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Introduction

Recently the field of hepatology has seen remarkable advances in the identification and understanding of the agents causing viral hepatitis. The
medical therapy of patients with fulminant hepatic
failure continues to progress and this is reflected in
the improved survival rates which are now being
achieved; while for those patients in whom liver
function will never recover with medical treatment
alone, emergency liver transplantation is now an
established therapeutic option. Graft survival continues to improve as developments in immunosuppression are made. This review will cover the recent
advances in these areas and in the management of
portal hypertension.
Viral hepatitis

Viral hepatitis continues to be a major global
health problem but with the advancement of many
scientific disciplines including molecular biology
and immunology, rapid advances are being made in
the understanding of the viruses and development
of specific vaccines. We now know that there are at
least five major types of primary hepatotrophic
acute hepatitis viruses (Table I). This following
section reviews the progress made recently on these
hepatotrophic viruses. Acute hepatitis caused by
other viruses in which involvement of other organs
is more common and more prominent than evidence of liver involvement, notably cytomegalovirus and herpes simplex virus, is not described
here.
Hepatitis A virus (HAV)
HAV was first discovered in faeces of infected
patients by immune electron microscopy in 1973.1
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Today, it is still ranked by the World Health
Organization as a prevalent infection worldwide;
especially in countries where overcrowding and
poor standards of hygiene and sanitation are
prevalent as shown by the recent major outbreak
involving 1.2 million persons in mainland China in
1988.
Virology

Although HAV is classified as a picornavirus, more
and more evidence supports the view that HAV is
different from the well-studied four genera of this
virus family.2 The genome of HAV is a linear,
single-stranded ribonucleic acid of messengersense (positive) polarity. RNAs extracted from
different HAV isolates have been cloned and
sequenced.3'4 According to these studies, the molecule consists of a total of 7,478 nucleotides, and,
Table I Classification of hepatotrophic and other
viruses responsible for acute viral hepatitis
Hepatitis type

Previously named/description

Hepatotrophic viruses
Hepatitis A (HAV) Infectious hepatitis
Hepatitis B (HBV) Serum hepatitis
Variants:
1. Wide-type
2. African HBsAg- anti-HBc +
mild disease course
3. Mediterranean HBeAgHBV-DNA + aggressive
liver disease
Hepatitis C (HCV) Parenteral non-A non-B
hepatitis
Hepatitis D (HDV) Delta hepatitis (agent)
Hepatitis E (HEV) Enteral non-A non-B hepatitis
Others
Cytomegalovirus (CMV)
Epstein-Barr virus (EBV)
Herpes simplex virus
Coxsackie B virus
Echovirus
Yellow fever virus
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are now a number of cultures of established
susceptibility.9"0 Independent of the culture system
used for the primary isolation, all HAV strains
have protracted replication and establish persistent
infection.""2 More recently, two HAV cell systems
have been described in which replication of HAV
seemed to be paralleled by virus-specific cytopatho-

like the genome of the typical picornavirus, it can
be functionally divided into a 5'-terminal untranslated region composed of 733 nucleotides, a single
open reading frame of 6,681 nucleotides, and a
short untranslated segment of 64 nucleotides at the
3'-end of the molecule.5 The open reading frame
gives rise to a precursor polypeptide which is
subsequently cleaved into four different polypeptides VP1-4 (Figure 1). Existing information suggests that the molecular sizes of these peptides are
VP1 33 kD, VP2 27 kD, VP3 29 kD, VP4 (truncated) 17 amino acids. Around 60 copies of each of
these four structural proteins, VP1 to VP4, with
molecular weights in the range of 8,000-33,000,
form the capsid ofthe typical mature HAV.24'6 The
most important differences between HAV and the
four conventional genera of the picornavirus
family apparently concern composition and function ofthe viral capsid as evidenced by the size ofits
structural proteins, the outstanding overall stability of the virus, and the resolution of only one
immunodominant neutralization site.278
After years of frustrating search for a cell system
in which HAV could be propagated in vitro, there
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Pathogenesis of liver damage

The pathogenetic mechanism of liver cell damage
in acute HAV infection is still unclear. The absence
of convincing evidence that HAV gives rise to true
persistent infection in vivo in contrast to in vitro
replication system, strongly suggests that a close
interplay between the virally controlled and host
immunological factors is necessary to cause a
cytolytic infection with subsequent elimination of
the virus.2 The postulation that hepatocyte destruction is mediated by anti-HAV antibody with or
without the help of complements is untenable2"16"17
and the interferon system is also unlikely to play a
major role in the elimination of the virus in vivo.'8
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Figure 1 Structure of the hepatitis A virus genome and the tentative protein cleavage sites. VPg - genome linked viral
protein.

Two recent studies provide strong evidence that
cytotoxic T cells capable of lysing HAV- infected
target cells develop in the course of HAV infection.'9'20 This effect is also shown to be virus-specific
and is functionally restricted by the major histocompatibility complex (MHC).

Clinicalfeatures and laboratoryfindings
HAV usually causes a minor or unnoticed illness in
children and young adults. On a worldwide scale,
less than 5% of the cases are recognized clinically.21'22 It can cause a high mortality in patients
over the age of 60.23 In a recent major outbreak in
Shanghai, China, approximately one third of those
shown serologically positive for acute HAV infection were asymptomatic, and only around 20% had
overt clinical hepatitis.24 Systemic complications
like sinus bradycardia and transient T-wave
changes on electrocardiography, arthralgia and
palpable splenomegaly may occur in less than 15%
of cases.23 Although prolonged cholestasis is well
described in HAV infection, it is relatively uncommon on the whole but just disproportionately
frequent in patients referred to hospitals because of
delayed recovery.25
The occurrence of a relapsing course in some
patients and the persistence of high titre IgM
anti-HAV antibodies for up to 400 days in others,
together with the demonstration of intestinal reinfection and prolonged viral excretion may help to
explain the mechanism of viral perpetuation in
highly endemic areas.26 It has also been recently
shown that relapse of HAV infection can occur
together with recurrence of IgM anti-HAV.23
The laboratory findings in HAV infection with
elevated serum transaminases are often accompanied by non-specific rise of IgM, IgG, anti-smooth
muscle antibodies and acute phase proteins.2728
The raised IgM is mainly polyclonal and only a
small proportion is directed against HAV antigen. 288 The extent of elevation of serum transaminases does not appear to be of prognostic
significance.27 The blood lymphocyte count is
usually high initially, but then falls with disease
evolution and there may be a pancytopenia phase
during the recovery.27 Minor coagulation defects
and depressed fibrinogen levels are also common. 23,27
Passive and active immunization

High titre serum immunoglobulin preparations
have long been recognized to be of value in both
pre-exposure and post-exposure prophylaxis
against HAV infection.29 A recent leading article in
the British Medical Journal suggested that not all
travellers from developed countries to highly
endemic areas required protective immunoglob-
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ulins routinely as screening of patients for
antibodies against HAV before giving immunoglobulins is economically sensible and results in
effective use of a limited resource.30
Although HAV infection does not lead to
chronic hepatitis and cirrhosis, it is an important
source of morbidity and economic losses.22'23 An
effective, safe, and low cost vaccine would be
beneficial, especially in the developed countries in
which the incidence ofHAV infection is low. Killed
HAV vaccine has been shown to be safe and
efficient in animals and clinical studies are ongoing.3' This vaccine, however, requires up to three
injections to induce protective levels of antibody in
recipients. Attenuated HAV vaccine and recombinant HAV vaccine have also been developed and
are being

investigated.31-33

Hepatitis B virus (HBV)
It has been estimated that there are approximately
300 million chronic HBsAg (hepatitis B surface
antigen) carriers worldwide.34 The World Health
Organization estimates suggest that 40% of them
will eventually die of chronic liver disease and/or
hepatoma.35
Virology

The HBV genome has now been well characterized
and consists of four overlapping open reading
frames designated S/pre-S, C, P, and X. An
enhancer region, a glucocorticoid responsive element as well as two direct repeats (DRI and DR2)
have also been identified (Figure 2).3637 Each is
flanked by start and stop codons and encodes a
viral polypeptide (Table II). The S/pre-S region of
the genome codes for the proteins of the viral
envelope.36 Recent evidence suggests that pre-S1
sequences are involved in the binding ofvirions to a
putative receptor on the surface of hepatocytes
which may be the first step in the infectious cycle.38
Less convincing is the evidence that the pre-S2
region carries a binding site or receptor for
polymerized human serum albumin (pHSA) which
in turn binds to hepatocytes.39-44 This finding is
interesting but pHSA is an in vitro product
(albumin treated with glutaraldehyde) and has
never been found in human subjects.45'46 Hence, it is
unlikely that this is the mechanism of viral entry
into the hepatocytes. Recently, W.H. Gerlich and
his colleagues demonstrated that human
monomeric serum albumin can bind irreversibly to
cysteine of the small HBsAg protein, suggesting an
alternative way of viral entry into hepatocytes.47
There is also evidence that a lack of antibodies to
this protein in the early phase of HBV infection
may result in chronic HBV carriage in some
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Two important HBV variants have been identified recently (Table I). The first variant occurs most
commonly in Africans with an incidence of
between 15 to 40%.6 These patients had positive
serum anti-HBc but not HBsAg. It is not as yet
defined whether this represents infectivity or
immunity, but it is likely that this group comprises
both categories. The second variant occurs most
commonly in Mediterranean population. They
have serum HBeAg negative, serum HBV-DNA
positive, and often have severe progressive chronic
hepatitis. It has recently been characterized that
this HBV variant has a single point mutation in the
pre-C sequence which generates a translational
stop codon.61,62 The absence of pre-C protein
excludes the production of HBeAg and this
explains the persistence of HBV replication in some
anti-HBe positive patients.
The development ofthe very powerful molecular
biology technique, polymerase chain reaction,
Figure 2 Structure ofthe HBV genome. The positions of apart from helping sequencing of the variant
the four open reading frames (ORFs) known to produce viruses, allows the detection of very low levels of
HBV proteins are shown in open boxes. The relative DNA in serum. With this technique, the frequent
positions of the enhancer element (ENH), glucocorticoid involvement
of HBV in a proportion of HBsAg
responsive element (GRE), and the direct repeats (DRI
and DR2) are also shown. ( + ) and ( - ) denotes the seronegative patients with chronic liver disease,
positive and negative strands. Small, solid arrows show including primary hepatocellular carcinoma, was
the 5' ends of the three major virus RNA transcripts of revealed.63
2.1, 2.4, 3.5 kb.

Pathogenesis of liver damage
Table II HBV polypeptides

HBV gene

Polypeptide

S
pre-S2 + S
pre-SI + pre-S2 + S
C
pre-C + C
P
X

pre-S2 peptide (middle protein)
pre-SI peptide (large protein)
HBcAg and HBeAg
pre-core peptide
DNA polymerase
X protein

HBsAg (major protein)

patients.' Both HBcAg (hepatitis B core antigen)
and HBeAg (hepatitis B e antigen) are encoded by
the C gene, which includes a pre-C region.37'38
Existing evidence suggests that HBcAg is the
dominant target of the immune attack.4954 Furthermore, the presence of cytoplasmic and
membranous/submembranous HBcAg in addition
to nuclear HBcAg induces immune lysis of the
infected hepatocytes, which in turn may clear viral
replication in some patients.5' When pre-C is
transcribed, the core protein can also be targeted to
the endoplasmic reticulum, where it is subsequently
cleaved and HBeAg is secreted from the cell into
the blood.55'56 The presence of HBeAg in the blood
is therefore, an indicator of ongoing viral replication. Early results suggest that X protein may also
be related to HBV replication.57-5

The existence of HBV carrier state for many years
without evidence of parenchymal liver damage
suggests that HBV is not cytopathic in its natural
host, man.' This may, however, not be true in
animal models; for example, recent studies in the
transgenic mouse have shown that high level
expression of HBsAg is associated with the onset of
hepatocellular degeneration and necrosis.65"
All the early studies, including immunohistochemical studies and autologous hepatocyte
cytotoxicity, suggested that immune-mediated
elimination of nucleocapsid antigen-containing
hepatocytes from the liver caused many patients to
develop permanent liver damage.67 This was further supported by the association of CD8 positive
T cells with liver damage and that this T cell
cytotoxicity can be abolished by antibodies to
either nucleocapsid antigens or HLA class I
antigen, suggesting that nucleocapsid antigen is the
target for T cell immune attack.50 5'
The target for non-T cell cytotoxicity has been
less well studied. Previous studies have shown that
this can be blocked by liver-specific membrane
lipoprotein (LSP), aggregated IgG or the F(ab')2
fragment of anti-human IgG, suggesting that nonT lymphocytes mediate antibody-dependent cellmediated cytotoxicity against a component of
LSP.68
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Immunological defects in chronic HBV infection

Clinicalfeatures and laboratoryfindings

Various immune defects have been demonstrated
in chronic HBV carriers which may have a role in
underlying the persistence of HBV infection in
these patients. Interferon-alpha production is
active in acute but deficient in chronic HBV
infection.69'70 The capacity ofmonocytes to activate
lymphocytes is also abnormal in chronic HBV
carriers.71 Interestingly, interferon-alpha can partially correct this abnormality.72 This raises the
possibility of interferon deficiency in some patients
that predispose them to develop chronicity of HBV
infection. The strongest evidence against this hypothesis is that the proportion of adult males that
become chronic carriers is high (-5%) and it is
highly improbable that there is such an inherited
defect of interferon-alpha in the absence of other
clinical evidence of immune deficiency in chronic
HBV infection.67 Recently, it has been shown that
HBV itself can inhibit interferon production in an
in vitro system and this may explain the decreased
interferon production observed in this group of
patients.73 In another experiment, a plasmid vector
containing multiple copies of the hepatitis B virus
genome was transfected into a cell line resulting in a
reduced sensitivity to interferons.74
Other defects include abnormal natural killer cell
function and decreased in vitro anti-HBs production in active HBV replicators.75'76 The production
of interleukin 1 and tumour necrosis factor-alpha
have also been shown to be increased in patients
with chronic HBV infection.77'78

The serological profiles of acute HBV infection and
acute HBV infection progressing to chronic HBV
infection are shown on Figure 3 and Figure 4. It has
also been shown that histological chronic persistent
hepatitis may not necessarily be a mild disease and
can be a progressive disease when associated with
sustained virus replication.79
In the Far East and Middle East, most patients
acquire the infection during the peri-natal period
and become chronic carriers; whereas in countries
like the UK, where most patients acquire their
HBV infection in adulthood, more than 95% of the
patients with acute HBV infection clear the HBV
and less than 5% of the patients develop a carrier
state. The basic mechanism underlying this
difference is unknown but has been attributed to
immune tolerance in childhood.80 It is also known
that male, intravenous drug users and homosexuals
are more prone to develop chronic HBV infection.
Anti-viral therapy
Various approaches have been taken to the treatment of chronic HBV infection (Table III). The
only truly promising mode of therapy at present is
interferon-alpha.8'85 However, the success rate of
lymphoblastoid and recombinant interferon-alpha
in these patients varies from only 20 to 40%. This
variable response rate is not due to variable
interferon-alpha receptor expression.8687 Deter-
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Figure 3 Clinical, biochemical and serological profile in patients having acute hepatitis B virus infection with recovery.
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Figure 4 Current view of serological and histological profile, and HBV-DNA integration in patients with chronic
hepatitis B virus infection.
Table III Agents that have been studied in the treatment of chronic
HBV infection
Anti-virals

Immunosuppressive

Immunostimulators

Interferons

Corticosteroids

BCG vaccination
Levamisole
Interleukin-2

Alpha
Beta
Gamma
Adenine arabinoside
(Ara-A)
Acyclovir,

Interferon-gamma
Thymosin

deoxyacyclovir
Zidovudine
Suramin
Ribavirin
Phosphonoformate
Quinacrine
( + )-cyanidanol-3
Phyllanthus amarus
(plant extracts)

minants of a likely positive response are summarized in Table IV. As measured by serum HBV
DNA, interferon-gamma is also an anti-viral to
HBV.88- However, its clinical use, either alone or
in combination with interferon-alpha, has been
shown not to be advantageous.88-90 Further studies
are being conducted to evaluate the role of new
drugs, combination therapy, and continuous low
dose interferon-alpha therapy in these interferonalpha resistant patients.9' 92

Active immunization

The first generation plasma-derived HBV vaccines
were licensed in 1981. The fear of transmission of
blood-borne diseases as well as their cost had
considerable effects in limiting their acceptance and
use. With the second generation yeast-derived
recombinant HBV vaccines launched in 1986,
much more rapid progress is being made with
vaccination of the high risk groups such as health
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Table IV Patient-related determinants that are thought to influence
the response to interferon-alpha therapy
Determinants of positive response Determinants of negative reponse
Acquisition in adulthood
Female sex
High pre-treatment ALT
Low pre-treatment HBV-DNA
Active histology
HIV antibody negative
Heterosexual
Anti-delta negative

Acquisition in infancy/childhood
Male sex
Low pre-treatment ALT
High pre-treatment HBV-DNA
Inactive histology
HIV antibody positive
Homosexual
Anti-delta positive

ALT - serum alanine aminotransferase; HIV - human immunodeficiency virus.

personnel and babies born to HBsAg seropositive
mothers in most developed countries.9394 In some
endemic areas, like Hong Kong and Taiwan, all
newborn babies are routinely vaccinated. The
World Health Organization has recommended
routine HBV vaccination for countries that possess
the economic capacity to purchase the vaccine and
where the HBV carrier rate exceeds 2.5% of the
population. The third generation synthetic peptide
vaccines have already been developed; their safety,
immunogenicity and protectivity against HBV
infection are at present being evaluated. It is hoped
that these developments can produce cheap,
efficient vaccines to allow for a widespread vaccination programme in Third World countries.
The seroconversion rates of all these vaccines
vary from 80 to 95%. Around 35% ofhealthy HBV
vaccine responders will have their anti-HBs titre
dropped to below 10 mIU/ml 5 years later. The
Immunization Practices Advisory Committee at
present does not recommend booster doses for
these subjects. However, studies in homosexual
men demonstrated that the life-table attack rate of
new HBV infections in vaccinated responders was
1.8% annually.94'95 Although most of these new
infections were subclinical seroconversions, one
clinically apparent HBsAg event has been documented.95 Recently, Carmen et al. showed that
HBV mutants may be responsible for some of the
patients who developed HBV infection after successful vaccination.96
Host factors associated with suboptimal HBV
vaccine responsiveness have also been identified
(Table V). A supplementary dose may help a small
proportion of these non/hyporesponders. New
HBV vaccines, which include additional antigens
such as pre-Sl, pre-S2 and possibly HBc, are being
developed.97 Another preliminary report suggests
that interleukin-2 may be of value for inducing
response in some non-responders.98
Use of liver transplantation in chronic HBV
related diseases is addressed later in the transplantation section of this article.

Hepatitis C virus (HCV)
Following the isolation of HBV in the 1960s and
the HAV in 1970s, it became obvious that there was
a proportion of cases of clinically viral hepatitis
without a defined aetiology. The majority of these
cases occurred following blood transfusion of
intravenous drug-users and led to chronic hepatitis
in a proportion of individuals.,"° In the 1970s, the
frequency of transfusion-associated hepatitis
measured in prospective trials was approximately
10% ranging from 7- 12%."' The term non-A
non-B hepatitis (NANB) was coined to describe
these cases.99-'0' The clinical diagnosis of NANB
hepatitis was similarly imprecise, and was based on
the clinical exclusion of other causes of hepatocellular inflammation and the serological exclusion
of other hepatotrophic viruses including HAV,
HBV, Epstein-Barr virus (EBV), cytomegalovirus
(CMV) and herpes simplex virus (HSV).99 "00 It has
also been suggested that a proportion of NANB
hepatitis represented infections with cryptic forms
of HBV, in which serological markers of HBV were
not expressed, but HBV DNA could be detected in
liver and serum. Approaches used to identify HAV,
HBV antigens and viral particles were employed in
the search of NANB virus and multiple reports
were published but none stood the test of the well
known serum panel prepared by Dr Harvey Alter
at the National Institute of Health.'02-105
However, several deductions could be drawn
from these early experiments. Firstly, crosschallenge experiments in chimpanzees suggest that
Table V Suboptimal HBV vaccine responsiveness: host
factors
l Age

l HIV infection
* Obesity
* Immunosuppression
l Alcohol
l Route of administration
* Chronic illness (e.g. chronic renal failure)
HIV - human immunodeficiency virus
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there are two blood borne NANB hepatitis
agents.'06-112 One of them is probably the
predominant agent of transfusion-associated
NANB hepatitis. It is chloroform-sensitive and
induces tubular ultrastructural cytoplasmic
changes in hepatocytes. The other one is chloroform-resistant and does not induce ultrastructural
cytoplasmic changes. Secondly, the chloroform
sensitivity of the predominant transfusion-associated NANB hepatitis agents is consistent with a
lipid envelope in the virus. Thirdly, physiological
chemical studies using pore-sized ultrafiltration
experiments showed that the NANB hepatitis virus
was between 30-60 nm in diameter. Therefore,
even before the isolation of the transfusion-associated NANB hepatitis virus, it has already been
well-characterized and was consistent with it being
a member of a group of small lipid-coated RNA
virus (alphavirus and flavivirus).'07"2

used to coat microtitre plates in an antibody
capture assay which was then tested against the
NIH panel of sera."5 The assay detected high titres
of antibody in 6/7 samples known to be NANB
hepatitis virus positive but in 0/9 negative controls.
Subsequent studies showed that most patients with
post-transfusion NANB hepatitis were positive for
this antibody by 6 months. Around half of the
patients with sporadic NANB hepatitis were also
found to be positive at various intervals following
the acute infection, suggesting a common aetiology
in a proportion of cases."16 Recently, using polymerase chain reaction (PCR) to detect HCV RNA
in tissue and serum, half of the patients with
presumed chronic NANB hepatitis were positive
and there was a good overlap with the immunoassay (cl00-3)."7

Identification of HCV

Current understanding is that HCV is an approximately 10,000 nucleotide linear, single-stranded,
positive-polarity RNA virus with proportions
similar to those of flavivirus, which is a member of
the group B arboviruses (Figure 5).118 Other
members in the same group include yellow fever
virus and dengue virus. Only one ORF has been
identified so far; presumably, there is only one large
poly-protein produced that is cleaved post-translationally."8 This virus bears no genomic homology to retrovirus, HBV, hepatitis D virus (HDV)
or other known viral agents. Clinically, antibody to
HCV appears in the circulation between 1 and 3
months after onset of acute illness, but in rare cases
not for up to a year."9 Antigenaemia is so limited
that circulating viral antigen is beyond the limit of
detection of most conventional assay techniques."8

The recent identification of the major non-A,
non-B virus which has now been termed HCV was
the result of the major advances in molecular
cloning techniques."3 Utilizing large volumes of
plasma derived from NANB hepatitis virusinfected chimpanzees provided by the Centre for
Disease Control (CDC, Atlanta), the fraction
containing the NANB hepatitis virus was pelleted
by repeated ultracentrifugation and total nucleic
acid was extracted. Although an RNA virus was
suspected, both RNA and single-stranded DNA
were converted to complementary DNA (cDNA)
and inserted into a phage gtl 1 expression vector
used to infect Escherichia coli to form a cDNA
library. The expression library was tested with sera
from patients who had chronic NANB hepatitis, or
were convalescing from NANB hepatitis to detect
those clones expressing NANB or HCV antigens.
After around 1 million clones had been screened, a
clone was isolated which produced an antigen
detected by the NANB hepatitis convalescent sera.
Another overlapping clone from the library was
identified subsequently by hybridizing with the
initial clone identified. Both clones hybridized with
nucleic acids extracted from infected sera but not
with control DNA. At around the same time,
Arima et al., from Japan, using essentially the same
method, except that they used 100 litres of pooled
human sera from patients with presumed NANB
hepatitis, isolated 29 clones, the sequences of 3 were
later found to be similar to that cloned by the
Chiron Corporation."4 Three overlapping cDNA
clones from the HCV identified by Choo were
sequenced and found to contain a single continuous open reading frame (ORF) which was
expressed as a fusion polypeptide (c100-3) containing 363 amino acids. These polypeptides were then

Virology

Currently available serological assays

Using the serological assay for the antibody to
non-structural protein of the virus, it has been
shown that HCV accounted for 80% of the posttransfusion hepatitis. It also has a high prevalence
in patients with cryptogenic liver cirrhosis, hepatocellular carcinoma and autoimmune chronic active
hepatitis, as well as in alcoholics, haemophiliacs
receiving replacement therapy, intravenous drug
users and haemodialysis patients (Table VI)."8 120-127
Recent studies showed that anti-HCV antibodies
only appear several weeks after the infection but
persist for more than 10 years in most patients."8" 9
It also appears that there is high anti-HCV positivity in areas near the Equator. However, two
factors have been identified recently to be associated with possible false positivity with this ELISA
assay. Firstly, keeping serum samples in hot
weather and repeated freezing and thawing of the
samples can give possibly false-positive results
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Figure 5 Schematic alignment of the polyproteins encoded by the putative domains of the hepatitis C virus. The
positions of HCV clones 5-1-1 and C100 discovered by Choo et al. "8 as well as the three clones identified by Arima et
al.' 4 are indicated.

Table VI Anti-HCV antibodies in different geographical areas according to risk of hepatitis and presence
of liver diseasea

Groups

Anti-HCVpositive (%)
Italy Spain UK USA

Group I (Normal population)
Random blood donors
0
0.66
Healthy pregnant women
1.2
Community populations
4
Group II (High risk population)
Intravenous drug users
75
92 50-81
Haemophiliacs
82
64
85
Haemodialysis patients
20 1-3
Homosexual men
8 0-26
Female contacts of drug
6
users
Group III (High risk patients with liver disease)
Post-transfusion NANBH 84
85
Sporadic NANBH
74
69
29
Chronic NANBH
74
62
50
Cryptogenic cirrhosis
78
Alcoholic cirrhosis
39
Hepatocellular carcinoma
65
75
60
HBsAg +
54
56
Alcoholic
77
Group IV (Autoimmune liver disease)
Autoimmune chronic active 78
44
70
hepatitisb
Primary biliary cirrhosis
38
0

1-2

76
79
8
24

85
73
79
42
26

(Tibbs et al., personal communication). Secondly,
studies in this Unit have shown high incidence of
anti-HCV antibodies in autoimmune chronic
active hepatitis and there was an excellent linear
correlation between the ELISA optical density
reading and the serum globulin level, suggesting
that high globulin levels might produce nonspecific reactivity in the ELISA system.'28
Recently, companies like Abbott Diagnostics,
Wellcome Diagnostics and Universal Biological
Incorporation have also developed their HCV
serological assays. Chirion Company, utilizing the
Western blotting technique, has also established a
recombinant immunoblot assay (RIBA) and they
claim that this test is more sensitive and specific. At
the same time, serum HCV RNA was successfully
detected employing the techniques of polymerase
chain reaction and molecular hybridization."7 The
specificity of all these newly developed assays
requires further confirmation. As most of these
assays only test the antibodies to a non-structural
protein, it is impossible to determine whether this
represents infectivity or immunity. It is hoped that
a viral structural antigen assay can also be developed in the near future.

43
9

NANBH - non-A, non-B hepatitis; aExtracted from
references 119-127; all these data should be interpreted
with caution as there is still no confirmatory test
available; bNote that a positive anti-HCV test is
associated with a high globulin level, suggesting that this
may be a false positive. See reference 128.

Anti-viral therapy
Low doses of interferon-alpha (3 million units three
times per week) have been shown to be effective in
reducing serum aminotransferases and in controlling liver inflammation in chronic hepatitis due to
parental non-A, non-B virus infection.'129130 Serum
transaminase was normalized in around half of the
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patients and this is associated with histological
improvement. This improvement was, however,
only sustained in about 50% of the patients
following the cessation of treatment and hence
treatment may have to be lifelong. Predictors of a
favourable response seem to be short duration of
illness and high transaminases. A positive HCV test
did not predict favourable outcome nor did the
mode of transmission. It has been shown that the
titre of HCV antibody declines in some successfully
treated patients and this may prove to be a useful
response monitor in the future.
Acyclovir has produced no apparent benefit and
corticosteroids have yielded disputed results.'3'

Pathogenesis of liver disease

The presence of replicating HDV seems to be
invariably associated with liver damage suggesting
that HDV may be directly hepatocytoxic,'33
although immune-mediated mechanisms are also
likely to be important in progression of the liver
damage."'" 49 A form of liver-kidney microsomal
autoantibody similar to that found in a subset of
autoimmune chronic active hepatitis has been
described in patients with chronic HDV infection,
but its significance is unclear.'" The pattern of T
cell infiltration in chronic HBV and HDV infection
is also similar and this suggests a possible similarity
in their pathogenic mechanisms.'49
Clinicalfeatures and laboratory diagnosis

Hepatitis D virus (HDV)
In 1977 Rizzetto et al. reported the observation of a
new viral antigen present in the nuclei of hepatocytes in patients with chronic HBV infection.'32
Subsequent studies revealed that this antigen was,
in fact, related to a new virus, now termed HDV.'33

Epidemiology
HDV infection is endemic in Italy, Middle East,
but is rare
in Western Europe, North America and Asia,
despite the existence of susceptible HBV carriers in
many of these areas (Table VII).'34 Family clustering in endemic areas suggests viral transmission by
close contacts, whereas intravenous drug use is
likely to be the major route of transmission in
nonendemic regions of the Western world.'33"35
Placental transmission does not appear to be an
important route.
some areas of Africa and South America,

Virology
HDV is an incomplete single stranded circular
RNA virus that depends on the helper function of
HBV to replicate.'36-138 It is encoated in HBsAg
and the RNA genome, which is around 1,700
nucleotides long, of minus polarity, contains a very
high intramolecular base-pairing, similar to the
genomes of plant viroids.'39"40 Although several
open reading frames (ORFs) have been identified,
only one (ORF5) has been demonstrated to code
for protein (HDAg). Replication of viral RNA has
been shown to proceed by a rolling circle mechanism and specific self-cleavage and self-ligation of
both genomic and anti-genomic HDV RNA
strands has been demonstrated in vivo. 41 -147 HDV
appears to require HBsAg for its hepatotropism
and propagation but is not dependent on HBV for
replication. 133.147
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Infection with HDV may occur simultaneously
with HBV infection (co-infection), or as a superinfection in chronic HBsAg carriers. These two
conditions have different clinical courses and outcomes.'3 Co-infection is usually self-limiting as
acute HBV infection, although morbidity may be
higher. However, a massive infecting dose may be
associated with a more severe outcome, either in
the form of fulminant hepatitis, or as a biphasic
illness with initial improvement followed by
relapse. In contrast, superinfection of HBsAg
carriers with HDV may cause severe acute hepatitis
(sometimes fulminant) and lead to chronic hepatitis and cirrhosis in over 70% of cases. What
favours chronicity in HDV superinfection is not
well understood but HDV superinfection is usually
accompanied by a decrease in HBV replication
markers.'5" 52 A subacute, rapidly progressive form
of HDV superinfection has also been reported.'53
The diagnosis of different forms of HDV infection relies on the detection of HDAg in liver
biopsies and serum HDAg, HDV RNA, and IgM
and IgG anti-HD antibodies.'33 In acute HDV
infection, HDV RNA and HDAg appear transiently in serum in around 25% of cases, IgM
anti-HDV occurred in 93%, lasting from around
2-10 weeks, and this is usually followed in over
90% of patients by a persistent IgG anti-HD
response. In those patients who develop chronic
HDV infection, serum HDV RNA and IgM antiHDV usually persists and HDAg can be found
consistently in the liver. It has been suggested that
there is a very good correlation between serum IgM
anti-HDV and both intrahepatic HDAg and liver
inflammatory activities.'54 '55 A recent study, however, showed that serum HDV RNA may also be
detected in up to 32% of patients with chronic
HDV infection negative for IgM anti-HDV.'56 In
situ hybridization has also been employed recently
to detect and localize HDV RNA in paraffin liver
sections.'57 A riboprobe was also developed for
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Table VII Prevalence of HDV infection

Country
Europe
Britain
Ireland
S Italy
Greece
Spain
Portugal

Belgium
Yugoslavia
Hungary
Romania
Poland
Turkey
USSR (Europe)

Africa
Tunisia
Algeria
Ethiopia
S Africa
Asia
USSR (Mid Asia)
Israel
Saudi Arabia
India (Bombay)
Taiwan
China
America
USA
Amazon Basin
Venezuela
Columbia (S Marta)

Columbia (urban)
Argentina
Chile
Australasia
Australia
West Pacific

HBsAg carriers
+ liver disease

Healthy HBsAg
carriers
<1%

14-28%
2.4%

9%
25%

HBsAg positive i.v.
drug users
42%
31%
20-36%
35%
25-60%

85%
2.8%

7%
6%
83%
6.6%
25%
14-28%

18%
15%

1.6%
17%
3%
10%
5.8%
0.6%

41%
20%
53%
25%
13%

25%
85-100%
91%

2-5%
10-14%
19%

better detection of serum HDV RNA.'58 It is also
important to note that in chronic HBsAg carriers
with HDV superinfection the suppression of HBV
replication may lead to a transient absence of HBV
markers in the serum and liver;5'"'52 unless hepatitis
D markers are sought, the diagnosis of NANB
hepatitis may be made erroneously.

15%
11%
2.2%
1.8%
1.4-8%
23-35%
33%
29-36%
0%
1.2%
1.8%

20-53%

0.5-8%
0-31%

19%

fulminant HDV infection may respond to treatment with trisodium phosphonoformate. This,
however, needs further studies for confirmation.
Control of HDV infections is by vaccination
against HBV.'62
Hepatitis E virus (HEV)

Anti-viral therapy and immunisation

Epidemiology
Interferon-alpha has been shown to have an inhibitory effect on HDV replication but beneficial
effects appear to be only transient in most
cases.136"159'161 A preliminary report suggested that

The first and most massive outbreak of an enteric
non-A, non-B epidemic was reported in 1955 when
drinking water was contaminated by the overflow
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of an open sewer in Delhi. A total of 29,300
residents developed an acute hepatitis, which ran a
benign course in the majority and was self-limiting."63 However, 10% of women, affected in their
third trimester of pregnancy, died of fulminant
hepatic failure."M The possibility of HAV, HBV,
and other hepatotrophic viral infection was excluded by paired viral serology. The disease displayed an unusual histological pattern with no
chronic implications in subsequent follow-up
studies.'65 These reports confirmed the existence of
a faecal-orally transmitted type of non-A non-B
hepatitis with completely different characteristics
to blood borne NANB hepatitis. Of 10 Indian
hepatitis epidemics subsequently investigated, 9
have been found to be due to epidemic/enteric
NANB hepatitis (HEV).'66"167
Following the initial reports of HEV epidemic in
India, similar epidemics were also reported in
various Asian, African, Central and South American countries.'68 Sporadic imported cases of HEV
have also been reported in the USA and it is likely
that HEV is responsible for a small proportion of
patients with acute sporadic NANB hepatitis seen
in the UK and Europe.'161"69 The attack rate has
been estimated to be around 2% but is up to 19% in
pregnant women, with the majority of attacks
occurring in young adults. 167 This pattern of disease
is compatible with an infection which is endemic
but produces a sustained period of immunity. A
reservoir of HEV is therefore required to sustain
the infection in the absence of the carrier state.
Recently, research workers in the USSR have been
able to transmit HEV to pigs with induction of an
hepatitis illness. In addition, they have also found
anti-HEV antibody in rats from areas where the
disease is endemic.

Identification of the virus
In 1983, 27-32 nm virus like particles (VLPs) were
demonstrated by immune electron microscopy in
the stools of 3 of 9 cases of HEV in Tashkent,
USSR. 170 A volunteer then ingested a dilute suspension of stools pooled from the patients and he
developed an acute hepatitis, with antibodies
detectable to the VLP by immune electron microscopy (IEM).'70 A similar experiment was performed using the cynomolgus monkey. Subsequently,

HEV
HEV

Non-structural

~~coding

POL
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HEV was also transmitted to a number of primates.
In the majority of studies, 27-34 nm VLPs aggregated by autologous acute phase serum have been
found in stool samples. Using IEM techniques, it
was found that sera and VLPs from the different
regions cross reacted, indicating that HEV in
various parts of the world is associated with the
same non-enveloped 27-34 nm VLP.' -'
Recently, an antigen related to HEV (HEV Ag)
was found in the liver of experimentally infected
macaques.'74 It has a granular distribution in up to
90% of hepatocytes in the early phase of experimental infection.
The recent successful partial molecular cloning
of the viral genome of HEV by Reyes et al.
represents a giant leap forward.'"7 Briefly, bile juice
from infected cynomolgus macaques, which contained high virus particle count on electron microscopy, was used for the construction ofrecombinant
complementary DNA (cDNA) libraries. Libraries
in bacteriophage lambda gt 10 were screened by
differential hybridization with cDNA probes prepared from RNA extracted from infected and
uninfected bile preparations. One molecular clone
was found to hybridize with a roughly 7.6 kilobase
RNA species present only in the livers of infected
cynomolgus macaques but not to any ofthe control
DNA and RNA extracts. The translated nucleic
acid sequence contains a consensus amino acid
sequence consistent with an RNA-directed RNA
polymerase, an enzyme that is present in all positive
strand RNA viruses (Figure 6). Further studies
along this line will certainly be important in
taxonomic classification and understanding of the

virus.'78

Clinicalfeatures and laboratory diagnosis

The majority of clinical data comes from the well
characterized Indian epidemics.'67 The incubation
period was between 3-9 weeks. The attack rate was
higher in young adults (2.9%) than children (1.4%)
or those aged over 40 (2.0%). A brief prodrome
illness with anorexia, nausea, vomiting and abdominal pain is followed by jaundice. The disease is
usually benign and self-limiting with no chronic
sequelae. However, fulminant hepatic failure has
been reported to occur in up to 2.8% of men and
22% of pregnant women in whom it is usually

Structural
cdn

A's

Figure 6 Schematic alignment of the known putative domains of the hepatitis E virus. POL - RNA-directed RNA
polymerase; IRE - immunoreactivity epitope.

fatal.'79 This severe form of the disease in pregnancy, particularly the third trimester is a feature of
all HEV epidemics.
Histologically, cholestasis was prominent in
around 50% of the patients with marked canalicular and intracellular bile stasis in glandular
channels.'" Moderate inflammatory infiltrates of
mononuclear and polymorphonuclear leukocytes
occurred in the portal and intralobular regions with
prominent lipofuschsin pigment in Kupffer cells.'"
With the recent success in identification of HEVAg in the liver sections of experimentally infected
primates and the development offluorescent linked
anti-HEV Ag, an antibody blocking assay was
developed as a prototype test for the identification
and titration of specific anti-HEV Ag antibody in
the serum samples.'74 This test has reconfirmed the
immune electron microscopy findings that the
enteric non-A, non-B hepatitis outbreaks in Asia,
Africa and North America were found to be caused
by HEV. Nevertheless, this test is still only available in specialized centres.'74
Treatment and control
As is the case with HAV, treatment is purely
supportive. Control of the disease relies on the well
established primary health objectives of clean
water and adequate sanitation. Adaptation of the
virus to cell culture or synthesis of viral antigens by
recombinant technology in the near future may
enable more simple diagnostic tests to be established and to facilitate the development of vaccines.

Hepatitis X virus (X=F, G, . . .)
There are at least two more types of hepatotrophic
viruses as determined by epidemiology, molecular
biology and electron microscopy studies. The first
is the short incubation blood-borne non-A, non-B
hepatitis virus. It is quite uncommon and may not
be epidemiologically important. Based upon the
limited data available, this second, or minor,
non-A, non-B virus is thought to be smaller than
the HCV (around 25-30 nm), naked rather than
enveloped, and incapable of producing the characteristic cytoplasmic tubular structures found by
electron microscopy in the hepatocytes of chimpanzees experimentally infected with HCV. To
date, no antibody specific for this second non-A,
non-B hepatitis has been detected. The second is
the sporadic, acute, non-transfusion transmitted
non-A, non-B hepatitis observed in Western countries (USA, Italy). It is serologically unrelated to
the well characterized HEV outbreaks in the
developing countries. The aetiological agent for
these sporadic cases remains to be identified.
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Fulminant hepatic failure
Fulminant hepatic failure (FHF) is the term used to
describe patients with a rapid clinical progression
and is defined as liver failure where the onset of
encephalopathy is within 8 weeks of the first
symptoms.'8' The most common cause of FHF in
the UK is still paracetamol, usually taken in
overdose although hepatotoxicity has occurred
following therapeutic doses of paracetamol in
patients taking enzyme inducing drugs'82 and in
those with a chronic high alcohol intake.'83 It is well
known that N-acetylcysteine will prevent paracetamol-induced hepatotoxicity, in most cases, if
given within 8 hours of the overdose. It is less
efficacious after this time and it fails to avert the
development of severe hepatotoxicity if given more
than 15 hours after overdose by the intravenous
route'84 and 24 hours after overdose by the oral
route.'85
It has always been assumed that once hepatic
necrosis develops prior treatment with N-acetylcysteine has no further influence on outcome.
However, even if N-acetylcysteine does not prevent
the development of hepatic necrosis it can still
confer a later benefit. Recent work from this unit
has shown that patients who develop paracetamolinduced fulminant hepatic failure have a better
prognosis if they have been given N-acetylcysteine
after overdose (even up to 36 hours) in comparison
to those who never received it.'86 Despite having a
similar disturbance in liver function, as assessed by
prolongation of prothrombin time, patients who
received N-acetylcysteine had a lower incidence of
renal failure and fewer progressed to deep grades of
encephalopathy, suggesting that N-acetylcysteine
therapy had a later protective effect on other
organs. A prospective controlled trial of N-acetylcysteine in patients with paracetamol-induced fulminant hepatic failure has just been completed,
confirming its beneficial role not only late after
overdose but also at a time when coagulopathy and
encephalopathy have already developed.'87
The mechanism of action of N-acetylcysteine at
this time is unclear but it has recently been shown
that an N-acetylcysteine infusion improves
systemic haemodynamics and enhances oxygen
delivery and consumption in fulminant hepatic
failure.187a This could be beneficial as prospective
studies have shown that optimizing oxygen transport reduces tissue hypoxia and improves outcome
in multi-organ failure due to other causes.'88
Whatever the mechanism of action no other new
medical therapy has had such an impact on the
survival from paracetamol-induced fulminant hepatic failure in recent years.
The pathogenic mechanisms causing hepatic
encephalopathy and brain oedema in fulminant
hepatic failure remain incompletely understood.
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Apparent amelioration of encephalopathy in
animal models and in uncontrolled clinical studies
by the intravenous administration of the benzodiazepine receptor antagonist, flumazenil, raises
the possibility that an endogenous benzodiazepine
receptor ligand with agonist properties may
contribute to the manifestations of hepatic encephalopathy by allosterically potentiating GABAmediated neurotransmission.'89 However, data
from controlled studies are lacking and although
the putative benzodiazepine agonists have been
identified in brain in animal models'90 they remain
elusive in man. Evidence for the role of toxins, such
as ammonia, as causative agents in cerebral
oedema continues to accumulate.'9' Brain oedema
is now known to be the cause of the raised
intracranial pressure seen in deep grades of
encephalopathy. It had been thought that high
cerebral blood flow was a contributing factor to
raised intracranial pressure but is has now been
shown that cerebral blood flow is low in fulminant
hepatic failure and inversely proportional to the
grade of encephalopathy.'92 The practice of nursing
patients in the head upright posture to reduce
cerebral blood flow has, consequently, been reexamined. It has been found that a posture of
head-up greater than 20 degrees adversely effects
cerebral perfusion pressure'93 and, therefore, could
lead to cerebral ischaemia from hypoperfusion; it
should now be the practice to nurse patients at risk
of developing cerebral oedema flat in bed.
Hyperventilation producing hypocarbia can
reduce cerebral blood flow further and can cause
cerebral ischaemia,'94 it should be abandoned as a
treatment for cerebral oedema complicating fulminant hepatic failure. Mannitol remains the most
effective therapy for cerebral oedema.'95 Thiopentone infusion may be a useful adjunct in patients
with cerebral oedema unresponsive to other forms
of therapy.'96
Renal failure is frequently seen in combination
with cerebral oedema as a complication of fulminant hepatic failure. It is known that the treatment
of renal failure with machine driven intermittent
dialysis can lead to an increase in the intracranial
pressure; '97 however, continuous arteriovenous
haemodiafiltration (CAVHD) does not appear to
be associated with surges in intracranial pressure
and it is suggested that CAVHD is now the
treatment of choice for patients with fulminant
hepatic failure complicated by oliguric renal failure
who are at risk of developing cerebral oedema.'98
Intermittent machine dialysis still has a -role in the
treatment of those patients usually post-paracetamol overdose who get predominantly renal failure
and only mild liver damage.
Bacterial'99 and fungal infection21 with commensal organisms has been found to be a common
and often unrecognized complication of fulminant

Postgrad Med J: first published as 10.1136/pgmj.67.790.719 on 1 August 1991. Downloaded from http://pmj.bmj.com/ on January 8, 2023 by guest. Protected by
copyright.

732

hepatic failure. Prophylactic antimicrobial decontamination ofthe nasopharynx and gut at the onset
of liver failure might be effective in reducing the
incidence of later infection. The results of controlled trials are eagerly awaited.
Liver regeneration

Liver growth is the key factor in recovery from
fulminant hepatic failure and inadequate regeneration is thought to contribute to the high mortality
seen in some aetiological variants, such as non-A
non-B viral or drug-induced hepatitis.20' Work
with hepatocyte cultures and animal studies have
now identified a number of factors that are able to
stimulate hepatocyte DNA synthesis and mitosis in
otherwise quiescent cells. Epidermal growth factor
(EGF) was the first substance to be shown to have
this effect202 but whether it has a physiological role
in liver regeneration is unclear. Transforming
growth factor a (TGFa) shares the same receptor as
EGF and is also mitogenic for hepatocytes. It has
recently been shown that regenerating hepatocytes
produce TGFa and it may be that the secretion of
TGFx constitutes an autocrine loop.203 Human
hepatocyte growth factor has recently been identified as a potent and specific new hepatotrophic
factor and serum levels in fulminant hepatic failure
appear to be high, irrespective of the aetiology or
outcome.2' No deficiency of any of the known
stimulators of liver growth has been found in
fulminant hepatic failure and it is, therefore,
unlikely that administration of these factors to
patients will improve their liver regeneration response. Indeed, administration of insulin and glucagon, which are permissive hepatotrophic factors, to
patients with fulminant hepatic failure in a controlled trial did not stimulate regeneration nor
improve outcome.205 Circulating inhibitors of
regeneration have been postulated in fulminant
hepatic failure. Interleukins 1 and 6 have been
shown to inhibit hepatocyte DNA synthesis and
proliferation. Perhaps this effect reflects their
known actions on directing hepatocytes toward an
acute phase response which then takes precedence
over the synthetic processes required for liver cell
growth.20'

Liver transplantation

Although advances in the medical management of
patients with fulminant hepatic failure are being
made, allowing time for liver regeneration to occur,
it is known that in some patients liver function will
never recover with medical treatment alone. These
patients need to be identified quickly because liver
transplantation is now a viable and successful

treatment option207-213 with a one year survival of
55% in the first 50 patients with acute liver failure
transplanted at King's College Hospital. Universally applicable criteria for the selection of patients
are needed to prevent unnecessary transplantation
and to ensure that patients who may benefit are
appropriately treated. On our unit, an aetiology of
non-A non-B or drug-induced hepatitis, time from
jaundice to onset of encephalopathy > 7 days, age
< 10 or > 40 years, serum bilirubin > 300 timol/l
and prothrombin time >50 seconds have been
found to correlate with poor prognosis, whilst pH
< 7.3 and prothrombin time > 100 seconds with
creatinine > 300 mmol/l and coma grade > III are
important predictors of outcome in paracetamolinduced fulminant hepatic failure.214 In the latter
group serial measurements of prothrombin time215
and the ratio of the individual clotting factors, V
and VIII, may provide a further refinement. However, these prognostic indicators have yet to find
universal acceptance and a multi-centred prospective assessment of their ability to select patients for
transplantation is required. Orthotopic grafting is
currently the accepted technique for liver transplantation in fulminant hepatic failure but heterotopic grafting has potential long term benefits.216 A
heterotopic grafted liver could restore hepatic
function, allowing the patient to recover and the
diseased liver time to regenerate; once host liver
function is re-established immunosuppression
could be withdrawn allowing the grafted liver to
atrophy and the patient to remain off long term
immunosuppressive drugs. The introduction of the
University of Wisconsin Solution to preserve the
donor liver, now allows safe storage of the grafts
for up to 24 hours compared with 6-8 hours
previously.217
Liver transplantation in hepatitis B virus-related
diseases

On a worldwide basis, chronic hepatitis B virus
infection is potentially one of the most common
indicators for liver transplantation, either because
of end-stage liver disease or the development of
hepatocellular carcinoma. Recurrence of HBV
infection is another factor contributing to morbidity and mortality after transplantation in this
group of patients. The one and five year survival in
patients with HBV in the Pittsburg series were 57%
and 40% respectively;218 the two year survival in the
King's/Cambridge series is 45%.2'9 In the King's/
Cambridge series of patients transplanted for
chronic HBV infection-related liver failure, 84% of
the patients became positive for HBsAg at 4 to 6
weeks post-transplant, probably because of maintained viral replication in extra-hepatic sites.219 221
Virtually, all patients with evidence of active viral
replication prior to transplantation developed
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HBV infection in the graft. This was also found in
64% of patients without positive serology
pre-transplant. Only 5 patients showed either no
recurrence or spontaneously clearing HBV in
association with an acute hepatitis illness.
This high recurrence rate, particularly in those
with no evidence of active viral replication prior to
transplantation, has three major implications.
Firstly, the source virion may be extra-hepatic and
this is consistent with a series of studies indicating
that intact HBV DNA (but not replicating virus) is
present in peripheral blood mononuclear cells and
bone marrow cells.220'221 Secondly, modern technology, like polymerase chain reaction, may help in
the detection of very low levels of serum HBV
DNA. Thirdly, as patients with negative serology
so frequently have their grafts reinfected, there is
little point in treating with anti-viral agents like
interferon-alpha pre- or peri-operatively since this
is unlikely to reduce the rate of transmission of
HBV and also may be at the expense of peri-operative neutropenia, thrombocytopenia, and graft
rejection.
The implications for the HBV reinfected graft
are variable, ranging from normal histology to loss
of graft at 4-13 months.219'222 The latter is usually
the result of a rapidly progressive syndrome with a
histological lesion of peri-sinusoidal bands of
fibrosis extending from the portal tracts to surrounding plates of ductal type epithelium, with
prominent cholestasis, and massive cytoplasmic
expression of viral antigens, particularly HBsAg'85
(Lau et al., unpublished data). This syndrome,
which has been termed fibrosing cholestasis hepatitis (FCH), presents as jaundice together with a
relentless prolongation of prothrombin time, but
with only moderate increase in serum transaminases, leading to loss of the graft within 4 -6 weeks of
onset.219
The similarity between this pattern of damage
and that seen in the transgenic mouse model, where
massive HBsAg expression was associated with
hepatocyte damage and the relative absence of
inflammatory cells, suggests that in this unique
syndrome, damage is not immune-mediated but
related to massive expression of viral protein.65'6'222
Glucocorticoid steroid has been shown to have a
direct pro-viral effect by acting through a glucocorticoid responsive element on HBV DNA.222'224
Using primary hepatocyte cultures, we have
recently demonstrated an increase in intracellular
HBsAg production modulated by prednisolone;
azathioprine and cyclosporin A have no direct viral
modulating effect (Lau et al., unpublished data).
Observations in HBsAg positive patients with
malignant lymphoma treated with intensive
chemotherapy suggested that immunosuppression
may be associated with reactivation of viral replication.225'226 Interestingly, co-existing delta infection
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soil fungus Streptomyces tsukubaesis. Although
totally different in structure from the cyclic peptide
cyclosporin A, it exhibits similar, if not identical
selective anti-lymphocytic activity. The immunosuppressive potency of FK-506, however, is very
much greater.233'234 In the study reported by Starzl
et al., FK506 has the capacity to rescue critically ill
patients with both acute and chronic rejection that
was resistant to anti-lymphocyte globulin (OKT3)
or steroid therapy.232 In those liver graft recipients
receiving FK506, a significant reduction of severe
viral infection was observed compared with the
control group which received the conventional
immunotherapy. In particular, there had been no
symptomatic cytomegalovirus (CMV) infection
with FK506.
Despite the fact that they are structurally distinct, the combined use of FK506 and cyclosporin
should be avoided since an interaction between the
two agents leading to marked elevation of cyclosporin A blood levels and exacerbation of renal
impairment has been encountered.232'235 MultiTransplantation for hepatic malignancy
centre controlled trials are currently being undertaken in the USA and UK to compare these two
The initial enthusiasm for recommending patients agents.
with primary hepatic malignancy for liver transplantation has declined, as it has become apparent Tissue typing and liver transplantation
that the rate of tumour recurrence is high, despite
careful screening prior to transplantation for It is established that matching the graft to the
macroscopic extrahepatic spread. The size of a recipients ABO and Rhesus blood groups reduces
hepatocellular carcinoma at time of liver grafting the risk of hyperacute rejection caused by preappears to be the critical factor; in the King's series, formed antibodies. Although, transplantation
the incidence of tumour recurrence was 0% for across the blood group is occasionally performed in
tumours up to 4 cm in diameter, 44.4% for patients with acute liver failure when an approtumours 5-8 cm in diameter and 68% for larger priate donor of the same blood group can not be
and multifocal tumours (J. O'Grady, personal found. The need to match class I and II major
communication). Patients transplanted for cholan- histocompatibility antigens is less clear. Presently
giocarcinoma complicating primary sclerosing there is insufficient evidence to suggest that HLA
cholangitis whether diagnosed pre-operatively or matching would be associated with improved graft
at the time of surgery are considered to have a poor survival and there are some indications that selecprognosis.229 Outcome following transplantation tive mismatches may be advantageous in reducing
for hepatic secondary tumours is not encourag- the incidence of chronic rejection.236
ing,230 except perhaps for palliation in APUDomas,
including carcinoid tumours.230
The management of portal hypertension
Immunosuppression for liver transplantation
In addition to the elevated intrahepatic resistance
Cyclosporin A has been a major factor in the to portal blood flow, portal hypertension is mainimprovement of results of liver transplantation tained by an increase in portal venous flow. It has
during the past decade.23' However, its nephrotoxi- been postulated that the hyperdynamic circulation
city and other limitations have stimulated a develops as a consequence of enhanced production
continuing search for alternative agents. The pub- of endogenous vasodilators237 and a number of
lication in the Lancet ofthe impressive results ofthe potential agents is given in Table VIII. Many of
first clinical experience of the potent new immuno- these vasodilators act via endothelium derived
suppressant FK-506 in human liver transplanta- relaxing factor (EDRF)238 and increased production by T.E. Stalzl and his colleagues has aroused tion of EDRF itself has been proposed as the
much interest.232
mediator of the circulatory abnormality in cirrFK-506 is an 822 kD macrolide antibiotic hosis.239 Antagonists of EDRF synthesis are availextracted from the fermentation of the broth of the able but their effects in animal models of cirrhosis
appears to be associated with less aggressive liver
disease after transplantation.219'222 According to the
Paris and Munich groups, HBV reinfection and its
effects on the grafts appear to be reduced by
long-term immuno-prophylaxis with immunoglobulin combined with active immunization,
particularly when the patients are in a non- or
low-replicative state at the time of transplantation.227'228 They also recommend restriction of liver
transplantation to this category of patients only.
This HB-immunoglobulin therapy has not been
standardized and the initial peri-operative doses
used ranged from 500-128,000 units. Long-term
therapy is adjusted to maintain serum HBimmunoglubin levels of more than 100 IU/l, and
must be carried on indefinitely, thus adding considerably to the transplant procedure. The anticipated availability of human monoclonal antibody preparation of very high potency to the HBV
envelope proteins in the near future may alter the
outlook of these patients.

Table VIII Vasodilators implicated in the pathophysiology of the hyperdynamic circulation in cirrhosis

Glucagon
Cholecystokinin
Vasoactive intestinal polypeptide
PGE2, LTBI
Purines
Adenosine
Enkephalin
Gamma-amino butyric acid
Bradykinin
Endothelium-derived relaxing factor

need to be assessed before clinical studies commence as one of these agents, L-mono methyl
arginine, increases mortality in rats given endotoxin.239
The management of portal hypertension is still
centred on the primary and secondary prevention
of variceal haemorrhage as the latter continues to
contribute significantly to the morbidity and mortality of chronic liver disease. Several randomized
controlled trials of the effects of P-blockers in the
primary prevention of variceal haemorrhage have
been published and a formal meta-analysis performed on their results has shown that P-blockade
does reduce the incidence of the first bleed.24
However, the administration of P-blockers does
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not improve outcome as the dominant influence on
survival is liver function. The current consensus is
against the use of sclerotherapy for primary prophylaxis, whereas emergency sclerotherapy is the
mainstay in the treatment of patients bleeding from
oesophageal varices.24'
Endoscopic ligation of oesophageal varices,
which effects strangulation of varices using elastic
'O' rings, offers a new approach to the treatment of
variceal bleeding242 but controlled trials are
required to assess its potential. Gastric varices
account for up to 20% of variceal bleeding. High
lesser-curve varices may be amenable to sclerotherapy and, although bleeding from fundal varices
usually requires surgery, some success has been
achieved injecting the tissue adhesive bucrylate.243
When sclerotherapy is not immediately available
balloon tamponade with a Sengstaken-Blakemore
tube can afford temporary control of bleeding but
its use is associated with a high incidence of side
effects, such as aspiration, oesophageal ulceration
and perforation.2" In this situation we recommend
pharmacological therapy with a combination of
intravenous vasopressin and transdermal nitroglycerin.24' If a patient rebleeds after sclerotherapy
has been performed on two occasions already, then
surgery is indicated.245 The potential difficulties for
subsequent orthotopic liver transplantation should
be considered in all patients referred for operative
intervention.
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