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Summary

The second phase of study focused on three groups of subjects infected with
hepatitis C virus (HCV): patients with chronic liver disease, haemodialysis patients and
intravenous drug users.

A group of 271 patients with different forms of HCV-related chronic liver disease
(chronic hepatitis, cirrhosis, hepatocellular carcinoma) were evaluated with regard to
clinical information and biochemical, histological and functional parameters in order to
evaluate which factors are correlated with degree of liver disease. Age and duration of
infection were the only variables independently associated with progression to cirrhosis in
a multiple logistic regression analysis, and only age correlated with development of liver
cancer. Genotype 1b was detected more frequently in older patients with serious chronic
liver disease, but such high prevalence was explained by a cohort effect. No correlation
was found between any HCV genotype and evolution of disease.

Twenty haemodialysis patients seroconverted to anti-HCV in the period April 1996
— January 1997 in a single dialysis centre. Seroconverters and patients already anti-HCV
positive at the beginning of the outbreak were studied by sequencing the 5-UTR region
of HCV. Viral strains were perfectly overlapping in 5 already positive (source of
infection) and 12 seroconverter patients. Most seroconverters used different rooms from
their sources of infection, thus strongly suggesting that dialysis apparatus was not
involved in transmission, but that lack of compliance to standard operating procedures by
ward personnel was most probably the cause of cross infection between patients.



A larger sample of HCV-infected intravenous drug users was collected. Although
HCV type 3 is the most prevalent in all geographical areas, its relative importance seems

to be higher in northern (58% of isolates) than in central Italy (45% of isolates).
Key words: HCV, genotypes, sequencing, age, chronic liver disease, clinical evolution, haemodialysis,
intravenous drug addiction

After the first period of research, when a baseline picture of the prevalence of
HCV subtypes was drawn in different risk groups and geographical areas, the study
aimed at:

- an evaluation of factors influencing the evolution and severity of chronic liver
disease in anti-HCV positive patients;

- following-up 20 haemodialysis patients who had seroconverted to anti-HCV in the
period April 1996 - January 1997,

- a further collection of samples from intravenous drug users infected with hepatitis C
virus, for whom a different geographical distribution of subtypes had been put into
evidence in the first phase of the project.

Patients with chronic liver disease

The sample of 100 anti-HCV positive patients with chronic liver disease and
cirrhosis that were identified in the first part of the project, was substantially enlarged to
include 271 subjects overall. Clinical information and biochemical, histological and
functional parameters were collected in order to be able to infer (through appropriate
statistical elaborations) which factors best correlate with severity of disease.

In particular, our purpose was to investigate whether any HCV genotype was
correlated with particular patterns of clinical, histological or functional parameters and
whether age or other demographic characteristics were determinant in the progression of
the disease. For this purpose, we also collected information on the presumed source of
infection and years of exposure to hepatitis C virus.

The sample consisted of 168 subjects with chronic hepatitis (126 males and 42
females; mean age 44 + 12 years; range 16-72 years), 61 with cirrhosis (44 males and
17 females; mean age 51+ 9 years; range 33-73 years), 42 with hepatocellular
carcinoma on cirrhosis (30 males and 12 females; mean age 65 + 9 years; range 40-84
years). All patients were anti-HCV and HCV-RNA positive and negative for both
HBsAg and anti-HIV. Also metabolic causes of liver disease were excluded. No patient
was a heavy alcohol consumer.

Investigated risk factors for HCV infection were blood transfusions, infusion of
haemoderivates, occupation at risk, tattooing and intravenous drug use. With regard to
duration of infection, time of possibly implicated blood transfusion or beginning of drug
addiction were traced back. For patients whose date of exposure to HCV was not
identifiable (sporadic infections), time of first abnormality of biochemical hepatic
parameters was considered.



Data were analysed dividing subjects into two groups: those with certain duration
of infection (intravenous drug addicts, transfused patients, recipients of
haemoderivates), and those with sporadic infection. Three age groups were also
considered: < 35 years; 35-50 years; > 50 years.

Statistical analysis of differences among patients with different diseases or
belonging to different age groups was performed by chi-square and Kruskall-Wallis
tests, while differences between subjects with genotype 1b vs. genotype non-1b were
analysed using Mann-Whitney’s test and Fisher’s exact test. Finally, a stepwise multiple
logistic regression was performed in order to evaluate which, among different variables,
were independently associated with an advanced stage of chronic liver disease.

The first result was that patients’ age progressively increases with worsening of
liver disease stage, starting from simple chronic hepatitis (mean age: 44 + 12 years), to
cirrhosis (mean age: 51 £ 9 years) and hepatocellular carcinoma (mean age: 65 £ 9
years). A similar trend was registered for duration of exposure to the virus, evaluated
both according to years since the beginning of infection (chronic hepatitis: 11.2 + 6.7
years; cirrhosis 12 + 6.1 years; hepatocellular carcinoma: 19.6 + 8 years), and to years
of elevated transaminases (ALT) values (chronic hepatitis: 7.9 £ 6 years; cirrhosis 9.9 £
6.6 years; hepatocellular carcinoma: 12.2 + 6.9 years). Genotypes non-1b were
prevalent in cases of chronic hepatitis. Overall, 76% of patients had infections that, with
regard to way of transmission, could be classified as ‘sporadic’. Functional hepatic
staging, measured by production of monoethylglycinexylidide (MEGX) and related to
both histology and clinical score, was better in cases of hepatocellular carcinoma (33 +
22 ng/ml) than in cases of cirrhosis (22 + 17 ng/ml).

No biochemical, functional or histological change was related to a specific HCV
genotype in patients with chronic hepatitis. Similarly, the analysis of Child-Pugh scores
in cases of cirrhosis and hepatocellular carcinoma was not influenced by HCV
genotype. Therefore, no modification of the parameters we studied seems to be peculiar
of any particular viral strain at all stages of chronic liver disease.

However, after dividing patients into two groups only, that is those infected with
genotype 1b and those with genotype non-1b, the former showed significantly higher
levels of the main indexes of cholestasis (_-GT: p=0.02; ALP: p=0.03), and higher
degree of biliar damage, even though at non-statistically significant levels, in patients
with simple chronic hepatitis. In subjects affected with cirrhosis and hepatocellular
carcinoma such differences were not detected.

When subjects were divided according to age groups, subjects with chronic
hepatitis showed an increasing index of histological activity with older age, and
differences between older and younger patients were statistically significant. Similar
differences were registered for fibrosis and necrosis/inflammation scores (p=0.001 and
p=0.04, respectively, between ageS0 years and <35 years). Also cirrhosis was
increasingly serious with older age, while no case of hepatocellular carcinoma was
present in younger subjects, and only two were less than 50 years old.

Genotype 1b was progressively more prevalent with increasing age of patients,
not only overall, but also in a separate analysis for each level of liver disease divided by
three age groups (chronic hepatitis: 18%, 39%, 53% genotypes 1b in sgbjegtars,



35-49 years and>0 years of age, respectively; cirrhosis: 0%, 44%, 73% genotypes 1b
in subjects<35 years, 35-49 years and >50 years of age, respectively; hepatocellular
carcinoma: 0%, 0%, 62% genotypes 1b in subje8ts years, 35-49 years and >50
years of age, respectively).

Differently from genotype 1b, genotypes la (chronic hepatitis: 20%, 10%, 7%,;
cirrhosis: 33%, 22%, 0%; hepatocellular carcinoma 0%, 50%, 5% in suljscysars,

35-49 years and50 years of age, respectively) and 3a 1a (chronic hepatitis: 36%, 21%,

1%; cirrhosis: 0%, 22%, 0%; hepatocellular carcinoma 0%, 0%, 5% in subjEcts
years, 35-49 years andO0 years of age, respectively) are more prevalent in subjects of
younger age, whose way of transmission is more frequently represented by intravenous
drug addiction and less connected with transfusions and ‘sporadic’ cases. This confirms
our observation during the first phase of the project about prevalent genotypes
according to transmission path of HCV (1).

Multiple logistic regression on demographic parameters associated with evolution
of chronic hepatitis towards cirrhosis and hepatocellular carcinoma was performed
dividing genotypes into 1b and non-1b. The results show that age and duration of
exposure are the only variables independently associated with progression towards
cirrhosis, while only age showed an independent effect on the development of
hepatocellular carcinoma.

The importance of HCV genotype with regard to severity of clinical evolution and
response to antiviral therapy was and is still the object of a lively debate in the scientific
community. Our data on a remarkable number of subjects affected by different forms of
HCV-related liver disease seem to support the hypothesis that a higher prevalence of
genotype 1b in histologically more advanced forms of disease and in older subjects is
due to a cohort effect. A wider circulation of HCV type 1b in the past and a more recent
spread of other genotypes like 1a and 3a, together with a concomitant change in the
prevalent way of transmission would further sustain such view.

Our study did not show an association between different genotypes and different
forms of chronic liver disease. Patients with hepatocellular carcinoma over cirrhosis,
although of older age, had a better clinical-functional staging than subjects with
cirrhosis only. A possible explanation of this phenomenon lies in the fact that patients
whose infection is more frequently sub-clinical are also exposed to the virus for longer
times, with evolution to cancer development via still unknown mechanisms. In such
perspective, the prevalence of HCV type 1b in older patients should be considered an
epi-phenomenon of an older infection and a longer survival.

Histological and clinical staging of chronic hepatitis showed significant
differences between extreme age groups. Further analysis on clinical staging of cirrhosis
and hepatocellular carcinoma cases confirms that no viral genotype in the patients we
studied was correlated with more severe forms of disease. This suggests that HCV
infection follows a progressive but slow evolution, taking 15-20 years to cause
significant clinical/histological changes, and that different genotypes are not responsible
for such evolution. Moreover, a sub-division of patients in 15-year age groups better
responded to the need of highlighting changes of prevalence of different viral strains
and of ways of transmission. Overall, we observed that age of patients is one of the



possible determinants of disease. In our sample, with 76% ‘sporadic’ infections, such
parameter resulted a valid surrogate for duration of exposure to the infection. As a
matter of fact, age was associated not only with increasing severity of disease, but also
reflected modifications of the path of transmission along time. Such conclusions are in
line with those of other foreign and Italian researchers (2-4).

Multivariate logistic regression performed following the evidence of an increase
of prevalence of genotypes 1b with increasing age shows that patients’ age and duration
of chronic infection are the only variables associated with the progression of chronic
hepatitis and cirrhosis. Age is the only variable associated with progression to liver
cancer. Since only 20-30% of chronic hepatitis cases evolve to cirrhosis, age should not
be regarded as the only risk factor. Other factors such as viremia and environmental
factors are also likely to be important determinants of disease evolution.

Haemodialysis patients

Twenty patients seroconverted to anti-HCV in a single dialysis centre between
April 1996 and January 1997 (attack rate = 35%). Nine cases were ascribable to HCV
genotype 1b (45%), 2 to genotype 1a (10%), 7 to genotype 2a/c (35%), 1 to genotype 3a
(5%) and 1 to genotype 4 (5%). Such distribution reflects prevalence of HCV genotypes
among haemodialysis patients reported in our preliminary study (1).

Genome sequencing (5-UTR region) was performed on all available samples
from patients applying to the centre who were already anti-HCV positive before the
outbreak occurred, and from subjects who were initially anti-HCV negative and
seroconverted during the 10-month period. Rooms and monitors used by each subject as
well as turns were identified. Viral strains were perfectly overlapping in 5 already
positive and 12 seroconverting patients. All but 3 cases of seroconversion applied to the
dialysis centre in the same turn as the carriers of their homologous virus (source of
infection). Most seroconverters used different rooms from their sources of infection,
thus strongly suggesting that dialysis apparatus was not involved in transmission, but
that lack of compliance to standard operating procedures by ward personnel was most
probably the cause of cross infection between patients. Viral strains remained
unchanged during the follow-up (two years). ALT elevations were detected in 2 patients
only, 1 of which had normal transaminases in the last 6 months.

The group of seroconverter haemodialysis patients, for which time of infection is
precisely known, will be further followed-up in the future in order to better elucidate the
relative importance of HCV genotype, time of infection, age and viral load in
determining the evolution towards more serious forms of chronic liver disease.

Intravenous drug users

Data regarding genotyping and serotyping of samples from anti-HCV positive
intravenous drug users during the first phase of the study had shown that a different



prevalence of subtypes existed between areas of the North (Liguria), Centre (Tuscany)
and South (Campania) of Italy. In particular, the first two regions had a quite different
prevalence of HCV subtypes, since HCV genotype 3 was prevalent in Liguria and HCV
genotype 1 was prevalent in Tuscany.

The overall sample of studied subjects was enlarged to about 350 by involving
also the Siena area in Tuscany. Although differences still exist, the resulting picture of
HCV genotype prevalence is more homogeneous than before, with about 20% of cases
of HCV infection in drug addicts living in Tuscany ascribable to genotype la, 15% to
genotype 1b, 12% to genotype 2a, 45% to genotype 3 and 8% to genotype 4.

The distribution of HCV genotypes in drug addicts living in Liguria was
confirmed at values of about 10% genotype 1a, 5% genotype 1b, 58% genotype 3a, 10%
genotype 2a and 17% genotype 4.
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Summary

In the present study we have evaluated the seropositivity for hepatitis E infection
in a population of Alexandria, Egypt; more than 200 sera and stool samples were
collected. The analysis showed a large diffusion of hepatitis E infection in this
population whereas 4 stool samples were RT-PCR positive. Dual infection were also
found in this group, whereas some risk factors and significant differences in the
behaviour of two enterically hepatitis were identified. Tentative of HEV cultivation
showed the possibility to growth the prototype SARS55 on the PLF/PLC/5 cells. One
stool sample out of 4 RT-PCR positive was also positive after passage on the
PLF/PLC/5 cells. Different results were obtained on the seroprevalence test using two
commercial tests: Abbot and Genelab. The second test overestimated the percentage but
the age distribution appeared similar. Preliminary results on multiplex RT-PCR using
Poliovirus, Hepatitis A virus and Hepatitis E virus showed the possibility to use this test
to evaluate the presence of different enteric viruses in one sample reducing time,
expenses and number of samples. All the used environmental samples were positive

with the exception of dried sludges.
Key words: Hepatitis E virus, serology, molecular biology

Hepatitis E disease has been characterised by the absence of specific makers as in
hepatitis A-B and C infection. Hepatitis E virus (HEV) is a member of Calicivirus
family and susceptible subjects are infected trough the oral-faecal route, as hepatitis A
virus (HAV), leading to a self-limiting acute episode. HEV and HAV are endemic in
developing countries: Africa, East Asia and South America. Anyway, significant
differences are present between HEV and HAV: the incubation period (six weeks for
HEV and four for HAV), the highest death rate among pregnant women for HEV (10-
20%) and the lower degree of infectivity of HEV.
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In endemic areas, this enterically transmitted disease accounts for at least 4-50%
of acute viral hepatitis in young adults, whereas in the industrialised countries this
disease appears as sporadic cases associated with immigrants or tourists coming from
endemic areas.

HEV has been transmitted to several primates and human volunteers, but, up to
date, there are only three reports in literature about tentative of HEV cultivation.

Seroprevalence study have shown that, while hepatitis E is responsible up to 50 of
acute hepatitis cases in young adults in developing countries, in Europe and North
America the prevalence of anti-HEV antibody is very low: 0,1 - 3,0%.

In the framework of a Research Development Programme (CMT) at the Medical
Research Institute (University of Alexandria, Egypt) were collected 202 serum and stool
samples from acute hepatitis patients attending the Fever Hospital in Alexandria. The
sera were analysed for anti-HAV IgM and 1gG whereas the stool samples were analysed
for total cultivable enteroviruses and HEV-HAV-RNA by RT-nested PCR. Serological
analysis were performed by Abbott with the exception of anti-HEV IgM by Genelabs.

At the same time, information questionnaire, concerning drinking waters, sewage
disposal, medical history and personal data, were obtained from each patients.

The age-range was 1-73 years old and the predominant symptoms were:
jaundice, dark urine, nausea and vomit. Anti-HAV IgG (Table 1) was found in all the
patients with the exception of a 32 years old female, anti-HAV IgM were found in 21
patients with an overall incidence of 10,4%.

Table 1.Class age and seropositivity for HAV and HEV

Class Age IgM HEV IgG HEV IgM HAV
0-9 23,5 17,6 64,7
10-19 39,4 54,5 13,3
20-29 30,0 60,0 5,0
30-39 21,0 42,1 2,6
40-49 16,0 36,0 4,0
>=50 6,1 53,1 3,1

Anti-HEV IgG were found in 44,5% of all the patients with no significant
difference for gender bias. Anti-HEV IgM were present in 49 sera (24,2%).

Significant differences were also observed in the class age distribution: the
highest incidence for HAV IgM was in the class age 0-9 (64,7%) whereas HEV IgM
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were better observed in the class age 10-19 (39,4%) with a progressive decline in the
following class age reaching the lowest value (6,1%) in the class age >=50. This
difference has been previously shown by other Authors.

A closer inspection of the age distribution revealed that HAV was contracted
during the early years of the life with a mean age attack of 15,5 years whereas the mean
age attack of HEV was 25,4 years.

The risk factor analysis (Table 2) of the 21 anti-HAV IgM positive patients
indicated the contact with jaundiced family members (28,5%) and dental care (28,5%)
showing a possible inter human (poor level hygiene) and blood transmission. All the
other risk factors concerning drinking waters ad sewage disposal were non-significant
maybe because of the early attack of the disease. Risk factor analysis indicated only two
possible common sources of infection for both enteric viruses: the contact with
jaundiced family members (28,5% and 17,7% for HAV and HEV respectively) and
dental care (28,5 and 15,5% for HAV and HEV respectively). HEV positive patients got
more frequently than HAV positive ones water from a common village tap source
(12,2%) and indoor dry pit (13,3%) than HAV patients: 4,7% and 4,7% respectively.

Table 2. Comparison of potential risk factors of transmission of enteric hepatitis.

Potential risk factors Hepatitis A Hepatitis E
Contact with family members 28,5% 17,7%
Dental care 28,5% 15,5%
Village tap water 4,7% 12,2%
Indoor dry pit 4,7% 13,3%

No positive correlation was evident for HAV whereas a positive association was
present between HEV and water pollution, showing a possible contamination of
drinking water. The Alexandria sewage system consists of canals flowing into an inland
lake (Lake Mariout) and, after a partial sedimentation, directly in the sea. These canals
are also present in rural areas and the water is frequently used for irrigation purpose and
for animal care. The statistical analysis confirmed that the highest risk to acquire
hepatitis E disease is in the rural area versus the urban area (p<0,01, OR: 2,34, 95% CI:
1,17 - 4,74). Positive correlation was found between HEV positivity and common
village water (p<0,05, OR: 5,13, 95% CI: 0,96-13,41), indoor dry pit (p<0,01, OR: 5,57,
95% CI: 2,14 - 15,08).

Given the large circulation of the two enterically transmitted hepatitis viruses and
a common faecal-oral route of transmission, dual infection can be encountered. One
sample (anti HAV IgM and HAV PCR positive) was also positive for Coxsackievirus,
whereas another one (anti-HEV IgM and HEV PCR positive) was positive for an
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enterovirus characterised by electromicroscope as Reovirus. One patient positive for
HEV PCR and IgM was also HAV IgM positive.

Fifteen sample out of 21 anti-HAV IgM positive were also analysed for RT-PCR,

7 were positive (46,6%), whereas 4 out of 75 1gG/IgM HEV positive patients were RT-
PCR positive (5,3%). The low number of RT-PCR HEV positive patients versus RT-
PCR HAV positive patients can depend on the mean time of stool collection: 18,9 days
(range 3 - 40 days) for HEV, whereas 9,89 (range 3 - 20 days) for HAV.

The preliminary sequence analysis of the 4 HEV-RNA positive samples showed
that all nucleotide sequences were very similar to one another, and the comparative
analysis showed maximum homology with the Burma strain. About 20 point mutations
were found in the 4 different isolates without changes in the deduced aminoacid
sequences.

As previously indicated HEV can be transmitted to several primates and human
volunteers. In addition the virus has also been transmitted to laboratory rats and pigs.
Liver cells from infected chimpanzees were maintenance in vitro for few months, but
only three reports about in vitro cell infection were reported in literature.

We obtained stool samples from chimpanzee infected with the international SAR
55 strain (Pakistan prototype) from Pasteur Institute.

Different cell lines were tested to evaluate the possibility to support HEV
replication: human fibroblasts, CaCO2, HT, RC and PLF/PLC/5 (Table 3). The stool
samples were prepared in 10% suspension in PBS (phosphate buffered salts) and
decontaminated by filtering through 0,22 um filters pre-treated with cell media
containing 10% inactivated foetal calf serum.

Table 3.HEV (SAR55) growth on cell line

Cell line Passage and day post-infection

1° 2° 3° 4°
PLC/PLF/5 + + + +
HT - - n.d n.d
CaCo0O2 - - n.d n.d
Vero - - n.d n.d
RC - - n.d n.d
Human Fibroblastg - - n.d n.d

Human fibroblasts, RC cells, CaCO2 and HT were scored as negative, only
PLC/PLF/5 cells permitted HEV replication (as confirmed by RT-PCR) and were
scored as positive until the 4th passage after 15-10-10 and 9 days post-infection
respectively.
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To confirm HEV replication on these cell lines, experiments were performed to
reveal the presence of the negative replicative strand of HEV-RNA. These strands are
produced only during the replication cycle and used as template for the polymerisation
of the positive strand RNA to obtained new viral genome copies. Detection of the
negative RNA strand in cell culture is indicative of viral replication. The cDNA product
obtained after RT reaction was digested by Pancreatic RNase to destroy the viral RNA
and avoiding non- specific amplification before employing the cDNA in the PCR test. A
specific RT-PCR product was evident at 2,5 and 3,5 h post-infection.

To confirm the possibility of PLF/PLC/5 cells to support HEV replication, 75
stool samples, obtained from Fever Hospital in Alexandria (Egypt) and IgG/IgM
positive, were used to infect the cells. Four samples, 3 IgM and 1 IgG anti-HEV
positive, were scored positive by RT-PCR but just one was positive on cell culture. The
sequence analysis (Table 4) of the PCR products obtained from stool and infected cells
show sequences very similar to each other and the Burma strain. About 10-20 point
mutations were observed but they do not provoke alterations of the deduced aminoacid
sequences. Overall, we have observed one conservative substitution of aminoacid 56
(valine — isoleucine); for the other two isolates and the first passage of the only
replicative isolate, the insertion of an Ant at the position 115 was observed.

Table 4. Sequences analysis of four HEV RT-PCR positive samples
Seq 1/2/3/4,

115 118 136 142 159 163 166 173 175 nt
A C T C A C C C G Seql
T C T Seq 2
T C T Seq 2/1
T T A Seq 3
T G T A A Seq 4
187 193 194 199 202 235 238 241 244 nt
T T G C C T C T T Seq1l
C T C T C C Seq 2
C T C T C C Seq 2/1
C C A T C T Seq 3
C C A T C T Seq 4

Seq 1/2/3/4= RT-PCR positive stool, Seq 2/1= First passage on cell

No differences were observed comparing the nucleotide sequences of the
amplification products obtained directly from stool samples and from the first passage
on cell culture.

No cytophatic effect was observed on cell culture infected by SAR55 strain and
positive stool sample.



14

The possibility to have a susceptible cell line offers appropriate tool to evaluate
the environmental distribution of HEV and to shed light on the molecular biology of
this virus.

Hepatitis E diagnosis is still difficult to determine. The recovery of RNA genome
by RT-PCR in sera is difficult to perform during an outbreak. We used two different
commercial tests: Abbot and Genelabs for IgG and only Genelab for IgM. Both tests are
prepared using recombinant antigens obtained from the ORF 2 and 3, that show the
maximum homology among the different prototypes. Sera were collected during several
months in Alexandria (Egypt) and kept frozen until the analysis.

Both tests show a large diffusion of HEV infection in the population even with a
high difference: 46,1% Abbott and 82,9% Genelab. The seroprevalence obtained with
Genelab appear too high but the Abbott value agree with the percentage found by
several researchers. In the class-age 0-9 the Abbott test shows the lowest value (17,6%),
these percentages increase to reach the maximum values in the class-age 20-29; for
Genelab the lowest value is in the class-age 40-49 whereas the maximum value is in the
class-age 10-19 (100%).

The overall positivity with the Genelab test is clearly over-valued whereas the
class-age distribution and the ratio sample/cut off are similar to the Abbott data.
Overall, 59,6% of sera (112 out of 188) agree in both tests versus 40,4% of difference
76 sera out of 188).

Forty-seven sera (25%) were positive for anti-HEV IgM, with the highest
percentage found in the age group 10-19 (39,4%). In the IgM positive sera, the
agreement for the anti-HEV 1gG was 61,7%. The class-age distribution of the 47
positive sera for anti-HEV IgM was similar to the distribution of IgG positive sera.

Several enteric viruses can be identified in the environmental samples, whereas
the cell culture isolation is time-consuming and expensive. For this reason we decided
to evaluate a multiplex RT-PCR for testing different enteroviruses. Different samples,
including seawater, dried sludge, faecal suspension and mussel homogenate, were
sperimentally infected using several dilution of Poliovirus, Hepatitis A virus and
Hepatitis E virus.

In the first part of our experiments, we evaluated different set of primers to show
any possible cross-reaction. Each set of primers was found specific for each virus
without any cross contamination. No particular difference were evident after RT-PCR
using both random primers or specific primers, only the dried sludges were constantly
negative with both primers showing the presence of aspecific or specific inhibitor of the
RT reaction.

The multiplex RT-PCR offers a specific tools to study the virological
environmental contamination evaluating the presence of more viruses in one reaction
test reducing time, expenses and number of samples to evaluate.
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Summary

Ribavirin, (RIBV), when administered to patients with chronic hepatitis C in
association witho-interferon (IFN), produces a sustained biochemical and virological
response in a significantly higher number of patients than in the group treated with IFN
alone. A drawback of RIBV is its accumulation in red blood cells (RBC), which
produces haemolysis and causes the withdrawal of the drug in some patients. In order to
obtain a liver targeting of RIBV, thus reducing haemolysis, this drug was conjugated to
lactosaminated poly-lysine (L-Poly(LYS)), a galactosyl terminating peptide which
selectively enter hepatocytes. L-Poly(LYS)-RIBV injected intramuscularly (IM) in mice
was selectively taken up by the liver, where the drug was released in a
pharmacologically active form. This was demonstrated in mice infected with murine
hepatitis virus, in which coupled RIBV produced a 50 % inhibition of intrahepatic
MHV replication at a daily dose 1.7 times lower than that of the free drug.
Haemotoxicity of L-Poly(LYS)-RIBV was studied in primates. Free and conjugated
RIBV were administered IM at the same dose (30 mg/kg/day) to cynomolgus monkeys.
Both groups of monkeys developed anaemia, which was significantly more severe in
animals treated with the free drug.

Assuming that RIBV enhances the efficacy of IFN in HCV infection treatment by
acting within hepatocytes, these results suggest that conjugated RIBV may exert the

same therapeutic effect as the free drug, but with a significantly reduced haemotoxicity.
Key words: Ribavirin, chronic hepatitis C, liver targeting of drugs.

Introduction

Ribavirin (RIBV) is a broad spectrum antiviral nucleoside analogue (NA) (1)
which, when administered to patients with chronic hepatitis C in associatiorowith
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interferon (IFN), produces a sustained biochemical and virological response in a
significantly higher number of patients than in the group treated with IFN alone (2, 3).
The mechanism of the beneficial effect of RIBV in this infection is not known. A
drawback of RIBV is its accumulation in red blood cells (RBC) (4) which produces
haemolysis (2, 3). This side effect causes symptomatic anemia in some patients and
constantly raises the iron concentration within hepatocytes to levels (5) which can
reduce the response to IFN (6).

We considered the possibility that a selective delivery of RIBV to the liver could
lower the haemolysis, thus improving the therapeutic value of IFN and RIBV
association. Since a liver targeting of NAs can be obtained by conjugation with
galactosyl terminating peptides, which specifically enter hepatocytes through the
asialoglycoprotein receptor (7), we coupled RIBV to lactosaminatedLpgiine (L-
Poly(LYS)) (8-10). This galactosyl terminating peptide enables the preparation of
conjugates injectable by intramuscular (IM) route (7) which in subchronic and chronic
(26 weeks) toxicity studies in rats and monkeys displayed a good tolerability (RBM
Exp. n. 970152 and 971057. Data on file at Laboratori Baldacci, Pisa, Italy).

Here we describe:

a) the synthesis and chemical characterisation of the conjugate (L-Poly(LYS)-RIBV).

b) its biological properties in mice (distribution in organs and erythrocytes, antiviral
activity in liver, concentration of an active metabolite of the drug (RIBV
triphosphate) in hepatocytes).

c) the effect of free and conjugated RIBV on haematological parameters in cynomolgus
monkeys.

Materials and Methods

Preparation of the conjugate.The conjugate was prepared as described in (8).
Coupling of lactose was obtained by reductive amination. RIBV was conjugated via the
imidazolide of its 5'-monophosphate derivativ€C]L-Poly(Lys)-RIBV was obtained
by using [D-glucose-14C] lactose. In order to prepare a conjugate labeled in the drug
moiety, the commercially available radioactive RIBV could not be used because tritium
was completely lost during the coupling procedure. Therefore, tritium was introduced
into the RIBV molecule with a stable bond. The primary OH group of the sugar moiety
of RIBV was oxidised and the nearly formed aldehyde was reduced with tritiated
borohydride. The *H]RIBV preparation procedure is described in detail in (9). The
chemical structure of*H]RIBV was confirmed by theC NMR spectrum which
showed the resonances of the parent compound. Tritiated RIBV was 98% pure, assessed
by HPLC, and had a specific activity of 49,000 dpm/ug.
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Organ distribution of the conjugate.Distribution in liver, intestine, kidney and
spleen of mice after intramuscular (IM) administration of the conjugate was measured
by using the preparation labelled in the lactose moiety. The study of the penetration of
the conjugate in mouse, human and monkey red blood cells in vitro was performed
using a preparation labelled in the drug moiety. Experimental details are given in (8).

Determination of hepatic *HJRIBVTP. - The pharmacologically active
metabolites of RIBV are the 5 mono-, di- and triphosphate derivatives (11). In mice
injected with free or conjugatedH]JRIBV liver concentrations of the triphosphate
(I*HIRIBVTP) were measured. L-Poly(LYSJH]RIBVY was IM injected; free
[*H]RIBV was given by oral gavage (PO). Liver perchloric extracts, prepared as
described in (9), were analysed by HPLC using an anion exchange column. A RIBVTP
standard, synthesised according to (12), was added to each sample of liver extract; the
amount of HJRIBVTP was determined by counting the radioactivity eluting in the
same position as the standard.

Study of antiviral activity. i was performed using the Friend-Braunsteiner strain
of Murine Hepatitis Virus (MHV), which was found to be sensitive to RIBV by Sidwell
et al. (13). The virus was titrated on NCTC clone 1469 cells. Balb/C mice were
inoculated intraperitoneally (IP) with approximately 100 G.[ethal dose for 50%
cultures in the titration assay). Free and conjugated RIBV were IM administered twice
daily beginning 2 h before virus inoculation. Ten animals were used in each treatment
group. Mice were killed 48 h after virus inoculation. Titration of virus in liver
homogenates was performed on monolayers of NCTC clone 1469 cells, as described in

(8).

Results

Chemical characteristics of conjugate The contents of Poly(Lys), lactose and
RIBV in 1 mg conjugate ranged between narrow limits among the different
preparations; they were 286-322, 238-260 and 312¢Rf respectively. Considering
that 1 mg Poly(Lys) contains 7 8moles of lysine residues and that the molecular
weights of lactose and RIBV are 342 and 244.2, respectively, it can be calculated that
the e-NH, groups of Poly(Lys) were substituted by the sugar and by the drug in the
percentage ranges of 27-30 and 54-57, respectively. The solubility of coupled RIBV in
NaCl 0.9 % was 64 mg/ml (=200 mg/ml of conjugate); however, by adding a dose of
D(-)ribose equimolar to RIBV, the coupled drug can be dissolved to 150 mg/ml (=450
mg/ml of conjugate) maintaining a good fluidity. Moreover, ribose allows the conjugate
to easily dissolve after lyophilisation.
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Biological properties- No clinical signs or behavioural alterations were observed
in any of the five female Swiss mice (28-30 g) which received a single i.v. injection of
the conjugate at the dose of 2 mg/g. The body weight gain, measured 3, 7 and 14 days
after conjugate injection, was similar in treated mice and controls i.v. injected with
saline.

The stability of the bond between RIBV and L-Poly(Lys) in blood was studied
using L-Poly(Lys)-fH]RIBV, following the procedure described by Di Stefano et al.
(8). L-Poly(Lys)-PH]RIBV incubated in mouse, monkey or human blood at 37°C for up
to 6 hr did not release the drug.
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Figure 1 - Distribution of radioactivity in liver &), kidney @), spleen ¢) and intestine Q) of female

Swiss mice IM injected with‘C]L-Poly(LYS)-RIBV (6.5g/g; specific activity 750 dpmd). Each entry
represents the mean value of results from two animals. SE ranged from 1% to 7% of mean values. From
Biochem Pharmacol 1997, 54: 357-363, with permission.

Figure 1 shows that after IM administration to mic&CJL-Poly(Lys)-RIBV was
selectively taken up by the liver. Since the main toxic effect of RIBV is haemolysis
caused by drug accumulation in RBC (4), the penetration of free and cotitiBtBV
into human, monkey and mouse erythrocytes incubated in vitro was studied (8, 10).



O
M 60 -
4
E
o 50 1
£
€ 40
o
©
= 30
e
(@)
o 20
£
£ 10 -
o
©
0 T T T T - 1
0 2 4 6 8 24

Time (hours)

Figure 2 - Ratios dpm in liver/dpm in RBC after administration of fiégRIBV given PO ¢) or IM ()
and conjugated®H]RIBV (4) given IM. The AUC (0-24 h) were 114.20 (RIBV, PO), 241.15 (RIBV, IM)
and 539.88 (conjugated RIBV). From Ital J Gastroenterol Hepatol 1997, 29:420-426, with permission.

Moreover, the levels of radioactivity in liver and RBC of mice IM administered with
free and conjugated radioactive drug were measured. In the experiments in vitro, free
[*H]RIBV entered in erythrocytes in large amounts. On the contrary the conjugate did
not penetrate in RBC. Figure 2 shows the ratios dpm in liver / dpm in RBC in animals
administered with the conjugate or with the free drug. In mice treated with the conjugate
the trapezoidal Area Under Curve (AUC) (0-24 h) of this ratio was 2.2 or 4.7 times
higher than in animals which received the free drug given IM or PO, respectively. Since
the conjugate does not enter RBC in vitro and the bond between RIBV and L-
Poly(LYS) is stable in mouse blood, the radioactivity detected in RBC of conjugate
treated animals is probably due f8{JRIBV and/or its metabolites which partly went
out from liver into the bloodstream after release from the carrier inside hepatocytes.
Liver concentrations ofH]RIBVTP (an active metabolite of RIBV (12)) were
measured in mice which received L-Poly(LYSHRIBV IM or free [PH]RIBV PO the
route of drug administration commonly used in patients). The AUC (0-24 h) of
[*H]RIBVTP concentrations were found to be 2 times higher in mice injected with
conjugated RIBV than in animals PO treated with the same dose of the free drug.

Antiviral activity. - The antiviral activity of the conjugate was studied in Balb/C
mice with hepatitis caused by MHV (Friend-Braunsteiner strain). This virus, which
replicates in mouse hepatocytes and causes liver necrosis, has been found to be sensitive
to RIBV (14). Figure 3 shows the relation between the virus titer in liver and the daily
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doses of free and conjugated RIBV administered to mice.
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Figure 3 - Relationship between the daily doses of fm gnd conjugated RIBVLY) and MHYV titer
(mean valuet SD) in liver. From Ital J Gastroenterol Hepatol 1997, 29: 420-426, with permission.

The regression equations of titer versus dose, using all available individual data in
the estimation, is: titer = 5.55(.22) - 0.101 £0.021) x dose with conjugated RIBV,
and titer = 5.65%0.22) - 0.061£0.010) x dose with free RIBV. The estimation of the
dose yielding a 50% decrease of virus titer yields, respectively, 27.4 anqug/g.2
Thus, the antiviral potency of conjugated versus free RIBV, as eithes &Dslope
ratio, is 1.7.

These results indicate that conjugated RIBV is released from the carrier inside
hepatic cells in a pharmacologically active form. Moreover, they show that conjugated
RIBV can display an antiviral activity in liver stronger than the free drug. To confirm
the pharmacological equivalence in liver of doses of free and conjugated RIBV with
comparable antiviral activity, the hepatfei[RIBVTP concentrations were measured in
mice administered with free or conjugated drug given by two daily IM injections at the
dosages of 30 and 13)/g, respectively. Twenty-four hours after the first injection
(and six hours after the second) in mice treated with u8/g/day of conjugated
[*H]RIBV and in those administered with 3@/g/day of free H]RIBV, the nmol of
[*H]RIBVTP per g liver were 10.3 and 10.5, respectively.

Haemotoxicity of free and coupled RIBV in cynomolgus monkéigemotoxicity
of RIBV cannot be studied in mice since it is observed only in Primates. The study was
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therefore performed in cynomolgus monkeys. Two groups of four age and weight
matched females were treated for 15 consecutive days with the same dose (30
mg/kg/day) of free or coupled RIBV. Both groups of monkeys developed anaemia,

Table 1.Effect of free and coupled RIBV on monkey haematological parameters

Days
0 15 21 49
Free Coupled Free Coupled Free Coupled Free Coupled
RBC 59+03 6.5+04 33+04 47+0333+05 51+0455+02 6.6+04
(x 16 / pl) p =0.275 p =0.031 p =0.031 p = 0.049
Hgb 11.8+0.5 11.7+0.56.7+0.9 85+0.3 6.7+0.8 9.0+0.211.1+05 11.5+0.38
(g/dl) p =0.892 p=0.107 p =0.032 p =0.518
Hct 384+1.4 39.1+1.922.0+2.9 29.4+1.4225+3.1 31.4+1.838.2+1.5 40.0+0.7
(%) p=0.777 p =0.061 p =0.029 p =0.319
Platelets 471 +52 28+58| 683+70 451+88 744+77 429+89 399+22 302 +34
(x 1G°/ pl) p=0.116 p = 0.086 p =0.029 p = 0.054

Monkeys were maintained in an animal facility at the Istituto Superiore di Sanita (Rome) according to
European Guidelines (EEC, Directive 86-609 Nov. 26, 1986). Drug administration was performed in two
daily i.m. injections at ten hour intervals. For each injection the administered volume was 0.4 ml / kg.
Drugs were dissolved in NaCl 0.9 %. Results are given as mean values + SE.

(From J Hepatol 1998, 29: 1032-1033, with permission)

which was significantly more severe in animals treated with the free drug (Table 1). As
observed in humans (3), RIBV increased the platelet counts, which were greater in free
drug treated monkeys. Thirty-five days after the end of treatment haematological
parameters returned to normal values in both groups of animals. Since the conjugate
does not penetrate into monkey red blood cells and the bond between RIBV and L-
poly(LYS) is stable in monkey blood (10), the residual toxic effect of L-poly(LYS)-
RIBV on RBC is probably due to a partial release of RIBV (and its metabolites) from
the hepatocyte into the bloodstream after the drug is set free from the carrier inside the
cell. Actually, such a release was observed also in mice injected with L-poly(LYS)-
[BH]RIBV (see above).

Conclusions

Assuming that RIBV enhances the efficacy of IFN in HCV infection treatment by
acting within hepatocytes, the results reported here suggest that conjugated RIBV may
exert the same therapeutic effect as the free drug, but with a significantly reduced
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haematotoxicity. The conjugate might be the appropriate form of administration to
patients where RIBV has to be withdrawn because of symptomatic anaemia or a
decreased haemoglobin level associated with cardiovascular disease.
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Summary

The identification of HBeAg minus variant of HBV has led to the association of
this virus to a severe form of chronic hepatitis B (HBsAg/anti-HBe positive chronic
hepatitis, with continuous or intermittent presence of HBV-DNA in serum) (1-3). More
recently, HBeAg minus variants of HVB have been detected also in cases with a benign
outcome. This finding reinforced the concept that different factors which may influence
the progression of the disease beside the presence or absence of the pre-core mutation.
Some studies in patients with chronic hepatitis B showed that the wild type population
increased before the ALT flare-up, while the HBeAg minus HBV was selected after this
event (4). Thus, the relative amount of mutant and wild type virus (mt/wt) may vary in
the different phases of the disease.

The impact of the HBeAg minus mutants in Italy may be substantial. In recent
years, most of the Italian trials using IFN in chronic hepatitis B dealt almost exclusively
with anti-HBe positive chronic hepatitis B; again, about 13% of liver cirrhosis and
similar proportion of hepatocellular carcinoma cases are HBsSAg positive, mostly with
anti-HBe antibodies (5, 6). This may bring about economical and social costs by
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striking the income producing ages and by inducing long term costly therapy with anti-
viral agents.

These considerations have given rise to this research program, designed for
strictly related objectives, i.e. 1) to assess the relative prevalence and the
epidemiological profile of HBeAg minus variants in chronic hepatitis B in Italy; 2) to
perform a molecular characterisation of the HBV e-minus variants; 3) finally, to make
up a bank of sera from patients with chronic hepatitis B, which could be available for
further studies. During the development of these main objectives, some cooperations

gave rise to some ancillary studies.
Key words: HBV, chronic hepatitis B, e-minus HBV, anti-HDV.

Phases and methods of the research

The first phase of the research was a transversal, multicentre study during which
all HBsAg patients observed over a 12 month period in the participating centres were
enrolled. For each patient, a form was filled containing demographic data, risk factors,
clinical and laboratory data and liver biopsy results (if available). For each patient, a
serum sample was aliquoted, stored at -30°C and sent in dry ice to the coordinating
laboratory.

Laboratory procedures- Anti-HBc IgM antibodies were detected using Core M
Kits (Abbott Labs). Quantitative HVB-DNA determinations were performed using
Amplicor HVB-DNA Monitor Kits (Roche Diagnostic Systems).

Pre-core region characterisation. After phenol/clorophorm extraction, HVB-
DNA was amplified by polymerase chain reaction using commercial amplification kit
(Cetus Corp., Emeryville, CA) and primers encompassing the precore and core region.
The primer sequences were 5GGGGAGGAGATTAGGTTAA3Z' (1744-1761) and 5’
GGCAAAAACGAGAGTAACTC3’ (1940-1959), respectively. Thirty cycles of
amplification were carried out in a thermal cycler (9600 Perking Elmer Cetus,
Emeryville, CA): 95C for 45” (2'for the 1 st cycle), 55 C for 45", 72 C for 45” and
final extension at 72 C for 5. Amplicons were spotted on nitrocellulose filters,
incubated with P32 5 end-labeled oligonucleotides without mutantions
(5'TGGCTTTGGGGCATGGAC3) or without 2 nucleotide mutations (5
TGGCTTTAGGACATGGACS3’) under stringent hybridisation and washing conditions
and autoradiographed.

HBV genotyping. After phenol/clorophorm extraction, HBV-DNA was amplified
by polymerase chain reaction using commercial amplification kit (Cetus Corp.,
Emeryville, CA) and primers encompassing the pre-s [primer sequences were
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5'GGAACAAGAGCTACAGCATGZ (2833-2852) and
5'GGTTGAAGTCCCAATCTGGAT3’ (2955-2935)] and core
[E’ACCACCAAATGCCCCTATCT3 and 5CGTCTGCGAGGCGAGGGAGT3
(2399-2380)] regions. Thirty-six cycles of amplification were carried out in a thermal
cycler (9600 Perkin Elmer Cetus, Emeryville, CA): 95C for 30” (L'for tflecyicle),

50C for 20" 72 C for 20” and final extension at 72 C for 5’. Amplicons were detected
by ethidium bromide staining and allocated to genotype A, B-C, D-E according to their
size.

Analysis of the data. The data were elaborated utilising BMDP and SPSS
softwares.

Results and Comments

872 consecutive HBsAg positive patients were enrolled. On the basis of the
hepatitis virus markers, the patients were initially classified as: 1) HBeAg positive
carriers; 2) anti-HBe positive carriers; 3) Chronic HBV carriers with anti-HDV
antibodies; 4) Chronic HBV carriers with anti-HCV antibodies; 5) Chronic HBV
carriers with anti-HDV and anti-HCV antibodies (Table 1); data refer to 842 patients
with no missing data. Anti-HBe positive chronic hepatitis B is, by far, the prevalent
form of chronic hepatitis B in Italy, accounting for 76% of the cases; HBeAg positive
cases were 9.4%. Interestingly anti-HDV antibodies were found only in 7.4% of the
cases and anti-HCV antibodies in 6.5%. Males predominated in all etiological
cathegories; HBeAg positive cases were younger than anti-HBe positive patients
(p<0.001).

HBV-genotype was determined in 97 sera, randomly selected among all
participating centres. Genotype D-E was present in 94% of the cases.

In a subgroup of patients, the relative amount of mutant and wild type HBV was
determined (Table 2). About one third of the patients carried a mixed population
(mt/wt) of HBV. Patients with mixed or prevalent e-minus HBV population had higher
anti-HBc IgM index values (.575 and .539, median) vs patients carrying wild type HBV
or with indeterminate result (.395 and .330, respectively) (p<0.001). Liver cirrhosis was
present in 31% of the cases with prevalent e-minus population and in none of the
patients with prevalent wild type virus or with indeterminate results.

Sequencing of pre-core and core-promoter region is in progress.
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Table 1. Main characteristic of HBsAg chronic carriers.

No. (%) Age (years) Males No. (%)
meantDS
median

HBeAg pos.ve 79 (9.4) 28.2t14.4 61(77.2)
25

anti-HBe pos.ve 639 (76) 42.6:12.8 49.9(78.1)
43

anti-HDV pos.ve 62 (7.4) 42.3t10.5 44(77.2)
43

anti-HCV pos.ve 55 (6.5) 49.3t14.6 47(75.8)
51

anti-HDV and 6 (0.7) 53.5:16.1 4 (66.6)

anti-HCV pos.ve 53

Table 2. HBV genotype and mt/wt in chronic HBV carriers.

Genotype (tested=97)
- DE 91 (93.8%)
<A 6 (6.2%)
mt/wt (tested=53)

« wild type 100% 10 (18.8%)
HBeAg minus 100% 13 (24.5%)
mixed 17 (32.2%)
indeterminate 13 (24.5%)

Mutations in the HBV polymerase during famciclovir therapyThe study
investigated whether failure in famciclovir (FCV) therapy was associated to particular
mutations in the HBV polymerase.

Seven patients with primary non-response and two with a breakthrough during
therapy were analysed. YMDD motif and B region were conserved; Vchange at
position 555 was observed in some patients, in whom lamivudine rescue therapy
efficiently reduced viremia.

Prevalence and risk factors of HDV infectiolhe overall prevalence of subjects
with anti-HD antibodies was 8.2% (69/841); age specific prevalence were 5.9% in the
age class 0-29 years; 9.5% in 30-50 and 7.9% over 50 years.

A univariate analysis of the associated risk factors of HDV infection showed that
the presence of anti-HD antibodies was associated to residence in the South of the
Country (OR=6.4; CL=2.6-16.2), having on anti-HD positive household member (43.7,
16.3-118), i.v. drug addiction (9.8; 2.9-33.1), sexual intercourse with on intravenous
drug addict (15; 3.3-68.6), the presence of liver cirrhosis (3.7; 2.2-6.1). Conversely,
blood transfusion, a low education level and the number of household members were
not associated to the presence of anti-HD antibodies. The adjusted odd ratios obtained
by a multiple logistic regression analysis (Table 3) showed that, when each variable was
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adjusted for the confounding effects of all the other variables, the risk factors associated
to HD infection were having an anti-HD positive household member, being an i.v. drug
addict, to reside in the south of the Country. Moreover, a significant association was
found to the presence of cirrhosis.

Previous Italian survey in 1987 and in 1992 showed a prevalence of anti-HD
antibodies among HBsAg carriers of 23.3 and 14.4%, respectively. The study
documented the decline of HDV endemicity in Italy.

Table 3. Adjusted odd ratios (OR) for presence of anti-HD antibodies

OR C.1. 95% p

Age>40 years 1.18 0.59-2.4 0.63
Sex male vs female 1.07 0.51-2.28 0.85
Residence in the South 11.11 2.89-42.77 0.005
Anti-HD positive household 33.66 11.7-96.8 <0.0001
i.v. drug 8.07 1.42-45.87 0.0185
Sexual intercourse with TD 151 0.13-16.87 0.73
Cirrhosis 3.89 1.95-7.77 0.0001
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Summary

This study a) characterised, by direct sequencing, delta virus in drug addicts; b)
evaluated the role of HDV in triple hepatitis infection, either in HIV +ve or -ve; c)
determined HBV and HCV genotypes associated to HDV genotype |. Phylogenetic tree
generated by both Parsimony and Maximum Likelihood programs showed two groups
of HDV sequences: the first included 24 HDV sequences with a mean identity of
5.43%, the second 11 sequences with a mean identity of 5.41%. These clusters were not
well defined when bootstrap analysis was performed. Mean percent difference among
IVDU was 7.03% (range 2 -11.08%). When HDV sequences were compared, in VDU
subjects and controls, the total mean identity was unchanged (7.08 %). Among 35
HDV-RNA positive patients, antibodies to HCV were present in 85,7%, HCV-RNA in
22.9%, HBV-DNA in 68.5%, and antibodies for HIV in 60%. In 19 out of 24 HBV-
DNA positive patients HBV sequence analysis has been performed. Mean distance
among HBV sequences was 98%. Based on homology with the previously described 6
genotypes, in all but one HBV genotype D has been detected. HCV genotyping showed

genotypes 1b and 3a in the 8 HCV-RNA +ve patients.
Key words: Delta Virus, HDV subtypes, HBV/HCV genotypes.
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Introduction

Hepatitis delta virus (HDV) infection is a major problem among intravenous drug
abusers. Being the more relevant group at risk of exposure to the HBV (1), drug addicts
provide also the reservoir for HDV infection, particularly in low endemic areas (2).
According with recent data the prevalence of HDV in Italy amounts to 24-37.5 % in
drug addicts (3). Three genotypes of HDV have been identified world-wide, genotype |
being the predominant one. Differences among genotype I, Il and Il were calculated,
respectively, as 8.8% 23.3% and 30.7%. Inside genotype I, initial findings suggested the
existence of subgroups IA and IB; however no subtypes appeared when several Italian
and HDV strains collected from different parts of the world were compared (4).

Phylogenetic analysis of HDV sequences showed some correlation between
intravenous drug use and clusters of HDV sequences, suggesting the hypothesis that
variants of HDV might circulate among these subjects.

Previous studies described a pattern of rapidly progressive delta disease in
intravenous drug users (IVDU) with death at a relatively young age. The relationship
between HDV genetic variants and disease behaviour is constrained, particularly in drug
addicts, by many factors, such as triple viral infection (HBV, HDV, HCV), AIDS
development, and delta variants, each of them by itself affecting the outcome of the
disease. Moreover, in multiple hepatitis virus infection, the viral interplay is complex
and poorly understood (5). In the present study we have sequenced delta virus from
intravenous drug addicts to establish whether particular genetic subtypes or strains
prevail in this population.

Patients and Methods

Patients. -Thirty-eight anti-HDV positive patients with a history of drug abuse
were included. Their mean age was 31 years, range 20-45 (3 females and 33 males), 26
patients came from different towns in the Apulia region, 11 from Northern Italy, and the
last one from Sardinia. Mean duration of drug addiction was 9 years (range 2-20 years).
They were hospitalised for evaluation of liver disease. A control population of 35 anti-
HDV positive patients, without a history of drug addiction were also examined for
comparison of sequence variations.

Serology.- All drug addicts were HBsAg positive anti-HBe positive. 33 of them
were anti-HCV +ve and 21 HIV +ve, respectively 11 patients at stage A of the CDC
classification, 5 at stage B and 5 at stage C.

HDV-RNA Detection and Sequencing.HDV-RNA was extracted, reverse
transcribed, and amplified using primers highly selected among genotype | isolates. A
357 nt segment between nucleotides 908-1265 was directly sequenced (4). Phylogenetic
analysis was performed by using Parsimony and Maximum Likelihood programs.
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HBV, HCV: PCR Detection and GenotypingdBV-DNA was also detected by
PCR method. The amplified fragment included a 1123 bp fragment encompassing the
major surface antigen-coding region (single PCR) and an internal 497 bp fragment
(nested-PCR), as described (6). By direct sequencing a 380 nt fragment was obtained
using the nested PCR primers.

HCV-RNA was determined by reverse transcription and PCR amplification of 5’
untranslated region. HCV genotyping was carried out using a probe-specific
hybridisation assay, as described (7).

Results

Sequence Analysis of HDV-RNATRhirty-five out of thirty eight (92%) patients
tested positive for HDV-RNA positive and underwent further analysis. All sequences
were closely related to HDV genotype |; mean percent difference among IVDU was
7.03% (range 2 -11.08 %). Although both Parsimony and Maximum Likelihood
analysis showed two groups of HDV sequences, these clusters were not well defined
when bootstrap analysis was performed; mean identity inside each subgroup was,
respectively, 5.43% and 5.41%. When HDV sequences were compared in 1VDU
subjects and controls, the total mean identity was unchanged (7.08%). Sequences from
IVDU and controls were not evenly distributed among these two groups: the first one
included 24 IVDU and 15 controls and the second 11 IVDU and 20 controls (Figurel).
The segregation of IVDU and controls in distinct groups was statistically significant (p
= 0.03) by Maximum Likelihood analysis. According to a previous study (8), a distance
cut-off of < 3.5% between HDV sequences was able to determine the same viral strain
of HDV. Among 2380 base pairs calculated between sequences, only 86 (3.6%) showed
distances < 3.5%; pair components were similar in 42 drug addicts and in 9 not drug
addicts. In the remaining 35 couples a high similarity was found between sequences
belonging to a drug addict and a control patient.

No significant correlation was found between sequence similarity and residence
of patients; out of 42 pairs of highly identical sequences, only 11 belonged to subjects
living in the same town.
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Parsimony tree: HDV IVDU + Controls.
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PCR Analysis of Viral Nucleic Acids.Among 35 HDV-RNA positive patients,
antibodies to HCV were present in 30 (85,7%), HCV-RNA in 8 (22.9%), HBV-DNA in
24 (68.5%), and antibodies for HIV in 21 (60%). Viral markers in these patients are
given in Table 1.

Table 1. Profile of viral markers in HBsAg positive HDV-RNA positive intravenous drug abusers.

PATIENT | Age (yrs) |Anti-HCV HCV-RNA | HIV STAGE HBV-DNA
D1 34 Neg Neg Neg Pos 11
D2 25 Pos Pos Pos C3 Pos I
D3 24 Pos Pos Pos B2 Pos I
D4 31 Pos Neg Pos A2 Pos Il
D5 34 Pos Neg Pos B3 Pos 1l
D6 26 Neg Neg Neg Pos 11
D10 37 Pos Pos Neg Neg
D11 24 Pos Neg Neg Neg
D12 35 Pos Neg Pos C3 Pos |
D13 28 Neg Neg Pos Al Pos |
D14 32 Pos Pos Pos C3 Pos |
D15 33 Pos Neg Neg Neg
D17 32 Pos Neg Pos A2 Pos |
D19 39 Pos Pos Neg Neg
D21 39 Pos Neg Pos C3 Pos |
D24 28 Pos Neg Pos A2 Pos |
D22 37 Neg Neg Pos B3 Pos Il
D23 33 Pos Neg Pos A2 Neg
D26 33 Pos Neg Pos C3 Pos |
D27 30 Pos Neg Pos A2 Pos 1l
D28 39 Pos Neg Pos B3 Pos I
D29 33 Pos Neg Pos Al Pos 1l
D30 20 Neg Neg Neg Neg
D31 38 Pos Neg Neg Neg
D32 20 Pos Neg Neg Pos I
D33 27 Pos Neg Neg Neg
D34 26 Pos Neg Neg Neg
D7 21 Pos Pos Pos B2 Pos |
D8 24 Pos Neg Pos Al Pos |
D9 35 Pos Neg Neg Neg
D16 45 Pos Neg Neg Pos I
D18 26 Pos Neg Neg Pos |
D20 25 Pos Pos Neg Pos 1l
D25 22 Pos Pos Pos A2 Neg
D35 40 Pos Neg Neg Pos |
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In the 17 HIV positive patients with triple infection (HDV, HBV, HCV) 5 were
HCV-RNA positive and 15 HBV-DNA positive. In the remaining 13 HIV negative, 3
were HCV-RNA positive and 5 HBV-DNA positive (Table 2).

Table 2. Viremia in pts HDV-RNA +ve with triple infection.

N° PZ |HBV-DNA [HCV-RNA

HIV+ 17 15 5
HIV- 13 5 3

Genotype Analysis of HBV and HCV.In 19 out of 24 HBV-DNA positive
patients HBV sequence analysis has been performed. Mean distance among HBV
sequences was 98%. Based on homology with the previously described 6 genotypes, in
all but one HBV genotype D has been detected; in pt D32 HBV genotype A was
identified.

Genotype 1b has been detected in 5 out of 8 HCV-RNA positive patients,
genotype 3a in the remaining 3 patients.

Discussion

In the past few years several studies have analysed HDV genetic variability. More
than 200 isolates have been identified and sequenced, 93% of them belonging to
Genotype | and 63% of them coming from European patients. A mean genetic distance
of 8 % inside Genotype | has been reported, with a wide range from 0 to 23.2% (4).
These data show the overwhelmingly predominance of genotype | and the dispersion of
sequences inside Genotype I. This last aspect opens the discussion about the definition
of HDV sub-types.

When HDV genotype distinction was first proposed, at least 2 subgroups within
genotype | were identified (1A and I1B). The work of Zhang (9), who collected sera from
13 HDV patients, defined three distinctly separated clusters within genotype I. The first
cluster corresponded to HDV Genotype IA and consisted of samples from Italy, France,
Sweden, the United States and Kuwait (the western branch); the second cluster
corresponded to HDV Genotype IB and consisted of isolates from mainland China,
Taiwan, Nauru, Moldavia, and Bulgaria (the eastern branch); the third cluster,
designated HDV Genotype IC, contained the six Ethiopian HDV isolates and the
isolates from Jordan, Lebanon, and Somalia (the African-Middle East branch). The
mean genetic distance between African and eastern branch was 0.14, and that between
the African and western branches was 0.15. The western and eastern branches were
calculated to have a mean genetic distance of 0.10.
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Subsequent studies, involving a higher number of sequences, while confirming the
3 HDV genotypes, were unable to distinguish major subgroups within genotype I. The
major studies (10, 4, 11) with respectively 141, 46 and 33 sequences evaluated
identified clustering of sequences, a result that could be supported by bootstrap analysis.
Suggestive correlations between HDV-RNA sequence similarity, geography, and
transmission route have been found (4). Geographic clustering, beside, was not
absolute. Our study points towards a possible HDV subtype, also in a population
homogeneous for route of transmission, such as those of drug addicts. Beside clusters of
sequences with higher similarity among drug addicts and controls, we could exclude the
existence of phylogenetically distinct subtypes within HDV genotype |. Based on wide
dispersion of HDV sequences in Italy, we can postulate that HDV infection has been
persisting since long time and /or HDV was introduced by multiple inocula over times.
Among drug addicts, sharing contaminated paraphernalia, a rate of higher identical
isolates could be expected; however the sequence distribution, could not be related to a
particular HDV sub-type.

Many studies, attempted to evaluate the viral interplay in patients with HBV,
HCV and HDV infection.

HCV infection may inhibit the replication of HDV, as HDV-RNA and IgM anti-
delta antibodies were undetectable in patients with dual HDV and HCV infection (12).
On the contrary, HCV-RNA absence, both from serum and liver, in HDV positive
showed the inhibitory effects of HDV on HCV (5). The mode of acquisition of HDV
infection (whether coinfection or superinfection), the sequential of infections, the
immune status in coinfected individuals can all account for such disparate data.

In our patients with triple infection (HCV, HBV, HDV) a low rate of HCV
replication (22.9%) has been observed independently of the HIV status. HBV-DNA,
instead, was detectable in 88% of HIV +ve but only in 31% of HIV-ve. Data on
suppression of HCV replication have been previously reported in HIV infected
haemophiliacs with chronic hepatitis B and C (13).

The mechanism by which HDV inhibits HCV is unknown but it seems of great
interest for therapeutic implication; the persistent inhibition of HDV on HCV in HIV
patients could exclude the prevalent role of immune-system.

In patients chronically infected with HBV and HDV, HBV-DNA levels are
usually suppressed, although HBsAg production continues. Either in tissue culture or in
infected animals it is unclear whether the suppression of hepadnavirus replication
results from a direct interaction between HDV and HBV functions. The inhibition of
HBV replication could indirectly result from HDV-induced cytotoxicity during the
acute phase. Alternatively, the HDV core might be in direct competition with that of
HBV for budding envelope particles, therefore inhibiting the production of the helper
virus (14).

Severe immunosuppression in progressive HIV disease could theoretically
ameliorate the manifestations of an immune-mediated hepatic damage. We could
speculate that the decrease of inflammation can lift the inhibitory activity of HDV over
HBV. Such a mechanism, however, appears ineffective on HCV.



36

HBV genotype A and D are predominant in Europe. In our area studies on HDV

genotypes which coinfect HBV are lacking. Available data showed an association, in
Northern-South America, between HDV genotype Il and HBV genotype F (13). Our

findings could mirror either the epidemiological distribution of genotypes in specific

geographic areas or a better viral interaction.
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Summary

HBV reinfection of transplant livers occurs frequently even in the presence of
anti-HBs immunoglobulins. In this study we retrospectively evaluated 209 HBsAg
positive patients liver-transplanted for chronic end-stage liver disease and continuously
treated with polyclonal anti-HBs (HBIQ) in order to investigate the type and role of S
variants in HBV infection of the graftAccording to transaminase and HBV-DNA
hybridisation analysis, 50/209 (24%) liver transplant patients had HBV and hepatitis
recurrence during anti-HBs therapy. In 12 patients with HBV reinfection for whom both
pre-transplant and reactivation serum samples were available, the S region of the viral
genomes was amplified by PCR, and directly sequenced. Overall, 10/12 patients (83%)
were found to be infected with S mutant viruses during reinfection, whereas the
remaining two patients had an unchanged S sequence. In particular, in 9/10 patients
HBV S-gene mutants were identified as the dominant population at reinfection but not
pre-transplantation.

These results indicate that HBV reinfection is mainly due to selection under the
pressure of polyclonal anti-HBs therapy of S-gene escape HBV mutants which then
became the dominant virus population in the grafts. However, it appears that
occasionally S mutants can be present before starting immune-prophylaxis. According
to previous reports the G145R S-gene escape variant was that most commonly found.
Key words: HBV variants, S-gene mutant, hepatitis B immunoglobulin, graft infection, liver

transplantation, HBV reinfection.
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Introduction

Recurrence of HBV infection in patients who undergo liver transplantation for
end-stage chronic hepatitis B is a frequent complication which can result in progressive
liver disease and in some cases in graft failure. The use of peri- and post-operative
hepatitis B immunoglobulin has reduced this risk and has led to an increase of patient
survival. Nevertheless, in some liver transplant patients, HBV reinfection occurs despite
immune-prophylaxis. In some of these subjects, HBV variants with mutations in the S
gene have been found, resulting in amino acid changes in the “a” determinant.

Although various escape variants have been found in some transplant patients
treated with mono- and/or polyclonal anti-HBs antibodies, the type and role of S
variants in HBV infection of the graft remains to be studied more extensively in order to
clarify the epidemiological and clinical aspects of these mutants. This is a prerequisite
for the improvement of strategies to avoid HBV reinfection.

We therefore retrospectively evaluated 209 HBsAg positive patients liver-
transplanted for chronic end-stage liver disease and continuously treated with HBIg in
order to investigate the type and role of S variants in HBV graft infection.

Patients and Methods

A retrospective study was conducted of 209 patients who underwent liver
transplantation for HBsAg-positive end-stage liver disease. Of these, 167 patients were
male and 42 female; the mean age was 43 years (range 21 to 61). Delta co-infection was
present in 97 patients, whereas 19 and 17 patients showed serological evidence of HCV
and HDV/HCV infection, respectively.

Patients intravenously received 10.000 IU/I of commercial polyclonal HBIg
during the anhepatic phase and daily during the first 6 post-operative days. The level of
anti-HBs was periodically assessed and anti-HBs were again administered intravenously
or intramuscularly when the anti-HBs titre was less than 200 U/l. All patients were
followed for at least 6 months (range 6-48), and periodically underwent liver function
tests. In addition, HBV, HDV and HCV serological markers were repeatedly tested.

HBV, HDV and HCV serological markers were detected by commercial
immunoenzymatic kits (Abbott Laboratories, Chicago, lll., USA; Sorin Biomedica,
Saluggia, VC, ltaly). HBV-DNA was quantified by a sandwich capture molecular
hybridisation assay (Digene Diagnostics, USA). Viral DNA from serum samples
obtained before transplantation and during HBV infection from 12 patients with
recurrent hepatitis B was extracted with phenol/chloroform, and the S region was
amplified by polymerase chain reaction using synthetic oligonucleotide primers 66
(plus) (5"-GCTCCAGTTCAGGAACAGTAAACCC) and 1121 (minus) (5'-
AGAAAGGCCTTGTAAGTTGGCG). After purification of the amplification products,
both strands were directly sequenced on an automatic sequencer (Perkin Elmer 377).
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Results

During post-transplantation follow-up, HBV reinfection, characterised by the
appearance of HBsAg and HBV-DNA in the serum and by clinical and/or biochemical
symptoms of liver disease, was observed in 50/209 patients (24%) after a mean period
of 11 months (range 1-84 months). Before liver transplantation, HBV DNA was
positive by molecular hybridisation in 30% of reinfected patients, while only 4% of the
patients who were never reinfected were viremic. Among patients with HBV
reinfection, end-stage liver disease was due to HBV infection in 29 patients (58%), to
HBV/HDV co-infection in 12 (24%), to HBV/HCV co-infection in 7 patients (14%),
and to HBV/HDV/HCYV infection in 2 (4%).

In 12 patients with HBV reinfection for whom both pre-transplant and
reactivation serum samples were available, serum HBV DNA was extracted and the
region S was amplified by PCR and directly sequenced. Overall, 10/12 patients (83%)
were found to be infected with S mutant viruses during reinfection, whereas the
remaining two patients had an unaltered S sequence. The type of mutations observed are
shown in Table 1.

Table 1. Amino acid changes in the S region during HBIg treat