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Abstract
Background—The
epidemiology
and
natural history of hepatitis C virus (HCV)
infection in the UK are uncertain. Previous reports are from small or selected
populations such as blood donors or tertiary referral centres.
Aims—To study the epidemiology and
natural history of HCV infection.
Methods—Prospective study incorporating five centres within the Trent region.
Patients were managed and followed up
according to a commonly agreed protocol.
Subjects—A total of 1128 HCV positive
patients. Patients with haemophilia,
human immunodeficiency virus, and
chronic renal failure were excluded.
Results—Between September 1991 and
December 1998, 2546 anti-HCV positive
patients were identified of whom 1128
(44%) were enrolled in the cohort. A risk
factor(s) for infection was identified in
93.4% of patients who completed the questionnaire; 81% of patients were HCV RNA
positive. A total of 397 initial liver biopsies
were scored by a single pathologist. These
showed a correlation between high alcohol
intake and fibrosis score. Multivariate
analysis showed fibrosis to be associated
with age over 40, past evidence of hepatitis
B virus infection, and higher necroinflammatory grade but not with sex, viral genotype, maximum known alcohol intake,
estimated duration of infection, or mode
of transmission. Twelve (7.8%) of 153
patients who received interferon therapy
had sustained serum virus clearance.
Sixty six patients have died during the follow up period, 31 with a liver related cause
of death. This represents a considerable
excess over the expected death rate for a
cohort of this age and sex distribution.
Conclusions—HCV infection is an emerging health problem in the Trent region.
Identifying risk factors for infection and
disease severity will enhance understanding and facilitate improved intervention.
An excess mortality in infected individuals is already evident in this unselected
cohort.
(Gut 2001;48:707–713)
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described in
of antibody
testing, the recognised prevalence of infection
has increased and an estimated 21% of
community acquired acute viral hepatitis is
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now reported to be due to HCV.2 Acute infection is usually clinically silent3 but HCV is now
recognised as one of the leading causes of
chronic liver disease. Up to 3% of the world’s
population may be infected, equating to 170
million chronic HCV carriers worldwide.4
There is considerable variation in seroprevalence.4 Values of >10% are reported from
Egypt for example5 while in the UK estimates
of HCV antibody positive rates vary from
0.08% to 0.72%.6–8 Up to 90% of HCV carriers
may progress to chronic liver disease9 and
20–30% of these will probably progress to cirrhosis and its complications.10 11 Recent evidence suggests that HCV infection is a major
factor in the recent increase and age reduction
of hepatocellular carcinoma in the USA.12 In
most countries where data are available, HCV
infection is the leading cause of liver transplantation.13
Trent region is an administrative health area
in eastern central England with a population of
about 5.12 million. Following the introduction
of HCV antibody screening of donated blood
(September 1991), the Trent Centre of the
National Blood Authority (NBA) arranged
referral of antibody positive donors to one of
seven clinics. Detailed epidemiological data
from these donors were collected on a central
database. Subsequently, identical data were
collected from any antibody positive patient
referred to the regional centres from other
sources and the database has expanded to
include laboratory data. The Trent HCV Study
Group was established in 1991 as a collaborative multidisciplinary eVort (with expertise in
infectious diseases, gastroenterology, pathology, epidemiology, blood transfusion, and
clinical and molecular virology) with the objective of studying the epidemiology and natural
history of HCV infection and facilitating
research into the pathogenesis of HCV associated disease. This paper describes the epidemiology of HCV infection in Trent.
Methods
LABORATORY AND CLINICAL DATA

The total number of anti-HCV positive patients in the Trent region was determined by
requesting data on all samples found to be
anti-HCV positive from the diagnostic laboratories serving the region. The minimal
Abbreviations used in this paper: HCV, hepatitis C
virus; HBV, hepatitis B virus; RT-PCR, reverse
transcriptase-polymerase chain reaction; IDU, injecting
drug user; HIV, human immunodeficiency virus;
anti-HBc, antibody to hepatitis B core antigen;
HBsAg, hepatitis B surface antigen; NBA, National
Blood Authority.
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THE TRENT HCV STUDY COHORT

All patients referred to one of the participating
clinics with a diagnosis of HCV infection were
invited to enrol in the cohort study, with
informed consent. A detailed epidemiological
questionnaire was administered by interview
with trained personnel. The questionnaire was
designed to identify an extensive range of
factors likely to result in the spread of blood
borne viruses. It encompassed basic demographic data as well as information on injecting
(intravenous) drug use (IDU), exposure to
blood products, tattooing, and other activities
with needles such as body piercing, health care
work, and family risks.16 Alcohol consumption
was recorded at initial consultation (history of
heavy alcohol consumption, defined as >50
units per week for most weeks over a period of
six months, and average weekly consumption at
the time of initial questionnaire) and then prospectively by documenting the average weekly
alcohol intake since the previous clinic visit.
For the purpose of analysis of alcohol as a risk
factor, the highest known alcohol intake for an
individual patient was used.
Patients with haemophilia, known human
immunodeficiency virus (HIV) infection, or
undergoing renal replacement therapy were
not routinely enrolled in the cohort study, as
the natural history of infection may diVer in
these patient groups.
All patients were managed according to a
regionally agreed clinical management protocol (fig 1). Treatment was interferon based,
usually 3 megaunits three times weekly for six
months initially, the period of treatment
extending to 12 months in the latter period of
the study (it was not the intention of this study
to formally evaluate therapeutic response in a
controlled manner). Liver biopsies were scored
for necroinflammatory grade 0–18 and fibrosis
stage 0–4 using the Knodell system.17 Assessment of liver biopsies for the study was
performed by a single pathologist (JCEU)
blinded to all data other than patient identifiers.
Multicentre and local research ethics committee approval was obtained for the study.
The data were made anonymous and stored on
a Microsoft Access database. The ÷2 test was
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Repeat liver biopsy
every 2 years

Figure 1 Trent Hepatitis C Study Group assessment and
management protocol (up to 1998). HCV, hepatitis C
virus; LFTs, liver function tests; PCR, polymerase chain
reaction.

performed using Epi-Info 6.04b. Confidence
interval (CI) analysis for 95% CI of proportions, Mann-Whitney, and logistic regression
analyses were performed using SPSS for Windows v8.
Results
DEMOGRAPHY OF HCV ANTIBODY POSITIVE
PATIENTS IN THE TRENT REGION

The total number of anti-HCV positive patients recorded in Trent between 1 September
1991 and 1 December 1998 was 2546.
With an assumed total population of 5.12
million, this equates to an overall prevalence of
known HCV antibody positivity of 0.05%. The
source of referral for antibody positive patients
was hospital consultants for 1836 (72%), 619
of whom were from genitourinary medicine
clinics, general practitioners for 298 (11.7%),
and others (for example, NBA, haemophilia
service) for 412 (16.1%).
TRENT HEPATITIS C COHORT STUDY

Of the 2546 antibody positive patients in
Trent, 218 with haemophilia, 94 known to be
coinfected with HIV, and 185 on renal dialysis
were not included in the Trent cohort study. Of
the remaining 2049 patients, 921 have not
attended an outpatient appointment at one of
the participating clinics; 1128 patients have
attended at least one hospital outpatient clinic
and form the Trent cohort described below.
The known age and sex distributions of HCV
infected patients are shown in table 1. The
male to female ratio was 2:1 in both groups.
Mean duration of follow up of patients in the
cohort was three years seven months (interquartile range two years five months to five
years four months).
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identifier/demographic data available were the
date of blood sample, date of birth, sex, and
source of test request (for example, hospital
physician, general practitioner, genitourinary
medicine clinic).
The diagnostic antibody tests used have
changed over time and with centre. Anti-HCV
was determined in serum samples using second
and third generation enzyme linked immunosorbent assays and confirmed by standard protocols in place at the time. The presence of
HCV RNA in serum samples was measured
originally using an inhouse nested reverse
transcriptase-polymerase chain reaction (RTPCR) assay14 and since 1995 by a commercially
available RT-PCR kit (Amplicor; Roche Diagnostics, East Sussex, UK). RT-PCR positive
samples were genotyped by restriction fragment length polymorphism assay.15
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Table 2 Risk factors for hepatitis C virus (HCV)
infection among 719 patients in the cohort

Decade of
birth

Risk factor

No (%) (n=719)

Intravenous drug abuse
Receipt of blood components
Non-professional tattoo
Sex with drug user
Health care worker
Born outside UK
Tattoos
Non-professional ear piercing
None of the above

464 (64.5)
132 (18.4)
17 (2.4)
9 (1.3)
12 (1.7)
23 (3.2)
13 (1.8)
3 (0.4)
46 (6.4)

1910–19
1920–29
1930–39
1940–49
1950–59
1960–69
1970–79
1980–89
1990–99

All anti-HCV positives
(No (%)) (n=2310)
28 (1.2)
91 (3.9)
93 (4.0)
165 (7.1)
519 (22.5)
884 (38.3)
450 (19.5)
25 (1.1)
55 (2.4)

Trent HCV study group
(No (%)) (n=1122)
13 (1.2)
38 (3.4)
40 (3.6)
85 (7.6)
350 (31.2)
415 (37.0)
171 (5.2)
9 (0.8)
1 (0.1)

Sex

All anti-HCV positives
(No (%)) (n=1987)†

Trent HCV study group
(No (%)) (n=1122)

Males
Females

1443 (73)
544 (27)

763 (68)
364 (32)

Relatively 27% more males in all HCV positives (8–49%,
p=0.004).
†Data incomplete due to sex not reported by one laboratory.

New patients (% of total cohort)

30
25
20

r 2 = 0.8548

15

LIVER BIOPSY DATA

10
5
0

4 (1%), and 5 (2%). The distribution of genotypes was diVerent in those patients whose primary risk factor was receipt of blood components compared with IDU, with a higher
percentage of type 1 infection in the former
(60% v 47%) and of type 3 in the latter (43% v
21%; ÷2=8, dfs=2, p=0.02) (table 3).
Of 507 patients tested for markers of past
(antibody to hepatitis B core antigen (antiHBc)) or present (hepatitis B surface antigen
(HBsAg)) hepatitis B virus (HBV) infection,
185 (36.5%) were anti-HBc positive and 18
(3.5%) were HBsAg positive (two were also
HBeAg positive).

0

1991 1992 1993 1994 1995 1996 1997 1998

Figure 2 Percentage of new referrals on a yearly basis
during the study period, 1991–1998.

The number of patients referred to the cohort
has increased annually by 23.4% during the
period of study, as shown in fig 2. The pattern of
referral has changed with time—for example,
the NBA referral rate has reduced from 50% of
new patients in 1991–1993 to 2% in 1997.
Ethnic origin data were collected from 704
cohort patients (62%): 95% were Caucasian.
Data from the epidemiological questionnaire
were available from 719 cohort patients (70%).
Risk factors, expressed as a hierarchy whereby
an individual patient is classified according to
the highest level of risk, are shown in table 2
(order shown in table). Forty per cent of
patients admitted to more than one risk factor.
Sera from 695 of 860 (81%) patients tested
by qualitative RT-PCR were positive for HCV
RNA; sera from the remaining 165 (19%)
patients were negative. PCR negativity rates
were similar in those infected through IDU
(18.6%) and those infected through receipt of
blood components (19.9%). Over 90% of the
known PCR positive patients in the cohort had
at least two PCR tests. There were five
instances of patients who were initially PCR
positive who became PCR negative on follow
up without intervening therapy. At least three
of these patients were deemed clinically to have
had acute HCV infection.
The genotype of the infecting HCV, tested in
304 patients, was 1 (47%), 2 (10%), 3 (39%),
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Diagnostic liver biopsy was performed on 588
cohort patients, of whom 397 were scored
(Knodell system) by the same pathologist
(table 4): 157 (40%) had a total Knodell score
of 6 or greater. Of all patients who had liver
biopsy, 8.3% had cirrhosis (fibrosis stage 4) at
presentation.
An analysis was performed of factors which
may impact on the development of fibrosis on
the initial biopsy. Univariate analysis shown in
fig 3 of the highest known weekly alcohol intake
admitted to by each patient and fibrosis (stages
3 and 4) on biopsy demonstrated a strong
association between the two factors (÷2=48,
df=3, p<10−8). In all cases the highest known
weekly alcohol intake was prior to the initial
clinic assessment.
Multiple logistic regression analysis (backward regression, likelihood ratios) was performed examining variables associated with
fibrosis as the dependent variable (0 or 1 v 3 or
4). Variables included in the model were
current age, sex, route of infection, genotype,
alcohol (highest known weekly alcohol intake),
hepatitis B status, age at infection and duration
of infection, and necroinflammatory grade.
This demonstrated an association between
fibrosis stage 3 or 4 and evidence of exposure to
hepatitis B (anti-HBc positive, regardless of the
presence or absence of HbsAg), age at the time
of biopsy, and necroinflammatory grade, as
shown in table 5. There was no independent
association with sex, genotype, alcohol intake,
estimated duration of infection, or route of
infection. Older patients were more likely to
have a history of higher alcohol consumption
(p=0.03) which may have influenced the
results of the statistical model. However, the
statistical model did not show alcohol as an
independent variant.
A total of 153 patients (26% of those who
had undergone liver biopsy) were treated with
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Table 1 Date of birth and sex distribution of anti-hepatitis
C virus (HCV) positive patients
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Hepatitis C virus (HCV) genotype in 304 patients in the Trent cohort

Table 6 Category of death grouped by ONS main cause
of certified death, with mean age and sex ratio

No patients (%)
(n=304)

Infection from blood
components
(No (%)) (n=47)

Infection from intravenous
drug use
(No (%)) (n=149)

1
2
3
4
5

143 (47)
31 (10.2)
120 (39.4)
3 (1)
7 (2.3)

28 (59.6)
4 (8.5)
10 (21.1)
0 (0)
5 (10.6)

70 (47)
13 (8.7)
64 (42.9)
1 (0.7)
1 (0.7)

Table 4

Category of death

Total

Sex ratio
(M:F)

Mean age
(y)

Not yet ascertained
Lifestyle related*
Liver
Related liver**
Unrelated medical***
Total

8
12
24
7
15
66

6:2
10:1
17:7
5:2
14:1
52:14

48.3
33.0
51.8
42.4
56.1
48.2

*Suicide, drug overdose, and murder; **underlying liver disease
stated as a contributory cause of death; ***includes cancer, coronary heart disease.

Knodell scores on 397 initial liver biopsies
Fibrosis stage

NI grade

0

1

3

4

Total

Minimal (0–3)
Mild (4–8)
Moderate (9–13)
Severe (14–18)
Total

151
48
1
0
200

27
84
11
0
122

5
23
13
1
42

3
17
11
2
33

186
172
36
3
397

NI, necroinflammatory.

Patients with fibrosis
stages 3 and 4 (%)

50

r 2 = 0.8791
40
30
20
10
0.00
0

<21

21–40

>40

89

133

64

45

Units of alcohol per week

Figure 3 Highest known alcohol consumption in relation
to hepatic fibrosis grades 3 and 4 in 331 patients with
hepatitis C (numbers in boxes represent number of
patients).
Table 5 Multivariate analysis of predictors of fibrosis
stages 3 and 4 at initial biopsy
Factor
Age at biopsy (y)
<30
30–39
40–49
>50
Hepatitis B markers
Anti-HBc neg
Anti-HBc pos
NI grade
0–4
5–8
9–12
13–18

Odds ratio

95% CI

Ref
11.1
23.2
131

1.2–106
2.4–224
11.7–1483

Ref
3.4

1.0–11.1

Ref
7.6
43
82

2.9–20
10.3–184
2.4–2770

NI, necroinflammatory; anti-HBc, antibody to hepatitis B core
antigen.

interferon. Thirty one patients (20%) had
treatment withdrawn or the dose reduced
because of side eVects, 45 patients (29%) had
an initial virological response (PCR negative at
or up to three months), but 33 relapsed after
cessation of therapy. Twelve patients remained
HCV PCR negative six months after treatment,
a sustained response rate of 7.8%.
MORTALITY AND MORBIDITY

Sixty six patients from the cohort are known to
have died. Mean age at death and the underlying causes of death, as indicated on the death
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certificate, are shown in table 6. Hepatocellular
carcinoma was diagnosed in 12 patients. Liver
transplantation was undertaken in five patients
(one with HCC and four for end stage liver
disease).
The expected number of deaths for patients
with the age and sex structure of the Trent
cohort, calculated using age and sex specific
death rates (OYce of National Statistics), is
13.5 for males and 5.5 for females. In our
cohort there were 52 male deaths and 14
female deaths (table 6). Therefore, there was a
relative increase in deaths of 3.9-fold for males
(95% CI 3.3–4.4) and 2.5-fold for females
(95% CI 1.1–3.9). There have been four deaths
(all male: two liver related, one suicide, one
respiratory failure) among those members of
the cohort whose HCV infection was discovered as a result of them presenting as blood
donors. Using the same methodology as above,
the relative increase in deaths in this subgroup
is 1.7-fold for males and 0.5-fold for females
(ns). The “unrelated medical” deaths were
similar to the expected number of deaths for
patients with the age and sex structure of the
Trent cohort—the excess was related to “liver”,
“liver related”, and “lifestyle” deaths.
Discussion
Published prevalence data for hepatitis C
infection in the UK vary from 0.08% to 0.72%
and are mainly derived from selected populations such as organ donors, tertiary referral
centres, blood donors, and antenatal clinics.6–8
We established a multidisciplinary region wide
research group to study the epidemiology and
natural history of hepatitis C in a large population in the UK of 5.12 million. Trent region
does not contain a tertiary referral centre for
patients with advanced liver disease and thus
our data are not biased by over representation
of this patient group. We have noted a progressive rise in newly diagnosed HCV infected
patients referred to the cohort (23.4% annually). The study cohort consisted of those
referred to one of the participating centres and
amounted to 44% of all known HCV positive
patients in the region. In accordance with other
studies, most patients with HCV antibodies
were also HCV RNA positive. There were no
identified
epidemiological
characteristics
among the 19% who were PCR negative.
The sex ratio of 2:1 (male:female) was the
same in the cohort and the known positives in
the region but is in striking contrast with a
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alcohol intake is associated with advanced liver
fibrosis.
Multivariate analysis of risk factors demonstrated a strong correlation between fibrosis
and age at biopsy, with patients over 50 years
having a 131-fold increased risk of fibrosis
stage 3 or 4 compared with patients aged less
than 30 years (95% CI 4.4–253). This may
reflect a longer duration of infection (although
estimated duration of infection was not identified as an independent risk factor, it was not
definable in all cases), diVerent host response
with age, longer exposure to alcohol ingestion,
or other factors. This strong association with
age may explain the absence of alcohol as an
independent factor from the final multivariate
models.
An unexpected finding was that serological
evidence of past infection with HBV was also
associated with an increased risk (relative risk
3.4, 95%CI 1.0–11.1) of the biopsy showing
fibrosis stage 3 or 4. This was not due to interaction between past HBV infection and level of
alcohol consumption. An association with past
HBV infection (that is, anti-HBc positive,
HBsAg negative) has not previously been
reported to our knowledge, although “serologically silent” or “occult” HBV infection (HBV
DNA positive, HBsAg negative, anti-HBc
positive or negative) has been linked with
increased histological severity scores in chronic
HCV infection.32 This observation has important clinical implications, particularly with
respect to reinforcing eVorts to deliver hepatitis
B immunisation to those at risk of acquiring
HCV infection, especially in the drug injecting
population. A higher necroinflammatory grade
was also an independent factor related to
degree of fibrosis, which in turn is likely to
reflect disease activity and level of fibrin
production. No other independent associations
were noted, particularly with regard to sex,
genotype, route of infection, alcohol intake,
and duration of infection.
Intervention in our cohort is currently
targeted at patients with a total Knodell score
of >6. However, in our experience interferon
monotherapy yielded a sustained response rate
of only 7.8%, which is lower than reported
rates of 15–20%.33 34 This discrepancy may
have arisen because of diVerent methods of
patient selection, use of regimens subsequently
shown to be suboptimal (for example, six
month courses), and diVerent compliance rates
among clinical trial patients compared with
unselected patients attending hospital clinics. It
does, however, give a real community response
value for interferon therapy up to 1998 in a
large cohort and emphasises that results from
clinical trials may not translate directly to the
routine clinic setting. Combination therapy
with interferon and ribavirin has now replaced
interferon monotherapy as standard treatment.27 35
The occurrence of 66 deaths seems surprisingly high for a relatively young cohort of
patients. The unrelated medical deaths showed
no increase over the expected number. The
“liver” and “liver related” deaths were responsible for 47% of all deaths in this cohort which
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reported ratio of 1:1 from one USA community based study.18 The distribution of dates of
birth diVered slightly between all known
positives and the cohort patients, with an
increase in patients born in the 1950s in the
latter group and in subsequent decades in the
former group (table 1). We found that HCV
infection was most common among young
adults, over half of whom had been born in the
1960s or later, which is consistent with
previous observations.19 This age distribution
and male:female ratio reflect the sociological
characteristics of current injecting drug users.20
Current or past IDU was the most common
risk factor for infection which was present in
65% of the cohort, a value higher than in other
cohort studies.18 21 22 This may reflect our
selection bias, with exclusion of haemophiliacs,
known HIV infected individuals, and patients
receiving renal support. Educational initiatives
to reduce risk as a means of preventing
transmission of infection in the drug using
community are clearly desirable although
recent experience in Glasgow suggests this may
be more diYcult to achieve than with HIV.23
The second major risk factor (18%) in the
Trent cohort was receipt of blood components.
The proportion of patients falling into this category has declined with time and the current
risk of acquiring HCV infection through transfusion of blood components or products is now
very small, although not absent.24
Data on source of infection (table 2) are presented as a hierarchy of risks whereby only one
risk factor appears for each patient even though
40% admitted to more than one risk. We found
that the number of patients who completed the
epidemiological questionnaire but admitted to
no identifiable risk factor for HCV infection
was low (6.4%); this contrasts with previously
reported values which have exceeded 12%25
and may reflect the detailed nature of the questionnaire and its completion assisted by experienced personnel. Some individuals may not
admit to having engaged, perhaps transiently,
in drug or needle related activities early in
life—recall of unpleasant memories is notoriously selective26 and this may be relevant in
some of the “no risk” group.
Genotype 1 is the most common type in
Western countries with values of 63–72%
reported.10 27 Although it was the most common genotype in the Trent cohort, it accounted
for only 47% of infections. A significant correlation between genotype 3 and infection by
IDU compared with blood components was
noted. This has been observed previously28 but
not in every study.29
Of 397 initial liver biopsies scored by a single
observer, established cirrhosis was evident in
8.3%. Other studies have reported higher
values of 17–59%,10 11 22 25 30 a discrepancy
which may relate to the unselected nature of
the Trent cohort compared with data derived
from patients attending tertiary referral centres. One of the important clinical issues in the
management of HCV infection is to identify
risk factors for progression to chronic liver disease. The present univariate analysis accords
with others31 in that a higher level of admitted
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was designed by Keith Neal and Bing Jones. Genome
amplification assays were performed by Will Irving and
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and cared for by Jan Freeman (Derby), Karl Nicholson
and Martin Wiselka (Leicester), Brian Scott (Lincoln),
Roger Finch, Steve Ryder, and Brian Thomson
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and Matthias Schmid (SheYeld). Mandy Holliday,
Maggie Nicholls, Yvonne Dawes, and Julie James are
research nurses responsible for recruitment and long
term follow up of patients, administration of the
questionnaire, and maintenance of the database. The
paper was written by the writing committee, and
reviewed and agreed by all members of the Trent HCV
Study Group.
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