[bookmark: _GoBack]Model Description
A deterministic mathematical model was developed to simulate the transmission of HIV and HCV amongst PWID. The model incorporates the transmission of HIV and HCV due to injecting drug use as well as HIV transmission due to sexual risk behaviour. The total PWID population (population size[image: ]) is divided into ten classes depending on the HIV and HCV infection status of the individuals, with these classes stratified by whether the PWID has low or high injecting risk. The total population of the low risk group is [image: ] and that of the high risk group is [image: ]. PWIDs transition from high to low risk behaviour at a rate  and from low to high risk at a rate . New PWIDs enter the model population at a rate and leave all compartments due to non-HIV death at a rate , or ceasing injection at a rate . The inflow rate  is such that it balances non HIV deaths and cessation ( with all new entrants being susceptible to infection and a proportion (the initial proportion ) being high risk and the rest low risk.

The ten HIV and HCV infection classes included in the model are denoted by two letters: a capital letter representing the five HIV infection state ( for susceptible HIV,  for acute phase of HIV,  for latent phase of HIV,  for ART and  for lost to follow-up from ART and infected with HIV) followed by a lower case letter representing the two HCV infection state ([image: ]for susceptible HCV and  for chronic HCV). HCV treatment is not included in the model because treatment rates were low over this period 1. The classes are denoted as follows: those that are susceptible to both HIV and HCV[image: ], susceptible to HIV but chronically infected with HCV[image: ], acute infection with HIV and susceptible to HCV , acute infection with HIV and chronic HCV , latent infected with HIV and susceptible to HCV [image: ], co-infected with latent HIV and chronic HCV , HIV on ART and susceptible to HCV , HIV on ART with chronic HCV , lost to follow-up from ART and susceptible to HCV , and lost to follow-up from ART with chronic HCV . A subscript   is used to denote the low and high risk groups with [image: ] for low risk PWID and [image: ]=2 for high risk PWID.

The model simulates the transmission of HIV and HCV, with the rate at which susceptible PWID become infected with HIV (force of infection ) or HCV (force of infection ) being proportion to the prevalence of HIV and HCV, respectively, which can both change over time through the effect of interventions and other factors. Those who become HIV infected enter the high viraemia acute phase of average duration  and then progress to a lower viraemia latent stage. HIV transmission is elevated during the acute stage of HIV (by a factor α1)2. Individuals who are in the HIV latent state are recruited on to ART at a rate ω(t) and experience HIV related death at a rate . The HIV related death rate is reduced by a factor λ for PWID on ART while parenteral and sexual HIV infectivity are reduced by a relative amount  and  , respectively, compared to the HIV latent phase. A proportion of those on ART are lost to follow-up at a rate  per year. Individuals who are lost to follow-up experience HIV-related death at the same rate as individuals in the HIV latent state () and are assumed to not be recruited back on to ART as suggested by data from Vancouver 3.  For HCV transmission, a proportion  of those who are HCV infected spontaneously clear the acute infection to become susceptible again while the remaining proportion  progress to chronic infection. The acute phase of HCV was not modelled explicitly because previous modelling analyses have shown this simplification has little effect on the patterns of HCV transmission4,5. Chronically HCV infected individuals are assumed to remain in the infected class until death or cessation. The factor  denotes the decrease in the proportion of individuals that spontaneously clear HCV infection if they are HIV infected, while  is the factor increase in HCV infectivity amongst individuals that are co-infected with HIV and HCV. 

The schematic for the HIV and HCV classes of the model is shown in Figure 2 (in the main paper) and the model is defined by the following differential equations.
1. PWID susceptible to HIV



2. PWID in acute HIV stage






3. PWID in the HIV latent stage
 




4. PWID infected with HIV and on ART




5. PWID lost to follow-up infected with HIV


The model assumes that there is a probability [image: ] that any PWID in risk group [image: ] has a transmission contact with an PWID in risk group such that   if and only if [image: ]and zero otherwise, we have

 and  , 

where [image: ]is the degree to which PWIDs in either risk group mix assortatively (like-with-like mixing) or otherwise proportionately (depending on the relative total number of transmission contacts provided by PWID in each risk group), with probability . It is important to note that this formulation allows for flexibility to either assume like-with-like mixing () or proportionate ‘random’ mixing (). The parameter [image: ]is the factor increase in injecting transmission risk for high risk PWID compared to low risk PWID. Through stratifying PWID by low and high risk, we allow for HCV-infected PWID to have a higher rate of HIV transmission, as suggested by data and recent modelling6,7, because higher risk PWID will have a higher rate of both HCV and HIV acquisition. Otherwise, we do not assume that HCV infected PWID have greater susceptibility to HIV infection. The transmission rates for HIV for low and high risk PWID are given by:
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where τ is the proportion of the baseline HIV transmission rate that is due to sexual HIV transmission which is not affected by changes in injecting risk γ(t) but is affected by ART (. The transmission rates for HCV are given by

,

,

and


where  is the HIV transmission rate in the latent stage of HIV and  is the factor difference in the HCV transmission rate compared to this HIV transmission rate. The model does not explicitly incorporate risk behaviours such as the frequency of sharing syringe or injecting paraphernalia; instead this is implicitly incorporated within the HIV transmission rate . The model allows for decreases in injecting risk over the period 1996 to 2007, due to increases in intervention coverage or decreases in other factors related to heightened transmission risk. This is modelled through allowing for a relative decrease in the overall injecting transmission risk over time denoted by , with  denoting the baseline level of injecting risk (in 1996) and that injecting risk has not changed over the period 1996 to 2007, and  denoting the maximum reduction in injecting risk - a 100% reduction in injecting risk over that 10 year period compared to baseline levels in 1996. 

Non-inclusion of HCV related death 
For HCV mono-infection, HCV causes excess death, but this generally occurs over a long period of time. A meta-analysis from 2008 8 showed that after 20 years of infection, the estimated prevalence of cirrhosis will be 7% (4-12%) amongst mono-infected individuals in a non-clinical setting. This was confirmed for PWID by a more recent meta-analysis, which found the average time to cirrhosis from HCV infection for mono-infected PWID was 34-46 years 9. Modelling has also shown that HCV mono-infection would only change the life expectancy of individuals at 25 years old from 43 years to 39.5 years 10, and this is without including the excess mortality related to drug use 11. 

For PWID with HCV-HIV co-infection, but not on ART, evidence suggests that HIV increases the progression of HCV chronic infection to cirrhosis 2.5-times compared to those with HCV mono-infection 12, and increases the death rate from decompensated cirrhosis 2.3-fold 13. However, without ART, HIV mortality will be the dominant reason for death, with modelling undertaken by the authors suggesting that HCV co-infection would only change the average life expectancy of a HIV infected individual (without ART) from 9.8 to 9.7 years 10. 

For PWID with HCV-HIV co-infection and on ART, evidence suggests that ART reduces the HIV induced elevated rate of HCV progression from chronic to cirrhosis by 33%12. Modelling suggests the effect of this on life expectancy for a HIV infected individual on ART will be small with the life expectancy of someone with HIV-HCV co-infection and on ART being 22.7 years compared to 24.5 years for someone with HIV mono-infection 10. 

Therefore, it is likely that the HCV related death rate amongst HCV mono-infected PWID and co-infected PWID on or off ART is likely to be small compared to other competing death rates and the rate of injecting cessation. This is borne out in mortality data from the VIDUS and ACCESS cohorts which recently found that the rate of death due to liver disease amongst their PWID cohort was only 2.1 per 1000 person years overall, and contributed only 6.0% of deaths amongst anti-HCV positive PWID14,15. For this reason, HCV related death was not incorporated into the model. 

More detailed model parameterisation section
All transmission and natural history parameters were obtained from the literature and can be found in Table 1 in the main text of the paper. Uniform uncertainty bounds were assigned to all model parameters. The only exceptions were: 1. The HIV transmission rate during the latent stage of HIV () and the factor difference between the HIV (during latent stage of HIV) and HCV transmission probabilities () which were varied freely to fit the model to the HIV and HCV prevalence amongst PWID in Vancouver at baseline16; and 2. The efficacy of ART in reducing an PWID’s parenteral HIV infectivity (), and the factor decrease in HIV and HCV transmission risk due to decreases in injecting risk (), which were varied to consider the impact of different intervention combinations. More details on how this was done is given in the next section. Coinciding with the increase in OST coverage from 1996 to 2002 and decrease in recent incarceration over the same period17, injecting risk was assumed to decrease linearly over 1996 to 2002 and then remain stable at its chosen value after that. The effectiveness of ART at reducing HIV transmissibility ( amongst HIV infected PWID was allowed to vary widely due to both the lack of data on the efficacy of ART in reducing injecting HIV transmission, and recent data suggesting that the efficacy of ART could be less in real life settings 18,19 than was found in recent trials and observational studies20,21.

The death rate for PWID in Vancouver was estimated to be 3% per year in the VIDUS cohort 17. However, because this included HIV mortality, a lower non-HIV death rate (rate ) of 1.5-2.0% per year was applied in the model coinciding with the death rate of HCV antibody positive individuals in the Vancouver Chase cohort22. The duration of HIV until death was assumed to be 10 years (rate =1/10) without ART23,24. HIV survival was assumed to be extended four-fold if on ART (factor =1/4)25 based on mortality data from PWID for 1996 to 2007 coinciding with our study period, but was varied between 2 and 6-fold to allow for uncertainty and the effect of discontinuation of treatment. 

To be conservative, ART was assumed to decrease sexual HIV transmission () by 50 to 90% 20 with the lower bound based on the proportion of PWIDs on ART that were virally suppressed 12 months after ART initiation in Vancouver at this time26. The rate of recruitment on to ART () was calibrated such that the proportion of HIV infected PWID on effective ART (HAART) was negligible in 1996 27,28, but then increased up to 40% by early 2000, after which it remained stable until 200628,29. Any uncertainty in this coverage estimate was assumed to be accounted for in the uncertainty surrounding the effect of ART on extending HIV survival and reducing HIV infectivity. We assumed a rate of loss to follow up () from ART based on data from a recent study3 that found that individuals in Vancouver frequently cycle on and off ART, with the mean duration on ART being 17 months and the mean duration off ART being 6.5 months, but with 12% of those that discontinue ART never returning to ART during follow up. This study also found that the rate of being lost to follow up from ART was 1.98-fold higher if the individual was a PWID and decreased over calendar year compared to 1996-1999 by 10% for 2000-2003 and 14% for 2004-2007. We only modelled the permanent loss to follow up from ART, while assuming that any short periods of ART discontinuation would be accounted for in a lower real-life efficacy of ART for reducing HIV morbidity and HIV infectivity.  We estimated the rate of permanent loss to follow up by firstly estimating the rate of any loss to follow up from ART as 70.6% per year (inverse of mean duration on ART in years). Then we scaled that up 1.98-fold to give an estimate for the loss to follow up rate for PWID, scaled that down by 10% to estimate the rate of loss to follow up for the middle time period we are considering (2000-2003), and then assumed that 12% of these are permanently lost to follow up from ART. This gave a permanent loss to follow up rate of 15.1% (0.706*1.98*0.9*0.12=0.1509) which we allowed to vary between plus and minus 30% of this value because of uncertainty in this estimate and to see how it affected our projections.  

Unbiased estimates of the average duration of injecting until permanent cessation are unavailable for Vancouver, so an average injecting duration of 11 years was assumed based on the median injecting duration reported in the VIDUS cohort 30, but varied between 7 and 23 years because of the uncertainty in these estimates as discussed in a previous analysis by the authors 4. 

Because of uncertainty in the reliability of syringe sharing data to directly model HIV and HCV transmission risk, due to unknown biases in the data 31-35, uncertainty over the role of paraphernalia sharing36,37, and massive uncertainty in the HIV and HCV transmission probabilities38,39, we did not model transmission mechanistically by estimating the number of syringe sharing and paraphernalia sharing incidents. Instead, we fit baseline HIV and HCV transmission rates by fitting the model to baseline levels of HIV and HCV prevalence and incidence. In addition, the factor increase in transmission risk for high risk PWID compared to low risk PWID () was also not estimated mechanistically but was set to be between 1-4.8 based on the enhanced HIV or HCV transmission risk associated with daily cocaine/heroin injecting or unstable housing in the VIDUS cohort16,40, with 30-60% () of PWID being assumed to be high-risk, similar to the proportion in unstable housing or crack/heroin injecting in 199617. 

To incorporate the importance of sexual HIV transmission in to the model, a literature review was first undertaken to identify HIV incidence studies from VIDUS (more details of the search and review are discussed later in the supplementary material) that considered whether sexual risk factors were important determinants of HIV sero-conversion. In general, studies found that few sexual risk factors were important, or were only significant in univariate analyses, whereas numerous injecting risk factors were strongly predictive of HIV sero-conversion. The only possible sexual risk factor consistently associated with HIV sero-conversion, as found in a number of multivariate analyses, is reporting ‘having a HIV-positive sexual partner’41-43. After adjustment for other risk factors, Kerr et al. found this behaviour elevated the risk of HIV acquisition 2.4 (1.3-4.6) times41. At baseline, 4.8% (49/1013) of PWID recruited into the VIDUS cohort (with at least one follow up) reported ‘having a HIV-positive sexual partner’, and in all follow up visits between May 1996 and May 2003 (PWID had a median of 8 follow up visits), the behaviour was reported in approximately 4.8% (391/(8*1013)) of visits41.  

By estimating the population attributable fraction (PAF), data from Kerr et al.41 suggests this risk factor accounts for 6.4% (1.0-18.5%) of HIV sero-conversions in VIDUS between 1996 and 2003. Although it is uncertain whether this risk wholly relates to sexual HIV transmission, this PAF estimate was used to give a possible estimate for the importance of sexual HIV transmission amongst PWID in VIDUS. However, because other unobserved sexual risk factors may have been important for HIV transmission in this setting, and to ensure we don’t underestimate the importance of sexual HIV transmission, an expanded range was incorporated into the model: It was assumed that 10% (5-25%) of the baseline HIV incidence was due to sexual HIV transmission and so could not be affected by reductions in injecting risk but could be reduced by increases in ART usage. 

Other sexual risk factors that were not found to be related to HIV sero-conversion amongst PWID in VIDUS (not significant at p<0.05 in adjusted multivariate analyses) included having sex with another man42, being involved in the sex trade 41,42,44-49, having over 20 sexual partners in lifetime 49,50, and condom use or unprotected/unsafe sex 40-49,51,52.

The baseline (1996) HIV and HCV prevalence and incidence estimates for the model came from the VIDUS cohort. The HCV and HIV antibody prevalence came from PWID recruited into VIDUS between 1996 and 1999, giving 82% and 21% 16, respectively. However, because on average 26% of individuals spontaneously clear acute HCV infection 53, a baseline HCV chronic prevalence of 61% was assumed. The 95% confidence intervals around these estimates were used in the model fitting. Data on the HCV and HIV incidence amongst PWID for Vancouver was extracted from Drug situation in Vancouver report (2009)17 and Wood et al., (2009)40, respectively. Because of uncertainty and fluctuations in the HIV and HCV incidence estimates and trends, negative exponential curves (with non-zero HIV or HCV incidence asymptotes) were fit to the incidence data from 1996 to 2007 by using the nonlinear least squares method in R which also produced 95% confidence intervals (95% CI) around the trends. This suggested that HIV and HCV incidence decreased by 84% (95% CI 76-86%) and 80% (95% CI 76-89%), respectively, over the decade. The curve fits are shown in Figure 3. 

Model calibration to baseline data  
The uncertainty bounds of the baseline HIV and HCV prevalence and all model parameters in Table 1 were randomly sampled 5000 times, except for the HIV transmission rate during the latent stage of HIV (), factor difference between the HIV and HCV transmission probabilities (), efficacy of ART in reducing an PWID’s HIV infectivity (α2), recruitment rate on to ART ((t)), and relative decrease in HIV and HCV transmission risk due to decreases in injecting risk (). For the initial fitting, the efficacy of ART (α2), recruitment rate onto ART () and the relative decrease in injecting risk ((t)) were set to 0, so that they had no effect on transmission in 1996. The reasons for the ART assumptions are discussed in the model parameterisation section. In contrast, we assumed the injecting risk in 1996 was a baseline upon which any reductions in risk would be incremental, i.e.   means there was no change in HIV or HCV infection risk since 1996 whereas  means injecting risk reduced to nothing from 1996 to 2007. 

For each of the sampled parameter sets, the HIV transmission rate () and factor difference between the HIV and HCV transmission probabilities () were varied to fit the model’s projected endemic HIV and HCV prevalence to the sampled baseline HIV and HCV prevalence amongst PWID in 1996. The model’s predicted HIV and HCV incidence for each of these runs was then compared to the estimated HIV and HCV incidence from the curve fits for 1996, and any model run that lay within the 95% confidence bounds of the curve fit estimates were retained as a baseline model fit (2040 baseline model fits) while all others were rejected (2960 runs). 

The ART recruitment rate () was then adjusted so that the coverage of ART amongst HIV+ PWID increases up to 40% by early 2000s, while assuming ART reduces HIV mortality, and then remains stable after this point 28 for all model runs. The function which defines  is given by

where  and  are both fit to achieve the required coverage of ART described above.  

Model calibration to incidence trend data and subsequent model analyses
The model was then used to estimate the likely contribution that ART or changes in injecting risk made to the observed reduction in HIV and HCV incidence amongst PWID in Vancouver between 1996 and 2007. For each baseline model fit, an estimated final HIV and HCV incidence in 2007 was randomly sampled from the 95% confidence bounds of the curve fitted incidence estimates for 2007. For each sampled HIV and HCV incidence estimate, the baseline model fits were used to determine what combinations of ART efficacy for reducing injection-related HIV infectivity () and decreases in injecting risk () could result in the associated decreases in HIV and HCV incidence over ten years. The function defining  was given the following negative exponential form because evidence from Vancouver suggests that injecting risk decreased gradually over this period, as suggested by data on decreases in syringe sharing 17,52 and increases in OST coverage 17.  

where  is the end resulting decrease in injecting risk, and is the rate at which injecting risk decreases, with both parameters being fit to give the decrease in HCV incidence over time. The parameter  ensures that decreases in injecting risk are zero in 1996 and the bounds set on this variable ensures it cannot be larger than 1. 

Fitting of  and  was done concurrently for all parameters by using the Matlab function lsqnonlin which uses the trust region reflective numerical algorithm to minimise the squared error between the model and decrease in HIV and HCV incidence. However, runs were rejected if the decrease in injecting risk needed to achieve the sampled decrease in HCV incidence resulted in a decrease in HIV incidence larger than observed. The solutions were then checked to see if the error between the model and observed incidence in 2007 was less than 0.001 per 100 person years. This produced 902 full model fits.  

The new full model fits were then used to estimate what proportion of the modelled decrease in HIV incidence would have occurred with just the effect of ART included (decrease in injecting risk () set to zero over time), without the effect of ART included (ART efficacy for reducing injection-related and sexual HIV infectivity ( and ) set to zero), and with neither intervention included, and 2.5% to 97.5% percentile uncertainty bounds were produced around these estimates by using the projections across all model fits. This was used to estimate the degree to which ART contributed to the observed decrease in HIV incidence in Vancouver. An ANCOVA analysis was then undertaken to determine which model parameter and inputs contributed most to the uncertainty in our projections of the importance of ART. 

Literature review on the importance of sexual and injecting risk factors for HIV transmission amongst PWID in Vancouver
To assess whether there were any sexual risk behaviours that could be linked to HIV incidence among PWID in Vancouver, studies investigating sexual (and non-sexual) risk factors for HIV among PWID in Vancouver were identified by searching on PubMed. Keywords in the database search included (IDU or PWID or "injecting drug user" or "injecting drug users" or "injection drug user" or "injection drug users" or "people who inject drugs" or "intravenous drug user" or "intravenous drug users") and (HIV or HIV-1) and Vancouver and  (incidence or seroconversion or vidus or prospective or longitudinal)

Of the 215 references retrieved by using the above mentioned key words, 16 articles were found to be relevant and factors associated with HIV incidence from these articles and period of surveys were noted. Where possible, the population attributable risk fractions due to any of the risk factors were obtained. Results from the Vancouver PWID surveys show that in earlier surveys, condom use amongst regular partners was frequently reported to be low between 1996 and 2000 (<21% for regular sex partners and <24% for casual sex partners) 42,44, and was also low in a later survey from the safe injecting site in 2003 (30% amongst regular partners and 13% amongst casual partners)54, suggesting that sexual risks had not reduced appreciably during the rapid decline in HIV incidence amongst VIDUS PWIDs in Vancouver. 

In terms of factors related to HIV sero-conversion, studies found that few sexual risk factors were important, with only reporting having a HIV-positive sexual partner generally being associated with HIV sero-conversion in a number of multivariate analyses41-43. It is uncertain whether this relates to sexual or parenteral HIV transmission. Although Kerr et al., (2006)41 pointed out that having an HIV positive partner is not sufficient evidence for sexual HIV transmission among IDUs, they suggested that sexual risks likely played a role because having an HIV positive partner remained a risk factor even after extensive adjustment for other risk factors including frequent heroin and cocaine injection and syringe sharing with sex partner.  Other sexual risk factors were sometimes significant in univariate analyses, such as sex with another man42, being involved in sex trade 41,42,44-47,49,55, and having over 20 sexual partners in lifetime 49,50, but none of these were significant in the multivariate analyses. Other sexual risk factors were never related to sero-conversion, either in the univariate or multivariate analyses, including such things as condom use or unprotected/unsafe sex40-47,49,51,52,55. 

In contrast, a number of injecting related risk factors were generally always related to HIV sero-conversion in multivariate analyses, such as daily or frequent injecting of cocaine40-47,50-52,55,56 or speedball44, requiring help injecting41-43,45,47,56, binge drug use 41,44,47,55, and borrowing needles42,46,51,55,56, suggesting that injection-related HIV transmission dominated in the late 90s and early 2000s.

1

Supplementary Figure 1: ANCOVA projections of the percentage of the variation in the model’s projected contribution of ART to decreasing HIV incidence in Vancouver accounted for by different model parameters or inputs.  
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References
[bookmark: _ENREF_1]1.	Grebely J, Raffa JD, Lai C, et al. Low uptake of treatment for hepatitis C virus infection in a large community-based study of inner city residents. J Viral Hepat 2009; 16(5): 352-8.
[bookmark: _ENREF_2]2.	Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage of infection. J Infect Dis 2008; 198(5): 687-93.
[bookmark: _ENREF_3]3.	Nosyk B, Lourenco L, Min JE, et al. Characterizing retention in HAART as a recurrent event process: insights into 'cascade churn'. AIDS 2015; 29(13): 1681-9.
[bookmark: _ENREF_4]4.	Martin NK, Vickerman P, Grebely J, et al. Hepatitis C virus treatment for prevention among people who inject drugs: Modeling treatment scale-up in the age of direct-acting antivirals. Hepatology 2013.
[bookmark: _ENREF_5]5.	Vickerman P, Martin N, Turner K, Hickman M. Can needle and syringe programmes and opiate substitution therapy achieve substantial reductions in HCV prevalence? Model projections for different epidemic settings. Addiction 2012; 107: 1984-95.
[bookmark: _ENREF_6]6.	Vickerman P, Hickman M, May M, Kretzschmar M, Wiessing L. Can HCV prevalence be used as a measure of injection-related HIV-risk in populations of injecting drug users? An ecological analysis. Addiction 2009; 105: 311-8.
[bookmark: _ENREF_7]7.	Vickerman P, Martin NK, Hickman M. Understanding the trends in HIV and hepatitis C prevalence amongst injecting drug users in different settings--implications for intervention impact. Drug Alcohol Depend 2012; 123(1-3): 122-31.
[bookmark: _ENREF_8]8.	Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific fibrosis progression rates in chronic hepatitis C virus infection: a meta-analysis and meta-regression. Hepatology 2008; 48(2): 418-31.
[bookmark: _ENREF_9]9.	Smith DJ, Combellick J, Jordan AE, Hagan H. Hepatitis C virus (HCV) disease progression in people who inject drugs (PWID): A systematic review and meta-analysis. Int J Drug Policy 2015; 26(10): 911-21.
[bookmark: _ENREF_10]10.	Martin NK, Devine A, Eaton JW, et al. Modeling the impact of early antiretroviral therapy for adults coinfected with HIV and hepatitis B or C in South Africa. AIDS 2014; 28 Suppl 1: S35-46.
[bookmark: _ENREF_11]11.	Mathers BM, Degenhardt L, Bucello C, Lemon J, Wiessing L, Hickman M. Mortality among people who inject drugs: a systematic review and meta-analysis. Bull World Health Organ 2013; 91(2): 102-23.
[bookmark: _ENREF_12]12.	Thein HH, Yi Q, Dore GJ, Krahn MD. Natural history of hepatitis C virus infection in HIV-infected individuals and the impact of HIV in the era of highly active antiretroviral therapy: a meta-analysis. AIDS 2008; 22(15): 1979-91.
[bookmark: _ENREF_13]13.	Pineda JA, Romero-Gomez M, Diaz-Garcia F, et al. HIV coinfection shortens the survival of patients with hepatitis C virus-related decompensated cirrhosis. Hepatology 2005; 41(4): 779-89.
[bookmark: _ENREF_14]14.	Deans GD, Raffa JD, Lai C, et al. Mortality in a large community-based cohort of inner-city residents in Vancouver, Canada. CMAJ Open 2013; 1(2): E68-76.
[bookmark: _ENREF_15]15.	Hayashi K, Milloy MJ, Wood E, Dong H, Montaner JS, Kerr T. Predictors of liver-related death among people who inject drugs in Vancouver, Canada: a 15-year prospective cohort study. Journal of the International AIDS Society 2014; 17: 19296.
[bookmark: _ENREF_16]16.	Patrick DM, Tyndall MW, Cornelisse PG, et al. Incidence of hepatitis C virus infection among injection drug users during an outbreak of HIV infection. CMAJ 2001; 165(7): 889-95.
[bookmark: _ENREF_17]17.	Urban Health Research Initiative of the British Columbia Centre for Excellence in HIV/AIDS. Drug Situation in Vancouver. Vancouver, Canada, 2009.
[bookmark: _ENREF_18]18.	Jia Z, Ruan Y, Li Q, et al. Antiretroviral therapy to prevent HIV transmission in serodiscordant couples in China (2003-11): a national observational cohort study. Lancet 2012.
[bookmark: _ENREF_19]19.	Birrell PJ, Gill ON, Delpech VC, et al. HIV incidence in men who have sex with men in England and Wales 2001-10: a nationwide population study. The Lancet Infectious diseases 2013; 13(4): 313-8.
[bookmark: _ENREF_20]20.	Anglemyer A, Horvath T, Rutherford G. Antiretroviral therapy for prevention of HIV transmission in HIV-discordant couples. JAMA 2013; 310(15): 1619-20.
[bookmark: _ENREF_21]21.	Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med 2011; 365(6): 493-505.
[bookmark: _ENREF_22]22.	Grebely J, Raffa JD, Lai C, et al. Impact of hepatitis C virus infection on all-cause and liver-related mortality in a large community-based cohort of inner city residents. J Viral Hepat 2011; 18(1): 32-41.
[bookmark: _ENREF_23]23.	Prins M, Hernandez Aguado IH, Brettle RP, et al. Pre-AIDS mortality from natural causes associated with HIV disease progression: evidence from the European Seroconverter Study among injecting drug users. AIDS 1997; 11(14): 1747-56.
[bookmark: _ENREF_24]24.	Hendriks JC, Satten GA, van Ameijden EJ, van Druten HA, Coutinho RA, van Griensven GJ. The incubation period to AIDS in injecting drug users estimated from prevalent cohort data, accounting for death prior to an AIDS diagnosis. AIDS 1998; 12(12): 1537-44.
[bookmark: _ENREF_25]25.	Wood E, Hogg RS, Lima VD, et al. Highly active antiretroviral therapy and survival in HIV-infected injection drug users. JAMA 2008; 300(5): 550-4.
[bookmark: _ENREF_26]26.	Kerr T, Marshall BD, Milloy MJ, et al. Patterns of heroin and cocaine injection and plasma HIV-1 RNA suppression among a long-term cohort of injection drug users. Drug and alcohol dependence 2012; 124(1-2): 108-12.
[bookmark: _ENREF_27]27.	Strathdee SA, Palepu A, Cornelisse PG, et al. Barriers to use of free antiretroviral therapy in injection drug users. JAMA 1998; 280(6): 547-9.
[bookmark: _ENREF_28]28.	Hogg RS, Heath K, Lima VD, et al. Disparities in the burden of HIV/AIDS in Canada. PLoS One 2012; 7(11): e47260.
[bookmark: _ENREF_29]29.	Nosyk B, Montaner JS, Colley G, et al. The cascade of HIV care in British Columbia, Canada, 1996-2011: a population-based retrospective cohort study. The Lancet Infectious diseases 2014; 14(1): 40-9.
[bookmark: _ENREF_30]30.	Kim C, Kerr T, Li K, et al. Unstable housing and hepatitis C incidence among injection drug users in a Canadian setting. BMC public health 2009; 9: 270.
[bookmark: _ENREF_31]31.	Evans JL, Morris MD, Yu M, Page K, Hahn JA. Concordance of risk behavior reporting within HCV serodiscordant injecting partnerships of young injection drug users in San Francisco, CA. Drug and alcohol dependence 2014; 142: 239-44.
[bookmark: _ENREF_32]32.	Islam MM, Topp L, Conigrave KM, et al. The reliability of sensitive information provided by injecting drug users in a clinical setting: clinician-administered versus audio computer-assisted self-interviewing (ACASI). AIDS Care 2012; 24(12): 1496-503.
[bookmark: _ENREF_33]33.	Latkin CA, Vlahov D, Anthony JC. Socially desirable responding and self-reported HIV infection risk behaviors among intravenous drug users. Addiction 1993; 88(4): 517-26.
[bookmark: _ENREF_34]34.	Simoes AA, Bastos FI, Moreira RI, Lynch KG, Metzger DS. A randomized trial of audio computer and in-person interview to assess HIV risk among drug and alcohol users in Rio De Janeiro, Brazil. Journal of substance abuse treatment 2006; 30(3): 237-43.
[bookmark: _ENREF_35]35.	Palmateer NE, Hutchinson SJ, Innes H, et al. Review and meta-analysis of the association between self-reported sharing of needles/syringes and hepatitis C virus prevalence and incidence among people who inject drugs in Europe. Int J Drug Policy 2013; 24(2): 85-100.
[bookmark: _ENREF_36]36.	Palmateer N, Hutchinson S, McAllister G, et al. Risk of transmission associated with sharing drug injecting paraphernalia: analysis of recent hepatitis C virus (HCV) infection using cross-sectional survey data. J Viral Hepat 2014; 21(1): 25-32.
[bookmark: _ENREF_37]37.	Pouget ER, Hagan H, Des Jarlais DC. Meta-analysis of hepatitis C seroconversion in relation to shared syringes and drug preparation equipment. Addiction 2012; 107(6): 1057-65.
[bookmark: _ENREF_38]38.	Baggaley RF, Boily MC, White RG, Alary M. Risk of HIV-1 transmission for parenteral exposure and blood transfusion: a systematic review and meta-analysis. AIDS 2006; 20: 805-12.
[bookmark: _ENREF_39]39.	Vickerman P, Platt L, Hawkes S. Modelling the transmission of HIV and HCV amongst injecting drug users in Rawalpindi, a low HCV prevalence setting in Pakistan. Sex transm Infect 2009; 85: ii23-ii30.
[bookmark: _ENREF_40]40.	Wood E, Kerr T, Marshall BD, et al. Longitudinal community plasma HIV-1 RNA concentrations and incidence of HIV-1 among injecting drug users: prospective cohort study. Bmj 2009; 338: b1649.
[bookmark: _ENREF_41]41.	Kerr T, Stoltz J, Strathdee S., et al. The impact of sex partners’ HIV status on HIV seroconversion in a prospective cohort of injection drug users. J Acquir Defic Syndr 2006; 41(1): 119-23.
[bookmark: _ENREF_42]42.	Spittal PM, Craib KJP, Wood E, et al. Risk factors for elevated HIV incidence rates among female injection drug users in Vancouver. CMAJ 2002; 166(7): 894-9.
[bookmark: _ENREF_43]43.	Wood E, Lloyd-Smith E, Li K, et al. Frequent needle exchange use and HIV incidence in Vancouver, Canada. Am J Med 2007; 120(2): 172-9.
[bookmark: _ENREF_44]44.	Craib KJ, Spittal PM, Wood E, et al. Risk factors for elevated HIV incidence among Aboriginal injection drug users in Vancouver. CMAJ 2003; 168(1): 19-24.
[bookmark: _ENREF_45]45.	O'Connell JM, Kerr T, Li K, et al. Requiring help injecting independently predicts incident HIV infection among injection drug users. J Acquir Defic Syndr 2005; 40(11): 83-8.
[bookmark: _ENREF_46]46.	Corneil TA, Kuyper LM, Shoveller J, et al. Unstable housing, associated risk behaviour, and increased risk for HIV infection among injection drug users. Health Place 2006; 12(1): 79-85.
[bookmark: _ENREF_47]47.	Wood E, Li K, Miller CL, et al. Baseline self-perceived risk of HIV infection independently predicts the rate of HIV seroconversion in a prospective cohort of injection drug users. International journal of epidemiology 2005; 34(1): 152-8.
[bookmark: _ENREF_48]48.	Miller CL, Strathdee SA, Spittal PM, et al. Elevated rates of HIV infection among young Aboriginal injection drug users in a Canadian setting. Harm reduction journal 2006; 3: 9.
[bookmark: _ENREF_49]49.	Miller CL, Tyndall M, Spittal P, Li K, LaLiberte N, Schechter MT. HIV incidence and associated risk factors among young injection drug users. AIDS 2002; 16(3): 491-3.
[bookmark: _ENREF_50]50.	Tyndall MW, Currie S, Spittal P, et al. Intensive injection cocaine use as the primary risk factor in the Vancouver HIV-1 epidemic. AIDS 2003; 17(6): 887-93.
[bookmark: _ENREF_51]51.	DeBeck K, Kerr T, Li  K, et al. Smoking of crack cocaine as a risk factor for HIV infection among people who use injection drugs. CMAJ 2009; 181(9): 585-9.
[bookmark: _ENREF_52]52.	Kerr T, Small W, Buchner C, et al. Syringe sharing and HIV incidence among injection drug users and increased access to sterile syringes. American journal of public health 2010; 100(8): 1449-53.
[bookmark: _ENREF_53]53.	Micallef JM, Kaldor J, Dore GJ. Spontaneous viral clearance following acute hepatitis C infection: a systematic review of longitudinal studies. J Viral Hepat 2006; 13: 34-41.
[bookmark: _ENREF_54]54.	Marshall BDL, Wood E, Zhang R, Tyndall MW, Montaner JSG, Kerr T. Condom use among injection drug users accessing a supervised injecting facility. Sex Transm Infect 2009; 85: 121-6.
[bookmark: _ENREF_55]55.	Miller CL, Strathdee SA, Spittal PM, et al. Elevated rates of HIV infection among young Aboriginal injection drug users in a Canadian setting. Harm Red J 2006; 3: 9.
[bookmark: _ENREF_56]56.	Wood E, Montaner JS, Li K, et al. Burden of HIV infection among aboriginal injection drug users in Vancouver, British Columbia. American journal of public health 2008; 98(3): 515-9.

image3.wmf
2

N


image4.wmf
x


image5.wmf
Xx


image6.wmf
Xy


image7.wmf
Yx


image8.wmf
1

=

i


image9.wmf
i


image10.wmf
ij

r


image11.wmf
i


image12.wmf
j

i

=


image13.wmf
e


image14.wmf
m


image15.emf
0% 10% 20% 30% 40% 50% 60%

LTFU rate from ART

Non-HIV mortality rate

Relative HCV transmissibility if HIV co-infected

Cofactor increase in HIV transmission rate in HIV acute stage compared to latent

Factor difference in transmission risk between low and high-risk PWID

Injecting cessation rate

Proportion of HCV infections that spontaneously clear

Relative risk of spontaneous clearance if HIV co-infected

Cofactor difference in HIV mortality rate while on ART compared to latent HIV stage

Rate of leaving the acute HIV stage

Proportion of the PWID population that are  high-risk

Degree to which PWID mix assortatively with PWID of the same injecting risk

Rate of leaving high-risk group

Proportion of baseline HIV transmission risk due to sexual HIV transmission

HIV transmission probability in the latent stage

Factor difference between HCV and HIV transmission rate for HIV latent stage

ART recruitment rate up to 2000

ART recruitment rate after 2000

Decrease in hiv incidence from 1996 to 2007

Decrease inn HCv incidence from 1996 to 2007

% if variability in model outcome accounted for model parameter or input


image1.wmf
N


image2.wmf
1

N


