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Background & Aims: Hepatitis C virus antiviral treatment is
effective for individual patients but few active injecting drug
users are treated. We considered the utility of antiviral treatment
for primary prevention of hepatitis C.
Methods: A hepatitis C transmission model among injecting drug
users was developed, incorporating treatment (62.5% average
sustained viral response) with no retreatment after initial treatment failure, potential re-infection for those cured, equal genotype setting (genotype 1:genotype 2/3), and no immunity. In
addition, we examined scenarios with varied treatment response
rates, immunity, or retreatment of treatment failures.
Results: In the baseline scenario, annually treating 10 infections
per 1000 injecting drug users results in a relative decrease in hepatitis C prevalence over 10 years of 31%, 13%, or 7% for baseline
(untreated endemic chronic infection) prevalences of 20%, 40%,
or 60%, respectively. Sensitivity analyses show that including
the potential for immunity has minimal effect on the predictions;
prevalence reductions remain even if SVR is assumed to be 25%
lower among active IDU than current evidence suggests; retreatment of treatment failures does not alter the short-term
(<5 years) projections, but does increase treatment gains within
20 years; hepatitis C free life years gained from treating active
injecting drug users are projected to be higher than from treating
non-injecting drug users for prevalences below 60%.
Conclusions: Despite the possibility of re-infection, modest rates
of hepatitis C treatment among active injecting drug users could
effectively reduce transmission. Evaluating and extending strategies to treat hepatitis C among active injectors are warranted.
Ó 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction
Hepatitis C virus (HCV) is a blood-borne disease which causes
signiﬁcant morbidity and mortality worldwide [1]. Injecting drug
use is the primary mode of transmission in developed countries
[2], with 15–90% of injecting drug users (IDU) testing positive
for HCV antibodies [3].
Current interventions for reducing HCV transmission focus on
reducing the frequency of injecting and syringe sharing/unsafe
injection [2,4]. These may have reduced HCV transmission in
some settings [5–7], but there is no evidence for substantial
reductions in HCV prevalence.
HCV antiviral treatment with peginterferon alfa and ribavirin is the standard care for chronic HCV, with a 50–85% cure
rate (sustained viral response, SVR) depending on genotype
[8]. In many countries, including the US and UK, treatment is
recommended for all patient groups (including IDU) and is considered cost effective [8–11]. However, few current IDU have
ever been treated (<3–4%) [12,13] because physicians are reluctant to treat due to concerns about treatment compliance and
re-infection [14–16]. However, the limited information available from studies suggests that current IDU exhibit similar
response rates to treatment [17–19] and compliance
[18,20,21] when compared to non- or ex-IDU. Furthermore,
there are little data on re-infection after successful treatment,
except from small scale studies which report low rates in the
ﬁrst year [22].
In this paper, we used a mathematical model to project the
potential impact HCV treatment could have on HCV prevalence
among active IDU while allowing for re-infection.

Materials and methods
Keywords: Treatment; Mathematical model; IDU; HCV.
Received 17 June 2010; received in revised form 19 August 2010; accepted 20 August
2010; available online 12 February 2011
⇑ Corresponding author at: Department of Social Medicine, University of Bristol,
Canynge Hall, 39 Whatley Road, Bristol BS8 2PS, UK. Tel.: +44 (0)7817286755;
fax: +44 (0)1179287325.
E-mail address: Natasha.Martin@bristol.ac.uk (N.K. Martin).
Abbreviations: HCV, hepatitis C virus; IDU, injecting drug users; SVR, sustained
viral response; US, United States; UK, United Kingdom; LYG, life years gained.

Mathematical model
The model shown in Fig. 1 describes the transitions between ﬁve groups of IDU:
susceptible (including those who clear acute infection but are not immune),
chronically infected who are naïve to treatment or re-infected (including those
in the acute stage who progress to chronic infection), chronically infected who
have failed treatment (non-SVR), currently in treatment, and immune. We are
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Fig. 1. Schematic for the mathematical model. The parameters used are: h (new injector inﬂow rate), p (infection rate per year), d (proportion of acute infections that
spontaneously clear), n (proportion of spontaneously cleared infections resulting in immunity), U (treatment number), x (1/treatment duration), a (proportion of treated
infections cured), r (1-proportion treated infections resulting in immunity), and l (rate of leaving IDU population due to cessation of injections or death).

aware that the concept of sterilizing immunity following HCV infection is controversial and so assume no immunity in our baseline scenarios. All parameters
speciﬁed are average rates or proportions (as noted in Table 1).
New IDU enter the susceptible pool at a ﬁxed rate ‘h’, and leave all compartments (due to death or ceasing injection) at a per capita rate ‘l’. The rate of infection of susceptible IDU is proportional to the number of susceptibles, the fraction
of the population chronically infected, and the infection rate ‘p’. Acute infection
spontaneously clear in a proportion ‘d’, a fraction of which becomes immune ‘n’
(n = 0 in baseline scenario). The remaining infected (proportion ‘1  d’) progress
to chronic infection. Due to the relatively short duration of the acute stage [23]
and the small proportion that spontaneously clear infection, the number of infections caused by IDU with acute HCV who spontaneously clear is likely to be small,
and is neglected in this model.
Chronic infected IDU who are naïve to treatment or re-infected are recruited
into the treatment at a ﬁxed rate (U chronically infected IDU per 1000 IDU annually) unless the number of those infected is driven below U, whereupon all chronically infected IDU are treated. This ﬁxed treatment number aims to provide a
realistic scenario of potential treatment capacity and recruitment. IDU remain
in treatment for an average 1/x and during this short period are assumed to be
non-infectious (due to signiﬁcantly reduced viral load [24,25] and access to opiate
substitution therapy and sterile equipment while on treatment). A proportion ‘a’
of those treated are cured (achieve SVR) and in the baseline scenario become susceptible again. Those who are not cured (fraction ‘1  a’) move to the chronically
infected non-SVR after treatment compartment. These IDU cannot be retreated.
We explored the possibility of retreatment in an alternative scenario.
As most current HCV epidemics are not in the epidemic phase, we allowed
the model to reach a stable endemic state prior to initiating treatment. Parameter
values were obtained from treatment guidelines and recent published data
(Table 1). We assumed no change in the infection rate or clearance/treatment success rates for those who cleared infection (spontaneously or through treatment).
We projected the relative decrease in chronic infection prevalence after different time periods with varying treatment rates, in settings with a range of
untreated endemic chronic infection prevalences (referred to as ‘baseline chronic
prevalence’).
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Additionally, the relative impact of treating ex- or non-IDU compared to
active IDU (who are at risk of re-infection but may prevent future transmissions)
was evaluated by estimating the incremental number of life years free of HCV
generated per treatment initiated (details in Supplementary data). A multivariate
regression analysis identiﬁed which parameters were responsible for most uncertainty in the impact projections for a speciﬁc treatment scenario – 20 treated per
1000 IDU annually for 20 years at 40% baseline prevalence.
Model scenarios
Baseline scenario
In our general projections we assumed no immunity after spontaneous clearance
or treatment. We did not allow retreatment for those who do not attain SVR, but
allowed it for those that are succesfully cured. To best represent the current genotype distribution in the UK, we assumed a ‘mixed’ genotype population, weighted
half genotype 1 and half genotype 2/3. The US has a higher proportion of genotype 1 [9,26].
Alternative scenarios and uncertainty analysis
Different treatment efﬁcacies
We investigated the effect of increasing or decreasing the average SVR by 25%
from the baseline estimate (from 62.5% to 45% or 80%), detailed in Table 2. This
could either simulate different genotype distributions (from the ‘mixed’ baseline
scenario to mainly genotype 1 (45% SVR) or genotype 2/3 (80% SVR)). Additionally, the 45% SVR simulation could describe a scenario where SVR is lowered in
active IDU due to reduced completion or compliance.
Unrestricted treatment
We investigated the potential effect of retreatment while assuming a similar SVR
in treatment naïve infections and ﬁrst line treatment failures. This assumption
was based on recent phase 3 trial ﬁndings showing Telaprevir with peginterferon
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Table 1. Model parameters.

Model parameter definition

Symbol

Scenario

Value
[Uncertainty Range]

Units

Source

Average leaving rate (cessation or death)
Average proportion of infections with SVRb

µ
α1
α2/3
αm
1/ω1
1/ω2/3
1/ωm
δ

All
Genotype 1
Genotype 2/3
Baselinec
Genotype 1
Genotype 2/3
Baselinec
All

0.085a [0.05-0.2]
0.45 [0.3-0.45]
0.8 [0.65-0.8]
0.625d
0.5423e
0.4615
0.5019f
0.26 [0.22-0.29]

Per year
-

[37-40]
[9, 26]

Per year

[9, 26]

-

[41]

ξ

All

0 [0-0.25]

-

1-σ

All

0 [0-0.25]

-

Little data, conservative
assumption [42]
Little data

θ

All

85

Per 1000 IDU annually

Average infection rate per year

π

All

[0-0.95]

Per year

Average treatment rate

Φ

All

5-40

Per 1000 IDU annually

Average treatment duration

Average proportion of infections that
spontaneously clear
Average proportion of spontaneously
cleared infections resulting in immunity
Average proportion of cured infections
resulting in immunity
Average new injector rate

Given value to retain total
population of 1000 IDU
Varied to produce a range
of baseline prevalences

a

Based on a cessation rate of 7.75% per year, and an IDU death rate of 0.75%. For the non-IDU models, the leaving rate is comprised only of the non-IDU death rate, about 1/8
that of the IDU (0.09%).
b
SVR: sustained viral response.
c
Weighted 50% genotype 1 and 50% genotype 2/3.
d
Average of SVR proportions for genotypes 1 and 2/3: 0.5  a1 + 0.5  a2/3. In the uncertainty analysis, baseline is calculated from the sampled LHS values of a1 and a2/3.
e
Weighted average of treatment duration (48 weeks SVR, 12 weeks non-SVR) by SVR proportion: (a1  48 + [1  a1]  12)/52.
f
Average of treatment duration for genotypes 1 and 2/3: 0.5  (1/x1) + 0.5  (1/x2/3).

alfa and ribavirin has a high success rate (51%) among genotype 1 patients previously treated with peginterferon alfa and ribavirin who did not obtain SVR [27],
and the anticipation that other future drugs will have similar effects. More details
of this model are in the Supplementary data and [28].
Uncertainty analysis
Latin hypercube sampling of the parameter uncertainty ranges in Table 1 was
used to ascertain the uncertainty in the impact projections for the baseline scenario. Each parameter was sampled 500 times over a uniform distribution including the probability (0–25%) of immunity after spontaneous clearance or
successful treatment. Some parameters were not sampled because their values
were determined by the other sampled parameters. These include the new injector rate which was ﬁtted to ensure a population of 1000 IDU. Likewise, the treatment duration was ﬁtted from the sampled genotype success rates.

Results

Table 2. Model scenarios.

Model scenario Immunity

Average SVR, αm

62.5%a
(α1 = 45% genotype 1,
α2/3 = 80% genotype 2/3)
At most reduced by
Some:
Uncertainty
(ξ = 1-σ = 0-25%) 30% for each genotype:
analysis
(α1 = 31.5%-45%,
α2/3 = 56-80%)
Varied by +/-28%:
SVR variation None
scenario
45%b, 62.5%c, 80%d
Retreatment None
62.5%a
scenario
(α1 = 45%, α 2/3 = 80%)
Baseline
scenario

a,c

None

Retreatment

None

None

None
Allowede

Weighted average of SVR proportions, 50% genotype 1 and 50% genotype 2/3,

am = 0.5  a1 + 0.5  a2/3.

Reduction in chronic prevalence
For an IDU population with 20% baseline chronic prevalence and
treatment rates of 5, 10, 20, or 40 per 1000 IDU annually, the
model predicts a 15%, 30%, 62%, and 72% reduction in chronic
prevalence after 10 years, respectively (Fig. 2). These reductions
in prevalence are at most halved for 40% baseline prevalence,
and quartered for 60% prevalence.
Fig. 3 shows how the impact projections could vary over time.
For a 20% baseline chronic prevalence, annually treating 10 cases
per 1000 IDU results in a 16% reduction in prevalence within
5 years, doubling to 30% after 10 years, and 57% after 20 years
(Fig. 3B). In contrast, if the baseline prevalence was 40%, then
the same treatment rate reduces prevalence by 8% after 5 years

b
In this scenario, all are considered genotype 1, so am = a1 = 45% and treatment
duration is xm = x1 = (a1  48 + [1  a1]  12)/52.
c
In this ‘mixed’ scenario, half are considered genotype 1 and half genotype 2/3.
am = 0.5  a1 + 0.5  a2/3 where a1 = 45% and a2/3 = 80%. Treatment duration is
averaged at xm = 0.5  (1/x1) + 0.5  (1/x2/3).
d
In this scenario, all are considered genotype 2/3 so am = a2/3 = 80% and treatment
duration is xm = x2/3 = 24/52.
e
In this scenario, there is no C2 compartment, and all those who fail to attain SVR
return to C1 where they can be retreated.

and only 22% after 20 years. With a high 60% baseline prevalence,
annually treating 10 cases per 1000 IDU may only achieve a 9%
reduction in prevalence after 20 years.
If the treatment rate was 5 per 1000 IDU annually (Fig. 3A)
then substantial prevalence reductions (>20%) within 20 years
only occur in populations with low baseline prevalences
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Fig. 2. Projected relative reduction in prevalence at 10 years for the baseline
scenario (no immunity, mixed genotype) at different baseline prevalences
and treatment rates. The ﬁgure shows the relative prevalence reduction from
baseline chronic prevalence at 10 years. Baseline chronic prevalence is deﬁned as
untreated endemic chronic infection prevalence and is roughly equivalent to HCV
antibody prevalence of 27%, 53%, and 80%, respectively.

100
80

Fig. 4 suggests that for baseline prevalences under 60%, the IDU
intervention results in more HCV free life years gained (LYG) per
person treated than for the ex/non-IDU intervention scenario,
given equal SVR rates. Only at very high prevalences (>60%)
does the ex/non-IDU treatment intervention result in greater
impact per treatment initiated, due to the high risk of re-infection in the IDU scenario at these prevalences. However, if treatment is 80% as effective in active IDU, greater impact is only
seen with baseline prevalences less than 30% (Supplementary
Fig. 1). Varying the treatment rate has minimal effect (data
not shown).
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(625%). In contrast, higher treatment rates (>20 per 1000 IDU
annually) would be required to result in similar prevalence
reductions in high prevalence settings (>60%). Reductions in
HCV incidence mirror the decrease in prevalence because
fewer chronically infected IDU results in fewer new
infections.
The prevalence reductions ﬂatten off in the long-term
(20 years) or for higher treatment rates (20–40 per 1000 IDU
annually) due to the persistence of a non-responder population
(Fig. 3C and D).
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Fig. 3. Projected relative reduction in prevalence at 5, 10, and 20 years for the baseline scenario (no immunity, mixed genotype) at different baseline prevalences
and treatment rates. The relative prevalence reduction from baseline chronic prevalence (vertical axis) is shown at 5 years (grey line), 10 years (black dashes), and 20 years
(black line) for varying baseline untreated chronic prevalences (horizontal axis) and different treatment levels. Baseline chronic prevalence is deﬁned as untreated endemic
chronic infection prevalence.
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Fig. 4. Comparison of the incremental HCV free life years gained (LYG) per
treatment initiated among a non-IDU (solid black line) or IDU population
with different baseline chronic prevalences. Projections are given over 10 years
and assume an annual treatment rate of 20 people per 1000 IDU. All projections
assume baseline scenarios (restricted treatment, mixed genotype). Baseline
chronic prevalence is deﬁned as untreated endemic chronic infection prevalence.

high treatment rates), longer injecting duration is associated with
decreased treatment impact due to the persistence of the treatment failure population. In all scenarios, greater impact is seen
for higher SVR rates.
Uncertainty around the SVR resulting from treatment (due to
different genotype distributions or lower compliance to treatment) can increase or decrease projections by up to 27% over
20 years with an annual treatment rate of 10–20 per 1000 IDU
(Fig. 6). The greater the treatment magnitude or intervention
timescale, the more pronounced the difference between the
impact projections for each genotype.
Adapting the model such that treatment failures are eligible
for retreatment (Fig. 7) results in no change to the short-term
impact projections, and only changes the long term projections
at either low baseline prevalence (<20%), or moderate prevalence
(<30%) with high levels of treatment (P20 per 1000 IDU per
year).
Lastly, there is little difference in the HCV free LYG predictions
in relation to varying SVR (provided SVR rates are equal in nonor ex-IDU) or if retreatment is introduced (data not shown).

Discussion
Main ﬁndings

Sensitivity and uncertainty analysis

A

Relative prevalence reduction (%)

Fig. 5 shows the results of the uncertainty analysis (based on an
annual treatment rate of 20 per 1000 IDU) on the predicted
reduction in prevalence, including the possibility of re-infection
and lower SVR rates (parameter ranges from Table 1). Introduction of immunity has little impact on the projections (Fig. 5B).
Overall, uncertainty increases as time progresses (±50% after
20 years) and for higher treatment rates (not shown). The infection rate (p) and exit rate (l) are collinear and along with treatment SVR rate (a) account for the majority of this variability
(Fig. 5B). For most scenarios, greater impact is achieved in populations with lower incidence paired with long injecting durations.
In certain circumstances (low prevalence and long time scales or

Our simpliﬁed HCV transmission model provides evidence that
antiviral treatment at achievable rates may be an effective primary prevention tool for substantially reducing the prevalence
of HCV infection, despite the persistent risk of re-infection. Even
more substantial reductions in prevalence are possible if effective
treatments become available for those who do not attain SVR
with the current regimen. Reductions in average SVR (through
more genotype 1 in the population, or lowered completion and
compliance) reduces the expected reduction in HCV prevalence,
whereas higher SVR (e.g. through more individuals with genotype
2/3 or improved treatment regimens) increases the impact of
treatment. Re-infection will reduce the HCV free life years gained
(HCV free LYG) from successfully treating an individual. However,
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Fig. 5. Results of the uncertainty analysis. (A) Uncertainty analysis of the relative decrease in prevalence at 5 and 20 years (gray line and black lines, respectively). The
percent relative prevalence reduction (vertical axis) is shown for varying baseline chronic prevalences (horizontal axis) and treatment level of 20 per 1000 IDU annually for
the baseline model with parameters varied as in Table 1. (B) The average change in prevalence reduction as each parameter is varied over its full uncertainty range,
calculated by multiplying the regression coefﬁcient by each parameter range. Note that the general SVR rate and treatment durations are calculated from the sample values
of each genotype SVR sample (a1 and a2/3) as detailed in Table 1, and that infection rate is neglected as it is multicollinear with exit rate. Baseline chronic prevalence is
deﬁned as untreated endemic chronic infection prevalence.
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Fig. 6. Projected relative reduction in prevalence at 5, 10, and 20 years for the
SVR variation scenarios compared to the baseline scenario at different
baseline prevalences and treatment rates. The relative prevalence reduction
from baseline chronic prevalence (vertical axis) predictions are shown at 5 and
20 years (see arrows) for varying baseline untreated chronic prevalences
(horizontal axis). The prevalence reductions are shown for the baseline 62.5%
SVR scenario (gray line), reduced 45% SVR scenario (black dashes) and increased
80% SVR scenario (black dot-dash) with treatment levels of (A) 10 per 1000 IDU
annually and (B) 20 per 1000 IDU annually. Baseline chronic prevalence is deﬁned
as untreated endemic chronic infection prevalence.

because successful treatment also prevents a potential chain of
HCV transmissions, our projections suggest more HCV free LYG
are achieved from treating current IDU in populations with less
than 60% chronic infection prevalence than from treating nonor ex-IDU.
Strengths and limitations
There are several limitations. First, the ﬁndings are based on
model projections of the treatment effect instead of experimental
evidence. Second, the use of a ﬁxed treatment rate annually
assumed that treatment could be sustained at the same rate
despite a reduction in prevalence. This means that as prevalence
decreases, a larger proportion of infected IDU will be treated each
year although the number treated remains constant. In the short
1142
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Fig. 7. Projected relative reduction in prevalence at 5, 10, and 20 years for the
retreatment scenario compared to the baseline scenario at different baseline
prevalences and treatment rates. The relative prevalence reduction from
baseline chronic prevalence (vertical axis) predictions are shown at 5 and
20 years (see arrows) for varying baseline untreated chronic prevalences
(horizontal axis). The prevalence reductions are shown for the baseline scenario
(gray line) and retreatment scenario (black dashes). Baseline chronic prevalence
is deﬁned as untreated.

term, this may be a reasonable assumption, but would require
increased efﬁciency in efﬁcient and effective HCV testing and
case ﬁnding to ﬁnd those fewer infected IDU [29].
Third, the model assumed that all infected IDU have an equal
probability of being treated, completing treatment and cure. In
practice, barriers exist related to accessing IDU and ensuring they
are referred to and remain in specialist care. Additionally, we
assumed no difference in infection risk among non-immune
IDU following spontaneous clearance or successful treatment. In
reality, it is highly likely that there are heterogeneities in treatment presentation and completion (as well as in behavior and
risk following treatment) both between different IDU and at different times during a person’s injecting career. However, in the
UK and many other developed countries, a high proportion of
IDU are in opiate substitution treatment (40%), and during this
time IDU may continue to inject but at a lower injecting frequency or temporarily cease injecting. As most IDU will have
periods of opiate substitution treatment, there will be multiple
opportunities for HCV treatment among IDU in contact with
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treatment services, who may achieve similar SVRs to published
ﬁndings (used in our projections). Equally, biological and behavioral heterogeneity in infection risk may reduce the impact of
treatment for a speciﬁc baseline prevalence. For example, there
may be an elevated transmission risk in the acute stage of infection [30,31], injectors in their ﬁrst year of injecting may be at a
greater risk of becoming infected than at other times, and there
may be a high risk group that is resistant to interventions that
could promote HCV treatment (such as opiate substitution treatment). In addition, we have assumed average cessation and drug
related death rates – whereas these may vary in the ﬁrst year or
at other times during an injectors’ career [32]. Furthermore, it is
possible, though not well documented, that those undergoing or
exiting treatment may exhibit increased cessation rates. This
increased cessation during or after treatment could decrease
the potential impact of treatment, although it would still reduce
prevalence and HCV transmission due to infected IDU being
removed from the pool of active injectors. Unfortunately, there
is insufﬁcient evidence to parameterize any of these consequences or changes, which can only be incorporated once additional clinical evidence has been collected.
Fourth, although we explored SVR rates corresponding to scenarios with all genotype 1, all genotype 2/3, and mixed genotypes, we did not explicitly stratify the populations by
genotype. Stratifying the population by genotype could reﬁne
our model predictions because we could incorporate the dynamic
effect of treatment on the proportion of each genotype in a given
population.
Fifth, the model used a deterministic approximation of the
infection dynamics, and as such may not be reliable for very
low prevalences where stochastic effects can have substantial
effect. However, as HCV prevalence is currently extremely high,
the use of a deterministic model is appropriate in the current
circumstance.
Evidence from other studies
Only one other modeling study has considered the impact of HCV
treatment on prevalence [33]. Although a similar model structure
was used, our analysis produced more optimistic projections
because our ﬁxed number treatment term is a more realistic
model of antiviral treatment capacity and delivery, in contrast
to a treatment term which diminishes as the prevalence
decreases. In addition, our analyses present a wider range of
prevalence scenarios that have been observed in different sites
and countries (over a wider range of follow-up times) rather than
considering a single prevalence (>60%) scenario over a limited
time period. A preliminary economic evaluation also suggests
that HCV treatment may be a cost effective strategy [34].
Implications
To date, uptake of therapy remains low among active IDU, and is
rarely encouraged. Many factors contribute to the low treatment
rates in IDU including concerns about re-infection, the low priority of injectors for scarce treatment resources and the lack of evidence showing unequivocal beneﬁts. Nonetheless, the available
evidence suggests that IDU can be treated successfully
[17–21,35], especially when innovative approaches to delivering
therapy are used [36]. Our model suggests, for the ﬁrst time, that
therapy could play a valuable role in controlling the HCV

epidemic in IDU. However, the experimental or clinical data are
limited and probably subject to considerable selection biases.
The models outlined here require validation in clinical trials of
the impact of therapy on disease prevalence among IDU. Such
studies are complex as treatment only indirectly affects incidence
through reductions in prevalence. This analysis emphasizes the
importance of mathematical models for setting intermediate targets of changes in HCV prevalence for considering the effectiveness of treatment. Further modeling work is needed to examine
the cost effectiveness of different treatment strategies; the beneﬁts of combining HCV treatment with opiate substitution therapy
or needle and syringe programmes; and to incorporate transitions between periods of injecting and drug treatment and
extend the model to ex-IDU.

Disclosures
Natasha Martin: None.
Peter Vickerman: None.
Matthew Hickman: None.
Graham Foster: No payment or support related to the submitted work. Afﬁliations listed below:
Company: Roche, www.roche.com, F. Hoffmann-La Roche AG,
Konzern-Hauptsitz, Grenzacherstrasse 124, Ch-4070 Basel, Switzerland. +41 61 688 1111. Afﬁliation details: Consultancy, Grant
pending, Payment for development of education presentations,
Travel/accommodation expenses covered or reimbursed.
Company: Novartis, www.novartis.com, Novartis International AG, Ch-4002 Basel, Switzerland. +41 61 324 1111. Afﬁliation details: Consultancy, Payment for development of
education presentations, Travel/accommodation expenses covered or reimbursed.
Company: Tibotec, www.tibotec.com, Eastgate Village, Eastgate, Little Island, Co Cork, Ireland. +353 21 467 3500. Afﬁliation
details: Consultancy.
Company: Gilead, www.gilead.com, 333 Lakeside Drive, Foster
City, CA, 94404, United States. +1 650 574 3000. Afﬁliation details:
Consultancy, Payment for development of education presentations,
Travel/accommodation expenses covered or reimbursed.
Company: Chughai Pharma, www.chugai.co.uk, Mulliner
House, Turnham Green, London, W4 1NN, UK +44 (0)20 8987
5600. Afﬁliation details: Grant pending, Payment for development of education presentations, Travel/accommodation
expenses covered or reimbursed.
Company: GlaxoSmithKline, www.gsk.com, 980 Great West
Road, Brentford, Middlesex, TW8 9GS, United Kingdom.
+44(0)20 8047 5000. Afﬁliation details: Payment for development of education presentations, Travel/accommodation
expenses covered or reimbursed.
Sharon Hutchinson: No payment or support related to the
submitted work. Afﬁliations listed below:
Company: Schering-Plough/Merck, www.merck.com, One
Merck Drive, PO Box 100, Whitehouse Station, NJ, 08889-0100,
United States. +1 908 423 1000. Afﬁliation details: Payment for
development of educational presentations.
David Goldberg: No payment or support related to the submitted work. Afﬁliations listed below:
Company: Schering-Plough/Merck, www.merck.com, One
Merck Drive, PO Box 100, Whitehouse Station, NJ, 08889-0100,
United States. +1 908 423 1000. Afﬁliation details: Honoraria.

Journal of Hepatology 2011 vol. 54 j 1137–1144

1143

Research Article
Company: Roche, www.roche.com, F. Hoffmann-La Roche AG,
Konzern-Hauptsitz, Grenzacherstrasse 124, Ch-4070 Basel, Switzerland. +41 61 688 1111. Afﬁliation details: Honoraria.
Company: Tibotec, www.tibotec.com, Eastgate Village, Eastgate, Little Island, Co Cork, Ireland. +353 21 467 3500. Afﬁliation
details: Honoraria.

Financial support
Funding from NCCRCD/NIHR CRDHB, MRC New Investigator
Award, Scottish Government Hepatitis C Action Plan.
Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jhep.2010.08.029.

References
[1] Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus
infection. Lancet Infect Dis 2005;5:558–567.
[2] ACMD, The primary prevention of hepatitis C among injecting drug users;
2009.
[3] Vickerman P et al. Can hepatitis C virus prevalence be used as a measure
of injection-related human immunodeﬁciency virus risk in populations of
injecting drug users? An ecological analysis. Addiction 2009;105:
311–318.
[4] Kwon JA et al. The impact of needle and syringe programs on HIV and HCV
transmissions in injecting drug users in Australia: a model-based analysis. J
Acquir Immune Deﬁc Syndr 2009;51 (4):462–469.
[5] Sweeting M et al. Hepatitis C infection among injecting drug users in
England and Wales 1992–2006: there and back again? Am J Epidemiol
2009;170:352–360.
[6] Hutchinson S et al. Prevalence of hepatitis C among injectors in Scotland
1989–2000: declining trends among young injectors halt in the late 1990s.
Epidemiol Infect 2002;128:473–477.
[7] Van Den Berg C et al. Full participation in harm reduction programmes is
associated with decreased risk for human immunodeﬁciency virus and
hepatitis C virus: evidence from the Amsterdam Cohort Studies among drug
users. Addiction 2007;102:1454–1462.
[8] NICE, Inteferon alfa (pegylated and non-pegylated) and ribavirin for the
treatment of chronic hepatitis C. NICE, Editor; 2000.
[9] NICE, Peginterferon alfa and ribavirin for the treatment of mild chronic
hepatitis C. NICE, Editor; 2006.
[10] Shepherd J et al. Interferon alfa (pegylated and non-pegylated) and ribavirin
for the treatment of mild chronic hepatitis C: a systematic review and
economic evaluation. Health Technol Assess 2007;11:1–224.
[11] National Institutes of Health (NIH), Managemant of hepatitis C: 2002. NIH
Consensus State-of-the-Science Statement; 2002. p. 1–46.
[12] Grebely J et al. Uptake of hepatitis C virus (HCV) treatment among injection
drug users (IDUS) in Vancouver, Canada. J Hepatol 2006;44:S214–S215.
[13] Seal KH et al. Among injection drug users, interest is high, but access low to
HCV antiviral therapy. J Gen Intern Med 2005;20:171.
[14] Booth JCL, O’Grady J, Neuberger J. Clinical guidelines on the management of
hepatitis C. Gut 2001;49:I1–I21.
[15] Reimer J et al. Guidelines for the treatment of hepatitis C virus infection in
injection drug users: status quo in the European Union countries. Clin Infect
Dis 2005;40:S373–S378.
[16] Foster GR. Injecting drug users with chronic hepatitis C: should they be
offered antiviral therapy? Addiction 2008;103:1412–1413.

1144

[17] Litwin AH et al. Successful treatment of chronic hepatitis C with pegylated
interferon in combination with ribavirin in a methadone maintenance
treatment program. J Subst Abuse Treat 2009;37:32–40.
[18] Hellard M, Sacks-Davis R, Gold J. Hepatitis C treatment for injection
drug users: a review of the available evidence. Clin Infect Dis 2009;49:
561–573.
[19] Dore GJ et al. Effective treatment of injecting drug users with recently
acquired hepatitis C virus infection. Gastroenterology 2010;138:123–135.
[20] Backmund M et al. Treatment of hepatitis C infection in injection drug users.
Hepatology 2001;34:188–193.
[21] Wilkinson M et al. Community-based treatment for chronic hepatitis C in
drug users: high rates of compliance with therapy despite ongoing drug use.
Aliment Pharmacol Ther 2009;29:29–37.
[22] Dalgard O. Follow up studies of treatment for hepatitis C virus infection
among injection drug users. Clin Infect Dis 2005;40:S336–S338.
[23] Hofer H et al. Spontaneous viral clearance in patients with acute hepatitis C
can be predicted by repeated measurements of serum viral load. Hepatology
2003;37:60–64.
[24] Herrmann E et al. Effect of ribavirin on hepatitis C viral kinetics in patients
treated with pegylated interferon. Hepatology 2003;37:1351–1358.
[25] Neumann AU et al. Hepatitis C viral dynamics in vivo and the antiviral
efﬁcacy of interferon-therapy. Science 1998;282:103–107.
[26] NIH, Management of Hepatitis C. NIH Consensus Statement. NIH, Editor;
2002.
[27] McHutchison JG et al. Telaprevir for previously treated chronic HCV
infection. N Engl J Med 2010;362:1292–1303.
[28] Martin NK, Vickerman P, Hickman M. Mathematical modelling of hepatitis C
treatment for injecting drug users. J Theor Biol 2011;274:58–66.
[29] Hickman M et al. Increasing the uptake of hepatitis C virus testing among
injecting drug users in specialist drug treatment and prison settings by using
dried blood spots for diagnostic testing: a cluster randomized controlled
trial. J Viral Hepat 2008;15:250–254.
[30] Cox Andrea AL et al. Prospective evaluation of community acquired acute
phase hepatitis C virus infection. Clin Infect Dis 2005;40:951–958.
[31] Busch MP. Insights into the epidemiology, natural history and pathogenesis
of hepatitis C virus infection from studies of infected donors and blood
product recipients. Transfus Clin Biol 2001;8:200–206.
[32] Kimber J et al. Survival and cessation in injecting drug users: prospective
observational study of outcomes and effect of opiate substitution treatment.
BMJ 2010;340:c3172.
[33] Zeiler I et al. Optimal targeting of hepatitis C virus treatment among
injecting drug users to those not enrolled in methadone maintenance
programs. Drug Alcohol Depend 2010;110:228–233.
[34] Vickerman P, Miners A, Williams J. Assessing the cost-effectiveness of
interventions linked to needle and syringe programmes for injecting drug
users. NICE, Editor: London; 2008.
[35] Van Thiel DH, Anantharaju A, Creech S. Response to treatment of hepatitis C
in individuals with a recent history of intravenous drug abuse. Am J
Gastroenterol 2003;98:2281–2288.
[36] Edlin BR et al. Overcoming barriers to prevention, care, and treatment of
hepatitis C in illicit drug users. Clin Infect Dis 2005;40:S276–S285.
[37] Hickman M et al. Hepatitis C virus (HCV) prevalence, and injecting risk
behaviour in multiple sites in England in 2004. J Viral Hepat
2007;14:645–652.
[38] Hickman M et al. Assessing IDU prevalence and health consequences (HCV,
overdose and drug-related mortality) in a primary care trust: implications
for public health action. J Public Health 2009:1–9.
[39] Nordt C, Stohler R. Incidence of heroin use in Zurich, Switzerland: a
treatment case register analysis. Lancet 2006;367:1830–1834.
[40] Sweeting MJ et al. Estimating hepatitis C prevalence in England and Wales
by synthesizing evidence from multiple data sources. Assessing data conﬂict
and model ﬁt. Biostat 2008;9:715–734.
[41] Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following
hepatitis C infection: a systematic review of longitudinal studies. J Viral
Hepat 2006;13:34–41.
[42] Mehta SH et al. Protection against persistence of hepatitis C. Lancet
2002;359:1478–1483.

Journal of Hepatology 2011 vol. 54 j 1137–1144

