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 1 

ABSTRACT (200 words) 1 

 2 

Background: Men who have sex with men who ever injected drugs (ever MSM-IDU) carry a 3 

high hepatitis C virus (HCV) burden. We estimated whether current HCV testing and 4 

treatment in San Francisco can achieve the 2030 WHO HCV elimination target on HCV 5 

incidence among ever MSM-IDU. 6 

 7 

Methods: A dynamic HCV/HIV transmission model among MSM was calibrated to San 8 

Francisco data, including HCV antibody (15.5%, 2011) and HIV prevalence (32.8%, 2017) 9 

among ever MSM-IDU. MSM had high HCV testing (79%-86% ever tested, 2011-2019) and 10 

diagnosed MSM had high HCV treatment (65% ever treated, 2018). Following COVID-19-11 

related lockdowns, HCV testing and treatment decreased by 59%. 12 

 13 

Results: Among all MSM, 43% of incident HCV infections in 2022 were IDU-related. Among 14 

ever MSM-IDU in 2015, HCV incidence was 1.2/100 person-years (95%CrI: 0.8–1.6). Assuming 15 

COVID-19-related declines in HCV testing/treatment persist until 2030, HCV incidence among 16 

ever MSM-IDU will decrease by 84.9% (72.3%-90.8%) over 2015-2030. This decline is largely 17 

attributed to HCV testing and treatment (75.8%; 66.7%-89.5%). Slightly greater decreases in 18 

HCV incidence (94%-95%) are projected if COVID-19-disruptions recover by 2025 or 2022. 19 

 20 

Conclusion: We estimate that HCV incidence will decline by >80% over 2015-2030 among ever 21 

MSM-IDU in San Francisco, achieving the WHO target. 22 

 23 
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INTRODUCTION 1 

 2 

The development of highly curative direct-acting antiviral (DAA) therapy for HCV infection 3 

prompted the World Health Organization (WHO) to call for global elimination of HCV as a 4 

public health problem by 2030[1], including the key target of an 80% reduction in HCV 5 

incidence over 2015-2030[1].  6 

 7 

To achieve the WHO elimination goal, it is essential to scale-up HCV testing and treatment[1]. 8 

With three times the prevalence of the general population[2], men who have sex with men 9 

(MSM) represent a key target group for eliminating HCV[1]. Studies estimate that 10%-20% of 10 

MSM have ever injected drugs (MSM-IDU)[3-5], with 6%-14% in the last year[6, 7]. In a recent 11 

global systematic review, MSM-IDU had substantially higher HCV prevalence (30.2%) than 12 

MSM who never injected drugs (MSM non-IDU; 2.7%)[2]. Several studies among MSM have 13 

found injection drug use (IDU) to carry one of the highest risks of HCV infection, although 14 

sexual practices (e.g., unprotected receptive anal intercourse) also heighten risk[8-10]. In San 15 

Francisco, survey data from 2011 suggests a much higher HCV antibody prevalence among 16 

MSM-IDU (15.5%) than MSM non-IDU (2.3%)[5]. Together, these findings highlight the 17 

importance of IDU for HCV transmission among MSM. However, previous epidemic modelling 18 

studies among MSM[11-16] have focused only on sexual transmission of HCV infection or 19 

included a generic "high-risk" group, thus omitting to evaluate whether HCV services 20 

adequately serve MSM-IDU.  21 

 22 

Building upon prior multi-sector collaborative efforts to reduce HIV,  San Francisco introduced 23 

the first city-focused strategic plan to eliminate HCV in the US. Started in 2016, End Hep C SF 24 
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is an initiative of the public health department, research university, and community partners, 25 

which collaborates around prevention, testing and care activities, prioritizing communities 26 

hardest hit by HCV, including MSM and people who use drugs[17]. Locally, surveillance of HIV, 27 

HCV, risk behaviours and services access among MSM has been ongoing since 2004 through 28 

the National HIV Behavioural Surveillance (NHBS), and more recently, also using the street-29 

intercept surveys led by the San Francisco AIDS Foundation (SFAF-S)[5, 18-20]. In recent years, 30 

there have been several efforts to characterise the epidemiology of HCV in MSM and other 31 

risk groups to inform planning for HCV elimination[21, 22]. However, despite this progress, San 32 

Francisco experienced decreases in HCV testing and treatment during the COVID-19 33 

pandemic[23, 24]. We used epidemic modelling to evaluate decreases in HCV incidence 34 

achieved among MSM-IDU and to assess whether elimination would be reached by 2030 for 35 

different scenarios of how HCV testing and treatment rates recovered after the pandemic.  36 

 37 

METHODS 38 

 39 

Model description 40 

 41 

We developed a dynamic deterministic HCV and HIV transmission model among MSM in San 42 

Francisco, including transmission through IDU and sexual risk behaviours. MSM are stratified 43 

by HCV and HIV infection status and history of IDU (Figure 1). Specifically, MSM are stratified 44 

by whether they have injected in the last year (recent MSM-IDU) or previously (non-recent 45 

MSM-IDU), or never injected drugs (MSM non-IDU). We refer to MSM who injected recently 46 

or non-recently as ever MSM-IDU. The majority of MSM-IDU in San Francisco primarily inject 47 

meth/amphetamine[7].  48 
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 49 

Individuals enter the model at age 15 susceptible to HCV and HIV with no IDU history and not 50 

on HIV pre-exposure prophylaxis (PrEP). Entry into the model is set to balance: (i) injection-51 

related mortality (recent MSM-IDU only), (ii) other non-HIV/HCV related death, and (iii) aging 52 

out at age 65. Ages 15 and 65 were set to reflect the onset and end of sexual activity[16]. MSM 53 

also exit the model due to HIV- or HCV-related mortality. Individuals initiate and cease 54 

injecting at fixed rates, with only permanent cessation of injecting being modelled.  55 

 56 

HIV and HCV transmission through IDU only occurs between recent MSM-IDU contacts, while 57 

sexual HIV and HCV transmission can occur between any MSM contacts. Mixing to form these 58 

contacts is assumed to occur randomly. Based on data indicating similar numbers of sexual 59 

partners and condom use by injecting status (Supplementary, pp3), sexual HIV and HCV 60 

transmission risk was assumed to not differ by injecting status. 61 

 62 

The risk of sexual HCV transmission depends on the chronic HCV prevalence among all MSM 63 

while injecting HCV transmission risk depends on the chronic HCV prevalence among MSM-64 

IDU. HCV infectivity is elevated among MSM who are HIV-HCV co-infected. Once infected with 65 

HCV, a proportion of MSM spontaneously clear infection, while the remainder develop 66 

undiagnosed chronic infection. Chronically-infected MSM can undergo HCV testing, and once 67 

diagnosed, can initiate treatment, which can result in a sustained virological response (SVR). 68 

Treatment efficacy and duration depend on the type of treatment (classified as PEG-IFN or 69 

DAAs). Those who do not achieve SVR remain chronically infected. Cured individuals can 70 

become reinfected, diagnosed and treated again at the same rates related to their risk groups, 71 

regardless of prior infection and treatment history (no US restrictions exist on retreatment). 72 
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In the overall MSM population, HCV reinfection is higher than primary HCV due to 73 

heterogeneity in HCV risk by IDU status.  74 

 75 

The risk of injecting and sexual HIV transmission depends on the HIV prevalence among MSM-76 

IDU and all MSM, respectively. From 2010, MSM can increasingly initiate PrEP and can cease 77 

PrEP at a fixed rate. Once infected with HIV, MSM not on PrEP are assumed to have 78 

undiagnosed infection. These MSM can undergo HIV testing, becoming diagnosed, with a 79 

time-varying proportion of diagnosed MSM receiving anti-retroviral therapy (ART). MSM on 80 

ART have reduced HIV infectivity. Susceptible MSM on PrEP have a lower risk of HIV 81 

acquisition[25, 26] compared to those not on PrEP, and if infected, move directly to the 82 

diagnosed group due to frequent HIV testing[27].  83 

 84 

Model parameterization and calibration  85 

 86 

The model was parameterised and calibrated to San Francisco data, based on published 87 

literature and data analyses done on NHBS-MSM, SFAF-S, and medical record data at the 88 

community health centre Strut (Table S1). Key parameters are summarised in Table 1 and 89 

details provided in the Supplementary material (pp3-7 and Table S3). In Table 2, we 90 

summarise HCV and HIV testing and treatment data used to parametrise and calibrate the 91 

model. For all parameters, we assumed they remained constant after the last available data, 92 

except for rates of HCV and HIV testing and treatment and PrEP initiation, which decreased 93 

due to COVID-19-related disruptions. In brief, HCV testing started between 1999-2001[5, 19] 94 

and increased linearly until 2017 to calibrate to data on the proportion of MSM reporting 95 

past-year HCV testing by IDU and HIV statuses, and to reflect high-levels of HCV testing (~80%) 96 
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as early as 2004 ([5, 19], NHBS-MSM and SFAF-S (unpublished)). Compared to HIV-negative 97 

MSM non-IDU not on PrEP, rates of HCV testing for all other MSM was parameterised to be 98 

2.5-fold (95%CI: 1.8-3.5) greater (NHBS-MSM, (unpublished)); aligning with other data[28] and 99 

US testing guidelines[29]. Interferon-based HCV treatment was started in 2002-2004[30] and 100 

scaled-up linearly until 2012 to calibrate to data on the proportion of HIV-positive MSM 101 

receiving treatment[31], then remaining stable over 2012-2014. In 2015, following the 102 

introduction of DAAs[32], we assumed the HCV treatment rate was scaled-up, remaining stable 103 

afterwards to calibrate to the proportion of MSM reporting ever treatment in 2018 (63.6%; 104 

95%CI: 45.1%-79.6%; NHBS-MSM and SFAF-S, (unpublished)). The same HCV treatment rates 105 

were assumed among all diagnosed MSM[33, 34].  106 

 107 

The model was also calibrated to several other data, including HCV antibody and HIV 108 

prevalence, proportions of MSM that recently/ever injected and PrEP use (Table S4). 109 

Calibration was performed using an approximate Bayesian computation sequential Monte 110 

Carlo scheme, accounting for uncertainty in the calibration data and parameters to produce 111 

1,000 baseline model fits (details in Supplementary, pp14). Model fits were used to produce 112 

the median and 95% credibility intervals (95%CrI) for all model projections. We validated our 113 

model fits against several data not used in the calibration process (Table S4).  114 

 115 

We used the best available evidence locally[23, 35, 36] or nationally[24] to explore the effects of 116 

disruptions in HCV- and HIV-related services due to the COVID-19 pandemic (Table S5). We 117 

assumed that rates of HCV testing and treatment decreased by 59% over March-December 118 

2020 compared to pre-March 2020 levels[23, 24]. The rate of HIV testing and proportion of MSM 119 
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initiating HIV treatment also decreased by 31% over March–June 2020[36] and PrEP initiation 120 

by 35% over March 2020–March 2021, both compared to pre-March 2020 levels[35]. 121 

 122 

Model analyses  123 

 124 

We evaluated the impact of ongoing and future HCV testing and treatment uptake on HCV 125 

transmission by estimating the relative reduction in HCV incidence over 2015-2022 or 2015-126 

2030, and estimated the year when the relative reduction is 80% since 2015 (WHO target). 127 

Due to limited data on HCV and HIV service recovery following the COVID-19 pandemic, we 128 

modelled three possible recovery scenarios, and an additional scenario with increased high-129 

coverage needle and syringe program (HCNSP) use: 130 

• Status quo (SQ): No recovery. HCV and HIV testing and treatment and PrEP use 131 

following COVID-19 pandemic remain at pandemic levels.  132 

• Scenario 1: Slow recovery. HCV and HIV testing and treatment and PrEP use return to 133 

pre-pandemic levels by end of 2025. 134 

• Scenario 2: Rapid recovery. As scenario 1 but with recovery by end of 2022.  135 

• Scenario 3: Rapid plus. As scenario 2 and with HCNSP scaled-up from 74% (NHBS-136 

MSM 2017 (unpublished)) to 100% coverage of recent MSM-IDU over 2022-2026, and 137 

sustained thereafter, with HCNSP reducing HCV and HIV acquisition risks by 56%[37] 138 

and 42%[38], respectively.  139 

 140 

The relative reduction in HCV incidence for these scenarios were compared to two 141 

counterfactual scenarios, one with no HCV testing and treatment over 2015-2030 and 142 

another with no scale-up in HCV testing and treatment in 2015. These were used to determine 143 
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the percentage of the relative reduction in HCV incidence attributed to all HCV testing and 144 

treatment, or to the scale-up in HCV testing and treatment since 2015, respectively. We also 145 

evaluated the proportion of new HCV infections averted over 2023-2030 for scenarios SQ and 146 

1-3, compared to an additional counterfactual where no testing or treatment occurred over 147 

2023-2030. Lastly, we also projected what decrease in HCV incidence would have occurred if 148 

the COVID-19 pandemic had not occurred.  149 

 150 

In sensitivity analyses, we explore the relative reduction in chronic HCV prevalence, as it could 151 

be a reliable alternative to validating HCV elimination[39].  152 

 153 

Uncertainty analyses  154 

 155 

A linear regression analysis of covariance (ANCOVA) was done to determine which parameter 156 

uncertainties contribute most to variability in the relative reduction in HCV incidence over 157 

2015-2030 for scenario SQ. The proportion of each model outcome’s sum-of-squares 158 

contributed by each parameter was calculated to estimate the importance of individual 159 

parameters to overall uncertainty. All simulations were performed using Matlab R2020a. 160 

 161 

RESULTS 162 

 163 

The model calibrated and validated well to data (Figures 2-3, S1-S7). It projects relatively 164 

stable proportions of MSM who inject drugs, with 5.1% (95%CrI: 4.3%-6.2%) and 7.8% 165 

(95%CrI: 6.4%-8.5%) being recent MSM-IDU and non-recent MSM-IDU in 2022, respectively. 166 

Chronic HCV prevalence is relatively stable over time, with 16.8% (95% CrI: 14.8%-18.2%) and 167 
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2.7% (95% CrI: 2.3-2.9) prevalence among ever MSM-IDU and MSM non-IDU, respectively in 168 

2022 (Figure 4). HIV prevalence is projected to have decreased over time and to be higher 169 

among ever MSM-IDU (24.5%; 95%CrI: 23.2%-26.8%) than MSM non-IDU (11.7%; 95%CrI: 170 

10.8%-12.9%) in 2022.  171 

 172 

In 2015, we estimated HCV incidence to be 1.2 per 100 person-years (/100py; 95%CrI: 0.8-173 

1.6) among ever MSM-IDU (Figure 4) and considerably greater among recent MSM-IDU (2.5; 174 

95%CrI: 1.7-3.6) than non-recent MSM-IDU (0.2; 95%CrI: 0.1-0.2). HCV incidence was the 175 

same among MSM non-IDU as non-recent MSM-IDU. Among all MSM, 43.3% (95%CrI: 33.8-176 

51.8%) of incident HCV infections were attributed to IDU in 2022, increasing to 85.7% (95%CrI: 177 

80.2-89.5%) among ever MSM-IDU. For HIV, 2.8% (95%CrI: 1.8%-3.8%) and 20% (95%CrI: 178 

14.5%-25.7%) of incident infections are attributed to IDU among all MSM and ever MSM-IDU, 179 

respectively.  180 

 181 

Impact of HCV testing and treatment over 2015-2022 182 

 183 

Following DAA scale-up in 2015, the estimated rates of HCV diagnosis and HCV treatment if 184 

diagnosed among ever MSM-IDU were 39.3/100py (30.0-47.7) and 29.4/100py (19.6-38.5), 185 

respectively. Assuming no recovery in HCV and HIV service disruptions following the COVID-186 

19 pandemic (SQ), HCV incidence is projected to have decreased by 72.3% (95%CrI: 58.0%-187 

79.7%) among ever MSM-IDU over 2015-2022, resulting in an estimated incidence of 188 

0.3/100py (95%CrI: 0.2-0.6; Table S7) in 2022. Most of the decline in incidence is due to the 189 

impact of HCV testing and treatment over 2015-2022 (86.0%; 95%CrI: 80.5%-94.9%), and 190 
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particularly the scale-up in these interventions since 2015 (65.4%; 95%CrI: 58.9%-72.7%, 191 

Table S10).  192 

 193 

The projected decreases in HCV incidence and chronic prevalence are similar in scenarios 1 194 

and 2, which assume a recovery in HIV and HCV services following the COVID-19 pandemic 195 

(Table S7). HCV incidence is estimated to have decreased to a similar extent over 2015-2022 196 

among different MSM sub-groups, as has chronic HCV prevalence (Table S7).   197 

 198 

Impact of HCV testing and treatment over 2015-2030 199 

 200 

Assuming no recovery in HCV screening and treatment services following the COVID-19 201 

pandemic (SQ), we project that HCV incidence among ever MSM-IDU will decrease by 84.9% 202 

(95%CrI: 72.3%-90.8%) over 2015-2030 (Figure 5 and Table S8). Most of this decline in HCV 203 

incidence is due to the impact of HCV testing and treatment over this period (75.8%; 95%CrI: 204 

66.7%-89.5%) and their scale-up since 2015 (54.1%; 95%CrI: 46.9%-64.6%, Table S10). The 205 

WHO target for decreasing HCV incidence by 80% is projected to occur in 2026 for all MSM 206 

sub-groups, but with wide uncertainty (95%CrI: 2022-2037 for ever MSM-IDU; Figure S8).  207 

 208 

If COVID-19-related service disruptions recovered by the end of 2025 (scenario 1/slow 209 

recovery) or 2022 (scenario 2/rapid recovery), then HCV incidence is projected to decrease 210 

by 93.9% (95%CrI: 84.9%-96.8%) or 95.0% (95.4%CrI 86.9%-97.5%), respectively, over 2015-211 

2030 among ever MSM-IDU (Figure 5 and Table S8). In these scenarios, the HCV incidence 212 

target for elimination could be achieved slightly earlier (2024 (95%CrI: 2022-2028) and 2023 213 
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(95%CrI: 2022-2027), respectively). Also increasing HCNSP to 100% among recent MSM-IDU 214 

(scenario 2/rapid plus) has little additional impact.  215 

 216 

In contrast, if HCV testing and treatment ceased over 2023-2030, HCV incidence starts to 217 

increase and only a 75.5% decrease (95%CrI: 61.0%-83.2%) occurs over 2015-2030 among 218 

ever MSM-IDU, with only 20% of model runs projecting an 80% decrease in incidence by 2030 219 

(Figure 5, Table S8). Lastly, if the COVID-19 pandemic did not occur, then incidence would 220 

have decreased by 95.9% (95%CrI: 88.5%-98.0%) over 2015-2030, achieving an 80% decrease 221 

in HCV incidence in 2023 (95%CrI: 2021-2026). 222 

 223 

For all scenarios, results are similar for all MSM groups (Figure 5, Table S8). Chronic HCV 224 

prevalence is projected to decline to a similar extent to HCV incidence (Table S8).  225 

 226 

Proportion of HCV infections averted over 2023-2030  227 

  228 

Compared to a counterfactual in which no HCV testing and treatment occurs over 2023-2030, 229 

continuing these services while assuming no recovery in services following the COVID-19 230 

pandemic (SQ) would avert 20% (95%CrI: 14%-24%) of incident HCV cases over 2023-2030 231 

among ever MSM-IDU (Figure S9, Table S12). Conversely, if some recovery in COVID-19 232 

services occurs (scenarios 1-3), then between 44-61% of new HCV infections would be averted 233 

(Figure S9, Table S12). Similar proportions of cases would be averted for MSM non-IDU. 234 

 235 

Uncertainty analyses 236 
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Our ANCOVA analyses indicate that variability in the relative reduction in HCV incidence 237 

achieved over 2015-2030 is mostly (74.1%) due to uncertainty in the scale-up of HCV 238 

treatment in 2015 (Table S13).  239 

 240 

DISCUSSION 241 

 242 

Our model suggests that, although IDU is only reported by a minority of MSM (13%), it 243 

accounts for nearly half (43%) of all incident HCV cases in this population and only 2.8% of 244 

HIV infections. We also found that HCV incidence has already decreased considerably (~70%) 245 

over 2015-2022 among ever MSM-IDU in San Francisco, with this decline being largely (~86%) 246 

attributed to the high levels of testing and treatment over this period. Trajectories of progress 247 

towards the WHO HCV incidence target seem modestly influenced by how fast disruptions in 248 

services recover following the COVID-19 pandemic, with most scenarios and projections 249 

suggesting an 80% reduction in HCV incidence over 2015-2030. Despite considerably higher 250 

HCV burden among ever MSM-IDU compared to MSM non-IDU, we project similar trajectories 251 

of change in HCV incidence for both. Going forward, it is essential that existing HCV 252 

interventions are sustained, as removing them would cause an increase in HCV incidence and 253 

prevent us from achieving the WHO target.  254 

 255 

To our knowledge, this study is the first to consider IDU as a driver of HCV transmission among 256 

MSM in HCV transmission models, and to evaluate whether HCV testing and treatment 257 

services are reaching this high-risk group. It is also the first MSM-focused model of the HCV 258 

epidemic in the US. We note several limitations. First, the independent contribution of IDU, 259 

relative to sexual risk, in driving HCV transmission among MSM is difficult to quantify and 260 
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could have been mis-estimated in our study, even though it was informed by detailed local 261 

epidemiological data. IDU and sexual risk practices are self-reported, thus prone to mis-262 

classification due to recall errors and because they represent sensitive information. 263 

Furthermore, while we did not find evidence of a difference in sexual risk practices among 264 

MSM in our study by IDU status (supplementary material pp3), several studies have suggested 265 

that these practices are often correlated[40], adding to the difficulty of isolating the 266 

independent contribution of each one. Second, we did not have data on HCV incidence, yet 267 

our projections align with HCV incidence estimates among MSM from other US settings[2]. 268 

Additionally, existing HCV treatment data among MSM in San Francisco precluded an 269 

assessment of potential differences by injecting and HIV-status. Although we utilised 270 

numerous established data sources among MSM to parametrise and calibrate our model to 271 

the local context, expanding data collection to include a systematic assessment of HCV 272 

incidence and treatment would strengthen projection modelling and programmatic response. 273 

Given that our projections are of the present, they can and should be tested through empirical 274 

HCV incidence data. Third, injection-related outcomes, such as injecting cessation and relapse 275 

and injection-related mortality, have been poorly characterised among MSM-IDU, which 276 

limited the data available for parameterising our models. Fourth, it is unclear how HCV and 277 

HIV services have recovered following the COVID-19 pandemic. However, it is encouraging 278 

that the WHO HCV incidence target will likely be achieved even if there is no recovery.  279 

 280 

Fifth, our model does not capture new HCV infections among MSM in San Francisco acquired 281 

through contacts with other populations. We did not model partnerships with people who 282 

inject drugs (PWID) due to evidence of limited interaction with this population[7]. Recent 283 

research led by our group suggested different socio-demographic characteristics and injecting 284 
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and sexual risk behaviours between MSM-IDU (i.e., men reached through affiliation with 285 

MSM) and men reached through affiliation with PWID, whether they engage or not engage in 286 

male-to-male sex (PWID-MSM and PWID non-MSM, respectively)[7]. International evidence 287 

using phylogenetic analyses also suggests that the HCV epidemics among MSM and PWID are 288 

distinct[41], though similar research is needed in San Francisco. We also did not model 289 

partnerships with MSM outside of San Francisco because of limited data. If HCV acquisition 290 

through unmodelled populations is significant, then we could be over-estimating the impact 291 

of HCV testing and treatment on HCV incidence. Despite this limitation, our model represents 292 

an improvement on prior studies among MSM that only focused on HIV-positive MSM[11-15]. 293 

To our knowledge, only modelling done by our group has previously included HIV-negative 294 

MSM[16], despite evidence of high HCV incidence in this group[2], suggestive of shared 295 

transmission networks with HIV-positive MSM. 296 

 297 

Our findings indicating a pronounced decrease in HCV incidence among ever MSM-IDU and 298 

MSM non-IDU likely reflect San Francisco’s multilayered efforts to increase HCV service access 299 

for high-risk populations through integration of services. San Francisco has long been a leader 300 

in the prevention and treatment of HIV for MSM, and several HIV-focused programs have 301 

added HCV testing and treatment into routine sexual healthcare. It developed the first city-302 

focused strategic plan to eliminate HCV[17] and a HCV "micro-elimination plan" for people 303 

living with HIV. While empirical data supporting the benefit of HCV Treatment-As-Prevention 304 

is only starting to emerge[42], other modelling studies have shown that marked reductions in 305 

HCV incidence among MSM can be achieved[11, 12, 14-16] through scaling-up HCV testing and 306 

DAA treatment.  307 

 308 
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Results are unlikely to be representative of the wider MSM-IDU and MSM communities in the 309 

US. Few US states have implemented HCV elimination plans and MSM elsewhere often have 310 

lower access to services compared to those based in San Francisco. Furthermore, additional 311 

research is needed to assess whether other populations with overlapping risk behaviours are 312 

adequately served by HCV prevention and treatment services. We recently reported that, 313 

compared to MSM-IDU, PWID-MSM in San Francisco present greater socio-economic 314 

disadvantage, have higher HCV prevalence and lower engagement in services[7], suggesting 315 

that the impact of current HCV testing and treatment programs could be less favourable in 316 

this group. 317 

 318 

In conclusion, despite a considerably higher HCV burden among ever MSM-IDU relative to 319 

MSM non-IDU in San Francisco and recent reductions in HCV testing and treatment due to 320 

the COVID-19 pandemic, our model suggests that the WHO HCV incidence target will be 321 

achieved in both populations. This finding can be attributed to the high intensity of HCV 322 

testing and treatment among MSM in this city, prior to COVID-19 disruptions, and illustrates 323 

what can be achieved by creating a robust HCV elimination program that prioritises 324 

vulnerable populations. 325 
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Figure 1: Model schematic illustrating the HCV infection compartments (A), HIV infection 

compartments (B) and injection drug use compartments (C) 

  
As requested, please see separate file 
 

 
 
Note: Background mortality includes non-HIV, non-HCV and non-IDU-related death.
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Table 1: Prior and posterior ranges for key parameters used in the model* 

 
 

PARAMETER 
 

PRIORS: 
DISTRIBUTI

ON AND 
ESTIMATES 

 
 

SOURCES AND COMMENTS 

 
POSTERIOR 

RANGES 
(median, 
min/max) 

MSM population size in 1985  Uniform: 
65,523 – 
140,000  

 

The lower bound is the lower bound of the 2017 
estimate of the MSM population size in San 

Francisco[21]. We set the upper bound higher than the 
2017 estimate, as the population is expected to have 
decreased since 1985 due to HIV-related mortality[43].  

132,560 
(123,250 – 
139,980) 

Sexually-related HCV transmission 
rate (per person per year) 

Uniform:  
0 – 0.5 

Uninformative prior; varied to calibrate to HCV 
prevalence 

0.03  
(0.02 – 0.04) 

RR of HCV transmission through 
injection drug use practices vs sexual 
practices 

Uniform: 
2 - 10 

Wide range informed by studies estimating the 
magnitude of the associations between IDU and sexual 

risk behaviours and incident or prevalent HCV 
infection (Table S2); varied to calibrate to HCV 

prevalence 

 
2.8 

(2.0 – 3.8) 

RR of HCV infectivity among MSM 
who are HIV-infected vs MSM who 
are not HIV-infected 

Lognormal: 
2.6 (95% CI: 

1.5 – 4.4) 

In the absence of MSM-specific data, it is based on a 
systematic review and meta-analysis comparing the 
risk of mother-to-child HCV transmission in HIV+ and 
HIV-mothers[44]. This finding is corroborated by two 

other studies examining the probability of needlestick 
HCV transmission (Table S3). 

 
2.1 

(1.5 – 2.8) 

Proportion of individuals who 
spontaneously clear HCV infection 
among HIV negative MSM 

Uniform: 
0.22 - 0.29 

[45] 0.24  
(0.22 – 0.26) 

Proportion of individuals who 
spontaneously clear HCV infection 
among HIV positive MSM 

Uniform:  
0.12 - 0.19 

[46] 0.17 
(0.12 – 0.19) 

Year HCV testing started Uniform: 
1999-2001 

Assumption based on the high level of HCV testing 
reported by MSM enrolled in NHBS-MSM 2004 and 
2008[19], which reflects the earliest years for which 

data are available. Details are provided in the 
Supplementary material (section 1.2.3, pp4). 

1999.2 
(1999.0 – 
1999.5) 

Proportion of MSM non-IDU, who 
were HIV-negative and not on PrEP 
that reported HCV testing in the past 
year 

Normal:  
17.3%  

(12.2% - 
23.4%) 

Based on NHBS-MSM 2017 (unpublished data). Used 
to inform the rate of HCV testing. Details are provided 

in the Supplementary material (section 1.2). 

17.3% 
(13.3% – 
19.9%) 

RR of HCV testing among MSM who 
belonged to any of the following 
groups, compared to MSM non-IDU 
who were HIV-negative and not on 
PrEP 

• ever MSM-IDU or  

• HIV negative MSM on PrEP or  

• HIV positive MSM  

Lognormal: 
2.5 (1.8 – 

3.5) 

Based on differences in HCV testing by injection and 
HIV infection statues among MSM in NHBS-MSM 2017 

(unpublished). Details are provided in the 
Supplementary material (section 1.2, pp3). 

2.4  
(1.9 – 2.9) 

Year interferon-based HCV 
treatment started 

Uniform: 
2002 - 2004 

[30] 2002.6 
(2002.0 – 
2003.3) 

Year DAAs were introduced  2015 [47] — 
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Proportion of HIV-positive MSM who 
reported ever HCV treatment over 
2008-2014 

Lognormal 
15.7% 

(12.8% - 
18.9%) 

[31] Used to inform the rate of HCV treatment before 
the introduction of DAAs.   

15.4% 
(13.4% - 
17.9%) 

RR for the increase in rate of HCV 
treatment in 2015 due to DAA scale-
up relative to previous years 

Uniform 
1-10 

Uninformative prior 7.0 
(4.0 – 9.8) 

Rate of exit from the HCV treatment 
compartment during the interferon 
era (2004-2014; per person per year) 

Point 
estimate: 

52/48  

Taken as the inverse of the average duration of 
treatment with interferon: 48 weeks. 

 
— 

Rate of exit from the HCV treatment 
compartment during the DAA era 
(2015-onward; per person per year) 

Uniform: 
52/8 —
52/12  

 

Taken as the inverse of the average duration of 
treatment with DAAs: 8-12 weeks. 

5.1  
(4.3 – 6.2) 

Proportion of HCV treatments that 
result in SVR during the interferon 
era (2004-2014) among HIV-negative 
MSM 

Normal: 
64% (59%- 

69%) 

Observational study examining the efficacy of 
interferon- and ribavirin-based HCV treatment in HIV-

negative participants[48]. 

63.7% 
(60.7% - 
67.0%) 

Proportion of HCV treatments that 
result in SVR during the PEG-IFN era 
(2004-2014) among HIV-positive 
MSM 

Normal: 
38% (35%-

42%) 

Meta-analysis of observational studies examining the 
efficacy of interferon- and ribavirin-based HCV 

treatment in HIV-positive participants[49]. 

38.1% 
(37.2% - 
38.8%) 

Proportion of HCV treatments that 
result in SVR during the DAA era 
(2015-onward) irrespective of HIV 
status 

Uniform: 
90% - 100% 

Based on a review of observational studies on the 
efficacy of DAAs[50].  

97.5% 
(93.8% - 
100.0%) 

 
*A full list of parameters, sources and posterior ranges are provided in Supplementary Tables 3 

and 12. 

Abbreviations: RR = relative risk.
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Table 2: Summary of data on HCV and HIV services uptake among MSM in San Francisco used to 

parameterise and calibrate the model 

HCV/HIV 
service 

Description  Data* 

HCV testing Data from NHBS-MSM 2017 
show higher HCV testing in 
MSM-IDU than MSM non-IDU. 
Data from NHBS-MSM and 
SFAF MSM street-intercept 
study conducted over time 
indicate high levels of HCV 
testing in MSM as early as 
2004.  

The proportion of MSM reporting past-year HCV 
testing in 2017 was 32%. This overall estimate 
varied between 17%-60% according to IDU, HIV, 
PrEP statuses: MSM who also reported IDU, being 
HIV positive or HIV-negative and on PrEP had 2.5-
times higher levels of past-year HCV testing than 
MSM who did not report any of these exposures.  
 
The proportion of MSM ever tested for HCV over 
2011-2019 ranged between 79% and 86%.  
 
The proportion of HIV-positive MSM who tested 
HCV Ab positive and were aware of their HCV 
infection over 2004-2011 was 71%-90%[5, 19].  

HCV 
treatment 

Data from NHBS-MSM and 
SFAF MSM street-intercept 
study indicate that the 
proportion of MSM who were 
ever treated for HCV was high.  

The proportion of MSM ever diagnosed with 
chronic HCV who indicate ever being treated for 
HCV over 2017-2019 ranged between 57% and 
75%.   
 
 

HIV testing  Data from NHBS-MSM 
conducted over time indicate 
high levels of HIV testing as 
early as 2004.  

The proportion of HIV-positive MSM who 
indicated being diagnosed for their HIV infection 
increased from 78% in 2004 to 96% in 2017[18].  
 
The proportion of HIV-negative MSM who 
reported being tested for HIV in the previous year 
was 82% in 2017. Levels of past-year HIV testing 
were similar among MSM-IDU and MSM non-IDU. 

PrEP 
initiation  

Data from NHBS-MSM and 
SFAF MSM street-intercept 
study conducted over time 
indicate that the proportion of 
HIV-negative MSM receiving 
PrEP has gradually increased 
since 2010.  

The proportion of HIV-negative MSM reporting 
being on PrEP increased from 1% in 2011 to 45% 
in 2019[20]. Levels of PrEP use were similar among 
MSM-IDU and MSM non-IDU. 

HIV 
treatment  

Data from NHBS-MSM and 
SFAF MSM street-intercept 
study conducted over time 
indicate high levels of HIV 
treatment as early as 2008.  

The proportion of HIV-positive MSM who reported 
being on ART ranged between 79% to 96% over 
2008-2019[18]. Levels of HIV treatment were 
similar among MSM-IDU and MSM non-IDU. 

*Only point estimates are presented. Uncertainty ranges and additional details on model 
parameterisation and analyses of unpublished data are presented in the Supplementary material pp3-
7 and Table S3). In the absence of a reference, data reflect unpublished estimates. 
Abbreviations: NHBS-MSM = National HIV Behavioural Surveillance among men who have sex with 
men; SFAF = San Francisco AIDS Foundation 
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Figure 2: Model fit to calibration data on the proportion of MSM who injected recently, non-recently and never (panels A-C) and on HCV antibody 

(Ab) prevalence among ever MSM-IDU, MSM non-IDU and HIV+ MSM (panels D-F) 

 
As requested, please see separate file 
 
Note: Black lines represent the median model projections and the shaded area represents the 95% credible intervals. Calibration data points 

with their 95% confidence intervals are indicated in red.
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Figure 3: Model fit to calibration data on HIV prevalence among ever MSM-IDU and MSM non-IDU (panels A-B) and on the proportion of MSM 

on PrEP (panel C) and model fit to validation data on HIV incidence among all MSM (panel D) 

As requested, please see separate file 
 
 
Note: Black lines represent the median model projections and the shaded area represents the 95% credible intervals. Calibration data points 

with their 95% confidence intervals are indicated in panels A-C. Validation data with their 95% confidence intervals are indicated in panel D. 
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Figure 4: Projected HCV incidence and chronic HCV prevalence* among MSM-IDU and MSM non-IDU, over 2010-2030 

As requested, please see separate file 
 

 
       *The shaded area reflects the 95% CrI for the scenario in which we assume no re-bound in COVID-19 related disruptions. All lines show median   

         projections
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Figure 5: Modelled relative reduction in HCV incidence among ever MSM-IDU and MSM non-IDU in different scenarios over 2015-2030 

As requested, please see separate file 
 
  
 

      Note: Bars show the median projections, with whiskers showing the 95% credibility intervals. 

 


