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Abstract

Background & Aims: The vast majority of hepatitis C virus (HCV) infection in Singapore is 

among those with a history of injecting drug use (IDU), yet harm reduction is not available and 

what is required to achieve the World Health Organization (WHO) HCV elimination targets (80% 

incidence reduction, 65% mortality reduction by 2030) is unknown. We model the intervention 

scale-up required to achieve WHO targets in Singapore.

Methods: A dynamic model of HCV transmission and progression among those with a history of 

IDU was calibrated to Singapore, a setting with declining IDU and no harm reduction (~11,000 

people with IDU history in 2017, 45% HCV seropositive). We projected HCV treatment scale-up 

from 2019 required to achieve WHO targets with varying prioritization scenarios, with/without 

opiate substitution therapy (OST) scale-up (to 40% among people who inject drugs [PWID]).

Results: We estimated 3855 (95%CI:2635-5446) chronically HCV infected individuals with a 

history of IDU and 148 (87-284) incident HCV cases in Singapore in 2019. Reaching the HCV 

incidence target requires 272 (187-384) treatments in 2019, totaling 2444 (1683-3452) across 

2019-2030. By prioritizing PWID or PWID and cirrhotics, 60% or 30% fewer treatments are 
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required, respectively, whereas the target cannot be achieved with cirrhosis prioritization. OST 

scale-up reduces treatments required by 21-24%. Achieving both WHO targets requires treating 

631 (359-1047) in 2019, totaling 3816 (2664-5423) across 2019-2030.

Conclusions: HCV elimination is achievable in Singapore, but even with declining IDU requires 

immediate treatment scale-up among PWID. Harm reduction provision reduces treatments 

required and provides additional benefits.
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INTRODUCTION

Globally, chronic hepatitis C virus (HCV) is a leading cause of liver disease and death.1 The 

World Health Organization (WHO) has declared an urgent need to eliminate viral hepatitis 

globally by 2030, with targets to reduce HCV incidence by 80% and HCV-related deaths by 

65%.2 Singapore is a country in South East Asia, with a low general population HCV 

seroprevalence (0.37-0.54%) based on blood donor studies, and where the majority of 

prevalent and new infections are among those with a history of injecting drug use (IDU)3, 4. 

In Singapore, drug use is highly criminalized, and roughly 45% of people who inject drugs 

(PWID) show evidence of current or past HCV infection5. Despite this, harm reduction 

programs (such as needle and syringe programs and opiate substitution therapy [OST]) 

which reduce an individual’s risk of HCV6 do not operate in Singapore, and very few PWID 

have been treated for their HCV. Additionally, there is evidence of a recent shift away from 

IDU, replaced by non-injecting stimulant use7. Given these complexities, the future HCV 

epidemic trajectory, and level and targeting of HCV treatment and prevention intervention 

required to achieve the WHO targets in Singapore is unknown.

We developed a HCV dynamic transmission and disease progression model among PWID 

and ex-PWID in Singapore, a setting with declining injecting drug use, and use this to 

determine what level and prioritization of intervention could achieve each of the WHO 

targets.

METHOD

Mathematical model description

We developed a dynamic, deterministic model of HCV transmission among PWID, and 

HCV disease progression among PWID and former PWID. The modelled population was 

stratified by HCV infection state (uninfected, chronic HCV, compensated cirrhosis [CC], 

decompensated cirrhosis [DC], hepatocellular carcinoma [HCC], PWID status (PWID or ex-

PWID), and current OST status for PWID (on/off), see Supplementary Figure S1. PWID 

enter the population through a time-varying injecting initiation rate, and transition to ex-

PWID or permanent cessation from injecting. The model is dynamic, such that an 

individual’s risk of infection is related to the background prevalence of disease and an 

individual’s intervention state. Once infected, PWID either develop chronic infection 
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(whereby they proceed to the chronic HCV stage) or spontaneously clear their infection (and 

remain in the susceptible stage). Unless successfully treated, PWID with chronic HCV 

transition through the natural history of HCV infection. We neglected HCV-related liver 

transplant as it is uncommon in Singapore, comprising 7% of the etiologies being wait-listed 

for liver transplant8, Among those transplanted, all were blood-transfusion related or 

hemophiliac and none had a history of injecting drug use (personal communication, Tan 

EK). Background mortality occurs from each stage, with elevated drug related mortality for 

PWID, and HCV-related mortality from DC/HCC.

A fixed number of individuals can be treated for their HCV, whereupon they either achieve a 

sustained viral response (SVR) and can be reinfected or fail treatment and remain 

chronically infected. If the number of infected individuals is less than the number of 

available treatments, we assume that all infected individuals are treated. Conservatively, we 

do not assume any behavior change after treatment. We assume PWID who fail treatment or 

become re-infected can be retreated. Individuals who obtain SVR either cease liver disease 

progression if in the chronic HCV stage, or progress at a lower rate from compensated 

cirrhosis to DC or HCC compared to those with cirrhosis who are untreated9, 10. We 

conservatively do not assume any regression of fibrosis for individuals with SVR.

Model parameterization and calibration.

Calibration procedure: Key model parameters were estimated based on Singapore 

specific epidemiological data and global systematic review estimates where Singapore data 

were lacking (Supplementary Table S1). We incorporated parameter uncertainty (1000 

random samples of parameter distributions in Table S1), and calibrated the model to sampled 

estimates for the ever-PWID (PWID+ex-PWID) population size and HCV chronic 

prevalence in 2017 using a least-squares global optimization solver in MATLAB. We 

assume PWID population size and HCV chronic infection prevalence are at steady state 

prior to 2012. Since 2012, a change in drug use and declines in heroin-related arrests 

(overall and first-time) have been observed in Singapore7. From 2012-2018, there was a 

decline in arrests of new heroin users by 33%/year. Coinciding with this decline, there was a 

shift to non-injecting routes of stimulants (predominantly methamphetamine) since 2012. 

Consequently, we assumed a time-varying injecting initiation rate which is stable prior to 

2012, and reduces by ~30%/year from 2012 to 2018, assuming stable inflow thereafter for 

our baseline analysis. The model is therefore run until steady state, with a declining PWID 

injecting initiation rate from 2012-2018, with the model calibrated to ever-PWID population 

size and HCV chronic prevalence in 2017.

Calibration parameters: We calibrated to an estimate of 11,000 (6,500-17,000) people 

with a history of IDU in 2017.11 An estimate amongst individuals from halfway houses 

(interim accommodation provided to released prisoners with recent incarcerations for 

substance abuse or voluntary attendees seeking drug rehabilitation) in 2017 found a HCV 

seroprevalence among ever PWID of 47% (95%CI 40-53%)12, consistent with an older 

study among PWID at a community addiction program in 2007 (42.5%).5 Therefore, we 

calibrated to a sampled HCV seroprevalence of 47% (sampled from 40-53%) among ever 
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PWID in 2017, equating to a chronic prevalence among ever PWID of 35% (95%CI 

30-40%) based on a spontaneous clearance rate of 26%13.

Intervention parameters: We assume a 95% SVR rate for those treated with DAAs.14 

There is currently no OST provision in Singapore. We simulate scale-up of OST, which we 

assumed reduces HCV transmission and acquisition by 50% (95%CI 37-60%) based on a 

recent Cochrane meta-analysis6. We incorporate OST dropout, assuming 7 months average 

duration on OST, based on other high-income settings15–18.

Model Scenarios:  No national treatment data are available but has been estimated to be 

very low in the pre-DAA era and likely even lower among people with a history of injecting 

drug use19. Therefore, we assumed no HCV treatment for PWID at baseline. We projected 

the required number of treatments required to achieve the WHO targets of reducing HCV 

incidence by 80% or HCV related death by 65% by 2030 compared to 2019. The model 

predicts negligible changes in annual HCV-related deaths and HCV incidence rates among 

all individuals from 2015-2019 (Supplementary Figure S2), so we used 2019 as a baseline 

given observed initiation of DAA treatment in 2019. Additionally, we projected the impact 

of the following treatment prioritization scenarios (where treatments are only allocated to the 

following groups): (1) Scaling-up treatment among all PWID and ex-PWID proportionally, 

(2) Scaling-up treatment among PWID only, (3) Scaling-up treatment for those with more 

advanced liver disease (cirrhotic and beyond), or (4) Scaling-up treatment among PWID and 

among those with more advanced liver disease (cirrhotic and beyond). For each treatment 

strategy, we also considered the impact on treatments required if OST is scaled-up from 0% 

to 40% OST coverage among PWID only (based on the WHO recommended coverage). For 

the OST scale-up scenarios, we implement scale-up through immediate increases in OST 

recruitment rates to achieve the desired level of coverage by 2021.

Sensitivity analysis.: The baseline analysis incorporates a reduction in injecting initiation 

from 2012 to 2020 based on observed data, with inflow stabilizing thereafter. In a sensitivity 

analysis, we also evaluated an alternative scenario to evaluate the impact of a future further 

decline in PWID prevalence following historical trends (see supplementary information). We 

additionally performed univariate analyses using lower and upper bounds of our population 

size estimates, extended duration on OST (18 months) and lower SVR rates (85% and 90%). 

Finally, because genotype 3 has been associated with increased risk of liver cirrhosis and 

hepatocellular carcinoma (HCC) compared to other genotypes20–22, and because there is 

various studies reporting differences in the genotype 3 distribution in Singapore23–25 we also 

examine lower proportions of genotype 3 (0%, 25%, 50%).

RESULTS

Baseline epidemic projections

In our baseline scenario without treatment, the model estimates a cirrhosis prevalence among 

HCV infected individuals of 34% in 2019 (95% confidence interval [95%CI] 30-40%), 

consistent with clinical data indicating 28% (24-32%) cirrhosis among patients with a 
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history of substance use.23 Model projections with no scale up treatment are presented in 

Supplementary Figure S2.

The baseline model predicts that in 2012 there were an estimated 3432 (1888-5246) PWID, 

which declined dramatically due to a reduction in new injecting initiations to 2690 

(1372-4296) in 2017, and reducing further to a predicted 2285 (1098-3748) PWID in 2019. 

The model predicts a relatively stable (but uncertain) population of former PWID from 

2012-2019, estimated at 8647 (5932-12134) in 2019, with modest future decreases. In total, 

an estimated 3855 (2635-5446) individuals are chronically infected with HCV in 2019 

(among them 1394 [715-2237] PWID and 2461 [1688-3688] ex-PWID), which will decrease 

to 3330 (2229-4323) in 2030 with no intervention (Supplementary Figures S2 and S13). We 

estimate 148 (87-284) incident HCV cases in 2019, falling slightly to 113 (64-224) by 2030 

with no intervention. Similarly, we estimate 62 (38-92) HCV-related deaths in 2019, which 

remains relatively flat by 2030, decreasing to 58 (36-85).

Treatment impact with low, moderate, and high treatment rate scenarios

Figure 1 shows the impact of different treatment scenarios on HCV incidence and mortality. 

If 250 individuals are treated per year (similar to the estimated number of prisoners treated 

in 201925 the model predicts HCV incidence will reduce by a relative 72% (53-94%) by 

2030 to 45 (6-112) new infections relative to 2019. If 500 individuals are treated per year, 

the model predicts HCV incidence will reduce by a relative 96% (93-97%) by 2030 to 6 

(3-14) new infections relative to 2019. Similar impact is achieved if 750 individuals are 

treated per year starting in 2019.

Treatment scale-up needed to achieve WHO targets by 2030

Modeling suggests an 80% decrease in HCV incidence can be achieved by 2030 (Figure 2 

and 3). With no scale-up of OST and with all HCV infected individuals eligible for 

treatment, 272 (187-384) individuals need treatment in 2019 to reach the incidence target 

(2444 [1683-3452] individuals across 2019-2030). Fewer initial and total treatments are 

required if treatment is prioritized to PWID: 105 (56-166) treatments required in 2019, 949 

(507-1492) PWID over 11 years. Similarly when prioritizing PWID and individuals with 

cirrhosis or more advanced liver disease, fewer treatments are required, 186 (120-267) in 

2019 and 1677 (1080-2399) over 11 years. The WHO incidence reduction target could not 

be achieved if treatment is prioritized or restricted to individuals with more advanced liver 

disease (cirrhotic and beyond). Importantly, scale-up of OST could reduce the numbers 

required to reach the incidence target. If OST is scaled-up to 40% among PWID and 

treatment allocated to all, then fewer treatments are required (20.7% [15.3-26.0] fewer with 

random allocation, 23.7% [27.7-30.0] fewer with PWID prioritization, Figure 2 and 3).

Achieving the 65% reduction in mortality target by 2030 likely requires more treatment than 

needed to achieve the incidence target. If treatment is randomly allocated, an estimated 631 

[359-1047] individuals in 2019, and 3816 [2664-5423] individuals need to be treated over 

2019-2030 to achieve the mortality target (which therefore achieves both incidence and 

mortality targets). A strategy prioritizing PWID and cirrhotics reduced the number of 

simulations which achieved elimination, and required similar treatment rates in 2019, but in 
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simulations where it was achieved fewer cumulative treatments were required from 

2019-2030 (Figure 3).

Sensitivity analysis.

Results were insensitive to assumptions of future IDU initiation patterns, differing by a 

<10% in an alternative scenario with a continuous decrease in PWID initiation 

(Supplementary Figures S3 and S4). Other sensitivity analysis results (Supplementary 

Figures S3–S12) were similarly insensitive to decreasing the SVR rates to 90 and 85% 

(versus 95% in the baseline scenario), where total treatment numbers increased by 4.7%(to 

2,560) and 9.8% (to 2,684), respectively to achieve the incidence target, and increased by 

<5% to achieve the both targets. With variations in genotype 3 proportion, virtually no 

difference (<2%) was seen for treatment numbers required to achieve the incidence target. 

To achieve the mortality target, slightly more treatments were required (13.0%, 7.3% and 

3.8%, respectively for 0%, 25%, or 50% genotype 3 prevalences). Results were moderately 

sensitive to uncertainty in PWID population size. To achieve the incidence target if all are 

eligible for treatment and no OST, 37.9% fewer and 32.6% more individuals need to be 

treated in 2019 for PWID population sizes of 6500 and 17000, respectively. Similar relative 

differences are required to achieve both WHO targets. Finally, when increasing the mean 

duration on OST from 7 to 18 months with 40% OST, the total number needed to treat 

decreased by 19% for the incidence target (1,940 vs 1,570) but only decreased by 1% for the 

mortality target.

DISCUSSION

We find HCV elimination achievable in Singapore, but even in a setting of declining 

injecting drug use requires an immediate and intensive scale-up of treatment to PWID. Harm 

reduction implementation, such as OST, could reduce treatments required, and provide 

additional benefits such prevention of HIV and overdose6. Additionally, prioritization of 

PWID and those with cirrhosis or more advanced disease can reduce treatments required.

Until recently, DAAs were expensive and inaccessible for the vast majority of Singaporeans 

due to high cost.19 In 2019, pan-genotypic DAA regimes were introduced into government 

means-tested subsidy programs. This has paved way for universal access to treatment, 

however barriers remain with regards to sufficient testing, linkage to care and a lack of a 

national strategy for HCV elimination. In the absence of a national strategy, treatment 

remains sporadic and physician directed. Whilst HCV elimination is feasible in Singapore, 

without a national directive and committed funding to both testing and treatment it is 

unlikely the scale-up of treatment required would be achievable. Based on a current 

estimated cost of HCV treatment (including DAAs and delivery) of SGD 9,834 (~$7,000 

USD)19 treating 630 patients in 2019 as required by our model to achieve both WHO targets 

would require SGD 6.2 million (USD $4.47 million), representing 0.05% of the total 

allocated healthcare expenditure budget.26 This amount would need to be supplemented with 

funding for diagnostic testing which could be substantial but would be optimized if focused 

on high risk populations such as those with a history of injecting drug use. It is anticipated 
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that with subsequently years, the numbers needed to treat would reduce as would budgetary 

demands.

Concomitant OST would reduce the annual cost by reducing the numbers needed to treat to 

reach HCV elimination, however barriers to scale-up remain in Singapore given problems 

faced during Buprenorphine availability between 2002-2006 27, which some PWID injected 

for recreational drug purposes instead, thus eventually resulting in its abandonment. Future 

schemes should not be ruled out on this basis alone. It is conceivable such schemes could 

exist if they were centralized and administered by the National Addiction Services under 

strict protocol. Currently there is a lack of advocacy groups for PWID, which have been 

instrumental in advocating for harm reduction services in other countries.

Finally, as in countries like Australia, even with broad access to DAAs, HCV case-finding 

case is a critical issue as the pool of diagnosed individuals is treated28. The prevalence of 

HCV in the general population in Singapore is low, but high in populations such as PWID 

who traditionally lack access to HCV-related care. Typically, this population is transitory 

between the community, halfway houses and correctional facilities within Singapore with 

58% of ever PWID with a history of incarceration and overall recidivism rate between 

23-30% over 2 years12, 29. This high recidivism rates and their predictable pathway into 

community halfway houses lends itself to ideal conditions for HCV elimination if universal 

screening among PWID and appropriate linkage to care measures are instituted. Strategies to 

improve case finding could include universal screening in foci of high HCV prevalence such 

as the National Addiction Services, Singapore Prison Services and Halfway Houses across 

Singapore. Still, many PWID may not be identified through the above existing services; 

expansion of OST could expand the ability to diagnose PWID. At present, hemodialysis 

patients are the only group which receive three monthly mandatory universal HCV 

screening.

Comparisons with literature

Our analysis supports modeling indicating the WHO elimination targets are likely 

achievable among PWID if treatment is combined with harm reduction scale-up30. 

Additionally, our analysis is consistent with studies indicating fewer treatments are required 

if treatment is prioritized to PWID and/or PWID and those with cirrhosis or more advanced 

disease, as well as if harm reduction is provided in combination.22, 31 Further, our analysis is 

consistent with findings that achieving the mortality target requires more treatment than 

achieving the incidence target.22

Strengths and weaknesses

Our analysis is unique in examining what is required for elimination in a setting where HCV 

is driven by IDU and without harm reduction, while incorporating a recent decline in new 

PWID. Nevertheless, our analysis has a number of limitations. First, our analysis is 

restricted to estimating burden among current and former PWID only, and neglects 

infections among other populations, however these populations are small and unlikely to 

affect our broader conclusions. For example, routine HCV screening was introduced to all 

blood products since 1992, and blood donor prevalence estimated at 0.059%24. Among the 

Chaillon et al. Page 7

J Gastroenterol Hepatol. Author manuscript; available in PMC 2021 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



approximately 6000 patients on hemodialysis Singapore, the seroprevalence of HCV is 2.2% 
24, equating to less than 100 patients with chronic HCV, and universal isolation of chronic 

viral hepatitis patients on hemodialysis has occurred since a small hospital outbreak in 

2015.32 Additionally, despite evidence of HCV transmission among HIV-infected men who 

have sex with men in other major urban centers, this has not been documented in Singapore.

Second, there is uncertainty in our parameters, which we assessed through multivariate 

uncertainty analysis and one-way sensitivity analyses. As a result, we generate multiple 

model projections and we note that for some scenarios elimination is not achieved in all of 

the simulations, which is presented in the results and important to note. As in our previous 

analysis in other setting, this uncertainty was primary driven by substantial uncertainty in 

average injecting duration and, relatedly, PWID population size which affected our 

predictions. Injecting duration until final cessation is difficult to measure as cross-sectional 

surveys are both right and left censored as they miss those who inject for very short 

durations, and those surveyed have not yet cessated from injecting. We use the most recent 

published estimates of ever PWID in Singapore, but note drug use is criminalized and 

stigmatized in Singapore, so additional estimates would strengthen the evidence base and 

reduce uncertainty. Further, more comprehensive, routine surveillance among PWID would 

enable more robust tracking of the epidemiology in this important group.

Third, there is uncertainty in the future trajectory of IDU in Singapore. Although our results 

were robust to differences in assumptions regarding future trajectories, further work 

quantifying the dynamics of injecting drug use is warranted. For example, although there is 

evidence of a recent shift away from injecting drug use to non-injecting stimulant use, it is 

unclear whether these non-injecting stimulant users will eventually transition to injecting. 

Indeed, stimulant injection has been associated with elevated HIV and HCV risk among 

PWID 33, and therefore a transition to stimulant injecting could fuel the HCV epidemic in 

the future.

CONCLUSION

Urgent scale-up of HCV treatment in combination with harm reduction for PWID is 

warranted in Singapore, and could achieve the WHO elimination targets. Political will is 

needed to address the multiple harms associated with injecting drug use in Singapore.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Impact with low (250/year), moderate (500/year), and high treatment (750/year) scenarios 
on the mean annual number of incidence HCV cases (A) and mean number or HCV related 
deaths (B) in Singapore.
Shaded area represents the 2.5–97.5% interval projections for the ‘no treatment’ baseline 

scenario
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Fig. 2. Initial HCV treatment rates required to achieve the WHO targets for incidence (green 
bars) and mortality (orange bars) with different treatment prioritization scenarios (all, cirrhotic, 
PWID, PWID and cirrhotic).
40% OST: scale up of opioid substitution therapy to 40% coverage among PWID. Star: 

WHO 2030 target not achieved. Mean number of HCV PWID and/or ex-PWID needed to 

treat in the first year are indicated above each bar plot, with the proportion of runs reaching 

the target in parentheses
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Fig. 3. Total numbers of HCV treatments required over 11 years (2019–2030) to achieve the 
WHO targets for incidence (green bars) and mortality (orange bars) with different treatment 
prioritization scenarios (all, cirrhotic, PWID, PWID and cirrhotic).
40% OST: scale up of opioid substitution therapy to 40% coverage among PWID. Star: 

WHO 2030 target not achieved. Mean number of HCV PWID and/or ex-PWID needed to 

treat in the first year are indicated above each bar plot, with the proportion of runs reaching 

the target in parentheses
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