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Abstract
Background and aims: India has a significant burden of hepatitis C virus (HCV) infec-
tion and has committed to achieving national elimination by 2030. This will require a 
substantial scale-up in testing and treatment. The “HEAD-Start Project Delhi” aimed 
to enhance HCV diagnosis and treatment pathways among the general population.
Methods: A prospective study was conducted at 5 district hospitals (Arm 1: one-stop 
shop), 15 polyclinics (Arm 2: referral for viral load (VL) testing and treatment) and 62 
screening camps (Arm 3: referral for treatment). HCV prevalence, retention in the 
HCV care cascade, and turn-around time were measured.
Results: Between January and September 2019, 37 425 participants were screened 
for HCV. The median (IQR) age of participants was 35 (26-48) years, with 50.4% male 
and 49.6% female. A significantly higher proportion of participants in Arm 1 (93.7%) 
and Arm 3 (90.3%) received a VL test compared with Arm 2 (52.5%, P <  .001). Of 
those confirmed positive, treatment was initiated at significantly higher rates for par-
ticipants in both Arms 1 (85.6%) and 2 (73.7%) compared to Arm 3 (41.8%, P < .001). 
Arm 1 was found to be a cost-saving strategy compared to Arm 2, Arm 3, and no 
action.
Conclusions: Delivery of all services at a single site (district hospitals) resulted in a 
higher yield of HCV seropositive cases and retention compared with sites where par-
ticipants were referred elsewhere for VL testing and/or treatment. The highest level 
of retention in the care cascade was also associated with the shortest turn-around 
times.
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1  |  INTRODUC TION

Hepatitis C virus (HCV) infection is a major cause of chronic liver 
disease globally, with an estimated 58 million individuals chroni-
cally infected and approximately 700 000 HCV-related deaths each 
year.1,2 There is a disproportionately high burden of HCV in low- and 
middle-income countries (LMICs). In recognition of this major global 
public health burden, in 2016 the World Health Organization (WHO) 
launched a Global Health Sector Strategy on Hepatitis 2016-2021, 
with the goal of eliminating viral hepatitis as a public health threat by 
2030. However, as of 2017, only 20% of individuals with HCV infec-
tion had been tested and approximately 25% of diagnosed individu-
als had been treated.3

A recent systematic review reported the estimated prevalence of 
HCV infection in India to be between 1% and 1.9%,4 with significant 
variations in prevalence by geographical region. In total, 12-18 mil-
lion people are estimated to be infected with HCV,5 accounting for 
a significant proportion of the global HCV burden. The prevalence 
of HCV infection is higher in certain population subgroups, includ-
ing patients undergoing hemodialysis, patients undergoing repeated 
blood transfusions (e.g. for thalassemia major), people who inject 
drugs (PWID), people living with HIV (PLHIV), and healthcare work-
ers (HCWs). Delhi, the capital of India, has a population of about 18 
million people and an estimated HCV prevalence of 1%, i.e. 1.8 mil-
lion HCV-infected residents. HCV prevalence among blood donors, 
pregnant women and PLHIV was recently reported to be 0.59%, 
0.71% and 3.51%, respectively.6

India has committed to achieving national elimination of HCV 
infection by 2030, underscored by the recent launch of a National 
Action Plan in 2018. Under this program, free screening, diagnosis 
and treatment for HCV would be made available at all healthcare 
levels. Direct-acting antivirals (DAAs) were made freely available 
in 2017; however, diagnostics remain a key bottleneck for the up-
take of services. Three states in India started Hepatitis C Elimination 
Through Access to Diagnostics (HEAD-Start) projects with the aim of 
generating evidence to fill the diagnostics gap and provide an oper-
ational service delivery model for integrated diagnostics and treat-
ment. Such evidence will be critical for informing policy at both state 
and central government levels.

The objective of the HEAD-Start Project in Delhi was to eval-
uate the feasibility and effectiveness of different HCV testing and 
treatment approaches among the general population presenting for 
routine care at district hospitals and polyclinics, as well as several 
screening camps. Polyclinic is a primary health centre that provides 
a basic essential health services package including free-of-cost 
consultation, diagnostics and medicines. A screening camp offers a 
free-of-cost screening facility. The project implemented rapid HCV 
screening and treatment at 5 district hospitals (Arm 1), 15 Polyclinics 
(Arm 2), and 62 screening camps (Arm 3). In Arm 1, all HCV care for 
HCV-seropositive adults was provided at a district hospital, including 
viral load (VL) testing, pre-treatment assessments, treatment, and 
sustained virologic response (SVR) testing. In Arm 2, screening took 

place at polyclinics; seropositive adults were referred for venous 
blood collection for VL testing and treatment at one of five linked 
district hospitals. In Arm 3, participants were screened at camps 
and seropositive adults had a venous blood sample collected for 
VL testing; viremic participants were referred to one of the district 
hospitals for treatment. Effectiveness was evaluated and compared 
among the arms by assessing the retention of participants across the 
HCV care cascade, the turn-around time for each step in the care 
cascade, and cost-effectiveness. The outcomes of this study have 
informed implementation and scale-up plans for the Government of 
Delhi HCV program.

2  |  METHODOLOGY

2.1  |  Study design and setting

This study was an observational, prospective cohort study design 
conducted between December 2018 and December 2019 to evalu-
ate the effectiveness of a partially decentralized HCV diagnosis 
and care model in Delhi. HCV screening was carried out at District 
hospitals (5) and primary healthcare (PHC) facilities/polyclinics (15), 
selected based on site epidemiology, staff capacity and training for 
HCV testing, geography, and proximity to the five selected hospi-
tals' catchment area (<100 km). Several screening camps were also 
held (62) (Figure 1). Patients presenting at district hospitals were at-
tending outpatient departments for blood investigations, consulta-
tion for acute and chronic conditions with a specialist. Outpatients 
attending polyclinics were receiving onsite ancillary services, such 
as laboratory services for blood investigations, pharmacy services 
and medical care for acute and chronic conditions as well as rou-
tine care such as health screening. The screening camps were at-
tended voluntarily by the general population. At hospitals (Arm 
1), participants were offered HCV screening, blood collection for 
confirmatory testing and treatment at one site. At polyclinics (Arm 
2), participants were offered screening; seropositive adults were 
then referred to linked hospitals for confirmatory blood collection 
and treatment. At screening camps (Arm 3), participants were of-
fered screening and blood collection for confirmatory testing; HCV 
RNA-positive patients were then referred to linked hospitals for 
treatment.

Key points

Delivery of all hepatitis C services at a single site resulted 
in a higher yield and better retention compared with sites 
where participants were referred elsewhere for viral load 
testing and/or treatment. This study demonstrates that 
simplified, decentralized HCV care pathway can be effec-
tive in low resource settings.
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2.2  |  Study participants

A total of 37 425 adults were enrolled in the study. At the district 
hospitals and polyclinics, participants were consecutively enrolled 
based on routine clinical indications for an HCV test, as per national 
guidelines. The guidelines state that serological testing will be made 
available for all patients presenting at a testing site, but with a focus 
on high-risk groups.7 At screening camps, all individuals presenting 
for an HCV screening test were offered enrolment into the study. 
Pregnant women, children, and adults already diagnosed with HCV 
or already initiated on treatment for the management of HCV infec-
tion were excluded from the study.

2.3  |  Study procedures

2.3.1  |  Screening and confirmation

All eligible participants were provided with pre-test counselling and 
offered anti-HCV screening using First Response and Meril HCV 
finger-stick capillary blood rapid diagnostic test (RDT) kits (Premier 

Medical Corporation Ltd & Meril Life Sciences Ltd). If the RDT was 
positive, participants were provided with post-test counselling and 
referred to one of the five selected hospitals for confirmatory test-
ing. At the hospital, a 10-mL venous blood sample was drawn into 
EDTA-containing tubes, plasma was prepared within 72 hours, and 
it was sent to a reference laboratory in Delhi (Institute of Liver and 
Biliary Science, ILBS) for HCV RNA testing using an Abbott RealTime 
HCV quantitative VL assay (Abbott).

2.3.2  |  Pre-treatment clinical evaluations

For participants with a positive HCV antibody test, a reflex sample 
was tested for pre-treatment evaluations at the respective hospitals, 
including complete blood count (CBC), biochemistry liver function 
test (LFT), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), bilirubin direct/indirect, alkaline phosphatase, and 
serum creatinine, from which an APRI (AST to platelet ratio index) 
score was generated. Samples were tested for HCV RNA at the ILBS 
laboratory and the results were returned to the respective sites for 
a patient's subsequent visit. Participants also received ultrasound to 

F I G U R E  1  Geographical distribution 
of sites
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assess cirrhosis. APRI scores were used to determine the presence 
of cirrhosis (>2). Cirrhotic participants were further assessed for 
compensation using ultrasound, FibroScan and clinical evaluations; 
decompensated participants were stabilized prior to commence-
ment of treatment. Participants with decompensated cirrhosis, HIV 
or other complications were referred to ILBS for evaluation prior to 
starting treatment, which was either supervised by ILBS physicians 
or referred back to the HCV Unit to complete treatment.

2.3.3  |  Treatment regimen and evaluation of cure

Eligible participants without cirrhosis received sofosbuvir (400 mg/
day) and daclatasvir (60 mg/day) for 12 weeks; those with cirrhosis 
received sofosbuvir (400  mg/day) and daclatasvir (60  mg/day) for 
24 weeks. At 12 weeks after completion of treatment, participants 
were requested to return to the district hospital to have a 5-mL 
venous blood sample collected for SVR-12 VL testing at the ILBS 
laboratory using the Abbott RealTime HCV quantitative assay for as-
sessment of cure. Participants with detectable SVR-12 (>10 IU/mL) 
were retreated as per the National Viral Hepatitis Control Program 
(NVHCP) algorithm (Figure 2).

2.4  |  Cost assessment

Estimates of the costs associated with testing were obtained from 
the study sites. A direct materials-based approach was used to esti-
mate the average cost of materials for an antibody and an RNA test 

per person tested. Unit costs included the costs of diagnostic tests 
after delivery and other consumables used (Table S1). The estimates 
of costs associated with treatment and auxiliary tests, e.g. LFTs, 
were provided by the Delhi Department of Health Services.

To assess the relative cost-effectiveness of testing and care path-
ways of the three arms, we utilized Hep C Testing Calculator (www.
hepcc​alcul​ator.org), which utilizes a state-transition model, MATCH 
(Markov-based Analyses of Treatments for Chronic Hepatitis C) to 
simulate HCV disease progression. Natural history outcomes from 
this model have been validated previously.8,9 We adapted the Hep 
C Testing Calculator to simulate the three arms of this study to eval-
uate their cost-effectiveness. The model was developed following 
the principles on economic analyses with respect to viral hepatitis 
recommended by WHO10

2.5  |  Data collection and analysis

Data were collected from primary source documents (screening reg-
isters, patient medical records, laboratory registers and laboratory 
reports) using paper forms and manually transcribed into an elec-
tronic database. Data were analysed using R 3.6.1 to obtain descrip-
tive statistics and perform multiple regression analyses.

2.6  |  Ethical considerations

Permission to conduct this study was obtained from the ethics com-
mittee at ILBS (approval number: IEC/2018/63/MA04).

F I G U R E  2  Clinical procedures and patient flow

http://www.hepccalculator.org
http://www.hepccalculator.org
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3  |  RESULTS

3.1  |  Study population characteristics

A total of 37  425 adults (58%, 26% and 16% in Arms 1, 2 and 3, 
respectively) were consecutively enrolled between 23 January and 
September 30, 2019. Participants’ median (IQR) age was 35 (26-48) 
years, with similar proportions of males (50.4%) and females (49.6%). 
Most participants (58%) identified as having no/other HCV risk fac-
tors, 6.0% had undergone previous surgery, 2.2% had a history of 
blood transfusions, 0.4% were PLHIV, 1.4% had previous unsafe 
medical injections, 0.3% were PWID, 0.2% had a history of unsafe 
sex and 0.06% had thalassemia/history of dialysis. The overall RDT 
positivity rate was 2.0% (3.0%, 0.4% and 1.0% in Arms 1, 2 and 
3, respectively, P  <  .001 all arms). RDT-positive participants were 
younger than RDT-negative participants with a median age (IQR) 33 
(25-45) vs 36 (26-48) years, respectively, P < .05). No significant dif-
ferences for RDT positivity were found between men and women. 
Risk factors associated with RDT positivity included a history of 
surgery (odds ratio (OR): 4.5 95% CI: 3.67-5.59, thalassemia/dialysis 
(OR: 52.2 95% CI: 22.74-119.78), HIV positivity (OR: 19.5 95% CI: 
13.43-28.17) and PWID (OR: 18.4 95% CI: 11.62-29.15). Arm 1 had a 
significantly higher proportion of PLHIV compared with Arms 2 and 
3 (P < .001) and a significantly higher proportion of participants with 
a history of unsafe medical injection compared with the proportion 
in Arms 2 and 3 (P < .001). All other risk factors and demographics 
were similar across the three arms (Table 1).

3.2  |  HCV care cascade retention

Overall, 37  425 participants were screened for HCV using RDTs; 
2.1% were RDT positive and of these 91.3% received a VL test 
(85.9% viremia). In total, 81.5% of participants were started on treat-
ment; 90.5% completed treatment, 77.8% had an SVR-12 test and 
96% achieved cure (Table 2). Arm 1 had significantly higher levels of 
HCV seropositivity across the cascade of care compared with levels 
in Arms 2 and 3. RDT positivity rates in Arm 1 were 3.1%, compared 
with 0.4% and 1.1% in Arms 2 and 3, respectively (Figure 3).

A significantly higher proportion of participants from Arm 1 
(93.7%) received a VL test compared with Arm 2 (52.5%, P < .001); 
however, similar levels were observed in Arm 3 compared with Arm 
1 (90.3%). HCV viremia was similar across all arms (Arms 1, 2 and 
3:85.3%, 90.5% and 91.1%, respectively). Similar levels of com-
pensated cirrhosis were observed in all three arms (Arms 1, 2 and 
3:4.5%, 7.1% and 14.2%, respectively, P < .001) Of those confirmed 
positive, treatment was initiated at similar rates for Arms 1 and 2 
(85.6% and 73.7%, respectively), with significantly lower rates for 
Arm 3 (41.8%, P < .001, Arm 3 vs Arms 1 and 2). Treatment comple-
tion rates were similar across all three arms (Arms 1, 2 and 3:90.6%, 
85.7% and 90.5%, respectively). Overall, 3.6% of participants dis-
continued treatment, 4.6% were lost to follow-up, and 1% discontin-
ued treatment due to serious adverse events, including death.

Of participants eligible for SVR-12 testing at the study's com-
pletion, similar testing rates were reported for Arms 1 and 3 (77.8% 
and 78.9%, respectively), with lower rates for Arm 2 (75%, adjusted 
P = 1). Cure, defined as undetectable HCV VL, was achieved at sim-
ilar rates in Arms 2 and 3 (both 100%) compared with 95.6% in Arm 
1. Treatment failure, defined as detectable HCV RNA at SVR-12, oc-
curred in 4.0% of participants. Of these fourteen participants, seven 
were put on retreatment.

3.3  |  Turn-around time between HCV care 
cascade steps

Overall, the time (median (IQR) days) between HCV serological test-
ing and treatment initiation was shortest in Arm 1 (14, 8-26.75) and 
Arm 2 (17.5, 12.5-40.75) (adjusted P = .5) and longest in Arm 3 (31, 
19-85) (adjusted P <.001) (Table 3). The turn-around time between 
HCV serological testing and sample collection for VL confirmation 
was 0 (0-2) days in Arm 1, 2.5 (0-9.5) days in Arm 2, and 0 (0-0) days 
in Arm 3 (adjusted P < .02 for all pairwise comparison). Sample col-
lection to VL testing was similar in all arms. The time between VL 
testing to return of results to patient was shortest 0 (0-1) days for 
Arm 1, followed by Arm 2 1 (1-2) days (adjusted P = .01), and 11 (2-
13) days for Arm 3 (adjusted P < .001 for comparisons with both Arm 
1 and Arm 2). The time between VL results returned to participants 
and initiation of treatment was comparable between all three arms 
Arm 1 (8, 4-21) days, Arm 2 (8, 3.25-34) days and Arm 3 (16, 6-79) 
days (adjusted P > .08 for all pairwise comparisons).

3.4  |  Cost-effectiveness analysis

Using an HCV antibody prevalence of 1% and viremic rate among 
antibody-positive participants of 75% in the Hep C Testing Calculator, 
Arm 1 was found to be cost-saving strategy—it resulted in more 
QALYs and lower costs than all other simulated strategies (Arm 2, 
Arm 3, and no action). The overall costs to the health system per 
10 000 participants over a 30-year time horizon and quality-adjusted 
life-years, respectively, were Arm 1: US $88 847, 168 447; Arm 2: US 
$159 222, 168 386; and Arm 3: US $162 695, 168 329. The total 
testing cost per treated patient was estimated at US$193.40 for Arm 
1, $334.56 for Arm 2, and $376.54 for Arm 3. Compared with 'no ac-
tion', Arm 1 would decrease 30-year cumulative incidence of decom-
pensated cirrhosis by 110 per 100  000 individuals, hepatocellular 
carcinoma by 60 per 100 000 individuals, and liver-related deaths by 
110. The corresponding reduction in disease burden under both Arm 
2 and Arm 3 would be 50, 30 and 50, respectively.

4  |  DISCUSSION

This project demonstrated the effectiveness and feasibility of a sim-
plified model of HCV care among the general population in Delhi, 
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with attainment of good outcomes across the cascade of care. Of 
37 425 participants screened for HCV using RDTs, 2.1% were RDT-
positive; of these, 91.3% received a VL test (85.9% viremic). There 
were 81.5% of participants initiated on treatment, with 90.5% com-
pleting their treatment; 77.8% had an SVR-12 test and 96% achieved 
cure.

The first key finding from this study is the observation that 
when all services (testing and treatment) were provided at a single 
site (Arm 1 in hospitals, a “one-stop shop”), there was a significantly 
higher retention rate of participants in the HCV care cascade com-
pared with retention when participants were referred between 
sites (Arms 2 and 3). In polyclinics, seropositive participants were 
required to travel to hospitals for VL testing blood collection and 
subsequent treatment. This led to a loss of participants throughout 
the care cascade, particularly at this step (47.5% vs 6.3% loss in Arm 
1) but also for follow-up visits for treatment initiation and SVR test-
ing (26.3% and 25%, respectively). Interestingly, in Arm 3, where se-
ropositive participants had blood collection for VL testing at the site 
of screening this loss at this point in the cascade was not observed 
and retention was equivalent to that observed in Arm 1 (90.3% and 
93.7%, respectively). However, in Arm 3, a significant number of par-
ticipants were lost to follow-up (treatment visit; 58.8% loss).

There may be several reasons for this attrition in Arms 2 and 
3. When participants were referred to hospitals, there are several 

practical barriers, including the distance participants had to travel 
from polyclinics and home to the hospital and prohibitive transpor-
tation costs. The total time for participants to complete the HCV 
care cascade was significantly shorter in Arm 1, where services 
were all available at one site, compared with the time taken when 
participants were referred up from peripheral sites (Arms 2 and 3), 
indicating barriers to participants accessing services. Several other 
studies have reported similar observations of the impact of patient 
referral on retention in the HCV cascade. A recent systematic review 
by Oru et al demonstrated that fully decentralized (n = 29 studies) 
compared with partially decentralized (patient referral) (n = 11 stud-
ies) HCV care models resulted in higher testing uptake and linkage to 
care, but similar SVR rates.11 In addition, Iwamato et al demonstrated 
that drawing blood for HCV confirmatory testing at the same site as 
screening reduces the time between screening and confirmation.12

The second key finding was that while HCV seroprevalence was 
low overall, at 2.1%, it was highest at hospitals (3.1%) compared with 
polyclinics (0.4%) and screening camps (1.1%). The enrolled popu-
lation included low proportions of key populations that typically 
have high HCV seroprevalence, such as PWID, PLHIV and dialysis 
patients. The small numbers of these sub-populations that were 
among the enrolled population revealed the expected high yield 
of HCV seropositive cases (thalassaemic/dialysis patients, 52.2%; 
PWID, 24.8%; PLHIV, 26.1%); additional sub-groups that resulted 

TA B L E  2  HCV care cascade retention by site type and model of care

Site description

Total 
screened RDT+

RNA test 
performed HCV+ Started Tx Completed Tx SVR tested SVR achieved

# % # % # % # % # % # % # % # %

Total

Total 37 425 100 771 2.06 704 91.31 605 85.94 493 81.49 446 90.47 347 77.80 333 95.97

Adjusted P-value 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Per arm

1 21 792 100 669 3.07 627 93.72 535 85.33 458 85.61 415 90.61 323 77.83 309 95.67

2 9822 100 40 0.41 21 52.50 19 90.48 14 73.68 12 85.71 9 75.00 9 100.00

3 5811 100 62 1.07 56 90.32 51 91.07 21 41.18 19 90.48 15 78.95 15 100.00

P-value (Pearson Chi 
squared test)

1.34E-57 0.10 0.94 0.02 0.99 1.00 0.99

Adjusted P-value 9.39E-57 0.72 1.00 0.14 1.00 1.00 1.00

Abbreviations: RDT, rapid diagnostic test; SVR, sustained virologic response; Tx, treatment.

F I G U R E  3  Retention of patients in 
the HCV care cascade by treatment site. 
1 = Arm 1 (district hospitals). 2 = Arm 2 
(polyclinics). 3 = Arm 3 (screening camps). 
RDT, rapid diagnostic test; SVR, sustained 
virologic response; Tx, treatment
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in high yields of positive cases included those who had unsafe sex 
(47.5%) or reported unsafe needle use (18.3%).

These findings will help guide the future implementation of 
screening strategies in Delhi, in terms of which sub-populations to 
target during scale-up efforts to ensure higher yields that result in 
lower costs for screening among the general population. Notably, 
screening of the general population in hospitals compared with 
screening in polyclinics resulted in a significantly higher yield of pos-
itive cases, underscoring the value and viability of this approach and 
potential cost saving of a hospital-based screening program. Even 
when controlling for prevalence in the cost-effectiveness analysis, 
the hospital arm was the most cost-effective approach to providing 
HCV care, and if it were scaled up is projected to reach a larger per-
centage of viremic individuals.

The most significant challenges associated with this study 
were the delays and disruption associated with the COVID-19 pan-
demic. Four of the five study hospitals were allocated to COVID-
19-related activities; therefore, to ensure the safety of study staff 
and participants, study activities were relocated to ILBS and the one 
non-COVID-19 hospital. Public transport in Delhi was significantly 
impacted by COVID-19 restrictions, leading to participants being 
unable to visit hospitals for follow-up HCV care visits. Support was 
offered to participants for free private transportation to attend for 
follow-up. However, delays and attrition for SVR-12 testing was 
observed, which was likely due to the reluctance of participants to 
travel to health facilities during lockdowns.

This study has informed scale-up plans for the Delhi Government 
HCV program in several ways. First, all HCV care (screening, VL sample 
collection and treatment of uncomplicated cases) will continue to be 
provided at the five district hospitals, with treatment of complicated 
cases at ILBS via referral. Treatment will be provided to all individuals 
free of charge at both district hospitals and ILBS. Second, HCV screen-
ing services will also be made available at public dispensaries and poly-
clinics; any positive individuals will be referred to a district hospital.

During the scale-up of this one-stop shop model at district hos-
pitals, there are some areas that will require further optimisation, 
including improved case finding among high-risk populations to 
increase the yield of positive cases. The screening of individuals at 
polyclinics requires careful consideration with regard to poor cost-
effectiveness, due to the extremely low yield of positive cases (0.4%) 
and poor linkage to care for seropositive cases, associated with the 
referral of participants for VL blood collection and subsequent treat-
ment. The former could be improved by targeting both high-risk and 
general population for screening and the latter could be improved 
by providing venous blood collection and treatment at polyclinics.

In conclusion, this study demonstrated strong retention of par-
ticipants from the general population in the HCV cascade of care 
using a “one-stop shop” model of HCV care at district hospitals. Our 
findings have led the Delhi Government HCV Program to plan the 
implementation of this model of care in district hospitals. However, 
further consideration must be given to improve yields and retention 
of participants from polyclinics prior to implementation, by provid-
ing decentralized HCV care at these sites.TA
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