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Leading article

Hepatitis C virus updated

Hepatitis C virus (HCV) accounts for about 95% of hepatitis
infections in recipients of blood transfusion and 50% of cases
of sporadic non-A, non-B hepatitis. It is a virus that has been
cloned but never visualised. It is distantly related to the
arthropod borne flavi and pestiviruses (flaviviridae group)
and has a positive strand RNA genome. The RNA is bound
to a nucleocapsid and the envelope is a glycoprotein (Figure).
Glycoprotein clones covering the entire viral genome have
been constructed and the complete nucleotide sequence has
been determined. The HCV genome comprises around
10 000 nucleotides of positive sense RNA containing a single
large open reading frame which is translated to yield a
polyprotein from which the viral proteins are derived. There
is a short untranslated 5' and 3' region. The structural
proteins are located towards the 5' and the non-structural
proteins towards the 3' end. The first product of the
polyprotein is the non-glycosylated nucleocapsid protein, C,
which complexes with the genomic RNA to form the
nucleocapsid. Adjacent are two domains, EIS and E2NS1,
apparently encoding two glycosylated envelope proteins,
gp33 and gp72. The EIS and ES2NS1 regions encode
proteins that may be present on the surface ofthe infected cell
and may be important antigenic determinants. The non-
structural proteins encoded by the NS2 and NS5 regions
may include a helicase, protease, and polymerase. The
nucleocapsid regions seem relatively conserved among the
isolates obtained so far.
Much new information on HCV was presented at the

American Association for the Study of Liver Diseases in
Chicago (November 3-6, 1990) and the Second International
Symposium on Hepatitis C held in Los Angeles (November
8-9, 1990).
The original antibody test, described byM Houghton et al

at the Chiron Corporation, was based on a non-structural

Core Envelope - Non-Structural -

5' I . Ns2 INs3 |Ns4 |Ns5 3'

c91
3011 amino acids clOO

9033 nucleotides

Schematic alignment ofthe polyproteins encoded by the hepatitis C virus. The
relative location ofthe individual viral proteins C22, C33, and CJ00 are

shown. Putative domains in the hepatitis C virus encoded polyproteins are

indicated.

protein C100-3 encoded by the NS3 and NS4 region.' It is
now commercially available, and Esteban-Mur reported that
its use in blood donors in Spain had lowered the incidence of
post-transfusion hepatitis from 9-6 to 2-4%. However, this
ELISA test gave false positives, particularly in patients with
autoimmune chronic liver disease, who had high serum
globulin values.2 The next test, a radioimmunoblotassay
(RIBA 1) included a further epitope 5-1-1 and superoxide
dismutase as a control antigen. This excluded some of the
false results obtained with the original ELISA method but is
expensive for routine use. George Kuo described a second
generation test (RIBA 2) which includes a further two viral
proteins, C33c from NS3 and C22s. This four antibody test
can be expected to be more specific, and RIBA 2 (ELISA 2) is
currently under clinical trial. It may be useful for diagnosing
acute HCV, as the current ELISA test antibody is evident
only four to six months and even up to one year after
infection. The antibody to C33c, included in RIBA 2,
appears early, usually at 11 weeks and always within 20 weeks
from the onset of infection. IgM antibodies to the HCV
antigens might be even more useful for early diagnosis.
At present the diagnosis ofHCV infection depends on viral

antibody (anti-HCV) tests. This is in contrast to hepatitis B
virus (HBV) where antigenic markers of vital replication
such as HBeAg and HBV DNA are available and have greatly
increased our understanding of the disease. It is unclear
whether a positive anti-HCV implies ongoing infectivity or
simply indicates past infection. Antigenic markers for HCV
are being developed but the concentrations ofHCV antigens
in serum are at the lower limit of detectability by existing
immunoassay technology. A polymerase chain reaction has
been used to detect HCV RNA in liver and serum.34 The
polymerase chain reaction is supersensitive but difficult both
to interpret and perform.

Patrizia Farci et all from the National Institutes of Health,
report that results depend on the origin of the primers used
for the polymerase chain reaction. Using the NS4 region, all
five patients with post-transfusion hepatitis they studied
were positive, as were four chimpanzees infected with their
blood. HCV RNA positivity developed one to two weeks
after transfusion, although rises in serum transaminase
activities were not observed for seven to eight weeks and the
reason for this delay is not known. In three patients, HCV
RNA persisted for 10 to 12 years, while antibody response
was sustained. In two patients, HCV RNA became undetect-
able with improvement but anti-HCV disappeared only one
to six years later. Cheng et al (Indiana)6 could detect HCV
RNA by polymerase chain reaction in only 47% of blood
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donors positive for anti-HCV by ELISA. Thus anti-HCV
cannot be used as a specific marker of infectivity.
K Krawcznynski et aly from the Communicable Disease

Center, Atlanta, using polyclonal anti-HCV antigen probes,
detected HCV core (nucleocapsid) antigen by immuno-
fluorescence in cytoplasm of hepatocytes in liver biopsy
specimens from patients and chimpanzees infected with
HCV. The HcAg fluorescence was unrelated to the anti-HCV
(C100-1) non-structural NS4 reactivity. In HCV infected
chimpanzees, serum infectivity correlated with the presence
of antigen in the liver. Anti-HcAg appears in the serum after
HcAg is detectable in the liver and before the anti-C-100
becomes positive.
A simpler approach is described by Infantolino et al from

Italy. They demonstrated by immunoperoxide HCV related
antigens in fixed embedded liver biopsy specimens using a
high titre polyclonal anti-C-100 human IgG separated from
anti-HCV positive serum, and rabbit anti-C-100 antibodies.
If the specificity can be verified, the method opens up the
possibility of routine diagnosis of HCV on liver biopsy
specimens and of assessing the progress and the effects of
treatment.

Several distinct isolates ofHCV have been sequenced that
show a considerable heterogeneity in the putative viral
envelope in the El structural region. Variants are being
described, particularly from Japan,9 where they have been
designated HCJ1, HCJ4, and JH1 which show 70-79%
homology in this region. The amino terminal region of the
structural region is thus a hypervariable region. Since these
regions encode putative envelope glycoproteins, the distinct
genotypes make vaccine production difficult. Preliminary
evidence also suggests that antibody responses to this region
may determine the response to ca interferon treatment.

J Esteban-Mur (Barcelona) estimated that in Western
Europe, HCV was carried by 0-7% of two million blood
donors. In Japan, K Nishioka reported epidemiological
studies showing that 1-3% of the population were anti-HCV
positive. In New York City, Cladd E Stevens et al found anti-
HCV in 0 9 to 1-4% of volunteer blood donors.'" How do
such enormous numbers of people become carriers?
M Alter" noted that in 1989 in the United States, only 5% of
patients with non-A, non-B hepatitis gave a history of blood
transfusion. Intravenous drug abuse accounted for 35%.
Some 8% had a history of a household contact with a patient
who had hepatitis and 7% had heterosexual exposure. In 43%
there was no known source ofinfection. Both Deine et al from
Paris and the Transfusion Safety Study Unit of California
reported that families and sexual contacts of carriers were in
fact rarely infected, and this is the experience in the National
Institutes of Health.'2 Sexual transmission of HCV seems to
be a rare event among European homosexual men. 1' Perinatal
and childhood intrafamilial spread does not seem important,
at least in Japan, where K Nishioka reported population
studies showing no evidence of anti-HCV in those between
the ages of 0 and 16 years.

Fortuny et al (Barcelona) studied babies born to HIV and
anti-HCV positive mothers. At birth, almost all the babies
were HCV positive, but at 6 months of age this had declined
to zero. The positivity had presumably been the result of
passive transfer of antibody. In contrast, M Thaler et al'4
from San Francisco found HCV by polymerase chain
reaction in the blood of neonates born to HCV positive
mothers. Transplacental infection remains a possibility,
particularly in the immunocompromised.
HCV is much less infectious than HBV, and the passage

of large quantities of infective material are necessary for
infection. Hernandez et al (Barcelona) reported the conse-
quences to 31 hospital staff of needle stick injury with blood
from an anti-HCV positive patient. Here the amount of blood
transfered would be very small. Anti-HCV tests at the time of

exposure and repeated three, six, and 12 months later showed
that nobody developed anti-HCV. The explanation for the
large numbers of anti-HCV positive patients all over the
world who have never had a blood transfusion, are not
drug abusers, and are not otherwise in contact with HCV
carriers in unknown. After one year half the sufferers from
post-transfusion hepatitis will still have raised serum trans-
aminase activities and even those with normal values may
have histological abnormalities on liver biopsy specimen.
Most of these patients will progress to chronic hepatitis, and
20% go on to cirrhosis. In the United States, there are at least
170 000 cases of non-A, non-B hepatitis yearly, and these will
generate 85 000 cases of chronic hepatitis. Clinical progres-
sion is slow, and even cirrhosis is well tolerated. But in time,
and particularly in the presence of cofactors such as alcohol-
ism and immunodeficiency, decompensation will develop.

In Japan, serum, anti-HCV can be found in 76% of
patients with hepatocellular carcinoma and HCV is believed
to be four times more important than HBV in the aetiology.''
T Miyamura and Y Saito (Tokyo) reported finding HCV
RNA by polymerase chain reaction in hepatocellular cancer
tissue as well in surrounding cirrhotic tissue. The identical
cDNA structure was found in the cancerous and non-
cancerous tissues from the same patient.

Interferon treatment returns transaminase activities to
niormal in about 50% of patients given two million units three
times a week for three months. Liver biopsy histology
improves. Unfortunately about 50% relapse.'6 J H Hoofnagle
reported a three to five year follow up of the 10 patients
originally treated at the National Institutes of Health.'6 Six
were symptom free with normal transminase values and two
had relapsed; two had never responded to interferon.
Serum HCV RNA disappears from serum after effective

treatment, and may be a useful way of monitoring this.'"
Disappearance does not predict the long term response to
interferon. There seems to be no way of predicting which
patients will respond to treatment and who will relapse.
Multivariate analysis of various factors that might be con-
cerned such as age, liver biopsy appearances, and symptoms
will not predict this.'

J H Hoofnagle recommended a larger dose of five million
units three times a week for two months, to be continued for
one year, in those who had responded by a fall in transamin-
ase activities. Some 10% of interferon treated patients will
withdraw because of side effects. These include fatigue,
psychological changes, and autoimmune phenomena such
as thyroiditis and haemolytic anaemia. Treatment with
interferon is obviously not completely satisfactory and other
drugs such as ribavirin are being assessed. Perhaps combina-
tion therapy will be needed.
Can we expect further editions to the hepatitis alphabet?

Will there be a hepatitis F accounting for the 5% or so
patients diagnosed as post-transfusion or sporadic non-A,
non-B hepatitis who are anti-HCV negative by RIBA 2.'9
This might account for the short incubation non-A, non-B
hepatitis transmitted by factor VIII concentrates in patients
with congenital coagulation disorders."'
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