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Chapter 6
The effect of epidemiological setting on the impact  
of harm reduction targeting injecting drug users

Peter Vickerman and Matthew Hickman

Abstract

Hepatitis C (HCV) and HIV cause substantial morbidity and mortality, and are both easily 
transmitted through contaminated syringes. Although reducing the transmission of HCV and 
HIV through injecting drug use is critical to preventing both infections, there is little evidence 
that interventions targeting injecting drug users (IDUs) reduce the transmission of either HIV 
or HCV.

A recent systematic review suggested a strong positive relationship between the prevalence 
of HIV and HCV in different IDU populations, but with considerable variability in different 
settings. This analysis uses a dynamic HIV and HCV transmission model to investigate the 
possible reasons for these observed trends, and to explore whether HIV and/or HCV 
prevalence could be used as proxy markers for the relative impact of an IDU intervention in 
different settings. By varying the HIV and HCV transmission probabilities and other non-
setting specific HIV/HCV natural history parameters, a dynamic compartmental model of HIV 
and HCV transmission was fitted, to observe trends in HIV and HCV prevalence from 
different settings. Using multivariate linear regression, the output from the ‘best-fitting’ 
simulated epidemics was used to identify factors that determine the type of HIV and HCV 
epidemic that occurs. These simulated epidemics were then used to project the impact of a 
generic intervention that reduced syringe sharing amongst all IDUs or just low- or high-risk 
IDUs, and to explore whether the impact projections correlated with HIV and/or HCV 
prevalence.

Results showed that the relative HCV to HIV transmission probability was the main factor 
determining how well the model agreed with the observed HIV and HCV prevalence 
trends. The ‘best-fitting’ model projections suggest that the relative HIV to HCV prevalence 
in different epidemic scenarios is positively correlated to the relative proportion of and 
level of risk behaviour among the high-risk IDUs. Indeed, the projected impact of the 
generic intervention was also strongly correlated with the baseline HIV and HCV 
prevalence of the simulated epidemic, with more impact (HIV/HCV infections averted and 
relative decrease in HIV/HCV incidence) occurring in higher HCV prevalence settings but 
less impact occurring, except for HIV infections averted, in higher baseline HIV prevalence 
settings. Lastly, a generic intervention among IDUs had less impact on the HCV epidemic 
compared to the HIV epidemic in most scenarios. However, when the intervention reached 
only lower-risk IDUs, it had only little impact on the HIV epidemic and greater impact on 
the HCV epidemic.
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We conclude that the trends and variability in HIV and HCV prevalence observed in different 
epidemiological settings may be mainly due to differences in the heterogeneity of IDU risk 
behaviour. The HIV and HCV prevalence in a setting could be proxy markers for the relative 
impact of an intervention.

Keywords: injecting drug use, HIV, hepatitis C, mathematical modelling.

Introduction

Hepatitis C (HCV) and HIV cause substantial morbidity and mortality. Worldwide, 40 million 
people are estimated to be infected with HIV (UNAIDS, 2004a) and 170 million with HCV 
(WHO, 2000a). HCV and HIV can easily be transmitted through contaminated syringes 
(Baggaley et al., 2006; De Carli et al., 2003), and, while HIV infection rates vary widely 
(UNAIDS, 2004b), HCV infection rates are often very high amongst injecting drug users 
(IDUs) (Health Protection Agency, 2004; Wiessing and Nardone, 2006). Similarly to HIV, 
HCV infection is an important public health concern in Europe and elsewhere, because the 
majority of HCV infections do not resolve (Micallef et al., 2006) but become chronic and over 
time lead to cirrhosis of the liver, and possibly liver cancer and death (Limburg, 2004).

A worldwide systematic ecological analysis by the authors has shown that there is a strong 
positive relationship between the prevalence of HIV and that of HCV in different IDU 
populations, with the mean HIV prevalence generally being negligible if HCV prevalence is 
less than 30 % and thereafter increasing linearly with HCV prevalence (Vickerman et al., 
2009a). Although this suggests that HCV prevalence could be used as a proxy indicator for 
injection-related HIV risk, there was substantial variability around the relationship when HCV 
prevalence is greater than 30 %, suggesting that other factors, such as the stage of the HIV 
epidemic and heterogeneity in IDU risk behaviour, may also play a role. This variability in 
HIV and HCV prevalence exists in all world regions, with the HIV prevalence in different 
European settings varying between 0 % and 70 % (Muga et al., 2007) and the HCV 
prevalence varying between 2.8 % (Danis et al., 2007) and 98 % (Westh et al., 1993). 
Overall, HIV prevalence in Europe is low; with high rates of prevalence being found in local 
studies. Nonetheless, despite this variability, the systematic review suggests that HCV 
prevalence could be used as a proxy indicator for injection-related HIV risk — and as a 
target or threshold level to minimise the possibility of an HIV outbreak.

Modelling health harm and its reduction

Reducing the transmission of HCV and HIV through injecting drug use is critical to the overall 
prevention of these infections in most countries. Epidemiological studies have shown that 
needle exchange and opioid substitution therapy (OST) interventions can reduce HIV 
transmission (Gibson et al., 1999; Gibson et al., 2001). However, the evidence for 
interventions impacting on HCV transmission is modest (Des Jarlais et al., 2005; Goldberg et 
al., 2001; van den Berg et al., 2007), with only one European study showing that full harm 
reduction (syringe distribution and OST) can reduce not only HIV incidence by 57 %, but also 
HCV incidence by 64 % (van den Berg et al., 2007). This lack of evidence is partly due to a 
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relative dearth of epidemiological studies that estimate the impact of IDU interventions on 
HCV incidence, probably due to their high cost and difficulties in following up ‘chaotic’ IDUs 
(Craine et al., 2009). Although it is not the gold standard for evaluating interventions, 
modelling can play an important role in these difficult situations by translating intermediate 
intervention outcomes (HIV/HCV prevalence trends and/or even decreases in IDU risk 
behaviour) into projected decreases in HIV/HCV incidence or number of infections averted. 
Indeed, modelling can also answer ‘what if’ questions that would otherwise be very difficult 
to answer with epidemiological studies.

Numerous model analyses have provided important insights into the potential impact and cost-
effectiveness of different intervention strategies for IDUs in Europe, the United States, Eastern 
Europe, Asia and Australia (Blower et al., 1991; Kaplan and Heimer, 1994; Kretzschmar and 
Wiessing, 1998; Kretzschmar and Wiessing, 2008; Murray et al., 2003; Vickerman et al., 
2006b; Vickerman et al., 2007). However, most studies have focused on HIV, with the small 
number of HCV modelling analyses being hampered by simplified epidemiology of HCV or 
IDU risk behaviour, or uncertainty surrounding key behavioural or biological parameters 
(Kretzschmar and Wiessing, 2004; Murray et al., 2003; Pollack, 2001; Vickerman et al., 2007).

Despite this, a number of analyses have fit HCV models to epidemiological data from one 
setting (Hutchinson et al., 2006; Murray et al., 2003; Vickerman et al., 2007; Vickerman et 
al., 2009b), mainly to estimate the impact of changes in syringe distribution/sharing. 
However, this model fitting strategy may not adequately calibrate an HCV transmission 
model, because one epidemic profile will contain insufficient information to fully understand 
the nature of HCV epidemics in other settings. This was emphasised in two studies by the first 
author of this chapter, which found that very different model parameterisations could 
accurately fit the HCV prevalence data from London, United Kingdom (Vickerman et al., 
2007) or Rawalpindi, Pakistan (Vickerman et al., 2009b).

Few epidemiological or modelling analyses have considered the impact on the transmission 
of both HIV and HCV of an intervention targeting IDUs (Kwon et al., 2009; Murray et al., 
2003; Vickerman et al., 2009b), and none have explored how impact could vary by the 
extent of baseline HIV and HCV epidemic occurring in a setting. In an attempt to fill this 
knowledge gap and to reduce the parametric uncertainty around modelling HCV, this 
analysis uses a joint HIV and HCV transmission mathematical model, fitted to the observed 
trends between HIV and HCV prevalence, to explore how the impact of a generic 
intervention (any one that reduces the extent of syringe sharing among IDUs) varies across 
different epidemiological scenarios. The model’s biological parameters are calibrated by 
determining which set of ‘biological parameters’ (HIV and HCV transmission and natural 
history parameters) most accurately produces the observed relationship between HIV and 
HCV prevalence when IDU behavioural parameters are widely varied to produce different 
epidemics. The simulated epidemics for this ‘biological’ parameter set are then used to 
explore how the impact of a generic intervention varies by HIV and HCV prevalence. More 
complex ‘realistic’ interventions (i.e., combinations of interventions, including treatment) were 
not modelled because it was not the main focus of the study, but impact estimates were made 
amongst high- and low-frequency syringe sharers in order to understand how targeted IDU 
interventions may differentially impact on HIV and HCV.
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Methods

There were a number of stages to this analysis, many of which built on the work of previous 
analyses. First, the HIV and HCV transmission mathematical model and different ‘biological’ 
parameter sets (includes HIV and HCV transmission probabilities and non-setting specific 
natural history parameters — see Table 6.1 for all ‘biological’ parameters) that produced 
model fits in a recent modelling analysis from a specific IDU population (Vickerman et al., 
2009b) were used as the basis for this analysis. For each of the biological parameter sets, an 
extensive uncertainty analysis was undertaken by randomly sampling specific IDU risk 
behaviour parameters (see parameters in Table 6.1) to produce 100 different behavioural 
parameter sets and so 100 different simulated HCV and HIV epidemics. These 100 
behavioural parameter sets were chosen so that a wide variety of simulated HIV and HCV 
epidemics would be produced, and the same behavioural parameter sets were used for each 
biological parameter set. For each parameter set, the simulated epidemic was run until the 
overall HCV prevalence among IDUs was stable and the HIV epidemic had run for 30 years. 
The projected HIV/HCV prevalences were then compared to HIV and HCV prevalence trends 
for different IDU populations from a systematic review to see which biological parameter set 
produced the highest proportion of HIV and HCV epidemic projections lying within a defined 
area containing the vast majority of the paired HIV and HCV prevalence estimates from the 
systematic review. The 100 runs for this ‘best fit’ biological parameter set were used to 
explore how the impact of reducing the frequency of syringe sharing by 50 %, either 
amongst all IDUs or just among low-frequency (sharing syringes less often than once a week) 
or high-frequency (sharing syringes at least once a week) syringe sharers, varies for 
epidemics with different endemic HIV and HCV prevalence. Intervention impact was 
estimated over three years in terms of HIV and HCV infections averted (per 1 000 IDUs) and 
the relative decrease in HIV and HCV incidence (defined as the decrease of HIV and, 
respectively, HCV incidence compared to the baseline incidence).

Table 6.1:  Uncertainty ranges used for ‘biological’ (HIV and HCV) and behavioural 
model parameters

Model parameter Value used Data source

HIV ‘biological’ model parameter

HIV transmission probability per syringe 
sharing event 

0.14–1.41 % (Baggaley et al., 2006)

Cofactor increase in HIV transmission 
probability during initial period of high 
viraemia

7.5–15 (Pilcher et al., 2004a; Quinn et 
al., 2000; Wawer et al., 2005)

Pre-AIDS period of high viraemia 3–6 (Wawer et al., 2005)

Duration of initial period of high viraemia 1.5–2.5 months (Pilcher et al., 2004b; Wawer et 
al., 2005)
(Wawer et al., 2005)Duration of pre-AIDS period of high 

viraemia 
12–24 months
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Model parameter Value used Data source

Median duration until severe morbidity or 
death

75–92 months (Grover and Shivraj, 2004; 
Kumarasamy et al., 2003)

HCV ‘biological’ model parameter

HCV transmission probability if HIV 
negative

1.5–14 % (Baggaley et al., 2006; De Carli et 
al., 2003; Vickerman et al., 2009b)

HCV transmission probability if HIV 
positive relative to if HIV negative

RR of 1.0–3.7 (De Carli et al., 2003; 
Pappalardo, 2003; Vickerman et 
al., 2009b; Yazdanpanah et al., 
2005)

Duration of HCV acute phase of infection 3–24 months (Cox et al., 2005; Larghi et al., 
2002; Vickerman et al., 2007)

Proportion of HCV infecteds that resolve 
infection

Amongst HIV negatives 26 % (20–50 %) (Micallef et al., 2006)

Amongst HIV positives relative to HIV 
negatives

RR of 0.21–
0.58

(Bonacini et al., 2001; Daar et al., 
2001; Grebely et al., 2008; 
Thomas et al., 2000a)

Proportion of resolved infecteds that 
become immune

Amongst HIV negatives 0–100 % (Currie et al., 2008; Dalgard, 
2005; Grebely et al., 2006; Mehta 
et al., 2002; Micallef et al., 2007)

Amongst HIV positives relative to HIV 
negatives

RR of 0.3–0.5 Little data (Grebely et al., 2006; 
Mehta et al., 2002)

Effectiveness of cleaning syringes for 
disinfecting against HCV (mainly water 
used)

Assumed same 
effectiveness as 
HIV

Little data (Kapadia et al., 2002). 

Behavioural model parameters

Duration inject drugs for 5–15 years NA

Proportion do not share syringes 0–40 % NA

Frequency of syringe sharing per month 
amongst high-frequency syringe sharers

4–60 NA

Frequency of syringe sharing per month 
amongst low-frequency syringe sharers

<4 (less than 
once per week)

NA

Proportion of IDUs that share with high 
frequency

5–60 % NA

Proportion of IDUs that share with low 
frequency

remainder NA

Table 6.1 (continued)
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Model derivation

A deterministic compartmental model of HCV and HIV transmission developed for a 
previously published analysis was used (Vickerman et al., 2009b). In brief, the model 
simulates the transmission of both HCV and HIV amongst IDUs with different levels of needle/
syringe sharing. The model includes three behavioural subgroups of IDUs depending on 
whether they do not share needles/syringes (do not inject with a previously used needle/
syringe), or share with a low or high frequency. The model simulates the transmission of 
HCV/HIV over time and includes two sub-groups for those that are new injectors and those 
that have been injecting for longer. IDUs leave the population if they cease injecting, die or 
experience severe HIV-related morbidity.

The HCV transmission model assumes that IDUs enter an acute phase of infection once 
infected, and either resolve their infection after a number of months or progress to lifelong 
chronic infection. A proportion of those that resolve HCV are assumed to become immune, 
and the remainder become susceptible again (Aitken et al., 2008; Currie et al., 2008; 
Dalgard, 2005; Grebely et al., 2006; Micallef et al., 2007). All infecteds develop an 
antibody response during their acute phase.

The HIV transmission model assumes that once susceptible individuals are infected they 
progress to a high viraemia phase of infection, following which they progress to a longer 
stage of low viraemia, a short period of high viraemia pre-AIDS, and then AIDS. Because the 
focus of the study was to look at the impact of interventions aiming to reduce injecting risks, 
the model did not simulate the sexual transmission of HIV.

The HCV and HIV models are run in parallel once the HCV transmission model has 
reached a stable state without HIV. From that point, the model follows the HIV/HCV co-
infection state of each IDU and assumes that being HIV infected exacerbates the effects of 
being HCV infected, both in terms of the secondary transmission and the natural history of 
HCV. Because of evidence that HIV infection increases both the HCV viral load in co-
infected IDUs (Bonacini et al., 2001; Daar et al., 2001; Fishbein et al., 2006; Thomas et al., 
2000b; Thomas et al., 2001) and the probability of mother-to-child HCV transmission 
(Pappalardo, 2003), the HCV secondary transmission probability was assumed to be 
heightened in HIV/HCV co-infected IDUs. In addition, it was assumed that the probability 
that an HCV infection resolves was reduced in HIV/HCV co-infected individuals (Bonacini 
et al., 2001; Daar et al., 2001; Grebely et al., 2007; Mehta et al., 2002; Thomas et al., 
2000a), and so was the probability that they develop immunity against HCV (Grebely et 
al., 2006; Mehta et al., 2002).

This HIV/HCV prevalence model also has an additional component that incorporates the 
possible effect of a generic intervention. After a certain time the intervention reduces the 
frequency of syringe sharing amongst IDUs, regardless of whether they share syringes with a 
low or high frequency, and affects the epidemiology of HIV and HCV in the modelled 
population.
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Model parameter values used for model fitting

The model was parameterised using different biological parameter sets that produced 
model fits (n=42) to HIV and HCV prevalence data from a specific IDU population 
(Vickerman et al., 2009b). These parameter sets were obtained during a rigorous fitting 
process that also sampled across the uncertainty ranges for the behavioural parameters 
from that setting. The behavioural parameters were mainly obtained from an in-depth 
survey undertaken in the setting. The 42 biological model parameter sets were from a 
total of 400 non-setting specific parameter sets that were randomly sampled from 
parameter uncertainty ranges during the model fitting process. The parameter uncertainty 
ranges for the biological parameters were obtained from the literature, and included such 
aspects as the HIV and HCV transmission probabilities, the duration of the HCV acute 
phase, and proportion of HCV infecteds that resolve infection. See Table 6.1 for the 
biological parameters and their uncertainty ranges. All parameters had similar ranges 
amongst the model fits from the previous analysis, except for the HIV and HCV 
transmission probabilities, which had the ranges of 0.34–1.4 % and 1.5–5.0 %, 
respectively.

One hundred behavioural parameter sets were randomly sampled from the behavioural 
parameter uncertainty ranges in Table 6.1, and these parameter sets were used to

Figure 6.1:  Weighted HIV and HCV prevalence data from 310 different IDU populations including 
the defined region for determining whether a model simulation is a model fit or not
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simulate 100 different HIV and HCV epidemics for each biological parameter set. Each 
epidemic was run until the HCV prevalence changed by <0.05 % in one year and then 
the HIV epidemic was run for 30 years. The ranges for each behavioural parameter 
were set to allow the model to produce a wide range of different HIV and HCV 
epidemics. 

For each biological parameter set, the 100 model simulations were compared against 
collated HIV and HCV prevalence data from different IDU cross-sectional surveys found 
by our systematic review (Vickerman et. al, 2009a) (see Figure 6.1). This systematic review 
obtained weighted HIV and HCV prevalence estimates for 310 different IDU populations 
from peer reviewed journal articles, international AIDS conference abstracts between 
2000–08, the European IDU HIV/HCV database (managed by the European Monitoring 
Centre for Drugs and Drug Addiction) (EMCDDA, 2008), United Kingdom unlinked 
prevalence monitoring programme (managed by the Health Protection Agency) (Health 
Protection Agency, 2008), and WHO Multi-City Drug Injection Study Phase II (WHO, 
2000b). A model simulation was defined as a fit to the collated HIV/HCV prevalence data 
if the last time point of the model simulation projected an HIV and HCV prevalence within 
the region surrounded by a bolded triangle shown in Figure 6.1. The percentage of model 
runs that were model fits for a particular biological parameter set was used to evaluate its 
goodness of fit. The model projections for the best-fitting biological parameter set were 
also validated against available HIV and HCV incidence data from different IDU 
populations (obtained through a non-systematic literature review) to confirm that the 
model produced a similar relationship between HIV/HCV incidence and HIV/HCV 
prevalence.

Intervention impact projections

The biological parameter set with the best goodness of fit was used to explore how the 
impact of a 50 % reduction in the frequency of syringe sharing will vary by endemic HIV and 
HCV prevalence in different epidemic settings. A 50 % reduction in syringe sharing was 
chosen for illustrative purposes, but this figure also reflects an upper bound estimate for what 
can be achieved with intensive needle and syringe distribution (Foss et al., 2007; Hutchinson 
et al., 2006). The impact of the intervention was estimated in terms of HIV/HCV infections 
averted (per 1 000 IDUs) and the relative decrease in HIV/HCV incidence over three years. 
Scatter plots, partial correlation coefficients and linear regression models (with ‘impact’ as 
the independent variable and HIV and HCV prevalence as the dependent variables) were 
used to assess the relationship between the variables, and the R-squared statistic was used to 
determine the strength of the association.

Insights from model fitting process

The percentage of model simulations for each biological parameter set that gave endemic 
HIV and HCV prevalence projections within the bounded area in Figure 6.1 varied widely 
from 0 % to 78 %. Interestingly, the goodness of fit was largely dependent on the factor 
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difference between the HIV and HCV transmission rate (defined as Ω), with a greater 
percentage of simulations lying within the bounded area as Ω increases (Figure 6.2). This 
suggests that the HCV transmission probability must be over three, or potentially even four to 
five times greater than the HIV transmission probability. Figure 6.2 also shows that one 
biological parameter set had a much better goodness of fit than the others, with 78 % of the 
model projections within the bounded area compared to 54 % for the next best-fitting 
biological parameter set. This biological parameter set was defined as the ‘best fit’ and was 
used in the impact analysis.

Figure 6.2:  Relationship between the factor difference in the HCV and HIV transmission 
probabilities and the percentage of model simulations that lie within the bounded area 
in Figure 6.1
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A comparison of available HIV/HCV prevalence and incidence data with the model 
projections from the best-fitting biological parameter set is shown in Figures 6.3a and b. They 
show that the model mimics the data reasonably well, except for settings with high HCV 
prevalence but low HIV prevalence, that is, a low ratio of HIV prevalence to HCV prevalence. 
This could be due to the model not incorporating enough heterogeneity in risk behaviour, or 
HIV being more compartmentalised in specific IDU networks, or just the fact that we only 
included the final time point of the model’s projection of HIV and HCV prevalence for each 
epidemic in the comparison. Including all the model projections over time for each epidemic 
results in many more lower HIV prevalence projections (result not shown), and the existing 
model projections also suggest that decreasing the proportion and/or syringe sharing 
frequency of the high-frequency syringe sharers results in a lower HIV prevalence relative to 
HCV prevalence (Figure 6.4).
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Figure 6.3: Comparison with data of the HIV/HCV prevalence and incidence projections for the 
‘best fit’ biological parameter set 

Figure 6.3a: Comparison with HIV/HCV prevalence data
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Figure 6.3b: Comparison with HIV/HCV incidence data
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Figure 6.4a:  Relationship between relative HIV to HCV prevalence and the proportion of high-risk 
syringe-sharing IDUs
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Figure 6.4b:  Relationship between relative HIV to HCV prevalence and syringe-sharing frequency of 
high-risk syringe-sharing IDUs
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Intervention impact projections: overall projections

Figure 6.5 shows that the projected HIV and HCV infections averted due to a 50 % reduction 
in syringe sharing frequency amongst all IDUs is highly variable, although a similar range of 
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impact projections are obtained for each infection. The number of HIV infections averted is 
positively correlated with baseline HIV and HCV prevalence and the number of HCV 
infections averted is negatively correlated with baseline HIV prevalence, but positively 
correlated with baseline HCV prevalence. These correlations are maintained when the partial 
correlation coefficients are estimated (see Table 6.2), while controlling for the prevalence of 
the other infection, with the corresponding linear regression models explaining 50–60 % 
(R2=0.5–0.6) of the variance in the model projections.

Figure 6.5a:  Scatter plot to show the relationship between HIV infections averted (per 1 000 IDUs) 
and HIV prevalence
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Figure 6.5b:  Scatter plot to show the relationship between HIV infections averted (per 1 000 IDUs) 
and HCV prevalence
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Figure 6.5c: Relationship between HCV infections averted (per 1 000 IDUs) and HIV prevalence
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Figure 6.5d: Relationship between HCV infections averted (per 1 000 IDUs) and HCV prevalence
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Table 6.2:  Partial correlation coefficients and regression parameters for the 
relationship between two different measures of intervention impact (HIV 
and HCV infections averted or relative decrease in HIV and HCV 
incidence) and baseline HIV and HCV prevalence

Partial correlation † with Linear regression 
coefficient † with

HCV 
prevalence

HIV 
prevalence

HCV 
prevalence

HIV 
prevalence

R2

Infections 
averted

HIV 0.33 ↑ 0.35 ↑ 73.0 ↑ 77.3 ↑ 0.50

HCV 0.76 ↑ –0.74 ↓ 235.7 ↑ –222.5 ↓ 0.60

Relative decrease 
in incidence

HIV 0.60 ↑ –0.73 ↓ 0.81 ↑ –1.15 ↓ 0.53

HCV 0.91 ↑ –0.93 ↓ 0.98 ↑ –1.17 ↓ 0.87
Notes:

† all partial correlation coefficients and regression coefficients are significant to p<0.001.
↑ signifies a positive correlation with that variable and ↓ signifies a negative correlation with that variable.

Similar associations are seen for the relative decrease in HIV or HCV incidence due to the 
intervention, with both being positively correlated with baseline HCV prevalence and 
negatively correlated with baseline HIV prevalence. However, although the regression model 
for the relative decrease in HIV incidence has a similar R2, the regression model for the 
relative decrease in HCV incidence is a much better fit, explaining 87 % of the variance. The 
box below explains the implications of these results.

Implications of regression coefficients relating intervention impact projections to baseline 
HIV and HCV prevalence

For every 10 % increase in baseline HIV prevalence:

•   the post-intervention reduction in HIV and HCV incidence decreases by ~12 %;
•   the number of HIV infections averted over  three years increases by ~8 per 1 000 IDUs 

reached (which translates to a 10–14 % increase in the number of HIV infections averted if 
the baseline HIV prevalence was 20 %);

•   the number of HCV infections averted over  three years decreases by ~22 per 1 000 IDUs 
(which translates to a 33–50 % decrease if the baseline HCV prevalence was 50 %).

For every 10 % increase in baseline HCV prevalence:

•   the post-intervention reduction in HIV incidence increases by 8 % and that of HCV incidence 
by 10 %;

•   the number of HIV infections averted over  three years  increases by ~7 per 1 000 IDUs 
reached (which translates to a 10–14 % increase in the number of HIV infections averted if 
HIV prevalence was 20 %);

•   The number of HCV infections averted  increases by about ~24 per 1 000  IDUs  (which 
translates to a 33–50 % increase if the baseline HCV prevalence was 50 %).
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The existence of these associations is due to the relative HIV prevalence (compared to 
HCV) being a measure of the proportion and syringe sharing frequency of the high-risk 
IDUs (Figure 6.4). To attain high HIV prevalence, a larger proportion of IDUs who 
frequently share syringes is necessary, and so it becomes harder to avert HCV infections 
and reduce the HIV and HCV incidence because IDUs become re-infected frequently. This 
effect is not observed in the HIV infections averted because the force of infection (the 
rate at which susceptible individuals become infected) for HIV is much lower than that for 
HCV, with the reduced impact on HIV incidence being offset by the higher baseline HIV 
incidence. 

Figure 6.6 suggests that the relative HIV prevalence could be a good predictor of the relative 
number of HIV vs. HCV infections averted by an intervention. For example, if HIV prevalence 
is 25 % of HCV prevalence then the model suggests that 40–60 % fewer HIV than HCV 
infections will be averted, whereas if HIV prevalence is 75 % of HCV prevalence then >50 % 
more HIV than HCV infections will be averted.

These results occur because the relative HIV to HCV prevalence in a stable epidemic is a 
measure of relative proportion and level of risk behaviour of the high-risk IDUs. For a low 
relative HIV prevalence to HCV prevalence, the IDU population must have a smaller and/or 
‘less risky’ high-risk group with lower HIV incidence, and so fewer HIV cases but more HCV 
cases are averted because fewer of the HCV incident infections are amongst very high-risk 
IDUs with a high re-infection rate. For a high relative HIV prevalence, the IDU population 
must have a larger and/or ‘more risky’ high-risk group with higher HIV incidence, and so 
more HIV cases but fewer HCV cases are averted because more HCV incident infections are 
amongst the high-risk IDUs that frequently get re-infected.

Figure 6.6:  The model’s projected relationship between the relative HIV prevalence compared to 
HCV prevalence and the relative number of HIV infections averted compared to HCV 
infections averted
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Intervention impact projections: effect of targeting IDUs

Figure 6.7 shows that the targeting of an intervention among IDUs to only those IDUs that 
have a low- or high-frequency of syringe sharing could have substantial implications for the 
impact of an intervention. If the intervention just reaches the higher-risk IDUs then a greater 
impact on HIV transmission can be expected, whereas if the intervention just reaches the 
lower-risk IDUs then a much greater impact on HCV transmission should be expected. 
Indeed, little to no decrease in HIV incidence should be expected in this latter case because 
most HIV transmission occurs amongst the higher-risk IDUs. 

Figure 6.7:  The model’s projected impact on HIV compared to HCV for an intervention that either 
reaches all IDUs, or just lower- or higher-risk IDUs

Figure 6.7a: Impact on HIV and HCV incidence
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Figure 6.7b: Impact on HIV or HCV infections averted
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Figure 6.7c: Relative impact on HIV compared to HCV
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Discussion

This study extensively fit a mathematical model to observed trends between HIV and HCV 
prevalence in different IDU populations in Europe and beyond. Through fitting the model to a 
wide range of different joint HIV and HCV epidemics, we were able to explore why different 
HIV and HCV prevalence trends occur in different settings, project how the impact of an 
intervention targeting IDUs may vary for different epidemiological settings, and how the 
impact of the intervention on HCV transmission may compare to the impact on HIV 
transmission. In addition, as a by-product of the fitting process, estimates for the relative 
transmissibility of HCV relative to HIV were also produced.

This model analysis should be seen as a significant improvement upon previous modelling 
analyses because of the effort made to ensure that the model mimics a wide range of 
observed HIV/HCV epidemics. Indeed, through undertaking this novel method of model 
fitting, an analysis of the different best-fitting model simulations suggest that heterogeneity in 
IDU syringe sharing risk behaviour could be a major determinant for the wide range of HIV 
and HCV epidemics that occur in IDU populations in different settings, including Europe. If 
this is the case, then the ratio of HIV to HCV prevalence in a stable epidemic setting could be 
used as a proxy indicator of the heterogeneity in injecting risk behaviour in that IDU 
population.
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Key messages of this research

1.  Heterogeneity in IDU risk behaviour could be a major determinant for the wide range of 
HIV and HCV epidemics that occur in IDU populations in different settings.

2.  Model projections suggest that greater intervention impact (more infections averted and 
greater decrease in incidence) should be expected in higher HCV prevalence settings and 
less impact in higher HIV prevalence settings, except for the number of HIV infections 
averted, which increases with HIV prevalence.

3.  An intervention will generally result in greater impact on an HIV epidemic than on an HCV 
epidemic, in terms of either infections averted or relative decreases in incidence. However, 
when the intervention reaches only lower-risk IDUs, it has only little impact on the HIV 
epidemic and greater impact on the HCV epidemic.

4.  The ratio of HIV to HCV prevalence in a stable epidemic setting could be used as a proxy 
indicator of the heterogeneity in injecting risk behaviour in an IDU population, and the 
relative number of HIV and HCV infections that would be averted by an intervention.

Relative impact of intervention in different epidemiological settings

As would be expected, our results show that the number of infections averted by a specific 
intervention will be highly dependent on the characteristics of the epidemic occurring in a 
setting. However, our results also highlight that the relative reduction in HIV or HCV incidence 
attained by an intervention can vary by six fold depending on the type of epidemic 
occurring. Importantly, the projections imply that the number of infections averted and the 
associated relative decrease in incidence are both strongly related to the HIV and HCV 
prevalence in a setting. Generally, greater impact (more infections averted and greater 
decrease in incidence) is achieved in higher HCV prevalence settings and less impact is 
achieved in higher HIV prevalence settings, except for the number of HIV infections averted, 
which increases with HIV prevalence.

These results suggest that the highest impact in terms of reducing HIV/HCV incidence and 
averting HCV infections should be expected at very high HCV prevalence (>70 %) but low 
HIV prevalence (<10 %), such as has been recorded in some settings in Belgium, Greece, 
Ireland or Italy. In contrast, the greatest impact in terms of HIV infections averted occurs at 
high HIV prevalence (>50 %) as occurs in some settings in Ukraine or Belarus (Vickerman et 
al., 2006b; Vickerman and Watts, 2002). These results highlight that policymakers should not 
expect interventions to result in the same impact on incidence, or in the same number of 
infections averted when initiated in different settings. Indeed, an intervention’s cost-
effectiveness ratio will vary widely within and between countries, and different coverage 
levels and reductions in syringe sharing will be required to achieve specific reductions in 
disease incidence in different settings. This analysis can help in producing these targets and 
in estimating the relative cost-effectiveness of specific interventions in different settings.
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Interestingly, if HIV and HCV infections are considered in a similar light in public health 
terms, as could be the case in many European settings, then the projections have 
important implications for how the impact and cost-effectiveness of an intervention is 
estimated. For example, although less is achieved in reducing HIV/HCV incidence and 
fewer HCV infections are averted in high HIV prevalence settings, interventions can still 
have a favourable cost-effectiveness ratio due to many HIV infections being averted. 
Alternatively, an intervention undertaken in a high HCV but low HIV prevalence setting, as 
occurs in many European regions, may not be seen as cost-effective if only the cost per 
HIV infection averted is considered. However, in these settings many more HCV infections 
will be averted and the intervention is likely to have a large effect on the transmission of 
both infections. To explore this further, quality-adjusted life year (QALY) weights and HIV 
and HCV health care costs could be incorporated to give relative weights to the benefits 
of a HIV or HCV infection averted, so that the cost-effectiveness of different interventions 
can be compared in different epidemiological settings depending on the level of care 
provided in that country.

HIV and HCV impact of targeting low- or high-risk IDUs

When the HIV and HCV impact projections are compared further, they suggest that an 
intervention will generally result in greater decreases in HIV incidence than HCV incidence. 
This is especially true if the intervention mainly reaches higher-risk IDUs, and highlights that 
greater coverage and reductions in risk behaviour will frequently be required by interventions 
to achieve a comparable impact on HCV incidence as well as HIV incidence. This trend also 
occurs, and is more pronounced, when we look at the relative decrease in HIV or HCV 
prevalence (results not shown). This has important implications for harm reduction 
interventions because it suggests that much more needs to be done if the objective of the 
intervention is a decrease in HCV transmission.

Limitations of analysis

The analysis was limited in a number of ways. First, it used a limited number of biological 
parameter sets from a previous analysis as the basis for the fitting process. This may have 
limited the number of model fits that we found and so there may be more uncertainty around 
our impact projections. The model was only fit against HIV and HCV prevalence trends. A 
different parameter set may have produced a better fit to other ecological data, such as 
trends in HIV/HCV co-infection. Behavioural data was not used in the fitting process, and so 
it was difficult to determine whether the behavioural parameters used would produce similar 
epidemics in real life. In addition, the transmission of HIV through sexual contact was not 
incorporated in the model. Although HIV transmission through injecting risk behaviours is 
likely to dominate in most situations, sexual transmission could play a substantial role in 
settings where the HIV prevalence is already high but injecting risk behaviours have 
decreased in recent years. This could affect the relationship not only between HIV and HCV 
prevalence, but also, and most likely, between HIV incidence and HIV prevalence or HIV 
incidence and HCV incidence.
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Only one intervention was considered in the impact analysis and so it is impossible to 
determine how the results would vary for other interventions. The impact analysis also assumed 
the HIV and HCV epidemics were in a stable state. Importantly, epidemics in the exponential or 
early epidemic stage would have resulted in different impact projections. Lastly, the model was 
deterministic and did not incorporate the effects on transmission of different syringe sharing 
behaviours within different risk networks. These more complex syringe sharing structures may 
affect the prevalence of HIV and HCV in different ways, possibly restricting HIV in small IDU 
sub-networks, and so could explain the reason why the current model structure was not able to 
predict very low HIV prevalences with high HCV prevalences. The effect of these complexities 
on our projections will be explored in future analyses involving more complex models.

Concluding remarks

This analysis used a novel technique to fit a joint HIV/HCV model to HIV and HCV prevalence 
data from diverse epidemic types, many of which were from European settings. This enabled 
the model to explore the impact of interventions in different epidemic settings, with the results 
suggesting that HIV and HCV prevalence could be used as predictors of intervention impact 
in different settings, including Europe. However, the study should be seen as preliminary 
because a limited number of ‘biological’ parameter sets (HIV and HCV transmission 
probabilities and natural history parameters) were used in the fitting and the model was only 
fit to HIV/HCV prevalence trends. In addition, the analysis did not explore the impact of 
interventions such as opioid substitution treatment (OST), HCV and/or HIV antiviral 
treatments, and/or combined interventions, which may be essential for resulting in large 
reductions in HIV/HCV incidence in some settings. This has recently been highlighted by a 
study looking at the long-term impact of intervention activities in Amsterdam (van den Berg et 
al., 2007), and will be the focus of future work where sufficient attention can be given to 
subtleties such as how increasing the coverage of OST may increase the coverage of syringe 
distribution to IDUs on and off OST, and how the behaviour of IDUs may revert after leaving 
OST. In addition, previous analyses have suggested that reducing the number of people that 
an IDU shares needles/syringes with and the time that IDUs are initially reached by harm 
reduction interventions are both important for determining the impact of a harm reduction 
intervention. These will also be explored further in future analyses.
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