
 

1 

Decentralized hepatitis C testing and treatment in rural Cambodia: 
evaluation of a simplified service model integrated in an existing public health system  1 

Authors: 2 

Meiwen Zhang1,2, MPH, Daniel O’Keefe1,3 PhD, Jennifer Craig1 LLB, Keo Samley4 MD, Voeurng Bunreth5 3 

PharmaD, Pascal Jolivet1 AS, Suna Balkan1 MPHMD, Tonia Marquardt1 FACRRM, Jean-Philippe Dousset1 4 

MPHDC, Mickael Le Paih1 MSc 5 

 6 

1. Médecins Sans Frontières- France, Phnom Penh, Cambodia 7 
2. Epicentre, Paris, France 8 
3. Burnet Institute, Melbourne, Australia 9 
4. Department of Communicable Disease Control, Ministry of Health, Cambodia 10 
5. Battambang Provincial Health Department, Ministry of Health, Cambodia  11 
 12 
Corresponding author:  13 
 14 
Meiwen Zhang  15 
 16 
Médecins Sans Frontières-France 17 
#205, Street 132, Sangkat Teuklaak1, 18 
Khan Toulkork 19 
Phnom Penh, PO Box 845 20 
Email: meiwen.zhang@hotmail.com 21 
 22 
 23 
 24 

Author contribution: 25 
• Study conception and design: Meiwen Zhang, Jean-Philippe Dousset, Mickael Le Paih,  26 
• Acquisition of data: Meiwen Zhang, Pascal Jolivet, Jennifer Craig, Keo Samley, Voeurng Bunreth 27 
• Analysis and interpretation of data: Meiwen Zhang, Daniel O’Keefe 28 
• Drafting manuscript: Meiwen Zhang, Daniel O’Keefe 29 
• Critical revision: Meiwen Zhang, Daniel O’Keefe, Jean-Philippe Dousset, Mickael Le Paih, Tonia Marquardt, Suna 30 

Balkan  31 
 32 

• Meiwen Zhang, Daniel O'Keefe, and Jean-Philippe Dousset have verified the underlying data.  33 
 34 
 35 

Ethic Committee Approval: 36 

Cambodia National Ethical Committee for Health Research ethically approved the evaluation of this project 37 
(reference: NO. 240NECHR and NO. 031NECHR)  38 

about:blank


 

2 

Acknowledgments  39 
The authors and Médecins Sans Frontières (MSF) sincerely thank the patients whose participation made 40 
this study possible. We thank all the health centers and referral hospital staff in Moung Russei health 41 
operational district, who have facilitated the HCV care service provision. We thank all of the MSF staff 42 
for their operational assistance, MSF field managers (Kien  Antaro, Chor  Samnang, Yan Sokchea), nurse 43 
supervisors (Mao Syneth, Yok Khortimas, Sol Rasy, Khen Sophea), medical data processing team (Hem 44 
Sothy, Keom Bunthang), and all other MSF staff in Cambodia and supporting staff at the headquarters. 45 
 46 
No Conflict of interest. 47 
 48 
Financial support statement: 49 
Funding for the study was provided by Médecins Sans Frontières (MSF, https://www.msf.org/). MZ, 50 
DO’K, JC, PJ, SB, TM, JPD, and MLP were employed by MSF, and participated in planning the study, 51 
carrying out the research, and writing the report. MZ, DO’K, JC, SB, TM, JPD, and MLP had access to 52 
the raw data.  53 

about:blank


 

3 

ABSTRACT 54 

Background 55 
Direct-acting antiviral treatment for hepatitis C virus (HCV) has opened the door for simplified models 56 
of care delivered in decentralized settings by non-specialist clinical personnel. However, in low- and 57 
middle-income countries (LMICs), increasing overall access to HCV care remains an ongoing issue, 58 
particularly for populations outside of urban centers. We piloted a simplified model of HCV-care, via 59 
decentralized health services within a rural health operational district (HOD) in Battambang province, 60 
Cambodia. 61 
Methods 62 
The study cohort included adult residents of the HOD voluntarily screened between March 2018-January 63 
2019 at local health centers. Serology testing was performed by rapid diagnosis test (SD Bioline®) with 64 
capillary blood. HCV viral load (VL) testing performed by GeneXpert®. Viremic patients (HCV 65 
VL>10IU/mL) received pre-treatment assessment by general practitioner and minimal treatment 66 
evaluation tests at the HOD referral hospital. Viremic patients, without additional complications, received 67 
all HCV-care follow-up at the local health centers, provided by nursing staff.  68 
Findings 69 
A total of 10425 (7·6% of the HOD’s estimated adult population) residents were screened. Among 540 70 
(5·2%) patients diagnosed as HCV-viremic, linkage to treatment and follow-up care was strong, with 530 71 
(98%) patients initiated onto treatment, 515 (97.2%) completing treatment, 466 (90.5%) completing 72 
follow-up, and 98·5% (n=459) achieving SVR12. Most initiated patients (91·5%, n=485) received 73 
followed-up at health center, and 8·5% (n=45) at the referral hospital.  74 
Interpretation 75 
This pilot project demonstrated that a highly simplified, decentralized model of HCV care can be 76 
integrated within a rural public health system in an LMIC, whilst maintaining high patient retention, 77 
treatment efficacy and safety. The project delivered care via highly accessible, decentralized primary 78 
health centers, using non-specialist clinical staff, thereby enhancing the efficient use of limited resources 79 
and maximizing the potential to test and treat individuals living with HCV. 80 
Funding 81 
The study was funded by Médecins Sans Frontières, France.   82 
 83 

Word count: 298/300  84 
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Evidence before this study 85 

Cambodia has an estimated population prevalence for chronic hepatitis C virus (HCV) of 1·6%. However, 86 
with 76% of the population living in rural areas, access to HCV care is often poor outside of major cities. 87 
In rural Cambodia, a district-based health system exists providing rudimental health care via small, 88 
primary-care health centers, with tertiary care support provided by referral hospitals. At the health centers, 89 
most care is provided by nursing staff. From 2016-2018, Médecins Sans Frontières (MSF) implemented 90 
a simplified model of HCV care via a governmental hospital in Phnom Penh, Cambodia. The model uses 91 
rapid, point-of-care diagnostics, greatly reduced pre-treatment assessment and follow-up visits, and 92 
shifted many clinical tasks from doctors onto nurses and pharmacists. The project achieved high linkage 93 
to care, retention, and cure rate. However, to increase the accessibility of HCV care for Cambodia’s rural 94 
population, a decentralized model, responsive to the limited resources of the rural context is required.   95 

We have examined the care models of national HCV programs from Georgia, Mongolia, and Egypt. 96 
Although decentralized HCV care was applied, it was implemented with a vertical strategy tackling high 97 
disease burden – over 5% infected population.   98 

Between December 1, 2019 and September 28, 2020, we searched studies in Pubmed using combinations 99 
of (“HCV” or “Hep C” or “hepatitis C”) and (“treatment” or DAA”) and (“decentralized” or “community” 100 
or “primary health care”), and conducted in low- and middle-income countries (LMIC) among general 101 
population. We did not limit the research type or language. Four studies were identified, including two 102 
implemented at village-level with decentralized HCV care centers in Egypt, and two implemented at 103 
primary health care centers in Pakistan and India, respectively. From all the studies, medical doctors were 104 
the main care providers, and at least laboratory or imagery examination of liver fibrosis were required. 105 
All of them have achieved good outcomes.  106 

Added value of this study 107 

This pilot project demonstrated a highly simplified, decentralized model of HCV care, integrated within 108 
a public health system in an LMIC. The project greatly enhanced accessibility to HCV care among a rural 109 
population whilst maintaining high patient retention, treatment efficacy and safety. By further simplifying 110 
the Phnom Penh model, this project demonstrated the effectiveness of HCV care provided via 111 
rudimentary health facilities, without extensive pre-treatment assessment, largely by nursing staff. The 112 
project maximized the potential of existing health infrastructure and resources to test and treat individuals 113 
living with chronic HCV.  114 

Implications of all the available evidence  115 

The simplified, decentralized model of HCV care described here, was integrated into an existing public 116 
health system and provides an example that can be replicated in other locations to scale up HCV care 117 
accessibility within similar, resource limited contexts. Particularly, this model can help achieve 118 
international HCV elimination targets. Since completion, this project has been highlighted within the 119 
Cambodian government’s National Strategic plan on Viral Hepatitis C Infection Control (December 120 
2019), and has been replicated in two other health operational districts. Further model simplification (e.g. 121 
treatment initiation by nursing staff) is currently being explored to reduce additional barriers to HCV 122 
care.    123 
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INTRODUCTION 124 

1. In 2016, the World Health Organization (WHO) declared Hepatitis C infection as a public health 125 

problem and set strategic targets for global elimination of Hepatitis C Virus (HCV), which included 126 

diagnosing 90% of those with chronic HCV infection and treating 80% of confirmed HCV cases by 127 

2030.1 Recent developments in direct-acting antiviral (DAA) treatment for HCV have demonstrated 128 

high pan-genotypic efficacy and safety, opening the door for simplified models of HCV testing and 129 

treatment, delivered in decentralized settings by non-specialist clinical personnel.2–4 These 130 

improvements are particularly beneficial for low- and middle-income countries (LMICs), where scant 131 

resources need to be distributed efficiently. National HCV treatment programs using vertical strategies 132 

were also implemented in multiple LMICs (e.g. Georgia, Egypt and Mongolia).5–7 However, current 133 

efforts to address existing HCV epidemics in many LMICs are inadequate, as is clinical evidence from 134 

HCV programs in LMICs.8,9 135 

2. Cambodia has a modeled national HCV viremic prevalence of 1·6%, or an estimated 257,000 136 

individuals.10 The majority (76%) of Cambodia’s population live in rural areas of the country.11 137 

Whilst there are no population-level HCV prevalence estimates for this rural population, a previous 138 

sample-specific study reported a 1.9% prevalence of chronic HCV.12 Due to the majority of 139 

Cambodia’s population living in rural areas, and a HCV prevalence potentially comparable to that 140 

found in urban areas, it is fair to presume Cambodia’s rural population holds a considerable portion 141 

of the overall HCV burden. Despite this, access to HCV care is limited in rural areas.  Most HCV 142 

screening and treatment services are available only in major cities, provided by specialists at 143 

national hospitals or private clinics at cost to the patient, representing highly centralized provision of 144 

care.13 The time and cost of traveling to major cities represents a major barrier to receiving HCV 145 

care among those outside urban centers.14 146 
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3. Cambodia’s health system is structured as health operational districts (HOD), each covering 147 

approximately 100,000 to 200,000 population.15 Inhabitants in rural areas can access rudimentary 148 

clinical care at primary health care centers, provided mainly by nursing staff.16 The health centers sit 149 

below district referral hospitals generally situated in semi-urbanized areas of the HOD. Referral 150 

hospitals can provide limited services, often without advanced laboratories or specialist health staff, 151 

such as hepatologists.17,18  With these limited resources, there is a clear need to implement models of 152 

HCV care in Cambodia’s rural areas that maximize available resources, whilst also reaching as many 153 

infected people as possible.   154 

4. In 2018, Médecins Sans Frontières (MSF), collaborating with the Cambodian Ministry of Health, 155 

implemented a pilot HCV screening and treatment program in Moung Russei HOD – a rural district 156 

in Battambang province, which is 230km from Phnom Penh- the capital city of Cambodia. Following 157 

implementation of an MSF-developed simplified HCV care model in a national hospital in Phnom 158 

Penh during 2016-2018, the Moung Russei project represented an even more simplified care model, 159 

suitable to the rural context.19 The project was implemented via Moung Russei’s primary health care 160 

centers and referral hospital, with care largely integrated within  daily activities. The project was 161 

intended to explore the effectiveness of decentralized HCV care within a very limited resource context. 162 

5. This study aims to:  163 

1) Describe the demographic and disease prevalence characteristics of a patient cohort presenting for 164 

voluntary HCV testing at rural health centers and those subsequently accessing HCV treatment, and  165 

2) Evaluate the efficacy and patient retention of a decentralized and simplified HCV care model 166 

implemented in a rural HOD in Cambodia.” 167 

METHODS 168 

Study design and participants  169 
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6. Moung Russei HOD has a total population of 213,392, composed of an adult population (≥18 years 170 

old) of 136,571 (64%) from 175 villages.20 Moung Russei HOD’s catchment area includes 13 health 171 

centers, each covering a catchment area with a median of 11 (IQR: 9, 13) villages and a population of 172 

10001 (IQR: 7961, 12258) individuals, and supported by a district referral hospital in Moung Russei’s 173 

urban center. The median distance from any village to its corresponding catchment health center is 174 

8km (IQR: 4, 14), and from any health center to the referral hospital is 10km (IQR: 7, 25). 175 

7. The MSF pilot HCV testing and treatment project was implemented in March 2018. It was integrated 176 

in Moung Russei’s 13 rural health centers and via a specially established HCV care clinic at the referral 177 

hospital. MSF provided tailored training on HCV diagnosis, treatment, and patient management for 178 

clinical staff identified as responsible for HCV care from existing staff at the health centers and referral 179 

hospital. Voluntary HCV screening (with some restrictions, described below) was initiated for all 180 

patients presenting at health centers. Simple pre-treatment evaluation was performed at the HCV clinic, 181 

and differentiated follow-up was performed at either the health centers or the HCV clinic depending 182 

on the complexity of the patient’s treatment requirements (described below). 183 

8. All screening material and DAAs were supplied by MSF. The health centers and referral hospital 184 

imposed a service fee for patients: 5,000 Riels (1·25 USD) for screening and 25,000 Riels (6·25USD) 185 

for consultation. Fees were waived for patients holding Cambodian government identification card 186 

for low wage individual. 187 

9. Four nurse supervisors were hired by MSF to coordinate patient management along the care continuum, 188 

logistics for the health centers, and some patient data collection. 189 

10. This study cohort includes residents of Moung Russei HOD voluntarily screened between 12th March 190 

2018-18th January 2019 at any health center. Although non-residents were also screened and treated 191 

in the project, they were not included in the study.  192 
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11. People aged ≥18 years were eligible for screening, regardless of previous HCV treatment experience. 193 

Patients living with HIV were referred to the National Center for HIV/AIDS of Cambodia that also 194 

provided HCV screening and treatment. Women who were pregnant or breast feeding and patients 195 

with tuberculosis were also ineligible for screening but were encouraged to return once eligible. 196 

12. Cambodia NECHR ethically approved the evaluation of this project (reference: NO. 240NECHR and 197 

NO. 031NECHR). Opt-out consent was utilized, which did not affect the provision of a person’s HCV 198 

care. 199 

Procedures 200 

13. HCV screening started with pre-test counseling, and HCV serology testing was performed by rapid 201 

diagnosis test (RDT, SD Bioline®) with capillary blood (Figure 1). If positive, venous blood sample 202 

was drawn immediately and transported same day to the referral hospital laboratory for HCV viral 203 

load (VL) testing performed by GeneXpert®. HCV viremic (≥10IU/ml, lower quantifiable range of 204 

GeneXpert®) samples were also tested for Hepatitis B virus (HBV) surface antigen (HbsAg). HCV 205 

viremic results were informed via telephone the same day test results were available, and a 206 

consultation at the HCV clinic for treatment eligibility assessment was scheduled at the earliest 207 

available appointment. 208 

14. HCV treatment was provided according to a simplified care algorithm (Figure 1), with all first 209 

consultations performed by a general practitioner at the HCV clinic, and only the most necessary pre-210 

treatment assessments performed, as stipulated by the project’s medical standard operating procedures 211 

(SOP). 212 

15. At pre-treatment assessment, patients received liver fibrosis staging evaluation using FibroScan® 213 

(Echosens, France). Serum creatinine testing was performed only for patients ≥50 years, those HbsAg-214 
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positive, or with a baseline fibroscan result ≥20kPa. HbsAg-positive patients also received alanine 215 

aminotransferase (ALT) testing. 216 

16. Decompensated cirrhosis was diagnosed if a patient had any indications of liver decompensation; 217 

being 1. History of: Use of diuretics, gastrointestinal bleeding, encephalopathy, edema, ascites, and/or 218 

2. Current presence of: Abnormal vital signs, encephalopathy, edema, ascites, or jaundice. 219 

17. Patients deemed eligible were prescribed sofosbuvir (400mg) and daclatasvir (60mg) (SOF+DCV), 220 

to be taken orally and daily for 12 weeks, or 24 weeks (patients with decompensated cirrhosis or 221 

previously treated with DAA).  222 

18. Following pre-treatment assessment, differentiated care was performed according to the 223 

categorization of patients as either “simple” or “complicated” cases (Figure 1). “Complicated” cases 224 

were those with decompensated cirrhosis, previously treated with DAA, HBV coinfection, or other 225 

comorbidities requiring observation(e.g. eGFR<30mL/min/1·73m2). Complicated patients were 226 

followed up at least once a month at the HCV clinic under general practitioner supervision, and 227 

provided with follow-up laboratory tests according to the patient’s condition. Patients designated as 228 

simple cases completed all follow-up at the health center at which they were originally screened, 229 

supervised by nursing staff. These appointments included checking for treatment adherence and side 230 

effect, and refill of medication at the second and third month of treatment. Patients could be referred 231 

back to the HCV clinic if there were health or treatment concerns.  232 

 233 

19. Several modifications were made to the project model following lessons learned via emerging 234 

international evidence and on-the-ground experience. 235 
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20. The second medical SOP (SOP2) was implemented in October 2018 (see appendix p1). SOP2 236 

included two major updates, being: 1) the definition of positive HCV VL at screening changed from 237 

≥10IU/mL to ≥1000IU/mL based on WHO recommendations;21 and 2) We trialed no longer using 238 

FibroScan during pre-treatment consultations to assist diagnosis of decompensated cirrhosis. The 239 

viability of this change in clinical practice was assessed by performing Fibroscan after pre-treatment 240 

consultation to confirm the doctor’s original assessment. No clinical decisions were ultimately 241 

changed as a result of confirmatory FibroScan results.  242 

21. In January 2019, the four MSF nurse supervisors in Moung Russei were replaced by a single Ministry 243 

of Health nurse when the project rolled-out to a neighboring HOD. Whilst this study only included 244 

patients initiated prior to January 2019, 148 patients still required follow-up after the nurse 245 

replacement. 246 

22. From March 2019, patient tracing was stopped for patients not presenting for PT12 testing. High 247 

SVR12 achievement had already been demonstrated by this time, and patient tracing caused 248 

significant staff workload.19 Remaining active patients (n=93) were still provided with a PT12 249 

appointment, those missing the appointment (n=27, 29·0%) were not contacted. 250 

Outcomes 251 

23. HCV cure was defined as sustained virological response at 12-weeks post-treatment (SVR12), being 252 

HCV VL<10IU/mL. Treatment failure was defined as HCV VL ≥10IU/mL VL. Patients experiencing 253 

treatment failure were tested for HCV viral load again six months after PT12 testing, with blood 254 

samples stored for potential HCV genotype and drug resistance testing. Patients who still failed viral 255 

clearance will be contacted for potential future re-treatment, should second line treatment become 256 

available.  257 
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24. Treatment safety was assessed for serious and non-serious adverse events at any time between 258 

treatment initiation and 12 weeks post-treatment (PT12) testing. Non-serious adverse events (AE/s) 259 

were defined as events leading to temporary or permanent treatment discontinuation or modification 260 

of treatment. Serious adverse events (SAE/s) were defined as events leading to hospitalization, 261 

prolonging existing hospitalization, or death. AEs and SAEs were classified regardless of their 262 

association with DAA treatment. All SAE cases were reported to the Cambodia National Ethical 263 

Committee for Health Research (NECHR) for external review. 264 

Statistical analysis 265 

25. Patient screening and treatment data was paper-based, then entered into Research Electronic Data 266 

Capture (REDCap, Vanderbilt University, USA). Descriptive analysis was conducted using medians 267 

with inter-quartile ranges [IQR] for continuous variables and frequencies with percentage for 268 

categorical variables. Comparison between patients with HCV serology positive or negative results, 269 

and treatment follow-up locations, was performed using Mann-Whitney U test for continuous 270 

variables, and Fisher’s exact test/Chi-square test for categorical variables. 271 

26. SVR12 rate was calculated among patients experiencing pre-defined “known outcomes”. Known 272 

outcomes included achieving SVR12, treatment failure at PT12, treatment stoppage for any reason 273 

(AE, lost-to-follow-up (LTFU) up to treatment completion), and death at any point between initiation 274 

and PT12 testing. LTFU after treatment completion were not considered a known outcome and were 275 

excluded from treatment effectiveness analysis. All known outcomes other than SVR12 were 276 

considered as treatment failure in analysis. SVR12 rates are presented by baseline and clinical 277 

characteristics. 95% Confidence Intervals (95%CI) for SVR12 were calculated using the Clopper-278 

Pearson method for exact binomial distribution. Independent variable associating with treatment 279 
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failure were not examined, due to the small number of failures. All analysis was performed using SAS 280 

Version 9·4 (2002-2012, SAS Institute Inc., NC, USA.).  281 

Role of the funding source 282 

27. Funding for the study was provided by Médecins Sans Frontières (MSF, https://www.msf.org/). MZ, 283 

DO’K, JC, PJ, SB, TM, JPD, and MLP were employed by MSF, and participated in planning the 284 

study, carrying out the research, and writing the report. MZ, DO’K, JC, SB, TM, JPD, and MLP had 285 

access to the raw data. 286 

RESULTS 287 

Screening uptake and linkage to treatment 288 

28. During the study period, 10,425 individuals (7·6% of the estimated adult population in Moung Russei 289 

HOD) were voluntarily screened at the health centers (Figure 2).  Across the 13 rural health centers, 290 

screening uptake varied between 1·9% -26·2% among the adult population (see appendix p2). Of 291 

patients screened, median age was 44 years (IQR: 31-55); 778 (7·5%) were HCV antibody positive 292 

(Table 1). Nearly all antibody positive patients (n=761, 97·8%) received HCV VL testing, and 71% 293 

(n=540) of those tested were HCV viremic (Figure 2). Median turnaround time from HCV antibody 294 

positive diagnosis to obtaining HCV VL result was 1 weekday (IQR: 0, 10). Antibody positive patients 295 

were significantly older (58 years) than negative patients (40 years, p<0·0001, Table 1). No other 296 

significant differences according to antibody or VL test results were found. 297 

Treatment initiation 298 

29. Very high patient retention between screening and treatment initiation was observed, with 98·7% 299 

(n=533) of viremic patients attending a baseline consultation at the HCV clinic (Figure 2, 3). Nearly 300 

all patients (99·4%, n=530) initiated DAA treatment. Median turnaround time from HCV diagnosis 301 

about:blank
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to treatment initiation was 5 weekdays (IQR: 3, 8). Most patients were initiated under SOP1 (85·3%, 302 

n=452), and 14·7% (n=78) were initiated under SOP2 (see appendix p1).  303 

30. Of those initiating treatment, the median age was 58 years (IQR: 50·3, 63) (Table 2). One patient was 304 

previously treated with pegylated-interferon and ribavrin, but all others (99·8%, n=529) were 305 

treatment naive. Eleven (2·1%) patients were co-infected with HBV. Among cirrhotic patients (n=131), 306 

10 (1·9%) had decompensated cirrhosis and were prescribed SOF+DAC 24-week course. All other 307 

patients (98·1%, n=520) were prescribed SOF+DCV12-week course (Figure 2). 308 

31. There were 485 (91·5%) simple cases and 45 (8·5%) complicated cases (Table 2). Patients diagnosed 309 

as simple case followed-up at the health centers were significantly younger (median age: 57 years vs. 310 

60 years, p=0·0074), less were with cirrhosis (21·7% vs. 59·1%, p<0·0001), and more presented 311 

baseline HCV VL ≥1,000,000 IU/ml (62·9% vs. 40·0%, p=0·0026). 312 

Patient follow-up and adverse events 313 

32. Two (0·4%) AEs (fatigue and stomach upset), and five (0·9%) SAEs were reported among patients 314 

initiated into treatment. Among patients experiencing SAEs, four were considered simple cases at 315 

treatment initiation and one was considered a complicated case. All SAEs were determined by doctor 316 

evaluation as being unrelated to the patient’s HCV treatment. The causes of SAEs were infection (two 317 

cases), cardiovascular disease, panic attack, and one event with cause data missing. 318 

Treatment outcomes 319 

33. Five-hundred-and-fifteen (97·2% of those initiated) patients completed treatment (Figure 3). The 320 

remaining 15 non-completing patients included four deaths, two treatment discontinuations due to AE, 321 

and nine LTFUs (Figure 2). Treatment completion rate was >93% regardless of the patient being 322 

classified as a simple or a complicated case. 323 
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34. Following treatment completion, 466 (90·5%) patients returned for PT12 testing (Figure 3). Of these 324 

patients, 459 (98·5%) achieved SVR12. 325 

35. Four-hundred-eighty-one patients had known outcomes. Overall SVR12 rate was 95·4% (95%CI: 326 

93·2, 97·1), with 96·2% (95%CI: 94, 97·8) and 85·3% (95%CI: 68·9, 95) among simple cases and 327 

complicated cases, respectively (Table 3). Across other baseline demographic and clinical 328 

characteristics, the SVR12 rate was consistently high (≥90%), except among patients with F4 cirrhosis 329 

(89·3%), diabetes history or baseline RBS≥200mg/mL (89·1%), and patients initiated under SOP2 330 

(82·4%). 331 

DISCUSSION 332 

36. This pilot project demonstrated high levels of patient retention, treatment efficacy and safety using a 333 

highly simplified model of non-specialist service delivery, in a rural, low-resource context via a 334 

decentralized approach, embedded within the existing health care system. As a result, this model of 335 

care was incorporated in the Cambodian government’s National Strategic plan on Viral Hepatitis C 336 

Infection Control in December 2019.22  337 

37. The WHO has recommended simplified, decentralized models of diagnosis and treatment under a 338 

“treat-all” approach.21 By decentralizing HCV testing and treatment into rudimentary settings, the 339 

HCV project improved patient access. Two-thousand-three-hundred-and-eighty-three screenings of 340 

the HOD residents at the first month of implementation, and 9,048 in the first six months, shows the 341 

demand for HCV service (see appendix p3). A higher viremic rate in our study (5.2%) compared with 342 

the previous study conducted in the HOD (1.9%), suggests many patients knew their HCV positive 343 

status prior to presenting for screening.12 Two health centers unilaterally organized information 344 

campaigns, increasing their screening uptake. These campaigns were not a formal part of the project, 345 

but would likely be an effective strategy for similar interventions (see appendix p2). 346 
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38. The greater geographical accessibility, rapid, point-of-care diagnostics and reductions in patient 347 

consultations resulted in very high patient linkage and retention. Without a comparison group, the 348 

efficacy of our model could only be compared against real-world studies, in which case, our results 349 

are comparable or even improve upon other, similar real-world studies.2–4,23 Further, the model 350 

significantly reduced burden on staff, clinical and financial resources. Especially, the reduction in pre-351 

treatment assessments suited the basic laboratory capacity, and task shifting most responsibilities onto 352 

nursing staff expanded the potential work force for HCV care. These improvements greatly increased 353 

programmatic coverage and the number of individuals that could be tested and treated. In addition, 354 

further model simplification could be feasible by providing the entire treatment medication course to 355 

reduce follow-up appointments, and with nursing staff performing initiation assessments in the health 356 

centers and immediately initiating uncomplicated cases.24,25  357 

39. SVR12 achievement was high (>=90%) across all patient sub-groups, except among patients with 358 

cirrhosis, followed-up at the HCV clinic (complicated case), initiated under SOP2, and with diabetes 359 

history or baseline high RBS. Unsurprisingly, patients with cirrhosis or diagnosed as complicated 360 

cases who had follow-up at the HCV clinic had lower SVR12 achievement. Liver cirrhosis is 361 

associated with increased risk of virological failure, with decompensated cirrhosis associated with a 362 

higher risk of death.21,26 Among complicated cases, 60% had liver cirrhosis, and of these, 37% had 363 

decompensated cirrhosis. Similarly, a higher percentage of patients with diabetes or high baseline RBS 364 

and initiated under SOP2 were among complicated cases compared with simple cases. Individuals 365 

living with HCV experience increased risk of developing diabetes, which in turn accelerates fibrosis 366 

progression.27,28  367 

40. The difference in treatment effectiveness between SOP1 and SOP2 is unlikely related to the exclusion 368 

of Fibroscan in determining simple and complicated cases. No clinical decisions were altered based 369 

on Fibroscan results that were used to validate the pre-treatment evaluation. The difference in 370 
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effectiveness rates between SOP1 & SOP2 are therefore potentially related to two factors. First, the 371 

adoption of SOP2, coincided with a later period in the project when the four MSF nurses were replaced 372 

with one Ministry of Health nurse, who could not alone cover all patient tracing, which led to an 373 

increased LTFU during treatment (11·8% vs. SOP1: 0·7%, appendix p4). When only assessing patients 374 

who completed follow-up, 97·7% achieved viral clearance among SOP2 patients. Second, a 375 

significantly higher proportion of patients with decompensated cirrhosis presented during the second 376 

SOP compared to the first SOP (5.1% vs. 1.3%, p=0.045), which is related with higher risk of failure 377 

(see appendix p1). The reasons for higher percentage of decompensated cirrhotic patients during the 378 

SOP2 period, are unclear. Even so, with the inclusion of these patients good effectiveness rate (93·3%) 379 

maintained, after accounting for the increased LTFU rate.  380 

41. Based on these findings, fibrosis evaluation should not be mandatory for HCV treatment initiation. 381 

Due to the expense and examination capacity required, necessitating fibrosis assessment represents a 382 

barrier to HCV treatment in the resource limited context. While the examinations for fibrosis are 383 

unavailable or inaccessible, HCV treatment could still be initiated with high efficacy. However, we 384 

do recognize the importance of diagnosing liver cirrhosis to guide clinical decisions, follow-up of 385 

liver cirrhosis, and monitor heptocelluar carcinoma.  386 

Limitations 387 

42. Many non-residents of Moung Russei HOD presented for HCV screening (non-Moung Russei 388 

residents represented 49% of treatment initiations, but only constituted 15% of all patients screened 389 

during the first six months of implementation). Although they were not included in this study, this 390 

unexpectedly large number of patients, who very likely knew their HCV-positive status and traveled 391 

specially to Moung Russei for treatment, represented an otherwise disproportionate burden on the 392 

planned capacity of the project. For these reasons, HCV testing and treatment, and this subsequent 393 
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project evaluation, was restricted to residents of Moung Russei HOD. However, without the 394 

presentation of these patients, the project may have been able to test and treat a much larger number 395 

of Moung Russei residents, thereby potentially limiting the numbers reported here. 396 

43. The high standard of care provided here is contingent on a certain level of resource allocation, which 397 

may not be replicable in settings with limited public health budgets. This limitation is potentially 398 

reflected in the increased LTFU rate following the removal of the MSF nurses. With this lesson learned, 399 

during project expansion health center staff were provided more tools for case monitoring and village 400 

volunteers started supporting patients tracing. Further, care quality could be improved through 401 

enhancing the public health system. Cambodia’s national strategic plan on viral hepatitis had 402 

subsequently made a commitment to treat cirrhotic patients and monitor hepatocellular carcinoma.20  403 

44. The difference in HCV prevalence among patients presenting for screening, and the estimated 404 

prevalence for the wider HOD population suggests many presenting patients already knew their HCV 405 

status, or suspected themselves at risk of HCV positivity. This knowledge may have motivated them 406 

to seek screening and treatment, and therefore represents a potential bias in patient recruitment. It’s 407 

therefore possible that our study cohort is not entirely representative of the general population within 408 

the HOD. Even so, among the 10,425 patients screened as part of this study, only 761 were antibody 409 

positive, and 540 RNA positive, meaning a substantial majority of patients screened probably did not 410 

know their HCV status, and were still motivated to attend the health center, very likely due to the 411 

availability of the service. 412 

Conclusion 413 

45. This pilot project demonstrated that a highly simplified model of HCV care can be integrated within 414 

a rural public health system in an LMIC, enhancing accessibility, whilst maintaining short turnaround 415 

times, high patient retention, treatment efficacy and safety. The use of rapid diagnostics, non-specialist 416 
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clinical staff, minimal treatment evaluation tests including removal of fibrosis evaluation, and follow-417 

up consultations, primarily delivered in highly accessible, decentralized rural health centers, 418 

maximized the number of patients tested and treated, whilst making efficient use of limited resources. 419 

If the WHO’s global elimination targets for viral hepatitis are to be reached, innovative methods of 420 

delivering HCV care are required, particularly outside of urban centers. This project provides a model 421 

that can be replicated in similar rural contexts in LMICs. 422 

 423 

DATA SHARING STATEMENT 424 

46. MSF has a managed access system for data sharing that respects MSF’s legal and ethical 425 

obligations to its patients to collect, manage, and protect their data responsibly. Ethical risks include, 426 

but are not limited to, the nature of MSF operations and target populations being such that data 427 

collected are often highly sensitive. Data are available on request in accordance with MSF's data 428 

sharing policy (available at: http://fieldresearch.msf.org/msf/handle/10144/306501). Requests for 429 

access to data should be made to data.sharing@msf.org. 430 

47. The study protocol is available on request for the medical coordinator of the project, at: msff-kh-431 

comed@msf.paris.org. 432 
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Tables 
 

 

 

Table 1. Screening outcomes (n=10425) from 13 health centers in Moung Russei health operational 

district, Battambang Province, Cambodia, March 2018- January 2019, by sex and age, n (%) 
 

 

  Antibody test Viral load test 

  Total screening 
Antibody 

negative 

Antibody 

positive 

Linkage to 

viral load test 
Non-viremic Viremic 

Sex& Male  3967 (38·1) 3671 (38·1) 296 (38·1) 292 (38·4) 79 (35.7) 213 (39·4) 

 Female  6457 (61·9) 5976 (61·9) 481 (61·9) 469 (61·6) 142 (64·3) 327 (60·6) 

Age Median (IQR) 44 (31, 55)** 40 (31, 54) 58 (50, 63) 58 (50, 63) 57 (48, 64) 58 (50·5, 63) 

 <45 5406 (51·9) 5295 (54·9) 111 (14·3) 105 (13·8) 43 (19·5) 62 (11·5) 

 45-54 2176 (20·9) 1979 (20·5) 197 (25·3) 196 (25·8) 52 (23·5) 144 (26·7) 

 55-64 1902 (18·2) 1596 (16·5) 306 (39·3) 300 (39·4) 78 (35·3) 222 (41·1) 

 65 and above 941 (9·0) 777 (8·1) 164 (21·1) 160 (21) 48 (21·7) 112 (20·7) 

Total   10425 9647 778 761 221 540 

 

 
& One HCV antibody positive patient missed information of sex.  

** The median age of patients with negative and positive antibody test is significantly different, p<0·0001.
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Table 2. Baseline characteristics among patients initiating HCV treatment (n=485) at the 

referral hospital, Moung RusseiHOD, Cambodia, March 2018- January 2019, by simple and 

complicated cases 
 

  Simple case Complicated case Total 

  n (%) n (%) n (%) 

Total   485 (100) 45 (100) 530 (100) 

Sex Female 291 (60) 32 (71·1) 323 (60·9) 

 Male 194 (40) 13 (28·9) 207 (39·1) 

Age (year) Median (IQR) 57 (50, 63) 60 (56, 68) 58 (50·3, 63)* 

 <45 58 (12) 4 (8·9) 62 (11·7) 

 45-54 139 (28·6) 5 (11·1) 144 (27·2) 

 55-64 197 (40·6) 20 (44·4) 217 (40·9) 

 ≥65 91 (18·8) 16 (35·6) 107 (20·2) 

FS (kPa) (n=527)# Median (IQR) 7·7 (5·4, 13) 21 (7·4, 39·5) 7·9 (5·5, 14) 

 F0: 1kPa 84 (17·4) 4 (9·1) 88 (16·7) 

 F1: 2-8kPa 135 (28) 7 (15·9) 142 (26·9) 

 F2: 8·1-9kPa 83 (17·2) 2 (4·5) 85 (16·1) 

 F3: 9·1-14kPa 76 (15·7) 5 (11·4) 81 (15·4) 

 F4: ≥14·1kPa^ 105 (21·7) 26 (59·1) 131 (24·9)** 

HCV viral load 

(IU/mL) 
Log10, Median (IQR) 14·6 (13, 15·6) 13·4 (12·3, 15·4) 

14·5 (12·8, 

15·5) 

 ≥1 million 305 (62·9) 18 (40) 323 (60·9)*** 

BMI (kg/cm2) 

(n=525)# 
Median (IQR) 

23·4 (20·8, 

26·3) 
21·9 (19·7, 25·4) 

23·3 (20·8, 

26·3) 

 Normal: <23  222 (46·1) 27 (61·4) 249 (47·4) 

 Overweight: 23- 27·4 187 (38·9) 9 (20·4) 196 (37·3) 

 Obese: ≥27·5  72 (15·0) 8 (18·2) 80 (15·3) 

Diabetes Diagnosed Diabetes& 36 (7.4) 7 (15·6) 43 (8·1) 

 
No history of diabetes 

but RBS≥200mg/mL 
14 (2.9) ·· 14 (2·6) 

Hypertension$  115 (23.7) 15 (33·3) 130 (24·5) 

 

*p=0.0074, ** p<0.0001, ***p=0.0026 
# Patients with missing data is not included here. 

^ It was compared between F4 (cirrhotic) and F0-F3 (non-cirrhotic) patients. 
& Previously diagnosed diabetes, with/without blood sugar controlled at baseline evaluation.   
$ Previously diagnosed hypertension, with/without blood pressure controlled at baseline evaluation. 

 

FS: FibroScan; VL: viral load; BMI: body-mess-index; RBS: random blood sugar.  
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Table 3. SVR12 rate among patients with known outcomes (n=481), Moung Russei HOD, 

Cambodia, March 2018- January 2019,  by baseline characteristics 
 

 

  
SVR12/patients with 

known outcomes# 
SVR12% (95%CI) 

Total  459/ 481 95·4 (93·2, 97·1) 

Sex Male 168/ 181 92·8 (88, 96·1) 

 Female 291/ 300 97 (94·4, 98·6) 

Age (year) <50 107/ 108 99·1 (94·9, 100) 

 ≥50 352/ 373 94·4 (91·5, 96·5) 

Cirrhosis status^ F0-F3 356/ 366 97·3 (96·0, 98·7) 

 F4 100/ 112 89·3 (82·0, 94·3) 

HCV viral load (IU/mL) <1,000,000 177/ 185 95·7 (91·7, 98·1) 

 ≥1,000,000 282/ 296 95·3 (92·2, 97·4) 

BMI (kg/cm2)^ <23  210/ 222 94·6 (90·7, 97·2) 

 ≥23 246/ 255 96·5 (93·4, 98·4) 

Diabetes 
Diabetes history or baseline 

RBS≥200mg/mL 
41/ 46 89·1 (76·4, 96·4) 

 
No diabetes history nor 

RBS≥200mg/mL 
418/ 435 96·1 (93·8, 97·7) 

Hypertension Diagnosed hypertension 106/ 116 91·4 (84·7, 95·8 

 No history of hypertension 353/ 365 96·7 (94·3, 98·3) 

Coinfection HCV monoinfection 449/ 470 95·5 (93·3, 97·2) 

 HBV coinfection  10/ 11 90·9 (58·7, 99·8) 

Case definition Simple case 430/ 447 96·2 (94, 97·8) 

 Complicated case 29/ 34 85·3 (68·9, 95) 

SOP used for the treatment 

initiation$  
SOP1 417/ 430 97 (94·9, 98·4) 

 SOP2 42/ 51 82·4 (69·1, 91·6) 

 
# Known outcomes include: achieving SVR12, treatment failure at PT12, treatment stoppage for any 

reason (adverse event, lost-to-follow-up up to treatment completion), and death at any point between 

initiation and PT12 testing.  
^ Patients missing or without valid result of BMI and FibroScan were not shown. 
$ Patients initiated before 1 Oct 2018 was under the care of SOP1, and patients initiated after was 

under the care of SOP2. 

 

SVR12: post-treatment 12 weeks; RBS: random blood sugar; SOP: standard operational procedure 
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Figure 1. Treatment flows for simple and complicated cases evaluated at pre-treatment consultation  

#Only patients with positive HCV antibody result were down venous blood sample for HCV viral load test. 
&Simple case were patients with only HCV infection without conditions as the complicated case that required follow-up with a doctor.
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required medical attention.
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Enrolled in the study^
N=10425

RDT HCV antibody positive
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Blood sample not collected  (n=17): 
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Not eligible for screening: n=4
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Simple case 
(HC follow-up)
N=485(91·5%)

Complicated case 
(HCV clinic follow-up)

N=45 (8·5%)

No linkage to care (n=7)           
Refused: n=2
LTFU: n=1
Not eligible for screening: n=2
Death: n=1
Unknown: n=1

HCV viremic
N=540 (71·0%)

Figure 2. Study flowchart from enrollment to treatment outcomes following the screening and follow-up 
pathways·
 
^1650 patients received HCV care during the study period, but were not enrolled in the study, including: 4 patients 
opt-out from the study, and 1646 non-residents of Moung Russei Health Operational District.

HC: health center; SOF+DCV: sofosbuvir and daclatasvir; 12w: 12 weeks; 24w: 24 weeks; LTFU: lost-to-follow-up; 
M1: treatment month 1; M2: treatment month 2; SVR12: sustained viral response at 12 weeks post-treatment. 
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Figure 3. Cascade of project activity from screening uptake to cure in Moung Russei health 
operational district
& The total Moung Russei health operational district adult population  (age ≥18years).


