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Abstract 25	

Background 26	

Compared to other countries in sub-Saharan Africa, Tanzania has a relatively 27	

progressive illicit drug harm reduction (HR) policy, through a predominantly opioid 28	

substitution therapy-based programme. However, access to hepatitis C virus (HCV) 29	

diagnosis and curative direct acting antiviral therapy remains elusive. We developed 30	

a cost-effectiveness model to evaluate a simplified HCV screening-and-treatment 31	

intervention among PWID in Dar-es-Salaam, Tanzania.  32	

 33	

Methods 34	

A decision tree and Markov state transition model compared existing practice (no 35	

access to HCV viral confirmation and treatment) with the integration of point-of-care 36	

HCV screening and treatment within (1) existing HR services and (2) expansion to 37	

include PWID not currently engaged in HR. Outcome measures were screening, 38	

treatment, HR and disease-related costs per PWID, quality-adjusted life years (QALY) 39	

and disability adjusted life years (DALY). Cost-effectiveness was evaluated from a 40	

healthcare payer’s perspective over a 30-year time horizon over a range of 41	

willingness-to-pay thresholds (USD$273 to USD$1,050). Both deterministic and 42	

probabilistic sensitivity analyses have been conducted.  43	

 44	

Results 45	

Assuming a chronic HCV prevalence of 18.8%, screening-and-treatment in existing 46	

HR settings resulted in an ICER per QALY-gained and DALY averted of USD$633 and 47	

USD$1,161, respectively. Expanding to include an outreach programme for 48	

unengaged PWID yielded an ICER per QALY-gained and DALY-averted of 49	
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USD$4,097 and USD$10,288. Factors affecting the sensitivity of the ICER value 50	

included the cost of HR and the health utility of non-cirrhotic disease states. 51	

 52	

Conclusion 53	

Simplified HCV screening and treatment of PWID has the potential to be cost-effective 54	

in Dar-es-Salaam, Tanzania. In practice, synergism of human and financial resources 55	

with established health programmes may offer a pragmatic solution to minimise 56	

operational costs.   57	
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Introduction  58	

It is estimated that chronic infection with hepatitis C virus (HCV) among people who 59	

inject drugs (PWID) is responsible for almost half of all incident HCV-related infections 60	

and a third of deaths globally (Degenhardt et al., 2016; Trickey et al., 2019). 61	

Consequently, addressing the HCV epidemic among PWID is considered imperative 62	

in order to come close to achieving the HCV elimination target by 2030 (Heffernan, 63	

Cooke, Nayagam, Thursz, & Hallett, 2019), which includes increasing access to harm 64	

reduction (HR) (300 clean syringes per PWID annually), 90% diagnosis and 80% 65	

treatment (World health Organisation, 2016). Injecting drug use is an under-studied 66	

issue in sub-Saharan Africa (SSA), where it is estimated that close to 10% to the global 67	

PWID population reside (Degenhardt et al., 2016).  68	

 69	

Although there is an increasing trend in injecting drug use globally, a recent systematic 70	

review reported that the largest increase has been reported in SSA (Degenhardt et al., 71	

2017). Though increased awareness and reporting of injecting drug activity may 72	

account for some of this rise, the overall incremental trend is likely to be genuine. 73	

Socioeconomic factors coupled with political disinterest and suboptimal access to 74	

healthcare synergise to propagate the problem (Uchtenhagen, 2004). Despite these 75	

concerning facts, access to HR across SSA remains poor (Harm Reduction 76	

International, 2018). In such settings, high-risk practices (such as equipment sharing) 77	

are commonplace among sub-groups of PWID not engaged in HR, where chronic HCV 78	

prevalence has been reported as high as 90% (Harm Reduction International, 2018).  79	

 80	

There are approximately 12,000 PWID living in Dar-es-Salaam, Tanzania (Tanzania	81	

National	 AIDS	 Control	 Programme,	 2014). Over the past decade the government has 82	
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collaborated with international donor projects such as the United States President’s 83	

Emergency Plan for AIDS Relief (PEPFAR), to provision access to HR for PWID. To 84	

date, opioid substitution therapy (OST) remains the mainstay of addiction 85	

management, with an estimated 5,000 PWID having registered for support across 86	

three main clinics in Dar-es-Salaam. Individuals attending the clinic are required to 87	

remain abstinent from all illicit drug use. They have access to clinical and psychiatric 88	

care, formal screening and treatment for HIV, TB and vaccination against HBV. In 89	

addition, the non-governmental organisation Médecins du Monde run an independent 90	

needle and syringe programme (NSP) in Dar-es-Salaam, which supports 91	

approximately 500 PWID. It is important to note that as both OST and NSP are being 92	

operated by independent organisations and minimal combined HR exists in Tanzania. 93	

 94	

A recent cascade of care for PWID engaged in OST in Dar-es-Salaam estimated that 95	

the anti-HCV prevalence was 31%, with over half of these individuals still regularly 96	

attending the clinic and three-quarters of whom underwent a clinical assessment 97	

(considered to be linkage-to-care) (Mohamed	 et	 al.,	 2018). Despite being the most 98	

prevalent blood-borne viral infection, the provision of HCV care is limited to anti-HCV 99	

screening, with no access to essential nucleic acid testing (NAT) to confirm viraemia. 100	

In addition, there is no access to interferon therapy or direct-acting antivirals (DAAs), 101	

resulting in multi-level failure of retention along the cascade of care (Mohamed	et	al.,	102	

2018). In-field validation of the Xpert® HCV fingerstick viral load (Xpert® HCV FS VL) 103	

and HCV core antigen quantification (HCVcAg) using plasma, dried blood spots (DBS) 104	

and capillary whole blood have now provided practical and financially tangible 105	

alternatives to conventional NAT for resource limited settings (Mohamed	et	al.,	2020;	106	

Mohamed	et	al.,	2017). Meanwhile, increasing access to low-cost generic DAAs make 107	
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treatment a realistic prospect in the near future in SSA. Indeed, empirical evidence 108	

confirming excellent DAA efficacy is beginning to emerge from population 109	

interventions in SSA including; Rwanda, Sénégal, Cameroon and Côte d’Ivoire (Gupta	110	

et	 al.,	 2019;	 Lacombe,	 2018). However, the uncertain cost of implementing HCV 111	

screening and treatment is still felt to be a significant barrier to many countries’ 112	

ministries of health including such an intervention as part of their agenda. 113	

 114	

With potentially amenable solutions to these challenges on the horizon, it is imperative, 115	

in such resource-limited settings, to gain an appreciation of the financial implications 116	

and benefits of averting health-related complications of any proposed screening and 117	

treatment intervention. We have recently reported the population-level modelling 118	

outcomes of scaling-up HR and treatment of PWID in Dar-es-Salaam, Tanzania (Scott,	119	

2019). This study estimated that various treatment programmes could reduce annual 120	

incidence among PWID by 57-73% by 2030 and reduce the projected 2030 prevalence 121	

among PWID from 27% to 5-9%, with enhanced impact if combined with HR 122	

expansion. However, this model did not focus on the different approaches, especially 123	

their cost-effectiveness, to implement such a programme in both HR and community 124	

settings. Incorporating previously published data for both HCV disease profile 125	

(Mohamed et al., 2018) and validation assessment of two diagnostic tests for HCV 126	

viraemia (Xpert® HCV FS VL and HCVcAg) among PWID in Dar-es-Salaam, Tanzania 127	

(Mohamed et al., 2020; Mohamed et al., 2017) , we aim to evaluate a decision tree 128	

and Markov model to determine whether; (a) using novel and simplified diagnostics 129	

and scaled-up HCV treatment among PWID engaged in HR and (b) expanding 130	

screening and treatment among PWID not engaged in HR, are cost-effective 131	

strategies in Dar-es-Salaam, Tanzania.  132	
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 133	

Methods 134	

Model Structure 135	

The cost-effectiveness of an HCV screen-and-treatment intervention was assessed 136	

among the PWID in Dar-es-Salaam, Tanzania. A closed-cohort Markov model was 137	

designed to generate cost (USD$) and health-utility outputs (quality adjusted life years 138	

(QALY), disability adjusted life years (DALY)) over a 30-year time horizon using 139	

TreeagePro® (Williamstown, MA) modelling software.  140	

 141	

All PWID entered the model at the first cycle and encountered three decision nodes; 142	

(1) engagement in HR, (2) screening assessment and (3) treatment (for viraemic 143	

individuals). Baseline data for prevalence of chronic HCV infection and distribution of 144	

chronic liver disease has been derived from existing literature for PWID engaged in 145	

HR in Dar-es-Salaam (Mohamed et al., 2020; Mohamed et al., 2018). Data from 146	

existing meta-analyses provided the rate of HCV-related liver disease progression and 147	

mortality (Smith, Combellick, Jordan, & Hagan, 2015; Thein, Yi, Dore, & Krahn, 2008) 148	

used in the Markov state transition model. A further detailed description of the clinical 149	

setting, model structure and referenced tabled of input variables can be found in Table 150	

1.    151	

 152	

Model parameters 153	

On entry to the model all PWID were stratified by whether they are engaged in HR 154	

(90% OST and 10% NSP) or not. On the basis of recent validation of the Xpert® HCV 155	

RNA VL assay in this population, the chronic HCV RNA prevalence was set as 18.8% 156	

(Mohamed et al., 2020). On entry into the model the vast majority of chronically 157	
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infected individuals (83%) had mild liver (F0/F1) disease while 5% had compensated 158	

cirrhosis, as described in existing literature of PWID engaged in HR (Mohamed et al., 159	

2018). As there is a lack of data for those not engaged in HR, it has been assumed 160	

that these parameters were equivalent to those engaged in HR.  161	

 162	

In the absence of local epidemiology reporting the rate of disease progression in this 163	

cohort, it has been assumed that this is in-line with the mean rate reported in existing 164	

meta-analyses in well-resourced settings (Smith et al., 2015; Thein et al., 2008). 165	

Among individuals undergoing treatment, progression of disease was halted in pre-166	

cirrhotic states, while cirrhotic individuals continued to experience ongoing disease 167	

related complications (decompensated cirrhosis (DC) and hepatocellular carcinoma 168	

(HCC). DAA failure and persistent viraemia resulted in continued progression of 169	

disease at the same rate as untreated individuals. Given the high-risk status of the 170	

population it was assumed that the transmission of disease has occurred as a result 171	

of injecting drug use. In addition to disease specific morbidity and mortality, a 172	

standardised mortality rate has been applied to all individuals entering the model 173	

(Larney et al., 2017). A supplementary analysis (Supplementary Table 1) has been 174	

conducted to assess the effect of a fixed rate of reinfection after curative therapy. A 175	

summary of the HCV liver disease model is presented in Supplementary Figure 1.  176	

 177	

Interventions 178	

Table 2. summarises the approaches for the three strategies tested as part of the 179	

model. The strategy A reflects the existing standard of care, where only those engaged 180	

in HR undergo baseline anti-HCV screening, however this does not result in any 181	

linkage-to-care and treatment uptake and results in progression of liver disease, 182	
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disease-specific and background mortality over the model lifespan (30 years). We then 183	

considered two screening and treatment scenarios, for each case screening and 184	

treatment are completed in the first year (first cycle) of the model. Strategy B 185	

incorporated data from this cohort, validating POC Xpert® HCV FS VL in anti-HCV 186	

positive individuals engaged in HR (Mohamed et al., 2020) and treating 80% of those 187	

with viraemia with DAA therapy, and assumed a sustained virological response (SVR) 188	

12 weeks post treatment of 95% in line with existing data on treating PWID (Dore et 189	

al., 2016; Grebely et al., 2018). Those with chronic HCV who defaulted from HR or 190	

currently are not engaged in HR were not treated and a proportion experience 191	

morbidity and mortality as described in strategy A. Finally, in addition to scaling-up 192	

treatment in PWID accessing HR (strategy B), Strategy C incorporated decentralised 193	

screening using HCVcAg DBS in 50% of PWID not engaged in HR as part of a 194	

hypothetical outreach screening programme. A Bayes’ revision was applied to account 195	

for the sub-optimal sensitivity (76%) of HCVcAg DBS (Mohamed et al., 2017). To avoid 196	

false negative results, all HCVcAg DBS cases underwent confirmation using Xpert® 197	

HCV FS VL testing (Mohamed et al., 2017). Accounting for the potential delay in 198	

diagnosis, 50% of viraemic individuals screened using HCVcAg DBS initiated 199	

treatment, with 95% achieving Sustained Virological Response (SVR) 12 weeks after 200	

the end of treatment (SVR12). All individuals engaged in treatment were assumed to 201	

be simultaneously enrolled in HR. 202	

 203	

Costs ($USD) and utilities 204	

A health-care payer’s perspective has been assumed for the input variables used in 205	

this model. A micro-costing approach has been undertaken to most accurately reflect 206	

anticipated added costs of a scaled-up HCV intervention. For screening this included 207	
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the HCV assay costs and a cost for additional clinical resources to conduct 208	

phlebotomy, liver disease assessment and counselling of viraemic individuals linked-209	

to-care. In outreach screening, an additional cost has been included to reflect the 210	

additional resources required for the intervention (Meehan, Beyers, & Burger, 2017). 211	

Furthermore, an estimated cost of generic DAA therapy and also included follow up 212	

clinician assessment and HCV RNA costs at end-of-treatment and SVR12 timepoints 213	

have been included for treated individuals. Country-specific liver disease stage-214	

specific costs have been obtained from existing literature (Chhatwal et al., 2018).   215	

Finally, the annual weighted-cost of HR (90% OST and 10% NSP) has been applied 216	

to those actively engaged in these services (Medecins Du Monde, 2018; Scott, 2019; 217	

Wilson, 2014). A breakdown of all costs can be found in Table 1. 218	

 219	

In this model disease states are assigned disability weights (determined from the 220	

global burden of disease study) (Stanaway et al., 2016) and health-related quality of 221	

life data from existing literature (Shepherd et al., 2007; Wright et al., 2006).  These 222	

values are used to generate DALY and QALY outputs of the model respectively as 223	

presented in Table 2. Both cost and health utilities have been discounted at a rate of 224	

3% per annum (World Health Organisation, 2003) and a half-cycle correction has been 225	

applied to initial and final cycles.  226	

 227	

Estimation of cost-effectiveness  228	

Using Strategy A as the baseline comparator, an incremental cost effectiveness ratio 229	

(ICER) was generated for the proposed alternative strategies. Unlike in high-income 230	

settings, the threshold ICER for cost-effectiveness is less well agreed. Three cost 231	

effectiveness thresholds are considered; (conservative) 0.26-multiple (USD$ 273), 232	
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(moderate) 0.5-multiple (USD$ 525) and (liberal) 1-multiple of the per capita gross 233	

domestic product (GDP) of Tanzania (USD$1,050) (J. Ochalek, Lomas, & Claxton, 234	

2018; J. M. L. Ochalek, J.; Claxton K.P, 2015). In addition, outcomes cumulative cost 235	

and utilities are presented as alternative comparators between strategies.   236	

 237	

Sensitivity analysis  238	

A sensitivity analysis has been conducted to ensure the robustness of the results 239	

generated from the model. Table 1 presents point estimates derived from an 240	

established PWID cohort attending the OST clinic at Muhimbili National Hospital, Dar-241	

es-Salaam, Tanzania (Mohamed et al., 2020; Mohamed et al., 2017; Mohamed et al., 242	

2018).  In addition, the upper and lower bounds used for both deterministic analysis 243	

and probabilistic sensitivity analysis (PSA), with the relevant references listed. 244	

Reference bounds without a suitable reference ranges have been simulated using 245	

either expert opinion or by a 20% adjustment. Health utility values used to derive QALY 246	

outputs have been subjected to a restriction to prevent negative utility among treated 247	

individuals. Given the paucity of HCV epidemiological data for PWID in Tanzania, a 248	

uniform sampling distribution for the input parameters was used to provide to account 249	

for the broadest level of uncertainty. A Monte Carlo Simulation has been conducted to 250	

generate 1,000 randomised events for the PSA. 251	

 252	

A supplementary sensitivity analysis has been included to assess the effect of a fixed 253	

rate of reinfection among successfully treated PWID on the cost-effectiveness of the 254	

interventions. Finally, a disaggregation of the community-based screening arm of 255	

strategy C has been conducted. In this sub-analysis, HCVcAg screening and 256	

secondary confirmatory testing is replaced by simplified Xpert® screening at 257	
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equivalent uptake (50%) and improved uptake to match HR screening in strategy B 258	

(76%).      259	

 260	

Results 261	

Cost-effectiveness of scaling-up screening and treatment of HCV infection 262	

The cost-effectiveness outcomes for all strategies over a 30-year period, based on a 263	

cohort of 12,000 PWID in Dar-es-Salaam, are displayed in Table 3. When compared 264	

with the existing standard of care (strategy A), the introduction of an HCV screening 265	

and treatment programme into existing HR services in Dar-es-Salaam (strategy B) 266	

resulted in 293 (13.3%) HCV-infected individuals receiving treatment and the 267	

projected health-related benefit was reported as a total of 720 QALY gained or 360 268	

DALY averted. A total of 575 (25.5%) of HCV infected individuals received treatment 269	

through expanding screening and treatment in the community for those not currently 270	

engaged in HR (as proposed in strategy C), resulting in 1,200 QALY gained or 480 271	

DALY averted. 272	

 273	

The annual cost associated with strategy A was estimated to be USD$694,528 274	

(screening (upfront); USD$8,280, treatment; USD$0, disease related; USD$71,784 275	

and harm reduction; USD$622,468). While the annual cost for strategy B was 276	

calculated at USD$710,616 (screening (upfront); USD$84,480, treatment (upfront); 277	

USD$80,880, disease related; USD$70,368 and harm reduction; USD$634,736). 278	

Finally, the annual cost for strategy C was USD$865,216 (screening (upfront); 279	

USD$295,320, treatment (upfront); USD$160,440, disease related; USD$68,448 and 280	

harm reduction; USD$781,576).  281	

 282	
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Overall, restricted screening and treatment within existing HR settings (strategy B) 283	

returned the most favourable ICER per QALY gained (USD$633), while the ICER per 284	

DALY averted was USD$1,161 for this strategy. An expanded screening and 285	

treatment programme to include those currently not registered in a HR programme 286	

(strategy C) results in an ICER of USD$4,090 per QALY gained and USD$10,288 per 287	

DALY averted.          288	

 289	

HCV-related disease morbidity and mortality 290	

At entry into the model, four-fifths of HCV-infected individuals had mild liver related 291	

disease. However, without HCV treatment after 30-years the model indicated that the 292	

liver disease profile of those with chronic HCV shifted to reflect a more advanced liver 293	

disease (26.1% cirrhotic) and associated complications (2.0% DC and 2.0% HCC). In 294	

comparison, in the cohort who underwent successful DAA treatment, the majority of 295	

patients continued to remain in the mild disease category (51.8%). In addition, overall 296	

mortality in both untreated and treated groups was similarly high (36.7% vs 35.7%). 297	

The morbidity and mortality profiles for untreated and treated individuals is in 298	

supplementary Figures 2a and b. 299	

 300	

Sensitivity analysis 301	

 Figures 1i-iv summarises the variables, which have the largest influence on the ICER 302	

per QALY gained or DALY averted as part of the deterministic sensitivity analysis for 303	

both limited (strategy B) and expanded (strategy C) screening and treatment. The 304	

assumed inclusion of the cost of HR (baseline USD$890) as part of standard of care, 305	

results in a universal reduction in the ICER values, which fall below or in line with the 306	

most conservative WTP threshold ($USD 273) apart from the ICER per DALY averted 307	



	 14	

for strategy C. Furthermore, for strategy B improved health from treatment in mild (F0-308	

1) and moderate (F2-3) disease states resulted in an ICER per QALY gained below 309	

the moderate WTP (USD$525) and an ICER per DALY averted below the liberal WTP 310	

(USD$ 1,050).  311	

 312	

When reinfection at 2.8% per annum (Muller, Vlahov, Akiyama, & Kurth, 2020) was 313	

tested in a sensitivity analysis (see Supplementary Table 1) the ICER per QALY-314	

gained and DALY-averted for strategy B was USD$761 and USD$1,196, while it was 315	

USD$5,019 and USD$11,881 for strategy C. The simplification of community 316	

screening in strategy C resulted in reduced costs of testing (per PWID cost 317	

USD$10.05-12.23), while increasing the uptake of testing from 50-to 76% resulted in 318	

an increased per PWID QALY-gained (2.99) (Supplementary Table 2).      319	

 320	

The results of the PSA cost-effectiveness acceptability curve (Figures 2a and b) 321	

revealed that scaling-up screening and treatment in HR settings (strategy B) became 322	

the dominant strategy at an ICER per QALY gained of USD$607 and DALY averted 323	

of USD$1,273. The ICER scatterplots are presented in Supplementary Figure 3a to 324	

d). A reported 73.1% and 47.4% of QALY and DALY-based iterations fell below the 325	

liberal WTP threshold (USD$1,050). Expansion to include community-based 326	

screening and treatment (strategy C) was less cost-effective with an ICER per QALY 327	

gained of USD$5,878 and per DALY averted of USD$10,835, with 23.9% and 12.9% 328	

of QALY and DALY-based ICER iterations falling below the liberal WTP threshold.   329	

 330	

Discussion 331	



	 15	

The integration of HCV screening and treatment into the existing HR programme for 332	

PWID in Dar-es-Salaam, Tanzania, could result in a net gain of 720 QALY, 360 DALY 333	

averted, while expanding screening and treatment to include PWID not currently 334	

engaged in HR might generate a net gain of 1200 QALY, 480 DALY averted. A series 335	

of WTP thresholds (conservative, moderate and liberal) were set with reference to the 336	

Tanzania GDP. Of the base-case ICER values, only the ICER per QALY for strategy 337	

B (limited screen-and-treat intervention within existing HR (USD$633)) fell below a 338	

liberal WTP threshold (USD$1,050). The sensitivity analysis identified cost of HR as 339	

the most important contributor to the overall ICER value, with all strategies generating 340	

results between the ‘liberal’ and ‘moderate’ WTP thresholds (USD$ 273 to 525) when 341	

these costs were considered as part of standard of care.     342	

 343	

To date cost-effectiveness analyses of HCV screening-and-treatment in Africa have 344	

been limited to population-based interventions (Boyer, 2018; Hecht et al., 2018; Kim 345	

et al., 2015), with one making reference to HR and treatment of PWID (Scott, 2019). 346	

Our model provides a more focused evaluation of tailored HCV screening and 347	

treatment strategies within the PWID community in Dar-es-Salaam. A particular 348	

strength of this Markov model is that it includes epidemiological and virological data 349	

collected from the local PWID population in Tanzania (Mohamed et al., 2020; 350	

Mohamed et al., 2017; Mohamed et al., 2018).  351	

 352	

The various elements that combine to determine the overall cost of implementing HCV 353	

screening and treatment are important factors in this model, especially given the 354	

resourced-constraint setting. In particular, the provision of HR (OST and NSP), which 355	

is responsible for the highest proportion of the total costs of each strategy (90%). This 356	
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has a significant impact on the expanded community-based screening and treatment 357	

strategy (strategy C). Although there is an associated increase in treatment uptake, 358	

this is eclipsed by a steep rise in costs of HR as all screened individuals are assumed 359	

to be simultaneously enrolled in HR. Furthermore, the added direct benefits of HR are 360	

not taken into account at all as part of this model.  As a consequence, the ICER values 361	

generated for this intervention were unfavourable. It is likely that this is an over-362	

estimation, as many PWID tend to have fluctuant engagement in HR, whereas the 363	

model continuously accrues these costs over a 30-year period.  364	

 365	

As HR expenses are currently met through external donor funding in SSA, we 366	

considered their exclusion as part of the sensitivity analysis. This resulted in a 367	

substantial reduction in the overall cost of interventions and yielded improved cost-368	

effectiveness universally.  However, these resources are finite and future projects are 369	

likely to in-part require government support, particularly when considering expanded 370	

coverage (Harm Reduction International, 2018). It is of further interest to note that the 371	

preferred choice of HR is OST despite being significantly more expensive (OST; $USD 372	

972 versus NSP; $USD 150 per PWID annually) (Wilson, 2014). This selective HR 373	

practice is commonplace across SSA and reflects a wider societal and cultural 374	

challenge to delivering combined HR (Harm Reduction International, 2018). Thus, 375	

targeting a reduction in the cost of OST and increasing the provision for NSP may 376	

prove to be useful methods for national bodies attempting to shape a sustainable 377	

future HR policy in resource-limited settings.   378	

 379	

There is also a modest investment required to improve screening in this model. Levels 380	

of screening in the base-case are minimal and are limited to HCV antibody screening 381	
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only, reflecting the wider problem of under-testing in LMIC-settings, where 80% of 382	

cases remain undiagnosed (World Health Organisation, 2018b). Consequently, 383	

screening costs are negligible (USD$276 annually) in the base-case. Recent 384	

advances in HCV diagnostics make the confirmation of viraemia not only cost-385	

amenable but also technically feasible. We have recently validated the performance 386	

of the Xpert® HCV FS VL and HCVcAg DBS among PWID in Dar-es-Salaam 387	

(Mohamed et al., 2020; Mohamed et al., 2017). The annual cost of screening 388	

increased to USD$2,816 in strategy B, reflecting the added cost of viraemia 389	

confirmation. In strategy C increased screening costs (USD$9,844 annually) are 390	

driven by the increased proportion of PWID screened and also the need for Xpert® 391	

confirmation of HCVcAg DBS negative cases to avoid false negatives. Recent work 392	

by Lamoury and colleagues has shown that improved sensitivity of HCVcAg DBS 393	

testing (88.6%) (Lamoury et al., 2018), which may reduce the cost of duplicated testing 394	

and simplify the diagnostic algorithm in strategy C, improved retention along the 395	

cascade-of-care in community PWID screening.   396	

 397	

In terms of treatment related costs, the advent of generic DAAs has dramatically 398	

brought down treatment costs to as low as USD$50, an affordable price in the low-399	

income context (Hill, Simmons, Gotham, & Fortunak, 2016). In our setting, the use of 400	

generic treatment resulted in an overall cost of USD$80,880-160,440 over a thirty-401	

year period. In addition, their minimal side effect profile and high efficacy potentially 402	

enables the simplification of follow-up to two visits; end of treatment and SVR12. Even 403	

with lower SVR rates, as seen in the genotype 4r sub-population in Rwanda (Gupta et 404	

al., 2019), there does not seem to be a significant impact on the overall value of our 405	

treatment strategies. Finally, unlike HIV and HBV, the HCV therapy is finite (two-to-406	
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three months) and consequently any associated costs would be front-loaded during 407	

programmatic scale-up.    408	

 409	

It is also important to consider that screening and treatment costs are incurred upfront, 410	

making them less attractive from a healthcare payer’s perspective. In comparison, 411	

prospective HCV disease-related costs take time to accrue. These are minimal for 412	

disease states up to compensated cirrhosis (an average of USD$ 38-90 per person 413	

per annum), but the annual management of liver disease complications (DC and HCC) 414	

are estimated to exceed USD$ 1,000 in Tanzania (Chatwal,	 2019). Over a 30-year 415	

period there is a worrying change in the profile of liver disease among untreated 416	

individuals (Supplementary figure 2a-b) only a minority experience complications. As 417	

it is this sub-population with disease complications that incur the most significant 418	

disease-related costs, it is understandable that such costs projected in the model are 419	

similar across all strategies.  420	

 421	

One possible approach to minimising healthcare provider costs rests with synergising 422	

resources with established public health programmes, such as those related to HIV 423	

and TB consistent with universal health coverage approach (The Global Fund, 2019). 424	

In our case, the existing OST clinic is supported by US PEPFAR where we have 425	

successfully integrated on-site Xpert® HCV viral load testing into existing services 426	

provided by the central TB reference laboratory (Mohamed et al., 2020). In spite of the 427	

clear benefits from pooling resources from existing initiatives, there is a growing 428	

concern for the longevity of these programmes particularly as they are heavily 429	

dependent on external donor funding (Albert et al., 2016; Global State of Harm 430	

Reduction, 2018). For example in 2015 government contribution to HIV care in 431	
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Tanzania amounted to 2% of the total expenditure (Resch, Ryckman, & Hecht, 2015). 432	

In addition to increasing governmental responsibility, alternative funding sources, such 433	

as through bond initiatives and independent co-payment schemes, have been 434	

proposed to safeguard and expand existing programmes (Kakaire, Schlech, Coutinho, 435	

Brough, & Parkes-Ratanshi, 2016; Resch et al., 2015).  436	

      437	

We recognise that our model has some limitations. First, it is not dynamic and 438	

therefore does not account for the effect of interventions on disease incidence over 439	

time. However, the importance of existing HR has been previously highlighted by Scott 440	

and colleagues, who suggested that a withdrawal of all HR services in Tanzania would 441	

result in a doubling of HCV incidence by 2030 (Scott et al., 2019). Furthermore, 442	

modelling data have reinforced the argument for rapid scale-up of combination HR 443	

and HCV treatment for PWID in East Africa, indicating that this could reduce HCV 444	

incidence by up to 90% (Stone et al., 2021). These epidemiological modelling findings 445	

are complemented by our cost-effectiveness analysis. In particular, it highlights that a 446	

sustained modest financial investment is likely to be required in order to support a 447	

successful scale-up intervention, which includes improved access to HR.  448	

 449	

However, it may be considered somewhat unrealistic to achieve such high levels of 450	

screening and treatment by 2030, given access to diagnosis and treatment is currently 451	

not readily available. Our model is designed to simulate a more practical means of 452	

scaling up screening and treatment within an extremely resource-constraint setting. 453	

From an implementation perspective, we have already demonstrated that Xpert® HCV 454	

FS VL testing can be seamlessly integrated within the existing service and that 455	

synergism with existing infrastructure avoids additional laboratory and instrument-456	
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related costs (Mohamed et al., 2020). While, treatment can be easily monitored as 457	

patients attend daily to receive OST. The expansion of a community-based screening 458	

programme may be more challenging. The use of DBS would certainly overcome the 459	

potential issue of decentralised sample collection, and we have demonstrated that 460	

HCVcAg can be performed with reasonable accuracy in this setting (Mohamed et al., 461	

2017). A possible means for initial implementation of this form of screening may be in 462	

individuals currently receiving NSP, as this is often delivered by a community support 463	

worker.  Our results indicate that restricted treatment of PWID engaged in HR resulted 464	

in 13.3% of the total PWID population being treated over the 30-year period, while 465	

expansion to include community-based treatment resulted in 25.5% coverage. Recent 466	

modelling data supports the notion that low coverage of treatment in conjunction with 467	

suitable HR can suffice in achieving elimination and avoid further rebound reinfection 468	

(Gountas, Sypsa, Blach, Razavi, & Hatzakis, 2018). Although this has generally been 469	

reported as low in PWID (1.9-4.6 per 100 person-years), these have all been from 470	

well-resourced settings with higher levels of HR (Akiyama et al., 2019; Aspinall et al., 471	

2013; Dore et al., 2016). A more recent meta-analysis of HCV reinfection in resource-472	

limited settings reported a pooled rate of 2.8 per 100-person years (Muller et al., 2020). 473	

As reinfection maybe an important consideration in our setting, where HR is limited, 474	

we conducted a supplementary cost-effectiveness analysis (Supplementary Table 1), 475	

which incorporated a fixed annual rate of reinfection. This resulted in 28.4% of treated 476	

individuals being reinfected over a 30-year period. However, only a marginal effect on 477	

the ICER per QALY or DALY values for both treatment scenarios is observed 478	

(Supplementary Table 1). 479	

 480	
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 However empirical data for reinfection among PWID in Africa are lacking. Thus, we 481	

believe that it would be important to conduct a treatment intervention in this setting in 482	

order to compare reinfection rates to the existing literature. Second, there is limited 483	

description and information of PWID unengaged in HR in our setting. Therefore, we 484	

have assumed that the clinical characteristics and disease epidemiology are 485	

equivalent to those who are engaged in HR services. Differences in characteristics 486	

such as risk-behaviour and proportion of female PWID may underestimate the burden 487	

of HCV and progression of liver disease in this more marginalised sub-population. 488	

Third, we have assumed progression rates based on meta-analysis which may not 489	

reflect a population in SSA. Specifically, the high prevalence of HBV (10%) and 490	

untreated HIV infection may under-estimate the rate of liver disease progression 491	

(Mohamed	et	al.,	2018). Finally, our study is an assessment from the healthcare payer’s 492	

perspective and thus, the societal benefits of HCV treatment are not considered. This 493	

is particularly important given the young median age of our cohort is 38 years. 494	

Therefore, if HCV treatment is considered to form part of societal reintegration then 495	

this may result in further economic benefits than those limited to avoiding ill health.   496	

 497	

Conclusion 498	

With an established HR programme, Tanzania represents a unique opportunity to 499	

progress the agenda for micro-elimination of HCV among PWID in resource-limited 500	

settings. Our analysis confirms that strategies to introduce even a modest degree of 501	

treatment restricted to PWID engaged in HR is likely to be cost-effective. While, 502	

expanded treatment to enrol those not engaged in HR increased treatment uptake, 503	

the cost-effectiveness is influenced by implementation costs. Although integration 504	

under the umbrella of existing national HIV programmes might alleviate some of the 505	
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additional financial burden, the true test remains in securing the funds to safeguard 506	

the provision of HR, initiate and sustain HCV screening and treatment in this neglected 507	

population.   508	
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Table 1. Epidemiological, cost and utility model parameters for PWID in Dar-es-518	

Salaam, Tanzania 519	

Epidemiology 
 

Parameter Point 
estimate 

 Distribution, input 
upper and lower 
bounds 

Reference 

Total PWID* 12,000 Uniform (min 
9,600, max 1,440) 

(National Aids Control 
Programme (NACP), 
2014) 

Total registered in HR* 5,500 Uniform (min 
4,400, max 6,600) 

(Scott, 2019) 

Total actively engaged in HR *, ** 2,805 Uniform (min 
2,244, max 3,366) 

(Mohamed et al., 2018) 

Anti-HCV prevalence  31.0%  Uniform (min 
21.8%, max 
31.0%) 

(Mohamed et al., 2018), 
(Degenhardt et al., 2017) 

HCV RNA prevalence***  18.8% 
 

Uniform (min 
18.8%, max 23.9) 

(Mohamed et al., 2020),  

Baseline mild liver disease 

(F0/F1)  

83% 
 
 

Uniform (min 67%, 
max 83%) 

(Mohamed et al., 2018), 
(Chatwal, 2019) 

Baseline moderate liver disease 

(F2/F3)  

12% 
 

Uniform (min 12%, 
max 25%) 

(Mohamed et al., 2018), 
(Chatwal, 2019) 

Baseline compensated cirrhosis  5% 
 

Uniform (min 5%, 
max 8%) 

(Mohamed et al., 2018), 
(Chatwal, 2019) 

DAA treatment SVR rate 95% Uniform (min 87%, 
max 95%) 

(Dore et al., 2016; 
Grebely et al., 2018), 
(Gupta et al., 2019) 

Annual F0 to F1   0.128 Uniform (min 

0.080, max 0.176) 

(Smith et al., 2015) 

Annual F1 to F2 0.059 
 

Uniform (min 
0.035, max 0.082) 

(Smith et al., 2015) 

Annual F2 to F3 0.078 
 

Uniform (min 
0.056, max 0.100) 

(Smith et al., 2015) 

Annual F3 to Cirrhosis 0.116 
 

Uniform (min 

0.070, max 0.161) 

(Smith et al., 2015) 

 

Annual Cirrhosis to 

Decompensation (DC) 

0.0018 
 

Uniform (min 
0.0003, max 
0.0033) 

(Smith et al., 2015) 

Annual Cirrhosis to Hepatocellular 

carcinoma (HCC) 

0.0003 
 

Uniform (min 

0.0001, max 

0.0006) 

(Smith et al., 2015) 

 

Annual DC to HCC 0.014 
 

Uniform (min 
0.014, max 0.068 

(Smith et al., 2015), 
(Planas et al., 2004) 
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Annual DC to death 0.130 
 

Uniform (min 

0.111, max 0.150 

(Shepherd et al., 2007), 

(Fattovich et al., 1997) 

Annual HCC to death 0.430 
 

Uniform (min 

0.370, max 0,482) 

(Shepherd et al., 2007), 

(Fattovich et al., 1997) 

Annual Background mortality  0.0145 Uniform (min 0.01 

to 0.019) 

(Mathers et al., 2013) 

Annual Reinfection rate 0.028 Uniform min 0, 

max 10.5 

(Muller et al., 2020) 

 Costs (USD$) 

Anti-HCV 1.50 Uniform (min 1, 

max 5) 

(World Health 

Organisation, 2018a) 

Xpert® HCV VL 14.90  Uniform (min 10, 

max 200) 

(Mohamed et al., 2020), 

max estimation based on 

conventional HCV RNA 

cost 

HCV core Ag DBS 16  Uniform (min 10, 

max 200) 

max estimation based on 

conventional HCV RNA 

cost 

Clinical assessment 100 Uniform (min 80, 

max 120) 

Based on local estimate 

Outreach assessment* 25 Uniform (min 20, 

max 30) 

(Meehan et al., 2017) 

Harm Reduction  

OST (90% weighted) 

NSP (10% weighted) 

 
 
972 
 
150 

Uniform (min 0, 

max 1,000) 

 

(Wilson, 2014) 

(Medecins Du Monde, 
2018) 

DAA therapy 150  Uniform (min 100, 

max 1,000) 

(Médecins Sans 

Frontiéres, 2018) 

Treatment follow up* 100 Uniform (min 80, 

max 120) 

(Chatwal, 2019) 
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F0 to F1* 38 Uniform (min 30, 

max 46) 

(Chatwal, 2019) 

F2 to F3* 77 Uniform (min 62, 

max 92) 

(Chatwal, 2019) 

Cirrhosis* 90 Uniform (min 72, 

max 108) 

(Chatwal, 2019) 

DC* 1002 Uniform (min 801, 

max 1202) 

(Chatwal, 2019) 

HCC* 1842 Uniform (min 1474, 

max 2210) 

(Chatwal, 2019) 

 Utilities (QALYs) 

Uninfected/spontaneous 

clearance 

0.94 Uniform (min 0.94, 

max 1.0) 

(Martin et al., 2016) 

Untreated F0 to F1* 0.77  Uniform (min 0.62, 

max 0.77) 

(Shepherd et al., 2007; 

Wright et al., 2006), 

(Han, Francois, & Toumi, 

2021) 

Untreated F2 to F3* 0.66  Uniform (min 0.53, 

max 0.66) 

(Shepherd et al., 2007; 

Wright et al., 2006), (Han 

et al., 2021) 

Untreated Cirrhosis* 0.55  Uniform (min 0.44, 

max 0.55) 

(Shepherd et al., 2007; 

Wright et al., 2006), (Han 

et al., 2021) 

Untreated DC* 0.45  Uniform (min 0.36, 

max 0.45) 

(Shepherd et al., 2007; 

Wright et al., 2006), (Han 

et al., 2021) 

Untreated HCC* 0.45  Uniform (min 0.38, 

max 0.45) 

(Shepherd et al., 2007; 

Wright et al., 2006), (Han 

et al., 2021) 
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Treated F0 to F1* 0.82 
 

Uniform (min 0.77, 

max (0.98) 

(Shepherd et al., 2007; 

Wright et al., 2006) 

Treated F2 to F3* 0.72  
 

Uniform (min 0.66, 

max 0.86) 

(Shepherd et al., 2007; 

Wright et al., 2006) 

Treated Cirrhosis* 0.61 Uniform (min 0.55, 

max 0.73) 

(Hartwell, Jones, Baxter, 

& Shepherd, 2011) 

 Utilities (DALYs) 

Uninfected/spontaneous 

clearance 

0 - (Stanaway et al., 2016), 

(Salomon et al., 2015) 

Treated/Untreated F0 to F4 0 Uniform (min 0, 

max 0.1) 

(Stanaway et al., 2016), 

(Salomon et al., 2015) 

max value based on 

estimation 

Treated/Untreated DC 0.178 
 

Uniform (min 

0.123, max 0.250) 

(Stanaway et al., 2016), 

(Salomon et al., 2015) 

Treated/Untreated HCC 0.451 Uniform (min 

0.307, max 0.600) 

(Stanaway et al., 2016), 

(Salomon et al., 2015) 

 520	

 521	
* Parameters varied by 20% for both deterministic and probabilistic sensitivity analysis  522	

** Calculated as 51% of the total PWID population enrolled in HR 523	

*** Calculated on basis that 61-77% of anti-HCV positive PWID are HCV RNA positive 524	

  525	
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Table 2. Summary of interventional strategies stratified by engagement in harm 526	

reduction 527	

PWID (n=12,000) 

Strategies Harm Reduction (HR)  

(n= 5,500, (44%)) 

No HR  

(n= 6,500, (56%)) 

A: Status Quo • All patients screened for anti-HCV, 

no further assessment and 

treatment 

• No intervention 

B: Scale-up 

treatment in HR 

only 

• All patients screened for anti-HCV 

• 51% ‘active attenders’ 

• 74% of ‘active attenders’ linked to 

care (POC viral load assessment) 

• 80% HCV RNA positive treated with 

DAAs 

• 95% SVR  

• No intervention 

C: Scale-up 

treatment in all 

PWID 

• As in ‘Strategy B’ 

 

• ‘Outreach screening’: 

50% HCV core Antigen 

DBS* 

• 50% HCV RNA positive 

treated with DAAs 

•  95% SVR 

 528	

* All HCVcAg negative samples undergo further Xpert® HCV viral load confirmation 529	

All screening and treatment is undertaken in the first model cycle 530	

  531	
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Table 3. Model outputs for cost, utility and ICER for each strategy when compared to status-quo 532	

Strategy Total Cost 

per PWID ($) 

Per PWID 

screening 

cost (USD$) 

Per PWID 

Treatment 

cost 

(USD$) 

Per PWID 

disease 

cost 

(USD$) 

Per PWID 

harm 

reduction 

cost 

(USD$) 

Per PWID 

QALY 

Per PWID 

DALY  

ICER 

(USD$) per 

QALY 

gained 

ICER 

(USD$) per 

DALY 

averted 

Total PWID 

treated (n) 

A: Status 

Quo 

1,736.32 0.69 0 179.46 1,556.17 2.87 3.84 - - 0 

B: Scale-up 

treatment in 

HR only 

1,776.54 7.04 6.74 175.92 1,586.84 2.93 3.83 633.42  1,161.23 293 

C: Scale-up 

treatment in 

all PWID 

2,163.04 24.61 13.37 171.12 1,953.94 2.97 3.80 4,090.87  10,288.42 575 

533	



	 	 	
	

	 29	

Figure 1i-iv. Parameters with highest variability in univariable sensitivity analysis when comparing scenario A (status quo) with: (i) 534	

scenario B (screening and treatment in harm reduction settings) using cost per QALY gained, (ii) scenario C (screening and treatment 535	

in harm reduction and community settings) using cost per QALY gained, (iii) scenario B using cost per DALY averted and (iv) scenario 536	

C using cost per DALY averted.  537	

  538	

Variables presented are those with the largest influence on the ICER value for each respective scenario. All variables were included in the DSA (please refer to Table 1 for a upper and lower bounds and references).  539	
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Figure 2a. Monte Carlo simulation cost-effectiveness acceptability curve with transition 540	

points marked for ICER per QALY values where Strategy B and C become dominant.  541	

  542	

 543	
Figure 2b. Monte Carlo simulation cost-effectiveness acceptability curve with transition 544	

points marked for ICER per DALY values where Strategy B and C become dominant.  545	

  546	
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