite ¢ll attempts to synthesize the vast canount of information on hepdatitis B
virus eliminction emd ver cell destruction (21,123-126), firm conclusicns cannot be
drawn. Further studies cre needed to supply missing data emd resolve apparently
conflicting observations.
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CHAPTER II

VIRUS ELIMINATION IN ACUTE HEPATITIS B;
RECOVERY VERSUS CHRONIC HEPATITIS

The contents of this chapter have been submitted for publication under the same
title, with the following cuthors: J. van Hottum, S'W. Schalm, FJ.W. ten Kate and
R.A. Heijtink

31



chapter IT

Summoery

The discppearance of viral antigens in relation to liver cell destruction was studied in
63 patients with acute hepatitis B. Hepatitis B virus DNA, DNA polymerase activity,
HBelg and HBsAg were measured quantitctively in serum, end viral cntigens were
determined in Ever biopsies by immunofluorescence. All dota were related in time to the
alanine aminotremstferase (ALT) peak as a marker of maximum liver cell destruction.
Six months after initial symptoms 53 patients had recovered and 10 had become
chronic HBsAg carriers. At the onset of disease no differences in viral anitigens were
observed between the twe groups with different outcome. In patients who
recovered, the HBsAg and the HBeAg levals decreasad significently from two weeks
prior to the ALT peak onweards. The disappearance of HBelig emd HBsAg occurred
independently of the extent of the liver disease. HBV DNA, DNA polymerase and
viral antigens in liver biopsies were mainly detectable before and around the ALT
pedk. In patients who developed chronic hepatitis, viral antigens in the serum enc
liver tissue remained consistently high.

These findings indicate that the final course of the acute hepatitis B is set ot least
two weeks before the maximum hepdatitis activity cnd that quemtitative assays of
HBsAg or HBeAg appecr to be early indicators of prognosis. The disappearance of
viral markers, prior to and independently of the extent of liver cell necrosis, suggests
that suppression of the viral pretein synthesis is an additional mechanism of virus eli-
mination, apart from destruction of infected liver cells.

Introduction

Disappearance of virus multiplication is the hallmark of recovery rom a hepatitis
B virus (HBV) infection. Chronic hepatitis B is characterized by continucus synthesis
of viral proteins, with or without liver cell damage. Better understomding of the mec-
homism which underlies the suppression or elimination of virus replication may pro-
vide a rationa basis for the reatment of chronic viral hepatitis.

The two main hypotheses conceming the mechanism of virus elimination in acute
hepatitis B differ with respect tc the role of liver cell destructon. According to the first
hypothesis the virus is eliminated by destruction of all infected liver cells (1). The
second hypothesis suggests that antiviral antibodies may suppress the synthesis of
viral proteins without necesscrily destroving oll infected liver cells (2) (see
chapter ).

The aim of this investigation was to study viral merkers and liver cell destruction
quantitatively in time during the early phase of acute hepatitis B in order to find dif-
ferences in the courses of viral markers between patients whe would recover and
those who would become chronic hepatitis B virus conriers, and to obtain additional
informeation about the mechonism of hepatitis B virus elimination.

Patients cmd methods
Patients

Sixty-three consecutive patients, admitted because of acute hepatitis B, were eligible
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for this study. They fulfilled the following criteric: no history, symptoms or signs of
liver disease prior to presentation; alcnine aminotransferase (ALT) atleast 2 x upper
limit of normal for 5 days or more; hepaoditis B surface emtigen (HBsAg) and immune
globulin M antibody to core antigen (IgM-antiHBc) positive; liver biopsy confirming
the presence of acute viral hepatitis without signs of chronic hepatitis; neither immu-
nosuppressive drugs nor general anaesthesia during the four weeks prior fo the
initicd symptoms of hepatitis. Fifty-three patients recovered (group ) with loss of
HBsAg and nomalization of ALT. Chronic hepatitis developed in 10 patients (group
I),in whom HBsAqg cnd elevation of the ALT level persisted for more tham six months.
A second liver biopsy confirmed chronic hepatitis B.

The majerity of patients who had been referred to our ward by the family doctor
(31/33) was classified in group I, whereas six of the 10 paients who had been refered
after routine testing for HBsAg by the blocdbank, ended up in group [I. This pattem
of refercl may explain the relatively high number of pofients that developed
chronic hepatitis.

Twenty-seven patients of group 1 and 6 patients of group Il were admitted in cm
early phase of the disease, with ALT and bilirubin vcalues still increasing (group Ia
and Ig, respectively). In such cases the exact date of maximum ALT elevation (ALT
peak) could be determined. Twenty-nine patients of group I and four patients of
group I were admitted ot or ofter their ALT peak. We observed no differences between
the patients who were admitted before ALT peck cand those who were admitted ator
after ALT pedk, regarding age, sex and time intervals from the onset of sympioms to
some cheracteristic points in the courses of ALT, bilirubin, HBeAg and HBsAg {table
3.1). Evidently, all patients were admitted before, ot or orily a few days after theirreal
ALT pedak Thetime intervals aze not applicable to group I, because most patients of
this group had a low-grade hepatitis without jaundice.

Methods

Blood samples were drawn weekly during the period of acute hepatitis and for six
weeks after the ALT peck had occurred end then monthly for six months. Serum ALT
cnd bilirubin levels were determined by standord methods; sera were stored ot -
20°C untl determmination of serologic HBV markers. Radioimmunoassays (Abbott
Laboratories, Chicago, I, USA) were used for the detecton of HBsAg (AUSRIA IT)
and HBeAg. HBeAg was quemtified by the ratio of the radicactivity of a test sample
fo that of a negative control (P/N ratio) for sera diluted 1:10. Sera with o P/N ratio
below 2.1 wers retested undiluted. Diluted sera were considered negative when
their P/N ratio was less than 1.7, corresponding to 2.1 for undiluted sera. HBsAg tifres
were measured by reverse passive haemagglutination tests (AUSCELL, Abbott
Laborateries, Chicago, lll., USA) in two-fold dilution series. DNA polymerase activity
was determined according to the method of Howard (3). Hepatitis B virus DNA (HBV
DNA) was detected by dot hybridization using the HBV DNA probe pCP 10 ofter
labeling by nick translation (See also chapter II). The HBV DNA probe was kindly
provided by Dr. C. Brechot, Institut Pasteur, Poris. JgM anti-HBe was determined by
om ELISA-technicque, after preincubation of serum samples on cnti-IgM coated microtiter
plates (Organen, Oss, The Netherlands).
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Liver biopsies were reviewed by two independent observers. Direct immunofluc-
rescence microscopy was performed using commercial HBsAg-cntiserum (Central
Laboratory of the Netherlands Red Cross Blood Transfusion Service, The Nether-
londs) end an HBcAg-amtiserum obtained from a patient recovering from acute
hepatitis B, lacking other hepatitis B merkers. The number of positive fluorescent
hepatocyles was expressed as a percentage of all liver cells.

All data conceming the HBV markers were related in fime to the date of the
ALT peck.

Statistical analysis was performed with tank sum (Wilcoxon) tests and Spear-
man's correlation tests.

Results
Viral markers and the course of acute hepatitis B.

In the early phase of acute hepatitis B the courses of viral proteins were mecsured
in patients who recovered {(group I) and in those who became chronic HBV cerriers
(group I). The courses of serum HBelAg, HBsAg and ALT are presented in figure 3.1.
Two weeks priorto the ALT peak, the HBsAg and HBeAg tites of patients in group I
were in the same range with those of group II. However, at the time of the ALT peak
the HBsAg tfitre had exponentially dropped in group | patients, thus becoming
significantly different from the HBsAg level found in patients of group II {p < 0.05).
The same course was observed for the HBeAg level; it also dropped exponentially
in patients of group [, becoming significantly lower (p < 0.05) than the HBeAg level
in group I at the time of the ALT peak. In patients who developed chronic hepatitis
the HBsAqg titre and the HBeAg P/N ratio remained consistently high during the
observation period. At the time of the ALT peak, € out of 53 patients from group [
dready had o negative HBelig assay but none of the patients had « negative
HBsAg assay. In potients who recovered, HBeAqg disappearance eccurred within
9.5 weeks after the ALT peak (95% confidence upper limit).

HBV DNA assays were done with the remuining sera from a limited number of
patients. In group [ 36 sera frem 16 patients were tested. Ecrly sera were obtained
prior to or in the week of maximal ALT. Mostly an early emd @ later serum sample
were tested per patient. In the eazly pericd 10 out of 16 serum samples (six out of 12
patients) were positive for HBV DNA. In the later period enly two out of 20 serum
samples (twe out of 13 patients) were positive (figure 3.2} In the HBV DNA positive
samples HBeAg P/N ratio ranged from 34 to 29.8 (mean 16.3) and HBsAg titre ramged
from 800 to 6400 (meom 3200). In 13 out of the 24 sera negative for HBV DNA the
HBeAg test was still positive with a /N ratio from 1.7 to 22.2 (mean: 5.4). In group II
all four patients tested for HBV DNA were positive at one crtwo occasions during the
observation period.

DNA polymerase activity was detectable {(with a low P/Nratic of 1.4 to 1.6) in only
four out of 12 patients of group | at the time of the ALT peak

The mecn maximum ALT level for group 1 (1766 U/]) was rmuch higher tham that of
group I (365 U/ (p < 0.01) (table 3.1, figure 3.1). In dll patients who developed
chronic hepatitis (group II), serum bilirubin levels were always lower than twice the
upper limit of nomal and no jaundice was cbserved.
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Figure 3.1 The courses of HBeAg P/Nratio, HBsAg titre emd ALT in acute hepatitis B
for patients who recovered (@) and those who developed chronic
hepatitis (o). In patients who recovered the HBeAg P/N ratic and the
HEBsAg tifre dropped significently two weeks before the ALT peak. At the
time of the ALT peak there was a significant difference in HBeAg level,
HBsAg titre and ALT level between the two groups (% p<005;
**: p<0.01) HBeAg-sera were diluted 1:10; F/N ratios below 1.7 were
considered to be negative.
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Figure 3.2 HBV DNA in acute hepatitis B for 16 patients who recovered (¢) and 4
patients who developed chrenic hepdatitis (¢). In patients who
recovered, 10 out of 16 early samples, obtained at or before week zero,
were positive for HBV DNA, but only two out of 20 later samples were
HBV DNA positive.

(%) biopsies with pos. IF

3/3 3/3 2/2
100-5 el o} <

75
47

50 4

°8."27’
25
o2."']'[

-2 -1 0 1 2 3
ALT weeks

peak

Figure 3.3: The presence of HBV antigens in liver tissue during acute hepatitis B in
patients who recovered (@) and those who developed chronic hepatitis
{o). The relative number of liver biopsies that showed positive anti-HBs
and/or anti-HBe immuncfluorescence is shown for three biweekly
periods.
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TABLE 3.1  Characterization of patients with acute hepatitis who recovered (group [) emd those who
developed chronic hepetitis (group O).*

recovery chronicity
group total qdmission  admission totad admission garnission
prior to after prior to after
ALT peck  ALT peck AlT peck ALT peak
number 53 27 26 10 5] 4
General features:
Age (yrs) 302106 30.7+118 29.7%x9.1 27858 305+51 238143
Sex M/F) 40/13 20/7 20/6 8/2 5/1 31
Severty of disecse:
Peck ALT (UM 1766+1166 19284969 1598+1322 32651198 349+161 389+241
Bilirubin peak {(umol/l}  227+142 2251120 2290+154 1816 15+5 17+7
HBeAg (P/N ratiof** 8.1x74 89+78 76x£75 248465 268493 235434
HBsAg (titte)** 40x14 39x13 42417 5.7+08 5.8+05 57+08
Time intervads (weeks):
onset of symptoms to
peak ALT 33124 34122 31+23 na. na na
cnset of jaundice to -
peak ALT 18+13 1.7£1.0 1.8x1.8 ne na. na
peak ALT to ALT 1xN+ 869+28 8.7+3.0 TAL26 ne. na. na
peak ALT to HBeAg § .
negative 23+43 1.8+36 28+50 na n.a. na.
peak ALT to HBsAg §
negative 70+39 80x4.1 55£386 na n.a. na.

* v ol data meeam £ T S0 2

#% : HBeAg watic and HBsAg titre at the time of the ALT peak; HBsAg tite given as “log (fitre) x 100.
+ : N: upper Iimit of nomal.

& : RIA negative for undiluted sera.

n.g. : not applicable.

The results of immunoflicrescence studies using hepatitis B emtisera on liver biopsies
cre shown in figure 3.3. The number of biopsies with more than 5% hepatocytes that
exhibited specific anti-HBs and/or anti-HBc flucrescence was highest among the
biopsies taken eculy in the course of acute hepatitis B. In group | positive amti-HBs
immunofluorescence was always seen at the liver cell membreme and never in the
cytoplasm. In three patients more than 50% of the liver cells exhibited membranous
immunoflucrescence. In one case nuclear ent-HBc staining was seen in 85% of the
liver cells. The biopsies of group I always exhibited strongly positive membranous
immunofluerescence, and in 6 cases there was also some cytoplasmatic reaction
with anti-HBs.

Viral markers and liver cell degeneration.

In patients who recovered (group I} the above mentioned data were alsc used to
study the course of liver cell damage in relation to the quaniitative course of viral
proteins. ALT and bilirubin were tested as indices of liver damage. The bilirubin
peak corresponded well in time with the ALT peak {mean bilirubin peck one day
after ALT pedk, SD: 5 days). ALT was used as marker of liver domage in this
presentation.
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The markers of viral protein synthesis were measured quantitetively or semi-
quantitatively and their courses were compared to the course of ALT. HBV DNA and
DNA polymerase activity appecared to become negative at the time of the ALT peck,
followed by HBeAg at 3 weeks (SD: 3 weeks) and HBsAg at 7 weeks {SD: 4 weeks).
The cowrses of HBeAg and HBsAg could be measured quemtitatively reasonably
well. Both the HBeAg and the HBsAg levels decreased already rapidly in the two
weeks pricr to the ALT peak (fig. 3.1}

In order to study a possible relationship between the extent of liver cell degeneration
cnd the amount of viral proteins we compared the following parameters to each
other. The ALT peak, the time interval from ALT peak to nomal ALT and the product
ol the ALT peak and the time interval from ALT peak to normal ALT (area under ALT
curve) were each compared to the HBeAg P/N ratio at the time of the ALT peck, the
time interval from ALT peak to negative HBeAg test and the area under HBeAg
cwrve. The same was done for ALT and the HBsAg curve. The individual data were
used in paired tests. No statistically significant comrelation was found.

Discussion

In this study quontitative measuwrements of viral activity and liver cell degeneration
were performed simultaneously. [t therefore was possible to study the courses of
these porameters during acute hepatitis B and to compare them in relation to o time scale.
We found that in the early phase of acute disease HRBeAg and HBsAg significanily
decreased in those patients who eventually recovered. The viral parameters DNA
polymerase, HBV DNA, HBeAg and HBsAg each seemed to have their gwn elimination
pattem. The sequence of disappearance, as observed in our series was 1) DNA
polymerase/HBV DNA, 2) HBelq, 3) HBsAq. The disappearcnce of HBeAg and
HBslAg occurred independently of the extent of liver desease.

Other studies on the quantitative course of viral parameters of acute hepatitis Bin
man usually have been restricted to one viral antigen ot a time. Baker et ol.{4)
demonstrated a decreasing HBsAg titre before clinical hepatitis in 69 patients.
Krugman et al.(5) confirmed this observation in 4 patients. Aldershvile et al.(6}, who
followed 45 patients with HBe Ag-positive acute hepatitis type B, found clearance of
HBeAg from the peripheral blood within 10 weeks after initial symptoms of hepatitis
in recovering patents. Four patients with persistence of HBeAq for more than 10
weeks all became HBsAg carriers. Our resuits show that HBeAg disappecred within
2.5 weeks from the ALT peak (95% confidence limit), which is about 13 weeks after
the onset of symptoms. In our chservations, quantitative measurement of HBeAg
(which has not been described in acute hepertitis) shows that HBeAq, like HBsAg,
starts decreasing prior to clinical symptoms. Alberti et al. (7) found very low and
decreasing DNA polymerase activity prior to the ALT peak for 8 patients with acute
hepatitis B who recovered. Qur findings are in accordance with these results. The
higher sensitivity of the HBV DNA determination compeared to DNA polymerase
activity elongated the time of cbservation of Dane per ticle markers with 1-2 weeks.
A recent study on fulminemt hepatitis B showed that serum HBV DNA disappeared
pricr to HBeAg (8). The same order was observed in our patients, who had a nomal
course of disease with recovery.

In cur study, patients who recovered exhibited a significant decrease of the
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HBehq P/N ratio and the HBsAg titre in the two weeks before as well as aiter the ALT
peak. Furthermere, there was a statistically significant difference in HBeAg and
HBsAg levels at the time of the ALT peak between patients who eventually
recovered and those who developad chronic hepatitis B. These patients all had
high levels of HBeAg and HBsAgthat did not decline during the observation period.
Quemtitative measurement of HBsAg and HBeAg levels therefore seerns to be sensitive
and practical for the prognosis of acute hepatitis B. The final course of acute hepatitis B
appears to be set at least two weeks before the ALT peck, and with the aid of HBsAg
titres cnd/cr HBeAg quantification the prognosis can be determined ecnly in the
course of disease. Such an early indicator of prognosis might be useful if therapeutic
intervention with interferon or other drugs is considered for those patients whe fail to
clear HBV antigens in the first weeks of an acute hepatitis B.

In view of the hypothesis theat viral elimination is caused by destruction of virus
containing liver cells {1), we compared the disappearamce curves for several viral
porameters with the biochemical curve of liver cell degeneration, using ALT as the
most specific merker. First we observed that the viral parameters HBeAg and HBsAg
were disappearing exponentially while liver cell degeneration increased slowly,
reaching its maximum about two weeks later (figure 3.1). Secondly, we found no
comrelation between the decline in the seérum markers of viral protein production emd
the serum meorkers of liver cell necrosis (table 3.1). These findings do not fit easily
with the hypothesis that viral elimination in acute hepatitis B results predominantly
from eliminetion of infected liver cells. In addition, we as others (9,10,11,12) cbserved
patients with @ nommal benign course and recovery who exhibited positive HBV
immunofluorescence in upto 100% of their liver cells. In these cases recovery with
complete virus elimination occurred. This could not have been achieved sclely by
destruction of oll infected liver cells, because there were no signs of massive liver
cell necrosis.

Chur findings are thus better compatible with the hypothesis of Edgingion and
Chisari (12), who suggest that viral elimination ecrly in the course of acute hepatitis
B can alsec be the result of suppression of the viral genome in the infected liver cell.
Such a mechanism remains hypothetical as for as hepatitis B is concemed, but
suppression of viral replication by antiviral emtibodies has been described for measles
{13,14,15;, Epstein-Barr virus (16} and herpes simplex virus (17). The sequenticl
disappecrance of viral antigens can now be explained, especially since there isno
evidence that this feature is due to different half-life imes ol HBeAg and HBsAg. The
available data suggest that the half-life of HBsAg is cbout 2.5 days {13).

On the basis of the above-menticned arguments the decreasing serum levels of
viral markers are unlikely to result sclely fom liver cell destruction. Suppression of
viral protein synthesis may be an addifonal mechanism of viral eliminaton.
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CHAPTER IV

CO-OCCURRENCE OF HBsAg AND ANTI-HBs;
TWO CONSECUTIVE INFECTIONS OR A SIGN OF
ADVANCED CHRONIC LIVER DISEASE?

The contents of this chapter have been published in the Joumal of Medical Virology
1982; 10: 83-€0, under the same title and with the following authors: R.A Heijtink,
]. van Hattum, SW. Schalm, N. Masurel. Reproduced with permission of the
publishers.
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Summery

Simultcneous presence of HBsAg omd anti-HBs was detected in 32 out of 82
Dutch chronic hepatitis B virus cariers of Caucasian race. The subtype fequencies
and the distibution of risk factors for acquiring o hepatitis B virus infection were
compered in the chronic HBV carriers and 38 patients with aoute hepatitus B who
recovered. In the chronic HEBV cariers, HBsAg was subtyped ad in 28 emd ay in four
cases. Anti-HBs could be subtyped in 25 cases using reference antigens discrimi-
nating between d, v, and wl-w4 determinants. In 20 out of these 25 patients HBsAg
subtype ad (HBsAg/ad) was accompanied by antibody to determinemt y (cmti-y),
whereas HBsAg/ay ond anti-d were simulttmeously detected in the serum of one
patient. The antibody pattern in sera om the remaining patients was complex. In
the acute hepatitis B group, HBsAg was subtyped ay in 25 ond ad in 13 cases. Thus,
in our patients & predominance of ay was found in acute hepatitis with recovery and
ad in chrenic HBV carriers. This difference was partly caused by the prevalence of
ay in drug-users and ad in homosexuals. Non-drug users appeared to have an
equal chance to acquire HBsAg/ad or HBsAg/ay acute hepatitis.

Eighteen anti-HBs positive chronic HBV carriers were matched for age, histology,
cnd HBeAg status with 18 anti-HBs negative chronic HBV carriers. No differences in
risk factors for acquiring a hepatitis B infection were found. These results do not sup-
port the hypothesis that co-occurrence of HBsAg and anti-HBs is due to two con-
secutive infectons with hepatitis B virus. The frequency of the ce-occurrence of
HBsAg cnd anti-HBs was found to be related to the degree of progressive liver
disease, since anti-HBs was found in three out of 23 asymptomatic HBV corriers, in
four out of 20 chronic persistent hepatitis B patients, in 20 out of 41 chronic active
hepciitis B patients, and in all five patients with chronic active hepatitis B and
cirrhosis. The high frequency of cmti-HBs in patients with advanced liver disease
may be the result of a disturbed immunologic response mechcanism.

Introducton

Sirmultomeous presence of hepatitis B surface antigen (HBsAg) and ontibodies
against antigenic determinants of HBsfqg (ant-HBs) has recently been described in
single cases of HBsAg-positive chronic liver disease by varicus cuthers (1-8).

Since several subtypes of the hepatitis B virus are known (9,10), co-cccurrence of
HBsAg and anti-HBs may be explained by two subsequent infections with different
subtypes, one of which gives rise to hetero-typic antibodies ("two infection hypothesis™} (3)..
Altemative mechomisms, also presented by Le Bouvieretal. (3), cze: 1) the presence
of "hidden” determinants on HBsAg which cause antibody formation without sub-
sequent interaction with HBsAg-bewring particles; 2) some form of persistent double
infection with HBV of two different genotypes, while one or the other antigenic pro-
duct is “cutweighed” by its monospecific subtypic antibody at the time of blood
sampling; and 3) quasi-menospecific antibody, evoked by an cntigenic stimulus
unrelated to HBV infection. Of our group of 89 HBsAg-positive chronic hepatitis
patients, 32 (36%) showed HBsAg as well as emti-HBs in their sera. This offered the
opportunity for o more detailed investigation of the relation between HBV
antibodies cmd HBV antigens, and to establish the validity of the widely accepted
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"twe infection hypothesis”. For the latter reason we also compared the subtype
frequencies and the distribution of dsk fucters for acquiring o HBV infection in
patients with acute and chronic hepatitis.

Poiients and methods
Patients

The study group consisted of 89 chronic HBV carriers and 38 patients with acute
symptomatic hepatitis B end complete recovery. Eight patients of the chronic group
had been observed with acute symptomatic hepatitis B and subsequently had
developed chronic hepdtitis, as described in chapter IIL All patients were bom of
Dutch porents of Caucasion race.

The patient group with biopsy-confirmed chronic HBV camiership was divided
into 4 subgroups: ) asymptomatic HBV comiers (AC) (n=23); II) chronic persistent
hepatitis B (CPH) (n=20); IIl) chronic cctive hepatitis B (CAH) (n=41); IV) CAFH with
cinthosis (CIRR) (n=>5). Patients were grouped accerding to stemderd histologic criteria
{11) and the following supplementary criteria: AC; HBsAg positive > 6 months, no
symptoms of liver disease, serum alamine amino transferase (ALT) continuously nor-
mal > & months; CPH: HBsAg positive > 6 months, ALT < 2 x upper limit of normal;
CAH: HBsAg positive > 6 months, ALT > 2 x upper limit of normal.

Acute hepatitis B was diagnosed if a patient was HBsAg positive and showed ALT
> 5 xupper limit of nermedd for a period of ot least S days amd aliver biopsy in conformity
with acute viral hepatitis.

From the initial group of 82 chronic patients, 18 anti-HBs negative patients could
be matched with patients in the enti-HBs positive group for histclogy, HBeAg/onti-
HBe status, ond, in the majority (13 cases), for yecr of birth {divided in 5-year
peticds). The number of patients that could be matched was limited, due to the limited
number of HBe g positive/omti-HBs negative patients with chronic active hepatitis
{group M), and the lack of anti-HBe positive/anti-HBs negative patients with
cirhosis (group IV).

Metheds

The sera were stored at -20 °C after collection. Radioimmunoassays (Abbott
Laborateries, Chicago, [11., USA) were used for the detection of HBsAg (AUSRIA T,
anti-HBs (AUSAR), HBelg, cnd cnti-HBe (ABBOTT-HBe).

Subtyping of HBsAg and anti-HBs was performed according to the method of
Hoolagle et al. (12). This method is based upon the neutralization of emti-HBs by
HBsAg in solution pricr to the performance of the AUSAB test The residuc] amount of
omti-HBs is then compeared with the original amount detected using HBsAg and ani-
HBs negdtive normad humen serum as additive. Before incubation of anti-HBs positive
sera with reference antigens of known sub type or of anti-HBs reference sera with
HBsAg positive sera, pilot experiments were conducted to assure an optimal ratio of
antibody in the neutrdlizaiion reaction. In oll cases of subtyping of HBsAg in anti-
HBs positive sera, HBsAg was present in arelatively large concentration, so that the
serum could be diluted until the contributon of the patient’s cnt-HBs was
neghgible.
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For the subtyping of HBsAg we used guinea pig antisera containing anti-ad and
anti-ay, which were incubated with humen HBsAg/ay and HBsAg/ad, respectively,
to obtain antisera specific for d and y (cnt-d, anti-y). The reference antigen- and
antibody containing sera were kindly supplied by the Nationdd Institutes of Allergy
ond Infectious Diseases, Bethesda, Md., USA. After subtyping oanti-HBs in some
HBsAg positive sera, monospecific anti-d and anti-y serum became available. Sub-
typing of HBsAg with these reagents was in accordance with the results obtained by
menospecific cntibodies prepared in vitro. Subtyping of anti-HBs was made possible by
reference sera kindly supplied by Dr. AM. Courouce-Pauty {Cenire National de
Tromsfusion Sanguine, Paris, France). The antigen subtypes used in the neutralization
reaction were: aywl, ayw2, ayw3, ayw4, adw2, and adw4.

The results were expressed as the percentage of reduction of counts per minute
{cpm) measured in the AUSAB test after preincubation with antigen compared to
preincubation with normmal humen serum. A percentage of more then 50 was considered
positive. The results were reproducibie within 10%. In the case of subtyping HBsAg, the
reduction was always less them 10% or more thon 80%, dependent on the subtype of
the monospecific antiserum used.

Results
Subtype of HBsAg

In the group of 32 patients with anti-HBs positive sera, HBsAg was subtyped ad in
28 and ay in four cases. The number of d versus{vs) v determinant positive sera (15
vs 3) in the matched anti-FBs pesitive group was not significantly different from that
in the matched anti-HBs negative group {17 vs 1) {chi-square with Yates’ correction:
0281, P0.50).

Subtype of anti-HBs

Antibodies could be subtyped in 25 cut of the 32 anti-HBs positive sera. In the
remaining seven cases insufficient matericd was available, or the cencentration was
too low (cpm < 5% negative control value in AUSAB test). In the latter cases anti-HBs
was repecatedly positive in the same serum sample or could be detected in the same
concentration in other sarmples of that particular patient. In Table 4.1 the resulis of
amti-HBs subtyping are grouped according to antibody pattem. In the majority of
cases (20 of 25) HBsAg/ad was accompanied by anti-y anfibodies as the sole type
of emtibody. One patient combined HBsAg/ay with anti-d. This patient had probably
been infected in Southeast Asia during o 2-yecr stay.

In two cases the only type of antibody detected was anti-w3, in one patient
accompanied by HBsAg/ay and in the other by HBsAg/ad. The twe remaining
cases exhibited a rather complex pattem: HBsAg/ad : anti-y and anti-w4 (adw4)
and HBsAg/ad : probably canti-w2 (ayw?2), anti-w3 (ayw3) and anti-w4 {ayw4).

The results of the neutralization tests on the serum of patient no.24 illustrate that
the affinity of antibodies for the reference antigens is not uniform. The percentage of
reduction with subtypes aywl (53%} and adw4 (52%) remained unchanged if the
concentration of these antigens was chemged eightfold.
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TABLE 41 Neubrdlization of anti-HBs by reference antigens in 25 HBsAg containing sera

Percentage neutdalization by HBsAg subtype

Patient no.  HBsAg

subtype aywl ayw2 ayw3 aywé adw2 adwd
1 ad a7 o8 a7 ¢4 0 9
2 ad 61 71 72 71 2 0
3 ad 97 98 26 c6 0 0
4 ad 85 @8 26 S0 3 4
5 ad 385 96 a0 38 1 8
6 ad 9l 97 95 91 4 Q
7 ad 61 63 28 80 11 13
8 ad 99 100 100 85 Q o
9 ad 99 98 @8 100 0 o]
10 ad 94 92 100 89 20 5
11 ad 86 25 94 80 1+ 0
12 ad 92 a7 96 29 6 7
13 ad 85 a8 a3 26 0 0
14 ad o3 26 93 93 8 6
15 ad 100 100 100 95 7 0
16 ad 20 a7 a8 100 0 0
17 ad 28 QG 29 =] 0 13
18 ad 56 75 63 75 6 8
12 ad g9 29 89 a5 3 13
20 ad 85 a3 25 89 3 0
21 ay 0 0 0 31 58 a5
22 ad 11 7 &89 .2l 21 30
23 ay 20 10 66 30 32 17
24 ad 53 94 26 100 15 52
25 ad 0 100 100 S5 0 38
Risk factors

The 18 matched anti-HBs pesitive cmd anti-HBs negative patients were grouped
according to their risk factors for acquiring a hepatitis B infection (Table 4.2). In
about half of the cases arisk factor could not be found for both the anti-HBs pesitive
and the anti-HBs negative groups. In the other hall, the risk was almost equally dist-
ributed among the two groups. For comparison, the risk distribution for the whole
group of anti-HBs poesitive patients is added to Table 4.2.

TABLE 4.2  Risk factor distibution cmong ent-HBs positive (ant-HBs +) cmd ocmti-HBs negative (anti-
HBs -) chronic HBV camiers

meiched groups

total group

anti-HBs + anti-HBs - omti-HBs +
Drug abuse o 1 1
Homosexuality 4 5 6
Multiple transfusions 1 0 3
Medical profession c 1 1
Relatives with HBsAg 3 3 4
No risk factor 10 8 17
Totad 18 18 32
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Subtype frequencies and risk factors compared in chronic and acufe hepatitis B

Since the number of HBsAg/ad and HBsAg/ay cntigens and the risk factors are
almost equally distributed among the groups of anti-HBs positive {n = 32) and anti-
HBs negative (n = 18) chronic patients, these groups were combined and a com-
perison was made of subtype distribution and risk factor with the group of 38 acute
hepatitis B patients who recovered.

Table 4.3 illustrates that HBsAg/ad predominated m chrenic HBV camiers (90%)
cnd HBsAg/ay in acute hepatitis (66%). In one case of the acute hepatitis group with
recovery, a combination of HBsAg/ay and omti-d had been detected during the
acuie hepatitis. The development of chronic liver disease was observed in eight
cases with acute hepatitis, as described in chapter Il In dll cases except one, the
subtype was HBsAg/ad; twice anti-HBs (subiype cnti-y) was aready present in the
first sample with HBsAg obtained during the acute hepatitis.

With regard to risk factors, drug abuse was predominemtly found in patients with
acute hepaiitis and recovery, whereas homosexuality and contact with relatives
was mostly observed in patients who had developed chronic hepatitis.

TABLE 43  Riskfactor distribution in cases of chronic HBY carriers and acute hepatitis B patients sub-
divided according to subtype of HEsAg

chronic acute

ad ay ad ay
Dug abuse 1 1 1 11
Homosexuality 11 0 2 2
Multiple tremsfusions 3 0 1 1
Medical profession 1 1 2 0
Relatives with HBsAg 6 1 0 1
No risk factor 23 2 7 10
Total 45 5 13 25

Anti-HBs in relafion fo histology and HBe status

The frequency of anti-HBs positive sera in four groups of patients with different stages
of liver disease is given in Table 4.4. The percentage of omti-HBs positive sera
increased with the severity of the liver disease. Anti-HBs was found most frequently
in HBeAq positive sera (20 out of 24, 539) but this was probably due to the association of
HBeAg with chronic active hepatitis,

TABLE 44  Frequency of emiti-HBs in 89 patients with different stages of chronic HEBV comriership end
their HBeAg and anti-HBe status (%)

HBeAg+ HBeAg- HBelg+ HBeAg-
Histology anti-HBs+ anti-HBe-  anti-HBet+ — antifBe+  cnti-HBe-
I  AC 3/23 (13%) 0/0 3/23 0/0 0/0
I CPH 4/20 (20%) 1/2 2/17 /1 0/0
M CAH 20/41 {49%) 19/32 /7 0/0 0/2
Iv. CIRR 5/5 (100%) 0/0 5/5 0/0 Q/0
Total 32/89 (36%) 20/34 11/52 /1 0/2

*: frequency given as anti-HBs positive / anti-FBs positive and anti-HBs negative patients.
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Discussion

Qur attention was drawn to the phenemenon of anti-HBs in HBsAg positive chronic
hepatitis after observing arise in anti-FBs titer in o patient participating in a double-
blind triat with human leucocyte interferon in CAH patients (13,14). In this patient,
who received a placebo, HBsAg titer, DNA polymerase activity and HBelg Hter
decreased concomitantly with the rise of anti-HBs. Approximately one year later,
three other participemnts (one freated patient and two contrel patients) showed anti-
HBs ransiently, while mecintaining HBsAg.

In agreement with other studies, it seemed possible that our HBsAg positive/anti-
HBs positive patients had been infected on two consecutive occasions by different
subtypes of HBV. In order to find additional evidence for the "two infection hypothesis”
(3), we determined the HBsAg subtypes in a populaion of chronic and acute
hepatitis patients. Predominantly HBsAg/ad was found in chronic HBV carriers, in
accordance with the observations in neighbouring countres (15-18). In contrast,
HBsAg/ay prevailed in acute hepctitis. This discrepancy, which was also found by
others (17,12,20) is generaliy attributed to the predominance of HBsAg/ad in ecalier
days and the association of HBsAg/ay with intravenous drug abuse at present.
Howevar, seven out of eight acute hepatitis cases that subsequently becarme chronic
showed the subtype HBsAg/ad in cur observation during the last years. Moreover, in
the acute hepatitis group that recovered the non-drug users appeared to have had
an equal chonee to acquire HBsAg/ad or BEBsAg/ay acute hepatitis, but the
prevalence of HBsAg/ay in drug-associated hepatitis was confimmed in our study.
This limited number of cbhservations suggest that the course after am HBsAg/ad or
HBsAg/ay infection may be different in cur country and that the predominance of
HBsAg/ad in chrenic hepatitis is not associated with the prevalence of HBsAg/ad in
eailier days.

It is still conceivable that the presence of HBsAg/ad and HBsAg/ay viruses in the
Dutch population mokes it possible to acquire two consecutive infections with different
subtypes in the absence of immunity ofter the first infection. However, the infection
rate of hepdatitis B is very low in the Netherlands (3.5 per 100,0C0). For a patient who
once has contracted a hepatitis B infection, the chence to acquire a second infection
seems to be extremely small. It might be crgued that the chance for a chronic cartier
to be exposed for the second fime ccnnot be compeared with that of a primary infection
in the population as a whole, since in about half of the chronic cases risk factors for
acquiring hepatitis B may be present. We therefore expected a higher frequency of
risk factors among chronic HBsAg ceauriers with emti-HBs. However, the prevalence of
risk factors in HBsAg positive/ anti-HBs negative chronic hepatitis was similar. This
finding and the observation of increasing frequency of anti-HBs with progressive
liver disease seem hcadly compatible with the “two infection hypothesis”.

‘We dlso considered the possibility that both determinomis & ond v cze present on
complete HBsAg-bearing particles. One of the determinemts would then be "hidden”.
The immune system would only produce both subtypes of cmtibodies if incomplete
HBsAg particles, possibly with both determinants exposed, are relecsed into the
circulation, for example when liver cells are destroyed by active inflommation.
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However, this hypothesis is not supported by chemical end enzymatic treatment of
HBsAg (21). Furthermore, the genetic base for antigenic differences between HEV
strains is well established in epidemioclogical studies (16), inoculation studies in
animals {22,23), and DNA sequence studies (24-26).

Another explonation for the simultaneous presence of HBsAg and ani-HBs may
be a host-dependent abnommdlity in the immune response. The development cof
chronic hepatitis is ascribed to a (combination of) inadequate antibody response
and a defect in T-cell function (27,28). However, the detection of HBsAg-specific
immune complexes (29,30} in chronic hepatitis B patients suggests the existence of
oan antibody response to HBsAg in such cases. Since the frequency of enti-HBs with
progressive liver disease in our study parallels thet of HBsAg-specific circulating
immune complexes (29,30), it may be suggested that the presence of "heterotypic™
soluble anti-HBs, which af least in vito can be neutralized by heterotypic HBsAg,
represents o "nonspecific” part of the immune response. Some support for this
hypothesis is found in an ecnlier study (31), where 16 of our HBsAg positive chronic
active hepdiitis patients were vaccinated with an equine influenza A virus. In 13
{80%) patients a significamt rise was observed against a number of nonrelated
influenza A strains, while in large vaccination trials with influenza virus nonspecific
(heterotypic) antibedy formation is ebserved nomally only in about 5% (32).

Since in this study the formation of heterotypic antibedies was observed for HBV
as well s influenza A virus in a relative lorge number of pafients with chronic hepatitis B,
ond anti-HBs was also found frequently by others in such patients (33) and in HBsAg
pesitive ful minant hepatitis (34), we suggest an underlying principle of qudlitative
deficiency in immune response of the host with degrees in severity leading o different
forms of hepatitis.
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CHAPTER V

T-LYMPHOCYTE SUBPOPULATIONS IN PATIENTS
WITH VARIOUS COURSES AFTER HEPATITIS B
VIRUS INFECTION

The contents of this chapter have been published in the Scandinavion Joumal of
Gastroenterclogy 1884; 19: 427-501, under the same fitle and with the following
authors: J.van Hattum, A. van Qudenczen, SW. Schalm, JW.M. Visser, R. Benner.
Reproduced with permission of the publishers.
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Summary

The course of disease after hepdtitis B virus infection is probably determined by
the cellular immune response of the host, which is pertly regulated by the T helper
ond T suppressor cells. Immunoregulatory T-cell subsets were counted in the peripheral
blood of 97 patients with various courses after hepatitis B virus infection: 23 of these
paiients were asymptomatic HBsAg carrers without detectable liver disease, 13
had chronic persistent hepatitis B, 19 had chronic active hepatitis B (11 HBeAg, 8
cnti-HBe), 7 had chronic active hepatitis with anti-HBs, and 35 were healthy controls
with anti-HBs after recovery from acute hepatitis B. Peripheral blood mononuclear
cells were specifically labeled with monocional Leu-1 (T-cells), Leu-2a (T
suppressor/cytotoxic cells), end Leu-3a (T helper cells) antibodies and enalyzed by
flow cytometry.

Leu-3a/Leu-2a ratics for patients with persistence of the virus did not differ from
those found for patients who clecred the hepatitis B virus. These findings suggest
that elimination of hepatitis B virus as such is unlikely to be related to the relative
number of peripheral T-cell subsets. However, evidence was found that the number
of T suppressor cells had decreased in the subgroup of patients with engoing chronic
active hepatitis and anti-HBe. This subgroup of patients who develop chronic active
hepatitis after partial clecramce of the virus probably have an enhanced immuno-
reactivity compared with those running the commoner courses of this disease.

Introduction

The extremely variable course of disease after infection with hepatitis B virus
(HBV) is usually explained by differences in the immunclegical host response to the
hepatocytes carrying viral antigens {1,2). These immunological reactions may be
regulated by T Iymphocyte subpopulaticns, especially T helper and T suppressor
cells (3), as discussed in chapter I, section 2.4. Several authors have observed differen-
ces in peripheral T-cell subset activity among patients with various forms of chronic
hepatitis (4-7). The resulis of these T-cell activity assays are nothomogeneous, buta
tendency is perceivable to decreased suppressor cell activity in patients with chronic
active hepatitis B. Few data are available en T lymphocyte subpopulations in
patients with vericus forms of hepatitis B (8). We therefore studied T lymphocyte subsets
in the peripheral blood of patients with and without virus elimination and with end
without chronic hepdtfitis after hepatitis B virus infection.

Pahents and methods
Petients.

One hundred and twenty-four patients with a hepatitis B infection, all of Dutch
extraction and Caucasian race, were eligible for the study. Reliable T-cell subset
counts could be obtained in 97 cases. The patients were grouped in accordance
with stomdard criteria (8): 23 asymptomatic HBsAg camiers without biochemical or
histologic abnomalities (AC-B), 13 patients with chronic persistent hepatitis B
(CPH-B}, 19 with chronic active hepatitis B (CAH-B), 7 with chronic active hepatitis
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after elimination of hepatitis B antigens (CAH-arti-HB), and 35 healthy controls without
clinical or biochemical abnonmdlities and with demonsirable anti-HBs after
recovery from acute hepatitis B (C-anti-HB).

Methods.

HBsAg, anti-FBs, HBeAg, anti-HBe, cmd emti-FHBe were determined by radioimmunc-
assays (Abbott Laboratories, Chicago, 1L, USA). Menonuclear cells were isclated
by Ficoll-Iscpaque gradient centrifugation by the method of Béyum (10), washed
twice, suspended in a medium consisting of 25% fetal calf serum, 65% RPMI, and
10% dimethylsulfoxide, frozen to -80 °C in a polystyrene box, emd stored in Liquid
nitrogen. Subsequently, vials with frozen mononuclear cells were thawed to 37 °C
and, after being washed, were resuspended in 5% bovine serum albumin in
phosphate-buffered saline. Cell counting was accomplished with a Coulter counter.
The vield of mononuclear cells was 75%, according to cell counts obtained before
isoletion and ofter thawing. The cell suspension was diluted to o concentration of 10
million cells/ml One hundred microliters of the suspension were incubated with 1
micrograrm of fuorescein isothiocyanate-labeled (FITC) anti-Leu cntibodies (Becton
Dickinsen Menoclenal Antlbody Center, Sunnyvale, Va., USA) or 5 microlitre of a
FITC-labeled goat anti-human Ig antiserum diluted 1:15 {(GAH/Ig/FITC, Nordic
Immunolegical Leboratories, Tilburg, The Netherlemds), A direct immuncfluorescence
technique was thus applied. The cells were cmalyzed forthe presence of Leu-1, Leu-
2q, Leu-3a and lg determinomts on the cell membrane. Anti-Leu-1 is directed
against a non-subtype specific humean T-cell antigen, anti-Leu-2a against a human
T cytotoxic / suppressor cell antigen, and anti-Leu-3a against a humen T helper /
inducer cell antigen. GAH/Ig/FITC detects human B lymphecytes and monocytes,
the latter via the Fe receptor. After incubation for 20 min and washing ot 4 °C, the
cells were analyzed by flow cytometry.

Flow cytometry emalysis was perfermed with a fluorescence-activated cell sorter

(FACST, Becton Dickinson FACS Systems, Sunnyvale, Calif., USA). For each sample
at least 10,000 cells were analyzed. Percentages of positive cells were calculated
by plotiing the histogram profiles for both unlabeled and FITC-emti-Leu-antibody
labeled cells. Viable and nonviable cells could be distinquished on the basis of
their low-angle scatter characteristics (11). In this memner three groups of mononu-
clear cells could be distinguished (Fig.1): a group with « low scatter signal that
appeared to consist of nonviable cells (cecording to a propidium iodide stain) and
twe other groups consisting of viable lymphocyies and monocytes.
The fluorescence histogram was measured twice, first for all cells and subsequently
for the viable lymphocytes (Fig.1). When samples contained more than 75% dead
cells, the lymphocyte window could not be localized exactly, resulting in a less
precise counting of the lymphecyte subpopulation; this was encountered in 27
cases. The data for these 27 out of 124 patients were not included in the analysis.
These patients were equally distibuted among the various patient groups.

Statistical analysis was performed with the Wilcoxon remk sum test (12) and the
remk correlation test (13); results were considered significant when the p value was
less them 0.05.
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Figure 5.1. Typical example of flow cytometry analysis of mononuclear cells by
flucrescence-activated cell sorter. With forward light scatter three
groups of meononuclear cells can be distinguished in arbifrary units:
nonviable cells with a low scatfer signial (1-2), viable lymphocytes (2-3)

. and viable monocytes with ¢ higher scatter signal (3-4). By measwing
the fluorescence, specifically labeled cells can be distinguished at a
higher level (6-7) than the unlabeled cells. The ymphocyte window (Iy-w)
separates viable lymphocytes from other mononuclear cells. The histogram
(right) shows the number of cells with a certain fluorescent intensity. By
comparing the histogram of a cell population before (b) and affer (o)
specific labeling, the percentage of labeled cells can be calculated.

Results

In all patient groups we found a statistically high correlation (p < 0.001) between
the distribution of the lymphocyte subpopulations obtained by counting the viable
lymphoeytes only end that found by counting all cells. In these patients approximately
45% of the cells were viable and 55% were nonviable.

The distribution of the T-cell subset population, as presented in Table 1, is based
on: the counting of viable lymphocytes. We found average values of 56% Leu-1 positive
cells, 19% Leu-2¢ positive cells, and 40% Leu-3a positive cells, there was close corres-
pondence between the sum of the T-cell subsets and the total T-cell percentage.

Regarding viral eliminction, the T-cell subset counts of the patients who had cleared
the virus (C-antiHB and CAH-anfiHB) were compered to those of patients with persistence
of the virus (AC-B, CPH-B and CAH-B together). No stafistical differences were
Icund between these two categories of potients.
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TABLE 5.1  Distibution of monuclear cells in patients with various courses of disecse ofter hepatitis B
virus infection

Patient n=  all¥ G % % % % 3a /
group leucocytes monocytes B-cells  Leu-l Leu-2a Leu-3a 2a
Hedlthy HBsAg

coriers 23 56+13 47426 28413 54=x15 1810 41£12  28+15
Chronic persistent

hepatitis B 13 57+£1C 81x60 2310 52+10 20+ 7 37+ 9 21+11
Chronic aelive

hepatitis B 12 6.2+1.1 53+39 26%19 55x18 1748%* 41+14 29+14
Chronic active

hepatitis non-B

+amti-HBs 7 49+£1.1 39+23 3116  54x14 17+ 8 20+12 3.1x20

Hedlthy controls
recoverad from
hepatitis B 35 T4x23 6048 2614 60x12 20+ 7 42+12 24=%14

*  mean absolute number + 1 SD (x10) per mm® blood
** mean £ 15D
4 P < 0.05 in comparison to hedlthy controls

With respect to liver cell damacge, the patient groups were compared separately.
Although there was a considerable range in the percentages of cells, the Leu-2a
positive (suppressor/cytotoxic) cells were significently reduced (p < C.03) in
patients with chronic active hepatitis B (CAH-B) compared with healthy controls
who had recovered from hepatitis B (C-emtiHB). Patients of the CAH-B subgroup
with anti-HBe exhibited a more pronounced reduction in Leu-2a positive cells (p <
0.02), whereas the concentration of these cells was nommal in the subgroup with
HBeAg (Table 2). The patients in the CPH-B and AC-B groups, all with eamti-HBe, had
normal T-cell subset concentrations. The number of Leu-2a peositive cells in the
seven pctients with chronic hepatitis after virus elimination (CAH-antiHB) was as
low as that found for the CAH-B group, but in this small patient group a 5% sig-
nificemce was not reached {005 < p < 0.10 in comparison with healthy
controls).

Comparison of 24 patients with a high Leu-3a/Leu-2a ratio (75-100 percentile)
with 24 patients with a low ratio (0-25 percentile) vielded no differences in age, sex,
blood group, HLA, or bilirubin end ALT levels.

TABLE 52 T Lymphocyte subpopulations and HBeAg / anti-HBe status in patients with chronic
active hepatitis B

n= %Leu-2a* %BLeu-3a 3a/2a
HBeAg 11 19+7 39x14 25411
enti-HBe 8 14£3%# 44417 34+£1.7
Controls 35 21+7 42+12 24+1.4

*  memn + 13D
*#* P < 0,02 in compexison to controls

Discussion

This study was designed to investigate patients with an HBV infection who diffe-
red in their subsequent HB elimination and liver cell destructon.
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Since elimination of the virus is thought to be mediated by immune responses, as
discussed in detail in chapter II, section 2.4, we hypothesized « difference in
immunoregulatory T-cell subsets between patients who had cleared the hepatitis B
virus and those with persistence viral. Combining the patient groups in this respect,
we found no statistical differences between these groups, indicating no generd
defect in immunclogical host response as cause of viral persistence. Obvicusly, with
the methods used a HBV related antigen specific immunoclogic defect cannot
be excluded.

Regarding liver cell degeneration by studying the various courses of disease
separately, we found a decreased number of T suppressor/cytotoxic cells in the
peripheral blood of patients with chronic active hepatitis B. This effect, however, is
due to the subgroup which had partly eliminated the HB virus (CAH-B with anti-
HBe), confirming the results of Thomas et al.(8). The T-cell subset counts for patients
with other forms of chronic HBV camiership (AC-B, CPH-B, and CAH-B with persisting
HBeAq) did not show statistically significant differences compared to the controls.
Patients with chronic active hepatitis and clearance of the HB virus (CAH-antiHB)
tended to have alowernumber of T suppressor/cytotoxic cells, but this was not statistically
significanit for the small number of patients studied. These results suggest that elimination
of hepatitis B virus is not causally related to the relative number of T helper end T
suppressor cells in the blood. The persistence of active inflammation of the liver after
partial or fotal clearance of the virus, however, might be medicted by a high T
helper/T suppressor cell ratio.

In fact, the CAH subgroup with anti-HBe is a group of patients with e unusual
course of disease. Most patients with chronic hepatitis B become biochemically end
histologically incctive after conversion to cnti-HBe (14-16) {see alse Chapter II, section
2.3). The continuing chronic active hepatitis in CAH-B patients with amti-HBe might
therefore be related to ongoing immunoreactivity against hepatocytes facilitated
by a low level of suppressor cells. The same mechanism of liver cell destruction
micht be cperational in patients with chronic active hepatitis after clecrance of viral
antigens (CAH-antiHB), alihouch a conclusion is prohibited by the small number of
patients in this group. Based on these observations, patients with chronic active
hepatitis B who continue to have high hepatitis activity ofter seroconversion from
HBeAqg to amti-HBe may theoretically be served by immunosuppressive therapy, in
contrast to CAH-B patients with a more regulcr course of disease (17,18).

Altematively, chronic active hepatitis might affect the number of T suppressor
cells. However, the normal number of Leu-2a cells in CAH patients with HBeAg in
the blood, also observed by Thomas et al. in studies with OKT menoclonal
antibodies (13), does not support this explancation.

The results of counting T-cell subsets by means of monoclenal antibodies should
be interpreted cautiously, since the antigenic properties of the T-cell surface do not
correspond directly to the functional classification of these cells. One problem of
interpretation concems the fact that Leu-Za positive cells are not a homogeneous
group, since Leu-Za specific aniibodies react not only to T suppressor cells but also
to cytotoxic T lymphocytes. The loew number of peripheral Leu-2a positive cells
might therefore be due to a decreased number of peripheral cytotoxic T lymphocyies,
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caused by an accumulation of cyfotoxic T-cells in liver tissue. Immunohistologic
analysis of the inflammatory infiltrate in chrenic active hepatitis shows predominently OKT-
8 reactive cells {that is, T suppressor cells and/or cytotoxzic T lymphocytes) in the
liver (19). However, it is unknown whether long-term depression of the suppressor/
cytotoxic cells in the blood can be explained by the accumulation of these cells in
the liver.

In conclusion, the peripheral blood T-cell subsets investigated in chronic HBV
carriers do not differ significantly from those in patients who clecred the virus.
Reduced numbers of T suppressor/cytotoxic cells were found in patients with persistence
of chrenic active hepatitis after cessation of active viral replication. This finding suggests
that liver cell destruction in these patients is no longer a direct consequence of the
hepdtitis B vinus infection but is mediated by an imbalenece among immunoregulatory
T-cells.
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CHAPTER VI

HLA ANTIGENS IN PATIENTS WITH VARIOUS
COURSES AFTER HEPATITIS B VIRUS INFECTION

The contents of this chapter have been submitted for publication, under the same
title, with the following authors: J. ven Hattum, G.M.Th. Schreuder, S.W. Schalm.
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Summeay

In order to find a possible relationship between the course of disease and the
phenotype frequency of HLA determinants, 396 Dutch subjects of Cancasicn race
were studied. Six groups of individucals with various courses after HBV infection were
compered to healthy controls. The hepatitis B patients were grouped according to
stendard criteria: 1) 47 had recovered from acute symptomatic hepatitis B, 2) 60
had recovered from asymptomatic hepatitis B, 3) 26 were asymptomatic HBV car-
riers, 4) 16 had chronic persistent hepatitis B, 5} 37 had chronic active hepatitis B
and B) 10 had chronic active hepatitis after elimination of hepatitis B antigens. 29
Class I and 13 Class II HLA-antigens were assayed by standard microlympho-
cylotoxicity tests.

The phenctype frequency of the Class II entigen DQwl appeared to be sig-
nificantly lower in pafients with chronic active hepatitis B. Other HLA specificities
showing deviations from control values were not statistically significant after correc-
tion for the number of antigens tested. In conclusion, no evidence was found that the
elimination of hepatitis B virus is related to HLA phencotype. However, HLA DQwl
may affect the morphologic type of chronic hepatitis B, since its presence may protect
against chronic active hepatitis.

Introduction

The course of disease odter hepatitis B virus (HBV) infection is extremely divergent,
varying from recovery to the development of chronic active hepatitis, liver cirrhosis
and death. The course of disease appedars not to be related to varation in virulence
of the HBV itself (1). However, there are many reasons to assume that the course of
disease after HBV infection is determined by the host’s immune system (2,3), as dis-
cussed in chapter IL.

The Mdjor Histocompatibility Complex (MHC) is inveolved in the regulation of the
immune response. The class I antigens (HLA-A, -B and -C) cre mainlyrecognized by
T-cells that have the ability to develop into eytotexic cells and the class T molecules
(HLA-DR and -DQ) play a role in the activaticn of requlatory T lymphocytes (4).

Several investigations have been periormed to detect a relationship between
HLA and the course of hepatitis B. So far, the results are inconclusive and no statistically
significant correlation: could be found, except in cne study (5). The main difficulties
in the interpretation of the data are the small numbers of patients investigated, the
inhomogeneity for race and the lack of uniform definition of the liver disease.
Mereover, no study has been performed which included the presently known HLA
loci and all pessible courses of disease.

We therefore studied the phenctype frequencies of HLA antigens of class [ and
class I loci in groups of subjects, homogenous for race and with well-defined courses of
disease ofter HBV infection.
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Pctients and methods
Potients.

Threehundred ninety six subjects were included in the study. They were unrelated,
Cancasion end of Duich extraction for two generations. The phenotype frequencies
of HLA emtigens of 196 subjects with HBV infection were compared with those of 200
hedlthy random controls. The potients were eligible for this study on the basis of
serological signs of current or past hepatitis B, and they were grouped according to
the courses of their liver disease, defined by standend criteria (6): 1) 47 patients,
recovered from well documented acute symptomatic hepaditis B, with disappecremee of
HBV cntigens ond develepment of entibodies to the hepatitis B surface antigen
(omti-HBs} and to the hepatitis B core antigen (anti-HBc), 2) 60 subjects, recovered
from asymptomatic hepdtitis B, anti-HBs and/or anti-HBc positive. These subjects
had had no signs of hepatitis ever before, cmd were found by routine screenings of
blood denars; 3) 26 asymptomatic hepatitis B sutface antigen (HBsAg) carriers without
biochemical or histological abnormalities; 4) 16 patients with chronic persistent
hepatitis B, with transeminases lower than 2x upper limit of nommal during more them
two years and restriction of the infleoemmctory infilltrate to the portal areas in the liver
biopsies; 3) 37 patients with chronic active hepatitis B, with transaminases higher
tham 2% upper limit of nommal during more than six months and the typical periportal
piecemedal necrosis in the liver biopsies; 6) 10 patients with continuing chronic
active hepatitis after elimination of HBV entigens (emti-HBs, anti-HBc positive). The
200 controls were randomly selected, hedlthy bleod donors, serclogically negative
for HBsAg and cnti-HBe. _

Allpatients, except those of group 2, had aliver biopsy to establish the diagnosis.
In patients with chronic hepatitis (groups 4, 5 and 8) ot least two biopsies were
performed with an interval of of least six months.

Methods.

HBsAg, anti-HBs and anti-HBc were determined by radicimmunoassays (Abbott
Laboratories, Chicago, I, USA). Mononuclear cells were isolated from 50 ml of
heparinized blood by centrifugation on Ficoll-isopacue Fharmacia, Sweden) (7).
The cell suspension was washed twice, resuspended in a medium consisting of 25%
fetal calf serum, 859 RPMI and 10% dimethyl sulfoxyde, cmd frozen to -80 °C in plastic
vials. HLA-A, -B emd -C typing was performed using the stemdard NIH lymphocyte
micrelymphocytotoxicily technique with o set of 120 well-defined sera (8). For HLA-
DR and -DQ typing a panel cf 80 platelet-absorbed sera was used in the two-colour
fluorescence test (2,10,11).

The phenotype frequencies of 42 HLA determinarts of each group were statistically
compared to those of the control group (12): for each group the Hardy-Weinberg test
was appled to exclude heterogeneity per locus, and the phenctype frequencies,
relative risks and their significances were calculated according to Woolf's methed
as modified by Haldome. P-values were comrected for the 42 cntigens tested in each
set of comparisons between one patient group and the control group.
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TABLE 6.1  HLA - cntigen phenotype frequencies in 196 patients with various courses after hepatitis B
virus (HBV) infection, compered to 200 healthy controls.

Group 1 2 3 4 5 5] eontrols
HLA 47 (E9)] (26) (18) (EF)] 10 (200}
Al 0.288 0.186* 0423 0.125 0351 0.500 0.340
A2 0.681 0.644 0.538 0625 0486 0.400 0.525
A3 0234 0.254 0.346 0.250 0.189 0.200 0.255
A9 0.170 0.169 0.192 0.188 0.135 0.200 0.195
AlQ 0.043 G.l119* 0.077 0.083 0081 0.000 0.035
All 0.085 0.119 0.038 0125 0.054 0.400* 0.125
A28 0.106 0.085 0.038 0.125 0216*% €000 0.085
Awlo 0213 0.271 0262 0.250 0.324 0.200 0.230
BS 0.043 0.034 C.192 0.188 0.108 0.10C 0.120
B7 0213 0254 0.269 0375 0182 0.100 0.255
B8 0.234 olle 0.269 0.188 0.270 0.300 0225
Blz 0213 0424 0.346 0250 C.405 0.400 0.300
Bl13 0.043 0017 0.038 0.125% c.027 0.00C 0.030
Bl4 0.043 0017 0.038 0.000 0.027 0.000 0.040
Bl5 0.234 0.186 0.154 0.125 0.243 0.300 Q.155
Bl& 0.021 0068 0.077 0.063 Q.1e2* 0.C00 0.070
Bi7 C.128 0.085 0.077 0.063 0054 0.000 0.100
BI8 0087 0.088 0.000 0.063 0.027 0.000 0.075
Bw22 0.064 Q.11g* 0.038 0.063 0.054 0.100 0.045
B27 0.105 0.068 0.038 0.063 0.027 0.100 0.075
B35 0.319*% 0.186 0.154 0.125 0,054 0.100 0.175
B37 0.043 0.000 0.038 0.063 0.027 0.200% 0.038
B40 0.083 0.186 0.077 0063 0.081 0.100 0.125
Cwl 0.085 0.017 0.115*% 0.128* 0.027 0.000 0.035
Cw2 0.043 0.068 0.038 0.0687 0.027 0.111 0.085
Cw3 0319 0.458* 0.154 0.188 0.351 0.556 0312
Cwi 0.298 0220 0.231 0.188 0.108 0.300 0.197
Cwh 0.085 0.224 0115 0083 0.108 0.222 0.154
Cwb 0237 0.130 0211 0.333 0118 0.250 0.144
DR1 0.170 0217 0.154 0313 0135 0.100 0.205
DR2 0.213 0.217 0.308 0313 0.18c 0200 0270
DR3 0.234 0.167 0.346 0.125 0.243 0.400 0.285
DR4 0319 0.400% 0.423* 0125 0.351 0.200 0.245
DR5 0319 0.200 0.154 C.500% 0.270 0.100 0.231
DRw& 0.224 0.350 0.231 0.125 0.162 0.400 0.290
DR7 0277 0.133 0.1e2 0.188 0.324 0.200 0.250
DRwa 0.106* 00867 0.0C0 0.000 0.108* (.0CC 0.025
DEw@ 0021 0.017 0.077 0.083 0028 0.000 c.030
DRw10 0.021 0000 0.000 0.083 0.000 0.200% 0050
DQwl 0.574 0653 0.654 0.750 0.378%* 0.800 0.678
DOw2 0383 Q276% 0.538 0.250 0417 0.50C 0.402
DQw3 0.660+% 0552 0654 0588 0629 £.400 0.447
* p< 005

% o= 0.001; p comected for 42 tests = 0.043
1: recovered from acute symptomatic hepcotitis B;
: recovered from asymptomatic hepatitis B;

- asymptomatic HBY comiers;

: chronic persistent hepatitis B;

: chronic active hepatitis B;

: chronic active hepatitis and HBV elemination.

DN WD
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Results

The groups investigated were homogeneous, since no statistical significemt
heterogeneity per locus was observed by the Hardy-Weinberg test in the six
groups.

The phenctype frequencies of the HLA determincmts tested in the groups of subjects
are listed in table 6.1. Comparison of each group independently with the controls
showed several statistical deviations at the 5% level for the antigens of the A, B, C
and D loci Nearly dll of these deviations were nct significant ofter correction.
However, we found that in patients with chronic active hepatitis B (group 5), the class
I emtigen DQwl had a significemtly lower phenotype frequency than the confrols
(able 6.2).

In the second instomce, we combined groups that shared certain choracteristics
with respect o the two possible effects of the immunclogical respense to HBV infection.
We joined the groups 1, 2 and 8 (viral elimination), 3, 4 and 5 (no viral elimination), 2
and 3 (no hepetitis), and 4, 5 amd 6 (chronic hepatitis). These larger groups were
compared io the controls and, for viral elimination and hepatitis, to each other.
Sigmificomt devictions at the 5% level were found for the following antigens (table
6.3): B5 (low phenotype frequency in HBV-elimination”), B35 (high frequency in
"HBYV elimination”) and DRwé (low frequency in ‘no HBV elimination”). However, we
found no stetistical deviations after correction for the number of compariscns
made.

TABLE 6.2 HLA-DQw! in patients with various courses after hepatitis B virus infection

HLA-DQwI telative
group +ve — ve risk %> P pc
1 26 21 058 270 0.10 ns
2 4] - 19 101 0.00 092 ns
3 17 9 0.88 0.10 Q.75 ns
4 12 4 1.32 0.26 062 ns
S 14 23 029 11.45 0.001 0.043
6 8 2 162 0.50 0.49 ns
all 118 78 072 249 0.11 ng
controls 135 64

pc : p comected for 42 antigens tested, compeared to controls.

TABLE 6.3 HLA antigen phenotype frequencies in potients with ¢nd without hepatitis B virus

(HEV) eliminction.
HBV no HBV
HLA elimination elimination controls
117 (7%} (200)
BS - 0.043* 0.152 0.120
B33 0233 0.101 {0.175)
DRwS 0.301 0.177* 0290

*:p £ 005, compared to the other groups, except that within paren theses.
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Discussion

The results of HLA studies in hepatilis B have been discongruent and sometimes
contradictory. No HLA deviations have been described that were statistically
significant after comrection for the number of antigens fested, except one (3). A
review of a large number of studies was given by Kaslow and Shaw in 1981 (13}
they wreote that these studies provided no conclusive evidence for an association
between hepdtitis B infection, persistent HBsAg carriage or HBsAg positive chronic
active hepatitis cnd HLA, beccuse of the divergent patient selections emd the number of
HLA loci and antigens tested. No study had been performed wich included all pos-
sible courses of disease and both HLA class T and class I antigens. In our study, we
tried to avoid the problems mentioned above and composed six independent
groups of subjects with choracteristic, well defined courses of disease after HBV
infectionn. The subjects were homogensous for race and they were not related to
each other. All known HLA loci were typed, including the class I determinomts DR
and DQ.

Significomt numbers of patients have been included into the patient groups to
provide relichle conclusions about the frequency of the HLA cmtigens examined,
with exception of the smaller groups 4 and 6. Comparison of each group with the
controls showed several deviations at the uncorrected 5% level (table 6.1).The
phenctype frequency of B35 was elevated in patients who recovered (group 1), and
was lowest in the group with chronic active hepatitis B (group 5). A tendency to
increased frequency of B35 has been described in four studies of HBsAg positive
chronic hepatitis and in two studies of HBsAg carriers, whereas in one study of
HBsAg carriers the frequency of B35 was lower then nommal (13). Ourresults suggest
that B35 could be weakly associated with the ability 1o elimindate the hepatitis B virus
(table 6.3). However, HLA B35 has alow frequency in our general population as well
as in the patient groups, limiting its pathogenetic importance.

Elevated frequencies of HLA A1, B8 and DR3 are described in HBsAg negative
quic-immune chronic active hepatitis (14). In our patients with chronic active
hepatitis after clearance of the HBV (anti-HBs, emti-HBc positive} (group 6) no devia-
tions of HLA Al, B8 and DR3 were found, although this group is too small to make
firm cenclusions.

The fequency of class II antigens has hardly been investigated in patients with
vericus courses citer HBV infection. Lepage et al. (15) studied 25 patients with chronic
active hepatitis B and found no deviations in DR specificities. Forzani et al. (5) found
o complete absence of DR4 in 44 Italiom patients with HBsAg positive chronic active
hepatitis without delta infection. That finding was statistically significemt, also after
correction for the number of tests performed. However, in view of the low frequency
of DR4 in the control populaticn (0.185 in the Italiom population), the finding of arstill
lower frequency is of limited pathogenetic importance. The increased frequency of
HLA DR3 described by Forzami =t al. (5) was net statisticolly significemt affer comection for
the total number of antigens tested within the patient group.

In this study we describe o low frequency of DQwl in patients with chronic active
hepatitis B (group 5) in comparison with the controls. This deviation was statistically
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significent after correction for the number of antigens tested. Further correction for
the number of groups tested is in our opinion not applicable, since the six independent
patient groups represent divergent courses of disease and have in common only the
fact of previous infection with hepctitis B virus (16). The low frequency of DOwl was
characteristic for group 5, and was not observed in the other patient groups (fable
8.1). DQwl is o common HLA determincnt in the Dutch population (phenctype
frequency 0.678). Therefore, a reduction of its phenotype frequency may be of
pathogenetic importance.

DQwlbelongsto the MHC class I determinants, which are invelved in the amtigen
presen totion to T-cells (4). The proliferative T-cell response has been shown to be
restricted by products of the HLA DR region. Restriction is the phenomenon that entigen
sensitized T-cells only recognize the antigen on presenting cells that are sharing a
HLA class I (-DR or-DQ) determinant. Van Eeden et al. (17) tested alarge number of
distinct monocyte T-cell combinations for their proliferative response to PPD and
showed that HLA DQwl T-cells were significently associated with low-respensiveness to
cntigen stimulation.

Chronic active hepatitis B is cheracterized by cm ongoeing attack of T lymphocytes
on infected liver cells (18). Simultaneous expression of MHC class I determinents
and viral antigens on the liver cell surface may play a role in maintaining this attack.
In this study, DQwl frequency appeared to be significamtly lower them normal only in
the group of chronic active hepatitis B patients. This finding suggests a protective
role of DQwl against chronic active hepatitis type B and is compatible with the in
vitro finding of low responsiveness of DQwl T-cells to emtigenic stimulation.
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Steorting-points

This study was designed to find correlations between the various courses of
disease diter hepatitis B virus (HBV) infection and fucters that could conceivably
have influenced the course of disease.

The aim of the study was 1o find correlations between parameters of viral replication
and Biver cell damage, facters related o the viral subtypes and the immunological
response and the various well defined courses of disease after hepatitis B virus
infection, in order to gain insight into the timing ¢nd the mechanism of the development
of chronic hepdtitis B.

The course of disease after hepatitis B virus infection is heterogeneous (see fig.
2.3). Acute hepatitis B may cause hepatitis with joundice, hepatitis without jaundice
or o hepatitis af all. In any of these instances, the HBV may be cleared, leading to
recovery, or may persist, resulting in chronic HBV carrership, Chronic HBV carriers
may have varying degrees of chronic hepatitis, or no hepatitis at cll. Viral clecrance
seems to run independently from hepatitis activity, in acute as well as in chronic
hepatitis B. However, a close relationship between viral replication activity, pertial
virdd clearamce and hepatitis activity has been described (1-6) in a group of patients
who have developed chronic active hepatitis, suggesting a causal role of active
viral replication in the pathogenesis of persisting liver cell degradation. In this
patient group, serological tests for hepatitis B e cntigen (HBeAg) become negative
during the natural history, which is considered 1o be « sign of partial viral clearance
{4). Liver cell demage is often increased during some weeks preceding the serocenver-
sion. After HBeAqg seroconversion the virus is usually not completely cleared, but
incorporated into the host’s liver cell genome (7 .8). In the other courses of disease
such a comrelation between viral clearance and liver cell damage has not become
apparent. In particuler, it is not clear whether in ecyly acute hepatitis B liver cell
demage plays a cousal role in virad elimination, or is merely the result of the viral
infection of liver cells.

Patients

The patient groups that were formed in this study had to be distinctive with respect to
viral elimination and hepatitis activity.

Viral elimination and liver cell damage were studied simultaneously in patients
with acute hepatitis B, who had no previous signs of HBV infection, as described in
chapter III. After six months these patients either recovered or became chronic
HEV cerriers.

Factors related to the virad subtypes and factors related to the immunclogical
response, described in the chapters IV, V end VI, were studied in the following
groups of subjects, diagnosed as having:

- recovered from acute icteric hepatitis B; these patients had effective viral clearance
together with considerable liver cell damage;

- recovered from acute non-icteric hepafitis B, with effective viral clecramee, but without
marked liver cell damage;

88



chapter VI

- chronic non-symptomatic HBV carriership, without effective viral clearance end
without liver cell damage;

- chronic persistent hepatitis B, without effective viral clearance and with mild non-
progressive liver cell damage;

- chronic active hepatitis B, without effective viral clecremee and with mild to sevare
progressive liver cell damage;

- chronic active non-viral cuto-immune hepatitis, with effective viral clearance and
mild to severe progressive liver cell damage.

The patient groups were defined according to standard criteria (9).

Acute hepatitis B was diagnosed if alanine aminotremsferase {ALT) was more than
2x the upper limit of normal for five days or more; hepdtitis B surface antigen
(HBsAg) und immune globulin M antibody to hepatitis B core antigen (IgM-anfi-
HBc) were positive; liver biopsy was in conformity with acute viral hepatitis without
signs of chronic hepatitis; ne history, symptoms or signs of liver disease had been
present prior to presentation and no immunosuppressive drugs nor anassthesichad
been administered during four weeks pricr to the initial symptoms of hepatitis. This
extensive definition was used to prevent inclusion of patients with an exacerbation
of pre-existent chronic hepatitis in the aeute hepatitis group.

Recovery from acute icteric hepatitis was defined as normalization of ALT and
loss of HBsAg in the serum, with development of antibodies to HBsAg (ant-HBs)
and/or persistence of IgG-anti-HBe. These patients had previously fulfilled the criteria
of acute hepatitis B as decribed above.

Recovery from aeute non-icteric hepatitis was defined as normal ALT, negative
HBsAg in the seram, positive anti-FBs and/or anti-HBc¢ tests omd no history, previous
symptoms or signs of liver disease. Thesé subjects were found by routine screening
of blood denors.

Chronic non-symptomatic hepatitis B virus carriers were characterized by a nommal
ALT emd positive serum HBsAg during more than six months, no history, symptormns or
signs of liver disease and « liver biopsy in conformity with asymptomatic HBsAg corriership,
Patients were only eligible for this group if they had ot least one liver bicpsy and
were without signs of hepatitis in all biopsies, to be sure that patients with very mild
chronic hepatitis would not be included in this group.

Chronic hepatiis was diagnosed if ALT elevation and positive serum HBsAg
persisted for more than six months and o second liver biopsy, taken more thon six
menths apart from the former, confirmed chronic hepatitis, according to the stomdard
critetia {9).

Chronic persistent hepatitis B was defined by the following criteria, in addition to
those of chronic hepatitis: ALT never higher than 2x the upper limit of nommal; serum
HBsAg pesitive for more than six months; liver biopsies in conformity with virad
hepatitis, the mononuclear infiltrate being limited to the porial zones. Some spill-
over of lymphocytes between intact hepatocytes immedictely around the pertal
zones was allowed.

Chrenic active hepatitis B was defined by the following criteria, additional o
those of chronic hepatitis: ALT repeatedly or continuously higher them 2x the upper
limit of nomat; serum HBsAg positive for more tham six months; liver biopsies in conformity
with viral hepatitis end chronic active hepatitis, the monenuclear infilrate being
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extended into the liver lobules, with piscemedl necrosis (8).

Chronic active non-viral cuto-immune hepatitis was defined by the following criteric,
in addition to those of chronic hepdtitis: ALT repeatedly or continuously higher than
2x the upper limit of normal; serum cnfi-HBs, and/or emti-HBe, anti-nucleic factor
and liver membrone antibodies positive; liver biopsies in conformity with chronic
active hepatitis, the mononuclear infilrate being extended into the lobules, with
piecemeal necrosis (9).

The patient groups as defined above were investigated in verious parts of this
study. The number of patients included in different perts of the study varies as a
result of the availability of the patients to participate to the investigaticns at different
times and because of specific additional requirements for particuler parts of the
study, for example, the patients had to be of Caucasion race in the chapters IV, V
cnd VL

All chronic HBV camiers were tested for markers of hepatitis delta virus (HDV)
infection (10,11). The patients included in this study did not have positive tests for
delta antigen or antibody to delta antigen. No patients have developed signs of
acquired immune deficiency syndrome {AIDS) (12) during a follow-up of at least
three years dafter collection of the sera that were investigated in this study. No
alcohelics and no subjects with impaired cellular immunity, such as renal dialysis
patients, subjects with Down'’s syndrome or patients with lymphoma or leukemia
were Included in the study.

Metheds

Some methods had to be developed to detect HBV related antigens, where no
standard procedures were available. In particulor this was the case in the determi-
nation of the HBsAg titre and the HBeAg P/N ratic (chapter IIT) and the subtyping of
HBsAg and anti-HBs (chapter IV). The other methods used in this clinical study are
stondeard. They are described in the chapters I, IV, V and VI Stomdard statistical
methods cre used in each investigation, with a preference for remk correlation methods
(13,14) to minimize artefacts caused by non-nomally distributed dater.

The studies performed
Description, results and conclusions

The first aim of the study was to find conelations between parameters of viral
replication and liver cell damage after hepatitis B virus infection, in order to gain
insight into the timing cnd the mechamism of the develepment of chronic
hepatitis B.

Parameters of viral replication and liver cell damage were studied in 63 patients
with acute hepatitis B (chapter III). The patients were included in am ecaly stage of
acute hepatitis B and were followed until recovery orfor at least six months. Porcameters of
viral replication (HBV DNA, DNA polymerase, HBeAg cnd HBsAg) and liver cell demage
(ALZ, bilirubin) were mecsured quemtitatively or semi-quontitatively in the serum. Viral
antigens (HBsAg end HBcAg) were determined in liver tissue by immunoflucrescence.
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The data were compared in time, using the point of maximal ALT elevation as the
reference point.

After six months 53 patients had recovered and 10 had become chronic HBV
carriers. Two weeks before maximal ALT, paitents with different outcome had no
statistically significant differences in the viral cmigens measured. From theat time, the
HBsAg ond HBelglevels fell significomtly in patients who eventuadly recovered emd
remained constantly high in patients whe would become chronic HBV carriers. The
sequence of disappearance from the serum was: HBV DNA and DNA polymerase,
HBeAg, HBsAg. Vizal antigens in liver biopsies were usually only detectable befere
the ALT peck and remained high only in those patients who became chronic caiers. The
disappearance of HBsAg and HBeAg levels in serum showed ne comelation with
ALT or bilinubin levels in paired data of individual patients.

This study indicates that the ccurse of disease amd especially eatly clearance of
the virus is already determined at least two weeks before the maximal ALT. The
disappearcmce of viral markers, which reflects « decreased viral replication, occurs
independently of the timing and the extent of liver cell domage. Decreasing viral
replication is therefore probably not mediated by necrosis of infected hepatocytes.
A further conclusion is that cuomtitative assays of HBsAg and HBeAg appear to be
ecrly indicators of the prognoesis.

The second aim of the study was te find comrelations between factcors related to the
viral subtypes and the various courses of disease after hepdatitis B virus infection, in
order to gain insight into the mechanism of the development of chronic
hepatitis B.

The subtype frequencies of HBsAg and emti-HBs as well as risk factors for acquiring a
HBYV infection were compered in a study of 127 patients (chapter [V). Eighty-nine
patients were chronic HBV carriers with various degrees of hepatitis activity and 38
had acute hepdtitis B with recovery. All subjects were of Caucasion extraction.

HBsAg was simulteneously present with cnti-HBs in 32 of the 83 chronic HBV carders.
The HBsAg subtype was ad in 28 and ay in four cases. Anti-HBs could be subtyped
in 25 cases. Twenty of them had anti-HBs type anti-y in combination with HBsAg
type ad.In one patient anti-d was found in combination with HBsAg type ay . The
other four patients had o complex antibody subtype pattem. In the acute hepatitis B
group, the HBsAg subtype was ay in 25 and ad in 13 cases. Subtype ay was common in
intravencus drug users, whoe had mainly ccute hepatitis B with recovery, cnd HBsAg
subtype ad was predominent in homosexuals, who were mainly chrenic HBV comiers.
Non-drug users had equal chances of acquiring HBsAg subtype ad cr ay acute
hepatitis. However, 7 out of 8 acute hepatitis B patients who developed chronic
hepatitis B had HBsAg subtype ad. Chronic HBV camers with simultanecus
presence of HBsAg and anti-HBs did not have an increased dsk of acquiring HBV
Infection compcred to chronic HBV carriers without anti-HBs. The frequency of chronic
HBV cariers with simultenecus HBsAg and anti-HBs comrelated with the degree of
hepatitis activity: three out of 23 (3/23) asymptomatic carriers, 4/20 patients with
chronic persistent hepatitis B, 20/41 with chronic active hepatitis B and 5/5 with
chronic active hepctitis ond liver cirrhosis.

These data show that HBsAg and anti-HBs relatively frequently occur together in
chronic HBV camiers and that the frequency of co-cccurrence increases with the
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severity of HBV related liver disease. The detectable anti-HBs subtypes were always
reactive to HBsAg subtypes cther than the HBsAg subtypes present in the sera
These findings, as well as reporis of a similar pattem of HBsAg-specific circulating
immune complexes (15,16) and non-specific antibody formation after influenza
vaccination (17) in chronic HBV camiers suggest that the non-specific anti-HBs
formation may be part of a qualitative defect in the immune response to HBV
antigens in such patients. The hypothesis that co-occumrence of HBsAg emd anti-
HBs is caused by two consecutive infections with HBV of different subtypes is nct
supported by the equal distribution of risk factors for HBV infection that was found in
chronic HBV carriers groups with and without anti-HBs. There is still some doubt
whether HBV subtypes ad and ay have the same pathogenetic properties in view of
the higher incidence of subtype ad in chronic hepatitis despite cm equad incidence
of ad and ay in acute hepatitis in non-drug users.

The third aim of the study was to find correlations between the immune response
and the various courses of disease after hepatitis B virus infection. The parts of the
study that are related to this question are describad in chapters V and VI

In chapter V the detenminaftion of immuncregulatory T-cell subsets in the
peripheral blood of 97 patients with various courses after HBV infection is discussed.
Twenty three of the patients were asymptomatic HBV carmiers, 13 had chronic
persistent hepatitis B, 19 had chronic active hepatitis B, 7 had chronic active
hepatitis with anti-HBs or enti-HBe, and 35 had recovered fom acute hepatitis B
with development of anti-HBs. Peripheral blood monenuclear cells were specifically
labeled with moncclonal Leu-1 (reactive to T-cells), Leu-2a (eactive to T
suppressor and cytotoxic cells), Leu-3a (reactive to T helper cells) emtibodies and
analyzed by flow cytometry. The T-cell subset counts of the combined groups of
patients who had cleared the virus were compared to those of the combined patient
groups with persistence of the virus. With respect te liver cell damage, the patient
groups were compored sepcately.

No statistical differences were found between patients with ond without
clecrance of the virus. Comparison of the potient groups separately showad a
significomt reduction of Leu-2a positive cells (p < 0.05) in patients with chrenic
active hepatitis B compcared with hedlthy subjects who had recovered from hepatitis
B. Chronic active hepatitis B patients of the subgroup with cmii-HBe exhibited a
more proncunced reduction in Leu-2a positive cells (p < 0.02), whereas the
concentration of these cells was nermal in the subgroup with HBeAg. The patients in
the other HEV positive groups with ceiti-HBe had nomal T-cell subset concenfrations.
The number of Leu-2a positive cells in the seven patients with chronic hepatitis after
virus elimination was as low as that found for the chronic active hepatitis B group
(0.05 < p < 0.10 in comparison with heclthy controls).

These findings suggest that elimination of HBV is unlikely to be related 1o the
relative number of peripneral T-cell subsets, cnd that viral persistence is not caused
by a general defect in the host's immune response. With the methods used, a HBV
related ontigen specific immunologic defect comnot be excluded. However,
persistence of active inflammation of the liver ofter partial or total clearance of the
virus might be mediated by chigh T helper/T suppressor cell ratie, which maybe an
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expression of enhanced immunocreactivity against hepatocytes rather than against
virel cntigens in these patients.

Genetic factors possibly influencing the course of disease after HBV infection are
discussed in chapter VI. The phenotype frequency of HLA entigens was studied in
396 unrelated subjects of Dutch, Coucasion extraction. Six groups of individuals
with various courses after HBV infection were compared to healthy controls. The
hepatitis B patients were grouped accerding to the criteria formulated above: 1) 47
had recovered from acute symptomatic hepatitis B, 2) 60 subjects, recovered from
asymptomatic hepatitis B, 3) 26 asymptomatic HBV ceariers without biochemical or
histological cbhnomalities 4) 16 patients with chronic persistent hepatitis B, 5) 37
patients with chronic active hepatitis B, 6) 10 patients with continuing chronic active
hepdtitis aiter elimination of HBV antigens {anti-HBs, anti-HBc positive). The 200
confrols were randomly selected healthy blood doncers, serolegically negative for
HBsAg end anti-HBe. All patients, except those of group 2, had « liver biopsy to
establish the diagnosis. 29 class [ and 13 class I HLA cntigens were assayed by
stondeord microlymphocytotoxicity tests.

Comparison of each group independently with the controls showed several
statistical deviations at the 5% level for entigens of all HLA loci. Nearly all deviations
were not significant ofter conrection for the number of tests performed. However, we
found that in patients with chronic active hepatitis B (group 3), the class [T antigen
DQOwl had a significomtly lower phenotype frequency than in the controls.
Combination of patient groups with amd without viral elimination as well as groups
with and without hepatitis activity vielded no edditional HLA deviations that were
statistically significomt ofter correction.

In conclusion, evidence was found that the class I HLA entigen DQw] may
protect against chronic active hepatitis. The reduction of HLA DQw] may be of
pathogenetic importance becouse it is a common HLA determinant in the Dutch
population. The MHC class I determinents are involved in the amtigen presentation
to T-cells (18). HLA DQw! T-cells have shown to be associated with low-
responsiveness tc antigen stimulation (19). Simultaneous expression of MHC class II
determinants and viral anfigens on the liver cell surface may play a rmle in
maintaining the ongoing attack of T lymphocytes on infected liver cells in chronic
active hepatitis B. The finding of a low DQwl frequency only in the group of chronic
active hepatifis B patients suggests a protective role of DQwl against chronic active
hepatitis type B and is compatible with the in vitro finding of low responsiveness of
DQwl T-cells to antigenic stimulaticn. No evidence was found that the elimineation of
HBV is related 1o HLA phenctype.

Generdal discussion
The results of this study suggest that different immunological mechanisms ore
involved in the clearcnce of the HBV and the development of liver cell damage at

different stages in the courses of disease after HBV infection.

In the early acute disease the clecremee of the HBV seemed to precede liver cell
damage in patients who recovered. The precise cause of the defective early viral
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elimination in patients whe developed chronic hepatitis remains unclear. Factors
related tc this problem were investigated in the other parts of this study. A slight
preference of HBV with HBsAg subtype ad to coincide with chronic hepatitis B was
observed in Dutch patients with chronic hepatitis B and in patients with acute
hepatitis B who evertually became chronic HBV carriers. Therefore, some influence
of the viral HBsAg subtype on the course of disease cannot be excluded.
Simultaneocus presence of HBsAg and non-specific anti-HBs was found relatively
frequently in chronic HBV carriers with more severe Liver damage. It was found only
in three patients with acuie hepuatitis B. Two of them eventually beccme chronic HBV
carriers. Nevertheless the co-cccurrence phenomenon, suggesting cm immunclegic
defect resulting in producton of less-specific humoral factors, seems to be
correlated closer to liver cell damage than to HBV clearemce as such. No indication
of @ general defect in the immune response of the host was found by investigation of
immunoregulatery T-cell subsets in patients who did not clear the vinis. A genetic
basis for persistence or clearance of the HBV was not found by detection of HLA
antigens in relatively large groups of subjects.

Insufficient clecrance of the virus is a commeon feature of chronic HBV carriers at
first sight. However, the degree of viral clearance may be different in the various
courses of chronic EBV camiership and in individual patients during different stages
of their course of disease, as discussed in chapter I, section 2.4. For that recson, the
chronic HBV camiers included in this study had carehully and clearly defined
courses of disease. HBsAg subtypes, non-specific anti-HBs formation, immuno-
requlatory T-cell subsets and HLA phenotype frequencies, however, did not
correlate with the degree of viral clecrance in these patients.

Liver cell damage in the early stage of acute hepatitis B did not correlate intime
or severity with the decreasing quantitative parameters of viral replication in cases
that eventually recovered. This is of importemece with respect to the two main
mecheanisms of viral clearence that have been proposed. The first hypothesis states
that elimination of the HBV is achieved by destruction of all infected liver cells (20).
The second hypothesis postulates suppression of viral protein synthesis by antiviral
cntibodies (21). The results of this study support the proeposed mechanism of
selective suppression of viral protein without destruction of all infected liver
cells.

Factors related to liver damage in chronic HBV cerriers were investigated in the
other paris of this study. Non-specific anti-HBs was observed relatively frequently in
chronic HBV carriers with more advanced liver damage. This kind of patients also
produced aspecific antibodies ofter Influenza vaccination. Therefore, these
observations cre interpreted as being a sign of a qualitative defect of the host's
immune response rather than being related merely to the viral subtypes. A low
number of T suppressor cells was found in patients with ongoing chronic active
hepatitis after partic] or complete clearance of the virus. This would be consistent
with immunoreactivity against liver cell constituents, without the immunostimulating
effects of expression of viral untigens on the liver cell surface in such patients.
Genetic factors were found to be possibly involved in the regulation of cytotoxicity
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against hepateeytes. The HLA DQw1 phenctype frequency was significantly low in
the patient group with chronic active hepatitis, which is in concordance with the fin-
ding in vitro that DOw!l lymphocytes are low-reactive to antigenic stimulation
(19.

Other factors that cquse damage to the liver or interfere with the host's immune
system, may influence the course of disease cfter HBV infection. The cytotoxic
hepatitis delta virus, which replicates only in hosts who are HBV positive, decreases
the HBV DNA synthesis omd may couse voriable degrees of liver damage, additive
with that caused by HBV (10). The chronic HBV patients included in this study did
not have positive tests for delta cmtigen or antibody to delta omtigen. A high
prevalence of chronic HBV comiers is found in subjects with impaired cellulor immmunity,
such as renal diclysis patients, subjects with Down's syndrome end patients with
lymphoma or leukemia (22,23} and in AIDS petients (12). Such patients were not
included in the study.

The results of this study allow some additional remarks about the therapeutic
approach of hepatitis B, which is en importemt end-goal of many investigations in
this field.

In acute hepatitis B the decisive course seems to be set at least two weeks before
maximal ALT. At this time no differences in quomtitctive viral parameters were
observed between patients who would recover eand those who would become chronic
HBV camiers. Ecaly antiviral therapy theoretically might be effective in preventing
chronic HBV cariership in the latter category of patients. These patients with a
potentially chronic course could possibly be selected for therapy at an early stage
by repeated quantitative HBsAg or HBeAg assays, which appecred to be ealy and
sensitive perameters of viral clecromee in ceoute hepatitis B.

In chronic hepatitis B, immunosuppressive therapy has been shown to be cnly
partially effective by decreasing the hepatitis activity (24,25), probably because the
continuing viral antigen expression seems to play a major role in the cytotoxic
activity (26). In fact, this kind of therapy showed detrimental effects on the prognesis
of patients treated that way. Therefore, immunesuppressive therapy is no longer
given to chronic hepatitis B patients. In this study a subgroup of patients with chronic
active hepatitis B who continued to have high hepdatitis activity after HBeAg
seroconversion was discemable from other chronic HBV camriers because of a low
number of T suppressor cells. This finding would be consistent with enhanced
immunoreactivity against liver cell membrane antigens rather tham viral antigens,
comresponding to the supposed cytofoxic mechanism in chronic cetive non-viral
hepdtitis {27,28). The latter disease responds well to immunosupressive therapy
(28). Therefore, immunosuppressive therapy theorstically might be effective in the
HBeAqg negative subgroup of patients with chronic active hepatitis B.
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Aim of the study

The aim of this study is formulated in chapter I “To find correlafions between 1) the
various courses of disease ofter infection with the hepatitis B virus amd 2) quemiitative poro-
meters of virdl replication and liver cell degradation, viral subtypes and the immunological
response, in order to obtain more insight into the timing and the mechomisms of the
development of chronic hepatitis B”.

Motivation

The main motivation for this study was the lack of proven effective therapy for
patients who have developed chronic hepatitis B. The thecretical basis for designing o
treatment is incomplete. The key factors that determine the development into chronic
hepatitis B are unknown, as well as the point of ime ot wich these factors play their
decisive rcle in the course of disease.

All parts of this study deal with the spectrum of various, well defined, courses of
disease wich may develop ofter infectien with the hepatitis B virus (HBV). The acute
infection usually results in complete recovery with clearance of the virus. Defective
clearance of the virus leads to chronic HBV carriership. Beth in acute infection and
chronic carriership the deqgree of hepatitis may vary fom severe to completely
absent, indicating a discrepancy between viral elimination emd liver cell desiruction.
Therefore, the immunological mechemisms regulating viral elimination and liver cell
destruction may be, at least partially, different.

Design

This study was designed to get more information on some aspects that are related
to the timing and the mechanism of the development of the wide range of courses of
disease after infection with just cne type of virus. The following questions were put
forward: ot what time during the acute desease isthe course directed to chronicity?:
are ecrly chamges in viral replication, viral elimination or liver cell degradation
indicative for the change of course to chronicity?; are viral subtypes or antibodies
directed against viral subtypes related to the development of a porticulor clinical
course”?; are immunoregulatory peripheral T-cell subsets correlated with the various
clinical courses after HBV infection?; is there a genetic basis which predisposes to
effective or defective viral clearance, tolerance of chronic viral presence without
hepatitis, or intoleramce with chronic active hepatitis?

Patienis

The patient groups consisted of: patients with coute hepatitis B, subjects who had
recovered from acute icteric hepatitis B, subjects who had recovered from acute
non-icteric hepatitis B, chronic HBV carmiers without hepatitis, chronic HEV carmiers with
chronic persistent hepatitis, chronic HBV cenriers with chronic active hepatitis and
patients who had cleared the HBV emd had developed chrenic active auto-immune
hepartitis.
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Hepatitis B virus infection, a review

A review of the literature conceming HBV infecton is given in chopter I Topics
which are related to the cims of this study ond the methods that are used are
emphasized.

The HBV is a DNA containing virus. It mainly replicates in human liver cells. The
coat protein contains the hepatiis B sudace ontigen (HBsAg). The viral core
contains the DNA and the hepatitis B core omtigen (HBcAg) and hepatitis B e
cntigen (HBelq) (see fig 2.1}, The main viral subtypes are expressed in the HBsAg
types ad end ay, having determinant o in common. The small DNA molecule is
partly double-stramded. The incomplete strand is repaired by DNA pclymerase
using the complete strand as o template. The complete strand contains lorge open
reading frames, coding for HBsAq, DNA polymerase cnd pelypeptides containing
HBchAg and HBelq, (see fig 2.2). The HBV DNA com occur in the liver cells eitherin a
freely replicating form or integrated in the liver cell genome. Integrated HBV DNA is
mostly found in the liver cells of HBeAg negative HBsAg positive chronic HBV
carers and in hepatocellular ceacinoma cells.

HBV products detected in serum ond liver can be used as markers offer the
ciinical stage after HBV infection. Qudlitative HBsAg and HBehAg detection is
widely used, in contrast to quantitative determination of these antigens. HBsAg,
HBcAg and HBeAg locdlizations in liver tissue cre demonstrated with immunc-
flucrescence and immunoperoxydase techniques. The viral ontigen expression in
liver fissue is believed to be inversely related to the clearance of the virus, DNA
polymerase actvity is a marker of the presence of DNA containing HBV particles.
HEV DNA n serum omd liver is detected by molecular hybridization techniques.
DNA polymerase activity and HBV DNA both point to active viral replication.

The spectrum of clinical courses ofter HBV infection has already been
summarized ot the beginning of this chapter, stressing the discrepancies between
virai clearance and hepatitis activity. However, the natural history of chronic active
hepatitis B shows a close inverse relationship between partial viral clearance end
hepatitis activity in cases that have reached the stage of HBeAg seroconversion.
This cbservation suggests a cousal role of active viral replication in the
pathogenesis of persisting liver cell degeneration. Therapeutic intervention of
chronic hepatitis B by mems of immunosuppressive or immunostimulatory me-
thods has not been proven to be effective. A temporcry suppression of viral
replication con be achieved by antiviral therapy.

The mechanisms of liver cell degeneration and viral elimination, both seeming to
be immunological by nature, are not identical, as mentioned above. Liver cell
degeneration is likely 1o be mediated by the celluler immune system. No close
relationship of humoral immunoclogic factors and lLiver cell necrosis has become
apparent. According to the classical theory, the cell-mediated immunity may
account for liver cell necrosis by T-cell cytotoxicity, evoked by the expression of
HBV-associated omtigens on the liver cell sudace. This mechanism requires ducal
recognition of viral and self (HLA-) antigens cn the Lver cell membrane. Chronic
hepatitis B would then be the result of insufficient viral cleccance and continuing
expression of viral emtigens on the cell surface. Other thecres stress the rele of
chemges in liver cell membranes or immunoregulatory substemces in the development to
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chronicity. Momy studies have been performed with respect to these questions, in
particular on the function of the general cellular immune system, cytotoxic
lymphocytes cnd suppresscr cells, but no homogeneous results have emerged and
no significemt correlation with hepatitis B disease activity has been found.

Viral elimination may be mediated by the cellular as well as by the humoral
immune systemn. Humoral immunity prebably plays an important role in the initial
viral clearance in acute hepatitis B. Antiviral entibedies are alse known fo suppress
viral replication in some other viruses thom the HBV. One hypothesis assumes that
this mechomism is also applicable to HBV infection amd that emfiviral entibodies
may suppress the synthesis of HBV proteins. According to this hypothesis, the infected
liver cells do not need to be destroved to clear the virus. In contrast, another main
hypothesis postulates that HBV elimination is the result of destruction of all infected
liver cells.

The investigations performed

Chapter I deals with the questions conceming the time at which the course of
disease during acute hepatitis B is directed to chronicity camd whether early changes
in viral replication, viral eliminction or liver cell damage are indicative for the
change of course to chronicity.

The disappearance of viral antigens in relation to liver cell destruction was studied in
63 patients with acute hepatitis B. Hepaiitis B virus DNA, DNA polymerase activity,
HBeAg and HBsAg were measured quentitatively in serum, and viral antigens were
determined in liver biopsies by immunoifluorescence. All data were related in ime to
the alanine aminotransferase (ALT) peak as a marker of meximum liver cell destruction.
Six months after initicl symptoms 53 patients had recovered and 10 had become
chronic HBsAg carmiers. Atthe onset of disease no differences in virad camtigens were
observed between the two groups with different outcome. In potients who
recovered, the HBsAg and the HBeAg levels decreased significamily from two weeks
prior to the ALT peak onwards. The disappearance of HBeAg and HBsAg ocoumred
independently of the extent of the liver disease. HEV DNA, DNA polymerase and,
viral antigens in liver biopsies were mainly detectable before and around the ALT
peck. In patients whe developed chronic hepatitis, viral emtigens in the serum end
liver tissue remained consistently high.

These findings indicate that the final course of the acute hepatitis B is set at least
two weeks befere the maximum hepatitis activity and that quaontitative assays of
HBsAg or HBeAqg appear to be ecly indicators of prognosis. The disappecrance of
vired markers, priorto and independently of the extent of liver cell necrosis, suggests
that suppression of the viral protein synthesis is cn additional mechanism of virus
elimination, apart from destruction of infected liver cells.

In chapter IV the relationship between viral subtypes or antibodies against viral
subtypes cnd the development of a particular clinical course is discussed, as well as
some aspects of humoral immunity.

Simultanecus presence of HBsAg and anti-HBs was detected in 32 out of 89
Dutch chronic HBV carriers of Caucasian race. The subtype frequencies and the
distribution of risk factors for aequiring a HBV infection were compared in the chronic
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HBV camiers and 38 patients with acute hepatitis B who recovered. In the chronic
HBV camiers, HBsAg was subtyped ad in 28 and ay in four cases. Anti-HBs could be
subtyped in 25 cases using reference antigens discriminating between d, v, and
wl-wd determinamts. In 20 out of these 25 patients HBsAg subtype ad (HBsAg/ad)
was accompanied by antibody to determinant v (anti-y), whereas HBsAg/ay and
anti-d were simultaneously detected in the serum of cne patient. The antibody
pattem in sera from the remaining potients was complex. In the acute hepatitis B
group, HBsAg was subtyped ay in 25 end ad in 13 cases. Thus, in our patients a
predominance of ay was found in acute hepuatitis with recovery omd ad in chronic
HBV carriers. This difference is parily caused by the prevalence of ay in drug-users
cnd ad in homosexuals. Non-drug users appecred fo have an equal chance to
acquire HBsAg/ad or HBshg/ay acute hepatitis.

Eighteen cmti-HBs positive chronic HBV carriers were matched for age, histology,
and HBelAq status with 18 anti-HBs negative chronic HBV carriers. No differences in
risk factors for acquining o hepdtitis B infection were found. These results do not
support the hypothesis that co-occurrence of HBsAg and anti-HBs is due to two
consecutive infections with hepatitis B virus. The frequency of the co-occumrence of
HBsAg and anti-HBs was found to be related to the degree of progressive liver
disease, since anti-HBs was found in three out of 23 asymptomatic HBV camiers, in
four out of 20 chronic persistent hepatitis B patients, in 20 out of 41 chronic active
hepatitis B patients, and in ol five patients with chronic cctive hepatitis B and
cirthosis. The high frequency of anti-HBs in pafients with advenced liver disease
may be the result of a disturbed immunologic response mechanism.

In chapter V the investigations on peripheral T-cell subsets in the various clinical
courses affer HBV infection are discussed.

The course of disease after a HBV infection is probably determined by the cellular
immune response after the host, which is partly regulated by the T helper and T
suppressor cells. Immunoregulatory T-cell subsets were counted in the peripheral
blood of 97 patients with various courses after HBV infection: 23 of these patients
were asymptomatic HBsAg camiers without detectable liver disease, 13 had chronic
persistent hepatitis B, 19 had chronic active hepaiitis B (11 HBelg, 8 anti-HBe), 7
had chronic active hepatitis with anti-HBs, and 35 were healthy controls with anti-
HBs after recovery from acute hepatitis B. Peripheral blood mononuclear cells were
specifically labeled with monoclonal Leu-1 (T-cells), Leu-2a (T suppressor/
cytotoxic cells), end Leu-3a (T helper cells) antibodies end anadyzed by How
cytometry.

Leu-3a/Leu-2a ratics for patients with persistence of the virus infection did not
differ from those found for patients who cleared the HEV antigens. These findings
suggest that elimination of HBV as such is uniikely to be related to the relative
number of peripheral T-cell subsets. However, evidence was found that the number
of T suppressor cells had decreased in the subgroup of patients with ongoing
chronic active hepdtitis end anti-HBe. This subgroup of patients who develop
chronic active hepatitis after partial clearance of the virus probably have an
enhanced immunoreactivity compeored with those nunning the commoner courses of
this disease.
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Chapter VI concems the genetic basis which may predispose to a particular
course of disease cfter HBV infection.

In order 1o find a possible relationship between the course of disease and the
phenotype fraquency of HLA determinents, 396 Dutch subjects of Caucasicn race
were studied. Six groups of individuals with various courses after HBV infection were
compared to healthy controls. The hepatitis B patients were grouped according to
standend criteria: 1) 47 had recovered from acute symptomeatic hepatitis B, 2) 80
had recovered from osymptomatic hepatitis B, 3) 26 were asymptomatic HBV
camiers, 4) 16 had chronic persistent hepatitis B, 5) 37 had chrenic active hepatitis B
and 6) 10 had chronic active hepatitis after elimination of hepatitis B antigens. 22 Class I
and 13 Class I HLA-antigens were assayed by standard microlymphocytotoxicity
fests.

The phenotype frequency of the Class I antigen DQwl appeared to be
significantly lower in patients with chronic active hepatitis B. Other HLA specificities
showing deviations from control values were not statistically significant after
comrection for the number of antigens tested. In conclusion, no evidence was found
that the elimination of HBV is related to HLA phenotype. However, HLA DQwl may
affect the morphologic type of chronic hepatitis B, since its presence may protect
against chronic active hepatitis.

A general description and discussion of the study is given in chapter VIL The
starting-peints, patient selection and methods, as well as the studies performed are
discussed in view of the aims of the study.

Conclusions

The main resulis of the study indicate that different immunologic mechanisms are
involved in the clearance of the HBV and the development of liver cell necrosis at
different fime-points in the various courses after HBV infection. The conclusions can
be grouped with respect to HBV elimination and liver cell degeneration in acute
and chronic hepatitis B.

The HBV clecrance in ecrly acute hepatitis B seems to precede maximal liver cell
necrosis by at least two weeks in cases of recovery. No signs of HBV clearance have
become appearent during early acute hepatitis B in cases that eventually became
chronic HEBV cariers, indicating that the course of disease is set before clinical
symptoms became apparent. HBsAg subtype ad may be slightly related to deficient
HBV clearomece in the group of Dutch patients studied.

Liver cell damage in early acute hepatitis B shows no correlation in time or extent
with HBV clearance, supporting the hypothesis that viral clearance may (partially)
be achieved by suppression of virus production without destroying liver cells. Non-
specific anti-HBs was found to occur more frequently in patients with cdvanced
stages of HBV-related liver disease and seems io be closer comelated to liver
damage than to HBV clearance. [t is interpreted to be a sign of a qualitative defect
in the immune response to HBV infection. The decreased number of T suppressor
cells found in patients with engoing chronic active hepatitis B ofter HBeAg
seroconversion may be an indication of enhanced immuno-recctivity in these
patients. The low phenotype requency of HLA DQwl in the patient group with chronic
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active hepatitis B shows that genetic factors are possibly involved in the regulation
of hepatitis activity.

The findings reported in this thesis have possible implications for the reatment of
hepatitis B. Antivirad drugs may be more effective if given eardly in the course of
disease. Repeated quantitative assays of HBsAg and HBeAg may be useful in the
identification of patients with a potentially chronic course. A subset of chronic
kepatits B patients, without HBeAq, have some hallmarks of “adtoimmune” hepatitis,
and these patients may possibly benefit from immunosuppressicn.
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Doel van het onderzoek

In hoofdstuk I is het doel vam dit ondarzoek dls volgt gefonmuleerd: "het vinden
van correlaties tussen 1} de verschillende beloopsvormen vem hepatitis B en 2)
kwaenfitatieve parameters betreffende virale replicatie en levercelverval, subtypen
vam het hepatitis B virus en de immunclogische respons, ten einde beter inzicht te
verkrijgen in het tijdstip waarop en het mechamisme wacrdoor chronische hepatitis
B ontstaat”.

Aanleiding

De belangrijkste aanleiding voor dit enderzosk is het ontbreken vem een blijvend
werkzame behandeling vam chronische hepatitis B. De theoretische basis voor een
dergelijke therapie is nog incompleet. De reden waarom hepdtitis B bij bepaalde
patienten chrenisch wordt is niet bekend, evenmin als het tijdstip waarop dit
gebeurt.

In dit onderzoek komen telkens de verschillende beloopsvomnmen ter sprake die
zich kunnen voordoen na besmetting met het hepatitis B virus (HBV). Acute hepatitis
B geneest meestal, en hierbij wordt het virus opgeruimd. Indien het virus niet volle-
dig werdt geelimineerd dan ontstaat chronisch hepatitis B dragerschap. De mate
vem hepatitis kan zowel bij de acute hepatitis B als bij chronisch dragerschap aan-
zienlijk verieren, zodat er geen duidelijk verband lijkt te bestaom tussen de mate ven
levercelbeschadiging en eliminatie van het virus. Mogelik zijn daarom verschil-
lende (immunologische) mechanismen veremiwoordelijk voor levercelbeschadi-
ging en viruseliminatie.

Opzet vem het onderzoek

Dit onderzoek werd zo opgezet dat aspecten betrefferide het Hidstip waarop en
het mechcnisme waardoor chronische hepatitis B ontstaat konden worden onder-
zocht. Hierbij werden de volgende viagen geformuleerd: op welk tijdstip wordt
gedurende de acute Iase van de ziekte het beloop in chronische richting gestuurd?;
geven vioege veranderingen in virdle replicatie, virale eliminctie of levercel
beschadiging gedurende de acute fase aomwijzingen voor een al dem niet chro-
nisch beloop 7; hebben virale subtypen of antistoffen tegen subtypen een comrelatie
met de ontwikkeling van een bepadaid ziektebeloop 7; is er verband tussen het voor-
komen van bepaalde soorten T-cellen in het bloed en de verschillende beloopsvor-
men van hepatitis B 7; is er een genetische basis die voert tot voldoende of
onvoldoende opruiming vem het virus, het laatste in combinatie met tolercmtie van
het virus bij chronisch HBV-dragerschap zonder hepatitis, of met intolercmtie ven
het virus bij chronische hepatitis B.

Patienten

De patienten-groepen werden als volgt samengesteld: patienten met acute
hepdatitis B, personen die genazen na ceoute icterdsche hepatitis B, personen die
genczen na acute anicterische hepaiitis B, chronische HBV dragers zonder hepatitis,
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chonische HBV dragers met chronisch persisterende hepatitis, chronische HBV dra-
gers met chrenisch actieve hepatitis en patienten die het HBV hebben opgeruimd
macr chronisch actieve autc-immuun hepatitis hebben ontwikkeld.

Hepctitis B, een overzicht

In hoofdstuk Il wordt een overzicht gegeven von de literatuur betreffende hepatitis B.
De nadruk wordt gelegd op onderwerpen die betrekking hebben op het doel van
dit onderzoek en de gebruikte methoden.

Het HBV is een DNA-virus. Het vermenigvuldigt zich voomamelijk in menselijke
levercellen. Het manteleiwit bevat het hepdatitis B oppervlakte (surfface) antigeen
(HBsAqg). In de viruskem (core) bevindt zich het DNA, het hepatitis B core antigeen
(HBcAg) en het hepatitis B e amtigeen (HBeAg) (zie fig. 2.1}. De belomgrijkste HBsAg
subtypen zijn ad en ay. Zij hebben determinant a gemeenschappelijk. Het keine
DNA-mgclecuul is circulair en bestaat gedeeltelijk uit twee strengen. Met behulp van
DNA-polymerase wordt de incomplete streng verder opgebouwd. De complete
streng bevat de genetische code voor HBsAg, DNA-polymerase en polypeptiden
die HBcAg en HBeAgbevaiten (zie fig. 2.2). Het HBV-DNA kem in de levercellen zowel
in vrije vorm als geintegreerd in het gastheer-genoom voorkomen. In de vrije vorm
kem het virus zich repliceren. Geintegreerd HBV-DNA komt voomamelijk voor in
levercellen ven HBeAg-negatieve HBsAg-positieve chronische HBV-dragers,
nadat het virus (-genoom) gedeelteliik is opgeruimd, en i cellen van hepatocellu-
lodr carcinoom.

Het aantonen van bestonddelen van het HBV in serum en lever kan worden ge-
bruikt ter indicatie van de fase waarin het beloop van de hepatitis B zich bevindt,
HBsAg en HBeAg in serum worden, gewoonlijk kwalitatief en bij uitzondering kwam-
titatief, bepaald met radic-immuno-assays of enzyme-immuno-assays. HBsAg,
HBcAg en HBeAg worden in leverweelsel aomgetcond met immunofluorescentie-en
immunoperoxydase-technieken. DNA-polymerase-activiteit wordt gemeten met
behulp van incorperatie ven radio-actief thymidine. HBV-DNA kan in serum en
lever worden aangetoond met behulp van meleculaire hybridisatie. Zowel DNA-
polymerase-activiteit als contoonbacr HEBV-DNA zin een uiting van actieve
virale replicatie.

In het natuurlijke beloop van hepatitis B kan de mate vom hepatitis zowel bij de
acute hepatitis B als bij chrenisch dragerschap aanzienlijk varieren, zodat er geen
eenduidig verband lijkt te bestaan tussen de mate van levercelbeschadiging en eli-
minatie van het virus. Het natuwrlijke beloop van chronisch actieve hepatitis B na
verdwijnen van HBelAqg, meestal gepacrd gaande met vermindering van de mate
varn hepatitis, vertoont echter een cmgekeerd verband tussen {gedeeltelijke) elimi-
natie van het virus en de levercelbeschadiging. In dit geval speelt actieve virale
replicatie mogelijk een causale rol n de pathogenese van persisterende levercelbe-
schadiging.

Therapeutische interventie van chronische hepatitis B middels immunosuppres-
siva of immunostimulemtia is niet effectief gebleken. Met emtivirale therapie kem tij-
delijke suppressie van de virale replicatie worden verkregen.

De mechaonismen van levercelbeschadiging en viruseliminatie zijn waarschiinlijk
niet identiek. Bjj levercelbeschadiging speelt de cellulaire immuniteit de belomgrijkste
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rol. Humerale factoren zijn hierbij niet van invleed gebleken. Het cellulaire immuun-
systeem kan levercelnecrose vercorzaken door middel vem T-cel cytotoxiciteit.
Hiervooris gelijktijdige herkenning van virale en HLA-ontigenen op het levercelop-
pervlak noodzakeliik. Velgens de klassieke theorie is chronische hepatitis B het
gevolg van onvoldoende virale eliminctie en veoortgacnde expressie von virale
cntigenen op het leverceloppervick. Andere theorieén met betrekking tot de ont-
wikkeling vom chronische hepatitis B benadrukken de rol vom veranderingen in de
levercelmembraan of van stoffen die het immuunsysteem beinvloeden. Onder-
zoekingen betreffende de activiteit van het cellulaire immuunsysteem hebben voor-
alsnog geen homogeen resultaat opgeleverd.

In het mechanisme vam viruseliminatie zijn waarschijnlijk zowel de cellulaire als
de humorale immuniteit van belomg. Antilichamen hebben een belangrijke functie
bij de opruiming van het virus kort na infectie. Bij andere virussen is gebleken dat
antistoffen de productie van virale eiwitten kunnen remmen. Een hypothese stelt dat
dit mechanisme ook voor het HBV kan gelden. Volgens deze hypothese behoeven
geinfecteerde levercellen niet te worden vemietigd om het HBV te elimineren. Ditis
n tegenstelling met de meest gangbare hypothese, waarin HBV eliminatie het
gevolg is vem destructie van dlle geinfecteerde levercellen.

Het verrickie onderzoek

In hootdstuk Il wordt het onderzoek beschreven nacr het tijdstip waarep het ziek-
tebelocp tijdens de acute fase vem hepatitis B in chronische richting wordt gestuurd
en naar vicege veranderingen in vircle replicatie, virale eliminatie of levercel
beschadiging die gedurende de acute iase aanwijzingen voor een al dem niet chro-
nisch beloop kunnen vormen.

Bij 63 patienten met acute hepatitis B werd het verdwijnen van virusomtigenen in
verhouding tot de mate ven levercelbeschadiging bestudeerd. HBV-DNA, DNA-
polymerase-activiteit, HBeAg en HBsAg werden kwantitatief in het serum bepaald.
De virale emtigenen werden in leverbiopsieén aangetoond met immunofluorescen-
tie. Alle meetresultaten werden in de tijd geplacatst ten opzichte van de dag wacrop
het alomine-aminotransferase (ALT) maximaal was, als teken ven maximale lever-
celbeschadiging. Zes maanden na het begin van de ziekte woren 53 patienten
genezen en 10 weren chronische HBsAg-dragers geworden. In de vroege ziekte-
periode werden bij deze twee groepen patienten geen verschillen in virusanti-
genen wacrgenomen. vanaf twee weken voorafgaonde aon de maximale ALT
dadiden de HBsAg- en de HBeAg-spiegels significant bij die patienten die
genazen. Het verdwiinen van HBeAg en HBsAg comnreleerde niet met de mate ven
levercelbeschadiging. HBV-DNA, DNA-polymerase en virale antigenen in de lever-
biopsiegn waren voomamelijk aontoonbaor in de pericde voor en tijdens de
maximale ALT. De virusantigenen bleven constant canwezig in serum en lever vem
patienten die chronisch drager werden.

Deze resultaten vormen een acmwijzing dat tiidens de ceute fase van hepatitis B
het tijdstip waarop het uiteindelijke ziektebeloop wordt bepaald minstens twee
weken vooradgaat aan dot van het maximale levercelverval. Kwontifciieve
bepadling vam HBsAg of HBeAg kan een vroege indicator zijn van de prognose. De
bevinding dat virale kenmerken onofhankelitk van de mate van levercelbeschadiging
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kunnen verdwiinen suggereert dat, naost destructie ven geinfecteerde levercellen,
suppressie van de synthese vem HBV-bestanddelen een deel van het mechanisme
vem HBV-eliminatie vormt.

™ hoofdstuk IV wordt de relatie besproken tussen subtypen of antistoffen tegen
subtypen wem het HBV en de ontwikkeling vem de inische beloopsvormen,
alsmede enige aspecten van de humorale immuniteit.

In een groep van 89 chronische HBV-dragers van Nederlomdse afkemst en beho-
rend tot het Xaukasische ras werd bij 32 een gelijkijdig voorkomen ven HBsAg en
anti-HBs vastgesteld. Bij deze HBV-dragers en bij 38 patienten met een genezende
acute hepatifis B werden het voorkomen von HBV-subtypen en de verdeling van
tisicofactoren om een HBV-infectie op te lopen vergeleken. Vam de 32 chronische
HBV-dragers met anti-HBs hadden 28 HBsAg-subtype ad (HBsAg/ad) en 4 subtype
ay (HBsAg/ay).Het subtype van anti-HBs kon bij 25 patienten worden vastgesteld.
Bij 20 van hen kwam HBsAg/ad in combinatie voor met anti-HBs subtype cnti-y.
HBsAg/ay en anti-HBs subtype onti-d kwamen bij een patient gelijktijdig veor. Bij
de overige 4 patienten bestond er een complex patroon. In de groep met acute
hepatitis B hadden 25 patienten HBsAg/ay en 13 HBsAg/ad. In onze patienten-
groepen kwam dus HBsAg/ay vaker voor bij genezende acute hepctitis B en
HBsAg/ad bij chronische HBV-dragers. Dit verschil werd gedeeltelijk verocrzaakt
door het voorkomen vem HBsAg/ay bij drug-spuiters en FBsAg/ad bij homesexuelen.
Personen die geen drugs gebruikten hadden een gelifke koms op infectie met
HBsAg/ad of HBsAg/ay.

Achttien chronische HBV-dragers met anti-HBs werden gematched betreffende
leeftiid, histologische leverafwijkingen en HBeAg-status met 18 dragers zonder anti-
HEBs. In deze groepen werd geen verschillend risico op besmetting met HBV gevon-
den. Dit geeft geen steun aan de hypothese dat gelijktijdic voorkomen van HBsAg
en anti-HBs het gevolg is van twee opeenvelgende infecties met verschillende
HBV-subtypen.

De frekwentie van gelijktijdic HBsAg en anti-HBs correleerde met de emstvan de
leverziekte: anti-HBs werd gevonden bij 3 van de 23 asymptomatische HEV-
dragers, bij 4 van de 20 patienten met chronisch persisterende hepatitis B, bij 20
van de 41 patienten met chroniseh actieve hepatitis B en bij alle 5 patienten met
chronisch actisve hepatitis B en levercirose. De relatief hoge frekwentie vem anti-
HBs bij patienten met een emstiger vorm van chronische hepatitis B is mogelijk het
gevolg van cen stoornis in de immunologische respons.

In hoofdstuk V wordt het onderzoek beschreven betreffende subpopulaties vem T-
Iymfocyten bij verschillende belecopsvermen vem hepatits B.

De cellulaire immuunrespons von de gastheer wordt deels gereguleerd door de
T-helper en T-suppressor subpopulaties. Bij 97 patienten met verschillend beloop
na HBV-infectie werden de perifere T-cel-subpopulaties bepaald: 23 asymptomati-
sche HBV-dragers zonder leverziekte, 13 patienten met chronisch persisterende
hepatitis B, 19 patienten met chronisch actieve hepatitis B (11 met HRBeAq, 8 met
anti-HBe), 7 patienten met chronisch actieve hepatitis en anti-HBs, en 35 personen
met cmti-HBs na genezing van acute hepatitis B. De perifere mononucledire cellen
werden specifiek gemerkt met monoclonale Leu-1 (T-cellen), Leu-2a (T-suppressor
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en -cyictoxische cellen), en Leu-3a (T-helper cellen) antilichamen en geteld met
flow-cyiometrie.

De Leu-3a/Leu-Za ratio’s vem chronische HBV-dragers verschilden niet van de
ratio’s van personen die het HBV hadden opgeruimd. Bij de patienten met voort-
gaande chronisch actieve hepatitis ondanks negatief HBeAg en positief anti-HBe
werd een verdaagd aontad T-suppressor cellen gevonden.

Deze bevindingen duiden er op dat de HBV-eliminatie niet is gerelateerd can de
kwantitatieve verhouding van de onderzochte T-cel-subpopulaties in het perifere
bloed. Gezien het lage aantal T-suppressor cellen hebben patienten met voort-
gacnde chronisch actieve hepatitis na gedeeltelifke opruiming van het virus
mogelijk een toegenomen immuno-reactiviteit ten opzichte van de patienten die
een meer gigemeen ziektebeloop hebben.

Hooldstuk VI betreft de genetische basis die mogelijk het ziektebeloop na HBV-
infectie bepaalt.

Ten einde een comelatie te vinden tussen het ziektebeloop en de fenotype-
frequentie van HLA-determinemten werden 396 Nederlanders onderzocht. Allen
behcorden tot het Noord-Europese locdle Kaukasische ras. Zes groepen perscnen
met verschillend ziektebeloop na HBV-infectie werden vergeleken met gezonden.
De hepdtitis B patienten werden als volgt gegroepeerd: 1) 47 waren genezen van
acute icterische hepatitis B, 2} 80 waren genezen von anicterische hepatitis B, 3) 26
waren asymptomatische HBsAg-dragers, 4) 16 hadden chronisch persisterende
hepatifis B, 5) 37 hadden chronisch actieve hepatitis B en 6) 10 hadden chronisch
actieve hepatitis na eliminatie van de HBV-cntigenen. 29 Klasse [ en 13 Kasse I
HLA-antigenen werden bepaald met behulp van micro-lymiocytotoxiciteits-
testen.

De fenotype-frequentie vam het klasse [-antigeen DQw] was significant ver-
laagd bij patienten met chrenisch actieve hepdtitis B. Geen andere HLA-typen
waren statistisch significomt cdwijkend vom de controlegroep. Er werd geen aanwij-
zing gevonden dat de eliminatie van HBV is gerelateerd aan een HLA-fenctype.
HLA-DQw beinvloedt mogelijk de mate van levercelbeschadiging acngezien het
lijk te beschermen tegen de ontwikkeling vem chronisch actieve hepatitis.

Een algemene beschrijving van het onderzoek en een bespreking van de resulta-
ten wordt gepresenteerd in heofdstuk VIL De vitgangspunten, de patienienselectie,
de methoden en het verrichte onderzoek worden besproken in relatie tot het doel
vom het onderzoek

Conclusies

De resulteten van dit onderzoek wijzen uit dat bij de eliminatie van het HBV ende
ontwikkeling van levercelnecrose verschillende immunologische mechamismen zijn
betrokken op verschillende tijdstippen in het beloop van hepatitis B. De volgende
conclusies worden ingedeeld ten aanzien vem HBV-eliminatie en levercelbescha-
diging bij acute en bij chronische hepatitis B.

Eliminatie van het HBV lijkt in de vioege fase ven acute hepatitis B die geneest
minstens twee weken vooraf te gaan can het Hjdstip waarop de levercel-necrose
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maximaal is. Bij acute hepatitis B die overgact in chronisch BBV-dragerschap tre-
den in de vicege fase geen iekenen op v HEV-eliminatie. Deze bevindingen vor-
men een acnwijzing dat het ziektebeloop bij acute hepatitis B reeds is vastgelegd
voordat de kinische verschijnselen optreden. Bij de onderzochte Nederlandse
patienten is HBsAg-subtype ad mogelijk in lichte mate gerelateerd aan deficiente
HBV-eliminatie.

De levercelbeschadiging ijdens de vicege fase van acuie hepatitis B verioont
noch in de tijd, noch wat betreft hevigheid een comelatie met de mate van HBV-
eliminatie. Dit steunt de hypcthese dot virale eliminatie {gedeeltelijk) het gevolg
kan zijn vam suppressie ven de virusproductie zonder dat hiervoor levercellen wor-
den vemietigd. Niet-specifiek anti-HBs werd relatief vaker gevonden bij patienten
met een emstiger beloop vem chronische hepatitis B en lijkt beter te correleren met
de mate van leverbeschadiging dan met HBV-eliminatie. Dit verschijnsel werd
geinterpreteerd als teken van een kwdlitatief defect van de immuunrespons op de
HBV-infectie. Het lage aantal T-suppressor cellen dat werd gevonden bij patienten
met voortgaande chronisch actieve hepatitis B na verdwijnen ven HBelg kan dui-
den op een verhoogde immuunreactiviteit bij deze patienten. De lage fenoiype-
frequentie van HLA-DQw] binnen de patientengroep met chronisch actieve
hepatitis B laat zien dat genetische factoren mogelifk zijn betrokken bij de requiatie
ven de emst van levercelbeschadiging.

De bevindingen von het onderzoek dat in dit proefschrift werdt beschreven kun-
nen theoretisch implicaties hebben voor de behandeling van hepatitis B. Anti-
virale middelen zouden een beter effect kunnen hebben indien zij in een vroege
fase vem hepatitis B worden toegediend. Herhaalde kwantitatieve bepaling van
HBsAg of HBeAg kan van nut zijn bij de vroege identificatie van patienten met een
potentieel chronisch beloop. De subgroep van patienten met chronisch acteve
hepatitis B na verdwijnen ven HBeAg heeft enige kenmerken van “cuto-immuun”
hepatitis en kan mogelijk zijn gebaat bij behandeling met immunosuppressiva.
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