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This report highlights the impact of various policy changes and initiatives that occurred from January 2020 
through December 2021, aimed at improving outcomes across the continuum of hepatitis C care. This report 
supplements the findings in the National Hepatitis C Virus Elimination Progress Report, 2015–2017 (1), National 
Hepatitis C Virus Elimination Progress Report, January 1, 2017–June 30, 2018 (2), and National Hepatitis C 
Elimination Program Progress Report, 2018–2019 (3). This report includes the following:

• Highlights of accomplishments and key findings

• Tables containing monitoring and evaluation data on key performance indicators for the reporting period

• Technical Advisory Group (TAG) recommendations

• Appendices (1–3) including clinical algorithms, diagnostics, and scientific materials

For the purposes of this report, the 2016–2020 strategic plan strategy headings will be utilized throughout, 
as the majority of the activities reported occurred under that strategic plan. Subsequent reports will utilize the 
strategies from the 2021–2025 strategic plan. 

ORIENTATION TO 
THE REPORT

1. Available from: https://www.moh.gov.ge/uploads/files/2019/Failebi/25.04.2019-1.pdf
2. Available from: https://www.moh.gov.ge/uploads/files/2019/Failebi/25.04.2019-2.pdf
3. Available from: https://ncdc.ge/#/blog/blog-list/33a11d14-e71c-4b28-ad39-d6670090664c
4. Available from: https://www.moh.gov.ge/uploads/files/2017/akordeoni/failebi/Georgia_HCV_Elimination_Strategy_2016-2020.pdf
5. Available from: https://centre-of-excellence.easl-ilf.org/

The information 
contained in this 
current progress 
report mirrors 
the following six 
elimination strategies 
presented in the 
larger Strategic Plan 
for the Elimination of 
Hepatitis C Virus in 
Georgia, 2016–2020 
(4) and Strategic Plan 
for the Elimination of 
Hepatitis in Georgia, 
2021–2025 (5).

2. Prevent HCV Transmission through Harm Reduction, Blood Safety, 
 and Infection Prevention and Control

3. Identify Persons Infected with HCV and Link Them to Care 

4. Improve HCV Laboratory Diagnostics

5. Provide Comprehensive HCV Care and Treatment

6. Improve HCV Surveillance

1. Improve Advocacy, Awareness, Education, and Partnerships for  
 HCV-Associated Resource Mobilization

https://www.moh.gov.ge/uploads/files/2019/Failebi/25.04.2019-1.pdf
https://www.moh.gov.ge/uploads/files/2019/Failebi/25.04.2019-2.pdf
https://ncdc.ge/#/blog/blog-list/33a11d14-e71c-4b28-ad39-d6670090664c
https://www.moh.gov.ge/uploads/files/2017/akordeoni/failebi/Georgia_HCV_Elimination_Strategy_2016-2020.pdf
https://centre-of-excellence.easl-ilf.org/
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BACKGROUND 
In 2015, the country of Georgia launched the world’s first national hepatitis C virus (HCV) elimination program 
with a goal of reducing prevalence by 90%. To establish baseline prevalence, Georgia conducted its first 
nationally representative seroprevalence survey that same year. The 2015 serosurvey used a household 
design and recruited 6,296 adults age 18 years or older. An estimated 7.7% of the adult population had 
evidence of exposure to hepatitis C (anti-HCV), and 5.4% had chronic HCV infection (HCV RNA). Additionally, 
the chronic hepatitis B virus (HBV) prevalence was 2.9% among adults (HBsAg). Injection drug use (IDU) and 
blood transfusion were the risk factors found to be associated with HCV exposure, and blood transfusion and 
incarceration were the risk factors for chronic HBV infection. These results estimated that 150,000 people were 
living with chronic HCV infection at the time. Since then, the Georgia Hepatitis C Elimination Program has made 
great progress, treating over 76,000 people—more than half of the estimated number infected—and achieving a 
cure rate of 98.9%. 

Hepatitis B vaccination was introduced into the national schedule in 2001, and hepatitis B birth dose (HepB-BD) 
was added two years later in 2003. Since then, vaccination rates among children have remained consistently 
high, particularly since 2010 (>90%). Vaccination for hepatitis B is prioritized for certain adult populations (e.g., 
healthcare workers, hepatitis C program beneficiaries), but coverage rates are low. Testing and treatment for 
adults living with chronic hepatitis B (approximately 80,000 adults based on the 2015 serosurvey) remain limited, 
and in response, hepatitis B was included in Georgia’s 2021 –2025 Strategy for Viral Hepatitis Elimination.

The achievements of the Georgia Hepatitis C Elimination Program and hepatitis B vaccination efforts in Georgia 
have been critical in developing Georgia’s current public health capacity, including the ongoing response to 
COVID-19. However, challenges remain in identifying individuals infected with HCV and linking them to care, 
especially among certain key populations (e.g., persons who inject drugs). Recognizing the need to monitor 
progress towards HCV and HBV elimination, the Government of Georgia (GoG), led by the Ministry of Internally 
Displaced Persons from the Occupied Territories, Health, Labour, and Social Affairs (MoIDPLHSA) and the 
National Center for Disease Control and Public Health (NCDC), conducted a second nationwide serosurvey on 
hepatitis B and hepatitis C from June through October 2021, in partnership with the U.S. Centers for Disease 
Control and Prevention’s (CDC) Division of Viral Hepatitis and Global Immunization Division. The serosurvey also 
included SARS-CoV-2, but those results will not be presented in this summary. 

The 2021 serosurvey included children 5–17 years and adults 18 years of age or older. The primary objectives 
were to estimate exposure to and prevalence of hepatitis C and hepatitis B infection among children and adults, 
assess risk factors and geographic distribution associated with infection, and update information on knowledge 
and perceptions toward hepatitis. The results of the serosurvey were also intended to measure progress toward 
the WHO viral hepatitis elimination goals. 

PROGRESS TOWARDS HCV 
AND HBV ELIMINATION IN 
GEORGIA: RESULTS FROM 2021 
NATIONWIDE SEROSURVEY 



8

METHODS
SAMPLE SELECTION 
The nationwide household survey was conducted from June through October 2021 using a stratified,  
multi-stage cluster design with systematic sampling. Ten strata were defined across all the regions and the 
capital city of Tbilisi, with 267 clusters identified and 30 households selected per cluster. Households were 
chosen systematically using a skip pattern, and one adult and one child of eligible age (where applicable) were 
selected per household using a Kish grid. The population included adults aged 18 years or older and children 
aged 5–17 years living in randomly selected households in Georgia, excluding the separatist regions of Abkhazia 
and South Ossetia. A sample size of 8,010 adults and 2,692 children was calculated based on an estimated  
anti-SARS-CoV-2 prevalence of 10% and an anticipated 70% participation rate to produce 95% confidence 
intervals. An additional 1,880 households were included for children to account for low initial enrollment.

Data collection in the field took place over a period of four months. Individual interviews were administered 
using a structured questionnaire with responses recorded electronically. Each participant’s data included a 
unique identifier (barcoded label) that was linked to their blood sample for tracking and confidentiality purposes.  

INCLUSION/EXCLUSION CRITERIA 
Randomly selected members of each household were eligible for participation, and those who provided 
voluntary informed consent (or assent paired with parental/legal guardian consent for children) were enrolled. 
A household was defined as a group of persons who reside in the same place and prepare meals together. 
Children aged less than 5 years, adults with mental illness, any participants who could not give blood because of 
severe illness or hemophilia, and any participants who refused participation or blood draw were excluded.  

TESTING ALGORITHM
All samples were tested for hepatitis C antibodies (anti-HCV) and total antibody to HBV core antigen (anti-HBc) at 
the Serology Laboratory, Lugar Center for Public Health Research, NCDC. Positive samples were further tested 
for confirmation of chronic infection and virus characterization. Anti-HCV positive samples were tested for HCV 
RNA, and, if infection was identified, genotyping was also performed. Anti-HBc positive samples were tested 
for HBV surface antigen (HBsAg), and those positive for HBsAg were tested for HBV DNA. Test results were 
provided to participants within a maximum of six months of sample collection, and both HCV- and HBV-infected 
individuals were counseled and referred to a local provider for care and treatment. 

STATISTICAL ANALYSIS
Data were weighted at cluster, household, and individual levels and adjusted by sex, age, and geographic 
distribution using 2014 census data to produce nationally representative estimates. Weighted proportions and 
95% confidence intervals (95% CI) (Wilson, with continuity correction) were calculated and compared with 2015 
survey results using a chi-square test with an alpha of 0.05. All analysis was performed in SAS version 9.4  
(Cary, North Carolina, USA).

RESULTS
A total of 8,710 individuals participated in the survey, including 7,237 adults (90.3% participation rate) and 1,473 
children (72.2% participation rate). Among adults, the median age was 46 years (interquartile range [IQR]: 32–60), 
53.3% (95% CI: 51.3–55.2) were female, and a plurality (31.8% [95% CI: 30.6–33.0]) lived in Tbilisi. The 2021 adult 
prevalence of anti-HBc was 21.7% (95% CI: 20.4–23.2), of HBsAg was 2.7% (95% CI: 2.2–3.4), of anti-HCV 
was 6.8% (95% CI: 5.9–7.7), and of HCV RNA was 1.8% (95% CI: 1.3–2.4). There was a slight reduction in  
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anti-HBc prevalence compared to 2015 (25.9% [95% CI: 24.1–27.6]; p<0.001), while the prevalence  
of HBsAg (2.9% [95% CI: 2.4–3.5] in 2015; p=0.62) and anti-HCV (7.7% [95% CI: 6.6–8.8] in 2015; p=0.20) 
remained stable. There was a substantial decrease in HCV RNA prevalence from 2015 (5.4% [95% CI:  
4.5–6.3], p<0.0001), representing a 67% reduction in chronic HCV infection among adults since the start  
of the Georgia Hepatitis C Elimination Program. Prevalence of chronic HCV infection decreased among all age 
groups, but most notably among those aged 40–49 years (from 9.8% in 2015 to 2.7% in 2021) and 50–59 years 
(from 8.7% to 1.6%). Those aged 40–49 years had the highest positivity rate (2.7%), while the lowest positivity rate 
was among those aged 18–29 years (0.9%). Substantial decreases were also observed for both males (from 9.0% 
to 3.1%) and females (from 2.2% to 0.6%). 

Independent risk factors for hepatitis C in 2015 included history of IDU and receipt of a blood transfusion.  
Rates of both risk factors decreased in 2021: the rate of reported lifetime IDU decreased from 4.2% (95%  
CI: 3.4–5.1) in 2015 to 3.0% (95% CI: 2.3–3.9) in 2021, p=0.03, and blood transfusions decreased from 7.0% (95% 
CI: 6.1–7.8) to 4.7% (95% CI: 3.9–5.5), p<0.001. Among those reporting risk factors, the proportion with chronic 
HCV infection also decreased substantially, from 51.1% to 17.8% among injection drug users, 13.1% to 3.8% 
among those who received a blood transfusion. Those with a history of incarceration also declined from 
32.3% to 14.6%. 

Despite the ongoing Georgia Hepatitis C Elimination Program, awareness of the hepatitis C virus decreased from 
73.0% (95% CI: 71.1–74.9) in 2015 to 66.1% (95% CI: 63.9–68.2) in 2021 (p<0.0001). However, among those who 
had heard of the virus in 2021, significantly more were aware it could be cured with medications (77.2% [95% 
CI: 75.1–79.2] in 2021 vs. 70.5% [95% CI: 68.5–72.6] in 2015; p<0.0001). Additionally, as a testament to the 
program, among those aware of their own HCV infection, 79.9% (95% CI: 71.4–86.4) reported having been 
treated, up from just 28.1% (95% CI: 18.2–37.9) in 2015. Knowledge of the hepatitis B virus remained stable 
between the two surveys; 34.9% (95% CI: 32.6–37.4) had heard of the virus in 2021 compared to 36.5% (95% CI: 
34.4–38.6) in 2015 (p=0.36). Among those who had heard of HBV in 2021, 46.0% (95% CI: 42.4–49.6) knew it 
could be treated with medication, compared to 42.8% (95% CI: 39.9–45.8) in 2015 (p=0.32). 

Among children, the median age was 10 years (IQR: 7–13), 52.3% (95% CI: 48.8–55.8) were male, and 33.0% 
(95% CI: 30.5–35.6) lived in Tbilisi. The child prevalence of anti-HBc was 0.7% (95% CI: 0.3–1.6), and HBsAg 
prevalence was 0.03% (95%CI: 0.0–0.2), much lower than the European regional hepatitis B control target 
of <0.5%. Only one child in the sample tested positive for HBsAg. The child was born in 2013 when there 
was a HepB-BD vaccine shortage and had received only one dose of hepatitis B vaccine at 2 months of age. 
No children in the sample tested positive for anti-HCV or HCV RNA. 

CONCLUSIONS
The prevalence of HCV RNA among adults is now 1.8%, which corresponds to approximately 48,600 people with 
chronic HCV infection. Since the beginning of the Georgia Hepatitis C Elimination Program in 2015, there has 
been a 67% reduction in chronic HCV infections, while rates of anti-HCV, anti-HBc, and HBsAg among adults 
have remained relatively stable. Unlike in 2015, children were included in the current study; none tested positive 
for hepatitis C, and only one child tested positive for chronic HBV infection, confirming good coverage with 
hepatitis B vaccination and demonstrating achievement of regional hepatitis B control targets. Among those 
aware of their HCV infection, the proportion reporting having been treated increased from 28% to 80%. Among 
those reporting IDU, the proportion of chronic HCV infection has declined considerably (from 51.1% to 17.8%). 
These results demonstrate substantial progress toward HCV elimination in Georgia, as well as the achievement 
of regional control targets for hepatitis B and success of the vaccination program.



10

The government of Georgia has supported communication campaigns to raise awareness about the importance 
of early HCV diagnosis and to ensure that all Georgians can be tested and receive highly effective treatment for 
free. A variety of activities were undertaken with the contribution of numerous stakeholders working across a 
range of settings to increase professional and public understanding of hepatitis C and to help find patients who 
are undiagnosed and untreated.  

KEY ACCOMPLISHMENTS AND FINDINGS
• From 2020 through 2021, social media, government websites (https://www.moh.gov.ge/ and  
 https://www.ncdc.ge/), and TV media were used to provide real-time information about the Georgia  
 Hepatitis C Elimination Program to the general population, high-risk subgroups, patients, healthcare  
 professionals, and international partners. Activities included the following:

 о Social media: 

 ♦ Sixty HCV-related blog posts, 20 banners, 10 video blogs, and more than 10 live streaming  
 videos of campaign activities on Facebook

 ☐ https://www.facebook.com/hepatitiscgeorgia

 ♦ Five HCV treatment providers’ live chats on Facebook responding to questions 

 ♦ Five social media influencer-led live discussion sessions targeting the general population; posts  
 shared on three popular social media groups with more than 100,000 participants

 ♦ Two animated videos produced for social media outlets:

 ☐ https://www.facebook.com/hepatitiscgeorgia/videos/936870560574004

 ☐ https://www.facebook.com/hepatitiscgeorgia/videos/339230304257407

 о Television, radio, and print:

 ♦ More than 20 television reports and shows with invited guests (hepatitis experts, Ministry  
 and NCDC leadership, physicians, and patient associations) to provide information to the general  
 population on HBV, HCV, how to access the Georgia Hepatitis C Elimination Program, and  
 program progress 

 ♦ One video clip was produced for a television campaign: 

 ☐ https://www.youtube.com/watch?v=rYHFRDkMUFg

 ♦ Five radio shows, 12 articles, and 10 reports in print and online media 

 ♦ Media advertisements (six radio and seven television) conducted for one month 

ACCOMPLISHMENTS BY STRATEGIC DIRECTION 

STRATEGY 1.
IMPROVE ADVOCACY, AWARENESS, 
EDUCATION, AND PARTNERSHIPS FOR  
HCV-ASSOCIATED RESOURCE MOBILIZATION

https://www.moh.gov.ge/
https://www.ncdc.ge/
https://www.facebook.com/hepatitiscgeorgia 
https://www.facebook.com/hepatitiscgeorgia/videos/936870560574004
https://www.facebook.com/hepatitiscgeorgia/videos/339230304257407
https://www.youtube.com/watch?v=rYHFRDkMUFg
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 о A small-scale pre- and post-test survey was conducted among general population  
 (300 participants) to evaluate the effectiveness of the social media, television, radio, and 
  print campaign. According to the survey, awareness and knowledge of key aspects of the  
 Georgia Hepatitis C Elimination Program services and the disease have increased; low risk  
 perception and stigma remained the most frequently named barriers to being tested or enrolling  
 in the treatment program. 

• During 2021, the Hepatitis C Cured Patient Association and their partners carried out population-based  
 interventions, including the following:

 о Held 10 informational meetings with different target groups (e.g., vulnerable populations, ethnic  
 minorities) throughout the country. 

 о Identified 20 Elimination Program Ambassadors who participated in a train-the-trainer program  
 on hepatitis awareness, media communication, and peer-to-peer consulting techniques led by  
 health promotion and strategic communication specialists. The Ambassadors trained 185 people  
 and participated in five community outreach testing campaigns conducted in five regions of the  
 country, including among ethnic minority groups (Azerbaijani and Armenian population). 

 о Disseminated 30,000 flyers and 1,000 posters during testing campaigns carried out by Hepatitis  
 C Cured Patient Association, local governments, public health organizations, and primary  
 healthcare specialists. 

• During World Hepatitis Day 2020 and 2021 campaigns, several communication activities were conducted  
 throughout the country, including

 о Press conference with participation from policymakers, service providers, and media. 

 о Public screening campaign in the streets by the Hepatitis C Cured Patient Association and  
 their partners.  

 о Television and radio specials featuring hepatitis guest speakers. 
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Preventing new HCV infections is crucial to achieving elimination goals. Although increased awareness of 
the risks associated with hepatitis C transmission can support prevention efforts, coordinated efforts are also 
needed in other areas, including integration of HCV services at harm reduction sites; provision of services and 
monitoring of coverage provided at needle and syringe programs (NSP) and opioid substitution treatment (OST) 
programs; and robust blood bank and infection, prevention, and control (IPC) practices.

HARM REDUCTION 
KEY ACCOMPLISHMENTS AND FINDINGS

• Harm reduction (HR) services have been expanded considerably in both scope and scale through the  
 addition of service delivery locations:

 о HCV and HBV antibody screening is available at 14 NSP sites and 9 mobile units, employing over  
 200 HR workers. Stationary HR sites provide services to 11 cities and cover more than 45 cities with  
 mobile outreach. 

 о The screening efforts among PWID substantially increased the total number of PWID aware of their  
 HCV infection status, from 17,103 in 2016 to 27,967 in 2021 (Georgian Harm Reduction Network data).  
 The proportion of PWID testing positive for anti-HCV decreased from 25% in 2016 to 6% in 2021. 

 о The number of PWID tested for HBsAg increased from 16,755 to 31,098 during the last five years,  
 with positivity rates decreasing from 5.7% in 2016 to 2.5% in 2021. The overall number of anti-HBV- 
 positive PWID identified during the last five years is 4,849.  

 о HCV and HBV screening are provided as part of the pre-enrollment process at all 22 OST clinics,  
 with a total capacity of 13,000–14,000 beneficiaries. The number of patients enrolled in the program  
 has increased from 7,381 in 2017 to 11,515 in 2021.  

 о During the last five years, among persons in the screening registry who screened anti-HCV positive  
 at HR centers, 4,489 were tested for HCV viremia (RNA and core antigen), including 1,112 tested in  
 2020–2021. Overall, 3,741 PWID were confirmed as having active HCV infection, including 891 cases  
 confirmed in 2020–2021. 

ACCOMPLISHMENTS BY STRATEGIC DIRECTION 

STRATEGY 2.
PREVENT HCV TRANSMISSION THROUGH 
HARM REDUCTION, BLOOD SAFETY, AND 
INFECTION PREVENTION AND CONTROL
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 о From 2017–2021, among 3,741 PWID with confirmed viremic infection after screening  
 anti-HCV positive at HR centers, 2,764 (73.9%) completed HCV treatment, including 864 persons  
 who received treatment in 2020–2021. Overall, sustained viral response (SVR) was achieved in  
 98.7% (1,932/1,958) who had an SVR test. 

 о HCV viremia (RNA) testing capacity was established at four HR centers through the Foundation for  
 Innovative New Diagnostics (FIND) Decentralizing HCV Testing to Harm Reduction Sites and  
 the HEAD-Start Project; capacity was maintained by the state Hepatitis C Program using GeneXpert  
 equipment. From June 2018 through December 31st, 2021, 3,772 RNA tests have been completed at  
 these 4 sites, including 1,361 tests evaluating re-infection with a positivity rate of 7.4%. 

 о HCV treatment services have been integrated into three NSP sites (Tbilisi, Batumi, and Zugdidi)  
 and one suboxone OST site. At HR integrated sites, 997 PWID were enrolled in hepatitis C  
 treatment, including 173 during 2021. Among 602 treated PWID who were tested for SVR, the  
 SVR rate was 95.3%. 

 о The HR services are maintained with support of the Global Fund HIV Program and the state HIV and  
 Drug Addiction Prevention Programs. The share of state funding for NSP services was increased  
 from 14% to 30% between 2020 and 2021.    

Figure 2.1. Number of persons who inject drugs (PWID) tested for hepatitis C, and number and percent testing anti-HCV positive in Georgia, 
2014–2021, Georgian Harm Reduction Network
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• Other projects conducted from 2020 through 2021 focusing on PWID include the following:

 о Survey of PWID using WHO and UNAID simplified behavioral surveillance survey (BSS)  
 methodology—BSS lite (sample size: 2,000 PWID) began in seven cities in November 2021 (data will  
 be available in Spring 2022) to define the proportion of the population not utilizing HR and HCV  
 services and identify approaches to improve access to and utilization of these services by PWID. 

 о HCV Self-testing (HCVST) Feasibility and Acceptability Study among PWID and MSM was  
 implemented with support of FIND in Tbilisi. A total of 200 participants (100 from each target  
 population) took part in the study to determine the acceptability of and preferences for HCV self- 
 testing among MSM and PWID populations and the ability to correctly perform the test and interpret  
 results. HCVST was acceptable for more than 96% of the participants from both population groups,  
 although more MSM (98%) were able to complete the self-test correctly than PWID (82%). 

 о A randomized control trial of home-based HCV self-testing in MSM and PWID populations  
 using an online recruitment and reporting platform—ongoing with support of FIND in Tbilisi and  
 Batumi. A total of 750 MSM and 500 PWID are being randomly assigned to either intervention or  
 control groups. Individuals in the intervention group will receive HCV self-tests at home through  
 courier service or peer delivery. The individuals enrolled in the control group will be asked to follow  
 the standard-of-care path to get anti-HCV testing at a community-based organization or a  
 medical facility. 

 о A study of risk factors for HCV re-infection among PWID was approved by the Scientific Committee  
 and is underway. It will examine the risk factors for HCV re-infection among PWID who were treated  
 through the Georgia Hepatitis C Elimination Program and achieved SVR.

BLOOD SAFETY
KEY ACCOMPLISHMENTS AND FINDINGS

• In January 2020, the European Union (EU) Twinning Project on Strengthening the Blood Safety System in  
 Georgia was launched. In November 2021, as part of the Twinning Project, a draft of the Law on the  
 Quality and Safety of Blood and Blood Components was submitted to the Government of Georgia  
 including the following:

 о Designating a lead agency responsible for supervision of all transfusion practices at the  
 national level. 

 о Reducing the number of blood banks in Georgia to three by 2025: one National Blood Center and  
 two additional blood banks.

 о Consolidating testing from 23 blood banks to the National Blood Center by 2025.

 о Prohibiting profit-based management by moving to only voluntary non-remunerated donations.

 о Establishing a National Hemovigilance System.

• Since January 2020, nucleic acid testing (NAT) has been performed on blood donations at the Lugar  
 Center for the three major transfusion transmitted infections (TTIs)—HIV, HBV, and HCV; since April  
 2020, all donations have been screened with NAT. Serologic testing for TTIs and syphilis is performed in  
 each blood bank. Overall, 12.3% of NAT-positive donations were serology negative (NAT yield 1:897).
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• Since April 2020, all 23 blood banks participate in the State Safe Blood Program.

• In December 2020, an assessment of the existing blood banks was performed. The assessment found 

 о The volume of donations varies considerably between existing blood banks (500–12,000 per year)  
 and percentage of non-remunerated donors (from 0% to 100%). 

 о The estimated total number of non-remunerated donations at all blood banks is 30,000 (33%). 

 о There are no standardized quality assurance systems or universal quality standards across the 23  
 blood banks. Test systems are not validated, and there are no uniform confirmation testing  
 algorithms in place. 

 о The equipment used by the majority of blood banks is partially or fully non-compliant with the  
 modern standards of blood production and testing. 

 о 27% of blood banks perform serologic testing with fully automatic equipment, while 73% use  
 semi-automatic ELISA methods. 

 о A majority of blood banks perform immunohematological testing manually.

• In 2021, the Georgian government began taking steps to establish a National Blood Center for the  
 centralization of blood services. The Center will incorporate blood processing and centralized testing  
 facilities, including serology, molecular testing, and immunohematology laboratories, and clinical and  
 blood component quality assurance laboratories. 

• A Communication Strategy was drafted in November 2021 for the transition to 100% non-remunerated  
 donation and will be implemented in 2022

INFECTION PREVENTION  
AND CONTROL
KEY ACCOMPLISHMENTS AND FINDINGS

• A new guideline, “Infection Control in Medical Facilities,” was approved by the MoIDPLHSA  
 (Decree № 01-455/o, September 14, 2020) to ensure standardized IPC practices, including safety  
 measures based on transmission routes, hand hygiene, disinfection and sterilization of instruments,  
 safe injection practices and procedures, and safe blood banking and transfusion practices at all  
 medical facilities.

• IPC regulations were updated based on a Ministerial order for prevention and management of novel  
 SARS-CoV-2, but they also benefit populations impacted by HCV. The guidelines address

 о Confirmed or suspected cases of COVID-19 at dialysis units 

 о Dental clinics

 о Infection control measures upon the death of a COVID-19-infected patient

 о Dermatology/cosmetology service providers 

 о The use of personal protective equipment at a medical facility for the management of possible and  
 confirmed cases and other safety measures
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• In May 2020, the Regulation Agency for Medical and Pharmaceutical Activities  
 implemented a monitoring system for adherence to IPC recommendations in dental clinics using  
 a new questionnaire and check list.

 о A total of 1,048 dental clinics were evaluated, of which 989 met the requirements and could  
 provide scheduled services. The other clinics were given an individual timeframe based on the  
 types of adjustments needed and were shut down if they did not meet the requirements in the  
 given timeframe. 

• The Georgian Dental Association provided IPC training to more than 800 dentists, dental nurses, and  
 staff responsible for decontamination procedures.

• With technical support from the US CDC, a tool was piloted for evaluating the IPC systems in inpatient  
 hospitals, evaluating more than 26 medical facilities based on the supportive supervision principle.1 

• As part of a UNICEF project, IPC system assessments were conducted in 82 perinatal units based on the  
 supportive supervision principle.

 о 24% of perinatal facilities were in full compliance with all criteria of IPC system  
 organizational support.

 о 29% of perinatal facilities were in full compliance with all criteria for sterilization/disinfection.

 о Deficiencies were identified related to the requirements of sterilization planning and the prevention  
 of the crossing of “dirty” and “clean” streams, especially during the stages of pre-sterilization  
 processing and sterilization of instruments subject to sterilization.

• A total of 268 non-medical facilities (e.g., nail salons, tattoo parlors) were assessed by NCDC and  
 regional public health centers for IPC compliance in non-healthcare settings. Of these, non-compliance  
 was observed in 43% (n=115) of facilities, and these sites were provided with recommendations for  
 improvement in a two-week timeframe. Upon a repeat visit, if improvements were not made, the site  
 would be fined or closed.

• In 2021, an e-learning IPC curriculum and course was developed for physicians, personnel responsible  
 for infection control, epidemiologists, clinical managers, and nurses.

• In-person IPC trainings have taken place in more than 60 medical facilities, with a total of 6,340 medical  
 workers (epidemiologists, doctors, and nurses) trained.

1 Supportive supervision is a process of helping staff to improve their own work performance continuously. It is carried out in a respectful and 
non-authoritarian way with a focus on using supervisory visits as an opportunity to improve health staff’s knowledge and skills.
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Reaching HCV elimination requires a comprehensive scale-up of high-quality HCV screening and access  
to treatment. Within the Georgia Hepatitis C Elimination Program, over 75,000 persons initiated treatment  
with a high cure rate; nevertheless, patient enrollment in treatment has declined over time and throughout  
the COVID-19 pandemic. The government of Georgia has prioritized developing the most optimal model for 
linkage to care. The program is intended to improve HCV case finding by screening the general population, 
conducting targeted screening of high-risk populations, and using enhanced screening in regions with known 
high HCV prevalence.

KEY ACCOMPLISHMENTS AND FINDINGS
• As of December 2021, 2.2 million people 18 years of age or older had been screened, and 146,778 (6.8%)  
 were HCV antibody positive. An additional 18,586 screened anti-HCV positive using an anonymous  
 15-digit code, so their inclusion in the general population screening results cannot be confirmed. Overall,  
 men aged 40–49 years had the highest rate of anti-HCV positivity at 20.8%, followed by men aged  
 50–59 years (17.4%) and 30–39 years (11.4%). Among women, anti-HCV prevalence was highest in those  
 aged 50–59 years (4.6%), 60–69 years (4.3%), and over 70 years (4.5%). 

• From January 2015 through December 2021, 355,905 children under 18 years of age were screened,  
 and 971 (0.3%) were HCV antibody positive. 

• An integrated TB/HIV/HCV screening program at primary healthcare centers (PHC) was piloted in the  
 Samegrelo-Zemo Svaneti region in April 2018 with financial support from The Global Fund to Fight  
 AIDS, Tuberculosis, and Malaria (GFATM). The program has since been expanded to every region across  
 the country. In 2020, 252,500 persons were screened, and 877 (0.3%) were positive. In 2021, 173,100  
 were screened, and 308 (0.2%) tested positive. 

• HCV screening is available at 1,361 locations with 1,849 providers performing anti-HCV screening  
 reported in the system during 2021. Sites and programs are presented in figure 3.2.

• As of December 31st, 2021, 20,889 people have screened positive for anti-HCV but have  
 not had viremia testing performed. An additional 19,067 people who are HCV RNA positive have not yet  
 started treatment. To increase identification of these individuals and their linkage to care, a previously  
 piloted project was expanded to the entire program in 2021. The project had the following targets:  
 conduct viremia testing on 70% (14,000 persons) who screened anti-HCV positive and engage 50% of  
 those who are HCV RNA positive in treatment. Activities completed during 2020–2021:

ACCOMPLISHMENTS BY STRATEGIC DIRECTION 

STRATEGY 3.
IDENTIFY PERSONS INFECTED WITH HCV 
AND LINK THEM TO CARE
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 о All medical facilities participating in the project were provided with updated information  
 and material, including linkage questionnaires and methodology on how to communicate 
 with patients lost to follow-up. 

 о Sixty medical facilities were included in the project:

 ♦ Contracts were established to provide funding and ensure participation in the project.

 ♦ Trainings on how to follow up and link people who screened HCV positive to care were  
 conducted with 112 epidemiologists and providers from the harm reduction network and primary  
 healthcare system.

 ♦ An additional six PHCs were included in cities where there were more than 200 individuals in  
 need of linkage to care.

 ♦ Five regional coordinators were hired to facilitate connection and guide epidemiologists.

 о The following activities took place to identify all persons in need of linkage to care:

 ♦ Comprehensive lists were created from the Georgia Hepatitis C Elimination Program databases  
 based on the following criteria: 1) screening was performed ≥3 months ago and no viremia  
 testing was completed; 2) person is aged 18–75 years; 3) person cannot be found in death  
 registry; and 4) address or telephone number is identified.

 ♦ Based on the criteria, 18,082 persons were identified. Relevant lists were sent to the 60 medical  
 facilities, 1 HR site, and 6 PHCs for active follow-up

 о As of December 31, 2021, contact was attempted at least one time via phone or a visit by an  
 epidemiologist for 9,989 persons. Successful contact was made with 5,397, and viremia testing was  
 performed on 1,841 (18%). Of those, 1,023 (55.6 %) were HCV viremia positive, and 572 (55.9%) who  
 were HCV viremia positive were enrolled in treatment.
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Figure 3.1. Number of persons screened for hepatitis C per month and cumulative, and number testing positive in Georgia, 2015–2021 

Figure 3.2. HCV Screening Sites

Global Fund’s Project, 
the state programs 

for treating HIV/AIDS 
and Tuberculosis
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Access to quality diagnostic services is crucial for surveillance, accurate and timely detection of hepatitis C 
infection, ensuring appropriate follow-up care for those infected with HCV, and documenting cure from  
infection. NCDC uses its laboratory network to improve Georgians’ access to HCV screening and to provide 
external quality assurance for laboratories (both public and private) licensed to perform HCV diagnostic 
and monitoring tests. 

KEY ACCOMPLISHMENTS AND FINDINGS
• As of December 31, 2021, more than 1,000 laboratories providing hepatitis C and other diagnostic testing  
 (including screening) were registered in the MoIDPLHSA database.2 

• From 2020 through 2021, the government purchased a total of 600,000 HCV Rapid Diagnostic Test  
 (RDT) kits from Healgen as part of the Georgia Hepatitis C Elimination Program. The performance of  
 these RDT kits was assessed at the Lugar Center and showed 100% sensitivity and specificity.  

• The number of hepatitis C screening methods, including existing and approved assays to diagnose  
 chronic HCV infection has been expanded since the launch of the Georgia Hepatitis C Elimination  
 Program (Table 4.1 and Table 4.2).

Table 4.1. Hepatitis C Screening (anti-HCV) Diagnostics in Georgia as of December 2021

ACCOMPLISHMENTS BY STRATEGIC DIRECTION 

STRATEGY 4.
IMPROVE HCV LABORATORY DIAGNOSTICS

2 http://cloud.moh.gov.ge

Methods Facility/Populations

RDTs (Procured Centrally by Government) Outpatient clinics, NCDC lab network, HR sites/ General 
population, pregnant women, high-risk individuals

RDTs (Procured Centrally by Government) Inpatient clinics/Hospitalized patients

Laboratory-Based Serology Methods  
(ELISA, CLIA, CMIA, etc.) Blood banks/Donors

NAT Screening (Grifols) Lugar Center/Donors

http://cloud.moh.gov.ge
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• Access to free-of-charge HCV viremia testing has allowed for continued access to HCV diagnostic tests  
 within the Georgia Hepatitis C Elimination Program (Figure 4.1). 

Table 4.2. Hepatitis C Viremia (RNA and cAg) Diagnostics in Georgia as of December 2021

Figure 4.1. Number of persons tested for HCV viremia per month by test method in Georgia—August 2019–December 2021
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• From 2017 through 2021, 18 laboratories (including the Lugar Center [National  
 Reference Laboratory]) were enrolled in the National External Quality Assurance (EQA) Program.  
 From 2020 through 2021, HCV proficiency test (PT) panels were distributed five times to each laboratory.  

 о A total of 13 labs in 2020 and 10 labs in 2021 participated in at least one of the scheduled PT rounds  
 and performed HCV RNA viral load tests. Four labs performed genotyping in 2020, and none  
 performed genotyping in 2021 (the program removed genotyping as a requirement secondary  
 to pangenotypic regimens being in place for treatment). In 2020, 12 of the 13 laboratories performed  
 qualitative HCV RNA tests.  

 о The cumulative 2020 EQA program results for quantitative HCV RNA viral load were excellent in  
 73.1% of all PT specimens, good in 11.8%, acceptable in 4.2%, and not acceptable in 10.9%. 

 о The cumulative 2021 EQA program results for quantitative HCV RNA viral load were excellent in  
 78.1% of all PT specimens, good in 14.2%, acceptable in 4.5%, and not acceptable in 3.2%. The  
 problems identified were related to improper use of quantitative HCV PCR calibrators or  
 non-compliance with the manufacturer’s recommendations on PCR platform-reagent combinations.

• In 2021, a new EQA program for TTI serology was introduced in the country, and 18 blood banks each  
 received a PT panel for analysis of HCV, HBV, HIV, and syphilis three times. Two discrepancies were  
 found in the first round related to HIV (one false negative and one false positive). All results were  
 acceptable in the remaining rounds. 

• CDC funded a project to strengthen the National Laboratory System and the national EQA Program  
 by establishing a laboratory training hub and the ECHO Hepatitis C Diagnostics Laboratory Community.  
 Curricula were developed and the Lugar Center held trainings on implementing quality management  
 systems and achieving immediate, measurable improvement.  

• The National EQA Program expertise and framework played a key role in the rapid scale up of  
 COVID-19 diagnostics in Georgia.

• The second National EQA Program Workshop was held on September 10, 2021. During the meeting,  
 the need for short- and middle-term strategies for synergistic collaboration between the participants  
 of the HCV, COVID-19, and blood safety EQA programs was identified, and recommendations were  
 developed for the Georgia Hepatitis C Elimination Program and the COVID-19 Emergency Response to  
 improve laboratory capacity. Recommendations were made related to the regulatory framework of  
 clinical laboratory technical requirements, including mandatory certification/accreditation requirements,  
 mandatory participation in the EQA programs, and updates to diagnostic algorithms.
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Since June 2016, all HCV-infected persons have been eligible for treatment regardless of liver disease severity. 
Curative antiviral therapy is provided free of charge through a partnership with Gilead Sciences. Initially, all 
participants received sofosbuvir (SOF)-based antiviral treatment regimens, in combination with ribavirin alone 
or with pegylated interferon and ribavirin. Beginning in March 2016, the majority of patients began receiving 
sofosbuvir/ledipasvir (SOF/LED)-based regimens. From December 2018, the pangenotypic regimen Velpatasvir/
Sofosbuvir (VEL/SOF) had been available for patients. 

KEY ACCOMPLISHMENTS AND FINDINGS
• As of December 2021, there are 35 HCV treatment centers, including four HR sites (three NSP and one  
 OST) and ten PHC sites.

• All HCV cases requiring treatment are reviewed by the treatment inclusion committee. Since August 1,  
 2018, cases are reviewed electronically in real time to reduce delay to treatment initiation. In the 6  
 months prior to August 1, 2018, the median time between committee review and treatment initiation  
 was 28 days (IQR 21–38), compared to 6 days (IQR: 3–15) after the implementation of electronic  
 committee review (August 2018–December 2021). For the period of January 2020–December 2021, the  
 median time was 7 days (IQR 3–17). 

• As of December 2021, all patients were receiving the pangenotypic regimen VEL/SOF with or without  
 ribavirin, eliminating the need for genotyping and allowing for simplified treatment and monitoring  
 algorithms (Appendix 2). 

• The national screening registry and HCV treatment database allow for clinical monitoring and program  
 evaluation across the care cascade. As of December 31, 2021, 147,747 persons screened positive for  
 HCV antibodies; of those, 120,591 (81.6%) underwent HCV viremia testing. A total of 95,711 (79.4%)  
 persons tested had active HCV infection (RNA or core antigen positive)—63.8% of the estimated 150,000  
 adults living with chronic HCV infection in Georgia. A total of 76,644 persons initiated treatment—59.8%  
 of the estimated target population to be treated (128,250). Of the 54,398 patients who were evaluated  
 for SVR, 53,815 (98.9%) tested negative for HCV by PCR, representing 44.2% of the population based on  
 the 2020 90-95-95 goal (121,837). 

ACCOMPLISHMENTS BY STRATEGIC DIRECTION 

STRATEGY 5.
PROVIDE COMPREHENSIVE HCV  
CARE AND TREATMENT



Positive Anti-HCV Test (Total)*

Positive Anti-HCV Test (Tx eligible)**

Tested for HCV RNA or Core Antigen

Positive for Current HCV Infection

Initiated HCV Treatment

Completed ≥ 1 Round of Treatment

Eligible for SVR Testing

Tested for SVR

Cured***

147,747

141,480

120,591

95,711

76,644

72,846

72,114

54,398

53,815

95.8%

85.2%

79.4%

80.1%

95.1%

99.0%

75.4%

98.9%

*Among persons with national ID number.  An additional 18,586 
screened anti-HCV+ using an anonymized 15-digit code. Thus, 
their representation in the cascade cannot be confirmed; 

**Age ≥ 12 with no mortality data prior to confirmation

***Per-protocol, includes retreatments. Among 54,689 persons 
tested after their 1st round of treatment, 52,933 (96.8%) achieved 
SVR (Including 82.3% for SOF-based regimens, 98.2% for SOF/
LED regimens, and 98.6% for SOF/VEL regimens).  1,944 persons 
were retreated with a 2nd round of treatment, with 94.4% 
(1,060/1,123) of those tested achieving SVR. Overall SVR by 
Intention-to-Treat analysis: 72.3% 
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• The COVID-19 pandemic has negatively affected access to HCV screening and care services. Compared  
 to 2019, there was about a 50% drop in HCV screening in 2020 and 2021 as well as a decline in patients  
 initiating treatment, with an average of 505 persons initiating treatment each month in 2020 and 2021. 

• SVR rates reached 98.9% (53,815 of 54,398) among patients eligible and tested for SVR, including  
 re-treatments; the SVR rate calculated using an “intent to treat” analysis (which considered persons who  
 discontinued treatment and those who completed treatment but did not receive SVR testing) was 72.3%.

• Treatment eligibility criteria among decentralized treatment facilities was expanded in 2020 to those  
 with FIB-4 score between 1.45 and 3.25, while persons with advanced fibrosis and cirrhosis were  
 referred to specialized clinics.

• Overall, from 2020 through 2021, 433 patients received direct-acting antiviral (DAA) treatment at  
 PHC facilities, 98.5% (255 of 259) achieved SVR. Of 433 patients treated at HR facilities, 97.4%  
 (259 of 266) achieved SVR. 

Figure 5.1. Georgia Hepatitis C Elimination Program Care Cascade, April 28, 2015 – December 31, 2021
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The epidemiological surveillance system for viral hepatitis in Georgia requires urgent notification of each acute 
viral hepatitis (HAV, HBV, HEV) case by healthcare institutions/laboratories and PHCs. Chronic hepatitis B and 
acute and chronic hepatitis C are reported through a special form with aggregated monthly notifications. Acute 
and chronic cases of infectious diseases registered in the Electronic Integrated Diseases Surveillance System 
(EIDSS) are automatically collected and accumulated in the monthly report. In addition, the treatment registry 
and screening database was developed to allow for real-time monitoring of screening; it links with the other 
databases that are part of the Georgia Hepatitis C Elimination Program.

KEY ACCOMPLISHMENTS AND FINDINGS
• In 2020, acute and chronic HBV and HCV sentinel surveillance was established under the Surveillance  
 State Program at four infectious disease hospitals (Tbilisi, Kutaisi, Zugdidi, and Batumi). Only three are  
 currently functioning, and each is managed by a Sentinel Supervision Coordinator. 

 о Within the sentinel surveillance project, a series of meetings was conducted with PHC personnel to  
 update surveillance-related policy papers, case definitions, reporting forms, and guidelines.

 о During the project’s implementation, training was conducted in three sentinel clinics (Kutaisi, Batumi  
 and Zugdidi) and in three PHCs (Batumi, Zugdidi, Telavi) to introduce updated definitions of viral  
 hepatitis cases and sentinel surveillance protocols to 32 doctors and epidemiologists. 

• In 2020, the Lugar Center became the first regional lab to utilize Global Hepatitis Outbreak  
 Surveillance Technology (GHOST).    

 о A study evaluating re-infection and transmission networks among PWID has enrolled 100  
 persons from all participating study sites. 

 о Transmission networks and co-infections were detected, indicating a long history of HCV  
 infection in Georgia. 

• An evaluation of the current EIDSS showed that the existing disease surveillance system has  
 shortcomings in terms of both acute HBV case reporting and epidemiology, and the system needs  
 to be updated and improved. 

 о In 2020, 47 cases of acute hepatitis B were reported through the EIDSS. Ten cases were reported by  
 sentinel sites, and 7 of those cases coincided with EIDSS.

 о In 2021, 19 cases of acute hepatitis B were reported in the EIDSS. Twenty-four cases were reported  
 by the sentinel sites, and 10 of those cases coincided with EIDSS.

ACCOMPLISHMENTS BY STRATEGIC DIRECTION 

STRATEGY 6.
IMPROVE HCV SURVEILLANCE
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• A repeat nationwide serosurvey was conducted from June through October 2021 to  
 assess the burden of hepatitis B and C among adults and children aged 5 years and older. 

 о 7,237 adults and 1,473 children participated in the survey.

 о Results show 1.8% prevalence of chronic HCV infection among adults, a 67% reduction from 2015.  
 No children were positive for anti-HCV or HCV RNA. 

 о The burden of chronic HBV infection among adults is stable at 2.7% HBsAg (2.9% in 2015); anti-HBc  
 prevalence was 21.7%. 

 о The prevalence of anti-HBc in children was 0.7%, and the prevalence of HBsAg was 0.03%,  
 exemplifying good vaccination coverage.

 о The number of people reporting risk factors associated with HCV and HBV (IDU, transfusion, past  
 incarceration) has declined since 2015.

 о Chronic HCV infection is still apparent among PWID.

• A project to improve HCV and HBV surveillance was implemented:

 о All HCV seroconversion cases from January 2019 through November 2020 were identified  
 in the HCV screening database and analyzed. Overall, there were 1,008 seroconversions, of  
 which 89 died. Of the seroconversions, 803 had phone numbers available and 299 were  
 randomly selected for follow-up.

 о Telephone interviews were conducted to collect risk factor data and understand behaviors  
 associated with transmission of HCV and HBV. Out of 299 selected for follow-up, 73% (n=219)  
 of respondents with an age range of 26–94 years were interviewed. Remaining findings are  
 presented in Table 6.1.



Questions Yes (%)
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• A project was implemented in 2020 and 2021 to assess hepatitis B and C testing practices and  
 seroconversions among dialysis facilities in Georgia. 

 о A total of 22 out of 27 dialysis centers (81%) participated in the survey, which included an assessment  
 of IPC practices and screening practices for HBV and HCV. A patient satisfaction survey and a pilot  
 chart abstraction were conducted.

 о Findings include the following: 

 ♦ HBV screening is routinely performed upon admission at 21 facilities (95.5%). Susceptible  
 patients are routinely vaccinated with the hepatitis B vaccine at 13 study institutions (59.1%). 

 ♦ Anti-HCV screening is performed at 15 institutions (68.2%) upon admission to the center,  
 and anti-HCV screening is performed once every six months for patients who are previously  
 anti-HCV negative in 12 clinics (54.5%). 

 ♦ Ten of the dialysis facilities included in the study (45.5%) reported HBV and HCV  
 seroconversions in the prior year.

Table 6.1. Risk factors in the period of 2-6 months before HCV diagnosis

Did you undergo hemodialysis? 0.5%

Did you inject drugs? 10.2%

Did you receive a blood transfusion? 7%

Did you spend 24 hours or more in hospital? 32%

Did you have any type of surgery or invasive medical procedure? 51%

Did you get a tattoo or piercing? 2.7%

Did you get a manicure or a pedicure at beauty salons? 9.7%

Were you were incarcerated or detained in prison or jail? 3.8%

Were you treated for sexually transmitted disease(s)? 2.2%

Did you had unprotected sex (without condom) with a  
partner who had hepatitis C? 3.2%
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• A project was initiated to estimate the risk of HCV transmission by diagnostic  
 endoscopic procedures: 

 о Monitoring visits were conducted at four selected endoscopic units, and 1,030 patients were  
 tested between April and September 2021. 

 о The project includes follow-up screening at six months to assess seroconversion rate;  
 follow-up testing is ongoing.

• In 2020, NCDC implemented a project to develop and establish a sustainable surveillance system  
 for children born to women with chronic HCV infection.

 о Initial data from pregnant women registered in the birth registry from 2017 through 2020 showed  
 707 women were anti-HCV positive, and 580 (82%) of those received viremia testing out of which  
 450 (78%) were confirmed having chronic HCV infection. Of those, 355 (79%) were treated, with 116  
 receiving treatment prior to pregnancy.

 о A study is underway to assess barriers that women who are anti-HCV positive face to seeking care  
 in the Georgia Hepatitis C Elimination Program  and to link children born to mothers with HCV  
 infection to hepatitis C diagnostic services.
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1.1. Educate the 
public and high-
risk groups about 
viral hepatitis and 
the importance of 
testing

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. Levels of 
awareness among 
the general public 
regarding

a) HCV Transmission 

b) HCV Prevention

c) Testing and 
Diagnosis

d) Treatment

High Awareness 
All or most 
participants aware

Medium Awareness 
Some participants 
aware

Low Awareness 
Few or no 
participants aware

* Small-scale 
Facebook survey

** Qualitative survey

*** Serosurvey 2021

***

a) Medium

b) Low

c) n/a

d) n/a

a) n/a

b) n/a

c) n/a

d) n/a

**

a) n/a

b) n/a

c) Low

d) Low

*

a) Medium

b) Medium

c) Medium

d) Low

*

a) High

b) Medium

c) High

d) Medium

1.2. Reduce 
community-
level stigma and 
discrimination 
associated with HCV 
infection

3. Level of 
perceived HCV-
related stigma 
and discrimination 
experienced among 
persons with HCV 
in healthcare and 
other settings (e.g., 
work, housing, 
school, corrections)

Data not 
available

Data not 
available

Data not 
available

Data not 
available

Data not 
available

2. Levels of 
awareness among 
PWID regarding

a) HCV Transmission 

b) HCV Prevention

c) Testing and 
Diagnosis

d) Treatment

High Awareness 
All or most 
participants aware

Medium Awareness 
Some participants 
aware

Low Awareness 
Few or no 
participants aware

* Integrated 
Bio-Behavioral 
Surveillance Survey 
(IBSS) 2017

** Qualitative  
study (GHRN)

*** Serosurvey 2021

***

a) Medium

b) Medium

c) n/a

d) n/a

a) n/a

b) n/a

c) n/a

d) n/a

**

a) n/a

b) n/a

c) Low

d) Low

Data not 
available

*

a) Medium

b) Low

c) Medium

d) Medium

*Due to the fact that the 2016–2020 strategic plan was in place at the beginning of the evaluation period  
and the majority of activities eligible for M&E were related to HCV, the M&E matrix remains consistent with 
previous annual reports. An updated M&E matrix will be developed for the next annual report based on the 
2021–2025 strategic plan. 

STRATEGY 1. IMPROVE ADVOCACY, AWARENESS, EDUCATION, AND PARTNERSHIPS FOR 
HCV-ASSOCIATED RESOURCE MOBILIZATION

MONITORING AND 
EVALUATION



2A. Decrease HCV 
incidence among 
PWID by promoting 
harm reduction

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. Number and 
percentage of 
PWID reached with 
defined package of 
services

*The beneficiary is 
considered reached 
if received at least 
two services from 
the list of basic 
package (condom, 
consultation, 
information 
materials, syringe/
needle) and one 
of them has to be 
syringe/needle

Numerator 
Number of 
PWID reached 
with preventive 
counseling

Database of PWID 
receiving HIV 
counseling and 
testing (HCT); GHRN

67.9% 

(N=35,650)

3. Number and 
percentage of PWID 
screened for HCV 
infection at:

a) NSP sites
and outreach

b) OST service
centers 

c) Mobile
ambulatories

2. Number and 
percentage of PWID 
enrolled in OST

Denominator 
Estimated number 
of PWID

(N=52,500)

PSE 2017

4. Number and 
percentage of PWID 
with presence of 
anti-HCV antibodies

Numerator 
Number of PWID 
enrolled in OST

Denominator 
Estimated number 
of injection opioid 
users

Numerator 
Number of PWID 
screened for HCV 
infection

Denominator 
Estimated number 
of current PWID

Numerator 
Number of PWID 
with anti-HCV 
positivity

Denominator 
Number of PWID 
tested for HCV 
infection

Population size 
estimation (PSE) of 
PWID in Georgia

Social Service 
Agency

IBSS 2017

**31% of estimated 
PWID

Harm reduction 
program records

*PSE of PWID in 
Georgia 2017

**IBSS

*Harm reduction 
program records

**National HCV 
screening registry 
(cumulative)

62.1% 

(N=32,607)

(N=52,500)

PSE 2017

68.2%

(N=35,811)

(N=52,500)

PSE 2017

(N=52,500)

PSE 2017

(N=52,500)

PSE 2017

56.9%

(N=29,891)

51.9%

(N=27,250)

Pending 71%

(N=11,515)

58.7%

(N= 9,552)

59.0%

(N= 9,606)

45.4%

(N=7,381)

(N=16,275)**

IBSS 2017

(N=16,275)**

IBSS 2017

(N=16,275)**

IBSS 2017

(N=16,275)**

IBSS 2017

(N=16,275)**

IBSS 2017

a. 24.1% 

b. n/a

c. 29.2%

a. N=12,630

b. N=n/a

c. N=15,337

a. 16.7%

b. n/a

c. 28.2%

a. N= 8,757

b. N=n/a

c. N=14,836

a. 23.0% 

b. 51.8%

c. 27.2%

a. N=12,065

b. N=
8.426**

c. N=
14,259

a. 20.4%

b. 47.1%

c. 18.4%

a. N= 10,691

b. N=
7,660**

c. N= 9,659

a. 22.6%

b. n/a

c. 18.6%

a. N= 11,885

b. N=n/a

c. N= 9,745

(N=52,500)* (N=52,500)* (N=52,500)*

(N=16,275)**

(N=52,500)*

(N=16,275)**

(N=52,500)*

6.2%*

(N=1,722)

26.9%**

(N=5,711)**

9.6%*

(N=2,262)

27.3%**

(N=5,208)**

16.6%*

(N=3,945)*

27.0%**

(N= 4,479)**

22.8%*

(N= 4,574)*

30.8%**

(N= 3,411)**

32.1%*

(N= 6,850)*

36.8%**

(N= 1,941)*

(N=27,967)*

(N=21,204)*

(N=23,587)*

(N=19,073)**

(N=23,819)*

(N=16,590)**

(N=20,067)*

(N=11,085)**

(N= 21,371)*

(N=5,280)**
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5. Number and 
percentage of PWID 
testing positive 
on rapid tests 
who undergo HCV 
viremia testing

6. Number and 
percentage of PWID 
diagnosed with 
active HCV infection

7. HCV prevalence 
among PWID by 
IBBS study

8. Number and 
percentage of 
PWID with active 
HCV infection 
who started HCV 
treatment

Numerator 
Cumulative number 
of PWID tested for 
HCV RNA or HCV 
core antigen

Denominator 
Cumulative number 
of PWID with anti-
HCV positive results

Numerator 
Cumulative number 
of PWID diagnosed 
with active HCV 
infection based on 
HCV RNA or HCV 
core antigen testing

Denominator 
Cumulative number 
of PWID who were 
tested for HCV RNA 
or HCV core antigen

Numerator 
Cumulative number 
of PWID started HCV 
treatment

Denominator 
Cumulative number 
of PWID with 
diagnosed HCV 
infection

Elimination C

National HCV 
screening registry

Elimination C

IBBS

Elimination C

78.6%

(N=4,489)

80.7%

(N=4,205)

75.4%

(N=3,377)

64.1%

(N=2,187)

50.5%

(N=981)

(N= 5,711) (N= 5,208) (N= 4,479) (N= 3,411) (N=1,941)

83.3%

(N=3,741)

83.2%

(N=3,500)

84.4%

(N=2,850)

90.0%

(N=1,968)

87.7%

(N=861)

(N=4,489) (N=4,205) (N=3,377) (N=2,187) (N=981)

N/A N/A N/A N/A 63.2%

Value is 
pooled 

estimate 
from IBBS 

2017.  
Actual 

numerator 
unknown.

78.6%

(N= 2,942)

80.7%

(N=2,825)

74.5%

(N= 2,123)

68.3%

(N= 1,346)

75.6%

(N= 651)

(N=3,741) (N=3,500) (N=2,850) (N=1,968) (N= 861)

2A. Decrease HCV 
incidence among 
PWID by promoting 
harm reduction

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)
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9. Number and 
percentage of 
PWID treated 
in the program 
who completed 
treatment

10. Number and 
percentage of 
PWID completing 
treatment who 
achieved SVR

11. Percentage of 
PWID reporting use 
of sterile injecting 
equipment the last 
time they injected

Numerator 
Cumulative number 
of PWID completed 
treatment

Denominator 
Cumulative number 
of PWID initiated 
treatment

Numerator 
Cumulative number 
of PWID who 
achieved SVR

Denominator 
Cumulative number 
of PWID assessed 
for SVR 12-24 weeks 
after the end of 
treatment

Numerator 
Number of PWID 
reporting use of 
sterile injecting 
equipment the last 
time they injected

Denominator 
Estimated number 
of PWID

Elimination C

Elimination C

IBBS

93.9%

(N=2,764)

95.0%

(N= 2,685)

89.5%

(N= 1,900)

82.6%

(N= 1,112)

78.5%

(N= 511)

(N= 2,942) (N=2,825) (N= 2,123) (N= 1,346) (N= 651)

98.7%

(N=1,932)

98.7%

(N= 1,904)

98.6%

(N=1,255)

97.0%

(N=619)

95.8%

(N=282)

(N=1,958) (N= 1,929) (N=1,273) (N=638) (N=294)

N/A N/A N/A N/A 91.6%

Value is 
estimate 

from IBBS 
2017.  
Actual 

numerator 
unknown

(N=52,500)

2A. Decrease HCV 
incidence among 
PWID by promoting 
harm reduction

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)
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2B. Prevent 
healthcare-related 
transmission of 
viral hepatitis by 
improving blood  
safety

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. Number and 
percentage of 
all blood banks 
participating and 
operating in the 
Unified Blood Donor 
Electronic Database 
(Donor Database)

Numerator 
Number of blood 
banks participating 
and operating in the 
Donor Database 

Donor Database 100.0% 

(N=23)

3. Licensing 
regulations for 
blood banks 
are established, 
approved, and 
published

2. Lead agency 
is established 
at central level 
to oversee and 
coordinate blood 
service in the 
country

Denominator 
Total number of 
blood banks holding 
state license in 
blood production 
service

(N=23)

4. Number and 
percentage of 
voluntary donations 
among all blood 
donations

5. Proportion of 
anti-HCV-reactive 
persons among 
blood donors

Appropriate 
legislative act

Appropriate 
legislative act

Numerator 
Number of voluntary 
donations

Denominator 
Total number of 
blood donations

Numerator 
Number of blood 
donors with anti-
HCV positive results

Denominator 
Total number of 
unique blood 
donors

State Regulation 
Agency for Medical 
Activities

MoIDPLHSA

Legislative 
Department of 
MoIDPLHSA

Donor Database

National HCV 
screening registry

Donor Database

100.0% 

(N=23)

(N=23)

100.0%

(N=22)

(N=22) (N=22) (N=22)

100.0%

(N=22)

95.5%

(N=21)

In process Not 
established

Not 
established

Not 
established

Not 
established

In process Not 
established

Not 
established

Not 
established

Not 
established

41.2%

(N=37,455)

40.6%

(N=34,094)

32.7%

(N=30,876)

27.5%

(N=25,064) 

23.1%

(N=20,283) 

(N=90,814) (N=83,941) (N=94,457) (N=91,020) (N=87,881)

0.6%

(N=357 
Cumulative: 

4,750)

0.7%

(N=415 
Cumulative: 

4,393)

0.8%

(N=421 
Cumulative: 

3,978)

1.1%

(N=547 
Cumulative: 

3,556) 

1.6%

(N=832 
Cumulative: 

3,022) 

(N=59,235) (N=56,694) (N=55,779) (N=51,289) (N=51,799)
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6. Proportion of 
blood donors tested 
for HCV viremia

8. Degree of the 
continuity of care 
(percentage of HCV-
confirmed blood 
donors enrolled in 
the HCV treatment 
program)

Numerator 
Cumulative number 
of blood donors 
tested for viremia 
after a positive 
serologic test

Denominator 
Cumulative number 
of seroreactive 
blood donors

Numerator 
Total number of 
HCV viremic donors 
enrolled in the 
treatment program

Denominator 
Number of blood 
donors tested 
positive by HCV 
viremia testing 
(Core Ag, RNA)

Donor Database

Elimination C

STOP-C databases

National HCV 
screening registry

Elimination C

STOP-C databases

National HCV 
screening registry

75.3%

(N=3,575)

71.3%

(N=3,134)

62.3%

(N=2,506)

60.7%

(N=2,226)

41.7%

(N=1,193)

(N=4,750)

Donors 
screened 

2015-2021

(N=4,393)

Donors 
screened 

2015-2020

(N=3,978)

Donors 
screened 

2015-2019

(N=3,556)

Donors 
screened 

2015-2018

(N=3,022)

Donors 
screened 
2015-2017

76.5%

(N=1,807)

77.9%

(N=1,657)

71.9%

(N=1,254)

75.2%

(N=1,191)

79.9%

(N=722)

(N=2,362) (N=2,126) (N=1,745) (N=1,584) (N=904)

7. Proportion of 
blood donors 
diagnosed with 
chronic HCV 
infection

Numerator 
Cumulative number 
of blood donors 
tested positive by 
HCV viremia testing 
(Core Ag, RNA)

Denominator 
Cumulative number 
of unique blood 
donors tested 
for viremic HCV 
infection

Donor Database

Elimination C

STOP-C databases

National HCV 
screening registry

66.1%

(N=2,362)  

67.8%

(N=2,126)  

69.6%

(N=1,745)  

71.2%

(N=1,584)  

75.8%

(N=904)

(N=3,575) (N=3,134) (N=2,506) (N=2,226) (N=1,193)

Data since the 
launch of the 
program in 2015

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

2B. Prevent 
healthcare-related 
transmission of 
viral hepatitis by 
improving blood  
safety
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2Ca. Prevent 
healthcare-
 associated 
transmission of 
viral hepatitis 
by improving 
infection control in 
healthcare facilities

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. National 
guidelines on IPC

Scale indicator 
0 = not started
1 = under 
development
2 = draft complete/ 
developed
3 = published

Published 
guidelines

3

3. Percentage of 
healthcare facilities 
in compliance 
with national IPC 
guidelines

2. Number of 
medical universities 
and nursing 
colleges with 
IPC curriculum 
introduced into 
training program

4. Percentage of 
healthcare facilities 
with an appointed 
IPC focal person

5. Percentage of 
healthcare facilities 
with functional IPC 
committees

Numerator 
Number of 
healthcare facilities 
with appointed IPC 
focal person

Denominator 
Number of 
healthcare facilities 
surveyed

Numerator 
Number of 
healthcare facilities 
with active IPC 
committees

Denominator 
Number of 
healthcare facilities 
surveyed

Survey conducted 
by MoIDPLHSA/ 
NCDC 

Ministry of 
Education

Survey conducted 
by Models / NCDC

Survey conducted 
by MoIDPLHSA / 
NCDC

Survey conducted 
by MoIDPLHSA / 
NCDC

3 2 2 2

N=4 N=4 N=4 N=2 N=2

Data not 
available

Data not 
available

83.8%*

(N=67)

96.3%

(N=52)

96.3%

(N=52)

100.0%

(N=66)

(N=80) (N= 54) (N= 54) (N= 66)

86.3%*

(N=69)

92.6%

(N=50)

92.6%

(N=50)

100.0%

(N=66)

Data not 
available

(N=80) (N= 54) (N= 54) (N= 66)

Numerator 
Number of 
healthcare facilities 
compliant with 
national guidelines

Denominator 
Number of 
healthcare facilities 
surveyed

23.8%*

(N=19)

11.0%

(N=6)

11.0%

(N=6)

18.2%

(N=12)

(N=80) (N=54) (N=54) (N= 66)
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6. Percentage of 
healthcare facilities 
displaying materials 
on IPC awareness

Numerator 
Number of 
healthcare 
facilities displaying 
IPC-awareness 
materials

Denominator 
Number of 
healthcare facilities 
surveyed

Survey conducted 
by MoIDPLHSA / 
NCDC

72.2%

(N=39)

72.2%

(N=39)

90.9%

(N=60)

Data not 
available

(N= 54) (N= 54) (N= 66)

1. Percentage 
of non-medical 
facilities where 
SOPs are available

Numerator 
Number of non-
medical facilities 
where SOPs are 
available

Survey conducted 
by NCDC and 
regional public 
health centers

100.0%

(N=74)

2. Number of non-
medical facility staff 
trained in IPC

Denominator 
Total number of 
surveyed non-
medical facilities

(N=74)

NCDC and regional 
public health 
centers

100.0%

(N=194)

(N=194)

75.4%

(N=3,377)

(N= 1,405) (N= 824) (N= 416)

89.0%

(N=733)

100.0%

(N=416)

N=180** N=420** N=1,200 N=824 N=1,500

2Cb. Prevent HCV 
transmission in 
non-traditional 
healthcare and 
other community 
settings

*IPC system assessment in perinatal units.

**Estimated number. Exact numbers unavailable.

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

2Ca. Prevent 
healthcare-
 associated 
transmission of 
viral hepatitis 
by improving 
infection control in 
healthcare facilities

Data not 
available
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3.1. Expand HCV 
testing to better 
reach high-risk 
populations

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. Number of 
persons tested for 
hepatitis C antibody

1) All locations*

2) Prisoners

3) People living
with HIV/AIDS

4) Pregnant women
at ANC clinics

5) TB patients

6) Hemodialysis
patients

7) Inpatients 

8) PWID

National HCV 
screening registry

State Healthcare 
Program

1) 602,758 

2) 62 

3) Pending

4) 13,875 

5) Pending

6) Pending

7) 290,051 

8) 2,444

3. Number and 
percentage of 
children screened 
for hepatitis C born 
to women positive 
for HCV 

2. Proportion of 
persons screened 
anti-HCV positive

1) All locations*

2) Prisoners

3) People living
with HIV/AIDS

4) Pregnant women
at ANC clinics

5) TB patients

6) Hemodialysis
patients

7) Inpatients 

8) PWID

National HCV 
screening registry

1) 728,381

2) 504 

3) Pending

4) 42,961 

5) Pending

6) Pending

7) 260,816 

8) 2,235

1) 965,422

2) 2,628

3) 4,011

4) 34,004

5) 1,994

6) N/A

7) 307,626

8) 6,157

1) 702,061

2) 2,020

3) 3,599

4) 42,218

5) 2,693

6) 2,679

7) 287,978

8) 5,905

1) 744,983

2) 4,127

3) 1,220

4) 43,097

5) 414

6) 1,912

7) 378,762

8) 5,280

1) 1.4%
(8,205) 

2) 100%
(62) 

3) Pending

4) 0.6%
(79) 

5) Pending

6) Pending

7) 1.5%
(3,828) 

8) 20.6%
(503)

1) 1.5%
(10,908) 

2) 21.0%
(106) 

3) Pending

4) 0.5%
(220) 

5) Pending

6) Pending

7) 1.6%
(4,290) 

8) 26.6%
(594)

1) 2.2%
(21,421)

2) 12.3%
(324)

3) 36.0%
(1,442)

4) 0.5%
(182)

5) 16.6%
(331)

6) N/A

7) 2.1%
(6,609)

8) 18.6%
(1,144)

1) 3.5%
(24,988)

2) 23.5%
(474)

3) 39.5%
(1,420)

4) 1.1% 
(481)

5) 19.7%
(532)

6) 23.8% 
(637)

7) 3.0% 
(8,740)

8) 24.9% 
(1,471)

1) 5.0%
(37,351)

2) 12.6% 
(521)

3) 30.6% 
(1,220)

4) 0.6%
(243)

5) 18.1% 
(75)

6) 16.7% 
(320)

7) 3.8%
(14,521)

8) 36.8%
(1,941)

Data not 
available

Numerator 
Number of children 
born to women 
positive for HCV 
and screened for 
hepatitis C

Denominator 
Total number of 
children born to 
women positive 
for HCV during the 
reporting period

*Includes outpatients, blood banks, NCDC, Public Service Halls, et al. in addition to those listed in the table.

**Individual year data are not mutually exclusive.

Numerator 
Number of 
persons with HCV 
seropositivity

Denominator 
Number of persons 
screened for 
Hepatitis C (listed 
above)

Data not 
available

Data not 
available

Data not 
available

Data not 
available
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4.1. Improve 
laboratory detection 
of HCV infection

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. Number of HCV 
viremia testing 
sites (laboratories 
and point of care 
diagnostic sites)* 
enrolled in the 
national HCV EQA 
program 

NCDC Lugar Center

*Includes the 
national reference 
laboratory

N=11

3. Quality 
Management 
System (QMS) 
standards for 
certification are 
defined, approved, 
and published 

2. Proportion 
of HCV viremia 
testing sites that 
participated on all 
proficiency testing 
rounds of EQA 
program per year

NCDC Lugar Center

*Includes the 
national reference 
laboratory

Published QMS 
standards

N=14 N=17 N=17 N=16

Ongoing

Numerator 
Number of 
laboratories 
performing HCV 
viremia testing that 
participated on all 
proficiency testing 
rounds of EQA 
program per year

Denominator 
Total number 
of laboratories 
performing HCV 
viremia testing 
enrolled in national 
EQA

Ongoing Ongoing Ongoing Ongoing

81.8%

(N=9)

78.6%

(N=11)

76.5%

(N=13)

88.2%

(N=15)

(N=11) (N=14) (N=17) (N=17)

75.0%

(N=12)

(N=16)

4. Proportion of labs 
providing HCV lab 
services certified 
according to 
national laboratory 
quality management 
system (QMS) 
standards

MoIDPLHSA 

Not applicable until 
national laboratory 
QMS standards are 
approved

Numerator 
Number of 
laboratories 
performing HCV lab 
services that are 
certified according 
to national QMS 
standards

Denominator 
Total number 
of laboratories 
performing hepatitis 
C laboratory 
services

N/A N/A N/A N/A N/A
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5.1. Promote 
universal access 
to HCV care and 
treatment

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. Proportion of 
anti-HCV positive 
persons assessed 
for chronic HCV 
infection

Elimination C

STOP-C databases

85.2%

(N=120,591)

3. Proportion 
of persons with 
chronic HCV 
infection who 
initiated antiviral 
therapy

2. Proportion of 
persons diagnosed 
with chronic HCV 
infection

Elimination C 

STOP-C databases

National HCV 
screening registry

84.0%

(N=112,809)

80.4%

(N=100,844)

74.6%

(N=78,611)

63.0%

(N=51,205)

79.4%

(N=95,711)

80.3%

(N=90,578)

81.8%

(N=82,486)

85.2%

(N=67,001)

91.0%

(N=46,573)

Numerator 
Number of persons 
diagnosed with 
chronic HCV 
infection who 
initiated antiviral 
therapy

Denominator 
Number of persons 
diagnosed with 
chronic HCV 
infection

Numerator 
Number of anti-HCV 
positive persons 
tested for viremia 
(RNA, core antigen)

Denominator 
Number of anti-HCV 
positive persons 
(treatment eligible 
Age ≥ 12)

Data since the 
launch of the 
program in 2015

(N=141,480) (N=134,343) (N=124,312) (N=105,393) (N=81,242)

Numerator 
Number of persons 
diagnosed with 
chronic HCV 
infection based on 
RNA or core antigen 
testing

Denominator 
Number of persons 
tested for viremia 
after a positive 
serological result

◊ Target of 
identifying 90% of 
persons infected 
with HCV infection: 
N=135,000  

Data since the 
launch of the 
program in 2015

National  
sero-prevalence 
survey conducted 
in 2015

(N=120,591) (N=112,809) (N=100,844) (N=78,611) (N=51,205)

◊70.9% ◊67.1% ◊61.1% ◊49.6% ◊34.5%

◊Target of treating 
95% of persons 
with chronic 
HCV infection: 
N=128,250

Elimination C 

STOP-C databases

National HCV 
screening registry

Data since the 
launch of the 
program in 2015

National  
sero-prevalence 
survey conducted 
in 2015

80.1%

(N=76,644)

80.4%

(N=72,811)

78.2%

(N=64,537)

78.5%

(N=52,594)

91.0%

(N=42,391)

(N=95,711) (N=90,578) (N=82,486) (N=67,001) (N=46,573)

◊59.8% ◊56.8% ◊50.3% ◊41.0% ◊33.0%
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4. Proportion of 
patients engaged 
in antiviral 
therapy who 
have completed 
treatment

6. Number of 
physicians providing 
HCV services OR 
provider/resident 
ratio

Numerator 
Number of patients 
with chronic HCV 
infection who 
have completed 
treatment

Denominator 
Number of patients 
diagnosed with 
chronic HCV 
infection who 
initiated treatment

Numerator 
Number of 
physicians providing 
HCV services:

Denominator 
Estimated resident 
population: 
3,010,200

Elimination C 

STOP-C databases

MoIDPLHSA

95.1%

(N=72,864)

95.0%

(N=69,192)

92.2%

(N=59,485) 

93.0%

(N=48,928)

(N=76,644) (N=72,811) (N=64,537) (N=52,594)

5.1 per 
100,000 
residents

N=155

5.1 per 
100,000 
residents

N=155

4.6 per 
100,000 
residents

N=139

Data since the 
launch of the 
program in 2015

89.5%

(N=37,948)

(N=42,391)

5. Proportion of 
patients achieving 
SVR to HCV 
therapy*

Numerator 
Number of patients 
who completed 
treatment and 
achieved SVR 
(undetectable viral 
load 12-24 weeks 
after the end of 
treatment)

Denominator 
Number of patients 
who completed 
antiviral therapy 
and were assessed 
for SVR 12-24 weeks 
post treatment

◊ Target of curing 
95% of persons 
treated for their 
HCV infection: 
N=121,838

Elimination C 

STOP-C databases

Data since the 
launch of the 
program in 2015

National  
sero-prevalence 
survey conducted 
in 2015

98.9% 
(Per-

 protocol)

72.3% 
(Intention-
 to-treat)

(N=53,815)

98.9% 
(Per-

 protocol)

73.1% 
(Intention-
 to-treat)

(N=50,644)

98.7% 
(Per-

 protocol)

73.6% 
(Intention 
 to-treat)

(N=42,194)

98.3% 
(Per-

 protocol)

73.9% 
(Intention-
 to-treat)

(N=34,493)

98.2% 
(Per-

 protocol)

75.7% 
(Intention-
 to-treat)

(N=26,692)

(N=54,398) (N=51,208) (N=42,734) (N=35,106) (N=27,181)

◊44.2% ◊41.6% ◊34.6% ◊28.3% ◊21.9%

5.1 per 
100,000 
residents

N=155

5.1 per 
100,000 
residents

N=155

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

5.1. Promote 
universal access 
to HCV care and 
treatment
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7. Number of

a) primary
healthcare 
centers 

b) harm reduction
sites providing 
HCV care and 
treatment

MoIDPLHSA a) 10

b) 4

a) 10

b) 4

a) 7

b) 4

a) 7

b) 4

a) 0

b) 0

*Per-protocol SVR rate includes retreatments and is calculated out of people who were tested for SVR. Intention-to-treat SVR rate is calculated out of a total number 
of patients eligible for SVR.

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

5.1. Promote 
universal access 
to HCV care and 
treatment

6.1. Estimate the 
national burden 
of chronic viral 
hepatitis C

Objective Indicator 
 Name Measurement Data Source

Value/ 
 Result  
(2021)

Value/ 
 Result  
(2020)

Value/ 
 Result  
(2019)

Value/ 
 Result  
(2018)

Value/ 
 Result  
(2017)

1. The incidence 
of HCV infection 
among PWID and 
general population 

*Prospective 
cohort study of the 
reinfection rate 
among treated and 
cured PWID, 2015-
2017 (MDM)

**Prospective 
cohort study of the 
anti-HCV incidence 
among PWID, 2018-
2019 (AIDS Center)

***Prospective 
cohort study of the 
reinfection rate 
among treated and 
cured PWID, 2019-
2020 (FIND, Unitaid)

Data not 
available

2. Number of deaths 
attributable to HCV-
associated cirrhosis 
or hepatocellular 
carcinoma (HCC)

Death Registry/ 
Cancer registry

HCC (ICD-10  
 code C22.0)

Cirrhosis  (ICD-10 
codes K74.3, K74.4, 
K74.5, K74.6)

2.67 
 per 100 
person-
 years***

60 cases 
out of 2284 

person-
 years of 

follow-up 

0.77 
 per 100 
person-
 years**

7 new 
cases out 

of 906 
person-
 years of 

follow-up

Data not 
available

1.2   
per 100 
person-
 years*

2/169 
person-
 years of 

follow-up

Numerator 
Total number of new 
infections with HCV, 
defined as anti-HCV 
positive, per year

Denominator 
Total population 
minus people living 
with hepatitis C

Data not 
available

Data not 
available

Data not 
available

Data not 
available

Data not 
available

Number of 
deaths from HCC 
and cirrhosis 
attributable to  
HCV infection
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STRATEGY 6. IMPROVE HCV SURVEILLANCE
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Established in August 2016, the Scientific Committee (SC) represents a diverse group of partners in the Georgia 
Hepatitis C Elimination Program, including policy makers, clinicians, and researchers. In 2020–2021, the SC 
continued program support by reviewing and approving research proposals focused on hepatitis C- and hepatitis 
B-related topics and supported researchers in securing funding, obtaining IRB approvals, study implementation, 
data analysis, and manuscript writing. The SC coordinated its activities with MoIDPLHSA, NCDC, the Program 
Clinical Committee, and international organizations to increase overall efficiency of the supported research 
programs. Additionally, the SC served as a platform for invited speakers to disseminate research findings. 

Between August 2016 and December 31, 2021, the SC reviewed a total of 80 research proposals, of  
which 72 were approved. Of those, 12 were approved from January 2020 through December 2021. The  
results of the following research projects were published and/or presented during the time period covered  
by this Annual Report: 

PREVENTION AND AWARENESS RAISING
• Project title: Blood transfusion safety in Republic of Georgia: Leveraging blood centers to advance a  
 national Hepatitis C intervention program

• Description: Data from the blood donor screening was analyzed from 2015 through 2017. The  
 analysis demonstrated that prevalence of anti-HCV among blood donors declined from 2.3% in 2015  
 to 1.4% in 2017. 

• Publication: Bloch EM, Kipiani E, Shadaker S, et al. Blood transfusion safety in the country of Georgia:  
 collateral benefit from a national hepatitis C elimination program. Transfusion.  
 2020;60(6):1243-1252. doi:10.1111/trf.15815   

• Abstract/poster: N/A

SCREENING AND LINKAGE TO CARE
• Project title: HCV screening and linkage to care among inpatients in Georgia, 2016-2017

• Description: This analysis assessed the effectiveness of the first year of the screening program to  
 identify HCV-infected persons and link them to care. Data from Georgia’s electronic Health Management  
 Information System and ELIMINATION-C treatment database were analyzed for patients aged ≥18 years  
 hospitalized from November 1, 2016 to October 31, 2017. Of 291,975 adult inpatients, 252,848 (86.6%)  
 were screened. Of them, 4.9% tested anti-HCV+, and 19.8% of them were linked to care. This study  
 demonstrated that hospital-based screening programs can identify large numbers of anti-HCV+ persons,  
 but low linkage-to-care rates underscore the need for screening programs to be coupled with effective  
 linkage strategies.

• Publication: Shadaker S, Nasrullah M, Gamkrelidze A, et al. Screening and linkage to care for hepatitis C  
 among inpatients in Georgia’s national hospital screening program. Prev Med.  
 2020;138:106153. doi:10.1016/j.ypmed.2020.106153

• Abstract/poster: N/A

RESEARCH  
AND SCIENCE
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• Project title: Integrating HCV screening and simplified treatment services in primary healthcare

• Description: To address the barriers in diagnosis and linkage to care, Georgia initiated service  
 decentralization in 2018 by integrating hepatitis C virus (HCV) screening and treatment in primary  
 healthcare centers (PHCs). This study reported a high rate of treatment initiation and cure rates in the  
 primary healthcare setting and demonstrated the feasibility and effectiveness of integrating a simplified  
 HCV diagnostic and treatment model in PHCs. 

• Publication: N/A

• Abstract/poster: 

1. Management of hepatitis C in primary healthcare in the country of Georgia at Digital International  
 Liver Congress, August 2020

2. Management of hepatitis C in primary healthcare in the country of Georgia at Global Hepatitis  
 Summit, June 2021

DIAGNOSTICS
• Project title: Evaluation study of rapid diagnostic tests (RDTs) detecting antibodies against  
 hepatitis C virus

• Description: This retrospective multi-country study assessed performance of rapid diagnostic tests  
 (RDTs) for detection of HCV antibodies. In HIV negative samples (n = 384), the majority of RDTs had  
 sensitivity ≥98% in 1 or both lots and most RDTs had specificity ≥99%. In HIV-positive samples (n = 264),  
 specificity remained high, but sensitivity was markedly lower than in HIV-negative samples. The study  
 also compared the performance of 2 RDTs on different samples and found that sensitivity was lower in  
 whole blood versus plasma and serum for both RDTs. Sensitivity improved when considering only  
 samples with detectable HCV viral load.

• Publication:  

1. Vetter BN, Ongarello S, Tyshkovskiy A, et al. Sensitivity and specificity of rapid hepatitis C antibody  
 assays in freshly collected whole blood, plasma and serum samples: A multicentre prospective study.  
 PLoS One. 2020;15(12):e0243040. doi:10.1371/journal.pone.0243040

2. Vetter BN, Reipold EI, Ongarello S, et al. Sensitivity and specificity of rapid diagnostic tests for  
 hepatitis C virus with or without HIV coinfection: a multicentre laboratory evaluation study [published  
 online ahead of print, 2020 Jul 2]. J Infect Dis. 2020;jiaa389. doi:10.1093/infdis/jiaa389

• Abstract/poster: N/A

• Project title: Prospective evaluation of the Genedrive® HCV ID Kit in Georgia

• Description: This study evaluated the diagnostic accuracy of Genedrive HCV ID assay for the qualitative  
 detection of HCV RNA in decentralized settings in Georgia and Cameroon using fresh plasma specimens  
 from 426 participants. The Abbott RealTime HCV assay was used as the gold standard. Genedrive HCV  
 ID assay was conducted by different users. Users also completed questionnaires to assess the usability  
 of Genedrive. At different detection thresholds, Genedrive showed very high sensitivity (96%-100%)  
 and specificity (99%-100%). All genotypes detected using the gold-standard assay were also detected  
 with Genedrive. The study demonstrated that Genedrive is a simple and accurate test to confirm chronic  
 HCV infection in decentralized, real-life, resource-limited settings.



44

• Publication: Lamoury FMJ, Njouom R, Amougou-Atsama M, et al. Diagnostic Performance  
 and Usability of the Genedrive® HCV ID Kit in Two Decentralized Settings in Cameroon and Georgia.  
 Diagnostics (Basel). 2021;11(5):746. doi:10.3390/diagnostics11050746

• Abstract/poster: N/A

CARE AND TREATMENT
• Project title: Effectiveness of ledipasvir/sofosbuvir based regimens in patients with hepatitis C virus  
 genotype 1, 2, 3 and 4 infection and factors associated with treatment outcomes within Georgian  
 national hepatitis C elimination program

• Description: This study reported outcomes of Sofosbuvir (SOF)-based treatment regimens in  
 patients with chronic HCV infection in Georgia. Of the 7,342 patients who initiated treatment with  
 SOF-based regimens, 5,079 patients were tested for SVR. Total SVR rate was 82.1% in per-protocol  
 analysis, which included only those with complete SVR data, and 74.5% in modified intention-to-treat  
 analysis, which additionally included persons discontinuing treatment. The study provided clear  
 evidence that SOF plus IFN and RBV for 12 weeks can be considered a treatment option for eligible  
 patients with all three HCV genotypes.

• Publication: Tsertsvadze, T., Gamkrelidze, A., Nasrullah, M. et al. Treatment outcomes of patients with  
 chronic hepatitis C receiving sofosbuvir-based combination therapy within national hepatitis C  
 elimination program in the country of Georgia. BMC Infect Dis 20, 30 (2020).  
 https://doi.org/10.1186/s12879-019-4741-5 

• Abstract/poster: N/A

• Project title: High sustained viral response among HCV genotype 3 patients with advanced liver fibrosis:  
 Real-world data of HCV elimination program in Georgia

• Description: This study assessed treatment outcome data from patients with HCV GEN3 and advanced  
 liver fibrosis using sofosbuvir-based regimens. In total, 1,525 genotype 3 patients were eligible for  
 analysis and all (100%) had advanced liver disease. Of those who received sofosbuvir/ribavirin (SOF/RBV)  
 for 24 weeks, 79.3% achieved SVR, while 96.5% who received sofosbuvir/pegylated interferon/ribavirin  
 (SOF/PEG/RBV) for 12 weeks achieved SVR (p < 0.01). Among patients with liver cirrhosis (defined as F4)  
 overall cure rate was 85.7% as opposed to 96.4% for those with F3. While patients with HCV genotype 3  
 achieved a high level of overall cure rate with SOF/RBV, the inclusion of PEG led to a higher cure rate  
 with a shorter duration of treatment. 

• Publication: Butsashvili M, Gvinjilia L, Kamkamidze G, et al. High sustained viral response among HCV  
 genotype 3 patients with advanced liver fibrosis: Real-world data of HCV elimination program in Georgia.  
 BMC Res Notes. 2020;13(1):332. doi:10.1186/s13104-020-05173-4

• Abstract/poster: N/A

https://doi.org/10.1186/s12879-019-4741-5
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• Project title: Implementing HCV treatment in harm reduction centers in Georgia

• Description: As part of this study, 358 patients were surveyed; 48.6% received HCV treatment at  
 specialized clinics and 51.4% at HR sites with integrated treatment. Similar proportions of surveyed  
 patients at HR sites and clinics stated that they did not face any barriers to enrollment in the elimination  
 program and were confident that confidentiality was completely protected during treatment. Time to  
 treatment initiation differed significantly, with 42.9% of patients at integrated treatment sites vs 4.6% at  
 specialized clinics receiving the first dose of medication within two weeks. The study findings suggest  
 that integration of HCV treatment with HR services is feasible and shortens time to treatment initiation.

• Publication: Butsashvili M, Kamkamidze G, Kajaia M, et al. Integration of hepatitis C treatment at harm  
 reduction centers in Georgia-Findings from a patient satisfaction survey. Int J Drug Policy.  
 2020;84:102893. doi:10.1016/j.drugpo.2020.102893  

• Abstract/poster: N/A

• Project title: Retreatment for HCV: A retrospective analysis of pooled national program data  
 across several countries

• Description: Recommended second-line treatment is limited for patients who fail initial  
 hepatitis C virus (HCV) therapy in low- and middle-income countries. Alternative regimens and  
 associated outcomes are not well understood. As part of this study, a pooled analysis of national  
 program data in Egypt, Georgia, and Myanmar was conducted. The analysis observed SVR rates  
 >90% for alternative retreatment regimens, typically based on sofosbuvir in combination with the   
 NS5A inhibitors, such as ledipasvir.  

• Publication: Boeke CE, Hiebert L, Waked I, et al. Retreatment of Chronic Hepatitis C Infection:  
 Real-World Regimens and Outcomes from National Treatment Programs in Three Low- and  
 Middle-Income Countries. Clin Infect Dis. 2021;ciab461. doi:10.1093/cid/ciab461

• Abstract/poster: Retreatment for HCV: Preliminary results from a Retrospective Analysis of Pooled  
 National Program Data across Several Countries, presented at 2020 Annual Meeting of the American  
 Association for the Study of Liver Diseases, November 13-16, 2020

• Project title: The Hepatitis C Elimination through Access to Diagnostics (HEAD-Start) project:  
 Feasibility, acceptability, effectiveness, and cost-effectiveness of a decentralized and a centralized  
 model of HCV viremia testing for confirmation and cure versus standard of care among harm reduction  
 site attendees in Georgia

• Description: This cluster, non-randomized intervention study assessed two novel models of viremic  
 testing in harm reduction settings. The proportion of participants who completed each step in the HCV  
 care cascade were compared across the three arms: 1) viremia testing (GeneXpert) on-site; 2) blood  
 draw on site, confirmatory testing (cAg) at a centralized laboratory; 3) standard of care - patients referred  
 for testing at the treatment centre. Confirmatory testing or blood draw on-site at HRS showed improved  
 retention of patients in the care cascade compared to a referral of patients for blood collection.  
 Moreover, the turnaround time to diagnosis was shortest when confirmatory testing was performed on  
 site. Time to treatment initiation did not differ substantially. 
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• Publication: N/A

• Abstract/poster: The head-start project Georgia: a three-armed, cluster, non-randomised trial of the  
 effectiveness of two novel models of HCV confirmatory testing in harm reduction sites (HRS) in Georgia  
 at the Digital International Liver Congress, August 2020

• Project title: Progress of the Georgia Hepatitis C Elimination Program

• Description: This project tracks the progress towards elimination targets and reports the hepatitis C  
 care cascade results. Ongoing analyses repeatedly demonstrates that Georgia has made substantial  
 progress towards eliminating hepatitis C. Very high cure rates have been achieved among those who  
 received SVR testing. Challenges remain in identifying and especially linking to care persons living with  
 HCV in Georgia. 

• Publication: N/A

• Abstract/poster: 

1. Progress towards achieving hepatitis C elimination in the country of Georgia, April 2015-October  
 2019 at the Digital International Liver Congress, August 2020 (oral presentation)

2. Progress towards achieving hepatitis C elimination in the country of Georgia, April 2015-December  
 2020 at the International Liver Congress, June 23-26, 2021

SURVEILLANCE
• Project title: Evidence synthesis for real-time and retrospective evaluation of the HCV elimination  
 program in Georgia

• Description: This study evaluated the cost-effectiveness of the screening and treatment undertaken in  
 the HCV elimination program from 2015 to November 2017 compared to no treatment. Using the  
 adapted HCV transmission and progression model calibrated to Georgian data, this study found that the  
 first phase of the HCV elimination program was highly cost-effective in Georgia: 0.78 QALYs were gained  
 per patient treated due to reduced disease progression, and the intervention prevented 2,673 HCV- 
 related deaths and averted 16,225 new infections by 2030 compared to no treatment.

• Publication: N/A

• Abstract/poster: Economic evaluation of the hepatitis C virus screening and treatment program in  
 Georgia at Digital International Liver Congress, August 2020

• Project title: Impact on mortality of hepatitis C virus (HCV) treatment with direct acting anti-viral (DAA)  
 medications, Georgia, 2015-2018

• Description: This study linked data from hepatitis C screening registry, the national hepatitis C  
 treatment database and national vital statistics using the 11-digit national personal identifier. The  
 results demonstrated that persons with HCV infection who are cured with DAAs have an increased  
 likelihood of survival, similar to persons never infected, compared to HCV-infected persons who did  
 not receive treatment.

• Publication: N/A

• Abstract/poster: The impact on mortality of a national hepatitis C elimination program, Georgia,  
 2015-2019 at Digital International Liver Congress, August 2020
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• Project title: Evaluation of alcohol use behavior among patients cured through HCV  
 elimination program in Georgia

• Description: This study evaluated alcohol consumption behaviors among patients in the HCV program  
 using an interviewer-administered questionnaire in three cities of Georgia. As of December 2020, 256  
 patients were enrolled in the study; the majority of them (93.7%) reported ever using alcohol in their  
 lifetime, 10.3% considered themselves heavy drinkers, and 97.5% abstained from alcohol during  
 treatment. In a bivariate analysis, patients who abstained from alcohol after achieving SVR were 4 times  
 more likely to have improvement in liver fibrosis compared to those who resumed drinking. The findings  
 present an opportunity to focus messaging and education for patients during DAA treatment to improve  
 outcomes even after completion of treatment.

• Publication: N/A

• Abstract/poster: Evaluation of alcohol use behavior among patients cured in Georgia’s HCV elimination  
 program (preliminary results) at Global Hepatitis Summit, June 2021

• Project title: Long-term health outcome among HCV patients with advanced liver fibrosis treated  
 through HCV Elimination Program in Georgia

• Description: A total of 600 patients were included in this cohort study, which demonstrated that among  
 patients with liver fibrosis, treatment with DAAs affords significant improvement in nearly all diagnostic  
 markers and can lead to resolution of clinical symptoms of decompensated liver failure.

• Publication: N/A

• Abstract/poster: Improvement in liver fibrosis among patients with hepatitis C who achieved sustained  
 virologic response after direct-acting antivirals treatment in Georgia (preliminary results) at the Global  
 Hepatitis Summit, June 2021

• Project title: Epidemiology of tuberculosis and hepatitis C co-infection in the Country of Georgia

• Description: This study assessed the effects of HCV infection on the rate of active TB disease in a  
 cohort of 1,778,382 adults. Active TB incidence was compared in three groups: 1) HCV antibody-negative  
 (reference group), 2) completed HCV treatment (treated), 3) untreated HCV infection. TB was diagnosed  
 in 2,923 (0.16%) participants. The TB incidence rate was more than 4 times higher among persons with  
 untreated HCV infection, and 1.7 times higher among those with treated HCV compared to those  
 without HCV infection, suggesting that integrating TB-related interventions in the hepatitis C program  
 might be beneficial.

• Publication: N/A

• Abstract/poster: Association of treated and untreated chronic hepatitis C with the incidence of active  
 tuberculosis: a population-based cohort study in the country of Georgia at the American Association for  
 the Study of Liver Diseases, November 12-15, 2021
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• Project title: Identification and characterization of HCV-attributable hepatocellular  
 carcinoma among persons with hepatobiliary cancer diagnoses in Georgia: 2015-2019

• Description: Assessing the HCV-attributable burden of hepatocellular carcinoma (HCC) is needed to  
 measure the impact of the elimination program and progress toward viral hepatitis elimination. This study  
 linked the data from Georgian Cancer Registry to the Georgia Hepatitis C Elimination Program databases  
 and found that approximately half of those with primary liver cancer (PLC) and screening data available  
 had chronic HCV infection. This suggests that HCV contributes substantially to PLC burden in Georgia.  
 Continuing to monitor these trends is critical to demonstrating progress towards elimination, and  
 provides a global model for integrated surveillance of sequelae from viral hepatitis.

• Publication: N/A

• Abstract/poster: HCV-attributable liver cancer in the country of Georgia: Analysis of cases from  
 the Georgian Cancer Registry 2015-2019 at the International Viral Hepatitis Elimination Meeting,  
 December 2021

Other publications/abstracts/posters not related to the SC approved projects
• Title: HCV care cascade of PWID enrolled in methadone substitution treatment program in Georgia 

• Description: This study examined and identified factors that affect HCV treatment uptake among PWID  
 who received methadone substitution therapy in Georgia. HCV care cascade analysis used data from  
 the hepatitis C program treatment registry and the MST treatment database between January 1, 2015,  
 and December 31, 2018. The study demonstrated high rates of HCV treatment uptake and cure among  
 MST patients with HCV infection (75.8% and 96.1%, respectively), suggesting that the MST patients could  
 be the first microelimination target population.

• Publication: Stvilia K, Vephkvadze N, Gamkrelidze A, et al. Hepatitis C treatment uptake among patients  
 who have received methadone substitution treatment in the Republic of Georgia. Public Health.  
 2021;195:42-50. doi:10.1016/j.puhe.2021.03.017

• Abstract/Poster: HCV care cascade of PWID enrolled in methadone substitution treatment program in  
 Georgia—Is this the first group of population in which hepatitis C will be eliminated in Georgia? at the  
 Digital International Liver Congress, August 2020

• Title: Hepatitis C core antigen test as an alternative for diagnosing HCV infection: Mathematical model  
 and cost-effectiveness analysis

• Description: This study investigated the cost effectiveness of testing strategies using antigen instead  
 of PCR testing using a mathematical model. The results demonstrated that antigen testing, either  
 following a positive antibody test or alone, performed almost as well as the current practice of HCV  
 testing. The cost effectiveness of these strategies depends on the inclusion of treatment costs.

• Publication: Sadeghimehr M, Bertisch B, Negro F, et al. Hepatitis C core antigen test as an alternative  
 for diagnosing HCV infection: Mathematical model and cost-effectiveness analysis. PeerJ. 2021;9:e11895.  
 Published 2021 Sep 10. doi:10.7717/peerj.11895

• Abstract/poster: N/A
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• Title: Innovative linkage model to re-engage lost-to-follow-up individuals in the national  
 hepatitis C elimination program of Georgia

• Description: This pilot project promoted linkage to care for individuals who screened positive for HCV  
 antibody (anti-HCV) but did not receive a viremia test. Anti-HCV-positive individuals lost to follow up  
 residing in the 5 largest regions in Georgia were randomly selected and counselled via phone or home  
 visit. A total of 3,859 individuals were reached, of which 77% presented for viremia testing. The project  
 also demonstrated that individuals considered lost-to-follow-up can be re-engaged in HCV care.

• Publication: N/A

• Abstract/poster: Innovative linkage model to re-engage lost-to-follow-up individuals in the national  
 hepatitis C elimination program of Georgia at the International Liver Congress, June 23-26, 2021

Other projects ongoing or with pending publication, abstract, or poster
PREVENTION AND AWARENESS RAISING

• Title: Identifying risk factors of HCV transmission in Georgia – a case-control study

• Objective: 1) To evaluate risk factors of HCV transmission 2) to elaborate recommendations for HCV  
 prevention based on study findings

• Description: The project will build on a recently completed project that interviewed 214 people who  
 demonstrated seroconversion for HCV to assess risk factors for recent infection. The initial study  
 provided descriptive data on risk factors. This study will include controls to allow for statistical  
 comparison to best understand the risk of factors associated with recent infection.

• Title: Study of risk factors of HCV reinfection among PWID enrolled in HCV elimination program  
 in Georgia

• Objective: To evaluate risk factors of HCV re-infection among PWID treated though HCV elimination  
 program achieving SVR.

• Description: This study will enroll 60 PWID who were found to be reinfected with HCV as part of a  
 previous study conducted by FIND. All 60 will be invited to be enrolled in the study as cases, and ratio of  
 cases and controls will be 1:3, with an overall sample size of 240.

• Title: Evaluation of knowledge, attitudes, and practices for HBV infection among primary  
 healthcare doctors

• Objective: Evaluate knowledge, attitudes, and practices about HBV infection among primary  
 healthcare doctors (PHDs).

• Description: The study will survey 500 randomly selected PHDs on their knowledge, attitudes,  
 and practices about HBV. The findings will inform training programs and expanded testing and  
 treatment for HBV.
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SCREENING AND LINKAGE TO CARE
• Title: Late presentation for hepatitis C care in Georgia, 2016-2021

• Objective: To assess trends in late presentation for HCV care in Georgia during 2016-2021

• Description: This study will include all adults (age ≥18 years) enrolled in the elimination program during  
 2016-2021 in the analysis to quantify the proportion of late presenters with advanced liver disease and to  
 identify factors associated with late presentation

• Title: Eliminating HCV infection in prison settings in Georgia

• Objectives: 1) To evaluate engagement in the HCV care continuum, identify gaps in HCV cascade/ 
 service delivery and associated factors, 2) to evaluate linkage of released prisoners to HCV care  
 providers, 3) to develop recommendations on achieving elimination of hepatitis C in prison settings

• Description: This analysis will include all adult (age ≥18 years) individuals known to be living with  
 chronic HCV infection while incarcerated in prisons of Georgia. The analysis will quantify HCV care  
 cascade among prisoners, assess factors associated with engagement in the continuum, and evaluate  
 treatment outcomes.

• Title: Assessment of HCV screening and linkage to care modalities within the national Georgia Hepatitis  
 C Elimination Program and designing the most optimal models for reaching the elimination targets

• Objectives: 1) To evaluate effectiveness of various modalities in terms of diagnostic yield and  
 engagement in HCV care (including linkage to care and treatment initiation), 2) to define the most  
 optimal screening and linkage modalities

• Description: This project will quantify screening and care cascade and conduct economic/value for  
 money analysis for the following HCV screening models: 1) Hospital sector screening model (centralized  
 model), 2) Hospital sector screening model (decentralized model), 3) Primary healthcare screening  
 model, 4) HCV provider site screening model; 5) Other outpatient/outreach screening models.

• Title: Learning lessons from Georgia using economic modelling to determine optimum screening  
 and linkage-to-treatment strategies for achieving high treatment coverage in Eastern Europe and  
 Central Asia

• Objective: Use economic modelling to determine the most cost-effective strategies for improving  
 screening and linkage to treatment for achieving HCV elimination in Georgia and elsewhere in Eastern  
 Europe and Central Asia.

• Description: This study will estimate the cost, impact and cost-effectiveness (cost/QALY saved or DALY  
 averted) of different interventions being used in Georgia to improve screening, confirmatory testing and  
 treatment uptake. It will also model the impact and cost of different intervention combinations.
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• Title: Assessing the inclusion and participation of collective center internally displaced  
 persons (IDPs) in the State HCV Elimination Program

• Objectives: 1) Assessing the burden of disease for HIV, hepatitis B, and hepatitis C among  
 internally displaced persons living in collective centers, 2) understanding the extent to which the  
 elimination program and its subsequent interventions have penetrated into these communities and  
 with what efficacy.

• Description: This study will generate information about the HIV and viral hepatitis-related health status  
 of IDPs in collective centers. Nearly half of IDPs in Georgia reside in such centers or compact settlements  
 where their quality of life and experience differs significantly from the general population and from IDPs  
 who live in private accommodations. Therefore, it is important to carefully examine the health status of  
 this population, especially in terms of infectious diseases such as HIV and viral hepatitis.

• Title: A controlled, observed trial of Hepatitis C self-testing in the hands of untrained users

• Objective: To document if a lay person, unassisted by a healthcare worker, is able to perform a  
 Hepatitis C Virus (HCV) test on themselves using the HCV Self-Test

• Description: This multicountry controlled study (Georgia, South Africa, Spain) will evaluate the process  
 and performance of 2 types of rapid hepatitis C self-tests (from fingerstick blood and from oral fluids)  
 by untrained users. Self-test results will be confirmed by testing with the same test but performed by a  
 professional user (healthcare worker). The level of agreement between the results of the investigated  
 test obtained by a participant and those obtained by a healthcare worker will be calculated.

• Title: Enhanced linkage to care for patients lost to follow up in hepatitis C elimination program

• Objective: To link to care those individuals that have previously tested positive for HCV antibody but  
 have not received viremia testing

• Description: This project aims to contact 20,000 anti-HCV positive persons lost to follow-up, conduct  
 HCV viremia testing on at least 70% (14,000) of them, and enroll 50% of the HCV RNA positive persons in  
 the treatment program.

• Title: Uptake of HCV self-testing (HCVST) among the general population in Georgia

• Objective: To evaluate uptake, linkage to care, and operational considerations of different HCVST  
 delivery models among men aged 30-59 years in Tbilisi Georgia.

• Description: The study will examine two models of HCV self-test distribution: secondary distribution via  
 female attendees at cancer screening centers in Tbilisi and pharmacy-based distribution of HCVST  
 among male clients. It will also examine the linkage to care of persons who report positive tests using  
 HCVST and evaluate costs associated with each HCVST model.
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DIAGNOSTICS 
• Title: Advancing blood transfusion safety using molecular detection in the country of Georgia

• Objectives: To evaluate the feasibility and incremental benefit of implementing NAT testing in  
 the country of Georgia by assessing yield in seronegative samples

• Description: Multiplex NAT screening for HIV, HCV, and hepatitis B virus (HBV) was launched in January  
 2020. An analysis was conducted of serological and NAT donor/donation screening data for the first year  
 of screening (through December 2020), with a total of 54,116 donations representing 39,164 unique  
 donors evaluated. This program-wide implementation of NAT in Georgia demonstrates the feasibility and  
 clinical utility of employing NAT systematically across a nationwide blood program.

• Title: Implementing viral marker testing for blood products in Georgia

• Objective: The main aim of the study is to understand the deficiencies in the standard methods used  
 in Georgian blood banks to test blood donation samples for HBV, HCV, HIV, and T. pallidum, and use  
 the findings to inform public policy on the best testing algorithm and system-wide testing of blood  
 donations to reduce TTIs in Georgia.

• Description: This study performs a comparative assessment of different assays, primarily between  
 new ultrasensitive Abbott assays, and current assays being used by individual blood banks and through  
 centralized NAT testing. Sample testing ran from March through June 2021. All samples received by all  
 blood banks countrywide from March through June 2021 were included in the study and tested using the  
 Abbott ultrasensitive assays. The samples included were all those positive for either serology or NAT  
 and a randomly selected subset of negative samples. In total, 8,400 samples were analyzed.

• Title: Analysis of HCV RNA levels of viral rebound among patients who have completed treatment for  
 HCV to inform the limit of detection necessary to confirm SVR 

• Objectives: To analyze HCV RNA levels of viral rebound among patients who have completed treatment  
 for HCV to inform the limit of detection necessary to confirm SVR

• Description: This study will test factors associated with an HCV RNA in the lowest 3%, calculate  
 summary statistics for covariates of interest and test associations between these covariates and the  
 odds of having HCV RNA < the 97% threshold value.

• Title: Strengthening HCV outbreak detection capacity within harm reduction settings in Georgia by  
 utilizing GHOST technology

• Objectives: 1) To analyze and visualize transmission patterns of HCV infection among  PWID who  
 test positive for HCV at selected HR sites located in Tbilisi (n=1) and Zugdidi (n=1), 2) To use GHOST  
 technology to identify PWID at highest risk of transmitting HCV (high-centrality nodes with multiple  
 molecular connections or high intra-host HCV variability or HIV coinfected) within an injection  
 drug use network.

• Description: This study uses GHOST technology to examine the HCV transmission pattern on 100 PWID  
 who test positive on HCV viremia testing. PWID will be enrolled in the study sites in two cities assessing  
 networks using GHOST technology.
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CARE AND TREATMENT
• Title: Prioritization of DAA treatment in HCV infected individuals across Europe – CARE Consortium EU  
 project application under H2020 

• Objective: To develop recommendations on how to rationally prioritize DAA therapy among people  
 infected with HCV in settings with high case load and limited health budgets

• Description: This study is a part of CARE (Common Action against HIV, TB, and HCV across the  
 Regions of Europe) consortium aiming to analyze and combat the HIV, TB, and HCV epidemics  
 across Europe and Russia. The analysis will use the existing cohorts of co-infected patients from  
 Georgia, Italy, Sweden and EuroSIDA.

• Title: Comparing engagement in HCV care and treatment outcomes between persons who are HIV  
 negative and persons who are HIV positive within the national hepatitis C elimination program

• Objectives: 1) To evaluate engagement in HCV care continuum by HIV status within the Georgia  
 Hepatitis C Elimination Program, 2) to compare SVR rates among HIV negative and HIV positive persons  
 treated within the Georgia Hepatitis C Elimination Program

• Description: This analysis will include all adult (age ≥18 years) persons enrolled in the elimination  
 program and will quantify and compare engagement in HCV care cascade within the Georgia Hepatitis  
 C Elimination Program by HIV status.

SURVEILLANCE
• Title: Establishing Georgian PWID cohort study to estimate incidence of HCV infection

• Objective: To obtain new knowledge about the epidemiology of HCV infection as well as HCV care and  
 treatment among PWID and to move this knowledge into effective control measures towards achieving  
 goals of the national hepatitis C elimination strategy

• Description: This study enrolled 1744 PWID to estimate the prevalence and incidence of HCV infection  
 in this population. Of them, 563 were found to be anti-HCV positive. The remaining study participants  
 were followed for a median of 11 months, and anti-HCV seroconversion was documented in 7 of them.

• Title: Surveillance and risk of transmission of HCV and HBV in renal dialysis, Georgia

• Objectives: 1) To describe the infection control practices in dialysis units in Georgia (in general and  
 specific to hepatitis B and hepatitis C virus), 2) to determine the prevalence of HBV and HCV among  
 those receiving dialysis, 3) to determine the seroconversion rate in dialysis units/clinics

• Description: This project collected information from dialysis clinics about type of services at the unit,  
 number of patients served, availability of infection control service at the unit, HCV and HBV testing and  
 laboratory methods, prevalence and seroconversion of HBV and HCV among dialysis patients, and  
 treatment coverage of HBV and HCV patients. A total of 23 facilities throughout country participated.
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• Title: Evaluation of HCV transmission through endoscopy procedures

• Objectives: 1) To evaluate the adherence to standard safety measures during diagnostic endoscopic  
 procedures in Georgian hospitals and outpatient clinics, 2) to train staff serving at endoscopic units  
 on safety precautions for the prevention of healthcare associated infections, 3) to estimate HCV  
 incidence among patients undergoing gastroscopy, colonoscopy, and bronchoscopy.

• Description: As part of this study, IPC assessment questionnaires were administered to 4 endoscopic  
 units (3 in Tbilisi and 1 in Kutaisi) to assess infection control practices in the facility. 500 patients were  
 enrolled from each hospital for a total of 2,000 patients; all were screened for anti-HCV at time zero and  
 will be followed-up at 6 months. Patient-level HCV risk-factors data will be collected using a standardized  
 data collection instrument. 

• Title: Rates and risk factors for HCV reinfection within the national hepatitis C elimination program:  
 Implications for program success

• Objectives: 1) To determine rate of HCV reinfection among persons successfully treated within the  
 Georgia Hepatitis C Elimination Program, 2) to identify risk factors associated with HCV reinfection

• Description: This analysis will be limited to persons who achieved SVR within the elimination program.  
 The study team will conduct probability sampling stratified by geographic location and age group.   
 Selected subjects will be enrolled to obtain plasma specimens and administer survey questionnaire.  
 Among those positive for HCV RNA, the study will use HCV genotype data to determine whether this is  
 reinfection or late relapse.

• Title: Epidemiology of HBV infection among HCV patients treated with DAAs

• Objective: To evaluate epidemiology of HBV infection among HCV infected patients treated within  
 elimination program in Georgia

• Description: This study evaluates the rate of HCV/HBV co-infection (presence of HBsAg among  
 patients with positive HCV RNA), the rate of HBV exposure among HCV-infected patients (presence of  
 anti-HBc among patients with positive HCV RNA), and the HCV cure rate among HBV-infected patients.  
 It also examines the role of HBV/HCV co-infection on liver fibrosis level and factors associated with  
 HBsAg clearance among HCV-infected patients.

• Title: A population-based serosurvey of prevalence and risk factors for SARS-CoV-2, Hepatitis C  
 and Hepatitis B virus infection in Georgia, 2021

• Objective: To estimate prevalence of serological evidence of past or present HCV and HBV infection  
 and prevalence of chronic HCV and HBV infection among adults and children aged >5 years

• Description: This study provided updated prevalence estimates and risk factors for HCV and HBV  
 infection in Georgia, geographic distribution, and other behavioral risk factors (e.g., alcohol consumption)  
 associated with infection. It also characterized circulating genotypes of HCV and HBV in different  
 population sub-groups and provided updated information on current knowledge and perceptions  
 towards viral hepatitis. (full summary on page 7). 
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• Title: MTCT for children born to mothers with chronic HCV infection

• Objective: Develop and establish a sustainable surveillance system on children born to women  
 with chronic HCV infection

• Description: This study aims to identify, follow-up, and link to HCV care all eligible (at or after 18  
 months of age) children born to women with chronic HCV infection, and to assess HCV burden and  
 obstacles to linkage-to-care among the women of reproductive age. By linking the data from the  
 Georgian birth registry and the HCV treatment registry, the study conducted 185 interviews among  
 anti-HCV positive mothers. 

• Title: Viral hepatitis B and C surveillance capacity building (study of HCV seroconversions; acute HCV  
 and HBV sentinel surveillance project)

• Objective: To enhance viral hepatitis surveillance through policy development and surveillance capacity  
 building in the country

• Description: This project involves utilizing existing HCV screening systems to 1) identify serconversions  
 and conducting investigations, 2) establishing enhanced surveillance activities among young persons  
 (<18 years old) who screen positive, 3) enhancing/expanding current sentinel surveillance pilot at  
 infectious diseases hospitals by utilizing standard case detection and laboratory testing. 
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5TH HEPATITIS TECHNICAL ADVISORY GROUP 
(TAG) RECOMMENDATIONS FOR THE GEORGIA 
HEPATITIS C ELIMINATION PROGRAM
On November 19-20, 2019, the Georgian Ministry of Internally Displaced Persons from the Occupied Territories, 
Labour, Health and Social Affairs (MoIDPLHSA), together with experts from the U.S. Centers for Disease Control 
and Prevention’s (CDC) Division of Viral Hepatitis (DVH), the World Health Organization (WHO), and other 
international partners, convened Georgia’s fifth external Hepatitis C Technical Advisory Group (TAG) meeting. 
A total of twelve experts in the field of viral hepatitis prevention and control served as TAG members. The two-
day meeting was opened with remarks from the First Deputy Minister of MoIDPLHSA, the US Embassy Charge 
d’Affaires, the Director of CDC’s DVH, a representative from Gilead Sciences, and the Head of the WHO Georgia 
office. The program began with introduction of the TAG members and review of last year’s recommendations 
followed by an overview of the progress of the HCV Elimination Program since its launch in April 2015, including 
the activities on decentralization and integration of HCV services in primary healthcare centers, hospitals and 
harm reduction settings in Georgia. The TAG then explored progress of the HCV elimination program on topics 
including: promote advocacy, awareness, education, and partnerships for HCV-associated resource mobilization; 
prevent HCV transmission: harm reduction, blood safety, and infection control; identify and link to care persons 
infected with HCV; improve HCV laboratory diagnostics; provide HCV care and treatment; and improve HCV 
surveillance. Sessions to explore these topics included presentations from Georgian public health officials and 
clinicians. For each session, two TAG members moderated, and specific discussants were invited on stage to 
lead the discussion and answer questions. On the final day, following a time for deliberation, the TAG presented 
draft recommendations for review and comment. 

First and foremost, the TAG would like to congratulate Georgia on the remarkable progress in all aspects of  
the Hepatitis C Elimination Program since the last TAG meeting. The TAG appreciates the sustained commitment 
of the Georgian government to improve the Program, the commitment of Georgian staff and clinical partners 
working on the Program, and the efforts to implement or revise activities in response to the recommendations  
of the 2018 TAG. The TAG also appreciates the open and transparent presentation of data. The quality of 
evaluation data and the discussions of Program strengths and challenges facilitated the work of the TAG.  
Based on the presented information and discussions, the TAG developed the following recommendations to 
resolve key challenges for the Program and assist the country of Georgia in successful achievement of country 
goals for HCV elimination. 

TECHNICAL 
ADVISORY GROUP 
RECOMMENDATIONS
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THE TAG MEMBERS INCLUDED

OVERARCHING CONSIDERATIONS
• Recommend developing an updated 2021–2025 National Strategic Plan for the Elimination of  
 Hepatitis C Virus in Georgia

 о Should be integrated into Georgia’s Universal Health Care response 

 о Consider including HBV 

SECTION 1. PROMOTE ADVOCACY, AWARENESS, EDUCATION, AND PARTNERSHIPS  
FOR HCV-ASSOCIATED RESOURCE MOBILIZATION 

• Prioritize increased engagement of HCV cured patients to assist with increasing broader community  
 awareness about hepatitis C and hepatitis C cure:

 о Create paid opportunities for individuals with lived hepatitis experience to participate in the  
 elimination program (e.g. patient navigators, media campaigns) 

• Involve peers in all aspects of HCV elimination, including those cured of HCV, key populations such  
 as people who inject drugs (PWID), and from both liver patient associations and related associations,  
 such as haemophilia 

• Continue to explore ways to minimize the impact of the criminal justice system on harm reduction efforts:

 о Modify laws regarding the carrying of injecting paraphernalia for drug users and syringe service  
 providers, including safe disposal of syringes 

• Continue dialogue with other stakeholders (Ministry of Justice, Police, Government) about the public  
 health approaches in drug policies 

• Initiate campaigns to reach marginalized populations, including ethnic minorities, immigrants, and  
 internally displaced persons including the use of outreach workers/peers. 

Dr. Carolyn Wester (co-chair)
U.S. Centers for Disease Control and Prevention 

Dr. Margaret Hellard (co-chair)
Burnet Institute, Australia 

Dr. Evan Bloch
The Johns Hopkins University, USA 

Dr. Carlos del Rio
Emory University, USA 

Dr. Graham Foster
Queen Marys, University of London, UK 

Dr. Sharon Hutchison
Glasgow Caledonian University, UK 

Dr. Jeffrey Lazarus
Barcelona Institute for Global Health, Spain 

Dr. Jorge Mera
Cherokee Nation Health Services, USA 

Dr. Antons Mozalevskis
World Health Organization, Denmark 

Dr. Priti Patel
U.S. Centers for Disease Control and Prevention 

Dr. Tatjana Reic
European Liver Patients Association, Belgium 

Dr. Anders Widell
Lund University, Sweden
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SECTION 2. PREVENT HCV TRANSMISSION: HARM REDUCTION 
• Ensure HCV testing, care, and treatment services are available at all harm reduction sites. 

 о Ensure that all necessary HCV diagnostics are accessible at all harm reduction sites.

 о Eliminate delays in government approval for implementation of HCV services 

 о Allow opioid substitution treatment (OST) physicians and narcologists to provide HCV services 

 ♦ Ensure adequate supervision, training, and support for OST physicians and harm reduction  
 physicians providing HCV testing, care, and treatment services [e.g. utilizing the ECHO model  
 (Extension of Community Healthcare Outcomes)]

 о Improve synergies with harm reduction and existing HCV testing, diagnostics, and treatment services 

• Ensure all harm reduction related mobile van services have the capacity to provide needle and syringe  
 services, OST, and hepatitis C testing, diagnostics, and treatment for remote areas

• Eliminate regulatory barriers (e.g. cameras, on-site doctor, physical space requirements, safes) to  
 facilitate rapid integration of HCV services into harm reduction 

• Pilot integration of HCV services and primary healthcare services into harm reduction sites consistent  
 with Universal Health Coverage 

• Develop a strategy to ensure that harm reduction funding is maintained going forward 

SECTION 3. PREVENT HCV TRANSMISSION: BLOOD SAFETY 
• Mandate participation of all blood collection sites in Georgia’s State Safe Blood Program

• Perform phased implementation of NAT testing with a view to testing of all donor specimens for the  
 major transfusion transmitted viruses (i.e. HIV, HCV and HBV) 

 о Maintain a trial period with limited implementation (e.g. restrict to limited numbers of centers)  
 to evaluate workflow; identify challenges, particularly with respect to turn around time, logistical  
 considerations (e.g. transportation of samples) and the impact on regional blood supply (i.e.  
 shortages in blood products); and evaluate the costs of implementation as well as measures to  
 improve efficiency of testing (e.g. pooling)

• Implement standardization and quality assurance of serological testing and algorithms within  
 Georgia State Program 

• Assess feasibility of centralized testing for all blood screening 

• Develop an accreditation framework: 

 о State Safe Blood Program evaluation of blood services to determine adherence to standard practice 

• Develop a look-back system including sample archiving to identify recipients of blood products from  
 positive donors and ensure positive donors are linked to care 

• Continue efforts to increase proportion of voluntary blood donors 
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SECTION 4. PREVENT HCV TRANSMISSION: INFECTION CONTROL IN  
HEALTHCARE, NON-TRADITIONAL HEALTHCARE, AND COMMUNITY SETTINGS 

• Utilize epidemiologic and molecular data on acute cases to determine contribution of healthcare  
 to new HCV cases: 

 о Conduct a special study of cases without recognized risk factors to identify healthcare exposures  
 and healthcare-related outbreaks 

 о Investigate clusters of healthcare transmission to identify risk factors and prevent additional cases 

 о Determine the relative contributions of different healthcare settings to new HCV infections,  
 including nontraditional healthcare 

• Complete the national infection prevention and control (IPC) guidance 

 о Develop a dissemination plan and implementation guidance with standard protocols 

 о Dedicate resources to support implementation of the national guidance 

• Strengthen IPC training and engagement of clinical staff in healthcare settings; perform ongoing IPC  
 quality assessments in healthcare settings with risk of bloodborne pathogen transmission

• Consider a pilot study to assess critical infection control practices (e.g. injection safety, instrument  
 sterilization) in select healthcare setting considered high-risk (e.g. dental and endoscopy) to inform  
 prevention needs 

• Implement and assess routine monitoring for HCV in special populations (e.g. CDC recommends  
 maintenance hemodialysis patients be screened upon outpatient dialysis initiation and every 6 months  
 thereafter for susceptible patients) 

SECTION 5. IDENTIFY AND LINK TO CARE PERSONS INFECTED WITH HCV 
• Integration of testing for HCV with: 

 о Primary care screening for non-communicable diseases (NCDs) 

 о HIV and TB 

• Assess testing uptake and proportion positive 

• Assess the role of migration and internally displaced populations contributing to the lost to follow-up  
 tested HCV-positive (labor migrants to the European Union, Turkey, Russia, and other locations) and  
 consider tailored campaigns (e.g. inform Georgian citizens leaving the country to work/returning from  
 abroad about the HCV elimination program) 

• Focus testing efforts towards high-yield populations using evidence-based approaches:

 о Geographically (e.g. Tbilisi) 

 о High burden settings (e.g. emergency departments and correctional facilities) 

 о Men age 30 and above with special attention to war veterans 

 о Persons with a history of incarceration 

 о Limit pediatric HCV testing to exposed infants (eliminate routine testing for hospitalized children  
 <12 years of age) 
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 о Explore the feasibility of innovative strategies for testing: 

 ♦ PWID (e.g. respondent-driven sampling, bring in a friend/family/household/ high-risk  
 contact for screening)

 ♦ Expanding community-based testing among populations with limited access to  
 healthcare services 

 ♦ Targeted outreach efforts (e.g. lost to follow-up following positive anti-HCV screening) 

• Improving linkage to care: 

 о Increase number of people tested and treated by community providers (harm reduction and primary  
 health care) so that a substantial proportion of treatment is delivered where client is tested 

 о Eliminate barriers to care (e.g. cameras, taxation of commodities, regulations that prohibit specialized  
 providers such as narcologists, dentists, pharmacists) 

 о Explore role of patient incentives for linkage 

 о Explore the role of provider incentives for linkage and treatment 

 о Implement peer navigator strategies where appropriate (e.g. high-volume screening locations) 

 о Additional strategies to be considered: 

 ♦ Treatment services should be available where testing is conducted 

 ♦ Provide training for primary care physician and harm reduction physicians in counseling patients  
 with HCV to increase linkage to care 

 ♦ Minimize turnaround time and notification to patients of viremia testing results

 ♦ Pilot innovative test and treat strategies (e.g. allow patients to change providers once treatment  
 is initiated if necessary) 

 ♦ Navigation of released prisoners from screening, viremia testing, treatment initiation, and  
 treatment completion should be initiated 

SECTION 6. IMPROVE HCV LABORATORY DIAGNOSTICS 
• Continue quality controls and proficiency monitoring and make these standard operating procedures 

• Use the quality data generated on 13 rapid diagnostic tests at Lugar to select those with the highest  
 sensitivity and specificity for procurement for the HCV elimination program 

• Continue to study the utility of dried blood spot (DBS) for inclusion in the HCV elimination program 

• Continue support for archiving of key blood samples for future use (outbreak investigations, DAA  
 resistance appearance, and research) 

• Explore cost-effective approaches for confirming core antigen negative results (e.g. pool testing)

• Develop and implement strategies for expanded and shared use of GeneXpert machines in the  
 HCV elimination program 
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SECTION 7. PROVIDE HCV CARE AND TREATMENT 
• To facilitate access to treatment, remove unnecessary barriers preventing “one-window” testing and  
 treatment, such as centralized approval process for treatment, and camera recording of patients taking  
 the first dose of medication for each bottle dispensed 

• Introduce pangenotypic DAA regimens as soon as feasible; this will eliminate the need for genotype  
 testing, simplifying the workup and patient care pathway, and reducing costs

• Implement the use of both branded and licensed generic versions of medications for treatment  
 of hepatitis C and hepatitis B in Georgia

• Minimize on-treatment monitoring utilizing best practices from WHO, EASL, and AASLD guidelines  
 (see attached) 

• Expand patient eligibility for treatment at primary healthcare centers, harm reduction sites and other  
 non-specialist sites to include all HCV infected patients except when decompensated cirrhosis or other  
 serious co-morbidities are present. Ensure expert consultation is available for all providers (e.g. via  
 ECHO, phone hotline, academic detailing) providing care and treatment

 о Patients with possible compensated cirrhosis (FIB-4 score > 3.25; platelets < 150,000 mm3; APRI  
 >2.0; or fibroscan stiffness >12.5 kPa) following completion of treatment at primary healthcare sites,  
 harm reduction sites, and other sites, should be referred to a specialist for post-treatment cirrhosis  
 evaluation and care 

• Following confirmation of viremia, treatment should be initiated immediately, prior to staging  
 or other testing 

• SOF/VEL should be used for end-stage renal disease HCV infected patients (FDA approved and  
 AASLD recommended) 

 о Consider HCV micro-elimination within dialysis patient population

• Expand the list of providers, such as primary healthcare providers, narcologists, TB specialists, etc., 
 that are eligible to treat HCV infected patients so that patients are treated where diagnosed 

• Implement micro-elimination of HCV in the prison population: 

 о Eliminate barriers to treatment (e.g. minimum sentence requirement, care navigators)

• Engage key stakeholders (e.g. hospital administrators, mayors, prison wardens, nephrologists,  
 hematologists, etc.) to implement targeted micro-elimination efforts 

• Re-testing (including RNA testing for those previously treated) in high risk groups should be implemented  
 on a regular basis and documented 

• Re-testing and re-treatment for potential reinfection should be encouraged in key populations and  
 made free of charge for all patients 

• Consider incorporating comprehensive care and treatment of NCDs for HCV patients engaged  
 in treatment 
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SECTION 8. IMPROVE HCV SURVEILLANCE 
• Develop, implement, and strengthen surveillance for acute/incident HCV infections: 

 о Include sentinel sites with high volume emergency departments; persons with suspected hepatitis  
 should be tested for acute hepatitis A, B, and C 

 о Identify and investigate new HCV infections among repeat blood donors and blood donors who test  
 antiHCV-/NAT positive 

 о Establish surveillance for acute infections and re-infections at select settings serving at-risk  
 populations (e.g. persons who inject drugs (PWID), prisoners, dialysis patients, and persons who  
 receive blood products) 

 ♦ Perform screening with NAT in immunocompromised persons

• Utilize GHOST (Global Hepatitis Outbreak Surveillance Technology) program to detect and  
 intervene on transmission networks 

• Assess HCV cascade of care by region and key populations 

• Establish hepatocellular carcinoma (HCC) surveillance among cirrhotic patients treated in the program:

 о HCC treatment should be linked to the elimination program 

 о If resources are limited, consider identifying a high-risk cohort for prioritized screening 

 

6TH HEPATITIS TECHNICAL ADVISORY GROUP 
(TAG) RECOMMENDATIONS FOR THE GEORGIA 
HEPATITIS C ELIMINATION PROGRAM
On March 15–16, 2021, the Georgian Ministry of Internally Displaced Persons from the Occupied Territories, 
Labour, Health and Social Affairs (MoIDPLHSA), together with experts from the U.S. Centers for Disease Control 
and Prevention’s (CDC) Division of Viral Hepatitis (DVH), the World Health Organization (WHO), and other 
international partners, convened Georgia’s sixth external Viral Hepatitis Technical Advisory Group (TAG) meeting 
virtually. The TAG consists of twelve international experts in viral hepatitis prevention and control, and is co-
chaired by the Director of CDC’s DVH. 

The two-day meeting opened with remarks from the First Deputy Minister of MoIDPLHSA, the US Embassy 
Charge d’Affaires, the Director of CDC’s DVH, a representative from Gilead Sciences, and the Head of the WHO 
Georgia office. The meeting began with introduction of the TAG members, then presented progress on the HCV 
Elimination Program since its launch in 2015. Attention was also paid to the development of the 2021–2025 
National Strategic Plan on Viral Hepatitis Elimination, which will be finalized and published later this year. 

Presentations highlighted the accomplishments of the HCV Elimination Program through January 2021, including: 
2.2 million people screened, 140,216 anti-HCV positive individuals identified, 113,151 persons testing positive for 
HCV RNA or core antigen, and 73,045 initiating treatment with direct acting antivirals. 
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The TAG explored progress of the HCV elimination program by reviewing the 2019 TAG recommendations, 
accomplishments, and ongoing challenges for each strategy in the 2016–2020 strategic plan: 1) advocacy and 
education, 2) prevention of transmission (including harm reduction, blood safety, and infection control), 3) linkage 
to care, 4) laboratory diagnostics, 5) care and treatment, and 6) surveillance. Two TAG members moderated each 
session, and provided an overview of pre-recorded scientific presentations pertinent to the strategy. On the 
second day, the TAG presented draft recommendations for review and comment. 

The TAG would like to congratulate Georgia on the remarkable progress toward hepatitis C elimination, 
especially in light of the COVID-19 pandemic and its impact on all aspects of care. The TAG appreciates the 
sustained commitment of the Georgian government, Georgian staff and clinical partners working on the  
Program, and the efforts to implement 2019 TAG recommendations, while simultaneously developing a strategic 
plan for the next 5 years of the program. In particular, the TAG would like to recognize the efforts to incorporate 
hepatitis B in the program and next strategic plan. The TAG also appreciates the collegial and open sharing 
of data, and the valuable discussion and expertise demonstrated by Georgian colleagues. Based on the 
presentations and discussion, the TAG developed the recommendations listed below to aide the program in 
achieving the goal of hepatitis elimination. 

THE TAG MEMBERS INCLUDED

OVERARCHING CONSIDERATIONS
• The COVID-19 Pandemic has created barriers and opportunities for the HCV Elimination Program

 о Barriers: reduced in-person encounters resulted in decreased numbers tested and treated

 о Opportunities: able to leverage COVID-19 serosurvey to obtain data on HCV and HBV; expanded  
 diagnostic testing provides opportunities for novel models for both HBV vaccine delivery and HCV  
 testing in hard-to-reach populations; and increased attention to infection prevention and control (IPC)

Dr. Carolyn Wester (co-chair)
U.S. Centers for Disease Control and Prevention 

Dr. Margaret Hellard (co-chair)
Burnet Institute, Australia 

Dr. Evan Bloch
The Johns Hopkins University, USA 

Dr. Carlos del Rio
Emory University, USA 

Dr. Graham Foster
Queen Mary University of London, UK 

Dr. Sharon Hutchinson
Glasgow Caledonian University, UK 

Dr. Jeffrey Lazarus
Barcelona Institute for Global Health, Spain 

Dr. Jorge Mera
Cherokee Nation Health Services, USA 

Dr. Antons Mozalevskis
World Health Organization, Denmark 

Dr. Priti Patel
U.S. Centers for Disease Control and Prevention 

Dr. Tatjana Reic
Croatian Society for liver Disease “Hepatos”, Croatia

Dr. Anders Widell
Lund University, Sweden
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STRATEGY 1. PROMOTE ADVOCACY, AWARENESS, EDUCATION, AND  
PARTNERSHIPS FOR HCV-ASSOCIATED RESOURCE MOBILIZATION 

• Implement evidence-based education and communication campaigns to increase broader community  
 awareness about hepatitis B and C and hepatitis C cure:

 о Prioritize the inclusion of people with lived experience to assist with campaign messaging and to  
 serve as peer navigators (including creation of paid opportunities)

 о Build capacity for newly formed patients’ advocacy groups 

 о Ensure use of person-first language in communication and education materials 

 о Use information collected around knowledge, attitudes, and practices related to hepatitis from the  
 upcoming 2021 hepatitis serosurvey questionnaire to inform HCV and HBV communication  
 campaigns and materials

 о Ensure that individuals with liver disease from chronic hepatitis B and C are prioritized  
 for COVID-19 vaccination 

• Continue advocacy for and improvement of policies to reduce barriers to access to care for viral hepatitis

 о Continue efforts to support the legal environment and modification of laws related to the possession  
 of drug injection paraphernalia

 о Explore options for allowing Harm Reduction (HR) sites to be certified to provide hepatitis treatment 

STRATEGY 2. PREVENT HCV TRANSMISSION: HARM REDUCTION 
• Expand HR services and network of care provided

 о Maintain support of Harm Reduction Sites/Needle-syringe programs (HR/NSPs) as an  
 integral component of national health service delivery, and continue to provide government  
 funding for HR/NSPs

 о Expand capacity at all HR/NSPs (including mobile sites) to provide HCV screening, viremia testing,  
 and pursue certification to provide treatment

 ♦ Ensure that HCV and HBV testing is provided free of charge to all, including  
 HR/NSPs beneficiaries

 о Integrate HBV vaccination into HR/NSP service sites, and explore opportunities to include HBV  
 testing and treatment in HR/NSP sites

 о Expand the number of HR/NSP sites that provide integrated HCV treatment (currently 4 sites)

• Reduce loss to follow-up and improve linkage to care at HR sites

 о Reduce time from receipt of positive HCV RNA/Core Ag result to treatment initiation to ≤ 2 weeks

 о Expand qualitative analysis to identify barriers to seeking care, pursuing viremia testing, and  
 completing treatment; implement targeted interventions to address identified barriers
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• Ensure continuous monitoring of high-risk populations to enhance detection of HCV infection  
 and re-infection

 о Implement repeat HCV testing among PWID, including HCV RNA/Core Ag testing among persons  
 who inject drugs (PWID) who continue to be at risk for infection after achieving SVR; utilize data from  
 repeated HCV RNA/Core Ag testing to inform surveillance for re-infection

• Continue to support Opioid Substitution Therapy (OST) Programs through state-based funding as a  
 recognized integral part of harm reduction

 о Integrate OST into certain high-risk settings (e.g., prisons)

 о Ensure that changes to OST program introduced during the COVID-19 pandemic (e.g., allowing for  
 more “take-away” doses) are maintained

STRATEGY 2. PREVENT HCV TRANSMISSION: BLOOD SAFETY 
• Infectious risk specific

 о Standardize testing approach, including serological markers

 ♦ Transition to automated testing

 ♦ Standardize testing algorithms across sites; incorporate repeat and confirmatory testing

 ♦ Assess mini-pool Nucleic Acid Testing (NAT)

 о Complete re-assessment of all blood bank collection facilities

 о Conduct surveillance for any donor who tests positive for HCV and HBV and follow to link-to-care  

 ♦ Develop national database or tracking mechanism to prevent subsequent donation by those  
 who test positive for a given marker

 ♦ Conduct look-back (e.g., with follow-up testing) of all individuals who were transfused with blood  
 from a donor who subsequently tests positive; the look-back period should be defined to  
 balance yield with logistical feasibility (e.g. 6-12 months beyond last negative donation)

 ♦ Consider following blood transfusion recipients prospectively to estimate seroconversion rates 

 о Refine donor selection with reduced proportion of remunerated and first-time blood donors

 ♦ Conduct an impact study ahead of transition to exclusive voluntary donors (VNRBDs)

 ♦ Conduct a qualitative assessment of motivators for and deterrents against donation

• General Blood Safety 

 о Align with European Union (EU) standards

 о Conduct assessment of infrastructure (coordinate with blood bank assessments)

 о Bolster immunohematology capabilities (collateral benefit to oncology services)

 о Impose regulatory controls on procurement: restrict to tests that have been adequately validated  
 (e.g. CE marked)
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STRATEGY 2. PREVENT HCV TRANSMISSION: INFECTION CONTROL IN  
HEALTHCARE, NON-TRADITIONAL HEALTHCARE, AND COMMUNITY SETTINGS

• Infection Prevention and Control (IPC) Guidance and Implementation

 о Ensure that IPC guidance is disseminated and implemented nationwide

 ♦ Leverage COVID-19 IPC trainings to improve provider knowledge and adherence to  
 injection safety and other basic practices to prevent HCV and HBV transmission in the  
 healthcare setting

 ♦ Preform IPC assessments in healthcare settings with risk of bloodborne pathogen transmission

 ♦ Develop standard protocols and other tools to support implementation of national guidance

• Collect Evidence to inform IPC Activities

 о Utilize epidemiologic and molecular data on acute cases (e.g., from sentinel surveillance sites)  
 to determine contribution of healthcare to new HCV and HBV cases:

 ♦ Conduct a special study of cases without recognized risk factors to identify healthcare  
 exposures and healthcare-related outbreaks

 ♦ Investigate clusters in healthcare settings to identify risk factors and prevent  
 additional cases

 ♦ Determine the relative contributions of different healthcare settings to new HCV infections,  
 including non-traditional healthcare settings

 о Conduct assessment of critical infection control practices (e.g., injection safety and instrument  
 sterilization) in select healthcare settings considered high-risk (e.g., dental and endoscopy) to  
 inform prevention needs

 о Conduct a study to assess the general population’s knowledge and understanding of the risk of  
 HCV and HBV from injection practices in healthcare and non-traditional settings; use findings to  
 inform education and communication campaigns

 о Implement and assess routine monitoring for HCV and HBV infection in maintenance  
 hemodialysis patients

 о Utilize ongoing IPC assessment and research results to improve setting-specific IPC  
 recommendations to prevent HCV and HBV transmission 

STRATEGY 3. IDENTIFY AND LINK TO CARE PERSONS WITH HCV 
• Evaluate Hepatitis C Elimination Program data to ensure understanding of demographic and geographic  
 distribution of those screened and not linked to care

• Focus testing efforts and improve linkage to care in populations in most need of targeted outreach  
 efforts, including:  

 о Geographic (e.g., Tbilisi)

 о High-burden settings (e.g., emergency departments and correctional facilities) 

 о Men age 30 years and older with special attention to war veterans or persons with a history  
 of incarceration 

 о PWID
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• Expand community-based testing among populations with limited access to healthcare services  
 (e.g., door-to-door program)

• Continue to expand the number and type of sites that integrate HCV testing 

 о Primary care clinics

 о HIV clinics and TB clinics

 о Diabetes clinics

 о OST Clinics

 о Mental Health services

 о COVID-19 clinics or testing sites

• Decrease the rate of advanced stage diagnosis through focusing efforts on increased screening of  
 individuals with diabetes, high BMI, alcohol use disorder, and incarceration 

 о Increase the HCV screening education of medical personnel who take care of these populations 

• Expand reflex testing to improve the viremia confirmation gap

 о Develop strategies for ensuring individuals screened for HCV antibodies in all sites where testing is  
 performed are linked to viremia testing and care (not just referred), either through onsite viremia  
 testing, screening/linkage project model, or for patients screened in door-to-door Rapid Diagnostic  
 Tests (RDTs); consider obtaining Dried Blood Spots (DBS) as well to send to the Lugar Center

• Continue to evaluate the role of HCV self-testing with RDTs among different populations [e.g., PWID, men  
 who have sex with men (MSM), and other groups]

• Expand peer navigator programs and strategies in high-volume screening locations and other  
 areas as appropriate

• Expand the role of provider incentives for linkage and treatment

STRATEGY 4. IMPROVE HCV LABORATORY DIAGNOSTICS 
• Continue sending proficiency panels from the Lugar Center to labs and blood banks (3 times/year)  
 to ensure quality control

 о Provide guidelines on actions to be taken when panels/laboratories fail

• Continue decentralization of RNA testing to stand alone instruments (e.g., GeneXpert and Genedrive)

 о Follow the rapid development of new, simple isothermal RNA detecting tests for inclusion in the  
 program when available

• Rapid Diagnostic Tests (RDTs) for anti-HCV antibodies

 о Explore use of oral swab based RDTs
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 о Recommend use of RDTs that have been validated for use in decentralized settings  
 (e.g., HCV One Step Rapid test, Healgen anti-HCV) and define acceptance criteria for use  
 of other state procured RDTs

 о Explore implementation of HCV self-testing

• Dried blood spot (DBS) testing for RNA

 о Introduce DBS (preferably from plasma or serum) in RDT positive patients for shipment to the  
 Lugar Center for RNA testing

 о Monitor turnaround time from RDT taken via DBS to patient contact with conclusive viremia  
 result for treatment

• Explore use of Plasma Separation Cards (PSC), including molecular epidemiology, GHOST, outbreak  
 analyses, and resistance mutations

• Consider pilot study in HR sites to test all anti-HCV positive and negative samples for HCV Core Ag to  
 determine rate of window phase infections

• Explore strategies to conduct HDV testing at least once for every person with chronic HBV infection

STRATEGY 5. PROVIDE HCV CARE AND TREATMENT 
• Expand Primary Care sites and providers offering HCV screening, viremia testing, and treatment

 о Expand scope of treatment in non-specialist sites to include treatment of patients with  
 non-decompensated cirrhosis

• Pilot HCV test-and-treat strategies in range of settings including point of care RNA testing, pre-treatment  
 evaluation, and DAAs on the shelf to reduce time from testing to treatment

 о Develop timeline goals from testing to treatment (e.g. patients should start DAA no later than  
 2 weeks after RNA tests are resulted)

• Alter treatment protocols nationwide to ensure simplified, more accessible treatment, including:

 о Eliminate routine on-treatment lab tests 

 о Give full course of medication on initiation

 о Minimize on-treatment follow-up appointments in person; conduct via alternate mechanisms  
 (e.g., telephone)

• Disseminate information on HCV and HBV screening recommendations, safety of treatment and  
 medication in persons with renal insufficiency, and determine opportunities for dialysis clinicians to  
 provide HCV treatment to patients

 о Engage nephrologists and other kidney care providers to identify and treat HCV infection among  
 dialysis patients
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• Implement more comprehensive treatment programs in high-impact populations  
 (e.g., dialysis and prison) 

• Design innovative strategies to engage HCV RNA positive individuals in care with particular focus on  
 those with lowest treatment initiation rates, including:

 о Individual 70 years of age or older

 о Individuals on hemodialysis

 о Individuals with hemophilia

STRATEGY 6. IMPROVE HCV SURVEILLANCE 
Surveillance

• Continue to strengthen surveillance for acute/incident HCV and HBV infections, including through  
 sentinel surveillance sites 

• Establish surveillance for acute infections and re-infections at select settings serving at-risk populations  
 (e.g., PWID, prisoners, hemodialysis patients, and persons who receive blood products)

 о Adopt AASLD/EASL/WHO recommendations to test high-risk individuals (e.g., PWID and MSM),  
 at least annually, including testing for viremia in those previously diagnosed and treated  
 (and thus seropositive)

 о Identify and investigate new HCV infections among repeat blood donors and blood donors who test  
 anti-HCV-negative/NAT-positive to identify the risks for recent HCV infection

 о Continue efforts to apply GHOST (Global Hepatitis Outbreak Surveillance Technology) to detect and  
 intervene on transmission networks 

• Assess existing surveillance capacity for hepatitis B and build upon existing HCV systems  
 (e.g., screening registry, treatment registry) to include HBV

• Expand surveillance system to identify and track pregnant women with HCV infection and children born  
 to mothers with HCV infection

Program Effectiveness
• Develop stratified iterations of the national HCV treatment cascade, including stratifications by  
 geography, patient characteristics, facility type, and other pertinent factors

• Establish hepatocellular carcinoma (HCC) surveillance among patients with cirrhosis, including after  
 achieving the SVR, within HCV Elimination Program or national healthcare system

• Engage with WHO to pilot the WHO Guidance for Validation of Elimination of Viral Hepatitis
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PCR Equipment HCV RNA Viral Load Kits HCV Qualitative Kits

APPENDIX 1. 
HEPATITIS C DIAGNOSTIC METHODS 
AND KITS AVAILABLE IN GEORGIA

Abbott m2000rt Abbott RealTime HCV kit HCV Real Time TmQual (Sacache)  
ref# TVI-100 FRT

COBAS Taqman 48 ROCHE Cobas TaqMan HCV Quantitative  
Test V2.0, Roche

Cobas TaqMan HCV Quantitative  
Test V2.0, Roche

Quantstudio Dx, Applied Biosystems Robrogene, HCV RNA Quantification  
Kit 3.0. Germany

Robrosene, HCV RNA Quantification  
Kit 3.0. Germany

Quantstudio 5 RT PCR,  
Applied Biosystems

HCV Real TM Quant Dx V1,  
Sacace Biotechnologies

HCV Real TM Quant Dx V1,  
Sacace Biotechnologies

DTlite, DNA-Technology RT-GEPATOGEN-C Quant PCR Amplif  
Kit, DNA Technology

RT-GEPATOGEN-C Quant PCR Amplif  
Kit, DNA Technology



Confirmed Chronic HCV Infection

Liver Fibrosis Assessment with FIB-4

FIB-4 < 3.25

Clinical assessment

Complete blood count

ALT, AST, creatinine, bilirubin, albumin, 
INR, alkaline phosphatase, G-GT, glucose

HBsAg, anti-HBc total

Abdominal ultrasound 

FIB-4 > 3.25

Refer to specialized clinic
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Measurements During Treatment (weeks) After Treatment  
Completion (weeks)

APPENDIX 2.
TREATMENT ALGORITHMS

*Only for patients receiving Ribavirin containing regimens

4 8 12 12 or 24

Clinical Assessment X X X X

HCV RNA Quantitative X

Complete Blood Count

ALT X X X

X* X* X*



Yes No

Yes No Yes No

Is patient treatment experienced?

Was patient previously 
treated with a NS5A-inhibitor – 

containing regimen?
Was patient previously treated with a 

SOF/RBV or PEG/SOF/RBV?
Does patient have 

decompensated cirrhosis?

SOF/VEL/RBV
24 weeks

Does patient have 
cirrhosis (including 

decompensated 
cirrhosis)?

SOF/VEL
24 weeks for 

RBV intolerant 
patients

SOF/VEL
24 weeks

SOF/VEL/RBV
12 weeks

Yes No

SOF/VEL
12 weeks

SOF/VEL
12 weeks

SOF/VEL
24 weeks for 

RBV intolerant 
patients

SOF/VEL/RBV
12 weeks OR

OR

All Genotypes

NOTE: All decompensated cirrhotics should receive 600mg RBV, all others should receive weight based ribavirin (RBV) dosage. 
Patients with weight <75kg receive 1000mg RBV daily and >75kg receive 1200mg RBV daily.
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ALGORITHMS cont.
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i. ABSTRACTS
1. The head-start project Georgia: a three-armed, cluster, nonrandomized trial of the effectiveness of two  
 novel models of HCV confirmatory testing in harm reduction sites (HRS) in Georgia

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event

Authors: Maia Japaridze1, Jessica Markby2, Irma Khonelidze3, Maia Butsashvili4, Maia Alkhazashvili3,  
Sonjelle Shilton2. 

1Foundation for Innovative New Diagnostics, Georgia, 2Foundation for Innovative New Diagnostics, Geneva, 
Switzerland, 3Georgia National Centers for Disease Control, Georgia, 4Health Research Union, Georgia

Background and Aims: Georgia, a middle-income country with an estimated population of 3.7 million people, 
is among the world’s highest-burden countries, with an HCV prevalence of 6.7% in the general population 
and a higher burden of disease in high-risk populations especially PWID. In 2015, Georgia embarked on an 
elimination program, however, significant gaps remain in case finding and linkage to care. In particular, although 
screening programs have largely been decentralized for high-risk groups, viremic testing remains a bottleneck 
for PWID accessing care. Here we describe two novel models of viremic testing that aim to address these 
weaknesses in the care cascade. 

Method: A cluster, non-randomized intervention study where HRS are assigned to one of three arms Arm1: 
4 HRS, viremia testing (GeneXpert) on-site, Arm 2: 2 HRS, blood draw on site, confirmatory testing (cAg) at 
a centralized laboratory, Arm 3 2 HRS, standard of care patients referred for testing at the treatment center. 
Participants are eligible for the study if they tested anti-HCV positive on the same day and did not have prior 
confirmed diagnosis. The proportion of participants who completed each step in the HCV care cascade was 
compared across the three arms as well as the turn-around time of test results. 

Results: Between May 2018 and November 2019, 1671 participants were enrolled (621 in Arm 1, 486 in Arm 2; 
565 in Arm 3). Participants were predominantly male (95.4%), mean age was 44.0 (19–88) years and 79.1%  
were currently injecting drugs. 95% of participants reported having taken an HIV test and of these 14 (0.84%) 
self-reported being HIV-positive. To date, 1517 participants have had a confirmatory viremia test done: 621 
(100%) in Arm 1, 483 (99.4%) in Arm 2; 438 (77.5%) in Arm 3. Of those confirmed positive, treatment was initiated 
for 450 (87.0%) in Arm 1, 273 (70.9%) in Arm 2 and 345 (98.0%) in Arm 3. On average participants received  
their results the same day (<3 hours) in Arm 1, 21.5 days in Arm 2 and 18.6 days in Arm 3 from the time they  
had blood drawn for testing.

Conclusion: Confirmatory testing or blood draw on-site at HRS showed improved retention of patients in  
the care cascade compared to the referral of patients for blood collection. Moreover, the turnaround time  
was shortest when confirmatory testing was performed on-site. These findings will facilitate the scale-up  
of decentralized HCV care for PWID in Georgia and globally

APPENDIX 3.
SCIENTIFIC MEETING PRESENTATIONS  
OF THE GEORGIA HEPATITIS C 
ELIMINATION PROGRAM
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2. Progress towards achieving hepatitis C elimination in the country of Georgia,  
 April 2015–October 2019

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event

Authors: Tengiz Tsertsvadze1,2, Amiran Gamkrelidze3, Nikoloz Chkhartishvili1, Akaki Abutidze1,2, Lali Sharvadze2,4, 
Vakhtang Kerashvili1, Maia Butsashvili5, David Metreveli6, Lia Gvinjilia7, Shaun Shadaker8, Muazzam Nasrullah8, 
Tamar Gabunia9, Ekaterine Adamia9, Stefan Zeuzem10, Nezam Afdhal11, Sanjeev Arora12, Karla Thornton12, 
Francisco Averhoff8

1Infectious Diseases, AIDS and Clinical Immunology Research Center, T’bilisi, Georgia, 2Ivane Javakhishvili 
Tbilisi State University (TSU) Faculty Of Medicine, T’bilisi, Georgia, 3National Center for Disease Control and 
Public Health, Tbilisi, Georgia, 4Hepatology Clinic HEPA, Tbilisi, Georgia, 5Clinic Neolab, Tbilisi, Georgia, 
6Medical Center Mrcheveli, Tbilisi, Georgia, 7TEPHINET for Hepatitis C Elimination Program in Georgia, Tbilisi, 
Georgia, 8Centers for Disease Control and Prevention, Division of Viral Hepatitis National Center for HIV, 
Hepatitis, STD&TB Prevention, 9Ministry of IDPs from the Occupied Territories, Labour, Health, and Social 
Affairs of Georgia, Tbilisi, Georgia, Tbilisi, Georgia, 10Goethe University Frankfurt, Frankfurt, Germany, 11Beth 
Israel Deaconess Medical Center (BIDMC), Boston, United States, 12ECHO Institute University of New Mexico, 
Albuquerque, USA, Albuquerque

Background and Aims: In April 2015 with the technical assistance of U.S. CDC and commitment from  
Gilead Sciences to donate direct-acting antivirals (DAAs), Georgia launched the world’s first HCV elimination  
program. A key strategy of the program is nationwide HCV screening, active case finding, linkage to care, 
provision of treatment for all HCV-infected persons and effective prevention interventions. The elimination 
program aims at achieving 90–95–95 targets by 2020: a) diagnose 90% of HCV-infected persons, b) treat  
95% of those diagnosed, and c) cure 95% of those treated. We report progress towards elimination targets  
4 years into the elimination program. 

Method: A hepatitis C care cascade was constructed using data from the national HCV treatment program 
(Figure). A national serosurvey in 2015 estimated that 150,000 over 18 years of age were infected with HCV 
in the country. The program collects data on all persons registered with the treatment program. Treatment  
was provided with Sofosbuvir, Ledipasvir/Sofosbuvir or Velpatasvir/Sofosbuvir-based regimens. Data on 
persons tested for chronic HCV infection through sustained virologic response (SVR) were extracted as of 
October 31, 2019. 

Results: Overall 121,043 persons tested positive for HCV antibodies and of those 97,348 (80.4%) underwent 
HCV confirmatory testing. Chronic HCV infection was confirmed in 79,955 (82.1%) persons, representing 53.3% 
of the estimated 150,000 adults living with HCV. A total of 62,927 (78.7%) patients initiated treatment – 49.1% 
of the estimated target population to be treated (128,250). Of the 41,220 patients who were evaluated for 
SVR, 40,693 (98.7%) tested negative for HCV by PCR, representing 33.4% of the estimated target population 
to be cured (121,837). Very high cure rates were achieved for all HCV genotypes: 98.9% in genotype 1, 98.9% 
in genotype 2 and 98.3% in most challenging to treat genotype 3. Treatment effectiveness was comparable 
among persons with advanced fibrosis (F3 and F4) with 98.2% achieving SVR, and among patients with mild or 
no liver fibrosis (≤F2), SVR = 99.0%. 

Conclusion: Georgia has made substantial progress towards eliminating hepatitis C, with more than half of 
persons with HCV infection identified and registered for treatment. Very high cure rates have been achieved 
among those who received SVR testing. Challenges remain in identifying and especially linking to care persons 
living with HCV in Georgia. A nationwide integrated, decentralized model of HCV treatment, which is already 
implemented, will be critical to improving linkage to care and close the gaps in the HCV cascade.
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3. The impact on mortality of a national hepatitis C elimination program, Georgia, 2015–2019

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event

Authors: Lia Gvinjilia1, Shaun Shadaker2, Amiran Gamkrelidze3, Tengiz Tsertsvadze4,5, Nikoloz Chkhartishvili4,6, 
Maia Butsashvili7, David Metreveli8, Maia Kereselidze3, Vladimer Getia3, Alexander Turdziladze3, Irina 
Tskhomelidze1, Tinatin Kuchuloria1, Philip Spradling9, Jian Xing9, Muazzam Nasrullah9, Francisco Averhoff9. 

1TEPHINET for Hepatitis C Elimination Program in Georgia, Tbilisi, Georgia; 2Centers for Disease Control and 
Prevention, Division of Viral Hepatitis, National Center for HIV/AIDS, Viral Hepatitis, STD and TB Prevention, 
Atlanta, United States; 3National Center for Disease Control and Public Health of Georgia, Tbilisi, Georgia; 
4Infectious Diseases, AIDS and Clinical Immunology Research Center, T’bilisi, Georgia; 5Hepatology Clinic 
HEPA, Tbilisi, Georgia; 6Caucasus International University, T’bilisi, Georgia; 7Clinic NeoLab, T’bilisi, Georgia; 
8Medical Center Mrcheveli, Tbilisi, Georgia; 9Centers for Disease Control and Prevention, Atlanta, United States

Background and Aims: Georgia embarked on a national hepatitis C elimination program in April 2015, which 
provided direct-acting antiviral (DAA) medications free of charge to all hepatitis C virus (HCV) infected persons. 
We aimed to evaluate the impact of the program on all-cause mortality. 

Method: We identified adults (≥18 years) registered in the national hepatitis C screening registry from April 
2015 through May 2018 and linked these data to the national hepatitis C treatment database and national vital 
statistics using the 11-digit national personal identifier. We used vital statistics data to identify deaths through 
December 2018. Kaplan-Meier survival plots were generated to determine and compare survival among 
three groups: HCV-uninfected persons (screened negative for anti-HCV), persons HCV-infected (confirmed by 
viremia testing) who were not treated, and persons with HCV infection confirmed by viremia testing who were 
treated and cured (i. e. achieved sustained virologic response; SVR). We calculated adjusted hazard ratios 
(aHR) using Cox proportional hazards regression models for the three groups after controlling for sex, age, and 
hospitalization-regardless of the admission diagnosis. 

Results: We identified 1,002,229 HCV-uninfected persons, 14,234 HCV-infected persons who were not  
treated, and 32,485 patients who were HCV infected and cured of their infection (achieved SVR). Untreated 
HCV-infected persons, as well as those who were infected and achieved SVR, were mostly men (73.4% and 
79.8% respectively), while 57.7% of uninfected persons were females. Uninfected persons were slightly  
younger than those infected and not treated, and those who were cured (median ages: 43, 49 and 45, 
respectively) (p < 0.0001). The Kaplan-Meier analysis revealed that a greater proportion of untreated  
HCV-infected persons died during the study period compared to both uninfected and HCV cured persons 
(Figure). Overall, untreated persons had the highest proportion of deaths (8.0%; n = 1140), followed by 
uninfected (4.4%; n = 44, 047) and cured persons (1.8%; n = 575). In adjusted models, untreated HCV-infected 
persons were more likely to die compared with uninfected persons (aHR 2.34; 95%CI 2.20–2.48) and those 
who achieved SVR (aHR 3.12; 95%CI 2.82–3.45). 

Conclusion: Our findings demonstrate that persons with 
HCV infection who are cured with DAAs have an increased 
likelihood of survival, similar to persons never infected 
when compared to HCV-infected persons who did not 
receive treatment.

Figure. Comparison of Kaplan-Meier survival curves between study groups, 
adjusted for sex, age and hospitalization events.
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4. Progress in hepatitis C testing as a part of the hepatitis C elimination program in Georgia

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event
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Background and Aims: The country of Georgia, with a population of 3.7 million and an estimated 150,000 
adults with chronic hepatitis C virus (HCV) infection, initiated the world’s first national hepatitis C elimination 
program in April 2015. Through the elimination program, screening for hepatitis C is available to all citizens 
free of charge. The aim of this analysis is to describe progress in hepatitis C testing as part of the hepatitis C 
elimination program. 

Method: This analysis utilizes data from the national screening registry and treatment databases linked by 
national ID, and 2014 general population census. An information system was created to collect data from the 
elimination program utilizing the national ID to monitor and evaluate program performance and surveillance. 

Results: As of November 10, 2019, 1,628,452 adults have been tested for hepatitis C (56.9% of the adult 
population), of whom 125,016 (7.7%) were anti-HCV positive. In 2015 the positivity rate averaged 27.0%, but 
has fallen to 4.4% in the first half of 2019. Overall, 98,134 individuals received viremia testing, of whom 80,074 
(81.6%) were found to have chronic HCV. Screening rates are similar for men and women (55.9% vs. 57.9%, 
respectively). Among men screening rates are highest among those aged ≥60 (64.2%) and lowest among those 
aged 18–29 (51.7%). The overall positivity rate for adult males is 12.4%. The highest positivity rate is seen in 
men aged 30–59 (18.6%). Among women screening rates are highest among those (60.7%) aged 18–29 (60.7%) 
and lowest among those aged 30–59 (56.4%). The overall positivity rate for adult females is 3.7%. The highest 
positivity rate is seen in women aged ≥60 (5.3%).

Conclusion: The overall anti-HCV prevalence was higher in males and among those aged 30–59 years. The 
anti-HCV positivity rate has been declining since the launch of the HCV elimination program in April 2015. 
Although significant progress has been made, a substantial proportion of infected people need to be identified, 
confirmed, and linked to care.

5. Economic evaluation of the hepatitis C virus screening and treatment program in Georgia

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event

Authors: Irina Tskhomelidze1, Shaun Shadaker2, Tinatin Kuchuloria1, Lia Gvinjilia1, Maia Butsashvili3,  
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Background and Aims: In spring 2015, the country of Georgia initiated an HCV elimination  
program with directly acting antivirals (DAA) donated by Gilead, alongside outstanding political commitment, 
and allocation of resources for a comprehensive program. We evaluated the cost-effectiveness of the 
screening and treatment undertaken in the HCV elimination program from 2015 to November 2017 compared 
to if no treatment had been done, from the perspective of the Ministry of Health (MoH) and patients. 

Method: We adapted an HCV transmission and progression model calibrated to Georgian data on HCV 
prevalence and demographics of the general population and people who inject drugs (PWID) to project the 
impact of treatment of 41,483 patients during the study period. Quality adjusted life year (QALY) weights for 
liver disease stages including pre-cirrhosis, compensated and decompensated cirrhosis were estimated from 
EQ-5D-5L data collected from a subset of HCV-infected patients enrolled in the elimination program. Unit costs 
were gathered from the financial module of the MoH on reimbursement schemes for healthcare providers. Cost 
of screening tests, diagnostics and monitoring during treatment, and the annual cost of care for patients with 
advanced liver disease, were then calculated per patient treated. Indirect costs of public awareness campaigns, 
infrastructure investment, administrative costs, and logistics were included as fixed costs. Case-finding costs 
were estimated based on the cascade of care. Estimated economic costs of DAA drugs (sofosbuvir and 
sofosbuvir/ledipasvir) were included in sensitivity analysis. The incremental cost-effectiveness ratio (ICER) in 
terms of cost per QALY gained was calculated in 2015 US dollars accounting for all costs and outcomes from 
2015–2030 with a discount rate of 3% for both costs and outcomes, and compared to a willingness-to-pay 
threshold of $3765 per QALY gained (1x GDP per capita in 2015). 

Results: The total cost of screening and treatment per patient was $555. The average cost of liver disease 
care per patient was $416 with no treatment or $311 under the treatment scenario, with 0.78 QALYs gained per 
patient treated due to reduced disease progression. The intervention also prevented 2,673 HCV-related deaths 
and averted 16,225 new infections by 2030 compared to no treatment. The ICER of the intervention excluding 
DAA costs was $959/QALY, while including the cost of DAAs at a minimal generic cost of $143 per patient 
results in an ICER of $1,244. 

Conclusion: The first phase of the HCV elimination program was highly cost-effective in Georgia. This provides 
valuable data on efficiency of national programs for scaling up HCV treatment for achieving HCV elimination.

6. HCV care cascade of PWID enrolled in methadone substitution treatment program in Georgia -  
 is this the first group of population in which hepatitis C will be eliminated in Georgia?

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event

Authors: Ketevan Stvilia1, Amiran Gamkrelidze1, Irma Khonelidze1, Vladimer Getia1, Lia Gvinjilia2,  
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Background and Aims: Since April 2015 Georgia has started the hepatitis C elimination program with 
elimination goals by 2020. PWIDs enrolled in the Methadone Substation Treatment (MST) Program are also 
included in the large-scale screening program aimed to accelerate active HCV case detection. There are a 
total of 22 MST sites providing long-term substation treatment to PWIDs in Georgia. HCV antibody screening 
is provided to patients at enrollment in the MST program. The aim is to describe the HCV care cascade among 
MST program beneficiaries. 
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Method: HCV care cascade was generated for the period of January, 2018 through October, 2019.  
The data linkage between MST database and the national screening registry was done by matching the 
national personal ID number. Cascade of care was generated using the matched data. 

Results: Overall 9,552 PWIDs registered in MST database by November 1, 2019. A total of 8,265 (87%) MST 
patients had HCV screening of whom 7,041 (85%) tested positive and 5,998 (85%) were tested for viremia with 
the positivity rate of 85% (n = 5073). A total of 4,237 (83%) initiated treatment. By the date of the analysis 3,956 
(93%) have already completed treatment of whom 3,808 (97%) were eligible for SVR. The cure rate among SVR 
tested was 96% (2,531/ 2,622). 

Conclusion: The analysis of the HCV care cascade for MST program beneficiaries shows high rates for 
screening and viremia testing uptake, treatment initiation, and SVR rates. Meeting HCV elimination goals by 
2020 are feasible, however, requires more effort.

7. Management of hepatitis C in primary healthcare in the country of Georgia

Abstract Presented at EASL International Liver Congress, 2020; Virtual Event
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Background and Aims: In April 2015, with a partnership with Gilead Sciences and technical assistance from 
U.S. CDC, Georgia launched the world’s first hepatitis C elimination program. By August 30, 2019, more than 60 
thousand persons initiated treatment, achieving >98% cure rates. Broad access to direct acting antivirals (DAAs) 
resulted in rapid increase in treatment uptake in 2016, which has since declined due to barriers in diagnosis 
and linkage to care. To address this issue Georgia initiated service decentralization in 2018 by integrating 
hepatitis C virus (HCV) screening and treatment in primary healthcare centers (PHCs). We report preliminary 
results of an integrated model of HCV care in PHCs from August 2018 through August 2019. 

Method: By August 31 2019, a total of 10 PHCs provided HCV care services throughout the country. The 
integrated model was based on a “one-stop shop” approach, by which patients received all HCV screening, 
treatment and care services at the PHCs. PHCs provided care to HCV treatment-naïve patients with no or mild 
fibrosis (FIB-4 score<1.45) using simplified diagnostics and a treatment monitoring approach, while persons with 
advanced liver fibrosis/cirrhosis were referred to specialized clinics. Patients received Sofosbuvir/ Ledipasvir 
and/or Sofosbuvir/Velpatasvir for 12 weeks. Sustained virological response (SVR) was defined as undetectable 
HCV RNA 12– 24 weeks after the end of therapy. The Extension for Community Healthcare Outcomes (ECHO) 
telemedicine model was utilized to train and support primary healthcare providers. Regular teleECHO video 
conferencing was conducted to provide primary care providers with advice and clinical mentoring.
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Results: Among persons diagnosed with active HCV infection, 639 were evaluated for  
FIB-4 score. Of these, 436 (68.2%) had FIB4 score<1.45; of them 355 (81.4%) initiated treatment. A total of 241 
patients completed treatment. Of 146 patients within the 12–24 week window of SVR eligibility, 108 had been 
tested at the time of analysis, and 107 achieved SVR (99.1% cure rate).

Conclusion: Our study reported the feasibility and effectiveness of integrating a simplified HCV diagnostic and 
treatment model in PHCs. Countrywide expansion of this model is warranted to bridge the gaps in the HCV 
care continuum and ensure high rates of treatment uptake towards achieving elimination targets.

8. Novel approach to near POC testing for HCV RNA; integration of HCV RNA testing into existing near  
 POC machines used in National TB program

Abstract Presented at the International Congress on Infectious Diseases, 2020; Kuala Lumpur, Malaysia 
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Background and Aims: Georgia embarked on a hepatitis C (HCV) elimination program in 2015, the 
program started in a centralized manner and is evolving to providing decentralized HCV care. To facilitate 
decentralization, the Foundation for Innovative New Diagnostics (FIND) in collaboration with the Georgian 
government, has introduced and implemented integration of HCV RNA testing on near point of care (POC) 
nucleic acid testing (NAT) machines currently used for tuberculosis (TB), under the Unitaid-funded, HEAD 
(Hepatitis Elimination through Access to Diagnostics) Start program. 

Method: In order not to interrupt existing service delivery for TB, selection criteria for the integration sites were 
jointly decided by stakeholders from the Georgian MoH, NCDC, National TB program. Baseline data on TB 
testing prior to the intervention was collected and at project end the TB testing numbers during the project will 
be compared with the baseline to assess if the integration of HCV impacted the already established TB testing. 
Training on the use of the HCV assay was provided to 8 Georgian labs and the testing is monitored via on-line 
real-time database as well as site support visits. 

Results: From March to October 2019 2293 HCV tests were run, of these 2116 tests resulted in a valid result 
and 177 tests resulted in no result/error/invalid. During the same time period 6, 630 TB tests were run that 
resulted in a valid result, and 163 TB test run resulted in no result/error/invalid. 

Conclusion: Integration of HCV RNA testing using near POC testing in Georgia is feasible and does not  
appear to negatively impact already established TB testing using those same machines. Multisectoral 
stakeholder engagement is key to creating an enabling environment for the integration of multi-disease 
testing to take place. In the Georgian context, as the laboratory technicians were primarily used to conducting 
testing using the sample type of sputum, additional training for the laboratory technicians on how to correctly 
handle samples types such as plasma and whole blood is needed to ensure quality testing and low error rates. 
Integration of HCV testing onto existing machines for TB should be closely monitored in rollout to identify spot 
training and opportunities for quality improvement.
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9. Progress towards achieving hepatitis C elimination in the country of Georgia,  
 April 2015–June 2020
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Background and Aims: In April 2015 with the technical assistance of U.S. CDC and commitment from  
Gilead Sciences to donate direct-acting antivirals (DAAs), Georgia launched the world’s first HCV elimination 
program. Key strategies include nationwide HCV screening, active case finding, linkage to care, decentralized 
care, provision of treatment for all HCV persons and effective prevention interventions. The elimination 
program aims at achieving 90-95-95 targets by 2020: a) diagnose 90% of HCV-infected persons, b) treat 95% 
of those diagnosed, and c) cure 95% of those treated. We report progress towards elimination targets 5 years 
into the elimination program. 

Method: The estimated number of persons living with HCV infection was based on the 2015  
population-based national seroprevalence survey, which showed that 5.4% of the adult general population  
has chronic HCV infection (approximately 150,000 persons). The program collects data on all persons 
registered with the treatment program. Treatment was provided with Sofosbuvir, Ledipasvir/Sofosbuvir or 
Velpatasvir/Sofosbuvir-based regimens. Data on persons tested for chronic HCV infection through sustained 
virologic response (SVR) were extracted as of June 2020. Advanced fibrosis was defined as F≥3 by METAVIR 
score based on elastography and/or FIB-4 score >3.25. 

Results: As of June 30, 2020, a total of 87,626 persons were diagnosed with chronic active HCV infection, 
representing 58.4% of the estimated 150,000 adults living with HCV. A total of 70,032 (79, 9%) patients initiated 
treatment – 54.6% of the estimated target population to be treated (128,250). Of the 47,207 patients who were 
evaluated for SVR, 46,648 (98.8%) tested negative for HCV by PCR, representing 38.3% of the estimated target 
population to be cured (121,837). Very high cure rates were achieved for all HCV genotypes: 98.9% in genotype 
1, 98.9% in genotype 2 and 98.3% in most challenging to treat genotype 3. Treatment effectiveness was 
comparable among persons with advanced fibrosis (F3 and F4) with 98.2% achieving SVR, and among patients 
with mild or no liver fibrosis (≤ F2), SVR= 99.1%. 

Conclusions: Georgia has made substantial progress towards eliminating hepatitis C, with more than half of 
persons with HCV infection identified and registered for treatment. Very high cure rates have been achieved 
among those who received SVR testing. Challenges remain in identifying and especially linking to care persons 
living with HCV in Georgia. A nationwide integrated, decentralized model of HCV treatment, which is already 
implemented, will be critical to improving linkage to care and close the gaps in the HCV cascade.
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10. Simplified HCV treatment model in primary healthcare in the country of Georgia
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Background and Aims: In April 2015, Georgia in partnership with U.S CDC and Gilead Sciences launched the 
world’s first hepatitis C elimination program. By June 2020, more than 70 thousand persons initiated treatment, 
achieving >98% cure rates. Patient enrollment in HCV treatment sharply increased in 2016, but since it has 
been slowing down due to deficiencies in HCV testing and linkage to care. To overcome existing challenges 
Georgia initiated service decentralization in 2018 by integrating HCV screening and treatment in primary 
healthcare centers (PHCs).

Method: By June 30, 2020, a total of 11 PHCs provided HCV care services throughout the country. The 
integrated model was based on a “one-stop shop” approach, by which patients received all HCV screening  
and care services in selected PHCs. Treatment naïve patients with no or mild fibrosis (FIB-4 score < 1.45) 
received care at PHCs and underwent examinations as per simplified diagnostic and treatment monitoring 
algorithm, while persons with FIB-4 score > 1.45 were referred to specialized clinics. Patients received 
Sofosbuvir/Ledipasvir or Sofosbuvir/Velpatasvir for 12 weeks. Sustained virological response (SVR) was  
defined as undetectable HCV RNA 12-24 weeks after the end of therapy. The Extension for Community 
Healthcare Outcomes (ECHO) telemedicine model was utilized to train and support primary healthcare 
providers. Regular teleECHO videoconferencing was conducted to provide primary care providers with  
advice and clinical mentoring. 

Results: Among persons diagnosed with active HCV infection, 1223 were evaluated for FIB-4 score. Of  
these, 819 (67%) had FIB-4 score < 1.45; of them 798 (97.4%) initiated treatment. A total of 674 patients 
completed treatment. Of 536 patients eligible for SVR testing, 438 had been tested at the time of analysis,  
and 430 achieved SVR (98.2% cure rate). 

Conclusion: Our study reported that a simplified HCV diagnostic and treatment model in PHCs significantly 
enhanced diagnosis and linkage to care for treatment services without compromising the quality. Countrywide 
expansion of this model will further improve treatment uptake ensuring high cure rates within the national 
hepatitis C elimination program.

11. The Effect of COVID-19 on the Hepatitis C Screening in Georgia
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Background and Aims: Georgia, a country with a population of 3.7 million, has an estimated  
150,000 adults living with chronic hepatitis C (HCV) infection. In April 2015, the country initiated the world’s 
first National Hepatitis C Elimination Program. Within the state elimination program, all HCV-related services, 
including screening, are covered by the Georgian government and are available to all citizens free of charge. 
To achieve the 2020 target of diagnosing 90% of HCV-infected persons, the government of Georgia has 
prioritized resources to increase uptake of screening and diagnosis. The first COVID-19 case was registered on 
the 26th of February 2020. A number of non-pharmaceutical interventions, including full lockdown throughout 
the country, were implemented through May 2020. The aim of this analysis is to describe the impact of 
COVID-19 on the uptake of HCV screening as part of the Georgian Hepatitis C Elimination Program.

Method: This descriptive analysis utilizes data from the national screening registry and treatment databases 
linked by a unique 11-digit national ID, and the 2020 general population census. 

Results: As of July 31, 2020, 1,884,141 adults have been tested for hepatitis C (66.5% of the adult population), 
of whom 135,206 (7.2%) were anti-HCV positive. Overall, 108,813 individuals received viremia testing, of 
whom 88,475 (81.3%) were found to have chronic HCV. Screening rates are similar for men and women 
(65.1% vs. 67.6%, respectively) and are highest among those aged ≥60, 78.6% and 60.7% for men and women, 
accordingly. This may be explained with the high proportion of hospitalized patients, who are screened for 
hepatitis C on admission (29.1% of total screenings). Screening rates are lowest among those aged 18-29 (56.1% 
and 63.1% for men and women, respectively). The overall positivity rate for adult males is 11.5%. The highest 
positivity rate is seen in men aged 30-59 (16.9%). Among women, the overall positivity rate for adult females is 
3.5%. The highest positivity rate is observed in women aged ≥60 (5.1%). In 2019, 38,030-64,613 (mean 49,219) 
newly screened individuals were registered per month. Monthly rates of newly screened individuals decreased 
to 12,304-34,647 (mean 26,606) in March – July 2020. 

Conclusions: The overall anti-HCV prevalence was highest in males and among those aged 30-59 years. 
Monthly rates of HCV-screened individuals dropped significantly in 2020 compared to 2019. Observed 
COVID-19 related reduction in HCV screening uptake will delay progress towards delivery of the Georgian 
program elimination goals.

12. Self-testing for HCV: Multicountry evidence on usability and acceptability

Abstract Presented at Conference on Retroviruses and Opportunistic Infections, 2021; Virtual Event

Authors: Elena Ivanova Reipold1, Thi Thuy Van Nguyen2, Gamal Shiha3, Ketevan Stvilia4, Aliza MonroeWise5, 
Cheng Wang6, Muhammad Jamil7, Cheryl C. Johnson7, Philippa Easterbrook7 

1Foundation for Innovative New Diagnostics, Geneva, Switzerland, 2World Health Organization, Vietnam 
Country Office, Hanoi, Viet Nam, 3Mansoura University, Mansoura, Egypt, 4National Center for Disease  
Control, Tbilisi, Georgia, 5University of Washington, Seattle, WA, USA, 6Guangxi Medical University, Nanning, 
China, 7World Health Organization, Geneva, Switzerland

Background and Aims: Globally, ≤ 20% of all persons with hepatitis C (HCV) infection have been tested and 
only one-quarter of diagnosed persons have been treated. Self-testing for HCV antibodies (HCVST) may be an 
additional strategy to expand access to HCV testing and support elimination efforts. We undertook studies to 
assess the usability and acceptability of HCVST in the general population as well as key populations: men who 
have sex with men (MSM) and people who inject drugs (PWID). 
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Method: Observational studies were conducted in five countries: Egypt (general population);  
China (MSM); Kenya (PWID); Vietnam and Georgia (PWID and MSM). Oral fluid OraQuickÂ® HCV Rapid Antibody 
Test with Instructions for Use (IFU) adapted for ST was used as a prototype HCVST kit. Participants were 
provided written and pictorial IFU and then conducted ST in a private room with a trained observer. In Egypt, 
in addition to IFU, study personnel provided a one-to-one demonstration on how to use the test. Usability was 
evaluated through observer assessment of errors and difficulties during ST using a standardized checklist; and 
acceptability using a semistructured questionnaire. HCVST results were read and interpreted by participants 
and then re-read by the observer. All participants were re-tested with a professional use OraQuickÂ® HCV Test 
performed by a trained provider. 

Results: A total of 775 participants were enrolled across five studies. Participants completing all testing steps 
without any mistakes were greatest in Egypt and Georgia (>70%), and lowest in PWID from Kenya (30%) and 
Vietnam (46%). The most common error was incorrect sample collection. Inter-reader agreement ranged from 
86% to 99%, and inter-operator agreement from 85% to 99%. The majority of PWID from Vietnam and Kenya 
required assistance in performing HCVST. The proportion of participants who found the kit very easy or easy  
to conduct ranged from 55% in Egypt and 66% in Kenya, to more than 80% in other countries. Acceptability  
was high with > 90% of participants in four countries willing to use HCVST again and who would recommend  
it to family and friends. 

Conclusion: These are the first studies globally to demonstrate high usability and acceptability of HCVST  
in both general and key populations. While most users self-tested with ease, assisted self-testing models  
are needed for some populations such as PWID. HCVST is an important strategy for further consideration  
as it may be a promising tool for increasing coverage and achieving elimination goals.

13. Innovative linkage model to re-engage lost-to-follow-up individuals in The National Hepatitis C  
 Elimination Program of Georgia 
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Background and Aims: In 2015, Georgia launched a national hepatitis C virus (HCV) elimination program  
with the goal of reducing the country’s HCV prevalence by 90%. By implementing systematic screening,  
and expanding harm reduction services and diagnostic capacity, 72% of the adult population had been 
screened for HCV by the end of 2020. However, referral of anti-HCV positive individuals for viremia testing, 
and subsequent enrollment in the treatment program, remains a challenge. In 2019, the National Center for 
Disease Control and Public Health partnered with the Foundation for Innovative New Diagnostics (FIND) to  
pilot a project to promote linkage to care for individuals who screened positive for HCV antibody (anti-HCV)  
but did not receive a viremia test. 
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Method: Anti-HCV-positive individuals lost-to-follow-up residing in the 5 largest regions in  
Georgia were included in the pilot. Individuals with no documented viremia test results were randomly selected 
from the national database. Selected individuals were located and counseled via phone or home visit by 
trained epidemiologists and primary healthcare physicians and referred to an HCV care and treatment facility. 
If the first attempt was unsuccessful, one repeat attempt was made to contact the individual. Incentives were 
provided to the regional health personnel for each patient that was successfully linked to care, defined as 
anyone who presented for viremia testing. 

Results: In December 2019, out of 7, 130 antibody-positive persons without viremia testing, a total of 5, 313 
(75%) were followed-up, of which 3, 859 (73%) were reached. The remaining could not be reached, had moved, 
or emigrated. Of those contacted, 2, 972 (77%) presented for viremia testing, of whom 1, 685 (57%) were 
positive for HCV RNA or core antigen. Overall, 887 (53%) persons with chronic HCV infection were linked to 
care and enrolled in the HCV treatment program, which differed geographically; 46% of persons from urban 
areas were enrolled, compared to 57% of those in rural areas. 

Conclusion: As Georgia nears elimination goals, ensuring all patients who screen positive for anti-HCV are 
linked to care is increasingly important. This pilot demonstrates the effectiveness of incentive-based active 
case follow-up. The project also demonstrates that individuals considered lost-to-follow-up can be re-engaged 
in HCV care. Lessons learned from this project are particularly relevant during the COVID-19 pandemic, when 
disruptions of care can compromise progress toward hepatitis elimination.

14. Progress towards achieving hepatitis C elimination in the country of Georgia,  
 April 2015–December 2020
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Background and Aims: In April 2015, with the technical assistance of the U.S. CDC and commitment from 
Gilead Sciences to donate direct-acting antivirals (DAAs), Georgia launched the world’s first HCV elimination 
program. Key strategies include nationwide HCV screening, active case finding, linkage to care, decentralized 
care, provision of treatment for all HCV persons, and effective prevention interventions. The initial goal of the 
program was to achieve the following targets by 2020: a) diagnose 90% of HCV-infected persons, b) treat 95% 
of those diagnosed, and c) cure 95% of those treated. We report progress towards elimination targets 5 years 
into the elimination program. 



Positive Anti-HCV Test (Total)*

Positive Anti-HCV Test (Tx eligible)**

Tested for HCV RNA or Core Antigen

Positive for Current HCV Infection

Initiated HCV Treatment

Completed ≥ 1 Round of Treatment

Eligible for SVR Testing

Tested for SVR

Cured***

147,747

141,480

120,591

95,711

76,644

72,846

72,114

54,398

53,815

95.8%

85.2%

79.4%

80.1%

95.1%

99.0%

75.4%

98.9%

*Among persons with national ID number.  An additional 18,586 
screened anti-HCV+ using an anonymized 15-digit code. Thus, 
their representation in the cascade cannot be confirmed; 

**Age ≥ 12 with no mortality data prior to confirmation

***Per-protocol, includes retreatments. Among 54,689 persons 
tested after their 1st round of treatment, 52,933 (96.8%) achieved 
SVR (Including 82.3% for SOF-based regimens, 98.2% for SOF/
LED regimens, and 98.6% for SOF/VEL regimens).  1,944 persons 
were retreated with a 2nd round of treatment, with 94.4% 
(1,060/1,123) of those tested achieving SVR. Overall SVR by 
Intention-to-Treat analysis: 72.3% 
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Method: The program collects data on all persons registered with the treatment program.  
Treatment was provided with Sofosbuvir, Ledipasvir/Sofosbuvir, or Velpatasvir/Sofosbuvir-based regimens.  
Data on persons tested for chronic HCV infection, and those deemed cured by sustained virologic response 
(SVR) were extracted as of December 2020. 

Results: As of December 31, 2020, a total of 90,578 persons were diagnosed with chronic HCV infection, 
representing 60.4% of the estimated 150,000 adults living with HCV in Georgia. A total of 72,811 (80,4%) 
patients initiated treatment – 56.8% of the estimated target population to be treated (128,250). Of the 51,208 
patients who were evaluated for SVR, 50,644 (98.9%) tested negative for HCV by PCR, representing 41.6% of 
the estimated target population cured (121,837). High cure rates were achieved for all HCV genotypes: 98.9% 
in genotype 1, 98.9% in genotype 2 and 98.3% in genotype 3, typically the most challenging to treat. Treatment 
effectiveness was comparable among persons with advanced fibrosis (F3 and F4) with 98.2% achieving SVR, 
and among patients with mild or no liver fibrosis (≤ F2), SVR= 99.1%. 

Conclusions: Georgia has made substantial progress towards eliminating hepatitis C, with over 40% of persons 
with chronic HCV infection identified and cured. Efforts to identify and link to care persons with HCV infection, 
ensure SVR testing and implement prevention interventions are needed to achieve the elimination goals.

Figure. Georgia Hepatitis 
C Elimination Program Care 
Cascade, April 28, 2015 – 
December 31, 2021

15. The effect of COVID-19 on the progress of the hepatitis C elimination program in Georgia
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Background and Aims: Georgia, with a population of 3.7 million, has an estimated 150,000 adults  
living with chronic hepatitis C virus (HCV) infection. The country initiated the world’s first national HCV 
elimination program in 2015, with free screening and treatment available to all citizens. Despite great progress, 
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the COVID-19 pandemic has created new challenges for the program. This analysis describes the progress 
made in HCV screening since program initiation and the impact of the COVID19 pandemic on testing. 

Methods: A national database was created to collect screening data for the HVC program, for the purpose of 
surveillance and program monitoring and evaluation. This analysis uses data from the national HCV screening 
registry and treatment databases linked by individuals’ national IDs, and the 2014 general population census.

Results: As of January 23, 2021, 2,100,693 adults have been tested for antibody to HCV (anti-HCV) (73.4% 
of the adult population), of whom 157,515 (7.5%) were anti-HCV positive. Overall, 113,315 (71.9%) of anti-HCV-
positive individuals received follow-up viremia testing, and 90,498 (79.8%) were found to have chronic HCV 
infection. The COVID-19 pandemic has led to a decline in testing in the national HCV elimination program. 
Screening rates dropped after restrictions were imposed in March 2020, from as high as 87,997 in February, 
to just 37,010 in April. Testing briefly increased in the summer, with 113,658 tests performed in July, due in part 
to relaxed restrictions and intensified integrated screening programs (HCV, tuberculosis, and HIV). Overall, the 
number of individuals tested in 2020 decreased by 51% (288,343) compared to 2019 (584,987). 

Conclusion: Although the program has made significant progress toward HCV elimination, the ongoing 
pandemic has led to a decline in testing rates. In response, Georgia intends to increase integrated screening, 
and seek active approaches to link patients to care. The lessons learned and impact on the program 
demonstrate how a pandemic can prove challenging for public health programs and highlights the need to 
employ innovative strategies to avoid loss of progress. 

16. Feasibility and effectiveness of models of HCV viraemia testing at harm reduction sites in  
 Georgia: A prospective 3 arm study

Abstract Presented at EASL International Liver Congress, 2021; Virtual Event
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M Butsashvili6, K Stvilia4, A Asatiani5, E Adamia7, P Easterbrook8, I Khonelidze5, and A Gamkrelidze5 

Figure.
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Background and Aims: In 2015, Georgia began a hepatitis C virus (HCV) elimination programme. Although 
screening programmes have largely been decentralised for high-risk groups, viraemia testing remains a  
limiting factor for people who inject drugs (PWID). As part of HEAD-Start (Hepatitis C Elimination through 
Access to Diagnostics) Georgia, Foundation for Innovative New Diagnostics (FIND) in partnership with  
Georgia’s National Centers for Disease Control and Public Health conducted a cluster, non-randomized 
interventional study to describe two models of viraemia testing that aim to address this gap and compare  
them to the current standard of care (SOC).

Method: We assigned 8 harm reduction sites (HRS) to one of three arms. Arm 1: GeneXpert HCV viral load  
on-site testing, Arm 2: centralised viraemia testing with HCV core antigen (centralised HCVcAg), or Arm 3:  
SOC with all anti-HCV positive referred to treatment centres for HCV RNA testing.

Results: Between May 2018 and September 2019, 1671 HCV-seropositive participants were enrolled  
(Arm 1, 620; Arm 2, 486; Arm 3, 565). Participants were predominantly male (95.4%), with a median age of  
43 years (interquartile range [IQR]): 37, 50), and 1290 (77.2%) were currently injecting drugs. Significantly higher 
proportions of participants in Arms 1 (100.0%) and 2 (99.8%) had viraemia testing performed compared with 
Arm 3 (91.3%) (Arm 1 vs Arm 3; P<.001, Arm 2 vs Arm 3; P<.001) (Figure). Among viraemic participants, treatment 
uptake was similar across all arms (Arm 1, 84.0%; Arm 2, 79.5%; Arm 3, 88.4%). The time between screening and 
sample collection for viraemia testing was significantly longer in Arm 3 (median 1 [0, 4] days) compared with 
both Arm 1 (P<.001) and Arm 2 (P<.001) (median 0 [0, 0] days for both), and the overall time between screening 
to treatment initiation was longer for Arm 3 (67 [45, 94] days) compared with Arm 1 (57 [39, 87] days; P<.001) 
and Arm 2 (50 [38, 80] days; P<.001).

Conclusion: Point-of-care viraemia testing and blood drawn on-site for HCVcAg testing resulted in more HCV 
seropositive patients receiving viraemic testing within a shorter timeframe compared with referral for blood 
collection using SOC. However, proportions of viraemic patients who were referred to treatment centres and 
subsequently initiated treatment were similar across all arms. These findings underscore the benefits of fully 
decentralised HCV care.

Figure. Retention of patients in the 
hepatitis C care cascade by study arm

Abbreviations: HCV = hepatitis C virus; 
SVR = sustained virologic response
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17. Evaluation of alcohol use behavior among patients cured in Georgia’s HCV elimination  
 program (preliminary results)
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Background and Aims: Georgia has one of the highest rates of wine consumption in the world. Combined  
with a high prevalence of chronic HCV infection, the synergistic effects can lead to worse liver-related 
outcomes. There is no data on the role of alcohol consumption on progression of liver disease among  
hepatitis C virus (HCV) patients in the country. This study evaluates alcohol consumption behaviors among 
patients in the HCV program. 

Method: An interviewer-administered questionnaire was used to collect data on demographic, clinical,  
and drinking behavior. Patients were enrolled from three clinics, one in Tbilisi and two in other large cities  
in Georgia. Participants were then randomly selected from the list of patients treated with direct-acting antivirals 
(DAAs), and who subsequently achieved SVR. Data on baseline and post-treatment fibrosis levels (measured  
by FIB4 score or liver elastography) were abstracted to evaluate the association of alcohol use with liver 
fibrosis progression. 

Results: As of December 2020, 256 patients were enrolled in the study. Of those, 11.1% were ≤35 years old, 
81.7% were male, 98.4% were Georgian, 69.8% were married, 38.9% had a university degree, and 61.5% were 
employed. The majority of participants (93.7%) report ever using alcohol in their lifetime, and 10.3% consider 
themselves heavy drinkers. Nearly all (94.1%) people knew that heavy alcohol consumption can accelerate the 
development of liver fibrosis, and 97.5% abstained from alcohol during treatment. Among those, 75.7% resumed 
drinking after achieving SVR. More than half (52.1%) of the patients felt moderate alcohol intake is normal for 
those with low fibrosis scores. And only 12.8% of patients thought drinking is unacceptable among people with 
HCV infection. In a bivariate analysis, patients who abstained from alcohol after achieving SVR were 4 times 
more likely to have improvement in liver fibrosis compared to those who resumed drinking (29.5% vs 7.4%, 
respectively; p <0.02).

Conclusion: Drinking alcohol is common in Georgia, and a high proportion of people in the HCV treatment 
program consume alcohol. Abstaining from alcohol is advantageous to improvement in fibrosis, even after SVR 
has been achieved. However, a majority of patients with HCV infection do not drink alcohol during treatment, 
but resume drinking after achieving SVR. The findings present an opportunity to focus messaging and 
education for patients during DAA treatment to improve outcomes even after completion of treatment.

18. Improvement in liver fibrosis among patients with Hepatitis C who achieved sustained virologic  
 response after direct acting antivirals treatment in Georgia (preliminary results)

Abstract Presented at Global Hepatitis Summit, 2021; Taipei, Taiwan
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Background and Aim: In 2015, Georgia launched a national HCV elimination program. This study  
assesses changes in liver stiffness, biochemical, and clinical parameters in a cohort of HCV-infected  
patients with advanced liver fibrosis who were enrolled in the HCV elimination program and achieved SVR  
after treatment with DAAs. 

Method: The study cohort included patients ≥18 years with advanced liver fibrosis level by elastography (≥F3) 
or FIB4 score >3.25, who were treated with DAAs and achieved SVR at 12–24 weeks post-treatment. A random 
sample was selected from clinics providing care and treatment to HCV patients. Baseline data (prior to initiating 
treatment) were abstracted from patients’ medical records. Follow-up laboratory and clinical measures were 
collected at 4 years posttreatment. 

Results: A total of 600 patients were included in the study. At 4 years post-treatment, mean liver stiffness 
decreased from 23.7 kPa to 11.3 kPa (p< .0001). Mean difference in FIB-4 score was 1.6 (from 3.52 to 1.92) (p< 
.0001). Mean ALT level decreased from 111.9 to 28.2 (p< .0001) and mean AST level from 89.6 to 26.7 (p< .0001). 
Platelet count increased from 159,200 to 190,500/µL (p< .0001). Hemoglobin levels increased by a mean 
of 0.3 g/dL (p= .039), and spleen length and width decreased by mean of 4.3 mm (p= .004) and 3.1 mm (p< 
.0001), respectively. Among patients with ascites at baseline (n=17), 11 (64.7%) experienced resolution; for the 
majority (n=583) without ascites at baseline, 10 (1.7%) developed ascites during follow-up period. Four patients 
developed HCC between baseline and 4-year follow up visit. 

Conclusion: Among patients with liver fibrosis, treatment with DAAs affords significant improvement in nearly 
all diagnostic markers, and can lead to resolution of clinical symptoms of decompensated liver failure.

19. Management of hepatitis C in primary healthcare in the country of Georgia
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Background and Aims: In April 2015, through a partnership with Gilead Sciences and technical  
assistance from U.S. CDC, Georgia launched the world’s first hepatitis C elimination program. By December 
31, 2020, more than 72,000 persons initiated treatment with >98% reporting sustained virologic response 
(SVR) cure. Broad access to direct acting antivirals (DAAs) resulted in rapid increase in treatment uptake in 
2016, which has since declined due to barriers in diagnosis and linkage to care. To address this issue Georgia 
initiated service decentralization in 2018 by integrating hepatitis C virus (HCV) screening and treatment in 
primary healthcare centers (PHCs). We report preliminary results of an integrated model of HCV care in PHCs 
from August 2018 through June 2020.

Method: By June 30 2020, a total of 10 PHCs provided HCV care services throughout the country.  
The integrated model was based on a single-location delivery model, by which patients received all HCV 
screening, treatment and care services at a PHC. PHCs provided care to HCV treatment-naïve patients with 
no or mild fibrosis (FIB-4 score<1.45) using simplified diagnostics and a treatment monitoring approach, while 
persons with advanced liver fibrosis/cirrhosis were referred to specialized clinics. Patients received Sofosbuvir/
Ledipasvir and/or Sofosbuvir/Velpatasvir for 12 weeks. SVR was defined as undetectable HCV RNA 12-24 
weeks after end of therapy. The Extension for Community Healthcare Outcomes (ECHO) telemedicine model 
was utilized to train and support primary healthcare providers. Regular teleECHO videoconferencing was 
conducted to provide primary care providers with advice and clinical mentoring.

Results: Among persons diagnosed with active HCV infection, 1,223 were evaluated for FIB-4 score. Of these, 
819 (66.9%) had FIB4 score<1.45 and qualified for treatment at a PHC; of them 798 (97.4%) initiated treatment, 
and 674 (85%) of those who initiated treatment completed it. Of 536 patients within the 12-24 week window of 
SVR eligibility, 438 had been tested at the time of analysis, and 427 achieved SVR (97.5% cure rate).

Conclusion: Our study reported the feasibility and effectiveness of integrating a simplified HCV diagnostic and 
treatment model in PHCs. Countrywide expansion of this model is warranted to bridge the gaps in the HCV 
care continuum and ensure high rates of treatment uptake towards achieving elimination targets.

20. Association of treated and untreated chronic hepatitis C with the incidence of tuberculosis:  
 A population-based cohort study in the country of Georgia
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Background and Aims: Hepatitis C virus (HCV) infection causes dysregulation and suppression  
of immune pathways involved in the response against and control of tuberculosis (TB) infection. However, 
research on the role of HCV as a risk factor for active TB disease is lacking. The country of Georgia’s novel 
program for hepatitis C elimination and national databases for both HCV and TB presents a unique opportunity 
to explore the incidence of TB disease among HCV-infected persons. This study assessed the effects of HCV 
infection on the rate of TB disease.

Method: We conducted a cohort study among adult citizens of Georgia tested for HCV antibodies  
between January 1, 2015 and September 30, 2o2o. Data were obtained from the Georgian hepatitis C 
elimination program, National TB Program, and national death registry electronic databases and linked using 
a unique national ID. The exposure of interest was the status of HCV infection, with three categories: (1) HCV 
antibody-negative (reference group); (2) completed HCV treatment (treated); (3) untreated HCV infection. The 
outcome was newly diagnosed TB. Follow-up started at HCV antibody testing and ended at first TB diagnosis, 
death, or end of the study period. Crude incidence rates and 95% confidence intervals (CI) were calculated. To 
calculate adjusted hazards ratios (aHR) and 95% CIs, we used a stratified Cox model with HCV status treated as 
a time-varying covariate, adjusted for sex, incarceration, and region of residence, stratified by birth cohort.

Results: A total of 1,778,382 adults were included, with a median follow-up time of 27 months (interquartile 
range: 26 months). TB was diagnosed in 2,923 (0.16%) participants. The TB incidence rate was 66 cases per 
100,000 person-years (PY) among HCV negative persons, 109 cases per 100,000 PY among those treated 
for HCV, and 295 cases per 100,000 PY among persons with untreated HCV infection. In multivariable 
analysis, those with untreated (aHR=2.8, 95%CI: 2.4, 3.2) or treated (aHR=1.4, 95%CI: 1.2, 1.7) HCV infection had 
significantly higher rates of TB compared to HCV negative persons.

Conclusion: Those with HCV infection were at higher risk of being diagnosed with incident TB disease. Our 
findings suggest that screening for latent TB infection and TB disease could be considered in the process of 
clinical evaluation of people with HCV infection; this could improve early detection of TB disease, which is one 
of the priorities of World Health Organization’s End TB strategies.

Table. Rate of active TB in population with  
known hepatitis C status.

*Number of people who completed HCV treatment 
is also counted in the untreated group since they 
**contributed person-time to both groups;

Adjusted for sex, incarceration, and region of 
residence, using age as time-scale.

Abbreviations: HCV, hepatitis C virus; TB, 
tuberculosis; IR, incidence rate; PY, person-year; 
aHR, adjusted hazards ratio.

HCV status 
Total N* 

Incident 

TB cases 

R per 

100,000 PY 

aHR** 

(95%CI) 

HCV antibody negative 1,708,041 2,522 66 1 

Untreated HCV infection 70,341 253 295 2.8 (2.4, 3.2) 

Completed HCV treatment 
53,456 148 

109 1.4 (1.2, 1.7) 
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Background and Aims: Georgia, with a population of 3.7 million, has an estimated 150,000 adults living with 
chronic hepatitis C virus (HCV) infection. The country initiated the world’s first national HCV elimination program 
in 2015, with free screening and treatment available to all citizens. Despite great progress, the COVID-19 
pandemic has created new challenges for the program. This analysis describes the progress made in HCV 
screening since program initiation and the impact of the COVID-19 pandemic on testing.

Method: A national database was created to collect screening data for the HCV program, for the purpose of 
surveillance and program monitoring and evaluation. This analysis uses data from the national HCV screening 
registry and treatment databases linked by individuals’ national IDs, and the 2014 general population census. 

Results: As of August 30, 2021, 2,220,000 adults have been tested for antibody to HCV (anti-HCV)  
(77.6% of the adult population), of whom 162,657 (7.3%) were anti-HCV positive. Overall, 118,400 (72.8%) of  
anti-HCV-positive individuals received follow-up viremia testing, and 93,839 (79.3%) were found to have  
chronic HCV infection. The COVID-19 pandemic led to a decline in testing in the national HCV elimination 
program. Screening rates dropped after restrictions were imposed in March 2020, from as high as 87,997 in 
February, to just 37,010 in April. Testing briefly increased in the summer, with 113,658 tests performed in July, 
due in part to relaxed restrictions and intensified integrated screening programs (HCV, tuberculosis, and HIV). 
Overall, the number of individuals tested in 2020 decreased by 51% (288,343) compared to 2019 (584,987). 
During January−August 2021, total number of persons screened is lower than the same eight-month period in 
2020 (433,907 versus 552,593). 

Conclusion: Although the program has made significant progress toward HCV elimination, the ongoing 
pandemic has led to a decline in testing rates, with numbers continuing to decline in 2021. In response, 
Georgia intends to increase integrated screening, and seek active approaches to link patients to care. The 
lessons learned and impact on the program demonstrate how a pandemic can prove challenging for public 
health programs, and highlights the need to employ innovative strategies to avoid loss of progress.

22. HCV-Attributable liver cancer in the country of Georgia: Analysis of cases from the Georgian  
 Cancer Registry, 2015-2019
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Background and Aims: Georgia has a high national prevalence of hepatitis C virus (HCV) infection,  
with 5.4% of adults chronically infected based on a 2015 serosurvey. In response, a national Hepatitis C 
Elimination program was launched in 2015 to provide widespread testing and treatment with direct-acting 
antiviral agents (DAAs). By the end of 2020, 73% of the adult population had been screened for anti-HCV  
and >70,000 had been treated. Chronic HCV infection is a leading cause of hepatocellular carcinoma (HCC), 
which has a 5-year survival of 10-20%.

The Georgia Hepatitis C Elimination Program maintains high-quality registries, providing data for HCV 
screening, testing and treatment. These data can be linked to other health registries; analyses of case-level 
data from the HCV registries linked to the recently-inaugurated (2015) Georgian Cancer registry (GCR) may 
facilitate a better understanding of the HCV-attributable burden of HCC in Georgia . Assessing the attributable 
disease burden of chronic viral hepatitis (CVH) is needed to measure the impact of the program and progress 
toward viral hepatitis elimination.

Method: We extracted data for all cases in the GCR classified as C22 (Primary Liver Cancer [PCL])  
using the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) during 
2015-2019. Data on demographics (date of birth, sex, residence), date of diagnosis, and death (if applicable), 
and clinical information were abstracted. Using Georgia’s unique National ID, cases were matched to the HCV 
Screening and HCV Treatment Registries (anti-HCV and RNA test results, fibrosis scores, genotype, HBsAg 
results, and data on treatment (initiation, completion, and cure).

Results: Among 869 case-patients, 72% were male and median age at diagnosis was 62 years (IQR 55-71); 
males were younger than females at diagnosis. Overall, 698 (84%) case-patients died as of April 2021, and  
288 (33%) survived > 1 year from date of diagnosis.

One-third (275, 32%) of cases were classified as HCC (C22.0), 96 (11%) as intrahepatic cholangiocarcinoma  
(ICC, C22.1), and most cases (490, 56%) were not classified to a specific cancer subtype (NSCT, C22.7/C22.9).  
A minority of cases (253, 29%) were diagnosed histologically.

Most cases (588, 68%) were screened for anti-HCV, and the proportions screened increased from 27%  
in 2015 to 93% in 2019. Of these, 351 (60%) were anti-HCV positive, and 283 (80%) were confirmed to be 
viremic. Among viremic cases, 209 (74%) had fibrosis assessment, and 190 (91%) were classified as Metavir  
F3-F4. Chronic HCV infection was strongly associated with both younger age (p <.0001) and male sex  
(OR=3.6 [95% CI 2.4-5.5]).

Conclusion: Georgia has a comprehensive Hepatitis C Elimination program, with surveillance systems that can 
link testing, treatment, and cancer registry data. Still, only two-thirds of cases of PLC had data on HCV status; 
however, the proportion screened increased substantially during the study period. Approximately half of those 
with PLC and screening data available had chronic HCV infection, suggesting HCV contributes substantially 
to PLC burden in Georgia. Continuing to monitor these trends is critical to demonstrating progress towards 
elimination, and provides a model globally for integrated surveillance of sequelae from viral hepatitis.
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Treatment outcomes of patients with
chronic hepatitis C receiving sofosbuvir-
based combination therapy within national
hepatitis C elimination program in the
country of Georgia
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Abstract

Background: Georgia has one of the highest HCV prevalence in the world and launched the world’s first national
HCV elimination programs in 2015. Georgia set the ambitious target of diagnosing 90% of people living with HCV,
treating 95% of those diagnosed and curing 95% of treated patients by 2020. We report outcomes of Sofosbuvir
(SOF) based treatment regimens in patients with chronic HCV infection in Georgia.

Methods: Patients with cirrhosis, advanced liver fibrosis and severe extrahepatic manifestations were enrolled in the
treatment program. Initial treatment consisted of SOF plus ribavirin (RBV) with or without pegylated interferon (INF).
Sustained virologic response (SVR) was defined as undetectable HCV RNA at least 12 weeks after the end of
treatment. SVR were calculated using both per-protocol and modified intent-to-treat (mITT) analysis. Results for
patients who completed treatment through 31 October 2018 were analyzed.

Results: Of the 7342 patients who initiated treatment with SOF-based regimens, 5079 patients were tested for SVR.
Total SVR rate was 82.1% in per-protocol analysis and 74.5% in mITT analysis. The lowest response rate was
observed among genotype 1 patients (69.5%), intermediate response rate was achieved in genotype 2 patients
(81.4%), while the highest response rate was among genotype 3 patients (91.8%). Overall, SOF/RBV regimens
achieved lower response rates than IFN/SOF/RBV regimen (72.1% vs 91.3%, P < 0.0001).
In multivariate analysis being infected with HCV genotype 2 (RR =1.10, CI [1.05–1.15]) and genotype 3 (RR = 1.14, CI
[1.11–1.18]) were associated with higher SVR. Patients with cirrhosis (RR = 0.95, CI [0.93–0.98]), receiving treatment
regimens of SOF/RBV 12 weeks, SOF/RBV 20weeks, SOF/RBV 24weeks and SOF/RBV 48 weeks (RR = 0.85, CI [0.81–0.91];
RR = 0.86, CI [0.82–0.92]; RR = 0.88, CI [0.85–0.91] and RR = 0.92, CI [0.87–0.98], respectively) were less likely to achieve SVR.

Conclusions: Georgia’s real world experience resulted in high overall response rates given that most patients had severe
liver damage. Our results provide clear evidence that SOF plus IFN and RBV for 12 weeks can be considered a treatment
option for eligible patients with all three HCV genotypes. With introduction of next generation DAAs, significantly
improved response rates are expected, paving the way for Georgia to achieve HCV elimination goals.
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Background
Globally, an estimated 71 million people are chronic-
ally infected with hepatitis C virus (HCV), and 400,
000 die annually from hepatitis C-related liver dis-
eases [1]. Management of HCV infection has been
revolutionized after the availability of direct acting an-
tivirals (DAAs), and Sofosbuvir (SOF) was the first
widely introduced DAA [2, 3]. Clinical trials have
demonstrated high efficacy of SOF-based regimens in
patients infected with genotypes 1–6 [4–8].
Georgia has one of the highest HCV prevalence

rates among general population in the world [9], and
launched the world’s first national HCV elimination
program in 2015 [10]. The elimination program has
adopted a comprehensive strategy that addresses both
prevention and treatment of HCV infection. A key
component of the program is the provision of DAAs
free of charge to all Georgian citizens; this was made
possible through an agreement with Gilead Sciences
to donate DAAs. Georgia has set itself the ambitious
target of diagnosing 90% (135,000 persons) of people
living with HCV, treating 95% (128,000 persons) of
those diagnosed and curing 95% (121000) of treated
patients by 2020 [9]. We report outcomes of SOF-
based treatment regimens in patients with chronic
HCV infection in the country of Georgia.

Methods
All Georgians aged 18 years or older that are infected
with HCV are eligible for the free of charge treatment
program. The hepatitis C elimination program was
launched on 28 April 2015. All patients treated from
launch through 31 October 2018 are included in the
analysis. Treatment-naive and experienced patients
with cirrhosis (including decompensated cirrhosis),
advanced liver fibrosis, severe extrahepatic manifesta-
tions, HCV re-infection after liver transplantation and
HIV-coinfection were prioritized for enrollment in the
treatment program. Initially, DAA treatment was ex-
clusively SOF based and included ribavirin (RBV) with
or without pegylated interferon, depending on the
HCV genotype, per national guidelines. From February
2016, more effective, interferon free DAA combination
- sofosbuvir and ledipasvir (SOF/LDV) was intro-
duced, and treatment regimens were revised. Begin-
ning in June 2016, treatment criteria were relaxed
allowing enrollment of all HCV infected persons re-
gardless of level of liver fibrosis, to be treated. Treat-
ment guidelines were established by a committee
composed of treatment experts from Georgia in con-
sultation with international experts. Based on eligibil-
ity of interferon therapy all HCV genotype 1 and 3
patients received SOF plus, Pegylated interferon (IFN)
and RBV for 12 weeks or SOF plus RBV for 24 weeks.

HCV genotype 2 treatment naïve patients without cir-
rhosis were treated with the 12-week combination of
SOF plus RBV, while cirrhotic patients and those with
prior treatment failure received the 12-week regimen
of SOF plus IFN and RBV or the 20-week regimen of
SOF plus RBV based on eligibility of interferon. Pa-
tients with decompensated cirrhosis received SOF plus
RBV for 48 weeks.
Treatment was initially limited to four sites in

Tbilisi, and later expanded with sites from other cit-
ies within Georgia; by October 2018, 31 sites were
providing HCV treatment in the country. The HCV
treatment program providers also participated in
Project ECHO (Extension for Community Healthcare
Outcomes).
A national HCV treatment database was established,

which collected standard data for each patient enrolled
in treatment program. Each treatment site was respon-
sible for data entry for each enrolled patient. Data were
de-identified and sociodemographic, clinical and la-
boratory data were extracted from national HCV treat-
ment database. Characteristics measured included: age,
gender, HCV RNA, FIB-4 test score, METAVIR score,
HBsAg, treatment regimen, HCV genotype and city
where treatment was provided. Sustained virologic re-
sponse (SVR) was defined as undetectable HCV RNA at
least 12 weeks after the end of treatment. The presence
of cirrhosis was confirmed by vibration-controlled tran-
sient elastography or acoustic radiation force impulse
elastography (ARFI) compatible with stage F4 fibrosis
(≥14.5 kpa)_by METAVIR. Decompensated cirrhosis
was defined as the presence of current or past ascites,
hepatic encephalopathy and variceal haemorrhage etc.
SVRs were calculated using both per-protocol and
modified intent-to-treat (mITT) analysis. Per-protocol
approach included only those with complete SVR data,
while in mITT analysis persons discontinuing treat-
ment were also included. Persons who died or had no
SVR test > 24 weeks after completing treatment were
excluded from analysis.

Statistical analysis
All analyses were performed with SAS version 9.3 soft-
ware (SAS Institute, Inc., Cary, NC, USA). Variables
were categorized as follows: age category: 18–44, 45–60,
and > 60; HCV RNA category: < 800,000 IU/mL vs. ≥800,
000 IU/mL; FIB-4 test: <1.45, 1.45–3.25 and > 3.25;
METAVIR score: <F4 and F4. We used the chi-square
or Fisher’s exact to compare differences in categorical
variables with SVR. We performed a multivariate
logistic-regression analysis involving baseline demo-
graphic, clinical and laboratory characteristics to iden-
tify independent predictors of SVR. A p-value < 0.05
was considered significant. The final model included
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variables associated (p < 0.05) with SVR in the bivariate
analysis. The results are presented with a Risk ratio
(RR) and 95% Confidence intervals (CIs). Results for
patients who completed treatment and tested for SVR
through 31 October 2018 were analyzed. The study was
approved by the Institutional review board of the Infec-
tious Diseases, AIDS and Clinical Immunology Re-
search Center, Tbilisi.

Results
A total of 7342 patients with chronic HCV infection re-
ceived SOF-based therapy from April 28, 2015 until Oc-
tober 31, 2018 and 5079 had complete SVR data.
The pretreatment demographics, clinical and labora-

tory characteristics of patients with complete SVR data
are described in Table 1. Most patients, 2838 (55.9%)
were age 45–60 years, 4381 (86.3%) were males and 2783
(57.9%) had stage F4 fibrosis (by METAVIR). Overall,
1724 (33.9%) of the patients had HCV genotype 1,
followed by HCV genotype 3, 2305 (45.4%) and HCV
genotype 2, 1047 (20.6%). Only 3 patients were infected
with HCV genotype 4. Majority of patients were treated
with IFN/SOF/RBV for 12 weeks (52.1%), followed by
SOF/RBV for 24 weeks (27.9%), SOF/RBV for 20 weeks
(7.8%), SOF/RBV for 12 weeks (7.2%), and SOF/RBV for
48 weeks (5.0%).
A total of 521 persons discontinued treatment, with the

most common causes for not completing treatment being
death (48.8%; n = 254), self-discontinuation (19.6%; n =
102), and loss to follow up (15.9%; n = 83). Among those
who died during treatment, the majority 299/521 (57.4%)
had severe liver disease (METAVIR scores of F3 or F4).
A total of 5079 persons with complete SVR data and

521 persons who discontinued treatment, were included
in treatment efficacy analysis (total 5600 persons). Total
SVR rate was 82.1% (4170/5079) in per-protocol analysis
and 74.5% (4170/5600) in mITT analysis.
Of those with an SVR12, the lowest response rate

was observed among genotype 1 patients (1198/1724;
69.5%), intermediate response rate was achieved in
genotype 2 patients (852/1047; 81.4%), while the high-
est response rate was among genotype 3 patients
(2117/2305; 91.8%). There were only 3 patients with
genotype 4 and all were cured.
Overall, SOF/RBV regimens achieved lower response

rates than IFN/SOF/RBV regimen (72.1% vs 91.3%, P <
0.0001). This difference was seen in all genotypes (57.0%
vs 80.8%, P < 0.0001 for genotype 1; 76.9% vs 96.3%, P <
0.0001 for genotype 2 and 82.5% vs 96.9%, P < 0.0001 for
genotype 3 respectively) (Fig. 1).
Multivariate analysis (Table 2) showed that when con-

trolling those factors which were significantly associated
with SVR in bivariate analysis, being infected with HCV
genotype 2 (RR =1.10, CI [1.05–1.15], P = 0.001) and

genotype 3 (RR = 1.14, CI [1.11–1.18], P < 0.0001) were
associated with higher SVR. Patients with cirrhosis (RR =
0.95, CI [0.93–0.98], P < 0.0001), receiving treatment
regimens of SOF/RBV 12 weeks, SOF/RBV 20 weeks,
SOF/RBV 24 weeks and SOF/RBV 48 weeks (RR = 0.85,
CI [0.81–0.91], P < 0.0001; RR = 0.86, CI [0.82–0.92],
P < 0.0001; RR = 0.88, CI [0.85–0.91], P < 0.0001 and
RR = 0.92, CI [0.87–0.98], P = 0.005, respectively) were
less likely to achieve SVR.

Discussion
This study from Georgia is one of the largest real-
world cohorts examining outcomes of HCV treat-
ment with SOF based regimens, among patients with
severe liver disease. We assessed real-world efficacy
of SOF plus RBV with or without IFN in these
difficult-to-treat patients with chronic hepatitis C.
Our study demonstrated that SOF-based regimens
can result in high overall SVR rates, similar to SVR
rates achieved in clinical trials [11, 12]. While newer
combination DAAs are now available, SOF is now
one of the most readily available DAAs worldwide,
at affordable prices in many low middle income
countries, and as such, these findings have relevance
today. In particular, the acceptable SOF plus RBV
outcomes among the most severely ill patients, re-
gardless of genotype are highly relevant.
In our study response rates among patients with

HCV genotype 2 were lower than reported in clinical
trials and real-life studies which showed high efficacy
of SOF plus RBV combination treatment among HCV
genotype 2 patients including those with cirrhosis
and/or treatment experience [8, 12–15]. Lower effi-
cacy of treatment in genotype 2 patients may have
been associated with a reported high prevalence of
HCV recombinant form 2 k/1b among Georgian HCV
genotype 2 patients [16]; these patients do not re-
spond well to standard treatment for genotype 2 and
regimens used for genotype 1 seem to be more effect-
ive [17]. Therefore there is a need for reassessing
existing modalities for the management of HCV geno-
type 2 infection, especially in areas with high preva-
lence of HCV recombinant form 2 k/1b [18].
We observed high cure rates in HCV genotype 3

patients that are one of the most challenging subpop-
ulations to treat [19]. IFN-based regimens were super-
ior to SOF/RBV alone. The results of clinical trials
showed that HCV genotype 3 patients achieved higher
SVR12 rates with a 12 week SOF and RBV in combin-
ation with IFN that patients who were treated with
SOF and RBV alone [12].
Our findings support use of a 12 week regimen of SOF

plus RBV in combination with IFN as a treatment option
for eligible HCV genotype 3 patients in settings, where
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Table 1 Baseline characteristics of adult persons with complete SVR data treated with SOF-based regimens by HCV genotypes
within the national hepatitis C elimination program, April 28, 2015 – October 31, 2018

Characteristic TOTAL Genotype 1 Genotype 2 Genotype 3 Genotype 4

n % n % n % n % n %

Age category, n (%)

18–45 1635 32.2 386 22.4 299 28.6 948 41.1 2 66.7

45–60 2838 55.9 944 54.8 630 60.2 1264 54.8 . .

60+ 606 11.9 394 22.9 118 11.3 93 4.0 1 33.3

Gender, n (%)

Female 698 13.7 486 28.2 101 9.6 110 4.8 1 33.3

Male 4381 86.3 1238 71.8 946 90.4 2195 95.2 2 66.7

HCV RNA categories, n (%)

< 800,000 IU/mL 2922 57.7 901 52.5 625 59.8 1393 60.5 3 100.0

≥ 800,000 IU/mL 2145 42.3 816 47.5 420 40.2 909 39.5 . .

FIB-4 Test

< 1.45 200 5.7 65 6.0 51 7.0 84 5.0 . .

1.45–3.25 1763 50.2 491 45.0 403 55.1 868 51.5 1 50.0

> 3.25 1546 44.1 535 49.0 277 37.9 733 43.5 1 50.0

Metavir score

< F4 2021 42.1 676 39.8 516 50.9 827 39.6 2 66.7

F4 2783 57.9 1021 60.2 497 49.1 1264 60.4 1 33.3

Liver function tests, n (%)

ALT >2 X ULN 2585 51.0 731 42.5 466 44.6 1385 60.2 3 100.0

AST >2 X ULN 2604 51.4 783 45.6 442 42.3 1376 59.8 3 100.0

Billirubin >1.1 mg/dL 4423 87.3 1520 88.5 928 88.8 1972 85.7 3 100.0

Albumin < 35 g/L 2001 39.5 670 39.0 469 44.9 862 37.4 . .

INR >1.49 687 13.6 260 15.1 132 12.6 295 12.8 . .

Co-infections, n (%)

HBsAg+ 108 2.2 28 1.7 19 1.9 61 2.8 . .

HBsAg- 4777 97.8 1666 98.3 985 98.1 2123 97.2 3 100.0

Treatment regimen, n (%)

IFN/SOF/RBV (12 wk) 2646 52.1 905 52.5 240 22.9 1500 65.1 1 33.3

SOF/RBV (12 wk) 364 7.2 3 0.2 360 34.4 1 0 . .

SOF/RBV (20 wk) 395 7.8 3 0.2 392 37.4 . . . .

SOF/RBV (24 wk) 1418 27.9 695 40.3 7 0.7 714 31 2 66.7

SOF/RBV (48 wk) 256 5 118 6.8 48 4.6 90 3.9 . .

City of treatment site, n (%)

Tbilisi 3800 74.8 1294 75.1 819 78.2 1684 73.1 3 100

Kutaisi 362 7.1 148 8.6 72 6.9 142 6.2 . .

Batumi 501 9.9 177 10.3 67 6.4 257 11.1 . .

Zugdidi 328 6.5 90 5.2 81 7.7 157 6.8 . .

Gori 42 0.8 6 0.3 5 0.5 31 1.3 . .

Rustavi 40 0.8 9 0.5 3 0.3 28 1.2 . .

Lanchkhuti 4 0.1 . . . . 4 0.2 . .

Gurjaani 2 0 . . . . 2 0.1 . .

SOF Sofosbuvir, RBV Ribavirin, IFN Interferon
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new highly potent and well-tolerated DAAs against ge-
notypes 2 and 3 are not available. Our results suggest
the use of SOF/RBV combination for 24 weeks as an op-
tion for patients who cannot tolerate IFN.
After examining host and viral factors we found that

presence of cirrhosis, and receiving IFN-free regimens
were associated with lower SVR in a multivariable
model. The low rates of response among cirrhotic pa-
tients is consistent with previous studies.
One strength of this study is the large number of

patients as well as standardized treatment guidelines
and standardized data collection. The diversity of our
cohort with respect to sex, age, and genotype distri-
bution makes our findings generalizable, reflecting re-
ported real-world outcomes. Our study has several
limitations. First, data from patients in whom prior
treatment had failed, was not collected. Second, liver
fibrosis was assessed by multiple noninvasive indices,
each of which have limitations on accuracy [20–22].
The national treatment database, which captures in-
formation on all hepatitis C patients enrolled in the
program, provides accurate treatment related informa-
tion on a national level. However it does not contain
detailed information on some variables, including co-
morbidities (diabetes mellitus, kidney failure, extrahe-
patic manifestations etc.) as well as nature of deaths,
adverse events and reasons of self-discontinuation.
Also data available in the national system has limited
ability to answer questions as to why people are lost
to follow-up along the continuum of care. Significant
number of patients who were lost to follow-up after
treatment completion is a serious challenge of the
treatment program. However, in 2017 the program of-
fered SVR assessment free of charge that would lead
to reducing missing SVR data.. Despite notable pro-
gress of the Georgia HCV elimination program,

challenges to Georgia achieving the national targets
for HCV elimination by 2020 remain. Pangenotypic
DAAs that are effective across the different genotypes
of HCV introduced in late 2018 could have a sub-
stantial impact on improving access and simplifying
diagnosis and treatment.

Conclusion
In conclusion, in this large cohort study, a combin-
ation of SOF and weight-based RBV with or without
IFN appeared to be an effective regimen to treat
chronic HCV-infected patients, especially for HCV
Genotype 2 and 3 patients. SOF formed the founda-
tion of the HCV elimination program in Georgia.
Cure rates in patients without cirrhosis were high,
which are comparable with those reported in clinical
trials. However, consistent with previous studies, the
presence of liver cirrhosis were associated with lower
SVR12 rates. Our results provide clear evidence that
SOF plus IFN and RBV for 12 weeks can be consid-
ered a treatment option for eligible patients with all
three HCV genotypes. With the introduction of next
generation DAAs, replacement of IFN-based regimens
by IFN-free regimens and significantly improved re-
sponse rates are expected, paving the way for Georgia
to achieve the goal of HCV elimination. High cure
rates obtained with SOF/LDV combinations for all
HCV genotypes within Georgia program highlights ef-
fectiveness of service delivery model, which is based
on simplified modalities that can be successfully repli-
cated in non-specialty settings, which is important in
light of ongoing decentralization process. Strong gov-
ernmental commitment coupled with effective local
and international partnerships provide a basis for
turning the ambitious goal of elimination into reality.

Fig. 1 SVR rates by treatment regimens and genotype (n = 5076)
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Table 2 Treatment outcomes and associated factors among adult persons with complete SVR data receiving SOF-based regimens
within the national hepatitis C elimination program, April 28, 2015 – October 31, 2018

Total N Achieved SVR Bivariate analysis Multivariate analysis

N % RR 95% CI p value RR 95% CI p value

Age category

18–45 1635 1440 88.07 1

46–60 2838 2259 79.60 0.90 0.88–0.93 <0.0001

60+ 606 471 77.72 0.88 0.84–0.92 <0.0001

Gender

Female 698 560 80.23 1

Male 4381 3610 82.40 1.03 0.99–1.07 0.18

HCV Genotype

1 1724 1198 69.49 1 1

2 1047 852 81.38 1.17 1.12–1.22 <0.0001 1.10 1.05–1.15 <0.0001

3 2305 2117 91.84 1.32 1.28–1.37 <0.0001 1.14 1.11–1.18 <0.0001

4 3 3 100.00 – – – – – –

HCV RNA categories, n (%)

< 800,000 IU/mL 2922 2408 82.41 1

≥ 800,000 IU/mL 2145 1754 81.77 0.99 0.97–1.02 0.56

FIB-4 Tests

< 1.45 200 177 88.50 1 1

1.45–3.25 1763 1573 89.22 1.01 0.96–1.06 0.76 1.00 0.93–1.07 0.95

> 3.25 1546 1166 75.42 0.85 0.80–0.90 <0.0001 0.95 0.87–1.02 0.17

Metavir score

< F4 2021 1761 87.14 1 1

F4 2783 2161 77.65 0.89 0.87–0.97 <0.0001 0.95 0.93–0.98 0.0001

Co-infections

HBsAg- 4777 3897 81.58 1

HBsAg+ 108 89 82.41 1.01 0.92–1.10 0.82

Treatment regimen

IFN/SOF/RBV (12 wk) 2646 2416 91.31 1 1

SOF/RBV (12 wk) 364 276 75.82 0.83 0.78–0.88 <0.0001 0.85 0.81–0.91 <0.0001

SOF/RBV (20 wk) 395 302 76.46 0.84 0.79–0.89 <0.0001 0.86 0.82–0.92 <0.0001

SOF/RBV (24 wk) 1418 979 69.04 0.76 0.73–0.78 <0.0001 0.88 0.85–0.91 <0.0001

SOF/RBV (48 wk) 256 197 76.95 0.84 0.79–0.90 <0.0001 0.92 0.87–0.98 0.005

City of treatment site

Tbilisi 3800 3127 82.29 1 1

Kutaisi 362 272 75.14 0.91 0.86–0.97 0.004 0.96 0.92–1.01 0.10

Batumi 501 435 86.83 1.06 1.02–1.10 0.005 1.01 0.97–1.05 0.60

Zugdidi 328 258 78.66 0.96 0.90–1.01 0.13 0.96 0.92–1.00 0.07

Gori 42 40 95.24 1.16 1.08–1.24 <0.0001 1.01 0.87–1.17 0.91

Rustavi 40 32 80.00 0.97 0.83–1.14 0.72 0.95 0.80–1.13 0.55

Lanchkhuti 4 4 100.00 – – – – – –

Gurjaani 2 2 100.00 – – – – – –

SOF Sofosbuvir, RBV Ribavirin, IFN Interferon, CI Confidence interval, RR Risk ratio, SVR Sustained virologic response
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Tuberculosis, HIV, and viral hepatitis diagnostics in eastern 
Europe and central Asia: high time for integrated and 
people-centred services
Masoud Dara*, Soudeh Ehsani, Antons Mozalevskis, Elena Vovc, Daniel Simões, Ana Avellon Calvo, Jordi Casabona i Barbarà, Otar Chokoshvili, 
Irina Felker, Sven Hoffner, Gulmira Kalmambetova, Ecatarina Noroc, Natalia Shubladze, Alena Skrahina, Rasim Tahirli, Tengiz Tsertsvadze, 
Francis Drobniewski*

Globally, high rates (and in the WHO European region an increasing prevalence) of co-infection with tuberculosis 
and HIV and HIV and hepatitis C virus exist. In eastern European and central Asian countries, the tuberculosis, HIV, 
and viral hepatitis programmes, including diagnostic services, are separate vertical structures. In this Personal View, 
we consider underlying reasons for the poor integration for these diseases, particularly in the WHO European region, 
and how to address this with an initial focus on diagnostic services. In part, this low integration has reflected different 
diagnostic development histories, global funding sources, and sample types used for diagnosis (eg, typically sputum 
for tuberculosis and blood for HIV and hepatitis C). Cooperation between services improved as patients with 
tuberculosis needed routine testing for HIV and vice versa, but financial, infection control, and logistical barriers 
remain. Multidisease diagnostic platforms exist, but to be used optimally, appropriate staff training and sensible 
understanding of different laboratory and infection control risks needs rapid implementation. Technically these ideas 
are all feasible. Poor coordination between these vertical systems remains unhelpful. There is a need to increase 
political and operational integration of diagnostic and treatment services and bring them closer to patients.

Introduction
In the past 20 years rapid molecular tools have revo
lutionised the work of tuberculosis laboratories. Classic 
micro  biologybased culture examinations of patient speci
mens and drugsusceptibility testing are increasingly 
replaced, at least in part, with rapid molecular tests, 
offering results in hours or days rather than weeks or 
months.1–4 Under standing of how specific mutations in the 
Mycobacterium tuberculosis genome are related to drug 
resistance is rapidly increasing, and molecular detection of 
such resistancepredicting mutations is often used to 
rapidly detect drugresistant tuberculosis5–11 and potentially 
could be used to initiate personalised treatment regimens.12 
An additional added value of replacing conventional tuber
culosis diagnostic methods, based on mycobacterial 
culture, to modern molecular assays, is that, although they 
still require training of laboratory staff, they permit 
tuberculosis diagnosis to take place in less specialised 
laboratories, closer to patients. A similar trend is seen 
in using PCR and sequencingbased technologies for 
detection of drugresistant HIV.13 Although a commercially 
available and automated diagnostic tool recommended by 
WHO, such as the GeneXpert system (Cepheid; Sunnyvale, 
CA, USA), has shown its applicability in a combined 
diagnostic landscape, the full role of sequencingbased 
technologies, increasingly used in characterisation of 
different infectious disease pathogens offers great oppo
rtunities in the near future. Nextgeneration sequencing 
(NGS), including both targeted sequencing and whole
genome sequencing (WGS), is becoming increasingly 
affordable and thus more widely used in, for example, the 
study of resistance mutations in viruses and bacteria such 
as M tuberculosis.11,14–16 At present, for tuberculosis, reliable 
NGS approaches are confined to grown cultures but 

successful attempts have been made to do NGS on sputum 
specimens17–19 or by using a targeted gene approach.20

Great progress has been achieved in HIV diagnostics. 
Nowadays, wider use of rapid HIV tests and confirmation 
of positive results with additional rapid ELISA con
firmatory testing21 is simpler, faster, and more accurate 
and costeffective than before. Use of modern fourth
generation combined antigen and antibody tests can now 
increase the accuracy of HIV diagnosis and reduce the 
number of misdiagnosed patients within the socalled 
window period in HIV testing.21

With increasing access to effective treatment of 
hepatitis C globally, any simplification of diagnostic 
algorithms for the disease allows for more rapid 
implementation of national control programmes.22,23

Background and current situation
Global and European policy
The commitments contained in the UN General 
Assembly political declarations on the fights against 
tuberculosis24 and HIV/AIDS,25 and the globally endorsed 
End TB strategy,26 the Global Health Sector Strategy on 
HIV, 2016–2021,27 and the Global Health Sector Strategy 
on Viral Hepatitis 2016–2021,28 collectively agreed on 
universal health coverage and collaboration between 
diverse stakeholders to achieve their objectives. The 
WHO European region has translated these goals into 
regional action plans for tuberculosis (for 2016–20),29 for 
HIV30 and for viral hepatitis,31 which were endorsed at the 
65th32 and 66th33 sessions of the Regional Committee for 
Europe.

Integrating programmes benefits patients by maxi
mising available infrastructure and resources (including 
staff) and minimising diagnostic and therapeutic delay 
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for patients with multiple infections. Decreasing finan
cial support from the Global Fund to Fight AIDS, 
Tuberculosis and Malaria (the Global Fund) necessitates 
a maximising of efficiency especially for costly diagnostics 
and therapeutics. Nevertheless, despite the potential to 
improve diagnosis and treatment, HIV, tuberculosis, 
and viral hepatitis remain positioned as separate 
programmes.

Despite a substantial increase in access to antiretroviral 
therapy (ART), only 1·3 million of the 2·3 million people 
living with HIV in the WHO European region are on 
treatment.34 HIV rates continue to increase in this 
region.35 Tuberculosis remains one of the leading causes 
of death worldwide, and despite reductions, tuberculosis 
mortality among people living with HIV remains high;35,36 
high tuberculosis and HIV coinfection rates are 
still prevalent globally.35–37 Viral hepatitis accounts for 
171 000 deaths per year in the WHO European region31 
mainly due to hepatitisrelated liver cirrhosis and cancer, 
attributable to hepatitis B and C virus infections.31 Despite 
the high burden of chronic viral hepatitis, the response in 
most countries in the region has been inadequate.28 
Effectiveness of ART and antituberculosis therapy is 
dependent on the ability to diagnose, treat, and monitor 
treatment outcomes. Additionally, WHO recommends 
the use of viral load testing for monitoring HIV ART.38 
Consequently, the need for timely viral load testing is 
increasing in lowresource, highburden settings because 
more people are initiated on ART with the testandtreat 
approach.39 Scaleup of hepatitis C treatment has also 
increased the need for molecular diagnostic methods for 
hepatitis C virus infection confirmation and assessment 
of virological cure.22 The need to diagnose HIV and 
tuberculosis rapidly,40 together with high rates of loss to 
follow up, supports both integration and decentralising 
testing services in specific situations.41–45

Examples of these vertical structures are found world
wide, but particularly in the Eastern European and 
Central Asian (EECA) part of the WHO European region, 
where typically we find two scenarios depending on 
whether a patient presents initially to a tuberculosis or 
HIV service.

The diagnostic path of a patient with active 
tuberculosis
In many EECA countries with a high tuberculosis and 
HIV burden, all tuberculosis patients will be tested for 
HIV, hepatitis C, and hepatitis B in tuberculosis facilities. 
This approach is enshrined in local legislation and for 
tuberculosis patients, this screening will be free of 
charge. Blood samples collected in tuberculosis facilities 
will go to the AIDS centre for testing in their laboratories. 
Test results will be transferred to the tuberculosis facility 
and the doctor there will inform the patient about 
their HIV status. However, once a tuberculosis patient 
is identified as HIV positive, it is the patient’s own 
responsibility to go to the AIDS centre. Although some 
countries have developed successful joint tuberculosis 
and HIV working services (panel), many have major 
challenges and gaps in HIV service delivery due to long 
delays before presentation to an AIDS specialist. Patients 
might avoid the AIDS centre because of stigma and try to 
hide their HIV status, and counselling, psychological, 
and community support is often missing within tuber
culosis centres for people living with HIV.

Panel: A good example of diagnostic service integration 
in Georgia

• Georgia provides an excellent example of what can be 
achieved when countries with vertical health systems 
for HIV, tuberculosis, and viral hepatitis management 
integrate to produce more people-centred health delivery 
models46

• During the past decade, access to full HIV and tuberculosis 
services (eg, screening, confirmation, treatment, and care) 
was guaranteed to patients in the capital city Tbilisi and in 
regional centres; the decentralisation was accelerated by 
an initiative to eliminate hepatitis C by 2020; this right to 
access has catalysed HIV and tuberculosis testing 
interventions with hepatitis C screening services at all 
different levels of health care47

• In 2018, a pilot project was started in the 
Samegrelo-Zemo Svaneti region to test the potential 
for integration of HCV, HIV, and tuberculosis screening 
services at the regional level and to engage primary 
health-care providers in detection and management 
of all three diseases (Khonelidze I, National Center for 
Disease Control and Public Health, Tbilisi, Georgia, 
personal communication)

• The project enabled both the development of a 
sustainable public-private partnership for effective 
integration of HIV, tuberculosis, and hepatitis C screening 
and early disease detection, and the decentralisation of 
diagnostic services (HIV and hepatitis C confirmation 
tests) at district level at non-specialised facilities

• Based on the promising results of the pilot, a national 
roll-out is planned for 2019–20 (Khonelidze I, 
National Center for Disease Control and Public Health, 
Tbilisi, Georgia, personal communication)

• A strong collaboration exists between tuberculosis and 
HIV services, including HIV screening of all people with 
active tuberculosis disease, tuberculosis case finding 
among people with HIV, and provision of treatment for 
both diseases; estimates of tuberculosis and HIV 
treatment coverage is over 90% and substantially exceeds 
global and European coverage.47 For 2018, the global 
coverage was 48% and European 58%. The coverage for 
Georgia was 68%. Alternatively, the standard indicator is 
ART coverage among tuberculosis patients with known 
HIV-status who are HIV-positive. In 2018, the global 
coverage was 86% and European 73%. The coverage for 
Georgia in 2018 was 100%.36
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Often, national guidance prevents smearpositive 
tuberculosis patients from attending AIDS centres on 
the basis of risk to infection control. In this case, the HIV 
specialist will visit the patient in the tuberculosis 
facility, but because of the unavailability of HIV 
specialists, initiation of ART is delayed.

The diagnostic path of a people living with HIV
In many EECA countries, legislation requires that all 
people living with HIV are tested for tuberculosis, 
hepatitis C virus, and hepatitis B virus in AIDS centres. 
The patient cannot be sent to a tuberculosis facility to 
prevent possible contact between immunocompromised 
patients and active tuberculosis patients. Screening is 
free of charge for people living with HIV.

Gaps exist in the tuberculosis service delivery from 
AIDS centres to people living with HIV. Patients are 
frequently delayed in seeing tuberculosis specialists 
because of restricted funding, too few specialists, and 
rapid increases in the number of people living with HIV. 
In addition, although some AIDS centres have the 
facilities to identify M tuberculosis (including GeneXpert 
machines), most AIDS centres collect sputum and send 
them to tuberculosis laboratories on the basis of local 
agreements. However, funding limitations often lead to 
delays in testing potential tuberculosis samples from 
AIDS centres. Both scenarios show the need and benefits 
of better integration of tuberculosis and HIV services and 
pros pective integration of viral hepatitis services where 
relevant.

The current vertical design contributes to increased 
loss to followup of patients due to separate diagnostic 
and monitoring procedures, and the consequent burden 
for patients including the doubling of diagnostic visits 
and medical appointments with different specialists. 
Integrated models of care are thus highly desirable, as is 
decentralisation of services, making them available 
closer to patients.26

We address the inadequate integration of care for 
people with tuberculosis, HIV, and, hepatitis C parti
cularly in lowincome and middleincome, high disease
burden settings. We discuss barriers to better integration 
and opportunities to overcome the challenges.

Recommendations on rapid testing strategies
The new global 909090 targets48 call for 90% of all people 
with HIV to be diagnosed, 90% of people living with HIV 
to receive ART, and 90% of individuals on ART to 
have a suppressed viral load by 2020. WHO guidance49 

recommends expanding the setting where HIV testing is 
available and confirmation testing for HIV diagnosis, with 
swift linkage to care. Integration of HIV testing with 
testing services for other infections is clearly recommended 
in new European Centre for Disease Prevention and 
Control guidance around combined testing interventions 
for HIV, hepatitis B virus, and hepatitis C virus.50 Expansion 
of this integrated approach to include tuberculosis has 

been restricted by the substantial differences in necessary 
training, equipment, and facilities required, despite reco
mmendations for screening for tuberculosis in people 
living with HIV and vice versa.

Advances in point-of-care molecular diagnostics for 
tuberculosis, HIV, and hepatitis C
Since 2010, WHO has endorsed rapid automated 
molecular diagnostic technology using the GeneXpert 
platform (and the Xpert MTB/RIF assay [Cepheid]) for 
the detection of tuberculosis and rifampicin resistance 
directly from sputum.51 The GeneXpert system can also 
be used for HIV1 treatment monitoring Xpert HIV1 
Viral Load (Cepheid) and early infant diagnosis (eg, the 
Xpert HIV1 Qual assay [Cepheid]) for measuring HIV1 
viral load in plasma, dried blood spots, or whole blood 
samples. Xpert HIV1 Viral Load was prequalified by 
WHO in 2017 and Xpert HIV1 Qual assay in 2016.52,53 The 
Genexpert HIV Viral Load (Cepheid) has an estimated 
sensitivity of 40 copies per mL from plasma or serum 
samples and, overall, functions well compared with 
current reference tests.54,55

The Xpert HCV Viral Load (Cepheid) quantifies 
hepatitis C virus RNA in human serum or plasma and 
has an estimated sensitivity of 10 IU/mL with good 
correlation with reference techniques.56 Therefore, the 
GeneXpert system can be used for confirmation of 
chronic infection (as for any other PCRbased test) and 
for the assessment of treatment outcome (ie, sustained 
virological response).

The GeneXpert system, even when implemented 
in lowincome areas such as at the district health level 
in Zimbabwe, had the shortest overall median turnaround 
time for result delivery to the clinician (1 day) when compared 
with testing in reference laboratories (turnaround time of 
17–125 days).40 Similar results are found in middleincome 
and highincome countries.57,58

As other commercial multidisease platforms now 
exist (table), countries with existing (or planning on 
purchasing) multidisease platforms should consider 
collaborating to integrate HIV and hepatitis C viral load, 
or tuberculosis testing or both. This testing includes 
both highthroughput laboratorybased instruments for 
HIV viral load measurement and near pointofcare 
instruments, such as GeneXpert systems for HIV, 
hepatitis C virus, and tuberculosis.23

This array of available assays offers a range of 
possibilities for highthroughput and nearpointofcare 
diagnostics for tuberculosis, HIV, and hepatitis C. These 
new techniques also offer the potential of using more 
generalist rather than specialist staff.60 The portability 
of pointofcare platforms might make it possible to 
decentralise firstline diagnosis and monitoring, taking 
services directly to affected communities, and enabling 
service delivery in proximity settings (eg, community 
centres or mobile units in outreach settings), and so 
maximising access.
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Public health and patient benefit of greater 
collaboration
The End TB strategy recognises the importance of colla
boration between tuberculosis and HIV programmes.26 
Benefits of integration between programmes include: 
efficient use of resources currently allocated separately 
to programmes through sharing of staff expertise, 
health facilities, equipment and infrastructure; rapid and 
coordinated identification and management of patients 
with coinfections; and simplified, peoplecentred rather 
than diseasecentred service delivery systems.

Integration with additional services, might increase 
both service uptake and retention for target populations. 
For example, coinfection with tuberculosis and HIV, or 
hepatitis C virus and HIV disproportionately affects key 
populations, such as people who inject drugs or patients 
residing in prisons. Because these people are less likely 
to use formal health settings, assuring timely access 
to other relevant health services, such as ART, opioid 
substitution treatment, and access to viral hepatitis 
diagnostic and therapeutic services, is crucial.61

Additionally, with the global increase in life expec
tancy62,63 the burden of chronic disease, and the prevalence 
of multiple morbidities,64 will increase. Wider integration 
might permit, in the longer term, the delivery of both 
infectious and chronic disease diagnostic and therapeutic 
services in more costeffective ways.65,66

Challenges to integrating vertical programmes
EECA tuberculosis laboratory networks generally have a 
tiered structure, with microscopy and rapid molecular 
diagnostics such as GeneXpert platforms at the district 
level, culture and GeneXpert at the intermediate level, 
and culture and drug susceptibility testing with use of 
conventional and molecular genetic methods at the 
national or regional reference laboratory. The HIV 
programme has had a more centralised service by 
comparison. HIV laboratories at a district level are not 
integrated into primary healthcare services and usually 
do not have GeneXpert or equivalent platforms. For these 

systems, in which samples are transported to regional 
and national laboratories, results take time to come back 
to clinicians. The situation is exacerbated by inadequate 
laboratory information management systems and less 
than timely communication between treating clinicians 
in the case of coinfections.

Technology has driven potential decentralisation 
furthest for HIV diagnosis where people can selftest in 
their own home using oral buccal swabs.67 Confirmatory 
testing is still required, however.

Opportunities: use of multidisease diagnostic 
platforms
The GeneXpert tuberculosis assays, while considering 
appropriate bio safety considerations, can be successfully 
operated by staff with basic or lessspecialist training.60

Testing with, for example, GeneXpert platforms, is 
possible in most healthcare settings, although some 
additional resources and adaptation are required. For 
facilities with tuberculosis GeneXpert instruments and 
assays, modest upgrades to enable multiple disease 
testing might be required (eg, different cartridges or 
software, refrigerators for plasma sample storage, 
centrifuges) and protocols are available for this.

Taking advantage of existing GeneXpert equipment, 
especially at district and regional levels, can enable their 
wider use, maximise their effectiveness, and enable 
quicker delivery of not only tuberculosis test results, 
but also HIV1 and hepatitis C diagnosis, viral load 
monitoring in people living with HIV, and early infant 
diagnosis of HIV1. As novel hepatitis C virus treatments 
are highly effective, initial viral load monitoring would be 
needed but would not be essential longer term (as is the 
case in HIV).

In the last decade an increase in the provision of 
community and nongovernmental organisation (NGO) 
services offering HIV, viral hepatitis, and other sexually 
transmitted infection testing has occurred, and evidence 
exists showing their ability to reach key populations 
and detect previously unknown HIV, hepatitis C, and 

Manufacturer HIV Hepatitis C 
virus

Tuberculosis Multidrug-
resistant 
tuberculosis

Description

m2000 RealTime 
System

Abbott Laboratories (Chicago, IL, USA) Yes Yes Yes Yes PCR-based platform

qTOWER3 system Analytik Jena (Jena, Germany) Yes Yes Yes No PCR-based platforms

GeneXpert System Cepheid (Sunnyvale, CA, USA) Yes Yes Yes Yes PCR-based platform

Cobas platforms Roche (Basel, Switzerland) Yes Yes Yes No PCR-based platforms

SaCycler-96 Sacace Biotechnologies (Como, Italy) Yes Yes Yes No PCR-based platform

GeneXpert I Cepheid (Sunnyvale, CA, USA) Yes Yes Yes Yes Point-of-care or near-point-
of-care device

SLAN LG Life Sciences (Hongshi Tech, 
Shanghai, China)

No Yes Yes No PCR-based platforms

QIAsymphony SP/AS QIAGEN (Venlo, Netherlands) No Yes Yes No PCR-based platforms

Table: Molecular multidisease nucleic acid testing platforms for at least two of HIV, hepatitis C, and tuberculosis59
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hepatitis B infections.49,50,68–70 Although most of these 
services use rapid serological tests and often do not have 
the equipment for more complex procedures, some 
have incorporated pointofcare platforms, which allow 
diagnosis of HIV and other infections.

The sharing of technological platforms will also facilitate 
implementation of modern diagnostic connectivity solu
tions leading to streamlining of record keeping of test 
results and better communication and followup.

Efficient use of restricted funding
The balance between diseasespecific programmes and 
strategies, and the need for further integration and 
strengthening of health services, has received attention 
from the Global Fund not only at a strategic,71 but also at 
an implementation level.72

Currently the Global Fund, which supports diagnostic 
activities in many countries, has requested that ministries 
of health shift from donor budget funding to state budget 
funding covering at least 30% of all activities and ideally 
100% of costs through domestic funds by the end of 
2020.73 This change makes consideration of the value of 
integration of separate tuberculosis, HIV, and hepatitis C 
diagnostic services more crucial and multidisease 
diagnostic platforms make this possible.

Promoting change: the role of governments, 
donors, and international organisations
Political and donor support, and civil society advocacy 
for greater integration of diagnostic services for tuber
cu losis, HIV, and viral hepatitis are necessary. So far, 
contributions from governments, international NGOs, 
and publicprivate partnerships have improved access to 
the GeneXpert platforms following the WHO recommen
dation for their use in 2010, which led to a transformation 
of tuberculosis and rifampicinresistance testing globally.74

Ministries of health are key for moving forward the 
integration of these services. However, political willing
ness needs to be supported and complemented by 
streamlined communication with donors, and funding 
strategies of national and international agencies need to 
be in line with this goal. Stimulating the development 
of solid investment cases and fostering the involvement 
of ministries of finance in the planning and analysis of 
integrated service delivery models might help systematic
level change because increasing effectiveness without 
increasing resource allocation is a rare opportunity.

Additionally, reduced requirement for external resources 
(by maximising the use of diagnostic equipment) within 
the national health systems will be an added benefit for 
countries and the people affected by these diseases.

Programme managers (and laboratory experts) have a 
key role in maximising patient outcomes and cost
effectiveness by deciding on placement of multidisease 
diagnostic platforms and determining testing volumes, 
reliable sample and result transport systems, and 
human resource capacity. For example, because of their 

experience of using GeneXpert platforms in tuberculosis 
services, HIV or hepatitis C viral load testing could be 
easily delegated to tuberculosis laboratory technicians 
with existing practical experience of Xpert MTB/RIF 
testing. This shared experience includes training on 
regular maintenance, troubleshooting, annual calibration, 
and replacement of modules.

Having a single, efficient sample transport system 
building on any existing well functioning incountry 
system would also be more beneficial than having 
completely parallel systems.

Conclusion
Evidence supports the feasibility of integrated diagnostic 
testing using multidisease diagnostic platforms within 
district and subdistrict health facilities.40 Improved 
access to optimised laboratorybased testing services 
would be mutually beneficial for tuberculosis, HIV, and 
hepatitis C programmes.
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Blood transfusion safety in the country of Georgia: collateral benefit
from a national hepatitis C elimination program

Evan M. Bloch ,1 Eteri Kipiani,2 Shaun Shadaker,3 Maia Alkhazashvili ,2 Lia Gvinjilia,4

Tinatin Kuchuloria,4 Nazibrola Chitadze,2 Sheila M. Keating ,5,6 Amiran Gamkrelidze,2

Alexander Turdziladze,2 Vladimer Getia,2 Muazzam Nasrullah,3 Francisco Averhoff,3

Mariam Izoria,2 and Beth Skaggs4

BACKGROUND: In April 2015, the government of
Georgia (country) initiated the worldʼs first national
hepatitis C elimination program. An analysis of blood
donor infectious screening data was conducted to inform
a strategic plan to advance blood transfusion safety in
Georgia.
STUDY DESIGN AND METHODS: Descriptive
analysis of blood donation records (2015-2017) was
performed to elucidate differences in demographics,
donor type, remuneration status, and seroprevalence for
infectious markers (hepatitis C virus antibody [anti-HCV],
human immunodeficiency virus [HIV], hepatitis B virus
surface antigen [HBsAg], and Treponema pallidum). For
regression analysis, final models included all variables
associated with the outcome in bivariate analysis (chi-
square) with a p value of less than 0.05.
RESULTS: During 2015 to 2017, there were 251,428
donations in Georgia, representing 112,093 unique
donors; 68.5% were from male donors, and 51.2% of
donors were paid or replacement (friends or family of
intended recipient). The overall seroprevalence
significantly declined from 2015 to 2017 for anti-HCV
(2.3%-1.4%), HBsAg (1.5%-1.1%), and T. pallidum
(1.1%-0.7%) [p < 0.0001]; the decline was not significant
for HIV (0.2%-0.1%). Only 41.0% of anti-HCV
seropositive donors underwent additional testing to
confirm viremia. Infectious marker seroprevalence varied
by age, sex, and geography. In multivariable analysis,
first-time and paid donor status were associated with
seropositivity for all four infectious markers.
CONCLUSION: A decline during the study period in
infectious markers suggests improvement in blood safety
in Georgia. Areas that need further improvement are
donor recruitment, standardization of screening and
diagnostic follow-up, quality assurance, and
posttransfusion surveillance.

H
epatitis C virus (HCV) is a virulent, bloodborne
pathogen and a major cause of chronic hepati-
tis worldwide. In 2015, over 71 million people
were infected with HCV, and nearly 400,000
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immunodeficiency virus; IDU = injection drug use; NAT = nucleic

acid amplification test; SVR = sustained virologic response;
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deaths were ascribed to hepatitis C.1 Although infection may
be subclinical, a high proportion (75%-85%) of infected
individuals will develop chronic hepatitis, of whom 10%-20%
will proceed to cirrhosis and/or hepatocellular carcinoma.2

The advent of combination treatment with ledipasvir
(an inhibitor of nonstructural protein 5A thus affecting HCV
replication) and sofosbuvir (a nucleotide polymerase inhibi-
tor affecting RNA synthesis) has revolutionized treatment of
HCV infection, attaining sustained virologic response ([SVR]
undetectable HCV RNA ≥12 weeks following completion of
treatment), representing virologic cure for the overwhelming
majority (95%-99%) of those who are treated.3–6

Hepatitis C is a major public health challenge in the coun-
try of Georgia. With dissolution of the Soviet Union, economic
and social hardship followed,7 contributing to a rise in injection
drug use (IDU), a major mode of HCV transmission.8 In 2015, a
national serosurvey found that an estimated 5.4% of the adult
population of Georgia (approximately 150,000) had chronic
HCV infection, of whom nearly two-thirds were unaware of
their infection.9 While IDU has been shown to be the major
mode of HCV transmission in Georgia,10,11 blood transfusion is
an independent risk factor for HCV infection.9,12

Given the high prevalence of hepatitis C, the government
of Georgia, in partnership with Gilead and with technical assis-
tance provided by the US Centers for Disease Control and Pre-
vention, initiated a national public health program to eliminate
hepatitis C in Georgia by 2020.13 The program, launched in
April 2015, combines hepatitis C screening and provision of
antiviral treatment with a goal of identifying 90% of HCV-
infected individuals, treating 95% of those with chronic HCV
infection, and curing 95% of those who undergo treatment. In
addition to IDU, this comprehensive program has sought to
address all modes of transmission, including unsafe medical or
dental procedures as well as blood transfusion.14 The latter is a
well-established mode of transmission for HCV.9 While manda-
tory blood donor screening for hepatitis C virus antibody (anti-
HCV) has been in effect in Georgia since 1997, a 1998 analysis
found the anti-HCV seroprevalence in blood donors to be 6.9%,
reflecting the high background prevalence of HCV infection
coupled with deficient blood donor selection.15 In the same
survey, the respective donor seroprevalences of hepatitis B virus
surface antigen (HBsAg), human immunodeficiency virus
(HIV), and Treponema pallidum were 3.4, 0.06 and 2.3%,
suggesting additional transfusion safety risks.15 We sought to
characterize the epidemiology of the major transfusion-
transmitted infections (TTIs) in Georgia as a general measure
of national blood transfusion safety. The data are able to inform
development of a strategic plan to improve blood safety while
also benefiting the hepatitis C elimination program.

METHODS

Setting and overview of blood transfusion services

The country of Georgia, a former Soviet Bloc country, is sit-
uated in the Caucasus region of Eurasia.9 Following

dissolution of the Soviet Union, blood collection facilities in
Georgia were privatized. Donations from paid as well as
replacement (friends or family of the intended transfusion
recipient) donors are permissible in Georgia. Similar to
donor screening practices in other countries, prospective
blood donors are assessed before donation, using a donor
history questionnaire, to determine their eligibility to
donate. A major function of the questionnaire is to identify
sociodemographic and medical risk factors for TTIs. While
the use of a donor history questionnaire is mandated by
ministerial decree in Georgia, there is some variation in the
questionnaires that are used by the individual blood cen-
ters. If no high-risk behaviors are elicited, then samples are
collected from the donor for infectious screening and a
blood product is collected. The blood product is maintained
in quarantine until the results of the infectious screening
results are known. Only blood products that are negative for
all screened infectious agents are allowed to be transfused.

A State Safe Blood Program has been in operation in
Georgia since 1997. The State Safe Blood Program strives to
improve national standards of blood collection and transfu-
sion services, so as to ensure a safe and affordable blood
supply that is able to meet the countryʼs transfusion needs.
The programʼs functions include reimbursement of blood
centers for serology-based blood donor screening (i.e., for
anti-HCV, HBsAg, HIV, and T. pallidum), external quality
assurance (EQAS) of TTI testing, administration of a Unified
Electronic Blood Donor Database, and expansion of efforts
to increase voluntary nonremunerated donors (VNRBDs). In
2017, 20 blood establishments held state licenses for blood
collection, 12 of which participated in the State Safe Blood
Program; only two were not for-profit organizations.14 Con-
certed efforts to reform the health care system in Georgia
over the past decade include expanded support of vertical
programs, such as the hepatitis C elimination program and
the State Safe Blood Program.

Source of data and analysis

An analysis was conducted using Georgiaʼs Unified Elec-
tronic Blood Donor Database. In the database, unique
donor identification numbers are assigned to donors and
donations, providing access to donor demographics (age,
sex, and geographic region of collection); date(s) of dona-
tions; mode of remuneration (i.e., VNRBD, replacement and
paid); donor status (i.e., first time vs. repeat); and ser-
oreactivity for anti-HCV, HBsAg, HIV, and T. pallidum as
reported by the collecting blood center. Information on the
blood banks that participated in the State Safe Blood
Program was also available for evaluation.

The analysis was confined to blood donation data from
January 1, 2015, through December 31, 2017. The minimum
age of eligibility for blood donation in Georgia is 18 years.
Repeat donor data were included for each year; donors who
screened positive for any of the four infectious markers
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(i.e., HIV, HBsAg, anti-HCV, or T. pallidum) in any of their
donations within the study period were reported as positive
for that marker. When we analyzed overall findings for the
combined 3 years, 2015 through 2017, repeat donor data were
counted once and seroreactive results for any donation were
prioritized for reporting. The overall 3-year (2015-2017) results
that are shown represent cumulative infection prevalence
rates over the 3-year period. Thus, the “overall” data reported
are not a simple summation of the individual years. If donors
had multiple donations within the study period with different
levels of remuneration, paid donor status was prioritized,
followed by VNRBD and finally replacement. Final remunera-
tion status was assigned accordingly. Individuals with more
than one blood donation were classified as repeat donors. Age
and region of donation were reported based on the donorʼs
first/earliest donation in the study period.

For this analysis, paid donors refers to individuals who
received monetary compensation for their donation. Replace-
ment donors comprised friends or family of the intended
transfusion recipient; replacement donors were either rec-
ruited to donate specifically for the index recipient or to
donate with a view to restore the blood bank inventory fol-
lowing the transfusion of the intended recipient. By contrast,
VNRBDs have no direct knowledge of transfusion recipients
and receive no financial compensation for their donation.

Data management and statistical analysis

Descriptive analysis of donation records was performed to
elucidate differences in demographics, donor type, remu-
neration status, and infectious marker prevalence. Variables
with missing values for more than 10% of the sample are
shown in the tables. Statistically significant associations in
bivariate analysis were determined using chi-square tests
with a significance level of p less than 0.05. For regression
analysis, final models included all variables available for
bivariate analysis (age, sex, region of donation, donor type,
and remuneration status), which were tested for goodness
of fit and collinearity among predictors. For donors screen-
ing positive for anti-HCV, analysis of their continuum of
care, including treatment for hepatitis C, was obtained from
Georgiaʼs national hepatitis C screening registry as well as
treatment records from the countryʼs national hepatitis C
elimination program, with results through December
31, 2018. Computer software (SAS version 9.4, SAS Institute)
was used for all statistical analyses.

RESULTS

A total of 252,019 donations were recorded during the study
period; 591 were excluded if the associated donorʼs age was
either missing or listed as less than 18 years. The final result
of 251,428 donations represents 112,093 unique adult
donors, corresponding to an average of 83,809 collections
per year (Table 1). Of those donors, 68.5% were male

(n = 76,389), 44.7% (n = 50,098) were aged 18 to 29 years,
and 51.2% were either paid (n = 30,806) or replacement
(n = 26,570). Missing values were noted for sex (0.5%;
n = 567) and remuneration (13.2%; n = 14,835). The major-
ity were donated in Tbilisi (54.8%), followed by the regions
of Imereti (15.1%) and Kvemo Kartli (11.5%). The overall
donor prevalences for anti-HCV, HBsAg, HIV, and
T. pallidum were 2.4, 1.7, 0.2 and 1.1%, respectively.

HCV

For anti-HCV, significant differences were seen by sex, age,
and region in bivariate analysis (all p < 0.0001; Table 2). The
highest rates were seen among male donors (2.8%), those
aged 40 to 49 years (4.5%), and in the regions of Samegrelo
(5.0%) and Shida Kartli (3.3%; Table 2). After adjusting for
covariates, first-time donors were more likely to be anti-
HCV positive than repeat donors (odds ratio [OR], 7.95; 95%
confidence interval [CI], 7.12-8.88), as were paid (OR, 3.59;
95% CI, 3.21-4.02) and replacement donors (OR, 1.17; 95%
CI, 1.02-1.34) as compared to VNRBDs (Table 3). Male
(as compared to female) donors (OR, 2.37; 95% CI,
2.15-2.61) and age groups 30 years or older (as compared to
those aged 18-29 years) were also more likely to be anti-
HCV positive in the adjusted model. Anti-HCV positivity
prevalence declined in donors from 2.3% in 2015 to 1.4% in
2017, an overall decline of 39.9% (p < 0.0001; Table 1).

Overall, 2.4% (n = 2745) of adult donors tested anti-HCV
positive over the 3-year period. Of those, 41.0% (n = 1126)
had an HCV nucleic acid amplification test (NAT) or HCV
core antigen test to determine viremia (Fig. 1). Of those who
underwent viremia testing, 78.6% (n = 885) had evidence of
active infection, and 83.3% (n = 737) of those completed the
additional diagnostic workup and evaluation necessary for
enrollment in the national hepatitis C elimination program.
After enrollment, 98.1% (n = 723) initiated treatment and
94.5% (n = 683) of those completed their treatment regimen.
SVR, indicative of a cure, was ultimately achieved in 98.2% of
those who were tested for SVR (n = 494/503).

HBV

In bivariate analysis, HBsAg positivity prevalence differed
by sex, age, and region of donation (all p < 0.0001), and
was highest in males (2.0%), donors aged 30 to 39 (2.7%),
and in the regions of Adjara (3.4%), Samegrelo (2.7%), and
Imereti (2.5%; Table 2). After adjusting for covariates, first-
time donors (OR, 7.67; 95% CI, 6.66-8.84) were more likely
to be HBsAg positive as compared to repeat donors, as
were paid (OR, 2.00; 95% CI, 1.74-2.30) and replacement
(OR, 1.25; 95% CI, 1.08-1.44) donors as compared to vol-
unteers, males as compared to females (OR, 1.79; 95% CI,
1.60-2.00) and age groups 30 years or older as compared
to those aged 18-29 years (Table 3). Donor hepatitis B
prevalence declined by 27.2% from 1.5% in 2015 to 1.1% in
2017 (p < 0.0001; Table 1).
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HIV

HIV prevalence differed by sex (p = 0.002) and region
(p < 0.0001), with the highest rates among males (0.2%) and
donors in the regions of Adjara (0.5%) and Samegrelo (0.4%;
Table 2). Rates were similar among all age groups at 0.2%.
In multivariable analysis, first-time versus repeat (OR, 1.66;
95% CI, 1.25-2.21), paid versus volunteer (OR, 1.90; 95% CI,
1.29-2.79) and male as compared to female (OR 2.37; 95%
CI, 2.15-2.61) donors were more likely to be HIV positive
(Table 3). A significant decline over time was not observed.

T. pallidum

Prevalence of T. pallidum increased with age from 0.4%
among 18- to 29-year-old donors to 2.8% among those aged
50 years or older (p < 0.0001). Region of collection was sig-
nificant in bivariate analysis (p < 0.0001); prevalence was
highest in Adjara (2.3%), Imereti (1.7%), and Samegrelo

(1.7%; Table 2). Prevalence did not differ significantly by sex
in bivariate analysis. In multivariable analysis, first-time
donors were more likely than repeat donors (OR, 2.08; 95%
CI, 1.85-2.34) to be positive as were paid (OR, 3.86; 95% CI,
3.20-4.67) and replacement (OR, 2.39; 95% CI, 1.97-2.89)
donors as compared to VNRBDs (Table 3). Also, males ver-
sus females (OR, 1.34; 95% CI, 1.19-1.52), and age groups
30 years or older versus those aged 18 to 29 years were
more likely to be T. pallidum positive. T. pallidum rates
declined in donors by 30.9%, from 1.1% in 2015 to 0.7% in
2017 (p < 0.0001; Table 1).

Coinfections

Over the 3 years of analysis, 5933 (5.3%) of 112,093 blood
donors tested positive for at least one infectious marker. Of
those, 223 (3.8%) were coinfected with two markers; the
most common coinfection was hepatitis B virus/HCV

TABLE 1. Demographic characteristics of donor population and blood product collections in Georgia, 2015-2017

Overall n (%)*

Blood donation year

2015 2016 2017

Donations 251,428 79,191 84,503 87,734
Unique donors 112,093 48,634 50,893 51,689
Sex†

Female 35,137 (31.5) 14,494 (29.9) 15,956 (31.6) 16,330 (31.6)
Male 76,389 (68.5) 33,931 (70.1) 34,592 (68.4) 35,277 (68.4)

Age, y
18-29 50,098 (44.7) 22,584 (46.4) 22,668 (44.5) 22,959 (44.4)
30-39 30,492 (27.2) 12,659 (26.0) 13,651 (26.8) 13,877 (26.8)
40-49 19,794 (17.7) 8,170 (16.8) 9,015 (17.7) 9,384 (18.2)
50+ 11,709 (10.4) 5,221 (10.7) 5,559 (10.9) 5,469 (10.6)

Region of donation
Tbilisi 61,457 (54.8) 28,289 (58.2) 28,196 (55.4) 27,704 (53.6)
Adjara 11,572 (10.3) 3,075 (6.3) 4,594 (9.0) 5,575 (10.8)
Imereti 16,935 (15.1) 6,902 (14.2) 7,240 (14.2) 6,639 (12.8)
Kvemo Kartli 12,919 (11.5) 5,687 (11.7) 6,581 (12.9) 7,396 (14.3)
Samegrelo 4,273 (3.8) 1,655 (3.4) 1,681 (3.3) 1,585 (3.1)
Shida Kartli 4,937 (4.4) 3,026 (6.2) 2,601 (5.1) 2,790 (5.4)

Donor type
Repeat 55,116 (49.2) 30,267 (62.2) 31,822 (62.5) 32,071 (62.0)
First time 56,977 (50.8) 18,367 (37.8) 19,071 (37.5) 19,618 (38.0)

Remuneration
Volunteer 39,882 (35.6) 13,747 (28.3) 17,703 (34.8) 16,573 (32.1)
Paid 30,806 (27.5) 18,705 (38.5) 18,640 (36.6) 16,964 (32.8)
Replacement 26,570 (23.7) 9,088 (18.7) 11,003 (21.6) 9,896 (19.1)
Missing 14,835 (13.2) 7,094 (14.6) 3,547 (7.0) 8,256 (16)

Anti-HCV results
− 109,348 (97.6) 47,495 (97.7) 50,011 (98.3) 50,962 (98.6)
+ 2,745 (2.4) 1,139 (2.3) 882 (1.7) 727 (1.4)

HBsAg results
− 110,165 (98.3) 47,892 (98.5) 50,280 (98.8) 51,115 (98.9)
+ 1,928 (1.7) 742 (1.5) 613 (1.2) 574 (1.1)

HIV
− 111,862 (99.8) 48,559 (99.8) 50,807 (99.8) 51,619 (99.9)
+ 231 (0.2) 75 (0.2) 86 (0.2) 70 (0.1)

T. pallidum
− 110,831 (98.9) 48,122 (98.9) 50,519 (99.3) 51,313 (99.3)
+ 1,262 (1.1) 512 (1.1) 374 (0.7) 376 (0.7)

* The overall 3 years, 2015-2017, results shown represent cumulative infection prevalence rates over the 3 years period.
† Missing values not shown.
anti-HCV = hepatitis C virus antibody; HBsAg = hepatitis B surface antigen; HIV = human immunodeficiency virus.
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among 90 donors, followed by 79 HCV/T.Pallidum coin-
fected, and 35 with HBV/T. pallidum coinfection. Five
donors tested positive for three infectious markers.

DISCUSSION

The findings indicate ongoing challenges surrounding blood
transfusion safety in Georgia. Over a 3-year period, there was
a high proportion of male, first-time, and paid or replace-
ment blood donors, characteristics that were significantly
associated with TTI seropositivity. Nonetheless, a significant
decline in anti-HCV, HBsAg, and T. pallidum, with rates that
were lower than those of the general population, suggest
improved donor selection. Blood transfusion was identified
as a risk factor for anti-HCV positivity in a 2015 serosurvey,9

prompting its inclusion as a key strategy in the national hep-
atitis C elimination program. Therefore, resources have been
directed to improve blood safety, which is an area of need
that might not otherwise have received the same attention.
Further, blood donors found to be anti-HCV positive were
referred to the hepatitis C treatment program for confirma-
tory testing. Pairing hepatitis C elimination with a blood
transfusion safety initiative has been mutually beneficial.

Despite their public health role, blood centers deliber-
ately separate themselves from provision of care given the
potential incentive for test-seeking behavior, which confers
risk of TTIs. The findings in Georgia challenge this dogma, as
evidenced by a significant decline in anti-HCV, HBsAg, and
T. pallidum positivity in blood donors, while still advancing
the national hepatitis C elimination program. Georgia has
also had a long-standing state-sponsored HIV program,
which predates the national hepatitis C elimination program,

whereby blood donors who screen positive are referred for
confirmatory testing and treatment (free of charge) if posi-
tive. Donor HIV seroprevalence remains low in Georgia,
suggesting that absolute separation of blood collection from
public health screening may not be necessary.

Donor recruitment and predonation evaluation (i.e., use
of the donor history questionnaire) play an important role in
the prevention of TTIs. Specifically, risk-based deferral reduces
reliance on laboratory-based screening.16 Pertinent to our
study, both first-time and paid blood donors are considered
higher risk for TTIs than VNRBDs.17–20 By contrast, repeat
donation selects for individuals of lower infectious risk, given
that those who screened positive during an initial donation
would have been permanently deferred from blood donation.21

In Georgia, the odds of anti-HCV seroreactivity were almost
eightfold higher in first-time as compared to repeat donors.
Given that over half of donors in Georgia are first-time donors,
there is a need to bolster recruitment, with renewed focus on
transitioning first-time donors to a stable pool of repeat donors.

Paid donation is actively discouraged in most high-
income countries,22–24 given that remuneration serves as a
disincentive to admit any high-risk behavior during
predonation screening. Consequently, the World Health
Organization (WHO) advocates exclusively for VNRBDs.25

Early evidence of risk includes a 1962 study that observed
the incidence of posttransfusion viral hepatitis to be fourfold
higher in recipients of blood from paid donors (i.e., as com-
pared to those who received blood from VNRBDs).24 Paid
donation still remains common in former Soviet Union
countries, where its risk has not been well characterized.
Available data, including those from our study, corroborate
the high risk19; paid donation in Georgia was associated
with increased odds (e.g., over 3.5-fold for anti-HCV) of

Fig. 1. Hepatitis C care cascade among anti-HCV–positive blood donors in Georgia. [Color figure can be viewed at

wileyonlinelibrary.com]
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infectious marker seropositivity. Ultimately, there is a need
to convert the donor pool to a volunteer base. Such a com-
plex undertaking requires an infrastructure to recruit
donors, educate the general population and ultimately
change human behavior.

Recent examples of countries that have transitioned to
voluntary blood donor bases are few. China is one example
that transitioned from paid to nonremunerated (albeit com-
pulsory), and subsequently VNRBDs, under a broad blood
safety initiative.26 The latter included legislative changes
coupled with a massive investment in infrastructure with
reorganization and centralization of transfusion services,
expanded quality management, and adoption of NAT. The
transition in China took almost 15 years (1998-2012), which
may be ascribed to the absence of voluntary donors at the
start of the blood safety initiative.

There are other factors besides donor selection that are
likely contributing to TTI risk in Georgia. Foremost is nearly
exclusive reliance on antibody-based methods for donor
screening. Incidence data are lacking for the major TTIs, but
the high prevalence in the general population, particularly
given suboptimal donor selection, raises concern of pres-
eroconversion infections that are being missed.20 HCV, in par-
ticular, has a long preseroconversion window period (approx.
70 days), which can otherwise be minimized (approx.
10 days) with donor HCV NAT.27,28 Adoption of HCV core
antigen testing and ultimately HCV NAT screening of blood
donations would reduce the window period, thus minimizing
the risk of transfusion-transmitted HCV.20 It would also confer
other benefits to transfusion safety through addition of infra-
structure and quality oversight. In the case of hepatitis B, NAT
has the added benefit of being able to capture occult HBV
infections (i.e., DNA+/HBsAg−), which otherwise go
undetected in the absence of HBV core antibody testing. A
counterpoint is that NAT is high cost and NAT yield
(DNA/RNA+/Ab or Ag−) rates are highly variable.27,29–32

Assessment of the incremental benefit (i.e., above extant sero-
logical testing) is needed. In the case of Georgia, classic inci-
dence modeling33,34 is an unlikely substitute for rigorous
laboratory surveillance given incomplete data on key input
variables for a determination of transmission risk.

The hepatitis C elimination program in Georgia has
benefited blood transfusion safety. Similarly, blood donor
screening has identified seroreactive individuals, enabling
those donors to enter the cascade of care with confirmatory
testing and treatment (when indicated), thus benefiting the
elimination program directly. Nevertheless, only 41% of
anti-HCV seropositive blood donors underwent further test-
ing for viremia, indicating a need to improve linkage to care.
While linkage to care is a challenge of the elimination pro-
gram in general, the rates of donors who underwent follow-
up testing after being identified through donor screening
was below those in the general population (71.5%).35 Given
that in Georgia, SVR has been achieved in 98.2% of those
who completed a standard hepatitis C antiviral regimen,35

this merits investigation given the scope for improvement.
While beyond the analysis, routine HCV confirmatory test-
ing to ascertain the presence of viremia was initiated in
2018 for blood donors who are found to be HCV
seroreactive during screening. This further highlights the
reciprocal benefits of the hepatitis C elimination program.

The study had limitations. Foremost was the absence of
confirmatory testing coupled with a lack of consistency in
testing algorithms used (i.e., whether reactive samples under-
went repeat and necessary additional diagnostic testing), het-
erogeneity in the assays (i.e., manufacturers of the screening
kits) and variability in their level of automation
(i.e., spanning rapid testing to fully automated platforms).
This lack of standardization impeded interpretation of some
of the results. For instance, anti-HCV positivity alone is not
evidence of active infection; approximately 15% to 25% of
infected individuals will clear the virus spontaneously.2 For
another, T. pallidum results were reported qualitatively with-
out knowledge of whether treponemal-specific versus non-
treponemal tests were used.36 Nontreponemal tests have a
risk of false positivity. While this detracts from the
T. pallidum findings, we still believe that its presentation is
important and supports the hypothesis that HCV elimination
had broader benefits beyond HCV testing alone. Although
not included in this analysis, there has been significant work
in EQAS of donor screening. Such has served to document
the variability in performance coupled with the diversity of
testing platforms and methods in use for each TTI marker.
As one example, of 12 laboratories that were evaluated dur-
ing a round of EQAS, six assays were in use for anti-HCV
alone. Second, nonuniform capture of data pertaining to
remuneration (missing in 13% of donors) could impact the
findings. Similarly, risk factors for infection, such as IDU or
history of blood transfusion, were not available for analysis,
which could bias results. Third, there is uncertainty sur-
rounding the extent to which the seroprevalence findings are
generalizable to the nondonor population. While blood
donors offer a convenient population for infectious disease
surveillance, blood donation selects for a healthier subset of
the population.37 Indeed, similar prevalence findings in a
given donor and general population would suggest deficient
selection and predonation screening. Fourth, differences con-
cerning the predonation questionnaire could have introduced
variations in seroprevalence by both blood center and the
period of blood collection. Further, the absence of a pos-
tdonation questionnaire precluded identification of risks fac-
tors for TTIs, which could have helped to modify the
predonation selection process. Finally, one cannot claim
direct causal effect: The decline in donor HCV seropreva-
lence could reflect a general decline in prevalence stemming
from the broader HCV elimination program.

In conclusion, the study highlights collateral benefit of a
national hepatitis C elimination program on blood safety in
Georgia. Investment in blood safety has afforded dual bene-
fit, serving to contend with risks associated with blood
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transfusion, a highly efficient mode of transmission for HCV,
while aligning with the national program goals to enroll
people with hepatitis C into treatment. Ongoing challenges
in Georgia span donor recruitment, testing, quality assur-
ance, and posttransfusion surveillance. Finally, the findings
further show replacement and paid donation to be relatively
unsafe with respect to infectious risk. Acknowledging the
challenges surrounding donor mobilization in low- and low-
middle-income countries to meet transfusion demand, the
findings support a long-standing position by the WHO that
favors blood collection from volunteer donors.25
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Progress and challenges of a pioneering hepatitis C
elimination program in the country of Georgia
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Hepatitis C virus RNA (HCV RNA) or HCV core antigen (HCVcAg) diagnostic testing and initiation of
treatment by test method and month of diagnosis
Georgia hepatitis C elimination program, January 2015 – December 2018

The implementation of reflex viral diagnostic
testing in March 2018 increased the rate of

identification of viremic individuals, but did not
increase the rate of infected persons 

initiating treatment.

Highlights
� One-third of HCV-infected individuals in Georgia have received treatment.

� Use of reflex HCV core antigen greatly increased the number of individuals
diagnosed with active infection

� Identification of HCV-infected individuals and treatment initiation con-
tinue to be major challenges to HCV elimination in Georgia.
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Lay summary
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initiation on a national scale.
Georgia has made progress
towards eliminating hepatitis
C, treating over 50,000 people,
approximately one-third of
the number infected, and
achieving cure for 98.5% of
those tested. However, identi-
fying infected individuals and
linking them to care remains
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can have unintended con-
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Progress and challenges of a pioneering hepatitis C elimination
program in the country of Georgia
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Background & Aims: Georgia, with a high prevalence of HCV
infection, launched the world's first national hepatitis C elimi-
nation program in April 2015. A key strategy is the identification,
treatment, and cure of the estimated 150,000 HCV-infected
people living in the country. We report on progress and key
challenges from Georgia's experience.
Methods: We constructed a care cascade by analyzing linked
data from the national hepatitis C screening registry and treat-
ment databases during 2015–2018. We assessed the impact of
reflex hepatitis C core antigen (HCVcAg) testing on rates of
viremia testing and treatment initiation (i.e. linkage to care).
Results: As of December 31, 2018, 1,101,530 adults (39.6% of the
adult population) were screened for HCV antibody, of whom
98,430 (8.9%) tested positive. Of the individuals who tested
positive, 78,484 (79.7%) received viremia testing, of whom
66,916 (85.3%) tested positive for active HCV infection. A total of
52,576 people with active HCV infection initiated treatment and
48,879 completed their course of treatment. Of the 35,035 who
were tested for cure (i.e., sustained virologic response [SVR]),
34,513 (98.5%) achieved SVR. Reflex HCVcAg testing, imple-
mented in March 2018, increased rates of monthly viremia
testing by 97.5% among those who screened positive for anti-
HCV, however, rates of treatment initiation decreased by 60.7%
among diagnosed viremic patients.
Conclusions: Over one-third of people living with HCV in
Georgia have been detected and linked to care and treatment,
however, identification and linkage to care of the remaining in-
dividuals with HCV infection is challenging. Novel interventions,
such as reflex testing with HCVcAg, can improve rates of viremia
testing, but may result in unintended consequences, such as
decreased rates of treatment initiation. Linked data systems

allow for regular review of the care cascade, allowing for iden-
tification of deficiencies and development of corrective actions.
Lay summary: This report describes progress inGeorgia's hepatitis
C elimination programand highlights efforts to promote hepatitis C
virus screening and treatment initiation on a national scale. Georgia
has made progress towards eliminating hepatitis C, treating over
50,000 people, approximately one-third of the number infected,
and achieving cure for 98.5% of those tested. However, identifying
infected individuals and linking them to care remains challenging.
Novel approaches to increase diagnostic testing can have unin-
tended consequences further down the care cascade.
Published by Elsevier B.V. on behalf of European Association for the
Study of the Liver.

Introduction
Georgia, a small middle-income country with a population of
3.7million, located at the cross-roads of Europe andAsia, launched
the world's first national hepatitis C elimination program in April
2015, with the ambitious goal of a 90% reduction in hepatitis C
prevalence by 2020.1 At the time the programwas initiated, a na-
tional seroprevalence survey was conducted that estimated
150,000 Georgians (5.4% of the adult population) were living with
HCV infection.2 To achieve the elimination goal, Georgia imple-
mented several strategies, including the identification and treat-
ment of all HCV-infected people in the country.3 The feasibility of
this strategic goal was made possible by an April 2015 memoran-
dumof understanding (MOU) between the government of Georgia
and Gilead Sciences, in which Gilead Sciences agreed to provide
direct-acting antiviral (DAA) medications free-of-charge for
eligible Georgians with HCV infection.3,4 The cost of DAAs in 2015
was prohibitive; without the MOU with Gilead Sciences this pro-
gram could not have transpired. A large number of Georgians
enrolled in the program during the first 3 years, and cure rates
exceeded 95% among those treated and tested for cure (i.e., sus-
tained virologic response [SVR]).5 Yet, despite the availability of
treatment and high cure rates, important challenges remain. We
report on progress, key challenges, and lessons learned from
Georgia's experience in identifyingpersonswithHCV infectionand
linking them to hepatitis C care and treatment.
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Patients and methods
Georgia's hepatitis C elimination program
Georgia's hepatitis C elimination program provides hepatitis C
testing free-of-charge in a variety of settings (Table 1). Initial
screening is conducted using a rapid HCV antibody (anti-HCV)
assay that tests for past or present HCV infection; people who
screen positive on the antibody test are then referred to autho-
rized treatment sites for diagnosis of active HCV infection by
testing for HCV RNA using PCR, before being notified of their
results and enrolled for treatment if they test positive for HCV
RNA. To increase access by identifying and linking HCV-infected
persons to care, in December 2017, HCV core antigen (HCVcAg)
testing was introduced in a limited number of settings, and
expanded in March 2018 when the program implemented reflex
HCVcAg for all anti-HCV positive patients screened in hospitals,
antenatal clinics, and blood banks. Each patient with a positive
anti-HCV test during their visit had a serum sample obtained
and shipped to the National Reference Laboratory (Lugar Cen-
ter) in Tbilisi for centralized HCVcAg testing. HCVcAg has
comparable sensitivity and specificity to HCV RNA testing for
identifying active HCV infection.6 To minimize false-negative
results, all specimens that tested negative or inconclusive by
HCVcAg were subsequently tested for HCV RNA. National
Centers for Disease Control and Public Health (NCDC) staff
informed patients by telephone of the results of the diagnostic
testing (HCVcAg or HCV RNA) and referred those that tested
positive for treatment.

People confirmed to have active HCV infection by HCVcAg
or HCV RNA testing are eligible to enroll in the treatment
program.3,7 During the enrollment process, patients undergo
additional diagnostic testing, including determination of HCV
genotype, assessment of degree of liver fibrosis, and screening
for comorbidities and contraindications to treatment. Patients
found eligible for treatment based on results of the initial
workup are prescribed a DAA treatment regimen according to
national treatment guidelines8 and are followed during the
course of their treatment. Within 12–24 weeks of completing
treatment, patients are to return to the treatment site for HCV
RNA testing to determine whether they had reached an SVR.
Those with SVR are considered cured of their HCV infection.
Initially, DAA treatment was exclusively sofosbuvir (SOF)-based
and included ribavirin with or without pegylated interferon,
depending on the HCV genotype, per national guidelines.4

Beginning in February 2016, the DAA combination sofosbuvir
and ledipasvir (SOF/LED) was introduced, and treatment regi-
mens were revised.4 For the first year of the program, treatment

was limited to those with severe liver disease, defined as MET-
AVIR score correlating to F3 or F4 (based on liver elastography),
or FIB-4 score >3.25.1 In July 2016, the treatment program was
expanded to include all people with HCV infection, regardless of
level of liver fibrosis.

Although treatment is free for program enrollees, at the start
of the program Georgians were required to pay for diagnostic
testing, with prices determined by a sliding scale based on the
patients' ability to pay. Recognizing testing costs as a barrier to
hepatitis C elimination, the government of Georgia reduced the
number of tests required for each patient9 and beginning in
March 2018, provided HCV RNA or HCVcAg testing free-of-charge
to all Georgians.

Data management and analysis
Every Georgian citizen is provided a unique national identifica-
tion number for accessing healthcare services, including those
offered through the hepatitis C elimination program. Georgia
developed information systems to collect data from the hepatitis
C screening registry, laboratories, and the hepatitis C treatment
program, all of which can be linked using each person's unique
national identification number. Although this number must be
provided by all patients prior to enrolling in the treatment pro-
gram, screening data from harm-reduction sites (including nee-
dle and syringe programs and opioid substitution therapy sites)
are collected and reported anonymously to protect the privacy of
clients. Beginning in 2017, harm-reduction sites began using the
national identification number for consenting beneficiaries as
well, allowing for analysis of data from these sites within the
national hepatitis C elimination program.10

We analyzed national screening registry data from January
2015 through December 2018, as well as hepatitis C treatment
data from April 2015 through December 2018, to assess the
effectiveness of screening, linkage to care and treatment services,
as well as outcomes (i.e. the care cascade). We calculated the
percentage of people who screened positive for HCV antibody,
and of those who were positive, we calculated the percentage
who received diagnostic testing to determine active, viremic
infection. Of those who tested positive for active HCV infection,
the rates of treatment initiation, treatment completion, and
testing for and achieving virologic cure (SVR) were assessed.

In order to better understand the effectiveness of HCVcAg
reflex testing as a diagnostic tool for ensuring treatment initia-
tion, we constructed 2 care cascades among hospitalized pa-
tients; one cascade included patients who screened positive for
HCV antibody and were referred to a treatment center for
diagnosis of active HCV infection, while the other included
hospitalized patients who screened positive for HCV antibody
and received reflex HCVcAg testing for diagnosis of active HCV
infection, and if positive, were referred to a treatment center.
To ensure comparability, we limited our care cascade analysis
to 4 months following a positive HCV antibody test result and
calculated each strata of the cascade based on the percent from
the previous strata. The first cascade covered a period of time
during which antibody screening was offered to all hospitalized
patients and those who screened positive were referred to a
treatment center to receive diagnostic viremia testing (1
September 2017 to 28 February 2018). The second cascade
covered the period of time when antibody screening was offered
to all hospitalized patients and those who screened positive had
reflex testing for HCVcAg (1 March 2018 to 31 December 2018),

Table 1. Number of adults aged >−18 years screened for anti-HCV antibody
and percentage testing positive, by group screened – Georgia, 2015-2018.

Group/location
of screening

No. adults (aged
>−18) screened

% anti-HCV
positive

Blood donors 112,926 3.0%
NCDC 131,479 33.4%
Pregnant women/ANCs 108,776 0.6%
Hospitalized patients 468,479 4.7%
Harm-reduction beneficiaries 10,886 30.6%
Outpatients 612,452 5.0%
Prisoners 7,008 24.3%
Military recruits 19,759 1.5%
Persons living with HIV* 3,889 39.5%

ANC, antenatal clinic; NCDC, National Centers for Disease Control and Public Health.
*Data through July 1, 2018.
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with results and referral communicated to the patient by tele-
phone as described in the methods.

For our analysis, individuals screened for hepatitis C multiple
times were reported only once using data from their most recent
screening, and screening rates relative to the adult population
were determined using 2014 census data.2,11 We limited our
analysis to adults aged >−18 years although treatment is available
for children aged 12–17. All data were de-identified prior to
analysis. Statistical significance was determined using chi-
square test with p value <0.05; analysis was performed in SAS
version 9.4.

This analysis utilizes data from Georgia's hepatitis C elimi-
nation program, which was determined by Georgia's NCDC to be

a program evaluation and deemed by NCDC and CDC to be a
non-research public health program activity.

Results
Screening
Screening programs for hepatitis C began in early 2015 in
anticipation of the program launch in April of that year. As of
December 31, 2018, a total of 1,101,530 adults (39.6% of the
Georgian adult population) had been screened with a rapid anti-
HCV test at various settings throughout the country, with more
screened at outpatient settings than any other setting (Table 1).
Screening rates greatly increased in November 2016 (Fig. 1) with
implementation of the hospital-based screening program, which
mandated medical facilities to offer anti-HCV screening to all
hospitalized patients; since then, 466,087 hospitalized adults
have been screened, an average of 33,292 patients per month
through December 2018.

Of those screened, 98,430 (8.9%) had a positive anti-HCV
result. The percentage of individuals who tested positive for
anti-HCV peaked immediately following launch of the elimina-
tion program (29.8%) in May 2015 (Fig. 1). However, over time,
the percentage of people who are anti-HCV positive has gradu-
ally decreased, dropping to 2.4% by December of 2018 (Fig. 1).
Anti-HCV positivity rates varied by site, with the highest rates
among harm-reduction centers and correctional facilities; the
lowest rates were observed among antenatal clinic attendees
(Table 1). Anti-HCV positivity rates also varied by age and sex,
with the highest rates occurring among men aged 40–49 years
(Fig. 2).

Diagnosis of active HCV infection
Of the 98,430 people with positive anti-HCV test results, 78,484
(79.7%) received HCV RNA or HCVcAg testing to determine
whether they had active HCV infection; of those, 66,916 (85.3%)
tested positive. Initially, those who screened positive on an
antibody test were referred to a specialized treatment site for
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Fig. 1. Adults screened for anti-HCV antibody and percentage testing positive per month, Georgia hepatitis C elimination program, January 2015 –

December 2018. (This figure appears in color on the web.)
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HCV RNA testing. Reflex HCVcAg testing was introduced broadly
in March 2018 for those who screened positive for HCV antibody
in hospitals, antenatal clinics, and blood banks. In the 6 months
prior, from September 2017 – February 2018, 35.7% of individuals
who screened positive for HCV antibody received viremia testing
for active HCV infection (901/2,401 per month), compared to
74.1% during March – December 2018 (1,517/2,047 per month), a
97.5% increase. This reversed a downward trend since the peak in
July 2016, when 2,641 received testing to diagnose active HCV
infection (data not shown).

Treatment initiation and outcomes
From April 2015 through December 2018, of 66,916 persons
diagnosed with active HCV infection by either HCV RNA or
HCVcAg testing (introduced in December 2017), 52,576 (78.6%)
initiated treatment. From the launch of the program through
December 2017, rates of people testing HCV RNA positive closely
paralleled rates of people initiating treatment, 44,617/49,153
(90.8%) (Fig. 3). However, from March 2018 through December
2018 (the period during which hospitalized patients, blood do-
nors and pregnant women received reflex HCVcAg testing), only
2,254 (24.7%) of the 9,118 people who were HCVcAg positive
initiated treatment compared with 2,939 (62.9%) of the 4,669
who received HCV RNA testing at a treatment center during the
same time period, a decrease of 60.7% (p <0.05).

When the program launched in April 2015, only 4 specialized
sites, all located in the capital of Tbilisi were authorized as
treatment sites, but by December 2018, treatment capacity had
expanded to 41 specialized sites throughout the country. As of
December 2018, a total of 52,576 adults had enrolled in the
treatment program and initiated treatment. From April 2015
through May 2016, of 9,257 patients who entered treatment,
9,056 (97.8%) had severe liver disease (Fig. 4). When the program
was expanded for all HCV-infected individuals, of 43,319
entering the treatment program from July 2016 through
December 2018, only 9,691 (22.4%) had severe liver disease
(Fig. 4).

The number of patients initiating treatment per month
peaked at 4,593 in September 2016, following the treatment

expansion (Fig. 4). During the 2-year period from January 2017
through December 2018, an average of 1,041 patients per month
began treatment (Fig. 4). As of December 2018, a total of 48,879
patients had completed at least one course of treatment (1,136
patients initiated a second course of treatment after relapse or
discontinuation from their initial regimen). Among 46,574
eligible for SVR, 35,035 (75.2%) received SVR testing, of whom
34,513 (98.5%) ultimately achieved SVR after their latest course
of treatment (Fig. 5). When considering the initial treatment
regimen only (excluding retreatment data), viral cure rates were
lower among 5,077 patients who received SOF-based regimens
(n = 4,170/5,077; 82.1%) than among 30,236 who received
SOF/LED-based regimens (n = 29,765/30,236; 98.4%). SVR rates
also varied by degree of fibrosis for both SOF-based and SOF/
LED-based regimens, and by genotype only among patients
receiving SOF-based regimens (data not shown).5 Among 52,576
patients initiating treatment, 1,280 (2.4%) discontinued treat-
ment, with the most common causes for not completing treat-
ment being death (49.4%; n = 632), self-discontinuation (19.9%;
n = 255), and loss to follow-up (16.3%; n = 208). Of those who
died during treatment, the majority 370/632 (58.5%) had severe
liver disease (METAVIR scores of F3 or F4).

Effectiveness of HCVcAg reflex testing on treatment initiation
To understand the impact of reflex HCVcAg on treatment initi-
ation, to minimize bias, we did a sub-analysis of care cascades
limited to hospitalized patients who received reflex HCVcAg
viremia testing to those who were referred for RNA testing. A
lower percent, 2,976/6,011 (49.5%) of those who were anti-HCV
positive received diagnostic viremia testing when referred to a
treatment center for RNA testing, compared to 3,191/4,205
(75.9%) of those diagnosed by reflex HCVcAg testing (p <0.05).
However, among those who were diagnosed with active HCV
infection by RNA testing, 1,937/2,508 (77.2%) initiated treatment,
compared to 600/2,368 (25.3%) of those diagnosed by HCVcAg
(p <0.05). When we compare the 2 care cascades, we find that,
overall, among those screened and diagnosed by RNA 1,937/6,011
(32.2%) initiated treatment, compared to 600/4,205 (14.3%) of
those in the HCVcAg cascade (p <0.05) (Fig. 6).

Discussion
The availability of all-oral DAAs capable of curing HCV infection
has transformed the global landscape, providing a novel oppor-
tunity to eliminate chronic hepatitis C as a public health
threat.12,13 Georgia was the first country in the world to formally
launch a national hepatitis C elimination program but has
recently been joined by other countries, such as Egypt, Iceland,
and Australia.12,14,15 Georgia’s elimination program stands out for
its comprehensive approach, with innovative strategies in place
to not only identify those infected with HCV and link them to
care and treatment services, but also to improve access to quality
diagnostics, safeguard the nation's blood supply, and reduce
infection with blood borne pathogens among people who inject
drugs and in the healthcare setting.1,7,16

Since the launch of the program in 2015, numerous lessons
learned have been identified and shared, not only successes, but
challenges.3,7,8,16 Nevertheless, access to treatment has been, and
continues to be, the cornerstone of the program. Georgia has
made remarkable progress since launching the elimination pro-
gram in 2015; of the estimated 150,000 persons living with
hepatitis C in the country,2 approximately one-third have been
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identified and received treatment,5 averting an estimated 3,000
deaths and preventing over 20,000 new HCV infections.17 Yet
despite this success, Georgia faces challenges in identifying and
linking to care the missing thousands still living with hepatitis C
in the country that were highlighted in this report.

The program began with 4 treatment centers and limited
options for screening. Georgia rapidly expanded access to treat-
ment, and as of December 2018, more than 40 treatment centers
were operating throughout the country, some of which were
located in high-risk settings like correctional facilities and harm-
reduction sites. Enrollment at the start of the program in 2015
and 2016 was high, and can be attributed in part to the large
proportion of people who were anti-HCV positive, as high as 30%
in May of 2015 (Fig. 1). This is likely reflective of the large

number of people who knew they were infected with HCV prior
to program implementation, but had not yet sought or could not
afford treatment. The 2015 serosurvey found that 36% of people
who tested anti-HCV positive were aware of their infection, but
few had sought care, citing the availability and cost of treatment
as major barriers.2

During the 18-month period between May 2015 and January
2017, about 20% (30,000 of the 150,000 living with HCV infection
in Georgia) of the target population entered treatment, with a
spike observed after enrollment restrictions were expanded to
include all infected persons regardless of stage of liver disease
(Fig. 4). However, the number of patients entering treatment
began to decline precipitously in late 2016, likely reflecting an
exhaustion of the number of patients who were aware of their
infection and motivated to receive treatment- the “low hanging
fruit” of the program. In response, the program took steps to
decrease barriers, including lowering costs of diagnostic testing,
increasing the number of screening and treatment sites, and
implementing innovative programs to identify and link to care
HCV-infected people. Although treatment was offered to Geor-
gians free-of-charge, diagnostics were not, and testing-related
costs were subsequently identified as a barrier to program
enrollment, which may partly explain the 25% who were eligible
but did not receive SVR testing.9,18 In response, the program
began aggressively lowering the costs of diagnostics, and
simultaneously simplifying testing and care guidelines; for
example, the requirement of some diagnostics, such as HCV RNA
testing at 4 weeks of treatment and at end-of-treatment, have
been eliminated. Studies are underway to identify additional
barriers to testing for remaining harder-to-reach HCV-infected
populations.

Over 98,000 people screened positive for anti-HCV through
December 2018, representing nearly half of the estimated
number of anti-HCV positive adults in Georgia.2 Nevertheless, of
those who screened positive since the program launched, over
20% failed to receive further diagnostic testing to diagnose active
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infection. To address this gap, the hospital-based hepatitis C
screening program, the blood banks, and antenatal clinics, which
screen a large proportion of the monthly total screened, began
conducting reflex HCVcAg testing in March 2018. This strategy
proved effective in nearly doubling the rate of persons receiving
viremia testing following a positive screening test. Paradoxically,
while there was a dramatic increase in persons receiving diag-
nostic testing to determine active infection, rates of treatment
initiation among those diagnosed in these settings (hospitals,
antenatal clinics, and blood banks), even with reflex testing,
were lower than those in other settings (e.g., outpatient care,
harm-reduction settings, prisons). This observation may be
multifactorial. First, there are inherent differences among the
populations seeking healthcare in different settings. Perhaps
more significantly, the shift in provider responsibility for linking
patients diagnosed with active HCV infection to care from hep-
atitis C treatment provider clinics (the only sites conducting HCV
RNA testing prior to reflex testing) to the National Reference
Laboratory, which relies on NCDC for communication of results
to patients by telephone, clearly could have contributed to the
lower rates observed. Patients who obtained HCV RNA testing at
treatment sites had voluntarily taken an important step in
seeking care by going to a treatment site, while reflex testing,
which automated the process, did not rely on the patient's
initiative to seek further care. It is likely that many patients who
received reflex testing may not have even been aware of their
HCV infection, counseled on the results, or motivated to access
treatment. To examine this issue more closely, we analyzed a
subset of hospitalized patients and compared the care cascade
among those patients receiving diagnostic testing by referral for
RNA testing to the patients receiving reflex HCVcAg testing. This
analysis revealed that overall treatment initiation rates were
significantly lower among the patients tested with the HCVcAg.
Of course, this is not a function of the HCVcAg test, but rather the
processes of informing and counseling patients of their HCV
infection. This is a classic example of the law of unintended
consequences.

The reduced treatment initiation rates associated with reflex
HCVcAg testing have been recognized and are being addressed

by the program. The ability to recognize and react to challenges
can be attributed to Georgia's advanced hepatitis C information
system, which links screening, laboratory diagnostics, and
treatment data and allows for near real-time analysis and feed-
back on program performance. This system affords policy makers
the ability to quickly identify deficiencies and make evidence-
based adjustments. In response to the drop-off in treatment
initiation rates, the program is developing and piloting strate-
gies, such as deploying patient navigators in hospitals, and
decentralizing diagnostic testing, to overcome this gap in linkage
to care. The Georgia experience highlights challenges that may
be encountered when screening, testing for viremia, and treat-
ment are conducted at different sites.

A major initiative in 2019 is integration of screening, care and
treatment services in primary healthcare settings and harm-
reduction centers throughout the country. This allows patients
and harm-reduction beneficiaries to receive hepatitis C care and
treatment services in familiar and convenient locations, a strat-
egy that has been demonstrated to be effective.19,20 Georgia
plans to expand treatment services to every district in the
country and all harm-reduction sites, expanding not only
geographic access, but also providing services to the most
marginalized and at-risk populations. The results of these efforts
could be the key to accessing the “hardest to reach” populations.

The first of its kind, Georgia's comprehensive HCV elimination
program, which was recently recognized as the first European
Association for the Study of Liver- international Liver Foundation
(EILF) Center of Excellence in Viral hepatitis Elimination,16 can
inform hepatitis C elimination efforts in countries throughout
the world. Challenges, as well as best practices, have been
identified and are being shared. Georgia's 2015 serosurvey paved
the way for the program's success by yielding accurate estimates
of the hepatitis C burden and facilitating target setting.2 Gilead
Science's commitment to providing program participants with
medications free-of-charge resulted in an early and robust
enrollment of persons already aware of their HCV infection, but
unable to afford out-of-pocket treatment costs. Although the cost
of medications was a major barrier in 2015 when Georgia
launched the program, given the dramatic reductions in cost of
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DAAs in many countries, this may no longer be an important
impediment in much of the world.21 However, it is clear from the
experience in Georgia that even with no-cost medications,
reaching a substantial proportion of those living with hepatitis C
can be a major challenge; additional barriers encountered
included the cost of diagnostics, which contributed to relatively
low treatment initiation and SVR testing rates, geographic access
to care, stigmatized and marginalized populations, and lack of
awareness or motivation by the public and possibly by health
care providers. Another important lesson from Georgia’s HCV
elimination program is that a comprehensive, evidence-based
program with near real-time access to program data and in-
dicators, which allows for nimble programmatic adjustments,
may be the key to overcoming barriers and achieving timely and
cost-effective hepatitis C elimination.

Other countries embarking on hepatitis C elimination efforts
will likely experience barriers similar to those encountered by
the country of Georgia.12,15,22 Georgia offers best practices and
lessons learned that can be adapted when developing national
elimination plans, particularly in reducing barriers to identifying
HCV-infected individuals and linking them to curative treatment.
Georgia will encounter new, unforeseen challenges, and must
continue to identify and develop innovative approaches to
overcoming barriers as the country strives to meet its elimina-
tion goals. This country's robust hepatitis C elimination efforts
can serve as a model for countries developing programs not only
to eliminate viral hepatitis, but other public health threats as
they emerge.
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A B S T R A C T

The country of Georgia initiated an ambitious national hepatitis C elimination program. To facilitate elimination,
a national hospital hepatitis C screening program was launched in November 2016, offering all inpatients
screening for HCV infection. This analysis assesses the effectiveness of the first year of the screening program to
identify HCV-infected persons and link them to care. Data from Georgia's electronic Health Management
Information System and ELIMINATION-C treatment database were analyzed for patients aged ≥18 years hos-
pitalized from November 1, 2016 to October 31, 2017. We described patient characteristics and screening results
and compared linked-to-care patients to those not linked to care, defined as having a test for viremia following
an HCV antibody (anti-HCV) positive hospital screening. Of 291,975 adult inpatients, 252,848 (86.6%) were
screened. Of them, 4.9% tested positive, with a high of 17.4% among males aged 40–49. Overall, 19.8% of anti-
HCV+ patients were linked to care, which differed by sex (20.6% for males vs. 18.4% for females; p= .019), age
(23.9% for age 50–59 years vs. 10.7% for age ≥ 70 years; p < .0001), and length of hospitalization (21.8%
among patients hospitalized for 1 day vs. 16.1% for those hospitalized 11+ days; p = .023). Redundant
screening is a challenge; 15.6% of patients were screened multiple times and 27.6% of anti-HCV+ patients had a
prior viremia test. This evaluation demonstrates that hospital-based screening programs can identify large
numbers of anti-HCV+ persons, supporting hepatitis C elimination. However, low linkage-to-care rates un-
derscore the need for screening programs to be coupled with effective linkage strategies.

1. Introduction

Globally, in 2015 an estimated 71 million people were infected with
hepatitis C virus (HCV), with approximately 400,000 HCV-attributable
deaths (World Health Organization, 2017). Georgia, a lower-middle
income Eurasian country with a population of 3.7 million people (The
World Bank, 2017) has a high prevalence of HCV infection. Results
from a nationally representative seroprevalence survey among Geor-
gian adults (≥18 years) in 2015 found an HCV antibody (anti-HCV)

prevalence of 7.7% (equating to approximately 215,000 persons) and a
chronic hepatitis C prevalence of 5.4% (HCV RNA positive by PCR)
(approximately 150,000 persons) (Hagan et al., 2019).

On April 28, 2015, in collaboration with international partners in-
cluding technical assistance from U.S. Centers for Disease Control and
Prevention (CDC) and a commitment from Gilead Sciences to provide
direct-acting antiviral hepatitis C medications (DAAs) free of charge for
all persons living with HCV infection in the country, Georgia launched
an ambitious national hepatitis C elimination program (Gvinjilia et al.,
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2016; Nasrullah et al., 2017a; Nasrullah et al., 2017b). The country set
a goal of 90% reduction in hepatitis C prevalence by 2020 with the
following targets: (1) testing 90% of HCV-infected persons, (2) treating
95% of people with chronic HCV infection, and (3) curing 95% of
persons treated for HCV infection (Strategic Plan for the Elimination of
Hepatitis C Virus in Georgia 2016–2020, 2016). A national hepatitis C
treatment database was established to monitor and evaluate program
progress.

Screening for hepatitis C began nationally in January 2015, before
the launch of the treatment program (Nasrullah et al., 2017a). Rapid
anti-HCV testing is provided to Georgian residents at various settings
free of charge (Nasrullah et al., 2017a), and a national screening reg-
istry was established. By the end of 2017, the treatment program had
increased capacity by expanding to 31 sites throughout the country;
however, the number of patients entering treatment, after peaking in
late 2016, began to decrease with a smaller pool of untreated persons
aware of their infection (Nasrullah et al., 2017a). In response, the
Georgian government ramped up screening efforts at various locations
including antenatal clinics, blood banks, harm reduction centers and
prisons (Georgia Ministry of Health, Labour and Social Affairs, 2019).
On September 16, 2016, the Ministry of Health released Resolution
(N445), which mandated that medical facilities offer and then provide
anti-HCV testing to all willing hospital inpatients regardless of diag-
nosis, and record both positive and negative results in their electronic
Health Management Information System (HMIS) established in 2011.
The only exceptions to these provisions were for inpatients with doc-
umentation of screening within 6 months or ongoing/past hepatitis C
antiviral treatment. On November 1, 2016, the national hospital he-
patitis C screening program launched nationwide.

We analyzed retrospective data from the hospital screening program
and the national treatment program to assess the effectiveness of the
hospital program in screening and linkage to care over its first year of
implementation.

2. Methods

2.1. Data source

When the elimination program launched, a treatment database
(STOP-C) was developed, and was upgraded in June 2016 (ELIMINA-
TION-C) to meet the growing demands of the program (Mitruka et al.,
2015). The database was designed to monitor patients enrolled in the
treatment program, from confirmation of active HCV infection (with
HCV RNA or core-antigen testing), through treatment outcome, in-
cluding testing for cure (i.e. sustained virologic response [SVR]).

In 2011, Georgia implemented its HMIS for all hospitals in the
country. Pursuant to the government decree on screening, results from
inpatients' rapid anti-HCV test and/or enzyme assay are entered into
the HMIS (Health Management Information System (HMIS) Georgia,
n.d.). Two fields were added to the HMIS to indicate: (1) whether HCV
screening was performed (Yes/No) and (2) HCV screening result (Po-
sitive/Negative).

Monthly, the Georgia National Centers for Disease Control (NCDC)
receives electronically transmitted data for patients of all ages admitted
to hospitals the previous month, including: national identification
number; basic demographic information (age, sex); discharge diag-
noses, comorbidities, and complications (ICD10 codes); discharge/
death date; length of hospitalization; HCV screening performed; and
HCV screening result.

Data for this analysis was compiled from 4 different sources.
Hospital HMIS data from November 1, 2016 to October 31, 2017 was
used to determine the number of unique inpatients and those who were
screened for hepatitis C. For linkage to care analysis and care con-
tinuum results among those linked to care, hospital data were cross-
referenced with the ELIMINATION-C treatment database as well as vital
statistics from November 1, 2016 to January 31, 2018, to allow a

minimum 90 days follow-up for each patient after hospital discharge.
Finally, to quantify the national impact of the hospital program, con-
solidated records were reviewed for all screening venues throughout
the country from May 1, 2016 to April 31, 2017. Patients' encrypted
unique identification numbers, which are common to all data sources,
allow for cross-referencing and deduplication in screening and treat-
ment records.

2.2. Definitions

Definitions for unique hospital inpatients, patients ever/not HCV
screened, anti-HCV positive, not anti-HCV positive, linked to care, and
not linked to care are outlined in Table 1. Briefly, linkage to care was
defined as receiving HCV viremia testing after hospital discharge.
During the evaluation period, all anti-HCV positive patients had to visit
a specialized HCV treatment provider site for viremia testing at the
patients' expense, the results of which are all entered into ELIMINAT-
ION-C. Patient inclusion/exclusion criteria are depicted in Fig. 1. For
hospital diagnosis comparisons, “Liver-related: Any Hepatitis” ICD10
codes included: B15-B17, B18.0-B18.2, B18.8-B18.9, B19.0, B19.9, and
K73, while “Liver-related: Non-Hepatitis” ICD10 codes included: B67.0,
B67.5, B67.8, C22, I82.0, K70-K72, K74-K77, R17, R18, R16.0, R16.2,
T51, T64, and Z20.5 (Supplementary Table S1). All other ICD10 codes
in HMIS were included in the “Non-Liver related” category.

2.3. Data analysis

Descriptive analysis of hospital screening records was performed to
elucidate characteristics of patients screened for anti-HCV, patients
screening positive, and those linked to care. Patients ever screened were
compared to those not screened to assess factors associated with being
screened while hospitalized. Likewise, we compared linked-to-care
patients to those not linked to care to determine characteristics of anti-
HCV positive patients who sought viremia testing following their visit.
Statistically significant associations in bivariate analysis were de-
termined using Chi-square test with a significance level of p < .05. All
statistical analysis was conducted in SAS version 9.4.

This analysis utilizes data from Georgia's hepatitis C elimination
program, which was determined by Georgia's NCDC to be a program
evaluation and deemed to be a non-research public health program
activity.

3. Results

3.1. Screening

Records from 270 out of a total 280 hospitals throughout Georgia
were reviewed. Records for 134,641 patients who were<18 at the
time of their hospital visit were excluded. Between November 1, 2016
and October 31, 2017 there were 378,552 documented hospital ad-
missions for 300,615 unique adult patients admitted to and discharged
from hospitals in Georgia. We excluded from this analysis 8640 patients
with missing, incomplete or indeterminate screening results, leaving
291,975 patients from 253 hospitals that were included in this eva-
luation. Overall, 252,848 (86.6%) inpatients were screened for anti-
HCV (Fig. 1) with 12,385 testing positive, for an overall anti-HCV po-
sitivity prevalence of 4.9%. The proportion of inpatients screened was
lowest in the first month of the program (65.3%) and increased gra-
dually, reaching 91.6% in October 2017 (data not shown). Of those
screened, 40,071 (15.6%) were screened more than once; 29,890
(11.8%) were screened twice and 10,181 (4.0%) screened ≥3 times
within the evaluation period. Those screened more than once had a
median of 2 (IQR: 2, 3) hospital visits during the evaluation period, and
the majority (58.7%; n = 23,514) were screened ≥2 times at the same
hospital.

The median age of screened patients was 52 years (interquartile
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range [IQR]: 31, 68), and women (58.8%) were screened more than
men (41.2%); more women (n = 170,942) than men (n = 121,033)
were hospitalized during the evaluation period (Table 2). Although
there were statistical differences (p < .05), screening rates were si-
milar among men (86.0%) and women (87.0%), and among different
age groups (range: 85.2% to 87.2%) (Table 2). More than 40,000
women aged 18–29 years were screened, the largest number of any
age/sex group (Fig. 2). Screening varied by length of hospital stay, with
patients hospitalized 2–10 days being more likely to be screened than
those hospitalized for one day, or> 10 days (p < .0001) (Table 2).

Anti-HCV positivity was highest in December 2016 at 5.8% and
decreased from February through October 2017 to a low of 3.7% (data
not shown). Anti-HCV positivity was higher among men, with 8496/
104,100 (8.2%) compared to 3889/148,748 (2.6%) of women testing
positive (p < .0001). Patients aged 18–29 years had the lowest anti-
HCV positivity (1.1%), while patients aged 40–49 had the highest anti-
HCV positivity (10.2%) (p < .0001). Anti-HCV positivity was higher
among males aged 40–49 years (17.4%) than any other age/sex group
(Fig. 2). Positivity among females increased with age, from 0.7% among
women aged 18–29 years to 4.4% among women aged ≥70 years

Fig. 1. Inclusion and exclusion methodology for data analysis.

Table 1
Definitions of patient categories for screening and linkage to care.

Patient category Definition Exclusion criteria

Unique hospital
inpatient

Any adult (≥18 years old at time of death or discharge from the hospital)
inpatient with at least one discharge or death date documented between
November 1, 2016 and October 31, 2017.

Patients < 18 years old at the time of their first discharge or death date
within the evaluation period (treatment was not available for this
population in Georgia at the time of assessment).

Ever HCV screened Any unique inpatient with HCV screened field answer “yes” and a result
(positive or negative) entered in the HCV result field. For patients with
hospital admissions in the evaluation period, if they had a valid screening
result during at least one admission they were counted in the ever HCV
screened group.

Any entry with no response in the HCV screening field. Entries with an
HCV screened answer “yes” but without a result entered in the HCV result
field.

Not HCV screened Any unique inpatient with HCV screening field answer “no” during
hospitalization and no result in the HCV result field.

Entries with “no” in the HCV screening field but with a result (positive/
negative) in the HCV result field.

Anti-HCV positive Affirmative HCV screening field and a positive anti-HCV result. A patient
with at least one valid anti-HCV positive result during the evaluation period
was defined as anti-HCV positive

Not anti-HCV positive Affirmative HCV screening field and negative anti-HCV results on each
screening (if screened multiple times, all results negative).

Linked to care Any anti-HCV positive patient who had a documented HCV RNA or HCV core
antigen test to confirm active infection after the date of hospital discharge,
but on or before January 31, 2018.

Patients with documented HCV RNA or core antigen test results in the
HCV treatment database dated before the discharge date for the hospital
admission in which they screened positive.

Not linked to care Any anti-HCV positive patient who did not have a test for active HCV
infection at one of the HCV testing provider sites within the period between
hospital discharge and January 31, 2018.

Patients with documented death date within the evaluation period.
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(Fig. 2).
Nationally, among all hepatitis C screening venues, there was a 3.2-

fold increase in screening after the hospital program began; an average
of 46,648 unique adults were screened per month during November
2016 – April 2017, compared to an average 14,623 per month between
May 2016 – October 2016 (data not shown).

3.2. Linkage to HCV care

Of the 12,385 patients who tested anti-HCV positive, 3414 (27.6%)
had linked to HCV care (i.e. went to a specialized HCV treatment pro-
vider site to receive viremia testing) prior to their hospitalization, and
an additional 1345 (10.9%) had a recorded death date within the
evaluation period −94.0% of whom were hospitalized for non-hepa-
titis-related conditions – totaling 4759 patients excluded from the
linkage to care analysis. The remaining 7626 (61.6%) were eligible for
the analysis as they had not been linked to hepatitis C care at the time
of their hospitalization. Of those eligible, 1513 (19.8%) were success-
fully linked, while 6113 (80.2%) were not linked to care within 90 days
following their discharge.

When we compared patients linked to care to those not linked to
care, men (20.6%) were more likely than women (18.4%) to be linked
(p = .019) (Table 3). Linkage rates varied by age (p < .0001) with
persons aged ≥70 years having the lowest linkage rate (10.7%), al-
though the total number of patients testing positive was highest in this
age group. The linkage rate was highest among inpatients hospitalized
for one day (21.8%) and decreased to 16.1% among those hospita-
lized> 10 days (p = .023). Length of hospital stay was associated with
patient age (p < .0001), with those aged 40–59 years more likely to be
hospitalized> 10 days (data not shown). Patients with a diagnosis of
any viral hepatitis infection were more likely to be linked than patients
with non-viral hepatitis, liver-related diagnoses or those with no diag-
nosis of liver disease (p < .0001) (Table 3).

Patients linked to care with a median of 41 (IQR: 12, 116) days
between their discharge date and the date of their viremia test. Out of
the 1513 patients linked to care, 21.6% (n= 327) had their viremia test
within 10 days of hospital discharge, while 31.9% (n = 482) took>
90 days to be linked to care. Time to linkage did not differ significantly
by age or sex.

Among the 1513 patients linked to care, 858 (56.7%) initiated HCV
treatment by the end of the evaluation period. Of them, 615 (71.7%)
had already completed treatment and of 330 eligible (≥12 weeks post-

Table 2
Characteristics of adult patients with complete hepatitis C screening data ad-
mitted to the hospital at least once between November 1, 2016 and October 31,
2017, Georgia.

Characteristics All patients Patients ever
screeneda

Patients not
screened

Chi-square
p-value

n n % n %

Overall 291,975 252,848 86.6 39,127 13.4
Gender
Female 170,942 148,748 87.0 22,194 13.0 < .0001
Male 121,033 104,100 86.0 16,933 14.0

Age category
(years)

18–29 64,288 56,033 87.2 8255 12.8 < .0001
30–39 44,224 38,126 86.2 6098 13.8
40–49 31,017 26,438 85.2 4579 14.8
50–59 39,062 33,566 85.9 5496 14.1
60–69 47,397 41,246 87.0 6151 13.0
70+ 65,987 57,439 87.0 8548 13.0

ICD10 code
(diagnosis,
comorbidity,
complication)b

Liver-related: any
viral hepatitis

1293 1141 88.2 152 11.8 < .0001

Liver-related:
non-hepatitis

2025 1487 73.4 538 26.6

Non-liver related 288,657 250,220 86.7 38,437 13.3
Length of hospital

stay (days)c

1 73,337 59,968 81.8 13,369 18.2 < .0001
2–5 172,442 152,880 88.7 19,562 11.3
6–10 31,698 27,991 88.3 3707 11.7
>10 14,497 12,008 82.8 2489 17.2

a Patients ever screened (in evaluation period) defined as those patients with
HCV screened (yes) and a result in the HCV result field (positive/negative).
Patients with multiple admissions who met these criteria at least once included
in this group.

b Liver-related: any hepatitis ICD10 codes included: B15-B17, B18.0-B18.2,
B18.8-B18.9, B19.0, B19.9 and K73. Liver-related: non-hepatitis ICD10 codes
included: B67.0, B67.5, B67.8, C22, I82.0, K70-K72, K74-K77, R17, R18, R16.0,
R16.2, T51, T64, and Z20.5. All other ICD10 codes found in the 066 system
were included in the non-liver related category.

c One patient had missing data on length of hospital stay.

Fig. 2. Number of patients screened and percent tested positive for anti-HCV, by age and sex, November 2016 – October 2017 (n = 252,848), Georgia.
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treatment completion) and tested for SVR, 326 (98.8%) achieved cure.

4. Discussion

To accelerate identification of HCV infected persons in the country,
on November 1, 2016, Georgia launched a program to screen for he-
patitis C every patient admitted to any hospital in the country. By
analyzing records of nearly 300,000 inpatients, our evaluation reflects
great progress made over the first year of the program, and highlights
areas in need of improvement. Over a quarter million adult patients
were screened for hepatitis C throughout the year, representing nearly
90% of adult inpatients, and monthly national screening rates tripled in
the first 6 months of the hospital screening program. Overall, 4.9% of
patients screened positive, and 19.8% of eligible anti-HCV positive
patients were linked to care. We identified factors associated with
linkage to care, which could guide efforts to improve this objective and
help Georgia reach its hepatitis C elimination goals.

The proportion of inpatients screened increased as the program
progressed, which could be explained by increased access to necessary
testing materials at hospitals, and/or increased awareness of the gov-
ernmental mandate among hospital personnel over time – hospitals
could be fined for non-compliance, and automated reminders were built
into HMIS to remind personnel to screen patients and document results.
Previous studies have identified management guidelines and financial
resources (Estevez et al., 2016) as well as physician noncompliance and
data errors (Patil et al., 2016) to be barriers to hepatitis C screening
among healthcare professionals. Therefore, training and acclimation to
new procedures among hospital personnel may have increased over the
first year of the screening initiative. We found significant differences in
screening rates by age and sex; males were less likely to have been
screened than females, and the age group least likely to be screened was
patients aged 40–49. This is counterproductive to elimination goals, as
these two groups had the highest prevalence of anti-HCV positivity

among those screened. Targeted screening could be considered to en-
sure those most at risk of hepatitis C are screened routinely. Screening
men aged 30–59 instead of general screening may increase efficiency,
as 13.6% of men aged 30–59 were anti-HCV positive, compared to only
2.5% of females in the same age group.

The proportion of patients screening anti-HCV positive decreased
over time. The cause of this is unknown but could be a reflection of the
successes of the national HCV treatment program (Gvinjilia et al., 2016;
Nasrullah et al., 2017a), which had identified>45,000 and
treated> 40,000 chronically infected Georgians by the end of our
evaluation period (Georgia Ministry of Health, Labour and Social
Affairs, 2019). Those aware of their status, if hospitalized, may have
declined re-testing thereby reducing anti-HCV positivity among those
screened. It's also possible that some providers were still practicing
more thorough screening among high-risk patients early in the pro-
gram, despite the mandate to offer screening to all. Of those who
screened positive, 27.6% had received a viremia test prior to their
hospital visit, indicating that added scrutiny to prevent redundant
screenings could save valuable resources. Many states in the United
States require all hospitalized baby boomers (born between 1945 and
1965) to be screened for hepatitis C, and one study in New York state
found 63.7% of detected anti-HCV patients had already been diagnosed
or treated prior to their admission, more than double our findings
(Hung et al., 2016). Furthermore,> 23,000 inpatients were screened
multiple times within the same hospital during our evaluation period,
indicating that mandatory screening could lead to over-testing. Linkage
of the HMIS to the national screening registry and ELIMINATION-C
treatment database would allow for real-time determination of a pa-
tient's screening and hepatitis C treatment history. This could facilitate
a “flagging” system to help eliminate unnecessary screening of patients
already aware of their status.

While identification of anti-HCV positive patients is essential for the
success of the hepatitis C elimination program, referral of anti-HCV

Table 3
Characteristics of adult patients who screened anti-HCV positive while admitted to the hospital between November 1, 2016 and October 31, 2017 and linked to care,
Georgia.

Characteristic Anti-HCV positivea Linked to careb Not linked to care Chi-square
p-value

n n % n %

Overall 7626 1513 19.8 6113 80.2
Gender
Female 2754 507 18.4 2247 81.6 .019
Male 4872 1006 20.6 3866 79.4

Age category (years)
18–29 495 80 16.2 415 83.8 < .0001
30–39 1134 237 20.9 897 79.1
40–49 1526 354 23.2 1172 76.8
50–59 1605 383 23.9 1222 76.1
60–69 1327 295 22.2 1032 77.8
70+ 1539 164 10.7 1375 89.3

Length of hospital stay (days)
1 1369 298 21.8 1071 78.2 .023
2–5 4316 859 19.9 3457 80.1
6–10 1215 239 19.7 976 80.3
>10 726 117 16.1 609 83.9

ICD 10 code (diagnosis, comorbidity, complication)c

Liver-related: any viral hepatitis 343 123 35.9 220 64.1 < .0001
Liver-related: non-hepatitis 146 41 28.1 105 71.9
Non-liver related 7137 1349 18.9 5788 81.1

a Anti-HCV positive patients defined as a patient with screening field “yes” and HCV result field “positive.” Patients with multiple admissions who met these
criteria are included in this group. Here n = 8971, which is the sum of patients linked to care and not linked to care. From the original 12,385 anti-HCV positive
patients, 3412 were excluded from the linkage to care data/analysis due to entry in ELIM-C treatment database prior to hospitalization and screening date and an
additional 1345 were excluded for having died in the analysis period (see inclusion/exclusion flow diagram).

b Linked to care patients defined as any anti-HCV positive patient (previously defined) who subsequently received documented HCV RNA or core-antigen testing at
one of the diagnostic testing provider sites after date of hospital discharge but before January 31, 2018.

c Liver-related: any viral hepatitis ICD10 codes included: B15-B17, B18.0-B18.2, B18.8-B18.9, B19.0, B19.9, and K73. Liver-related: non-hepatitis ICD10 codes
included: B67.0, B67.5, B67.8, C22, I82.0, K70-K72, K74-K77, R17, R18, R16.0, R16.2, T51, T64, and Z20.5. All other ICD10 codes in the 066 system were included
in the non-liver related category.
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positive patients for further evaluation and provision of comprehensive
treatment services is equally important. At the time of this evaluation,
after a patient screened anti-HCV positive, he/she needed to in-
dependently seek HCV viremia testing, and subsequent evaluation and
treatment at a specialized hepatitis C treatment site. Whereas screening
is conducted at a wide range of facilities throughout Georgia, access to
hepatitis C evaluation services and treatment was more limited. As of
October 2017, treatment was provided at 31 health facilities
throughout the country by 139 physician providers (Mitruka et al.,
2015). Since the elimination program's inception in 2015, a substantial
proportion of anti-HCV positive patients have failed to seek viremia
testing or further evaluation/treatment (Mitruka et al., 2015). Evalua-
tion of the hospital screening program suggests a similar challenge: only
19.8% of patients eligible for linkage to care analysis sought follow-up
testing after their hospital discharge. Thus, over four-fifths of the anti-
HCV positive patients identified by the hospital program were not
linked to care. At the time of this evaluation, there was no systematic
method for counseling patients or informing them where to go for
further care, but was instead at the hospitals' discretion, and based on
their varying resources and capabilities. Standardized methods for
screening and linking patients to care could be considered. Interven-
tions in which hospital personnel assist in coordinating HCV-infected
patients' next steps can significantly improve linkage to care (Deming
et al., 2018). Another potential barrier is financial; although screening
and treatment are free of charge, the cost of diagnostics, including
viremia testing, determination of genotype and degree of liver fibrosis,
as well as other testing during treatment, were the responsibility of the
patient (Gvinjilia et al., 2016; Nasrullah et al., 2017a). These costs
could be significant for persons of low income. In 2017, Georgians'
average monthly nominal earnings were 999 Georgian lari (GEL)
(National Statistics Office of Georgia (GEOSTAT), n.d.), and the cost of
pre-treatment diagnostic testing ranged from 279 to 335 GEL (Adamia,
2018), or 28–34% of their monthly income. We were unable to assess
financial barriers, though other studies in Georgia have shown costs to
be a barrier (Averhoff et al., 2019). At the time of this analysis only
57% of linked-to-care patients had initiated treatment, far lower than
the 92% reported nationally (Nasrullah et al., 2017a). This proportion
is likely to increase as patients have more time to enroll in the program,
but could also reflect challenges among persons with possible comorbid
conditions that required their hospitalization, in addition to financial
barriers.

Linkage-to-care varied by age, with patients aged ≥70 years ob-
taining viremia testing at substantially lower rates than other age
groups. Although our analysis could not assess the reasons for this, it
could be related to costs, mobility and access to treatment sites, co-
morbid conditions, or other social and behavioral factors. A study of
inpatient screening among baby boomers at a medical center in the
United States (Mehta et al., 2017), in which linkage to care was defined
as scheduling a follow-up appointment after RNA confirmation, found
linkage rates for that age group slightly less than our analysis (18% for
baby boomers vs. 22.2% in our 60–69 year age group). Length of
hospital admission also influenced linkage to care and screening; pa-
tients with longer hospital stays sought HCV viremia testing and were
screened at lower rates. This could suggest that more critical conditions
requiring longer hospital admissions may have taken priority over di-
agnosing past or current HCV infection (Junius-Walker et al., 2010).
This finding appears independent of age; the age group least likely to be
linked to care (≥70) were less likely than those aged 40–59 year to
have an extended hospital stay.

Providing increased access to diagnostic testing and treatment is a
priority in the elimination program, and a rollout of decentralization of
care began in 2018, whereby HCV-infected individuals can seek treat-
ment at selected primary care and harm reduction sites (Adamia, 2018).
Several other interventions, such as lowering costs of diagnostics are
being implemented (Adamia, 2018). This hospital screening program
was expanded by a follow-up governmental decree in May of 2018 to

ensure all emergency room patients are offered HCV screening in ad-
dition to inpatients. Additionally, in March 2018, Georgia instituted a
policy in which hospitals are mandated to obtain and send serum spe-
cimen of all patients who screen anti-HCV positive to the national re-
ference laboratory for reflex HCV core antigen testing, free of charge to
patients (Averhoff et al., 2019). This change in policy resulted in in-
creased viremia testing, though rates of subsequent hepatitis C treat-
ment initiation decreased among patients diagnosed viremic - the next
step in the care continuum that the elimination program must seek to
facilitate (Averhoff et al., 2019).

Interventions to improve screening and linkage to care should de-
crease barriers to the program. However, it is essential to continually
monitor and evaluate the care continuum to identify deficiencies and
bolster screening and treatment rates. Since the time of this evaluation,
hospital screening data was incorporated into a national screening
registry, creating a unified database that allows monitoring of the he-
patitis C continuum of care at the individual-patient level (Georgia
Ministry of Health, Labour and Social Affairs, 2019). This more efficient
information system can help prevent unnecessary and repeat screen-
ings, thereby reducing costs.

4.1. Study limitations

There were several limitations to this evaluation. First, erroneous
data entries and entries with missing HCV fields (2.9% of patients) in
the HMIS could have affected our findings. Second, the HMIS did not
collect information to assess reasons for the screening and linkage-to-
care rates observed. The database did not report eligibility criteria (e.g.
previous screening results, prior initiation of hepatitis C treatment,
patient refusal), nor demographic information such as income or edu-
cation level; thus, it was impossible to determine reasons for variations
in screening rates across different populations. Also, no data was
available regarding post-screening counseling to confirm when, how, or
if the patient was informed of his/her results, if the patient was coun-
seled about how to seek follow-up diagnostic testing, the importance
thereof, or if any potential barriers to linkage were identified. Third,
some patients may have had contraindications to hepatitis C treatment,
or terminal diseases that would hinder follow-up diagnostics, leading to
underestimation of linkage-to-care rates. Finally, anti-HCV positive
patients discharged at the end of the evaluation period had only 90 days
to seek diagnostic testing, though our analysis found that nearly a third
of patients linked to care took>90 days to do so.

5. Conclusion

Identification of HCV-infected persons, and subsequent care and
treatment is essential for the success of Georgia's hepatitis C elimination
program. Our evaluation reports on the first year of the country's in-
itiative to screen all hospital inpatients for hepatitis C. We highlighted
great progress that was made to identify anti-HCV positive patients, as
well as some shortfalls that can be addressed to promote screening and
linkage to care in the country and can help meet their hepatitis C
elimination targets.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ypmed.2020.106153.
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Objectives: The burden of hepatitis B virus (HBV) and hepatitis D virus (HDV) infections is unknown in
Georgia. This analysis describes the prevalence of hepatitis B and coinfection with HDV and the de-
mographic characteristics and risk factors for persons with HBV infection in Georgia.
Study design: This is a cross-sectional seroprevalence study.
Methods: A cross-sectional, nationwide survey to assess hepatitis B prevalence among the general adult
Georgian population (age �18 years) was conducted in 2015. Demographic and risk behavior data were
collected. Blood specimens were screened for antiehepatitis B core total antibody (anti-HBc). Anti-HBc
epositive specimens were tested for hepatitis B surface antigen (HBsAg). HBsAg-positive specimens were
tested for HBV and HDV nucleic acid. Nationally weighted prevalence estimates and adjusted odds ratios
(aORs) for potential risk factors were determined for anti-HBc and HBsAg positivity.
Results: The national prevalence of anti-HBc and HBsAg positivity among adults were 25.9% and 2.9%,
respectively. Persons aged �70 years had the highest anti-HBc positivity (32.7%), but the lowest HBsAg
positivity prevalence (1.3%). Anti-HBc positivity was associated with injection drug use (aOR ¼ 2.34; 95%
confidence interval [CI] ¼ 1.46e3.74), receipt of a blood transfusion (aOR ¼ 1.68; 95% CI ¼ 1.32e2.15), and
sex with a commercial sex worker (aOR ¼ 1.46; 95% CI ¼ 1.06e2.01). HBsAg positivity was associated
with receipt of a blood transfusion (aOR ¼ 2.72; 95% CI ¼ 1.54e4.80) and past incarceration (aOR ¼ 2.72;
95% CI ¼ 1.25e5.93). Among HBsAg-positive persons, 0.9% (95% CI ¼ 0.0e2.0) were HDV coinfected.
Conclusions: Georgia has an intermediate to high burden of hepatitis B, and the prevalence of HDV co-
infection among HBV-infected persons is low. Existing infrastructure for hepatitis C elimination could be
leveraged to promote hepatitis B elimination.

© 2020 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Globally, an estimated 257 million persons (3.5% of the world's
population) were living with chronic hepatitis B virus (HBV)
infection in 2015,1 and an estimated 900,000 persons died from
HBV infection, primarily from the sequelae of chronic infection,

liver failure, and hepatocellular carcinoma.1 Superinfection with
hepatitis D virus (HDV) worsens the outcome of HBV infection, and
an estimated 5% of HBV-infected persons are also coinfected with
HDV.1

Introduction of hepatitis B vaccine into the childhood vaccina-
tion schedule has dramatically reduced the prevalence of chronic
HBV infection from 4.7% to 1.3% in 2015 in children <5 years of age
globally.1 HBV infection occurring during birth and early childhood
accounts for most of the burden of chronic hepatitis B; the majority
of people currently living with HBV infection were born before the
hepatitis B vaccine was widely available.1 In 2018, global coverage
of three doses of hepatitis B vaccine was 84%, however, birth dose
coverage was only 42%; many developing countries are not using
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the birth dose of hepatitis B vaccine as part of their national
strategy.2 In 2016, the World Health Assembly endorsed viral
hepatitis elimination goals, defined as a reduction of 90% in inci-
dence and 65% in mortality worldwide of both hepatitis B and
hepatitis C by 2030.1,3

Georgia, a lower-middle-income country with a population of
3.7 million situated at the crossroads of Europe and Asia, imple-
mented a national program in 2015 to eliminate hepatitis C by
2020.4e6 To inform this effort, the country conducted a national
seroprevalence survey in 2015 to estimate the burden of hepatitis C
virus (HCV) infection, but also included testing for HBV
infection.7e9 The hepatitis B vaccine has been included in Georgia's
national immunization schedule since 2002, and the birth dose has
been included since 2003. Coverage for routine vaccination has
been >90% for most years during 2005e2018.10 This article de-
scribes the national prevalence of HBV infection and associated risk
factors, as well as coinfection with HDV, in Georgia's adult popu-
lation born before 1998.

Methods

Study population

A cross-sectional, nationwide survey for hepatitis B and hepa-
titis C prevalence among the general population aged �18 years
was conducted in Georgia in 2015 using a stratified, multistage
cluster design with random sampling.9 A sample size of 7000 was
based on an estimated hepatitis C prevalence of 6.7%, a design effect
of 2, and a 70% anticipated response rate.9 After obtaining informed
consent from the study participants, interviewers collected de-
mographic information, medical and behavioral history, informa-
tion about potential risk factors and exposures, knowledge about
HBV infection, and vaccination information. A blood sample was
collected from the study participants. Trained interviewers verbally
administered the survey in the language of the participant (either
Georgian, Armenian, Russian, or Azerbaijani). Data were entered
into handheld electronic devices in real time and uploaded to a
secure database. The details of sampling methods, specimen and
data collection details, and hepatitis C testing and statistical
methods are described in the study by Hagan et al.9

Laboratory methods

Blood specimens were centrifuged, and serum was separated,
aliquoted, and stored at �20 �C. Weekly, the specimens were
shipped on dry ice to the Lugar Center, Georgia's national reference
laboratory, where they were stored at �70 �C until tested. The
specimens were screened for antiehepatitis B core total antibody
(anti-HBc) by enzyme immunoassay (anti-HBc Ab, EIA IVD; Dia.Pro.
Diagnostic Bioprobes Srl., Italy).11 Anti-HBcepositive specimens
were tested for hepatitis B surface antigen (HBsAg) (EIA IVD; Dia.-
Pro. Diagnostic Bioprobes Srl., Italy).12 To confirm the presence of
HBsAg, all HBsAg-positive samples were tested with the HBsAg
confirmation neutralization assay (EIA IVD; Dia.Pro. Diagnostic
Bioprobes Srl., Italy).13 The Diagnostic Reference Team of the Divi-
sion of Viral Hepatitis Laboratory Branch at the US Centers for
Disease Control and Prevention (CDC) retested all anti-HBcepos-
itive specimens and a comparable-size subset of negative speci-
mens using the highly sensitive, Food and Drug
Administrationelicensed VITROS Immunodiagnostic System
(aHBc and HBsAg, IVD; Ortho Clinical Diagnostics, Raritan, NJ,
USA).14,15 Specimens that tested positive for HBsAg were tested at
the CDC using nucleic acid tests (NATs) for HBV DNA and for HDV
RNA. NAT-positive samples were sequenced and genotyped using
previously established procedures.16 HBsAg-positive samples with

undetectable HBV DNA using a laboratory developed test (LDT)
with a lower limit of detection (LOD) of 500 IU/mL were further
tested by ion vapor deposition (IVD) assay with a LOD <20 IU/mL.

Definitions

Persons testing negative for anti-HBc were classified as ‘never
infected with HBV,’ those testing positive for anti-HBc were
considered ‘ever infected with HBV.’ Persons positive for both anti-
HBc and HBsAg were classified as ‘currently infected.’ Patients with
incomplete or missing anti-HBc results were excluded from the
analysis.

Statistical analyses

All data were weighted at cluster, household, and individual
levels using 2014 Georgia census data to account for selection
probability, non-response, and sampling differences between re-
gions to produce nationally representative estimates. We estimated
the national prevalence of anti-HBc and HBsAg positivity as well as
coinfections with HCV (both antibody to HCV [anti-HCV] and HCV
RNA) and HDV. The results are presented as weighted percentages
with 95% confidence intervals (CIs). Statistically significant bivar-
iate associations between anti-HBc/HBsAg positivity and de-
mographic and other risk factors were determined using chi-
squared tests. All factors found to be statistically significant
(P < 0.05) were included in a multivariable logistic regression
model. Statistical analysis was conducted using SAS version 9.4
(Cary, North Carolina, USA).

Results

Of the 7000 persons selected to participate in the study, 6296
(89.9%) gave consent and completed the questionnaire, and 6014
(85.9%) completed both the questionnaire and provided a blood
specimen. Seven of these respondents were excluded for having
missing or inconclusive hepatitis B test results; the final sample
comprised valid anti-HBc and HBsAg results from 6007 adults.
Demographic and exposure history for the overall sample of study
participants is described in the study by Hagan et al.9 In the sample,
total anti-HBc positivity was detected in 1634 specimens, of which
188 tested positive for HBsAg. Overall, the weighted prevalence of
anti-HBc positivity among adults was 25.9% (95% CI ¼ 24.2e27.6),
and the prevalence of HBsAg positivity was 2.9% (95% CI¼ 2.4e3.5),
corresponding to an estimated 80,000 adults living with chronic
HBV infection in Georgia. Of 174 HBsAg-positive specimens tested
for HBV DNA using the LDT, 97 (55.7%) were positive and 77 had
undetectable HBV DNA levels. Of those 77 samples, 40 samples had
sufficient volume for an IVD assay test, with 28 (70.0%) testing
positive. Thus, of 137 HBsAg-positive specimens that were tested by
both HBV DNA assays, 125 (91.2%) tested positive for HBV DNA. Of
those, 77 were successfully genotyped; HBV genotype A was
identified in 28 (36.4%) specimens, and genotype D was identified
in 49 (63.6%) specimens.

Anti-HBc positivity prevalence and risk factors

Anti-HBc positivity prevalence differed significantly by age, with
the lowest prevalence among persons aged 18e29 years (11.9%; 95%
CI ¼ 9.2e14.5) and highest among those aged �70 years (32.7%;
95% CI¼ 28.4e36.9) (P < 0.0001), but did not differ by sex (Table 1).
Anti-HBc positivity prevalence differed by geographic region,
ranging from a low of 18.8% (95% CI ¼ 12.4e25.2) to a high of 33.0%
(95% CI ¼ 29.2e36.9; P < 0.001) (Fig. 1).
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Bivariate analysis revealed that testing positive for anti-HBc was
associated with the type of provider (i.e., a healthcare worker,
dentist, or family member) who administered the last therapeutic
(medical or dental) injection that a participant reported receiving,

history of renal dialysis, ever having received a blood transfusion,
history of any other chronic disease, past or present injection drug
use, the number of lifetime sexual partners, having engaged in sex

Table 1
Characteristics associated with anti-HBc and HBsAg positivity, Georgia seroprevalence survey, 2015.

Demographic characteristics Total sample Anti-HBc positivity HBsAg positivity

No. Weighted % No. Weighted % (95% CI) P-value No. Weighted % (95% CI) P-value

Overall 6007 100.0 1634 25.9 (24.2, 27.6) 188 2.9 (2.4, 3.5)
Sex
Male 2338 46.9 676 27.0 (24.5, 29.6) 0.15 85 3.4 (2.5, 4.3) 0.10
Female 3669 53.1 958 24.9 (22.9, 26.9) 103 2.5 (1.9, 3.2)

Age (years)
18e29 1063 19.2 138 11.9 (9.2, 14.5) <0.0001 45 4.2 (2.7, 5.7) 0.001
30e39 1140 19.9 329 27.5 (23.9, 31.2) 64 4.5 (3.2, 5.8)
40e49 1026 18.5 320 31.1 (26.9, 35.4) 27 2.7 (1.2, 4.1)
50e59 1096 16.9 327 28.3 (25.0, 31.7) 30 2.4 (1.3, 3.5)
60e69 884 13.6 262 27.2 (23.5, 30.9) 12 1.4 (0.4, 2.4)
70þ 798 12.0 258 32.7 (28.4, 36.9) 10 1.3 (0.4, 2.2)

Urban vs rural
Urban 3154 55.8 848 24.8 (22.3, 27.3) 0.16 108 3.1 (2.2, 3.9) 0.67
Rural 2853 44.2 786 27.3 (24.9, 29.7) 80 2.8 (2.1, 3.5)

Employment status
Employed, student, homemaker, retired 4940 80.2 1335 25.8 (23.8, 27.7) 0.73 135 2.5 (2.0, 3.1) 0.001
Unemployed 1065 19.8 298 26.4 (23.0, 29.8) 53 4.6 (3.1, 6.1)

Highest level of education completed
Elementary/primary school or less 621 9.2 162 26.0 (21.4, 30.5) 0.047 15 2.9 (1.3, 4.6) 0.13
Secondary school 2464 40.5 697 27.3 (24.5, 30.0) 92 3.7 (2.7, 4.7)
Professional/technical school 1110 16.7 322 28.2 (24.8, 31.6) 27 2.4 (1.3, 3.4)
University/college or higher 1811 33.6 453 23.1 (20.4, 25.8) 54 2.4 (1.6, 3.2)

Healthcare worker, ever
Yes 315 5.1 91 26.5 (19.5, 33.4) 0.87 ea 1.7 (0.0, 3.7) 0.35
No 5687 94.9 1542 25.9 (24.1, 27.6) 183 3.0 (2.4, 3.6)

Provider who administered the last injection
Healthcare worker 2381 49.7 627 24.4 (22.0, 26.8) 0.01 63 2.3 (1.6, 3.0) 0.43
Dentist 929 19.2 213 24.1 (20.2, 28.0) 33 3.2 (1.9, 4.6)
Pharmacist 8 0.1 e* 33.2 (0.0, 70.9) ea 9.9 (0.0, 27.4)
Non-healthcare worker (family/neighbor) 1358 25.9 421 30.7 (27.4, 33.9) 43 3.1 (1.9, 4.3)
Myself 281 5.1 98 29.4 (22.1, 36.6) 13 2.8 (0.8, 4.7)

Ever received kidney dialysis
Yes 17 0.3 ea 57.8 (26.3, 89.4) 0.02 ea 15.1 (0, 38.4) 0.06
No 5973 99.5 1618 25.7 (24.0, 27.4) 187 2.9 (2.4, 3.5)

Ever received blood transfusion
Yes 447 7.1 158 38.3 (32.8, 43.9) <0.0001 22 6.0 (3.0, 8.9) 0.003
No 5555 92.9 1475 24.9 (23.2, 26.7) 166 2.7 (2.2, 3.3)

Frequency of dental cleanings
Once/year or more 671 15.1 155 23.5 (19.1, 27.9) 0.23 19 2.6 (1.0, 4.3) 0.44
Less than once/year 593 11.2 167 25.4 (21.0, 29.9) 14 2.1 (0.7, 3.5)
Never 4174 73.8 1185 27.2 (25.3, 29.2) 140 3.3 (2.5, 4.0)

Ever injected drugs
Yes 205 4.5 107 48.1 (38.6, 57.6) <0.0001 15 5.6 (0.7, 10.5) 0.12
No 5763 95.5 1518 24.9 (23.2, 26.6) 172 2.8 (2.3, 3.3)

Number of lifetime sexual partners
0 411 7.2 67 16.0 (11.4, 20.6) <0.0001 ea 3.0 (0.3, 5.7) 0.21
1e5 3958 60.8 1057 25.4 (23.3, 27.4) 113 2.5 (1.9, 3.1)
> 5 1630 32.1 507 29.0 (26.1, 31.9) 65 3.8 (2.5, 5.0)

Ever had sex with a commercial sex worker (among men)
Yes 357 15.3 120 34.0 (27.8, 40.1) 0.003 16 5.2 (2.3, 8.1) 0.08
No 1979 84.7 556 25.8 (23.1, 28.4) 69 3.1 (2.2, 4.0)

Use condoms with sexual partners
Always 382 8.9 78 18.5 (13.6, 23.5) 0.003 17 3.2 (1.1, 5.2) 0.99
Sometimes/often 1617 33.3 436 25.2 (21.9, 28.4) 56 3.0 (2.0, 4.0)
Never 2993 49.4 864 28.3 (26.1, 30.5) 89 3.0 (2.2, 3.9)

Ever incarcerated
Yes 236 4.8 100 39.5 (30.3, 48.7) <0.001 15 8.0 (2.2, 13.7) 0.003
No 5758 95.2 1530 25.2 (23.4, 26.9) 172 2.7 (2.2, 3.2)

Any body piercings
Yes 2714 38.9 691 23.2 (21.3, 25.2) 0.002 81 2.6 (1.9, 3.3) 0.29
No 3284 61.1 939 27.5 (25.2, 29.9) 106 3.1 (2.4, 3.9)

History of any chronic disease
Yes 2791 44.0 828 27.6 (25.5, 29.7) 0.04 81 2.7 (1.9, 3.4) 0.33
No 3211 56.0 805 24.5 (22.2, 26.9) 107 3.2 (2.4, 4.0)

anti-HBc ¼ antiehepatitis B core total antibody; HBsAg ¼ hepatitis B surface antigen; CI ¼ confidence interval.
a Suppressed because of the small sample size (<10).
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with a commercial sex worker, condom use, history of incarcera-
tion, and having a body piercing (P < 0.05 for all) (Table 1).

After adjusting for covariates in a model, significant risk factors
for anti-HBc positivity included ever injecting drugs (adjusted odds
ratio [aOR] ¼ 2.34; 95% CI ¼ 1.46e3.74); ever having received a
blood transfusion (aOR¼ 1.68; 95% CI¼ 1.32e2.15); ever having sex
with a commercial sex worker (aOR ¼ 1.46; 95% CI ¼ 1.06e2.01);
and receipt of last medical injection by a neighbor or family
member vs a healthcare worker (aOR ¼ 1.31; 95% CI ¼ 1.07e1.62)
(Table 2).

HBsAg positivity prevalence and risk factors

HBsAg positivity prevalence varied by age, with the highest
prevalence of infection among the youngest age-groups including
those aged 18e29 years (4.2%; 95% CI ¼ 2.7e5.7) and 30e39 years
(4.5%; 95% CI ¼ 3.2e5.8), whereas the lowest prevalence was
among those aged �70 years (1.3%; 95% CI ¼ 0.4e2.2) (Table 1).
HBsAg positivity prevalence was significantly higher (4.6%; 95%
CI ¼ 3.1e6.4) among those who self-reported being unemployed at
the time of the survey than among others (2.5%; 95% CI ¼ 2.0e3.1)
(P < 0.001). In bivariate analysis, testing positive for HBsAg was
associated with ever having received a blood transfusion (P < 0.01)
and a history of incarceration (P < 0.01). These associations
remained significant after adjusting for all covariates significant in
bivariate analysis, with aORs of 2.72 (95% CI ¼ 1.54e4.80) and 2.72
(95% CI ¼ 1.25e5.93), respectively.

Coinfection with hepatitis C or hepatitis D

Anti-HBc positivity was associated with both past and current
HCV infection. Among anti-HBcepositive persons, 12.9% (95%
CI ¼ 10.2e15.5) were anti-HCV positive, compared with 5.9% (95%
CI ¼ 4.8e7.0) of anti-HBcenegative persons (P < 0.0001; data not
shown). Likewise, 9.2% (95% CI ¼ 6.9e11.6) of anti-HBcepositive
persons were HCV RNA positive, compared with 4.1% (95%
CI ¼ 3.2e4.9) among those never infected with HBV (P < 0.0001).

Among HBsAg-positive persons, 13.3% (95% CI ¼ 5.8e20.8) were
anti-HCV positive and 9.8% (95% CI ¼ 2.6e17.0) were HCV RNA
positive, although these were not significantly higher than those in
HBsAg-negative persons (7.5%; 95% CI ¼ 6.4e8.6 and 5.3%; 95%
CI ¼ 4.4e6.2, respectively [P > 0.05]).

Among HBsAg-positive persons, 0.9% (95% CI ¼ 0.0e2.0) were
positive for HDV RNA (n ¼ 4/175 [2.3%] of samples tested). All HDV
specimens were genotype 1.

Hepatitis B vaccination

Overall, 1.1% (95% CI ¼ 0.8e1.4) of the surveyed population re-
ported ever having been vaccinated against hepatitis B (data not
shown), although the number of doses received could not be
verified. Vaccination coveragewas highest (2.1%) among those aged
18e29 years and lowest (0.2%) among those aged �60 years
(P < 0.001). Of the 798 participants aged �70 years, none could
recall having been vaccinated against hepatitis B.

Hepatitis Berelated knowledge

Slightly more than one-third of the participants (36.7%;
n ¼ 2004) had ever heard of hepatitis B or HBV. About one in five
participants (20.6%; n ¼ 1093) was aware that HBV could be
transmitted by sharing needles or syringes, and 18.7% (n ¼ 1010)
were aware HBV could be transmitted by sharing household objects
such as razors. Only 8.7% (n ¼ 461) knew it was vaccine prevent-
able, and 15.4% (n¼ 819) knew that condom use could prevent HBV
infection. Of those who had heard of HBV, 42.8% (n ¼ 884) were
aware that this infection could be treated, and 42.5% (n ¼ 849)
knew that it could be asymptomatic.

Discussion

This is the first serosurvey to report hepatitis B prevalence on a
national scale in Georgia. Overall, the rate of current or past HBV
infection (anti-HBc) was 25.9%, and the prevalence of chronic HBV
infection, defined by prevalence of HBsAg positivity, was 2.9%. A
study conducted in 2006e2007 among healthcare workers in
Georgia found similar prevalence of anti-HBc (29%) and HBsAg (2%)
positivity.17

Georgia's anti-HBc positivity prevalence is high, but the country
has low to intermediate HBsAg positivity prevalence (defined as
2.00e4.99%) compared with other countries in the World Health
Organization European region.18 Risk factors associated with HBV
infection included injection drug use, receipt of a blood transfusion,
history of incarceration, sex with a commercial sex worker, and

Fig. 1. Estimated antiehepatitis B core total antibody positivity prevalence (95% confidence intervals) by region, Georgia serosurvey, 2015.
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receipt of therapeutic injections from family members. Overall,
these findings highlight the need to address blood safety, harm
reduction for people who inject drugs, and unsafe infection control
practicesdissues currently being addressed by the hepatitis C
elimination program.4

A quarter of respondents reported that their last therapeutic
injection was from a neighbor or family member, suggesting the
need to better understand the degree to which ‘informal’ health-
care practices are used in the country and to better communicate
the risk of unsafe injections in transmitting HBV and HCV.

This analysis is the first to our knowledge to report nationally
representative data on HBV/HDV coinfection. HDV infection burden
is reported to be substantial in several countries of Eastern Europe

and Central Asia.19,20 Globally, approximately 5% of HBsAg carriers
are estimated to be coinfected with HDV.21 Although nationally
representative data are lacking frommost countries, several studies
indicate that HDV coinfection burden covers a large spectrum, from
1.6% in Central Asia (South Kazakhstan),22 18.3% in Eastern Europe
(Moldova),23 to 57% in Mongolia.24 In comparison, hepatitis D
prevalence in Georgia among those currently infected with HBV is
low (0.9%).

It is noteworthy that HBsAg positivity prevalence was highest
and anti-HBc positivity prevalence was lowest among the youngest
age cohorts (age of 18e39 years). This finding suggests that most
HBV infections in Georgia likely occurred either perinatally from
mother to child or horizontally during childhood when the risk of

Table 2
Results of multivariate regression models of the association of anti-HBc and HBsAg positivity with selected variables, Georgia seroprevalence survey, 2015.

Characteristics Anti-HBc HBsAg

Unadjusted OR (95% CI) Adjusted ORa (95% CI) Unadjusted OR (95% CI) Adjusted ORa (95% CI)

Age (years)
18e29 Ref Ref Ref Ref
30e39 2.83 (2.08, 3.84) 2.71 (2.00, 3.68) 1.07 (0.66, 1.72) 1.03 (0.65, 1.63)
40e49 3.36 (2.51, 4.50) 2.90 (2.15, 3.90) 0.63 (0.31, 1.25) 0.57 (0.30, 1.10)
50e59 2.94 (2.17, 4.00) 2.55 (1.88, 3.46) 0.56 (0.30, 1.03) 0.50 (0.28, 0.89)
60e69 2.78 (2.04, 3.79) 2.49 (1.78, 3.48) 0.33 (0.15, 0.74) 0.33 (0.14, 0.75)
70þ 3.61 (2.66, 4.88) 3.10 (2.19, 4.41) 0.31 (0.14, 0.67) 0.32 (0.14, 0.74)

Employment status
Employed, student, homemaker, retired eb e Ref Ref
Unemployed (able or unable to work) e e 1.88 (1.28, 2.74) 1.41 (0.96, 2.09)

Highest level of education completed
Elementary/primary school or less 1.17 (0.88, 1.55) 1.10 (0.81, 1.49) e e

Secondary school 1.25 (1.03, 1.51) 1.24 (1.03, 1.50) e e

Professional/technical school 1.25 (1.03, 1.51) 1.24 (0.99, 1.57) e e

University/college or higher Ref Ref e e

Provider who administered the last injection
Healthcare worker Ref Ref e e

Dentist 0.99 (0.78, 1.24) 1.10 (0.86, 1.40) e e

Pharmacist 1.54 (0.28, 8.33) 1.55 (0.24, 10.05) e e

Non-HCW (family/neighbor) 1.37 (1.12, 1.68) 1.31 (1.07, 1.62) e e

Myself 1.29 (0.89, 1.87) 1.04 (0.71, 1.51) e e

Ever received kidney dialysis
Yes 3.97 (1.08, 14.53) 2.53 (0.76, 8.47) e e

No Ref Ref e e

Ever received blood transfusion
Yes 1.87 (1.48, 2.37) 1.68 (1.32, 2.15) 2.28 (1.31, 4.00) 2.72 (1.54, 4.80)
No Ref Ref Ref Ref

Injection drug use (ever)
Yes 2.80 (1.91, 4.09) 2.34 (1.46, 3.74) e e

No Ref Ref e e

Number of lifetime sexual partners
0 Ref Ref e e

1e5 1.78 (1.25, 2.54) 0.84 (0.51, 1.37) e e

> 5 2.14 (1.47, 3.12) 0.86 (0.49, 1.50) e e

Sex with a commercial sex worker (among men)
Yes 1.48 (1.10, 1.99) 1.46 (1.06, 2.01) e e

No Ref Ref e e

Use condoms with sexual partners
Always Ref Ref e e

Sometimes/often 1.48 (1.02, 2.15) 1.24 (0.83, 1.86) e e

Never 1.74 (1.25, 2.42) 1.48 (1.00, 2.17) e e

Ever incarcerated
Yes 1.94 (1.32, 2.86) 1.33 (0.88, 2.02) 3.14 (1.41, 6.99) 2.72 (1.25, 5.93)
No Ref Ref Ref Ref

Any body piercings
Yes 0.80 (0.69, 0.92) 0.90 (0.74, 1.10) e e

No Ref Ref e e

History of any chronic disease
Yes 1.17 (1.01, 1.36) 0.95 (0.81, 1.12) e e

No Ref Ref e e

anti-HBc ¼ antiehepatitis B core total antibody; HBsAg ¼ hepatitis B surface antigen; OR ¼ odds ratio; CI ¼ confidence interval; HCW ¼ healthcare worker; Ref ¼ reference
category.

a Adjusted models included all variables associated with the outcome (P < 0.05) in bivariate analysis.
b Omitted owing to lack of association in bivariate analysis.

A. Kasradze et al. / Public Health 185 (2020) 341e347 345



chronic infection is highest.2 Routine hepatitis B vaccination was
included in the national immunization schedule in 2002, and the
hepatitis B birth dose was introduced in 2003, so persons in this
survey would not have benefitted from childhood and birth dose
vaccination programs. Cohorts of Georgian children born after 2002
and 2003 will benefit from the protection of hepatitis B vaccina-
tion.25 In addition, a dose of hepatitis B immunoglobulin (HBIG) is
administered to infants born to pregnant women who have been
screened and tested positive for HBsAg since August 2006.26 In
2017e2018, of 103,828 registered live births, HBIG was adminis-
tered to 1532 (1.5%) newborns.25 Given these development, Georgia
could consider implementation of a hepatitis B serosurvey among
cohorts born after vaccine introduction to assess the impact of
vaccination on disease burden and report on progress toward the
achievement of the European region hepatitis B control goal of
HBsAg <0.5% among vaccinated cohorts by 202027 and global goal
of elimination which is defined as HBsAg<0.1% among children
aged 5 years by 2030.1 In addition, in 2019, the government of
Georgia approved a decree mandating hepatitis B vaccination be
made available to all healthcare workers.28 Fewer than 9% of per-
sons were aware that hepatitis B can be prevented with a vaccine,
suggesting public awareness campaigns could boost vaccination
uptake among older populations.

Several key risk factors for HBV infection identified in this
analysis were also found to be associated with HCV infection in
Georgia, including history of incarceration (in bivariate analyses),
receipt of a blood transfusion, and past or current injection drug
use.9 HBV and HCV, both blood-borne pathogens, are known to
have similar modes of transmission,29 and nearly 10% of HBsAg-
positive persons in this analysis were coinfected with HCV. Coin-
fection can increase the likelihood of developing cirrhosis,
decompensated liver disease, and hepatocellular carcinoma.30

Georgia's hepatitis C elimination program was launched in 2015
and offers hepatitis C treatment free of charge; however, there is
currently no such program for hepatitis B treatment. Nonetheless,
the public health infrastructure established for hepatitis C
screening and treatment as part of the hepatitis C elimination
program could be leveraged to support hepatitis B elimination as
well.4e6 Furthermore, Georgia can take advantage of reductions in
the price of hepatitis B antivirals observed globally to improve
treatment access.31 Cost-effectiveness studies and modeling for
hepatitis B elimination are needed to further inform the Georgian
government's consideration of undertaking hepatitis B elimination.

This analysis was subject to several limitations. Owing to its
cross-sectional design, causal associations are difficult to be made;
hepatitis B could have been acquired at any time and in any setting
before survey participation. Risk factor data were self-reported and
could not be independently verified and could be subject to recall
and social desirability bias. Our survey only included persons �18
years of age who were not eligible for hepatitis B vaccination at the
time of birth, so hepatitis B prevalence could not be estimated for
persons in younger age-groups and children who were born after
vaccine introduction. However, lower HBV infection rates are
anticipated among children born after hepatitis B vaccine intro-
duction. In addition, currently incarcerated persons were not sur-
veyed in this analysis, which could lead to underestimation of
national prevalence of hepatitis B. Demographic and behavioral
differences between survey participants who did or did not provide
a blood specimen could have skewed results. The relatively low
number of HBsAg-positive persons sampled prevented reliable
analysis of regional HBsAg prevalence and likely affected risk factor
analysis, which could explain differences observed between anti-
HBc and HBsAg positivity, especially with respect to injection
drug use (IDU) and sexwith a commercial sexworker. The sampling
method of this study was not designed to produce precise

prevalence estimates for HDV infection; owing to low prevalence
among the sampled population, national estimates should be
interpreted with caution.

To conclude, the overall rate of exposure to HBV in Georgia is
high, suggesting significant transmission, although the prevalence
of chronic HBV infection is low to intermediate. Considering the
overlap in the population and risk factors for HCV and HBV infec-
tion, existing programs and efforts within the ongoing national
hepatitis C elimination program may be mitigating the risk of
continued HBV transmission in the country; preventive measures
aimed at reducing the risk of HCV transmission will also reduce the
risk of HBV infection. The future burden of hepatitis B in Georgia
will also decrease as a result of childhood vaccinations begun in the
early 2000s. Nevertheless, more than 80,000 adults are estimated
to be living with chronic HBV infection and are at risk of sequelae
including cirrhosis and hepatocellular carcinoma, as well as
continued transmission to additional susceptible individuals.
Incorporating hepatitis B into Georgia's successful ongoing hepa-
titis C elimination efforts offers an opportunity for Georgia to be
among the first countries in the region to undertake hepatitis B
elimination. Studies to assess the feasibility and cost-effectiveness
of undertaking hepatitis B elimination in Georgia could help
inform policy decisions.
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Abstract 

Objective: In 2015, Georgia launched HCV elimination program. Initially, patients with advanced liver disease were 
treated with sofosbuvir-based regimen—the only DAA available for all genotypes. Purpose of the study was assessing 
real-world data of treatment outcome among patients with HCV GEN3 and advanced liver fibrosis with sofosbuvir-
based regimens.

Results: Totally 1525 genotype 3 patients were eligible for analysis; most (72.6%) were aged > 45 years, majority were 
males (95.1%), and all (100%) had advanced liver disease (F3 or F4 by METAVIR score based on elastography). Of those 
who received sofosbuvir/ribavirin (SOF/RBV) for 24 weeks, 79.3% achieved SVR, while 96.5% who received sofosbuvir/
pegylated interferon/ribavirin (SOF/PEG/RBV) for 12 weeks achieved SVR (p < 0.01). Among patients with liver cir-
rhosis (defined as F4) overall cure rate was 85.7% as opposed to 96.4% for those with F3. Females were more likely to 
be cured (98.7% vs 89.7%; OR = 8.54). Patients aged 31–45 years had higher likelihood of achieving SVR compared to 
patients aged 46-60 years (95.7% vs 87.4%; OR = 0.32,). Independent predictors of SVR were treatment with SOF/PEG/
RBV (aOR = 6.72) and lower fibrosis stage (F3) (aOR = 4.18). Real-world experience among HCV GEN3 patients with 
advanced liver fibrosis and treated by sofosbuvir regimen w/o PEGIFN, demonstrated overall high SVR rate.
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Introduction
The World Health Organization (WHO) estimates, glob-
ally 71 million people are living with chronic hepatitis C 
virus (HCV) infection, and 400,000 die annually, mostly 
from complications of cirrhosis and hepatocellular car-
cinoma [1]. Recently introduced direct-acting antivirals 
(DAAs) offer an opportunity for curing the vast majority 
of infected persons, which will reduce the transmission 
risk and prevalence of HCV in the population.

Georgia has a high burden of HCV infection; a 2015 
national serosurvey found that an estimated 5.4% of 
adults are currently infected with HCV [2]. On April 28, 
2015, Georgia launched the world’s first National HCV 
Elimination Program that included free of charge treat-
ment with DAAs for all HCV infected persons [3]. The 
DAAs for the elimination program are donated by Gilead 
Sciences, and sofosbuvir was the first DAA available for 
the program. In the initial phase of the program, patients 
with moderate or severe liver disease were prioritized to 
receive treatment [3]. Cure rates for HCV infection (i.e., 
FSustained Virologic Response or SVR) varies depending 
on the genotype, degree of liver fibrosis, and the specific 
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DAAs used [4–11]. HCV infected patients with geno-
type 3 are considered difficult to treat with SOF/RBV and 
SOF/PEG/RBV regimens, compared to other genotypes 
[5, 12, 13].

The HCV elimination treatment program in Georgia, 
with a large number of patients with genotype 3 patients 
offers a unique opportunity to study the outcomes among 
these hard to treat patients in a real-world setting. We 
aimed to study the real-world treatment outcomes 
among genotype 3 HCV infected patients with advanced 
disease treated with SOF/RBV and SOF/PEG/RBV regi-
mens. Despite the fact that IFN-containing regimens are 
no longer standard of care in developed world, develop-
ing countries still use some of these regimens.

Main text
Methods
The Georgia National HCV Elimination Program collects 
data on enrolled patients’ pre-treatment, during treat-
ment, and post treatment. Data collected includes socio-
demographic information, clinical and laboratory data, 
and prescribed medications based on national guidelines 
upon enrolment. These data are collected using stand-
ardized protocols, and entered into a national treatment 
database, STOP-C, developed for the HCV elimination 
program. Data collected and stored in STOP-C includes 
HCV genotype and viral load, level of liver fibrosis, risk 
factors for HCV infection and treatment-related labora-
tory data, including SVR at week 12–24 after completion 
of treatment.

Data from April 28, 2015 through September 30, 
2016 from STOP-C were analysed. Characteristics and 

outcomes of patients with genotype 3 were extracted. 
Only patients with advanced fibrosis (F3 or F4 by META-
VIR score based on elastography) who had SOF-based 
regimens and valid SVR 12-24 results were included in 
the analysis. The treatment for patients with genotype 3 
per national guidelines, was either sofosbuvir and riba-
virin (SOF/RBV) for 24  weeks, or sofosbuvir, ribavirin 
and pegylated interferon (PEG IFN) 2a or 2b (SOF/PEG/
RBV) for 12  weeks, depending on patient eligibility to 
receive IFN. SVRs were calculated using per-protocol 
as well as intent-to-treat (ITT) analysis. Per-protocol 
analysis included patients with complete SVR data and 
ITT analysis also included those who discontinued treat-
ment. Treatment outcomes were analysed by degree of 
liver fibrosis (F4-cirrhosis vs F3-non-cirrhosis) and treat-
ment regimen. Statistical software, SAS version 9.4, was 
used for data analysis. Bivariate associations between 
treatment outcome with different factors, such as treat-
ment regimen, fibrosis stage, age, and gender were ana-
lysed using Chi square. Multivariate analysis with logistic 
regression was used to estimate odds ratios adjusted for 
age and gender (aORs) and define independent predic-
tors of SVR.

Results
A total of 1525 genotype 3 patients completed their 
SOF-based treatment and had an SVR result available 
for analysis (Table 1). The overall cure rate i.e., SVR for 
the genotype 3 patients was 90.1% (1374/1525). Among 
patients with liver cirrhosis (F4 by elastography) the 
overall cure rate was 85.7% (764/892) as compared to 
non-cirrhotic patients (F3 or F3/F4) where 610/633 

Table 1 Sustained virologic response (SVR) by  age, gender and  fibrosis stage (N = 1525), nationwide HCV elimination 
program, Georgia, April 28, 2015–September 30, 2016

Total n (%)
N = 1525

SVR achieved n (%)
N = 1374

Unadjusted OR and 95% CI Adjusted OR and 95% CI

Age group

 18–30 7 7 (100.00) –

 31–45 411 393 (95.62) 1

 46–60 986 862 (87.42) 0.32 (0.19, 0.53)

 > 60 121 112 (92.56) 0.57 (0.25, 1.30)

Gender

 Male 1450 1300 (89.66) 1

 Female 75 74 (98.67) 8.54 (1.18, 61.87)

Fibrosis stage

 F4 892 764 (85.65) 1 1

 F3 or F3/F4 633 610 (96.37) 4.44 (2.82, 7.01) 4.18 (2.64, 6.61)

Treatment regimen

 SOF/RBV 566 449 (79.33) 1 1

 SOF/INF/RBV 959 925 (96.45) 7.09 (4.76, 10.56) 6.72 (4.49, 10.06)
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(96.4%) achieved SVR. The SVR rate was significantly 
higher among those treated with SOF/INF/RBV contain-
ing regimen compared to those ineligibles for prescribing 
interferon-based treatment. Out of 959 patients receiv-
ing PEG IFN 2a or 2b with SOF and RBV for 12 weeks, 
925 (96.5%) achieved SVR compared to 79.3% cure rate 
among those treated with SOF and RBV for 24  weeks 
(449 out of 566). The SVR rate in intent-to-treat analysis 
for IFN/SOF/RBV regimens was 76.9% and for SOF/RBV 
regimen—61.2%.

By bivariate analysis, gender was significantly associ-
ated with SVR rate. Females (74/75 [98.7%] were more 
likely to be cured compared to males 1300/1450 [89.7%]; 
OR = 8.54, 95% CI 1.18–61.87). Patients aged 31–45 years 
had higher chance of achieving SVR (95.7% vs 87.4%) 
compared to patients aged 46–60 years (OR = 0.32, 95% 
CI 0.19–0.53).

Multivariate analysis showed that the independent 
predictors of achieving SVR were treatment regimen 
(patients treated with SOF/IFN/RBV combination were 
more likely to be cured–aOR = 6.72, 95% CI 4.49–10.06) 
and fibrosis stage (non-cirrhotic patients having higher 
chance of SVR–aOR = 4.18, 95% CI 2.64–6.61) (Table 1).

Discussion
In this analysis of the real-world experience among HCV 
genotype 3 infected patients with advanced liver fibrosis 
treated with SOF containing regimen with or without 
pegylated interferon, we found patients achieved overall 
high SVR rates of > 90%. Higher SVR rate was observed 
among women. This finding is comparable to other stud-
ies [6, 14, 15] where SVR rate varied by gender with 
males having lower HCV cure rate. The factors account 
for this difference are not well understood. Patients with 
liver cirrhosis in our cohort achieved higher SVR rates 
with this “first generation” DAA compared to previous 
published reports that enrolled cirrhotic patients with 
HCV genotype 3 [13, 16]. Several studies demonstrated 
SVR rates of 60% to 70% among those receiving the SOF 
and RBV 24-week regimen [6, 16–19]. The VALENCE 
trial reported an overall SVR rate of 85% among genotype 
3 infected patients receiving the 24-week SOF/RBV regi-
men [6]. In the VALENCE trial, SVR rates at 12-weeks 
post-treatment (SVR 12) were 91% for the non-cirrhotic 
group and 68% for the group of study participants with 
liver cirrhosis, and multivariate analysis identified the 
presence of liver cirrhosis as a predictor of non-response 
to treatment [6]. Our cohort, which included only those 
with advanced liver disease, had a similar overall SVR 
rate as the one reported among patients without cirrhosis 
in the VALENCE study (90.12% vs 91% SVR rate).

In June of 2016, sofosbuvir/ledipasvir (SOF/LED) was 
introduced in Georgia [2] and the treatment guidelines 

were modified to include this combination DAA, 
resulting in little to no PEG IFN use for treatment. The 
Georgia treatment guidelines differ from those of the 
American Association for the Study of Liver Diseases 
(AASLD) or The European Association for the Study 
of the Liver (EASL), providing a unique opportunity 
to observe population-based outcomes with alterna-
tive HCV treatment regimens. These results can inform 
clinicians and policy makers in countries with a large 
proportion or burden of HCV genotype 3 infection that 
may not have access to DAAs or combinations of DAAs 
that are available in high-income countries of North 
America and Western Europe.

Limitations
This is a short report of a study limited to HCV infected 
genotype 3 patients with advanced liver disease treated 
during the first year of National HCV Elimination Pro-
gram which was launched in 2015. Until 2016 HCV 
infected individuals with low fibrosis level were not 
eligible to be enrolled. The treatment outcomes were 
limited to two antiviral regimens: SOF/PEG/RBV and 
SOF/RBV. Interferon-free regimen (SOF/RIBA for 
24  weeks) was used for patients with contraindication 
of IFN therapy, including mental illness. National HCV 
elimination program was not collecting data about IFN 
ineligibility; accordingly, we couldn’t analyze impact of 
comorbidities on treatment outcome. Another limita-
tion is that we have not adjusted for the previous treat-
ment history because at the beginning of the program 
this information was not entered into the elimination 
program database. This information is available for the 
patients enrolled after 2016, when program database 
was updated and several variables added.

It is hoped that pan-genotypic regimens will soon be 
introduced in Georgia, presenting the opportunity to 
greatly simplify testing and treatment regimens, sup-
porting the realization of HCV Elimination in Georgia 
by 2020 [20].

In conclusion, high SVR rates can be achieved among 
patients with HCV genotype 3 and advanced liver fibro-
sis, particularly among those treated with a 12-week 
SOF/PEG/RBV regimen. This may inform treatment for 
HCV infected patients in countries with limited access 
to newer DAAs.
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Background. Hepatitis C virus (HCV) screening is critical to HCV elimination efforts. Simplified diagnostics are required for 
low-resource settings and difficult-to-reach populations. This retrospective study assessed performance of rapid diagnostic tests 
(RDTs) for detection of HCV antibodies.

Methods. Two lots of 13 RDTs were evaluated at 3 laboratories using archived plasma samples from 4 countries (Nigeria, Georgia, 
Cambodia, and Belgium). HCV status was determined using 3 reference tests according to a composite algorithm. Sensitivity and 
specificity were evaluated in HIV-infected and HIV-uninfected populations. Operational characteristics were also assessed.

Results. In total, 1710 samples met inclusion criteria. In HIV-uninfected samples (n = 384), the majority of RDTs had sensitivity 
≥98% in 1 or both lots and most RDTs had specificity ≥99%. In HIV-infected samples (n = 264), specificity remained high but sen-
sitivity was markedly lower than in HIV-uninfected samples; only 1 RDT reached >95%. The majority of HIV-infected samples for 
which sensitivity was low did not have detectable HCV viral load/core antigen. Interreader variability, lot-to-lot variability, and rate 
of invalid runs were low for all RDTs (<2%).

Conclusions. HCV RDTs should be evaluated in the intended target population, as sensitivity can be impacted by population 
factors such as HIV status.

Clinical Trials Registration. NCT04033887
Keywords.  hepatitis C virus; in vitro diagnostics; rapid diagnostic test; low- and middle-income country; HCV screening; spec-

ificity; sensitivity.

In 2015, the number of people with chronic hepatitis C (HCV) 
infection worldwide was estimated at 71 million [1]. However, 
only around 20% of people with HCV are aware of their HCV 
status [1]. HCV screening is critical to the success of HCV 
elimination targets, but in low- and middle-income countries 
(LMICs), where standardized laboratory tests are expensive 
and often not covered by public health systems, screening of 
at-risk populations for HCV infection remains very limited 
[2]. The burden of HCV in LMICs is particularly high, rep-
resenting over 70% of the global total [3]. As such, the World 
Health Organization (WHO) strategy to eliminate HCV has 

highlighted an urgent need for simplified diagnostic tests for 
use in low-resource settings, as well as for difficult-to-reach 
populations in high-income countries, such as people who in-
ject drugs [4].

Screening for HCV is performed through the detection of 
HCV-specific antibodies. WHO guidelines recommend the use 
of a single quality-assured serological in vitro diagnostic test, 
either a laboratory-based immunoassay or a rapid diagnostic 
test (RDT) [5]. For many LMICs, where equipped laboratories 
and trained staff are limited, RDTs may be most appropriate, as 
they are quick and easy to perform without the need for labo-
ratory equipment. RDTs have proved effective in other disease 
areas; for example, the wide availability of low-cost RDTs for 
the diagnosis of human immunodeficiency virus (HIV) has 
substantially increased access to testing, resulting in more than 
600 million people being tested for HIV in LMICs from 2010 
to 2014 [6].

The lack of quality-assured RDTs for HCV serology testing 
has been identified as an important barrier to large-scale ac-
cess to HCV diagnosis [2]. While a number of HCV RDTs are 
commercially available, many do not have quality assurance 
status (eg, stringent regulatory authority approval or WHO 
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prequalification [7]). Additionally, data on the quality and per-
formance of many tests are limited, especially in LMICs. WHO 
recommendations on performance criteria for procurement of 
in vitro diagnostics for HCV, which also serve as guidance for 
WHO prequalification, recommend a sensitivity of ≥98% and a 
specificity of ≥97% for HCV serology RDTs in plasma or serum 
specimens [8]. Data on sensitivity and specificity of existing 
RDTs and RDTs in development can help to determine whether 
additional tests may be suitable for WHO prequalification, and 
results of independent performance evaluations can support 
countries in their choice to procure tests that meet international 
performance criteria.

Furthermore, some studies have noted a potential negative 
impact of HIV coinfection on the sensitivity of some HCV 
RDTs [9–11]. This may be due to the compromised immune 
system of people living with HIV limiting the production of 
anti-HCV antibodies; data on RDT performance by CD4 count 
(an indicator of immune status in HIV-positive people) have 
been identified as a research gap for HCV serology testing [5]. 
Given the high burden of HIV in LMICs, and the substantial 
proportion of people with HCV and HIV coinfection world-
wide (approximately 2.3 million) [1], understanding the effect 
of HIV status on HCV RDT performance will be crucial to 
HCV elimination efforts.

The objective of this study was to evaluate the performance 
of a range of HCV RDTs using clinical samples collected from 
different geographic regions, as well as from HIV-infected in-
dividuals, in order to identify tests that could be used for HCV 
screening in LMICs or difficult-to-reach populations.

METHODS

Study Design

This was an observational, retrospective, multicenter labora-
tory evaluation of 13 HCV RDTs (NCT04033887; Table 1). Nine 
RDTs were on-market products, 1 RDT (HCV-only Ab Test; 

Biosynex SA) had its configuration adapted to only evaluate the 
HCV line (the on-market product configuration is a triplex test 
with additional lines for the detection of HIV antibodies and 
hepatitis B virus surface antigen; the evaluated version lacked 
the test lines for HIV and hepatitis B), and 3 RDTs were still in 
late-stage development at the time of the study (defined here as 
prototype).

Tests were evaluated at 3 laboratories: the Nigerian Institute 
of Medical Research (Lagos, Nigeria), the Lugar Center at the 
National Center for Disease Control and Public Health (Tbilisi, 
Georgia), and the Institute of Tropical Medicine HIV/Sexually 
Transmitted Diseases (STD) Reference Laboratory (Antwerp, 
Belgium). Testing was performed on randomly selected lo-
cally archived frozen plasma samples from these 3 laboratories. 
Additionally, samples obtained from the Sihanouk Hospital 
Center of Hope (Phnom Penh, Cambodia) were tested at the 
Institute of Tropical Medicine HIV/STD Reference Laboratory; 
samples were frozen in Cambodia and remained frozen 
throughout transportation to Belgium. All sites received ap-
proval for the study from the respective institutional review 
boards. Testing was performed between September 2018 and 
March 2019.

All samples were ethylenediaminetetraacetic acid (EDTA)-
treated plasma samples taken from people aged ≥18  years, 
with a minimum volume of 1.5  mL and known HIV status. 
Information on HCV and HIV treatment status of the sample 
donors was available. No further information on the character-
istics of the sample donors were collected as part of this study. 
Samples were nonhemolytic, had <3 freeze-thaw cycles, and 
had been stored at or below −70°C. Samples were collected be-
tween 2008 and 2018 (92% collected between 2014 and 2018). 
Samples were excluded if generic consent for further use was 
missing. Prior to commencement of testing, each site prepared 
small aliquots from the master samples to eliminate the need for 
multiple freeze-thaw cycles.

Table 1. HCV RDTs Included in the Study

Manufacturer Test Name Country Test Format

SD Biosensor Standard Q HCV Ab Korea Lateral flow

Antron Laboratories HCV Hepatitis Virus Antibody Test Canada Lateral flow

Beijing Wantal Biological Pharmacy Enterprise HCV-Ab Rapid Test China Lateral flow

InTec Rapid Anti-HCV Test China Lateral flow

Premier Medical Corporation First Response HCV Card Test India Lateral flow

Arkray Healthcare Signal HCV Version 3.0 India Flow through

J. Mitra & Co. TRI DOT HCV India Flow through

Biosynex SA Modified HCV-only Ab Test France Lateral flow

Abbott Diagnostics SD Bioline HCV United States Lateral flow

OraSure OraQuick HCV United States Lateral flow

BioLytical Laboratories Prototype HCV Ab Test Canada Flow through

Chembio Diagnostic Systems Prototype DPP HCV United States Lateral flow

Access Bio Prototype Care Start HCV United States Lateral flow
Abbreviations: AB, antibody; HCV, hepatitis C virus; RDT, rapid diagnostic test.
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HCV antibody status was determined using 3 reference 
tests, of which 2 were WHO prequalification approved en-
zyme immunoassays (EIA; Murex Anti-HCV version 4.0, 
DiaSorin S.A., and INNOTEST HCV Ab IV, Fujirebio 
Europe) and 1 was a line immunoassay (LIA; MP Diagnostics 
HCV blot 3.0, MP Biomedicals). A  signal to cutoff ratio of 
≥1 (based on the measured optical density) was used for 
the EIAs; interpretation of LIA results was performed ac-
cording to manufacturer instructions. HCV antibody status 
of each sample was determined according to a composite 
algorithm incorporating the results of all 3 reference tests 
(Supplementary Table 1). A similar algorithm has previously 
been used in WHO prequalification evaluation protocols, al-
though the WHO algorithm does not require LIA confirma-
tion for samples testing negative on both EIAs [12].

Outcomes

The primary outcomes were point estimates of sensitivity and 
specificity with 95% confidence intervals of the 13 HCV RDTs 
in HIV-infected and -uninfected samples. Secondary outcomes 
included sensitivity and specificity of the 13 RDTs in the overall 
population (regardless of HIV status), interreader variability, 
lot-to-lot variability, and the rate of invalid runs. Exploratory 
outcomes included point estimates of sensitivity and specificity 
with 95% confidence intervals of the 13 RDTs in HIV-infected 
and -uninfected samples with active HCV infection measured 
by the presence of detectable HCV viral load (VL) or core an-
tigen (cAg) in the sample. Analysis of test performance by CD4 
count range (<200 cells/mm3 [severely immunocompromised], 
200–500 cells/mm3 [immunocompromised], or >500 cells/mm3 
[not immunocompromised]) in HIV-infected samples and by 
HCV genotype in HIV-uninfected and -infected samples was 
also performed.

RDT Performance Assessments

Each sample was tested on 2 independently produced lots of 
each RDT and each result was read and recorded by 3 inde-
pendent readers. RDT results were interpreted according to the 
manufacturer’s instructions. Samples were scored as either pos-
itive (reactive), negative (nonreactive), or invalid on each RDT 
based on the concordance of at least 2 out of 3 reader results. 
For all samples that were scored invalid, a repeat test was per-
formed once on the same lot.

Operators/readers of the RDTs were blinded to the results 
of the reference standard tests. The sequence in which samples 
were tested was varied for each RDT to avoid bias related to 
recognition patterns. Operators and reader sequences were also 
varied.

Statistical Analyses

For an average sensitivity of 85% and specificity of 80%, a min-
imum sample size of 400 for sensitivity analyses and 502 for 
specificity analyses was required to obtain point estimates with 

a precision of ± 5% and power of 80% to obtain a confidence 
interval with total width of 10% or less [13].

Point estimates were obtained, with 95% confidence intervals 
based on Wilson score method, for sensitivity and specificity. 
Interreader variability was assessed by Fleiss kappa coefficient 
(κ) (agreement was defined as concordance between 2/3 or 3/3 
results for each RDT). Lot-to-lot variability was evaluated by as-
sessing performance in each lot using final valid RDT outcomes 
(excluding repeatedly invalid results), and the rate of invalid 
runs was calculated as the ratio between runs marked as invalid 
and the total number.

RESULTS

Sample Characteristics

Of 1864 samples selected, 1710 met inclusion criteria. In total, 
648 samples were HCV antibody positive, of which 264 were 
also HIV positive. Of the 852 HCV antibody-negative sam-
ples, 626 were HIV positive and 226 were HIV negative. Two 
hundred and ten samples had indeterminate HCV status due 
to discrepancies between EIA and LIA results or indeterminate 
LIA results and were excluded from further analyses as per the 
composite reference standard algorithm (Figure  1). Although 
the sample size was not as large as was estimated to be required 
based on the previously stated test performance assumptions, 
based on the average test performance observed in this study, 
the sample size allowed for ≥ 80% power with a precision of ± 5 
in all subgroups (Supplementary Table 2).

The numbers of samples with genotype, CD4, count and 
HCV VL/cAg availability, and the country of sample origin for 
each sample type, are shown in Table 2. The majority of geno-
typed samples were of HCV genotype 1, 1a, or 1b (63.2% of 
HIV-uninfected and 54.2% of HIV-infected samples), followed 
by genotype 3 in HIV-uninfected samples (31.6%) and geno-
type 6 in HIV-infected samples (22.9%). The majority of HIV-
positive samples had CD4 counts greater than 200 cells/mm3 
(>93%). The majority (89%) of HCV-infected and HIV-infected 
samples were from patients receiving treatment for HIV at the 
time of sample collection (HIV treatment status was known for 
256 of 264 HCV-positive and HIV-positive samples). None of 
the samples from Nigeria, Cambodia, or Georgia were from 
people receiving treatment for HCV; of the Belgian samples, 
107 were from people who had never received treatment for 
HCV, 10 were from people who were on active interferon treat-
ment, 7 were from people who had previously received inter-
feron treatment, and 2 had no treatment information available.

Sensitivity and Specificity

In the samples from HIV-uninfected patients, most RDTs 
showed high sensitivity, with the majority reaching ≥98% in 
1 or both lots (Figure 2A and Table 3). The large majority of 
tests showed a specificity of ≥99% and several reached 100% 
(Figure  2B and Table  3). In HIV-infected samples, sensitivity 
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was markedly lower than in HIV-uninfected samples, with 
only 1 RDT reaching >95% (Prototype DPP HCV; Chembio 
Diagnostic Systems) (Figure 2C and Table 3). For the large ma-
jority of RDTs, confidence intervals between HIV-uninfected 
and -infected samples did not overlap. Specificity was compara-
tively high in HIV-infected samples, with only 4 RDTs showing 
a specificity of <97% in at least 1 lot (Figure 2D and Table 3). In 
the combined sample set of HIV-uninfected and HIV-infected 
samples, results reflected the lower sensitivity for most RDTs, 
and lower specificity for some RDTs, observed in the HIV-
infected samples (Table 3).

False negatives were distributed across 86 different sam-
ples. Of these, only 26 (30.2%) had genotype information 
available, with the most common genotype being genotype 
6 (n = 9, 34.6%). The distribution of false negatives per CD4 
count range (<200, 200–500, and >500 cells/mm3) in HIV-
infected samples showed that false negatives occurred at a 
similar frequency in all CD4 count ranges (Supplementary 
Table 3).

To evaluate whether RDT sensitivity was associated with de-
tectable HCV VL/cAg, point estimates of sensitivity were cal-
culated for HIV-uninfected and HIV-infected samples only 
for samples with detectable HCV VL/cAg. In HIV-uninfected 
samples with detectable HCV VL/cAg, sensitivity increased 
moderately compared with the overall sample set, while in 
HIV-infected samples with detectable HCV VL/cAg, sensi-
tivity increased markedly compared with the overall sample set 
(Figure 3 and Supplementary Table 4). The majority of confi-
dence intervals did not overlap between HIV-infected samples 
with detectable HCV VL/cAg and all HIV-infected samples 
(Figure 2A and 2C and Figure 3A and 3B).

Operational Characteristics

There was a very high concordance among readers in terms of 
interreader variability, with a coefficient of agreement ≥95% for 
all RDTs and lots. Furthermore, there was a high percentage of 
agreement between lots per RDT, with 10/13 RDTs achieving 
an agreement of >98% between both tested lots. Invalid runs 
were uncommon; 11/13 RDTs generated no or only very few 
invalid results during the first run and none during the repeat 
(Table 4).

DISCUSSION

To our knowledge, this is the first study to evaluate the perfor-
mance of HCV RDTs using a large number of samples repre-
senting different geographical regions and with a substantial 
proportion of HIV coinfected samples. As such, our findings 
provide valuable insights into HCV RDT performance on 
archived plasma samples and highlight a number of areas for 
future study.

WHO guidance on performance criteria for in vitro diag-
nostics for HCV recommends a sensitivity of ≥98% and a spec-
ificity of ≥97% for HCV serology RDTs [8]. In HIV-uninfected 
plasma samples in this study, the performance of the 13 RDTs 
was high; all tests met the WHO specificity criteria and 11 of 
13 met the sensitivity criteria for 1 or both lots. This is con-
sistent with previous studies demonstrating high sensitivity 
and specificity of the SD Bioline [10], First Response HCV 
Card Test [14], and OraQuick HCV [9, 10, 15] in plasma sam-
ples, and high performance of a number of the RDTs in other 
sample types including serum and oral fluid [9, 10, 16–19]. In 
2 systematic reviews of HCV RDTs that included studies with 
varying designs, references and sample types, overall pooled 
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LIA indeterminate
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LIA indeterminate

n = 110

EIA positive
LIA indeterminate

n = 15

Target samples selected
N = 1864

Samples meeting 
inclusion criteria 

n = 1710

HCV positive
n = 648

Indeterminate
n = 210

HCV negative
n = 852
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• Generic consent for further sample use missing (n = 130)
• Insu�cient sample volume (n = 23)
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Figure 1. Number of samples by HCV and HIV status. Abbreviations: EIA, enzyme immunoassay; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LIA, line 
immunoassay.
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sensitivity was 98%–99% [17, 19]. These findings suggest that a 
number of the RDTs tested may be suitable for in-country use 
in the HIV-uninfected population.

In HIV-infected samples, however, while specificity remained 
high (12 of 13 RDTs met the WHO specificity criteria for 1 or 
both lots), none of the tests evaluated met the WHO sensitivity 
criteria. The fact that sensitivity improved in the subset of HIV-
infected samples with detectable HCV VL/cAg suggests that the 
reduced sensitivity in HIV-infected samples overall may have 
been due to low HCV antibody titers. However, the reasons 
for low HCV antibody titers in HIV-infected samples are un-
clear, as CD4 counts were generally high, suggesting that the 
sample donors were not severely immunosuppressed. Other 
studies have noted declines in HCV antibody levels following 
treatment-induced or spontaneous HCV clearance in HIV-
infected men [20, 21]. In general, our observation of lower 
HCV RDT performance in HIV-infected individuals is con-
sistent with observations made in other studies, in which 1 or 
more of the evaluated RDTs showed poor sensitivity in samples 
from HIV-positive individuals [9–11]. The reasons for lower 
sensitivity in HIV-positive samples in these studies also remains 
unclear. More detailed information on HCV VL/cAg, time of 
coinfection, and initiation of and adherence to HIV treatment 
should be collected in future studies, in order to further assess 
the impact of HIV status on RDT performance.

Of the 71 million people worldwide with chronic HCV infec-
tion, 2.3 million are also infected with HIV [1]. As such, good RDT 

performance in HCV and HIV coinfected people is essential, par-
ticularly in LMICs where the burden of both diseases is high [3, 
22]. However, while the false negatives observed in HIV samples in 
this study are technically concerning, from a clinical perspective, 
it is reassuring that the diagnostic performance of the evaluated 
RDTs improved in HIV-infected samples with detectable HCV 
VL/cAg. HCV VL or cAg testing is used to confirm viremic infec-
tion in people who test positive for HCV antibodies [5], thus these 
samples represent patients who had active HCV infection and are 
ultimately in need of treatment. As RDT performance was high re-
gardless of HIV status in these samples, the impact of HIV infec-
tion on test performance may not be that dramatic.

The majority (69.7%) of samples that were false negative in 
at least 1 lot of any RDT in this study did not have genotype 
information available, making it difficult to associate the oc-
currence of false negatives with any particular HCV genotype. 
Notably, 34.6% of all samples giving at least 1 false negative were 
of HCV genotype 6. Given the relatively low total number of 
genotype 6 samples (41 out of a total of 293 samples with gen-
otype information available), this could potentially have been a 
contributing factor to the high number of false-negative sam-
ples. However, verification of this by statistical analysis was not 
possible due to the aforementioned low number of samples with 
genotype information available.

The WHO guidance on performance criteria for HCV se-
rology RDTs recommends an interreader variability and de-
vice failure rate of ≤5% [8]. All of the RDTs evaluated in this 

Table 2. Number of Samples With Genotype, CD4 Count, and HCV VL/cAg Information, and Country of Sample Origin

HCV Positive/ HIV Negative 
(n = 384)

HCV Positive/ HIV Positive 
(n = 264)

HCV Negative/HIV 
Positive (n = 626)

HCV Negative/HIV 
Negative (n = 226)

Country of sample origin, n (%)     

 Nigeria 70 (18.2) 20 (7.6) 292 (46.6) 186 (82.3)

 Georgia 314 (81.8) 0 0 40 (17.7)

 Cambodia 0 126 (47.7) 332 (53.0) 0

 Belgium 0 118 (44.7) 2 (0.3) 0

Genotype available, n (%) 114 (29.7) 179 (67.8) … …

 Genotype 1, 1a or 1ba 72 (63.2) 97 (54.2) … …

 Genotype 2a 5 (4.4) 5 (2.8) … …

 Genotype 3a 36 (31.6) 10 (5.6) … …

 Genotype 4a 1 (0.9) 26 (14.5) … …

 Genotype 6a 0 41 (22.9) … …

CD4 count available, n (%) … 261 (98.9) 622 (99.4) …

 <200 cells/mm3a … 18 (6.9) 41 (6.6) …

 200–<500 cells/mm3a … 117 (44.8) 266 (42.8) …

 ≥500 cells/mm3a … 126 (48.3) 315 (50.6) …

HCV VL/cAg available, n (%) 350 (91.1) 234 (88.7) … …

 HCV VL/cAg detectablea 262 (74.9) 181 (77.4) … …

 Mean HCV VL, cp/mL (SD) 1.9E + 06 (2.55E + 06) n = 144 4.27E + 06 (6.97E + 06) n = 181 … …

 Mean HCV cAg, fmol/L (SD) 3.93E + 03 (4.74E + 03) n = 118 … … …

HbsAg status positive, n/N (%) 11/266 (4.1) 11/223 (5.0) 44/626 (7.0) 3/226 (1.3) 

Abbreviations: cp, copies; fmol, femto molecules; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; SD, standard deviation; VL/cAg, viral load/
core antigen
aExpressed as percentage of samples with available information.
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study met both criteria. Additionally, the performance of all 
of the RDTs was in high agreement between the 2 lots evalu-
ated, demonstrating a low technical lot-to-lot variability. These 
data show that the consistency of HCV serology RDTs is high, 

providing confidence in the operational quality of the tests 
across different lots and devices.

The data from this study contribute to the growing evi-
dence on the use of HCV RDTs for HCV screening in LMICs, 
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Figure 2. Sensitivity and specificity of 13 HCV rapid diagnostic tests in human immunodeficiency virus (HIV)-uninfected and -infected samples (circles, % sensitivity or spec-
ificity; closed circles, lot 1; open circles, lot 2; error bars, upper and lower 95% confidence intervals): (A) sensitivity in HIV-uninfected samples; (B) specificity in HIV-uninfected 
samples; (C) sensitivity in HIV-infected samples; and (D) specificity in HIV-infected samples.
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providing that they are first evaluated in the intended target 
population to determine whether sensitivity is impacted by 
population factors. A  number of populations are commonly 
targeted for HCV screening, including sex workers, men who 
have sex with men, people who inject drugs, and people living 
with HIV [1, 23]. Procurement of high-performance RDTs will 
be key to the improvement of HCV testing services for these 
key populations. Although we did not collect data on sample 
donor characteristics, it is likely that samples from these target 
groups were tested in our study, given the countries included. 
For example, Georgia has one of the highest prevalences of in-
jection drug use globally, with up to 40% of HCV infections 
attributable to injection drug use [24]. Additionally, in some 
countries HCV screening is indicated for the general popula-
tion, as a result of historical unsafe medical practices [25], as is 
the case in Nigeria [26] and Cambodia [27].

Limitations of this study include the uneven geographical 
distribution of sample types. Sensitivity in the HIV-uninfected 
population was primarily assessed in samples originating from 
Georgia and Nigeria, while sensitivity in the HIV-infected 
population was assessed almost exclusively in samples from 
Cambodia and Belgium. This makes comparisons between sen-
sitivity in the HIV-uninfected and -infected populations chal-
lenging. We cannot exclude the possibility that differences in 
population characteristics, such as different types of HIV/HCV 
risk groups, impacted the results. Notably, Belgium (from which 
120 [14.7%] samples were obtained) is a high-income country, 

thus population characteristics such as HIV prevalence or HCV 
cohort may not be comparable to those of LMICs.

While we cannot exclude the possibility that differences in 
storage conditions between countries had an effect on sample 
quality, evidence suggests that antibodies remain stable in frozen 
samples for several years and after multiple freeze-thaw cycles 
[28–31]; furthermore, we minimized any potential impact by only 
including samples that appeared nonhemolytic upon visual in-
spection. A further limitation is the low number of HCV-negative 
and HIV-negative samples compared with HCV-negative HIV-
positive samples, which may have influenced specificity in the 
overall population. The impact of this was likely minor, however, 
as most of the RDTs performed well in both study populations.

The design of the composite reference standard led to 210 
samples being excluded from the study. It is possible that in-
clusion of these samples would have affected the sensitivity and 
specificity estimates. This study did not take into account the 
impact of treatment for HCV, although only a small number of 
samples (n = 17) were from people who were receiving or who 
had previously received interferon treatment. Additionally, the 
HCV-negative samples used may not have precisely represented 
the target populations for HCV serology testing, leading to pa-
tient bias. Finally, tests were performed by well-trained labo-
ratory personnel using archived samples, thus this study does 
not represent a real-world setting. The performance of the RDTs 
in primary or community care settings using prospectively col-
lected fresh samples is yet to be established.

A B

SD Biosensor

Artron

Wantai

InTec

PMC

Arkray

J.Mitra

Biosynex

SD Bioline

OraSure

BioLytical proto

Chembio proto

AccessBio proto

SD Biosensor

Artron

Wantai

InTec

PMC

Arkray

J.Mitra

Biosynex

SD Bioline

OraSure

BioLytical proto

Chembio proto

AccessBio proto

70 75 80 85 90 95 100

% Sensitivity

70 75 80 85 90 95 100

% Sensitivity

Figure 3. Sensitivity of 13 HCV rapid diagnostic tests in samples with detectable HCV VL/cAg (circles, % sensitivity or specificity; closed circles, lot 1; open circles, lot 
2; error bars, upper and lower 95% confidence intervals): (A) HIV-uninfected samples; and (B) HIV-infected samples. Abbreviations: cAg, core antigen; HCV, hepatitis C; HIV, 
human immunodeficiency virus; VL, viral load.
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In conclusion, the findings from this study show that a number 
of available HCV RDTs may be suitable for WHO prequalification 
and use in HCV screening programs in LMICs. However, HCV 
RDTs should always be evaluated in the intended target population, 
as sensitivity can be impacted by population factors such as HIV 
status. Any evaluation panels used for assessment of HCV RDTs 
should contain HIV-positive samples. These findings serve as a val-
uable baseline to investigate RDT performance in prospectively col-
lected whole blood samples in the intended use settings. This will 
yield further insights into the robustness of the RDTs when used in 
primary health care settings by local health workers and tested on 
the most common sample type used for RDTs.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Notes

Acknowledgments. The authors express their gratitude 
to all those involved in the execution of the project. Medical 
writing assistance and editorial support, under the direction of 

the authors, was provided by Rachel Wright, PhD, funded by 
Foundation for Innovative New Diagnostics, according to Good 
Publication Practice guidelines.

With the exception of the Abbott SD Bioline HCV RDT, all 
HCV RDTs under evaluation have been provided free of charge 
or at reduced cost by the respective manufacturers.

Financial support. This work was supported by Unitaid 
(grant number UA_HCV01).

Potential conflicts of interest. All authors: No reported conflicts of 
interest. All authors have submitted the ICMJE Form for Disclosure 
of Potential Conflicts of Interest. Conflicts that the editors consider 
relevant to the content of the manuscript have been disclosed.

Presented in part: HIV Diagnostics Conference, 25–28 
March 2019, Atlanta, Georgia; International Liver Congress, 
10–14 April 2019, Vienna, Austria; International AIDS 
Society 10th Conference on HIV Science, 21–24 July 2019, 
Mexico City, Mexico; 6th Nigerian Institute of Medical 
Research International Scientific Conference, 12–14 
November 2019, Lagos, Nigeria.

References

1. World Health Organization. Global hepatitis report, 
2017. https://www.who.int/hepatitis/publications/global-
hepatitis-report2017/en/. Accessed 9 July 2020.

Table 4. Operational Characteristics of HCV RDTs

RDT Lot Interreader Variability, κ Lot-to-Lot Variability, % Agreement

Invalid Test Runs, %

First Run Repeat Run

SD Biosensor Standard Q HCV Ab Lot 1 0.99 99.42 0 0

Lot 2 0.98 0 0

Artron HCV Antibody Test Lot 1 0.98 98.65 0 0

Lot 2 0.98 0 0

Wantai HCV Rapid Test Lot 1 0.97 99.01 0 0

Lot 2 0.97 0 0

InTec Rapid Anti-HCV Test Lot 1 0.98 99.18 0 0

Lot 2 0.99 0 0

PMC First Response HCV Card Test Lot 1 0.98 99.12 0 0

Lot 2 0.98 0.06 0

Arkray Signal HCV Version 3.0 Lot 1 0.95 96.19 1.05 0.12

Lot 2 0.96 1.35 0.18

J. Mitra TRI DOT HCV Lot 1 0.95 97.88 1.93 0.41

Lot 2 0.97 1.70 0.35

Biosynex HCV-only Lot 1 0.98 99.12 0 0

Lot 2 0.98 0 0

Abbott SD Bioline HCV Lot 1 0.98 99.42 0 0

Lot 2 0.98 0 0

OraSure OraQuick HCV Lot 1 0.98 99.36 0.12 0

Lot 2 0.98 0.06 0

BioLytical prototype HCV Ab Test Lot 1 0.97 98.83 0.06 0

Lot 2 0.97 0.12 0

Chembio prototype DPP HCV Lot 1 0.95 98.13 0.35 0

Lot 2 0.96 0.06 0

AccessBio prototype CareStart HCV Lot 1 0.97 97.84 0.06 0

Lot 2 0.95  0 0
Abbreviations: Ab, antibody; HCV, hepatitis C virus; RDT, rapid diagnostic test.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa389/5866494 by C

enters for D
isease C

ontrol and Prevention user on 04 M
ay 2021

https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/


10 • jid  2020:XX (XX XXXX) • Vetter et al

2. Reipold EI, Trianni A, Krakower D, et al. Values, preferences 
and current hepatitis B and C testing practices in low- and 
middle-income countries: results of a survey of end users 
and implementers. BMC Infect Dis 2017; 17(suppl 1):702.

3. Tordrup D, Hutin Y, Stenberg K, et al. Additional resource 
needs for viral hepatitis elimination through universal 
health coverage: projections in 67 low-income and middle-
income countries, 2016-30. Lancet Glob Health 2019; 
7:e1180–8.

4. World Health Organization. Global health sector strategy 
on viral hepatitis 2016–2021. https://www.who.int/hepa-
titis/strategy2016-2021/ghss-hep/en/. Accessed 9 July 2020.

5. World Health Organization. Guidelines on hepatitis B 
and C testing. https://www.who.int/hepatitis/publications/
guidelines-hepatitis-c-b-testing/en/. Accessed 9 July 2020.

6. World Health Organization. Guidelines on HIV self-testing 
and partner notification. https://www.who.int/hiv/pub/vct/
hiv-self-testing-guidelines/en/. Accessed 9 July 2020.

7. World Health Organization. WHO list of prequalified 
in vitro diagnostic products. https://www.who.int/diag-
nostics_laboratory/evaluations/190918_prequalified_
product_list.pdf?ua=1. Accessed 9 July 2020.

8. World Health Organization. Selecting and purchasing HIV, 
HBsAg and HCV in vitro diagnostics. https://www.who.
int/diagnostics_laboratory/procurement/purchase/en/. 
Accessed 9 July 2020.

9. Kosack CS, Nick S. Evaluation of two rapid screening assays 
for detecting hepatitis C antibodies in resource-constrained 
settings. Trop Med Int Health 2016; 21:603–9.

10. Mane A, Sacks J, Sharma S, et al. Evaluation of five rapid di-
agnostic tests for detection of antibodies to hepatitis C virus 
(HCV): a step towards scale-up of HCV screening efforts in 
India. PLoS One 2019; 14:e0210556.

11. Smith  BD, Teshale  E, Jewett  A, et  al. Performance of 
premarket rapid hepatitis C virus antibody assays in 
4 national human immunodeficiency virus behav-
ioral surveillance system sites. Clin Infect Dis 2011; 53: 
780–6.

12. World Health Organization. WHO protocol for perfor-
mance laboratory evaluation of HCV serology assays. 
https://www.who.int/diagnostics_laboratory/evaluations/
alter/171219_protocol_pqdx_040_v6_hcv.pdf ?ua=1. 
Accessed 9 July 2020.

13. Zhou  X-H, Obuchowski  NA, McClish  DK. Statistical 
methods in diagnostic medicine. 2nd ed. Hoboken, NJ: 
Wiley, 2011.

14. Fondjo CLK, Ngoupo PAT, Ngono L, Plantier JC, Njouom R. 
Performance evaluation of three rapid screening assays for 
detection of antibodies to hepatitis C virus in Cameroon. 
BMC Res Notes 2018; 11:352.

15. O’Connell  RJ, Gates  RG, Bautista  CT, et  al. Laboratory 
evaluation of rapid test kits to detect hepatitis C antibody 

for use in predonation screening in emergency settings. 
Transfusion 2013; 53:505–17.

16. Chevaliez S, Poiteau L, Rosa I, et al. Prospective assessment 
of rapid diagnostic tests for the detection of antibodies to 
hepatitis C virus, a tool for improving access to care. Clin 
Microbiol Infect 2016; 22:459.e1–6.

17. Tang  W, Chen  W, Amini  A, et  al. Diagnostic accuracy of 
tests to detect hepatitis C antibody: a meta-analysis and re-
view of the literature. BMC Infect Dis 2017; 17:695.

18. Poiteau  L, Soulier  A, Lemoine  M, et  al. Performance of a 
new rapid diagnostic test for the detection of antibodies to 
hepatitis C virus. J Virol Methods 2018; 261:153–5.

19. Shivkumar  S, Peeling  R, Jafari  Y, Joseph  L, Pant  Pai  N. 
Accuracy of rapid and point-of-care screening tests for hep-
atitis C: a systematic review and meta-analysis. Ann Intern 
Med 2012; 157:558–66.

20. Aebi-Popp  K, Wandeler  G, Salazar-Vizcaya  L, et  al; the 
Swiss HIV Cohort Study. Rapid decline of anti-hepatitis C 
virus (HCV) antibodies following early treatment of inci-
dent HCV infections in HIV-infected men who have sex 
with men. HIV Med 2018; 19:420–5.

21. Vanhommerig  JW, Thomas  XV, van  der  Meer  JT, et  al; 
MOSAIC (MSM Observational Study for Acute Infection 
with Hepatitis C) Study Group. Hepatitis C virus (HCV) 
antibody dynamics following acute HCV infection and re-
infection among HIV-infected men who have sex with men. 
Clin Infect Dis 2014; 59:1678–85.

22. World Health Organization. Number of people (all ages) 
living with HIV: estimates by country. http://apps.who.int/
gho/data/view.main.22100?lang=en. Accessed 9 July 2020.

23. Applegate TL, Fajardo E, Sacks JA. Hepatitis C virus diag-
nosis and the holy grail. Infect Dis Clin North Am 2018; 
32:425–45.

24. Stvilia K, Spradling PR, Asatiani A, et al. Progress in testing 
for and treatment of hepatitis C virus infection among 
persons who inject drugs—Georgia, 2018. MMWR Morb 
Mortal Wkly Rep 2019; 68:637–41.

25. Umutesi J, Liu CY, Penkunas MJ, et al. Screening a nation 
for hepatitis C virus elimination: a cross-sectional study on 
prevalence of hepatitis C and associated risk factors in the 
Rwandan general population. BMJ Open 2019; 9:e029743.

26. Ejiofor  OS, Emechebe  GO, Igwe  WC, Ifeadike  CO, 
Ubajaka  CF. Hepatitis C virus infection in Nigerians. 
Nigerian Med J 2010; 51:173–6.

27. Nouhin  J, Iwamoto  M, Prak  S, et  al. Molecular epidemi-
ology of hepatitis C virus in Cambodia during 2016–2017. 
Sci Rep 2019; 9:7314.

28. Allison KM, Faddy HM, Margaritis A, Ismay S, Marks DC. 
The impact on blood donor screening for human immu-
nodeficiency virus, hepatitis C virus, and hepatitis B virus 
using plasma from frozen-thawed plasma preparation 
tubes. Transfusion 2016; 56:449–56.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa389/5866494 by C

enters for D
isease C

ontrol and Prevention user on 04 M
ay 2021

https://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en/
https://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en/
https://www.who.int/hepatitis/publications/guidelines-hepatitis-c-b-testing/en/
https://www.who.int/hepatitis/publications/guidelines-hepatitis-c-b-testing/en/
https://www.who.int/hiv/pub/vct/hiv-self-testing-guidelines/en/
https://www.who.int/hiv/pub/vct/hiv-self-testing-guidelines/en/
https://www.who.int/diagnostics_laboratory/evaluations/190918_prequalified_product_list.pdf?ua=1
https://www.who.int/diagnostics_laboratory/evaluations/190918_prequalified_product_list.pdf?ua=1
https://www.who.int/diagnostics_laboratory/evaluations/190918_prequalified_product_list.pdf?ua=1
https://www.who.int/diagnostics_laboratory/procurement/purchase/en/
https://www.who.int/diagnostics_laboratory/procurement/purchase/en/
https://www.who.int/diagnostics_laboratory/evaluations/alter/171219_protocol_pqdx_040_v6_hcv.pdf?ua=1
https://www.who.int/diagnostics_laboratory/evaluations/alter/171219_protocol_pqdx_040_v6_hcv.pdf?ua=1
http://apps.who.int/gho/data/view.main.22100?lang=en
http://apps.who.int/gho/data/view.main.22100?lang=en


RDTs for HCV Antibody Detection • jid  2020:XX (XX XXXX) • 11

29. Rastawicki W, Smietańska K, Rokosz N, Jagielski M. Effect 
of multiple freeze-thaw cycles on detection of IgA, IgG and 
IgM antibodies to selected bacterial antigens [in Polish]. 
Med Dosw Mikrobiol 2012; 64:79–85.

30. Pinsky  NA, Huddleston  JM, Jacobson  RM, Wollan  PC, 
Poland  GA. Effect of multiple freeze-thaw cycles on 

detection of measles, mumps, and rubella virus antibodies. 
Clin Diagn Lab Immunol 2003; 10:19–21.

31. Castejon MJ, Yamashiro R, Cardosa de Oliveira C, Aparecid
a de Freitas Oliveira C, Ueda M. Stability of anti-HIV anti-
bodies in serum samples stored for two to eighteen years 
periods. J Bras Patol Med Lab 2014; 50:272–7.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa389/5866494 by C

enters for D
isease C

ontrol and Prevention user on 04 M
ay 2021



Original Article

Assessment of treatment options for patients with hepatitis C
virus recombinant form 2k/1b
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Aim: Hepatitis C virus (HCV) intergenotype recombinant form
(RF) 2k/1b has been actively circulating in HCV‐infected patients,
and the prevalence of this RF virus in the Republic of Georgia is
one of the highest reported worldwide. The aim of this study
was to define the optimal treatment regimen for patients with
RF_2k/1b.

Methods: We analyzed the data of 2735 patients who started
treatment at the Medical Center Mrcheveli within Georgia’s hep-
atitis C elimination program from May 2015 through December
2019. The patients were treated with sofosbuvir (SOF)‐based
regimens. For identification of RF_2k/1b variants, refinement of
standard (INNO‐LiPA) genotyping results for all patient samples
assigned the unspecific HCV genotypes (GT) 2a/2c was carried
out by sequencing of core and non‐structural protein 5B genes.

Results: Overall, 444 patients, representing 66% of GT2 and 16%
of the total samples, were RF_2k/1b. Treatment of patients with

RF_2k/1b with SOF/ledipasvir and SOF/velpatasvir was highly ef-
fective and viral cure rates did not differ among genotypes
treated with the same regimen: RF_2k/1b, 99% (343/346); GT1,
99% (876/885); GT2, 96% (156/162); and GT3, 99% (545/552). A
separate comparison analysis of sustained virologic response
rate, treated with SOF plus ribavirin, showed significantly higher
sustained virologic response (96%) in patients with confirmed
GT2 (by sequencing) compared to unspecified GT2 (by INNO‐
LiPA) (79%) (P< 0.05).

Conclusion: Sofosbuvir‐based regimens are highly effective
for treatment of RF 2k/1b patients, and with availability of new
pan‐genotypic direct‐acting antivirals, genotyping to identify RF
2k/1b patients might not be necessary.

Key words: genotype, HCV, RF_2k/1b, sofosbuvir, sustained
virologic response

INTRODUCTION

HEPATITIS C VIRUS (HCV) infection is a one of
the major causes of liver‐related morbidity and

mortality,1 with an estimated 71 million persons with
chronic HCV infection worldwide who are at risk of devel-
oping cirrhosis and hepatocellular carcinoma.2 Treatment
for patients with chronic HCV‐related liver disease has
evolved during the last two decades due to improved

understanding of the disease pathophysiology, develop-
ments in diagnostic procedures, and improvements in
therapy and prevention. The development of direct‐acting
antivirals (DAAs) has revolutionized the treatment of
HCV infection andhas a potential for disease elimination.3

The estimated prevalence of HCV infection in the
Republic of Georgia is one of the highest in the world.4 Be-
fore 2015, patients with chronic HCV infection were often
treated with pegylated interferon (PegIFN) and ribavirin
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(RBV), and new‐generation DAAs were not affordable for
most patients. In April 2015, Georgia launched the
National Hepatitis C Elimination Program in partnership
with the US Centers for Disease Control and Prevention
and Gilead Sciences. The goal of the program is 90%
reduction in hepatitis C prevalence by 2020.5 Georgia
has achieved substantial treatment scale‐up with the
implementation of the hepatitis C elimination program,
which has reduced the prevalence of chronic hepatitis C
infection among adults by 37%, the incidence by 37%,
and mortality by 14%.6

Since 2015, different sofosbuvir (SOF)‐based regimens
have been used for patients within the National Hepatitis
C Elimination Program. The SOF‐based regimens were
dependent on HCV genotype (GT), presence of liver
cirrhosis, drug eligibility, and previous treatment history.7

In addition, specific HCV management guidelines have
been created and further updated for treatment of patients
within the program.
The available data show that unique HCV chimeras,

otherwise known as HCV intergenotype recombinant
form (RF) _2k/1b, have been actively circulating in
HCV‐infected patients. Earlier data suggested that RF_2k/
1b prevalence was extremely low and played a minor role
in HCV evolution, but it might have been underestimated.
Our previous data confirmed that up to 20% of all HCV
genotypes are HCV RF_2k/1b. The RF_2k/1b genotype
was identified in only GT2 samples and comprised 72%
of samples. Full genome sequencing confirmed the results.
The phylogenetic analysis showed that the RF_2k/1b
viruses from Georgia formed a monophyletic cluster with
the previously described RF1_2k/1b sequences.8,9

In the current era of more effective pan‐genotypic DAA
medication, differentiating patients with RF_2k/1b from
those with GT2 might not be prudent. However, in areas
where availability of pan‐genotypic DAAs is limited, iden-
tification of recombinants could be important for making
the most cost‐effective treatment choices for low‐income
countries.
There are case reports that detail the cure rate of patients

with RF_2k/1b and their treatment with the limited
spectrum of DAAs. According to the available data of
sustained virologic response (SVR) rates, patients with
RF_2k/1b could bemore similar to patients with GT1 than
to patients with GT2.10,11

The aim of this study was to define the optimal
SOF‐based treatment regimens for patients with RF_2k/
1b, estimating SVR rates, and comparing these data to
the results of other HCV genotypes treated with the same
regimen within the National Hepatitis C Elimination
Program in the country of Georgia.

METHODS

Study design and population

WE EVALUATED HCV genotype distribution among
2735 patients who initiated treatment within the

National Hepatitis C Elimination Program in the Medical
Center Mrcheveli (Tbilisi, Georgia) from May 2015 to
December 2019. A sample of 2280 patients were included
in the intention‐to‐treat analysis. Seventeen percent of
patients (n = 455) were excluded for the following reasons:
unable to undertake HCV genotyping, lost to follow‐up,
treatment discontinuation, changes in treatment regimen
or treatment provider, and ongoing treatment (Fig. 1).
We evaluated post‐treatment 12‐week SVR rates in

patients with RF_2k/1b and compared them to patients
with GT2, GT1, and GT3. For the generalizability of our
results, we undertook regenotyping and sequencing in
randomly selected samples from patients with unspecified
GT2a/2c who failed to achieve SVR at other HCV elimina-
tion program provider centers.

Parameters assessed
Demographic and epidemiological characteristics were
collected from patients’ medical records and the National
Hepatitis C Elimination Program online database. The
degree of liver damage was assessed by non‐invasive
methods such as liver stiffnessmeasurement with transient
elastography (FibroScan; Echosens, Paris, France) and
Fibrosis‐4 (FIB‐4) score. Only patients with FIB‐4 score
from 1.45 to 3.25 were eligible for FibroScan. We stratified
patients into the following groups: patients without
advanced chronic liver disease (ACLD) (FIB‐4< 1.45;
FibroScan <10 kPa), and patients with ACLD (FIB‐4>
3.25; FibroScan >10 kPa), which includes patients with
advance fibrosis and compensated or decompensated
cirrhosis. Additional parameters for calculation of
Child–Pugh score were collected from patients’ medical
records. Hepatitis C virus RNA was assessed using a
real‐time polymerase chain reaction (PCR) HCV assay
(Cobas 6800; Roche Diagnostics, Mannheim, Germany)
with a lower limit of quantification and detection of
10 IU/mL. Hepatitis C virus genotype was determined
using the VERSANT HCV Genotype 2.0 (VERSANT LiPA;
Healthcare SIEMENS, Munich, Germany). For identifica-
tion of RF_2k/1b samples, refinement of INNO‐LiPA
genotyping results for all patient samples assigned the
unspecific HCV genotypes 2a/2c was carried out by partial
sequencing of core and non‐structural protein 5B (NS5B)
genes.9 Labor Limbach (Heidelberg, Germany) carried
out PCR, standard genotyping, and sequencing. Sustained
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virologic response was defined as undetectable HCV‐RNA
12 weeks after the end of therapy.

Hepatitis C virus therapy
Patients were treated with the following SOF‐based regi-
mens: SOF, 400 mg; SOF/ledipasvir (LDV), 400/90 mg;
or SOF/velpatasvir (VEL), 400/100 mg. In some cases, reg-
imens included weight‐based RBV, in doses ranging from
1000mg to 1200mg daily, and PegIFN α‐2b or α‐2a. Treat-
ment regimenswere chosen according to the national HCV
management guidelines, which were based on available
medications, HCV genotype, liver disease severity, and
interferon and RBV eligibility. The clinical committee,
established within the framework of the elimination
program, identified a high prevalence of patients with
RF_2k/1b and suggested the most appropriate treatment
regimens for these patients (Fig. 1). These suggestions were
based on recommendations of international experts. After
introduction of SOF/VEL in Georgia, in February 2019, pa-
tients with GT1 continued treatment with the SOF/LDV
regimen.

Statistical analyses
Statistical analyses were undertaken using IBM SPSS Statis-
tics 20 (IBM; Armonk, New York, USA). Bivariate associa-
tions were undertaken for the subset of patients with
complete demographic and treatment results. P< 0.05
was used to define statistical significance.

RESULTS

ATOTALOF 2735 patients started treatment atMedical
Center Mrcheveli from May 2015 through December

2019. The most prevalent HCV GT by the standard
genotyping system, VERSANT HCV Genotype 2.0 Assay
(INNO‐LiPA HCV 2.0) was GT1 (n = 1175; 43%),
followed by GT3 (n = 842; 31%) and GT2 (n = 670;
22%). After sequencing of core and NS5B genes, 66% of
GT2 samples and 16% of the total samples (n = 444) were
confirmed RF_2k/1b (Fig. 2).
Treatment results were only assessed for those patients

to whom HCV genotyping results were available and
who had post‐treatment PCR HCV‐RNA results: a total of
2280 patients, including 384 patients with RF_2k/1b
(Fig. 1).

Figure 1 Flowchart of patient selection and treatment regimens according to hepatitis C virus genotypes among study participants. The
number in the treatment regimen refers to the number of treatment weeks. GT, genotype; LDV, ledipasvir; PegIFN, pegylated interferon;
RBV, ribavirin; RF, recombinant form; SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatasvir.
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Analysis of baseline characteristics of patients with
RF_2k/1b to patients withGT1, GT2, andGT3 showed that
approximately one‐third of patients had ACLD in both
groups and a higher proportion of men were found in
the RF_2k/1b group (82%/74%). Most patients (82%)
from the non‐RF_2k/1b group were from the capital of

Georgia, Tbilisi, and nearly 40% of patients with RF_2k/1b
were from either the western or eastern parts of Georgia
(Table 1).
The highest SVR (100%) was achieved in patients with

RF_2k/1b treated with fixed dose combinationmedication
(SOF/LDV or SOF/VEL), compared to patients treated with

Figure 2 Distribution of hepatitis C virus genotypes among patients who started treatment at Medical Center Mrcheveli (Tbilisi,
Georgia), May 2015–December 2019. GT, genotype; NA, not applicable; RF, recombinant form.

Table 1 Demographic and clinical characteristics of patients with hepatitis C virus recombinant form (RF) 2k/1b (n = 2280)

Patient characteristic
GT1 (n =
999)

GT2 by sequencing
(n = 186)

GT3
(n = 711)

Total GT 1 2 and 3
(n = 1896)

RF_2k/1b
(n = 384) P‐value*

Gender, n (%)
Male 650 (65) 129 (69) 623 (87.6) 1402 (74) 314 (82) 0.01
Female 349 (35) 57 (31) 88 (12.4) 494 (26) 70 (18)

ACLD, n (%) 310 (31) 49 (26) 283 (39.8) 642 (34) 116 (30.2) 0.18
Mean baseline ALT level, n (range) 67.5 (10–528) 61 (6–345) 110 (13–583) 80 (6–583) 78 (15–391) 0.84

Treatment experience, n (%)
Naïve 950 (95) 184 (99) 679 (96) 1813 (96) 361 (94) 0.10
PegIFN + RBV 49 (5) 2 (1) 32 (5) 83 (4) 23 (6)

Geographic distribution, n (%)
From capital (Tbilisi) 799 (80) 150 (81) 604 (85) 1553 (82) 229 (60) <0.01

HBV co‐infection, n (%) 7 (0.7) 2 (1) 11 (1.5) 20 (1) 4 (1) 0.96
Mean age, n (range) 47 (12–79) 50 (21–74) 44 (20–73) 46 (12–79) 46 (17–73) 0.29
Mean BMI, n (range) 27 (16–50) 28 (18–41) 27 (17–47) 28 (16–50) 26 (16–46) 0.33

Data are shown as n (%) or n (range).
*P value was calculated after comparison of two groups: RF_2k/1b and GT 1, 2 and 3.
ACLD, advanced chronic liver disease; ALT, alanine aminotransferase; BMI, body mass index; HBV, hepatitis B virus; PegIFN+RBV,
pegylated interferon+ribavirin.
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SOF + RBV and SOF + PegIFN + RBV regimens (80% and
92%, respectively) (Fig. 3).
The majority of patients with RF_2k/1b (83.5%;

321/384) were treated with the SOF/LDV + RBV regimen
for 12 weeks. This regimen was available for a longer time
compared to other regimens within the National Hepatitis
C Elimination Program. The overall SVR rate in all patients
with or without ACLD, treated with SOF/LDV based
regimens with or without RBV, was high: RF_2k/1b,
330/333, 99%; GT1, 876/885, 99%; GT2, 152/157, 97%;
and GT3, 529/533, 99% (Table 2).
From May 2015 until March 2016, SOF was only avail-

able in combinationwith PegIFN and RBV. During that pe-
riod, four treatment provider centers were eligible to treat
patients and because of the large number of patients
awaiting antiviral treatment, only patients with ACLDwere
eligible. We treated patients with RF_2k/1b in a similar
fashion to those with GT1 (SOF + PegIFN + RBV 12 weeks
or SOF + RBV 24 weeks). In other HCV provider centers
with limited capacity to identify the patients with RF_2k/
1b, patients with unspecified GT2a/2c were treated with
SOF/RBV for 12 or 20 weeks depending on the presence
of cirrhosis. The patients with unspecified GT2a/2c had
an SVR of 79% (351/446), compared with 96% (23/24)

among those with confirmed GT2 who were treated with
the same regimen in our clinic (P< 0.05) (Fig. 4).
For identification the patients with RF_2k/1b, among

unspecified GT2 treatment failures, 20 samples of 95 were
randomly selected in order to undertake partial genome
sequencing of core and NS5B regions. Sequencing was
not carried out in one sample due to low viral load. Two
of 20 samples appeared to be GT1 and GT3. All other 17
samples were RF_2k/1b.
Treatment with SOF + RBV for 24 weeks yielded a higher

SVR of 80% (8/10) in patients with RF_2k/1b compared to
SVR of 46% (24/52) in patients with GT1 (P = 0.05). A
slightly higher SVR rate was observed in patients with
RF_2k/1b compared to GT1 treated with SOF + PegIFN +
RBV for 12 weeks, although the difference was not statisti-
cally significant (92% vs. 80%, P = 0.159) (Fig. 5).
After introduction of SOF/LDV within the program, the

clinical management guidelines of the National Hepatitis
C Elimination Program allowed treatment of patients with
RF_2k/1b only with SOF/LDV + RBV, similar to the
patients with GT2. We treated patients with SOF/LDV
without RBV only in those cases where the patients were
ineligible for RBV and did not have ACLD (n = 10).
Despite the small number of patients, the SVR rate was

Figure 3 Treatment outcomes of patients with hepatitis C virus recombinant form 2k/1b treated with different sofosbuvir (SOF)‐con-
taining regimens. The number in the treatment regimen refers to the number of treatment weeks. ACLD, advanced chronic liver disease;
LDV, ledipasvir; PegIFN, pegylated interferon; RBV, ribavirin; VEL, velpatasvir.
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Table 2 Sustained virologic response rates among study participants treated with different sofosbuvir (SOF)‐containing regimens
(n = 2280)

Treatment regimen† ACLD RF_2k/1b GT1 GT2 by sequencing GT3

SOF/PegIFN + RBV for 12 weeks All with ACLD 24/26 (92) 44/55 (80) – 100/104 (96)
SOF + RBV for 12 weeks – – 15/15 (100) –

SOF + RBV for 20 weeks – – 8/9 (89) –

SOF + RBV for 24 weeks 8/10 (80) 24/52 (46) – 47/53 (89)
SOF + RBV for 48 weeks 2/2 (100) 3/7 (43) – 1/2 (50)
SOF/LDV for 12 weeks With ACLD 7/7 (100) 136/138 (99) – –

Without ACLD 3/3 (100) 685/689 (99) – –

SOF/LDV for 24 weeks All with ACLD 2/2 (100) 15/16 (94) – –

SOF/LDV + RBV for 12 weeks With ACLD 66/66 (100) 36/38 (95) 24/25 (96) 62/63 (98)
Without ACLD 252/255 (99) – 128/132 (97) 415/417 (100)

SOF/LDV + RBV for 24 weeks All with ACLD – 4/4 (100) – 52/53 (98)
SOF/VEL for 12 weeks With ACLD 3/3 (100) – – 7/8 (88)

Without ACLD 10/10 (100) – 4/5 (80) 9/11 (82)
All regimens With ACLD 113/116 (97) 262/310 (85) 47/49 (96) 269/283 (95)

Without ACLD 264/268 (99) 685/689 (99) 132/137 (96) 424/428 (99)
Total 377/384 (98) 947/999 (95) 179/186 (96) 693/711 (97)

Data are shown as n/N (%).
†Chosen according to the national hepatitis C virus (HCV) management guidelines, which were based on available medications, HCV genotype
(GT), degree of liver damage, and eligibility for interferon and ribavirin (RBV) therapy.
–, no cases; ACLD, advanced chronic liver disease; LDV, ledipasvir; PegIFN, pegylated interferon; RF, recombinant form; VEL, velpatasvir.

Figure 4 Comparison of sustained virologic response rates among patients with unspecified genotype (GT) 2 (by INNO‐LiPA assay)
and “pure” GT2 (by sequencing) hepatitis C virus (HCV), treated with sofosbuvir + ribavirin. All patients had advanced chronic liver
disease. The patients with GT2 by INNO‐LiPA (n = 446) were treated by other HCV treatment providers. This separate data was extracted
from the national HCV elimination program database of Georgia.
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highest and consistent with results for patients with GT1
(100% vs. 99%, P = 0.787) (Fig. 5).
Patients with GT2 were also treated with a non‐standard

regimen,12 amended for the National Hepatitis C Elimina-
tion Program, of SOF/LDV + RBV for 12 weeks irrespective
of presence of ACLD. The SVR rate was high (97%) andwas
not less than historical data of patients with GT2 treated
with standard regimens (SOF/VEL and glecaprevir/
pibrentasvir).
The SVR rates of patients with RF_2k/1b compared

to patients with GT2 and GT3, treated with the SOF/LDV
+ RBV regimen, showed no significant differences between
genotypes (Fig. 6).

DISCUSSION

HEPATITIS C VIRUS has substantial genetic
diversity, classified into seven genotypes and many

subtypes, with GT1 and GT3 dominating the European
population.13 In 2002, Kalinina et al. reported a new circu-
lating HCV strain in St. Petersburg, Russia, which was dif-
ferent from known genotypes.14 This genetic divergence
was not due to mutations but the recombination of HCV
genomes of different genotypes, which the authors called

“recombinant form.” Hepatitis C virus recombination is
thought to be rare and to play a minor role in HCV evolu-
tion. Isolated cases have been reported in many other
countries, which has not generally exceeded 3% among
all HCV genotypes.15,16 Despite this, a recent journal arti-
cle showed that the prevalence of this recombinant virus
in Georgia is one of the highest reported worldwide.16

The key questions that arose after identification of
high‐prevalence RFs were: (i) how to best treat those
patients? and (ii) is it necessary to differentiate RFs in the
era of pan‐genotypic DAAs?
The HCV genotype has long been considered a predictor

of the outcome of antiviral therapy. All currently registered
DAAs are active only against non‐structural proteins
(NS5B and NS5A) of HCV. It is already known that this
part of RF1_2k/1b is similar to GT1b. So, it is suggested
that patients with RF1_2k/1b should be provided the same
treatment as patients with GT1b. An earlier study by
Hedskog et al. suggested that the antiviral treatment
outcome in patients with the HCV RF_2/1 with a 12‐ to
16‐week course of SOF/RBV was closer to the response
seen in patients with GT1 than in patients with GT2.10 In
another study, published by Susser et al., a very high rate
of virologic relapse (93%) occurred in patients with

Figure 5 Comparison of sustained virologic response rates among patients with hepatitis C virus HCV recombinant form (RF) 2k/1b
and genotype (GT) 1. The number in the treatment regimen refers to the number of treatment weeks. ACLD, advanced chronic liver
disease; LDV, ledipasvir; PegIFN, pegylated interferon; RBV, ribavirin; SOF, sofosbuvir.
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RF1_2k/1b treated with a GT2 regimen. Nevertheless,
excellent results were achieved when RF patients were
either initially treated with a GT1 regimen (eight of nine
patients achieved SVR) or were retreated after relapse (13
of 13 patients achieved SVR).11

There are several case reports that detail the successful
results of DAA treatment in patients with RF_2k/1b.17–19

The study published by Karchava et al. evaluated the SVR
results of 103 Georgian patients with RF_2k/1b and
concluded that the SOF/LDV + RBV regimen was better
than the SOF + RBV regimen.20

In 2015, the first PegIFN‐free treatment regimen was
introduced to patients with GT2: SOF + RBV for 12, 16,
or 20 weeks.21 The SVR rates were between 83% and
100%. During the first year of the National Hepatitis C
Elimination Program (May 2015–March 2016), when
only SOF was available and only patients with ACLD were
eligible for the treatment, we were concerned about the
treatment outcomes for the group of patients with GT2,
as it might have potentially included the high prevalence
of patients with RF_2k/1b. Other HCV treatment provider
centers in Georgia with a limited capacity to differentiate
patients with GT2 from those with RF_2k/1b have ob-
served lower SVR rates (79%) after treating with the stan-
dard SOF + RBV regimen for 12, 16, or 20 weeks. In our

center, after refinement of patients with GT2 from patients
with RFs, we treated patients with RFs with the GT1 regi-
men (adding PegIFN), and received better viral cure results
(SVR of 92%). To double‐check this difference, we geno-
typed and sequenced randomly selected treatment failures
from the other medical centers, checking those that were
thought to be GT2, and confirmed that 17 of 20 patients
were RF_2k/1b.
After introduction of the SOF/LDV regimen, the key con-

cern was that patients with GT2 and GT3 would receive a
non‐standard regimen for those genotypes. To standardize
our approach, the clinical committee of the National
Hepatitis C Elimination Program, with the help of interna-
tional experts, suggested to treat all genotypes, except GT1,
with SOF/LDV + RBV. Only RBV‐ineligible HCV patients
with RF_2k/1b were allowed to be treated with only
SOF/LDV for a prolonged treatment duration. Because of
the similarity to GT1 within the non‐structural region of
the recombinant virus’s genome,9 a 100% cure rate was
achieved (10/10). A surprisingly high cure rate was ob-
served among patients with GT2 and GT3 treated with
the SOF/LDV regimens despite the presence of ACLD
(97% and 99%, respectively).22

Based on these retrospective data analyses, providing pa-
tients with RF_2k/1b the same treatment as patients with

Figure 6 Comparison of sustained virologic response rates among patients with hepatitis C virus recombinant form (RF) 2k/1b, geno-
type (GT) 2, and GT3 treated with sofosbuvir/ledipasvir + ribavirin for 12 weeks. ACLD, advanced chronic liver disease.
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GT1 was the appropriate treatment decision. We can also
assume that when GT2 was considered the best genotype
for a cure, the majority of treatment failures could have
been patients with RF_2k/1b, at least in the country of
Georgia.
The data showed that treatment of patients with

RF_2k/1b with SOF/LDV or one of the pan‐genotypic
drugs (SOF/VEL) is extremely effective. We can also
assume that other DAAs that are used for patients with
GT1 and/or pan‐genotypic drugs might be as effective.
Although the recent pan‐genotypic DAAs are ultimately

eliminating any concern related to the effect of genotype
on treatment response, the availability of these expensive
drugs is still currently limited. It is worth mentioning that
six developing nations (China, Pakistan, Nigeria, Egypt,
India, and Russia) account for more than half of HCV
infections worldwide.23

Continuous identification of recombinants could be
helpful for making treatment choices until pan‐genotypic
medications become widely available and affordable.
Identification of recombinants in high‐prevalence areas
might be reasonable for improving antiviral response
rates, particularly in the context of HCV elimination
worldwide.16,24

In conclusion, identification of RF_2k/1b in treatment‐
naïve or PegIFN/RBV treatment‐experienced patients,
with or without liver cirrhosis, in countries where
pan‐genotypic drugs are available, is not necessary. How-
ever, in areas where pan‐genotypic DAAs are not available
or affordable, especially in low‐income countries with a
high prevalence of HCV infection, differentiating patients
with GT2 from those with RF_2k/1b might be reasonable
for choosing the most cost‐effective treatment regimens.
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Abstract

Background
This study evaluated performance of two hepatitis C virus (HCV) rapid diagnostic tests
(RDTs) performed by intended users in resource-limited settings.

Methods
Testing was conducted at three facilities in two countries (Georgia, Cambodia) using
matched fingerstick whole blood, plasma and serum samples. Investigational RDTs were
compared with a composite reference standard (CRS) comprised of three laboratory tests,
and a reference RDT.

Results
In matched samples from 489 HCV positive and 967 HCV negative participants, specificity
with both investigational RDTs was high using either reference method (�98.4% in all sam-
ple types). Sensitivity was lower in whole blood versus plasma and serum for both RDTs
compared with the CRS (86.5–91.4% vs 97.5–98.0% and 97.3–97.1%) and reference RDT
(93.6–97.8% vs 100% and 99.4%). Sensitivity improved when considering only samples
with detectable HCV viral load.

Conclusion
Sensitivity was highest in serum and plasma versus whole blood. The World Health Organi-
zation prequalification criterion (�98%) was narrowly missed by both RDTs in serum, and
one in plasma, possibly due to the intended user factor. Performance in whole blood was
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considered adequate, given potential roles of HCV infection history, improved sensitivity
with detectable viral load and performance similarities to the reference RDT.

Introduction
World Health Organization (WHO) member states have committed to the elimination of viral
hepatitis as a public health threat by 2030 [1]. Screening for hepatitis C virus (HCV), a patho-
gen that affects approximately 71 million people worldwide (2015 estimate), is critical to the
success of these targets, especially as only an estimated 20% of infected people are aware of
their HCV status [1]. According to WHO recommendations, screening should be performed
through the detection of HCV-specific antibodies using a single quality-assured serological in
vitro diagnostic test, which can be either a laboratory-based immunoassay or a rapid diagnostic
test (RDT) [2]. A positive RDT test is followed by confirmatory testing for viraemic infection
via detection of HCV viral load (VL) or core antigen [2].

Low- and middle-income countries (LMICs) have the highest burden of HCV, representing
over 70% of the global total [3]. However, access to laboratory-based testing services in these
settings is often limited by the absence of suitable equipment, stringent training requirements
and sample or patient transportation challenges. RDTs, which can be used outside of the labo-
ratory, are an attractive alternative due to their affordability, ease of use and feasibility of utiliz-
ing various sample types, including plasma, serum, fingerstick whole blood or oral fluid [2].
WHO prequalification status intents to indicate that an RDT is likely to have reliable perfor-
mance in LMICs, as it requires the generation of performance data in LMICs in intended use
settings by intended users, with at least a portion of these data generated using freshly collected
samples [4]. However, of the many commercially available HCV RDTs, only four have
obtained WHO prequalification status to date [5]. The scarcity of quality-assured RDTs is an
important barrier to HCV screening in LMICs on a large scale [6].

A previous retrospective study evaluated the performance of 13 HCV RDTs in archived
plasma samples [7]. In this study, the majority of RDTs exhibited performance in line with
WHO criteria for selection of HCV diagnostics in samples from patients without human
immunodeficiency virus [HIV] co-infection (sensitivity�98% and specificity of�97% in
serum or plasma samples [8, 9]). Sensitivity was lower in samples from HIV infected partici-
pants compared with samples from HIV uninfected participants; interestingly, the majority of
false negative HIV infected samples did not have detectable HCV VL/core antigen. However,
the retrospective study was performed on archived samples by highly trained staff in evalua-
tion laboratories, a setting that does not fully reflect the reality in which HCV RDTs are
intended or likely to be used. In the field, HCV RDTs are most likely to be performed in pri-
mary care or screening facilities by staff with limited training, using whole blood by finger
prick as the most common sample type. Data on RDT performance in whole blood is often
limited or absent, particularly in comparison with matched samples of other types.

The objective of the current study was to evaluate the sensitivity and specificity of HCV
RDTs in a real-world setting. Performance was assessed in fresh, matched whole blood, plasma
and serum samples that were collected and tested in resource-limited settings by intended
users, i.e. nurses and primary healthcare personnel.

Methods
Study design
This prospective, multicentre study (NCT04139941) assessed the performance of two HCV
RDTs: the HCV-Ab Rapid test (Beijing Wantai Biological Pharmacy Enterprise Co., Ltd,
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Beijing, China) and the First Response HCV card test (Premier Medical Corporation Ltd.,
Mumbai, India). Operational characteristics of these tests are shown in S1 Table. These RDTs
were selected as they met WHO prequalification criteria in archived plasma samples in the
previous study [7], and the manufacturers had demonstrated a commitment to seeking WHO
prequalification status.

Testing was conducted at three primary healthcare facilities in two countries. These were: a
general outpatient clinic at the Sihanouk Hospital Center of Hope (SHCH), a non-governmen-
tal hospital providing low-cost medical care in Phnom Penh, Cambodia; an HCV screening
facility at the National Center for Disease Control and Public Health (NCDC) in Tbilisi, Geor-
gia; and an opioid substitution treatment facility at the Centre for Mental Health and Preven-
tion of Addiction (CMHPA), also in Tbilisi, Georgia.

RDTs were tested on three sample types: fingerstick whole blood, ethylenediaminetetraace-
tic acid (EDTA) plasma, and serum (matched samples), all collected and tested on the same
day. Performance was compared with three WHO prequalified laboratory reference tests, of
which two were enzyme immunoassays (EIAs; Murex Anti-HCV version 4.0, Fujirebio
INNOTEST HCV Ab IV) and one was a line immunoassay (LIA; Fujirebio INNO-LIA HCV
Score), using a previously described composite reference standard (CRS) that incorporated the
results of all three reference tests [7]. The algorithm was based on WHO prequalification eval-
uation protocols, with the final decision being based on the LIA test result. A signal-to-cut-off
ratio of�1 (based on the measured optical density) was used for the EIAs; interpretation of
LIA results was performed according to manufacturer instructions. Performance of the two
investigational RDTs was also compared with a reference RDT, the WHO prequalified SD Bio-
line HCV test (Abbott Laboratories, Lake Bluff, USA; operational characteristics shown in S1
Table).

Reference testing was conducted at diagnostic reference laboratories (R. Lugar Center for
Public Health Research, Tbilisi, Georgia and Biobykhin Medical Analysis Laboratory, Phnom
Penh, Cambodia) using plasma samples, collected and tested on fresh or non-frozen samples
(stored at 4˚C) within seven days of sample collection, in accordance with manufacturer
instructions for use. Confirmatory testing to obtain HCV VL and genotyping information was
performed on fresh plasma samples. Tests used for determination of HCV VL were the Real-
Time HCV viral load assay (Abbott Laboratories, Lake Bluff, USA; limit of detection [LOD] 12
IU/mL) in Georgia and the AccuPid HCV Real-time PCR Quantification Kit (Khoa Thuong
Biotechnology, Ho Chi Minh City, Vietnam; LOD 21 IU/mL) in Cambodia. Testing was per-
formed between July 2019 and December 2019. Ethics approval for this study was obtained
from the Cambodian National Ethics Committee for Health Research and the Georgian
National Center for Disease Control and Public Health Institutional Review Board. Written
informed consent was obtained from all study participants.

Participant recruitment
Participants providing samples were required to be aged�18 years, have no history of HCV
treatment (past or present), and be willing to perform an HIV test. At SHCH in Cambodia, all
individuals visiting the facility as outpatients were invited to participate in the study until the
daily recruitment target (~10 participants/day) was met. At CMHPA and NCDC in Georgia,
all individuals visiting the facility were invited to participate. Additionally, known HCV posi-
tive individuals from the site databases were contacted and invited to participate. Participant
demographic and medical history information was collected, including age, HIV status, other
medications and infections, and recent vaccinations. Counselling related to HCV test results
was offered, and all participants received HCV confirmatory testing. Participants were
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assigned to the HCV positive and HCV negative group based on the result of the composite
reference standard. If positive, Cambodian participants were given free treatment; Georgian
participants received treatment via the national HCV treatment programme. The HCV status
of participants was not known to RDT testers.

RDT performance assessments
Every sample type was tested and interpreted once per RDT. Invalid results were repeated once,
and plasma and serum samples were repeated in duplicate if the initial result was different to
the reference RDT SD Bioline. Two lots of each RDT were used; the complete sample popula-
tion was tested to approximately 50% with lot 1 and 50% with lot 2. Testers were nurses and pri-
mary healthcare personnel who are intended to perform RDT screening as per each countries’
healthcare system. A number of different testers performed the tests at each site. The number of
different testers for whole blood samples was 6, 2 and 4 at SHCH, CMHPA and NCDC, respec-
tively. The corresponding numbers of testers for plasma and serum were 3, 2 and 3.

Data capture
Participant demographic, medical history, RDT and LIA results were initially captured on
paper case report forms. Viral load and genotype results, as well as EIA results were captured
in electronic format on the respective analyses platforms. All data were subsequently entered
into the electronic databased Open Clinica v4.0.

Outcome measures
The primary outcome was the estimates of sensitivity and specificity of the two RDTs in each
of the three sample types, compared with the CRS. Sensitivity and specificity compared with
the reference RDT SD Bioline was a secondary outcome. For both outcomes, sensitivity and
specificity were calculated for the overall sample set, by country and in the subset of samples
with detectable HCV VL. Furthermore, statistical difference in performance between the sam-
ple types was assessed for both outcomes. Additionally, a multivariate analysis was performed
to evaluate the impact of different demographic factors on RDT sensitivity in whole blood.

Statistical analyses
For sample size calculations, sensitivity and specificity was assumed to be 90% for whole blood
and 95% for plasma and serum samples. However, using these assumptions, the minimum
sample sizes to achieve 80% power with a 95% CI of ±5% were lower than WHO Technical
Specification Series-7 (TSS-7) requirements of 400 HCV positive and 1000 HCV antibody and
RNA negative samples for diagnostic assessments of HCV RDTs [4]. Therefore, the TSS-7 val-
ues were used, with a 10% increase to account for sample exclusion due to indeterminate HCV
status with the CRS (based on experience from the previous study [7]). Final sample size tar-
gets were 440 HCV antibody positive (HCV positive) and 1,100 HCV antibody negative (HCV
negative) samples.

Point estimates with 95% confidence intervals based on Wilson’s score method, were calcu-
lated for sensitivity and specificity. A performance comparison was performed using Pearson’s
chi-square test with Bonferroni adjustment to estimate statistical differences in RDT perfor-
mance between sample types and by sample type between the two countries. Statistical analysis
was performed using R (version 3.6).

Covariates included in the multivariate logistic regression were age, gender, presence of
detectable viral load, HCV genotype and country. The model was applied separately for each
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of the two investigational RDTs and the two reference methods (CRS and reference RDT SD
Bioline). Estimates of coefficients and p-values were calculated using glm function with bino-
mial logit specification in R.

Results
Population and sample characteristics
Of 1,540 individuals recruited, 11 were excluded, thus 1,529 samples of each type were pro-
vided in total. Characteristics of the individuals who provided samples are shown in Table 1.
Mean age ranged from 40.3 years at CMHPA to 51.8 years at SHCH. Of the 1,529 samples, 489
were HCV positive, 966 were HCV negative, and 74 were excluded due to indeterminate
results on the CRS (Fig 1). The number of HCV positive individuals encountered at NCDC in
Georgia was higher than expected, thus more HCV positive participants were recruited than
was anticipated in the predefined site enrolment targets.

HCV VL was detectable in 63% of HCV positive samples. HCV genotype 1, 1a and 1b were
the most common, followed by genotype 3 and genotype 6. However, there were no genotype
3 samples from Cambodia, and no genotype 6 samples from Georgia (Table 2).

Sensitivity and specificity versus composite reference standard
When compared with the CRS, specificity in the overall sample set was high (�98.4% for both
RDTs in all three sample types), with no differences observed across sample types (adjusted
p = 1.0) (Table 3). Sensitivity was lower in whole blood for the HCV-Ab Rapid test (86.5%)
and the First Response HCV card test (91.4%), versus plasma (97.5% and 98.0%, respectively,
adjusted p<0.001) and serum (97.3% and 97.1%, adjusted p<0.001 for the HCV-Ab Rapid test
and adjusted p = 0.005 for the First Response HCV card test). Sensitivity was higher in the sub-
set of samples with detectable HCV VL (>95.4% for both RDTs) for all sample types compared
with the overall sample set.

Sensitivity in whole blood was considerably lower in Cambodia than Georgia for both
RDTs (76.6% vs 94.2% for the HCV-Ab Rapid test and 85.0% vs 96.4% for the First Response
HCV card test; adjusted p<0.001; Table 4). The majority of whole blood false negative samples
with detectable VL from Cambodia were of genotype 1b, while those from Georgia were found

Table 1. Study population characteristics.

SHCH Cambodia (N = 770) CMHPA Georgia (N = 439) NCDC Georgia (N = 320)
Male, n (%) 269 (34.9) 360 (82.0) 153 (47.8)
Mean age, years (range) 51.8 (±13.7) 40.3 (±10.5) 42.6 (±13.6)
HCV positive on CRS, n (%) 214 (27.8) 209 (47.6) 66 (20.6)
HIV positive, n (%) 4 (0.5) 0 0
On ARV, n (%) 2 (0.3) 0 0
On other medicationa, n (%) 375 (48.7) 259 (59.0) 49 (15.3)
Other infectionsa,b, n (%) 43 (5.6) 13 (3.0) 8 (2.5)
Recent vaccinationa,c, n (%) 46 (6.0) 18 (4.1) 23 (7.2)

aAll self-reported
bHepatitis B virus, syphilis, hepatitis A virus, hepatitis D virus, influenza, measles, tuberculosis
cIn the past 12 months; includes vaccination against hepatitis B virus, influenza, tetanus, rabies, human papillomavirus, measles-mumps-rubella, yellow fever. ARV,
antiretroviral therapy; CMHPA, Centre for Mental Health and Prevention of Addiction; CRS, composite reference standard; HIV, human immunodeficiency virus;
NCDC, National Center for Disease Control and Public Health; SHCH, Sihanouk Hospital Center of Hope.

https://doi.org/10.1371/journal.pone.0243040.t001
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across all genotypes (S2 Table). No significant differences in sensitivity between the two coun-
tries were observed for plasma or serum, and no significant differences in specificity were
observed between countries for any sample type (adjusted p>0.215).

Sensitivity and specificity of the reference RDT SD Bioline compared with the CRS are
shown in S3 Table. Performance of this test was similar to the investigational RDTs in plasma

Fig 1. Number of samples by HCV status.

https://doi.org/10.1371/journal.pone.0243040.g001

Table 2. HCV VL and genotype status of HCV positive samples.

SHCH Cambodia CMHPA Georgia NCDC Georgia
(N = 214) (N = 209) (N = 66)

HCV VL status, n (%)
HCV VL undetectable 79 (36.9) 81 (38.8) 23 (34.8)
HCV VL detectable 135 (63.1) 128 (61.2) 43 (65.2)

Samples per HCV genotype, n (%)
1, 1a, 1b 63 (46.7) 33 (25.8) 22 (51.2)
2 11 (8.1) 11 (8.6) 6 (14.0)
3 – 60 (46.9) 9 (20.9)
4 – – –
5 – – –
6 59 (43.7) – –
Mixed – 20 (15.6) 6 (14.0)
Not determinable 2 (1.5) 4 (3.1) –

SHCH, Sihanouk Hospital Center of Hope; CMHPA, Centre for Mental Health and Prevention of Addiction; NCDC, National Center for Disease Control and Public
Health; HCV, hepatitis C virus; VL, viral load.

https://doi.org/10.1371/journal.pone.0243040.t002
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and serum (sensitivities of 95.1% and 93.9%, respectively), and even slightly lower in whole
blood (90.4%). However, contrary to the other tests, no differences between sensitivity in
whole blood samples and plasma or serum were observed for the reference RDT (adjusted p-
value>0.160 for sensitivity and specificity across different sample types).

Sensitivity and specificity versus RDT reference SD Bioline
When the RDT SD Bioline was used as a reference for comparison, specificity in the overall
sample set was high for both investigational RDTs in all three sample types (�96.8%), with no
differences observed across sample types (adjusted p>0.099) (Table 5). For both investiga-
tional RDTs, sensitivity in whole blood increased when using the SD Bioline RDT as a refer-
ence (93.6% for the HCV-Ab Rapid test and 97.8% for the First Response HCV card test) and
further increased in samples with detectable HCV VL (97.3% and 99.3%, respectively). Sensi-
tivity in plasma and serum was also slightly increased when the RDT SD Bioline was used as a
reference to evaluate performance (>99.4% for both sample types and RDTs). Sensitivity was
considerably lower for both RDTs in whole blood compared with plasma (adjusted p<0.001
for the HCV-Ab Rapid test and adjusted p = 0.060 for the First Response HCV card test), and
for the HCV-Ab Rapid test in whole blood compared with serum (adjusted p<0.001).

Table 3. Investigational RDT performance versus composite reference standard in the overall sample set.

TN, n TP, n FN, n FP, n Sensitivity, % (95% CI) Specificity, % (95% CI)
Point estimates

Whole blood (all samples)
HCV-Ab Rapid 958 423 66 8 86.5 (83.2, 89.2) 99.2 (98.4, 99.6)
First Response HCV 964 447 42 2 91.4 (88.6, 93.6) 99.8 (99.2, 99.9)
Whole blood (samples with detectable VL)
HCV-Ab Rapid — 292 14 — 95.4 (92.5, 97.3) —
First Response HCV — 301 5 — 98.4 (96.2, 99.3) —
Plasma (all samples)
HCV-Ab Rapid 951 477 12 15 97.5 (95.8, 98.6) 98.4 (97.5, 99.1)
First Response HCV 963 479 10 3 98.0 (96.3, 98.9) 99.7 (99.1, 99.9)
Plasma (samples with detectable VL)
HCV-Ab Rapid — 304 2 — 99.3 (97.6, 99.8) —
First Response HCV — 304 2 — 99.3 (97.6, 99.8) —
Serum (all samples)
HCV-Ab Rapid 955 476 13 11 97.3 (95.5, 98.4) 98.9 (98.0, 99.4)
First Response HCV 964 475 14 2 97.1 (95.3, 98.3) 99.8 (99.2, 99.9)
Serum (samples with detectable VL)
HCV-Ab Rapid — 303 3 — 99.0 (97.2, 99.7) —
First Response HCV — 303 3 — 99.0 (97.2, 99.7) —

Performance comparison (all samples), p-values
Sensitivity Specificity

Sample type HCV-Ab
Rapid

First Response HCV HCV-Ab Rapid First Response HCV

Whole blood vs plasma <0.001 <0.001 1.0 1.0
Whole blood vs serum <0.001 0.005 1.0 1.0
Plasma vs serum 1.0 1.0 1.0 1.0

CI, confidence interval; FN, false negative; FP, false positive; TN, true negative; TP, true positive; VL, viral load

https://doi.org/10.1371/journal.pone.0243040.t003
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RDT sensitivity in whole blood was lower in Cambodia than in Georgia for both tests
(87.4% vs 97.8%, adjusted p<0.001 for the HCV-Ab Rapid test and 95.1% vs 99.6%, adjusted
p = 0.022 for the First Response HCV card test; Table 6). For both RDTs, specificity was lower
in Cambodia compared with Georgia in plasma (94.5% vs 99.4%, adjusted p<0.001 for the
HCV-Ab Rapid test and 96.6% vs 99.6%, adjusted p = 0.006 for the First Response HCV card
test) and serum (94.2% vs 99.6%, adjusted p<0.001 for the HCV-Ab Rapid test and 96.2% vs
99.8%, adjusted p<0.001 for the First Response HCV card test). There were no significant dif-
ferences between study countries in specificity for whole blood for either test. The multivari-
able logistic regression analysis showed that country was the most significant covariate
associated with sensitivity (S4 Table). Besides the country, only gender was associated with
sensitivity (slightly higher in males). However, gender only passed the threshold of statistical
significance in one case (HCV Ab Rapid compared with the CRS).

Discussion
In this prospective study of RDT performance in freshly collected whole blood, plasma and
serum samples, sensitivity of both the HCV-Ab Rapid test and the First Response HCV card
test was high in plasma and serum, but lower in whole blood. The concentration of antibodies
is likely to be lower in whole blood compared with plasma and serum, which could explain the

Table 4. Investigational RDT performance versus composite reference standard by country.

TN, n TP, n FN, n FP, n Sensitivity, % (95% CI) Specificity, % (95% CI)
Point estimates

Cambodia: whole blood
HCV-Ab Rapid 510 164 50 5 76.6 (70.5, 81.8) 99.0 (97.7, 99.6)
First Response HCV 515 182 32 0 85.0 (79.7, 89.2) 100 (99.3, 100)
Georgia: whole blood
HCV-Ab Rapid 448 259 16 3 94.2 (90.8, 96.4) 99.3 (98.1, 99.8)
First Response HCV 449 265 10 2 96.4 (93.4, 98.0) 99.6 (98.4, 99.9)
Cambodia: plasma
HCV-Ab Rapid 503 210 4 12 98.1 (95.3, 99.3) 97.7 (96.0, 98.7)
First Response HCV 512 211 3 3 98.6 (96.0, 99.5) 99.4 (98.3, 99.8)
Georgia: plasma
HCV-Ab Rapid 448 267 8 3 97.1 (94.4, 98.5) 99.3 (98.1, 99.8)
First Response HCV 451 268 7 0 97.5 (94.8, 98.8) 100 (99.2, 100)
Cambodia: serum
HCV-Ab Rapid 505 208 6 10 97.2 (94.0, 98.7) 98.1 (96.5, 98.9)
First Response HCV 513 209 5 2 97.7 (94.6, 99.0) 99.6 (98.6, 99.9)
Georgia: serum
HCV-Ab Rapid 450 268 7 1 97.5 (94.8, 98.8) 99.8 (98.8, 100)
First Response HCV 451 266 9 0 96.7 (93.9, 98.3) 100 (99.2, 100)

Performance comparison, p-values
Sensitivity Specificity

Cambodia vs Georgia HCV-Ab
Rapid

First Response HCV HCV-Ab Rapid First Response HCV

Whole blood <0.001 <0.001 1.0 1.0
Plasma 1.0 1.0 0.541 1.0
Serum 1.0 1.0 0.217 1.0

CI, confidence interval; FN, false negative; FP, false positive; TN, true negative; TP, true positive

https://doi.org/10.1371/journal.pone.0243040.t004
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lower sensitivity seen in this study. However, although variability in sensitivity of HCV RDTs
in whole blood has been previously reported in some studies [10–13], those that directly com-
pared performance to plasma and serum have reported similar sensitivities across sample
types [14, 15]. Other aspects that may have affected sensitivity include the possibility that some
patients participating in the study had cleared their HCV infections, as evidenced by the
absence of detectable VL in around one third of samples, and the improved sensitivity in the
subset of samples with detectable viral load. Other studies have noted declines in HCV anti-
body levels following treatment-induced or spontaneous HCV clearance [16, 17], and a recent
study observed reduced sensitivity of an HCV RDT in subjects with treatment-induced clear-
ance [18]. While this would have affected all three sample types, it may have had a larger
impact on sensitivity in whole blood as antibody concentrations would have been closer to the
lower LOD compared with plasma and serum. Notably, WHO prequalification criteria are spe-
cifically designed for evaluation of plasma samples; no guidance is provided on expected per-
formance in whole blood [8]. Given the variability in sensitivity in whole blood with HCV
RDTs seen in earlier studies, achieving lower but acceptable sensitivity in whole blood may be
considered adequate performance for the two investigational RDTs evaluated here. Neverthe-
less, HCV screening programmes using these RDTs must take into account the potential for
lower performance in whole blood in real-world versus laboratory settings, particularly given

Table 5. Investigational RDT performance versus reference RDT in the overall sample set.

TN, n TP, n FN, n FP, n Sensitivity, % (95% CI) Specificity, % (95% CI)
Point estimates

Whole blood (all samples)
HCV-Ab Rapid 1063 422 29 15 93.6 (90.9, 95.5) 98.6 (97.7, 99.2)
First Response HCV 1064 441 10 14 97.8 (96.0, 98.8) 98.7 (97.8, 99.2)
Whole blood (samples with detectable VL)
HCV-Ab Rapid — 293 8 — 97.3 (94.8, 98.6) —
First Response HCV — 299 2 — 99.3 (97.6, 99.8) —
Plasma (all samples)
HCV-Ab Rapid 1023 472 0 34 100 (99.2, 100) 96.8 (95.5, 97.7)
First Response HCV 1036 472 0 21 100 (99.2, 100) 98.0 (97.0, 98.7)
Plasma (samples with detectable VL)
HCV-Ab Rapid — 304 0 — 100 (98.8, 100) —
First Response HCV — 304 0 — 100 (98.8, 100) —
Serum (all samples)
HCV-Ab Rapid 1026 465 3 35 99.4 (98.1, 99.8) 96.7 (95.4, 97.6)
First Response HCV 1038 465 3 23 99.4 (98.1, 99.8) 97.8 (96.8, 98.6)
Serum (samples with detectable VL)
HCV-Ab Rapid — 302 1 — 99.7 (98.2, 100) —
First Response HCV — 302 1 — 99.7 (98.2, 100) —

Performance comparison (all samples), p-values
Sensitivity Specificity

Sample type HCV-Ab
Rapid

First Response HCV HCV-Ab Rapid First Response HCV

Whole blood vs plasma <0.001 0.060 0.136 1.0
Whole blood vs serum <0.001 1.0 0.099 1.0
Plasma vs serum 1.0 1.0 1.0 1.0

CI, confidence interval; FN, false negative; FP, false positive; TN, true negative; TP, true positive; VL, viral load

https://doi.org/10.1371/journal.pone.0243040.t005
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that testing of fingerstick blood in non-laboratory settings is likely to be a common usage of
these tests.

In our previous study using archived plasma samples [7], sensitivity of the investigational
RDTs met the WHO prequalification sensitivity criterion of�98% [8], when compared with
the laboratory-based CRS. In the current study, this criterion was narrowly missed by both
RDTs in serum, and one of two in plasma. Unlike the previous study, in this evaluation the
RDTs were performed by nurses and primary healthcare personnel, to represent a real-world
setting. As such, variability in conditions, such as low lighting when reading RDTs, and user
factors such as differences in line interpretation for low positive samples where lines can be
more difficult to identify, could have impacted test performance. Similar factors, as well as the
added technical challenge of fingerstick blood collection, may also have been a contributing
factor to the lower sensitivity in whole blood. The fact that specificity was high in all sample
types and sensitivity was close to WHO prequalification criteria in plasma and serum samples,
suggests that the RDTs perform well in real-world settings and are likely to be beneficial to
HCV screening programmes.

Consistent with our previous study in archived plasma samples [7], in this analysis, false
negatives mostly occurred in samples with undetectable HCV VL. However, in our previous

Table 6. Investigational RDT performance versus reference RDT by country.

TN, n TP, n FN, n FP, n Sensitivity, % (95% CI) Specificity, % (95% CI)
Point estimates

Cambodia: whole blood
HCV-Ab Rapid 575 159 23 13 87.4 (8.18, 91.4) 97.8 (96.3, 98.7)
First Response HCV 576 173 9 12 95.1 (90.9, 97.4) 98.0 (96.5, 98.8)
Georgia: whole blood
HCV-Ab Rapid 488 263 6 2 97.8 (95.2, 99.0) 99.6 (98.5, 99.9)
First Response HCV 488 268 1 2 99.6 (97.9, 100) 99.6 (98.5, 99.9)
Cambodia: plasma
HCV-Ab Rapid 536 203 0 31 100 (98.1, 100) 94.5 (92.3, 96.1)
First Response HCV 548 203 0 19 100 (98.1, 100) 96.6 (94.8, 97.8)
Georgia: plasma
HCV-Ab Rapid 487 269 0 3 100 (98.6, 100) 99.4 (98.2, 99.8)
First Response HCV 488 269 0 2 100 (98.6, 100) 99.6 (98.5, 99.9)
Cambodia: serum
HCV-Ab Rapid 539 196 2 33 99.0 (96.4, 99.7) 94.2 (92.0, 95.9)
First Response HCV 550 197 1 22 99.5 (97.2, 100) 96.2 (94.2, 97.4)
Georgia: serum
HCV-Ab Rapid 487 269 1 2 99.6 (97.9, 100) 99.6 (98.5, 99.9)
First Response HCV 488 268 2 1 99.3 (97.3, 99.8) 99.8 (98.9, 100)

Performance comparison, p-values
Sensitivity Specificity

Cambodia vs Georgia HCV-Ab
Rapid

First Response HCV HCV-Ab Rapid First Response HCV

Whole blood <0.001 0.022 0.145 0.221
Plasma N/A N/A <0.001 0.006
Serum 1.0 1.0 <0.001 <0.001

CI, confidence interval; FN, false negative; FP, false positive; TN, true negative; TP, true positive

https://doi.org/10.1371/journal.pone.0243040.t006
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study this effect was more apparent in HCV and HIV coinfected samples [7]. As only four par-
ticipants in the current study were HIV positive, the effect of HCV VL on test performance in
this study was not linked to HIV. Other studies have reported similar observations of
improved HCV RDT performance in samples with detectable VL [19]. HCV VL testing is used
to confirm viraemic infection in people who test positive for HCV antibodies [2], thus these
samples represent participants who had active HCV infections. Because the sensitivity of the
investigational RDTs was higher in samples with detectable VL compared with the overall
sample set for all sample types, this provides some reassurance in the feasibility of using these
RDTs to detect HCV in the people in need of treatment.

RDT test performance in Cambodia was considerably lower than in Georgia, in terms of
sensitivity in whole blood compared with either reference test (CRS or reference RDT) and in
terms of specificity in serum and plasma compared with the RDT reference. Differences in
specificity when compared to the RDT reference might be explained by the lower sensitivity of
the SD Bioline RDT in serum and plasma samples from Cambodia, resulting in a higher num-
ber of apparent false positives for the investigational RDTs.

The reason for the lower sensitivity of the investigational RDTs in Cambodia is not clear.
Although the majority of false negative samples with detectable VL from Cambodia were of

genotype 1b, while those from Georgia were found across all genotypes, different methodolo-
gies were used at the different sites to determine HCV genotype, so it is difficult to determine
whether this represents a meaningful difference. A prozone effect, whereby the ability of anti-
bodies to form immune complexes is impaired at high concentrations, may also have resulted
in false negatives, as has been shown with other RDTs [20]. Alternatively, it is possible that
HCV positive participants from Cambodia with undetectable HCV VL had lower antibody
titres, as suggested by the fact that proportionally, there were more true positives in samples
with undetectable VL from Georgia compared with Cambodia (87.5% versus 50.6% for the
HCV-Ab Rapid test and 92.3% vs 63.3% for the First Response HCV card test). Historically,
the HCV epidemic in Cambodia has been largely driven through past unsafe medical practices
[21, 22], whereas Georgia has an ongoing HCV epidemic in injection drug users [23]. Addi-
tionally, one of the two centres in Georgia was an opioid substitution treatment facility, thus a
high proportion of Georgian participants would have been injection drug users. This suggests
a possibility that the between-country differences in sensitivity may be due to Cambodian par-
ticipants having generally cleared infections longer ago, while more Georgian participants had
ongoing infections. Previous studies have shown that HCV screening tests can provide dis-
crepant results in people with waning antibodies [24]. However, it was not possible to test this
hypothesis in this study, as it was not designed to recruit participants to represent the propor-
tionate occurrence of ongoing and past infections. Further research is needed to better under-
stand sensitivity differences across different population groups or HCV endemic areas.

It is interesting to note that the WHO prequalified RDT SD Bioline, used as a reference
RDT in this study, also had lower than expected sensitivity in whole blood in the overall sam-
ple set (including samples with and without detectable VL) when compared with the labora-
tory-based CRS. The quality of SD Bioline is well established [25, 26], thus this further
highlights how regional and demographic differences in population can impact on RDT per-
formance, even with established RDTs, and demonstrates the generally lower sensitivity of
RDTs compared with laboratory-based immunoassays as antibody screening tests.

Specificity was high in all sample types for both investigational RDTs when compared with
the CRS, meeting the WHO prequalification specificity criterion of�97% for HCV serology
RDTs in plasma or serum specimens [8]. Specificity also met this criterion when compared
with a WHO prequalified reference RDT test, except for one of two tests in plasma and serum
samples, for which specificity dropped just below the threshold.
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A limitation of this study is the stringent CRS used, which led to 73 samples being excluded
from the study. While this provides confidence in the accuracy of the characterisation of the
samples used in the study, it is possible that inclusion of the excluded samples would have
affected sensitivity and specificity estimates. Additionally, the number of testers was higher for
whole blood than for plasma and serum at two out of the three study sites, which may have
contributed to differences in performance across sample types. However, previous studies
have suggested that provision of training substantially reduces user errors with RDTs [27].
Training was provided to all testers involved in this study, thus the impact of user variability is
likely to have been minimal.

In summary, both investigational RDTs performed well in fresh plasma and serum samples.
Although sensitivity in whole blood performance was lower, particularly in Cambodia, given
the potential impact of variability in HCV infection history, population drivers, conditions
and user factors, data from other studies evidencing variable performance in whole blood with
quality assured tests, and the fact that performance was similar to that of the reference RDT,
test performance can be considered adequate. Additionally, overall performance in whole
blood for samples with detectable VL was high. Comparative studies in different sample types
should be taken into consideration when selecting HCV RDTs for screening programmes,
bearing in mind that whole blood performance in real-world settings may be different from
expectations based on data generated in laboratory evaluations.
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a b s t r a c t

Objectives: There is a dearth of research on hepatitis C virus (HCV) treatment uptake among people who
inject drugs (PWIDs) and receive methadone substitution treatment (MST) in Eastern Europe and Central
Asia countries. This study contributed to addressing that gap. We examined and identified factors that
may affect HCV treatment uptake among PWID who received MST in the Republic of Georgia.
Study design: The design of the study is retrospective cohort study.
Methods: We conducted HCV care cascade analysis by matching the data from the web-based national
hepatitis C program registry (ELIM C) and the MST treatment database between January 1, 2015, and
December 31, 2018. Using the World Health Organization's (WHO) Consensus HCV cascade of care (CoC)
global instrument, we assessed the progress made toward the country's 2020 and WHO's 2030 hepatitis
C elimination targets for the subpopulation of MST patients.
Results: Overall, 10,498 individuals have been dispensed methadone during the study period. A total of
6828 MST beneficiaries had HCV screening, of whom 5843 (85.6%) tested positive; 5476 (93.7%) were
tested for HCV viremia, and 5275 (96.3%) were confirmed with chronic HCV infection. More than 75%
(n ¼ 4000) of HCV-infected MST patients initiated HCV treatment, and 3772 (94.3%) completed the
treatment. Of those eligible for sustained virologic response assessment, 71.0% (2641/3715) were eval-
uated, and the reported cure rate was 96.1% (2537). The study found the odds of patients starting HCV
treatment differed by the type of facility they were screened at and whether they were registered as
PWID at the screening sites. The patients screened at centers with integrated HCV treatment services had
higher treatment uptake rates than those screened at other centers.
Conclusions: As the cumulative HCV treatment uptake and cure rates among MST patients with HCV
infection are high (75.8% and 96.1%, respectively), the MST patients might become the first micro-
elimination target population in which hepatitis C elimination will be achieved in Georgia. The study
found the type of screening facility and whether MST patients registered themselves as PWID or not had
significant effects on MST patients starting HCV treatment. At the same time, the study did not find
gender and age to be significant predictors of MST patients starting HCV treatment. MST patients used
different types of health facilities to get screened for HIV. Many of them did not register themselves as
PWID when screened for HIV. The existence of only a few harm reduction sites with integrated HCV
treatment services, a high level of stigma, and the criminalization of drug use might have incentivized
MST patients to self-navigate across the HCV care continuum with the rest of the population. The
implementation of focused, harm reduction, integrated HCV treatment with good peer and professional
adherence support at treatment sites could help reach the hepatitis C elimination goals among MST
patients.
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Introduction

Approximately 269 million people worldwide (nearly 5.4% of
the global population), aged 15e64 years, used drugs at least once
in 2018. Of them, approximately 53 million people used mostly
opioids and 29 million used mostly opiates or amphetamines and
prescription stimulants.1 In 2018, an estimated 35.6 million people
suffered from drug use disorders.2 The situation is particularly
alarming in Eastern and Southeastern Europe, Central Asia, and
South Caucasus, where the proportions of the populations aged
15e64 years who inject drugs are almost four times higher than the
global average.3

Pharmacological maintenance therapy, which uses drugs such
as methadone and buprenorphine to reduce the craving for and use
of opioids, is recommended by the World Health Organization
(WHO) and has become the mainstream treatment for opioid
dependence in many countries.4,5

The number of PWID is increasing in Georgia. According to in-
tegrated behavior and biomarker surveillance surveys (IBBSS) of
2015 and 2017, the estimated number of PWID has increased from
49,200 to 52,500. The opioid dependence last was measured using
a brief 8-item measure, the Rapid Opioid Dependence Screen
(RODS), within the IBBSS conducted in 2017. The RODS calculation
revealed that 31.4% of those who used illicit opioid drugs (93% of
the whole sample) experienced an active phase of opioid depen-
dence. This amounts to about 16,000 opioid-dependent PWID
living in Georgia.6

More than 70 million people lived with the hepatitis C virus
(HCV) infection, and only approximately 19% (13.1 million) of them
knew their diagnosis in 2017.7 The prevalence of bloodborne in-
fections, including HCV infection, remains high among the global
drug user population. More than half of them live with hepatitis C,
and approximately one in every eight people live with HIV.1,2 In
2017, the HIV prevalence among PWID was 2.3% (95% confidence
interval [CI] 1.63e3.12) in Georgia, with no change since 2015 when
HIV prevalence was 2.2% (95% CI 1.53e2.99).6 In 2015, hepatitis C
prevalence in Georgia was considerably higher than the European
average. An estimated 150,000 persons (5.4% of the adult popula-
tion) lived with chronic HCV infection in the country at the time.8 It
exceeded the estimated HCV prevalence of other countries of the
Eastern Europe and Central Asia region except Uzbekistan and
Ukraine (6.5% and 8% accordingly).9

In April 2015, with the support of the U.S. Centers for Disease
Control and Prevention, Gilead Sciences, the WHO, and other
partners, the Government of Georgia initiated one of the world's
first Hepatitis C Elimination Programs with the ambitious goal of
90% reduction in chronic HCV prevalence by 2020.10 As of
December 31, 2019, more than 1.9 million adults (67% of the adult
population) have been screened with anti-HCV rapid diagnostic
tests at over 1200 facilities countrywide, with an overall 6.7% anti-
HCV antibody positivity rate in Georgia,11 which fully corresponded
to the national estimate for anti-HCV antibody prevalence based on
the national seroprevalence study of 2015.8 The screening facilities
list included 14 drop-in centers and eight mobile ambulatories of
the Needle and Syringe Program (NSP).12,13

An important direction of the National Hepatitis C Elimination
Strategy is the identification of persons with chronic HCV among
the general population, especially among high-risk groups such as
PWID, who were reached through the NSP or enrolled in opioid
substitution treatment (OST) Program (methadone and buprenor-
phine substitution programs).10

Studies report a positive impact of retention in OST on HCV
treatment outcomes. The longer retention in OST translates in the
higher probability of achieving an HCV cure.14e21 Methadone sub-
stitution treatment (MST) was first introduced in Georgia in 2005

through the support of the Global Fund (GFATM) and is available in
two different forms: (1) methadone maintenance program and (2)
the program using combined preparation with buprenorphine and
naloxone.22 In 2018, the number of MST patients reached 10,498,
which corresponds to 19.9% of the estimated 52,500 PWID living in
Georgia.6,23 Fig. 1 represents the overall MST capacity distribution
in the country for the same period. More than two-third of MST
patients (6265) were receiving treatment in Tbilisi, the capital city.

While HCV infection is a major public health problem world-
wide, currently, only a small portion of infected persons have been
tested and know their diagnosis. Furthermore, there is uncertainty
in many countries, including Georgia, regarding optimal testing
approaches and whom to prioritize for testing.24

During the last decade, the uptake of HCV treatment and related
barriers have been explored within the different studies conducted
among PWID worldwide. Many of these studies have contradicted
previous concerns over poor treatment adherence and higher rates
of re-infection among PWID, and therefore WHO has recom-
mended HCV treatment within this population.25e32 Modeling
studies have shown that scaling up HCV treatment, in combination
with improved OST coverage and NSPs, could lead to substantial
reductions in disease incidence and prevalence.33e35

A study conducted during 2016e2017 among the people who
inject drugs (PWIDs) confirmed the high burden (between 48.8%
and 63.2% of different geographic locations) of chronic hepatitis C
infection in Georgia.6 The present study was conducted to analyze
the cumulative HCV treatment uptake, estimation of annual treat-
ment, and cure rates, as well as the identification of factors asso-
ciated with HCV treatment uptake among individuals who
continued using MST treatment or were newly enrolled in the state
MST programs during 2018 in Georgia.

Methods

The MST program uses an electronic web-based real-time data
collection tool. The clients' information that is regularly collected,
among other variables, includes the client's (1) 11-digit personal
identification number, (2) residency address, (3) date of birth, (4)
gender, (5) date of program entry, and (6) hepatitis C status.
Georgia's hepatitis C elimination program data, on the other hand,
is managed by the hepatitis C information system (ELIMC) that
records screening, laboratory diagnostics, and treatment data and
enables monitoring of the HCV care cascade for all population
groups based on personal ID.36

To generate the data set used by this study, first, the MST pro-
gram's database was searched for patients undergoing methadone
substitution therapy and getting at least one dose of medicine
during 2018. Next, the MST patients' data were cross-matched with
ELIMC by personal ID to identify the number of MST patients
screened on HCV infection, confirmed to have active HCV infection,
and the number of patients who were enrolled and completed the
treatment.

As the study dealt with sensitive information, the matched data
were provided to the researchers with all personal identifiers of
patients removed. The study was approved by the National Center
for Disease Control and Public Health, Georgia Institutional Review
Board on July 30, 2020, approval number N2020-049.

Both databases had built-in data quality checks. Also, MST and
HCV screening services were reimbursed based on the databases’
records and were subject to regular monitoring for completeness
and accuracy. We excluded all duplicates, as well as all observations
for which the program entry datewas missing, in total, 261 records.
For anti-HCV screening, we used the facility name for the most
recent HCV antibody test.
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The study used the Consensus HCV cascade of care (CoC) global
instrument of WHO to assess the progress toward the country's
2020 and WHO's 2030 hepatitis C elimination targets. The sug-
gested WHO cascade includes (1) the estimated number of people
with chronic HCV infection, (2) the number of people who received
anti-HCV testing, (3) the number of people who received confir-
matory HCV-RNA, (4) the number of people who enrolled in HCV
treatment, and (5) the number of people who achieved a sustained
virologic response (SVR; undetectable HCV-RNA) at least 12 weeks
after therapy (SVR12). The proportion achieved for each step of the
care cascade was calculated using the preceding step's nominator
value as the denominator. The MST patients' HCV care cascade data
were compared with the national HCV care cascade data to see the
differences in the results for each step of the cascade.

In addition, the study examined the relationships between the
outcome variables of the CoC and patient characteristics, such as
age groups, gender, HCV antibody testing site, andwhether theMST
patient reported to be a drug user at the anti-HCV screening. In
particular, the study used logistic regression to regress these
characteristics on starting treatment. The study used StataCorp.
2019, Stata Statistical Software: Release 16, College Station, TX:
StataCorp LLC to conduct statistical analysis.

Results

Of 10,498 patients who received at least one dose of methadone
during 2018 and were registered in the state MST database, 6828
(65%) were tested for hepatitis C antibodies during 2015e2018 and
were registered in the National Hepatitis C Testing and Treatment
databasedELIMC.

Most MST program beneficiaries 74% (n ¼ 5051) were between
30 and 49 years of age, 17.2% (n ¼ 1177) were from 50 to 59 years
old, and beneficiaries aged <25 and >60 years accounted for 3.4%
(n ¼ 235) persons. The median age of study participants was 41
years. Of them, 99.4% (n ¼ 6790) were male.

Half of the MST program beneficiates (n ¼ 3441) had their most
recent anti-HCV screening conducted at the National Center for
Disease Control and Public Health (NCDC) central and regional
laboratories with a positivity rate of 94.7%. Nine hundred seventy-
seven (14.3%) beneficiaries were tested at hospitals during hospi-
talization for various clinical needs with a 67.7% anti-HCV antibody

positivity rate. In addition, 526 (7.7%) were tested at specialized
clinics for drug addiction treatment, with a 67.3% anti-HCV anti-
body positivity rate, and 455 (6.7%) were tested at NSP sites with a
95% anti-HCV antibody positivity rate. The HCV service site in Tbilisi
and HCV specialized treatment centers countrywide tested 505
(7.4%) of MST program beneficiates with an anti-HCV positivity rate
of 88.5% (see Fig. 2). The overall HCV prevalence in the study sample
was 85.6%. The anti-HCV positivity rate was highest (93%) among
40- to 59-year-olds. The largest shares (28% [n ¼ 1901] and 30%
[n ¼ 2049], respectively) of MST patients were tested in 2016 and
2017, but the percentages of patients tested decreased to 20% in
2018.

Of those MST patients who were tested on anti-HCV antibodies,
79% did not report being a drug user and were registered as a
general population group in the ELIMC. Fourteen percent (982) of
MST patients got registered as PWID, which included the 5% (370)
who were tested outside of specialized addiction treatment clinics
or harm reduction program facilities.

Among the 5843 anti-HCVepositive persons, 5476 (93.7%) had
viremia testing, and 5275 (96.3%) were confirmed with chronic HCV
infection. More than 75% (n ¼ 4000) of HCV-infected MST patients
initiated HCV treatment, and 3772 (94.3%) completed the treatment.
Of those eligible for SVR assessment, 71.0% (2641/3715) were eval-
uated, and the reported cure rate was 96.1% (2537; see Fig. 3).

Confirmation of chronic HCV infection diagnosis among MST
patients

We found a total of 5275 MST patients with positive HCV
viremia test results in the ELIMC database, representing 96.3% of
the entire sample with positive HCV antibody test results. Of those,
5239 (99.2%) were male. The majority of them (74.5% n ¼ 3988)
were aged between 30 and 49. Nearly 60% (n ¼ 3216) of MST pa-
tients with chronic HCV infection had partaken in anti-HCV
screening at the NCDC laboratories, whereas 10.9% (575) had
been screened at hospitals.

HCV treatment uptake

The analysis of the ELIMC data showed that 4000 MST patients
(75.8% of the patients with chronic HCV infection) were enrolled in

Fig. 1. The geographic distribution of the OST program capacity in Georgia. OST, opioid substitution treatment.
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the hepatitis C treatment program. As was the case with the HCV-
positive confirmation results, most MST patients (75.3%, n ¼ 3009)
who started HCV treatmentwere also aged between 30 and 49 years.

Approximately one-third (63.7%, n¼ 2546) of MST patients who
started HCV treatment were from the group of persons tested for
anti-HCV antibodies at the NCDC laboratories (see Table 1).

The logistic regression analysis (model fit likelihood ratio:
c2 ¼ 210.44; P < 0.0001; pseudo R2 ¼ 0.03; number of
observations ¼ 5.418) showed that the type of the facility where
patients were screened at and whether they registered as PWID or
not at the screening had statistically significant effects on the pa-
tients' odds of starting HCV treatment. The study did not find

Fig. 2. HCV antibody screening of methadone substitution treatment patients by screening sites and percent positive (n ¼ 6828) between 2015 and 2018. HCV, hepatitis C virus;
OST, opioid substitution treatment; NCDC, National Center for Disease Control and Public Health; PHC, primary health care; TB, tuberculosis.

Fig. 3. HCV care cascade for MST patients between 2015 and 2018, n ¼ 6828. Coc, cascade of care; HCV, hepatitis C virus; MST, methadone substitution treatment; SVR, sustained
virologic response.
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gender and age to be significant predictors of MST patients starting
HCV treatment. Furthermore, the omnibus tests of two-way in-
teractions between the model's variables were not statistically
significant at P ¼ 0.05 level (Table 2).

In particular, patients screened at NCDC laboratories, the Na-
tional Hepatitis C Screening Center, and prisons had significantly
higher odds of starting treatment than patients screened at other
facilities. MST patients who were screened by hospitals, primary

health care clinics, and tuberculosis (TB) clinics were the least
successful in initiating HCV treatment (Table 3). Furthermore, MST
patients who did not register as PWID at the screening had statis-
tically significantly higher odds of starting treatment than patients
who registered as PWID (Table 2).

As reported by Averhoff et al. in their 2020 article, the overall
hepatitis C care cascade for Georgia for the end of December 2018
showed reasonable national progress in the anti-HCV screening of
the population.37 A comparison of the hepatitis C care cascade of
MST patients with the national HCV care cascade shows consider-
ably better coverage of MST patients with HCV viremia testing than
the overall public (93.7% vs 81.6%), higher rates of chronic hepatitis
C among MST patients (96.3% vs 83.1%), slightly lower rates for
initiating treatment (75.8% vs 78.2%), andmarginally higher rates of
treatment completion (94.3% vs 92.1%; see Fig. 4). For the remaining
part of the cascade, the percentages for MST patients are slightly
lower than for the country's overall care cascade: 92.9% vs 95.8% for
SVR testing eligibility, 70.0% vs 74.8% for SVR testing, and 96.1% vs
98.7% for cure rates.

Discussion

With the availability of newer direct-acting antiviral (DAA)
medicines, modeling studies based on European populations,
including Georgia, have shown that the increase in HCV diagnosis
and treatment rates over time would decrease HCV prevalence and
HCV-related morbidity and mortality.34,38,39 The effective planning
of screening programs as of the initial step for HCV diagnosis and
prioritization of populations for screening are critically important.
A systematic review conducted by Schillie et al suggests that both
integrated and non-integrated screening programs have their ad-
vantages and disadvantages, and they are complementary. If the
integrated screening programs reach individuals who visit facilities
for medical reasons and are less costly, non-integrated programs

Table 1
Descriptive characteristics and HCV cascade data of the MST patients’ cohort (N ¼ 6828) registered in ELIMC during 2015e2018.

Categories Complete
sample

Anti-HCV AB
positive

Tested with
confirmed
test

Confirmed
positive

Started
treatment

Completed
treatment

Achieved SVR

n % n % n % n % n % n % n %

Total number (N) 6828 5843 5476 5275 4000 3772 2571
Gender
Male 6790 99.4 5843 85.6 5384 99.5 5239 99.3 3984 99.6 3759 99.6 2527 99.6

Age
<25 57 0.8 22 0.4 22 0.4 19 0.4 15 0.4 14 0.4 9 0.4
25e29 365 5.4 197 3.4 179 3.3 154 2.9 119 3 113 3 61 2.4
30e39 2387 35 1891 32.4 1760 32.5 1725 32.7 1279 32 1197 31.7 766 30.2
40e49 2664 39 2451 42 2280 42 2263 42.9 1730 43.3 1648 43.7 1136 44.8
50e59 1177 17.2 1124 19.2 1032 19 972 18.4 759 19 711 18.8 502 19.8
>60 178 2.6 158 2.7 151 2.8 142 2.7 98 2.5 90 2.4 63 2.5

Type of facility
Unknown 342 5 301 5.2 279 5.1 271 5.1 199 5 185 4.9 118 4.7
Village doctors 39 0.6 23 0.4 25 0.5 24 0.5 19 0.5 17 0.5 10 0.4
PHC centers 320 4.7 216 3.7 179 3.3 173 3.3 108 2.7 97 2.6 62 2.4
Hospitals 977 14.3 661 11.3 592 10.9 575 10.9 348 8.7 312 8.3 174 6.9
TB clinics 35 0.5 21 0.4 19 0.4 18 0.3 9 0.2 8 0.2 3 0.1
Needle and syringe program 455 6.7 437 7.5 350 6.5 339 6.4 219 5.5 203 5.4 131 5.2
National HCV screening center 254 3.7 240 4.1 226 4.2 219 4.2 184 4.6 179 4.8 129 5.1
Prisons 126 1.9 107 1.8 75 1.4 72 1.4 57 1.4 54 1.4 25 1
Blood banks 60 0.9 16 0.3 16 0.3 15 0.3 12 0.3 11 0.3 6 0.2
OST clinics/addiction centers 526 7.7 354 6.1 279 5.1 270 5.1 177 4.4 163 4.3 95 3.7
HCV specialized treatment centers 251 3.7 207 3.5 180 3.3 173 3.3 121 3 111 2.9 58 2.3
NCDC and public laboratories 3441 50.4 3259 55.8 3204 59.1 3126 59.3 2546 63.7 2432 64.5 1726 68

HCV, hepatitis C virus; NCDC, National Center for Disease Control and Public Health; OST, opioid substitution treatment; PHC, primary health care; SVR, sustained virologic
response; TB, tuberculosis.

Table 2
The logistic regression model of starting HCV treatment (model fit likelihood ratio:
c2 ¼ 210.44; P < 0.0001; pseudo R2 ¼ 0.03; number of observations ¼ 5.418; sig-
nificant relationships are in italic and boldface).

Category OR SE Z P > z 95% CI

Gender (male)
Female 0.51 0.19 �1.81 0.070 0.24 1.06
Age (<25)
25e30 0.88 0.44 �0.26 0.796 0.33 2.32
31e39 1.09 0.52 0.19 0.852 0.43 2.75
40e49 1.22 0.57 0.42 0.677 0.48 3.07
50e59 1.08 0.51 0.16 0.871 0.43 2.74
>59 0.69 0.35 �0.74 0.461 0.26 1.84

Type of facility (NCDC and public laboratories)
Unknown 0.65 0.09 �3.01 0.003 0.50 0.86
Village doctors 0.84 0.40 �0.37 0.708 0.33 2.11
PHC clinics 0.40 0.06 �5.76 0.000 0.29 0.54
Hospitals 0.37 0.04 �10.36 0.000 0.31 0.45
TB clinics 0.23 0.11 �3.15 0.002 0.09 0.58
NSP sites 0.55 0.08 �4.01 0.000 0.41 0.74
National HCV Service Center 1.13 0.20 0.70 0.484 0.80 1.60
Prisons 0.93 0.26 �0.26 0.798 0.54 1.61
Blood bank 0.84 0.49 �0.31 0.758 0.27 2.63
OST clinics/addiction centers 0.49 0.07 �5.29 0.000 0.37 0.64
HCV treatment clinics 0.53 0.09 �3.84 0.000 0.38 0.73

PWID (No)
Yes 0.76 0.08 �2.53 0.011 0.61 0.94

CI, confidence interval; HCV, hepatitis C virus; NCDC, National Center for Disease
Control and Public Health; NSP, Needle and Syringe Program; OR, odds ratio; OST,
opioid substitution treatment; PHC, primary health care; PWID, people who inject
drug; SE, standard error; TB, tuberculosis.
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are effective in the screening of populations with greater risk for
HCV, such as PWID.39,40

The rigorous HCV screening program of Georgia, that is, a mix of
integrated and non-integrated screening interventions, has allowed
for the rapid acceleration of HCV patients' enrollment in the
treatment program. At the end of 2019, a total of 64,537 HCV-
infected persons were enrolled in the treatment program. This
falls short of the national target of treating 95% of people with
chronic HCV infection but still corresponds to 50.3% of the target. It
positions Georgia among the leading countries worldwide for
hepatitis C elimination.37 The country's sound achievements were
possible because of the simplification of HCV diagnostics and
treatment and the decentralization of HCV care at primary health
care and harm reduction settings in 2018.41,42

As the comparisonwith the national HCV care cascades showed,
the indicative steps in the MST care cascades are considerably
better than the national coverage for anti-HCV antibody testing and
higher than the national rate for the confirmation of chronic HCV
infection. For the rest of the cascade, the differences between the
national cascade and MST patients' cascade are minimal. It shows
that PWID enrolled in the MST program are well motivated to
initiate HCV treatment and showgood adherence and consequently
high cure rates.

Although the government made SVR testing free of charge, the
actual low uptake of SVR testingd70.0% for MST patients and 74.8%
for national cascadedremains a challenge for both care cascades.
Good adherence to treatment was demonstrated by HIV-positive
PWID enrolled in antiretroviral therapy (ART) also. In Georgia,

Table 3
Statistically significant pairwise relationships between the values of facility type and the odds of starting treatment (P < 0.05).

Type of facility Type of facility Relationship Odds ratio

NCDC and PLs Unknown Decreases 0.65
NCDC and PLs PHC clinics Decreases 0.40
NCDC and PLs Hospitals Decreases 0.37
NCDC and PLs TB clinics Decreases 0.23
NCDC and PLs NSP sites Decreases 0.55
NCDC and PLs OST clinics/addiction centers Decreases 0.49
NCDC and PLs HCV treatment clinics Decreases 0.53
Prisons PHC clinics Decreases 0.43
Prisons Hospitals Decreases 0.41
Prisons TB clinics Decreases 0.25
Prisons OST clinics/addiction centers Decreases 0.52
National HCV Service Center Unknown Decreases 0.58
National HCV Service Center PHC clinics Decreases 0.35
National HCV Service Center Hospitals Decreases 0.33
National HCV Service Center TB clinics Decreases 0.21
National HCV Service Center NSP sites Decreases 0.48
National HCV Service Center OST clinics/addiction centers Decreases 0.43
National HCV Service Center HCV treatment clinics Decreases 0.47
TB clinics Unknown Increases 2.08
Hospitals Unknown Increases 1.75
Hospitals NSP sites Increases 1.46
Unknown PHC clinics Decreases 0.61

HCV, hepatitis C virus; NCDC, National Center for Disease Control and Public Health; NSP, Needle and Syringe Program; OST, opioid substitution treatment; PHC, primary
health care; PL, public laboratory; TB, tuberculosis.

Fig. 4. Comparison of the MST patients HCV care cascade with the national hepatitis C care cascade for the end of 2018. AB, antibody; HCV, hepatitis C virus; MST, methadone
substitution treatment; SVR, sustained virologic response.
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78% of 1843 registered HIV-positive PWID were enrolled in ART
with a high viral suppression rate of 84%.43

Some prior studies in the literature reported low HCV treatment
uptake among PWID and challenges associatedwith engaging them
in HCV treatment.44,45 Our findings, however, are in line with
studies that found PWID enrolled in MST programs could be
motivated to initiate HCV treatment if access to integrated,
community-based, and decentralized services is ensured and that
ongoing drug use was not associated with decreased adherence to
treatment.46e48

The literature suggests that daily OST delivery in specialized
HCV centers makes it difficult to follow HCV diagnostics and
treatment steps. This concern can be addressed by establishing
one-stop-shop MST and HCV treatment sites in Georgia as rec-
ommended by the literature and practiced in some
countries.49e52

Our findings showed that in the absence of MST-integrated HCV
treatment sites, the MST patients prefer visiting the screening sites
of the NCDC, National Hepatitis C Screening Center, and general
medical facilities as ordinary patients over getting screened at
harm reduction sites and registering in the hepatitis C program
database (i.e. ELIMC) as drug users. The literature suggests that
stigma and discrimination are significant barriers to HCV testing,
and treatment access among PWID and health care facilities are
reported as the common sites of such experiences by PWID.53e57

Strict drug law and a high level of stigma might be the main
structural barriers preventing MST patients from revealing their
drug dependence status at general health care facilities and getting
additional adherence monitoring and support from HCV treatment
service providers in Georgia.

A prior study conducted in 2018 in Georgia pointed to the
importance of raising awareness of HCV infection and social
support for HCV treatment. It showed that PWID who were
treated for HCV and received peer support exhibited an excep-
tional treatment response (98% have completed HCV treatment
and overall SVR was 84.8%) and good adherence.58 According to
our study, MST patients screened at the NCDC and regional public
health laboratories, as well as patients who were registered at the
National Hepatitis C Screening Center, had significantly higher
odds of starting treatment than patients at other facilities
(Table 3). The former group of facilities all have motivational and
referral communication services in place, both of which might
have contributed to their success.

Successful screening and treating patients with HCV infection
during incarceration have shown to have both individual and public
health advantages.59e62 A modeling study conducted in the United
States demonstrated that scaling up DAA treatment in prisons can
have a substantial impact on reducing HCV incidence and preva-
lence in communities.60,61 Our study's findings are consistent with
the evidence from the literature confirming the importance of the
availability of hepatitis C treatment in prisons, especially for the
inmates with a history of injecting drug use and experience with
methadone substitution treatment. DAA treatment creates a unique
opportunity for imprisoned MST patients to initiate and complete
HCV treatment. Our study found that the odds of imprisoned MSTs
to start treatment were significantly higher than those of MST pa-
tients screened at PHC clinics, hospitals, TB clinics, or MST/addic-
tion clinics (Table 3).

The study has a limitation. It examined only a limited number of
MST patients' characteristics. Other variables of interest could be
MST patients' adherence to substitution treatment, comorbidities
(e.g. HIV and TB), awareness level, attitudes, and the socio-
economic characteristics of the cohort. These variables might
have affected the MST patients' health care seeking behavior and
adherence to HCV treatment.

At the same time, the study used a large sample of MST patients,
which increased the statistical power of the analysis. Furthermore,
the study contributed to the knowledge of HCV treatment uptake
among PWID in the Eastern Europe and Central Asia (ECCA) region,
where the research on the subject is scarce.

Conclusion

The study's findings showed considerable progress in reaching
MST patients with HCV diagnostics and treatment services, good
adherence, and cure rates in Georgia. MST patients used different
types of health facilities to get screened for HIV. Many of them did
not register themselves as PWID when screened for HIV. We found
that the type of screening facility and whether MST patients
registered themselves as PWID or not had a significant effect on
MST patients starting HCV treatment. At the same time, the study
did not find gender and age to be significant predictors of MST
patients starting HCV treatment.

The existence of only a few harm reduction sites with integrated
HCV treatment services, a high level of stigma, and the criminali-
zation of drug use might have incentivized MST patients to self-
navigate across the HCV care continuum with the rest of the
general population. The implementation of focused, harm reduc-
tion, integrated HCV treatment with good peer and professional
adherence support at treatment sites could help reach the elimi-
nation goals among MST patients.

A future qualitative study that examines MST patients' health
seeking behaviors, including their uptake of and adherence to HIV
treatment, will complement the findings of the present study.
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Abstract: Point-of-care diagnostics have the potential to increase diagnosis and linkage to care and
help reach the WHO targets to eliminate hepatitis C virus (HCV) by 2030. Here, we evaluated
the diagnostic accuracy of Genedrive HCV ID assay for the qualitative detection of HCV RNA in
decentralized settings in two low- and middle-income countries using fresh plasma specimens from
426 participants. The Abbott RealTime HCV assay was used as the gold standard. Genedrive HCV ID
assay was conducted by different users. Users also completed questionnaires to assess the usability
of Genedrive. At detection thresholds of 12 IU/mL or 30 IU/mL, 1000 IU/mL, and 2362 IU/mL, the
sensitivity was 96.2% (95% CI: 92.7–98.4), 100% (98.2–100), and 100% (98.2–100), respectively; the
specificity was 99.5% (95% CI: 97.4–100), 99.5% (97.5–100), and 98.7% (96.1–100), respectively. All
genotypes detected using the gold-standard assay were also detected with Genedrive. Users found
Genedrive easy to use. Genedrive is a simple and accurate test to confirm chronic HCV infection
in decentralized, real-life, resource-limited settings. This novel diagnostic tool could contribute to
closing the current gap in HCV diagnosis.

Keywords: Hepatitis C; HCV RNA; diagnostics; point-of-care; Genedrive

1. Background

Hepatitis C virus (HCV) infection can lead to chronic disease that may progress
for decades without being noticed until symptoms of advanced liver disease appear [1].
Approximately 71 million people worldwide are living with chronic HCV infection, and
more than 80% of them are living in low- and middle-income countries (LMICs) [2]. The
World Health Organization (WHO) has called for the elimination of HCV by 2030 [3].
Treatment for HCV is becoming more widely available worldwide, with the development
of short-course oral direct-acting antiviral (DAA) regimens with higher tolerability and
cure rates and the introduction of generic formulations [4–6]. However, access to treatment
remains limited due to insufficient diagnostic services and poor linkage to care.

Nucleic acid testing for quantitative HCV RNA determination is mainly performed
using high-throughput platforms in specialized laboratories. The cost of these assays is
generally high, and turnaround times for results to reach patients can be several weeks in
duration. More portable, affordable, and easy-to-use platforms that can be used in district
hospitals or clinics may help decentralize and increase access to HCV testing in LMICs [7].
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One HCV RNA assay that requires fewer technical skills to operate is the Genedrive®

HCV ID Kit (Genedrive Diagnostics Ltd, Manchester, UK), henceforth referred to as
Genedrive. This test meets most of the technical requirements for a virological test, as
defined in the target product profile developed by FIND (Foundation for Innovative New
Diagnostics) and WHO [8]. Genedrive detects HCV RNA in a small volume of plasma
(30 µL) using reverse transcription polymerase chain reaction (RT-PCR). The system pro-
vides a simple, qualitative result without the need for specialist knowledge or data inter-
pretation [9]. The Genedrive instrument is small and can be easily operated in a range of
decentralized laboratory settings with limited requirements for ancillary equipment or test
materials. The Genedrive HCV ID Kit comprises lyophilized PCR reagents packaged into a
single-use, disposable cartridge, and the testing procedure consists of 12 manual steps [10].
The test turnaround time is about 90 min. It is intended to be a confirmatory test of current
HCV infection following a positive HCV antibody test. The test is CE-marked [11] and
WHO prequalified [12]. One study found Genedrive to have an analytical sensitivity of
2362 IU/mL, with 98.6% sensitivity and 100% specificity [13]. However, the performance
was evaluated on leftover frozen plasma samples obtained from a research laboratory in
Europe. The performance of Genedrive with freshly collected samples in real-world LMIC
settings, operated by intended users, has not yet been assessed.

Genedrive has the potential to simplify testing requirements and decentralize HCV
RNA testing for the confirmation of HCV viremia. The aim of this study was to evaluate
the diagnostic performance and usability of Genedrive in laboratory-based real-life settings
in Cameroon and Georgia.

2. Methods
2.1. Study Design

This cross-sectional study was performed and reported in accordance with the Stan-
dards for Reporting of Diagnostic Accuracy Studies (STARD) guidelines [14]. The study
was conducted in small laboratories in primary healthcare settings where, typically, HCV
RNA testing is not available. Informed consent was obtained from participants in Georgia
and Cameroon, who were then prospectively enrolled in the study. The study protocol was
approved by the respective local ethics committees in Cameroon (N◦2019/06/1166/CE/
CNERSH/SP, 14 June 2019) and Georgia (N◦8160-2/1, 1 December 2018). The diagnostic
performance of Genedrive (index test) was evaluated against a gold standard (reference
test), the Abbott RealTime HCV viral load assay (Abbott Molecular Inc., Des Plaines, IL, USA),
henceforth referred to as Abbott HCV.

2.2. Study Population and Study Settings

Individuals who fulfilled the eligibility criteria were invited to participate in the study
until the desired sample size was reached. Recruitment took place between June and
October 2019. Three population groups were considered: “HCV risk,” “HCV seropositive,”
and “HCV treatment.” The “HCV risk” group included individuals at risk of having
HCV infection based on past and/or current exposure to risk factors, as defined in the
WHO [15] and Centers for Disease Control and Prevention (CDC) guidelines [16]. The
“HCV seropositive” group included individuals with a documented positive HCV serology
result. Finally, the “HCV treatment” group included individuals diagnosed with chronic
HCV infection who initiated or completed a course of DAA therapy and who presented at
the clinical site for treatment monitoring or test of cure (i.e., sustained virological response).

Two sites per country were used for testing, one site for the index test and another for
the reference test. In Georgia, recruitment and index testing was done at a Hepa Plus harm
reduction site in Tbilisi, and reference testing was done at the National Center for Disease
Control (NCDC). In Cameroon, recruitment and reference testing was conducted at the
Centre Pasteur of Cameroon (CPC) in Yaoundé, and index testing was performed at the
clinic “les Promoteurs de la Bonne Santé (PBS),” also in Yaoundé. Neither of the country
index testing facilities had any prior experience in PCR-based assays and were blind to the
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results of reference testing. At both sites, reference and index testing were carried out by
different users, and no data were shared.

2.3. Testing Methods

Participants were asked to provide 8 mL of venous blood, collected in standard K2
EDTA tubes. Plasma was aliquoted within 6 h of blood collection, and Genedrive testing
carried out within 24 h, using 30 µL of plasma. The Genedrive testing procedure consisted
of 12 steps, from sample input to result reporting. One plasma aliquot was used for testing
with the Abbott HCV within 4 weeks of blood collection, using the m2000sp/m2000rt
platform. Another aliquot of plasma was used for HCV genotype analysis, performed using
Sanger sequencing in Cameroon and the Abbott RealTime HCV Genotype II Assay [17] in
Georgia. The remaining aliquots were stored at −80 ◦C and used for repeat testing and
resolution of discrepant results. All testing procedures were performed in accordance with
the manufacturers’ instructions.

2.4. Usability of Genedrive

All users received training on Genedrive from the manufacturer prior to the start of
the studies. Two structured questionnaires, capturing ease-of-use, level of training received,
problems encountered, and overall opinion of the technology were completed by each user
based on their experience of the test system. Answers were rated using a 5-point Likert
scale, from strongly agree to strongly disagree (Supplementary Material Table S1).

2.5. Statistical Analysis

Assuming a sensitivity and specificity of 95% and 97.5%, respectively, a power of
80%, and a significance level of 5%, it was calculated that a minimum sample size of
200 participants with detectable HCV RNA and 200 participants with no detectable HCV
RNA was required.

The results of Genedrive were compared with those of the Abbott HCV to calcu-
late sensitivity and specificity, along with 95% confidence intervals (CI). Sensitivity and
specificity were calculated using different detection thresholds with the reference assay,
namely: 30 IU/mL in Georgia [18] and 12 IU/mL in Cameroon; 1000 IU/mL based on
recommendations from the European Association for the Study of the Liver (EASL) [19]
and 2362 IU/mL based on Genedrive’s lower limit of detection.

The rate of invalid results was estimated by calculating the total number of tests
without a positive or negative result given by the Genedrive instrument, either because of
an indeterminate result or a failed control. Invalid results were excluded from the diagnostic
accuracy analyses. Descriptive statistics were used to describe the study population. All
analyses were performed using the statistical software R (R Foundation for Statistical
Computing, version 3.6).

3. Results
3.1. Characteristics of the Study Population

Among the 434 participants who met the inclusion criteria, 8 participants were ex-
cluded due to lack of consent, resulting in a total of 426 enrolled participants. The total
number of participants classified according to HCV antibody status and HCV RNA is
shown in Figure 1. The demographic characteristics of the participants are displayed in
Table 1. Among all enrolled participants, the median age was 47 years, and 73.9% were
male. In Georgia, 99.6% of participants had a history of injecting non-prescription drugs
compared to none in Cameroon. Overall, 1.3% of participants in Cameroon were HIV-
positive versus 1.1% in Georgia. Only 11.0% of participants had received HCV treatment,
all from Georgia. Overall, 50.0% of participants had detectable HCV RNA levels. Of the
samples with detectable HCV RNA, 93% had genotype data available, with genotype 1
being the most common (52.7%).
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Table 1. Characteristics of enrolled participants by site.

Characteristics Cameroon
(n = 156)

Georgia
(n = 270)

Total
(n = 426)

Female 93 (59.6) 18 (6.7) 111 (26.1)
Male 63 (40.4) 252 (93.3) 315 (73.9)

Median age (range), years 63 (21–83) 43 (18–69) 47 (18–83)
Positive HCV antibody 156 (100) 181 (67.0) 337 (79.1)
Positive HIV antibody 2 (1.3) 3 (1.1) 5 (1.2)
HCV-positive mother 3 (1.9) 0 (0.0) 3 (0.7)

Injects non-prescription drugs 0 (0.0) 269 (99.6) 269 (63.1)
Treated in past 12 months 47 (30.1) 0 (0.0) 47 (11.0)

Abbott HCV RNA undetectable 64 (41.0) 149 (55.0) 213 (50.0)
Abbott HCV RNA detectable 92 (59.0) 121 (45.0) 213 (50.0)
HCV genotype determined * 85 (41.5) 120 (58.5) 205 (96.2)

Genotype 1 † 33 (38.8) 75 (62.5) 108 (52.7)
Genotype 2 † 13 (15.3) 18 (15.0) 31 (15.1)
Genotype 3 † 0 (0.0) 21 (17.5) 21 (10.2)
Genotype 4 † 38 (44.7) 0 (0.0) 38 (18.5)

Genotype undetermined † 1 (1.2) 6 (5.0) 7 (3.4)
Data are number (%) unless otherwise indicated. HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.
* The denominator is the number of samples with HCV RNA detected by Abbott HCV RealTime assay. † The
denominator is the number of HCV genotypes determined.

3.2. Genedrive Diagnostic Performance

The sensitivity and specificity results at different detection thresholds using the Abbott
HCV reference test are shown in Table 2. Using a detection threshold of 12 or 30 IU/mL,
the sensitivity and specificity of the Genedrive were 96.2% (95% CI: 92.7–98.4) and 99.5%
(95% CI: 97.4–100). There were eight false-negative results using Genedrive; the highest
viral load among these samples was 98 IU/mL with the reference test. There was one
false-positive result; this sample was from a Georgian participant in an HCV risk group
who had received a previous HCV seronegative result. As anticipated, the sensitivity of
Genedrive increased to 100% (95% CI: 98.2–100) using the higher detection thresholds of
1000 and 2362 IU/mL. The specificity remained the same with the 1000 IU/mL threshold
but decreased slightly to 98.7% (95% CI: 96.1–99.7) with the 2362 IU/mL threshold, owing
to three false-positive results.
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Table 2. Overall sensitivity and specificity of the Genedrive® HCV ID Kit compared with the
sensitivity and specificity of the Abbott RealTime HCV Viral Load Assay at different detection
thresholds.

Abbott: 12–30 IU/mL
Threshold

Total Diagnostic Accuracy (95% CI)
Target

Detected
Target

Undetected

Genedrive®

HCV ID assay

Positive 205 1 206 Sensitivity: 96.2% (92.7–98.4)
Specificity: 99.5% (97.4–100)Negative 8 212 220

Total 213 213 426
Abbott: 1000 IU/mL threshold

Total
Target detected Target undetected

Genedrive®

HCV ID assay

Positive 205 1 206 Sensitivity: 100% (98.2–100)
Specificity: 99.5% (97.5–100)Negative 0 220 220

Total 205 221 426
Abbott: 2362 IU/mL threshold

Total
Target detected Target undetected

Genedrive®

HCV ID assay

Positive 203 3 206 Sensitivity: 100% (98.2–100)
Specificity: 98.7 (96.1–99.7)Negative 0 220 220

Total 203 223 426

Abbreviations: IU: International Units; CI: Confidence interval.

In this study, all specimens that could be genotyped (with HCV viral loads >1000
IU/mL) had concordant results between Genedrive and Abbott HCV, showing a sensitivity
of 100% (95% CI: 98.2–100) across all HCV genotypes tested. Among 426 plasma samples
undergoing Genedrive testing, two were found to be “indeterminate” and five “control
failed.” When repeated with remnant plasma samples, all seven tests were rendered valid.
The overall invalid test rate was, therefore, 1.6% (1.9% in Cameroon and 1.5% in Georgia)
(Table 3).

Table 3. Invalid test rate for Genedrive® HCV ID Kit by site.

Genedrive Result Cameroon Georgia Total

Negative 69 (44.2) 146 (54.1) 215 (50.5)
Positive 84 (53.8) 120 (44.4) 204 (47.9)

Indeterminate 2 (1.3) 0 (0.0) 2 (0.5)
Control failed 1 (0.6) 4 (1.5) 5 (1.2)

Total tests 156 (36.6) 270 (63.4) 426 (100)

Invalid tests repeated 3 (1.9) 4 (1.5) 7 (1.7)
Negative 2 (66.7) 3 (75.0) 5 (71.4)
Positive 1 (33.3) 1 (25.0) 2 (28.6)

Total tests performed 159 (36.7) 274 (63.3) 433 (100)
Total invalid rate 3 (1.9) 4 (1.5) 7 (1.6)

Data are number (%) unless otherwise indicated.

3.3. Genedrive Usability

The results of the usability questionnaires are shown in Figure 2. Genedrive users in
Georgia were two nurses who were not familiar with performing laboratory testing. In
Cameroon, the users were three laboratory technicians who were not skilled in molecular
testing, but who were familiar with general laboratory techniques. All users reported they
found the Genedrive system easy to use. One user mentioned a need for initial training,
stating that “training is really necessary before using the machine; it is true the instructions
are clear but technical assistance is required for the first use.” All users strongly agreed with
the statement that they received sufficient training on how to use the Genedrive. Answers
relating to the ease-of-use of carrying out the 12-step testing procedure varied, with two
users agreeing it was easy, one user strongly disagreed, and two had neutral views. The
most frequently encountered issues were related to the optional printer, either due to the
paper rolling up and jamming the printer or because of the connector to the instrument,
which was loose and, therefore, easily disconnected from the printer. Users commented
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“we had the label rolling on itself when printing and it was not easy to remove,” and
“power cords for the printers are not holding very well, sometimes we have to hold them
before printing.”
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4. Discussion

This is the first field evaluation to date that has assessed the diagnostic accuracy and
usability of Genedrive in a large, real-life cohort in different decentralized laboratories
located in LMICs with staff who had no previous experience in molecular testing. Decen-
tralized settings such as harm reduction sites or peripheral clinics with small laboratories
are the intended settings where Genedrive could be deployed. This is also the first study
using Genedrive to test a large number of fresh specimens with different HCV genotypes.
Previous evaluations of Genedrive have been conducted using panels of frozen plasma
samples in reference laboratories [13,20,21]. The first clinical validation study of Genedrive
included “real-life clinical settings,” with 130 plasma and serum samples collected from rou-
tine HCV RNA diagnostic testing across 10 African countries; however, these samples were
frozen and shipped to be tested in South Africa by experienced laboratory personnel [13].

Our results for sensitivity using the 12 or 30 IU/mL detection thresholds were slightly
lower than those of previous studies, owing to eight samples (3.8%) generating false-
negative results; the highest RNA level in these samples was 98 IU/mL, using the reference
test. In previous studies, the number of false-negative results with Genedrive was lower:
1.4% [13] and 0% [21], both in India. The majority of false-negative results in these studies
had viral loads <1000 IU/mL. The specificity found in our study of 99.5% (95% CI: 97.4–100)
was slightly lower than that found in previous studies, which all reported a specificity
of 100%. This was due to one sample with undetectable HCV RNA using reference
testing and HCV seronegative that was tested positive with Genedrive. The testing of
this discordant sample was not repeated due to an insufficient volume. Our findings also
corroborate previous research demonstrating the ability of Genedrive to identify all major
HCV genotypes.

The invalid test rate in our study was 1.6%, lower than the 3.1% reported in an
evaluation study by WHO [20], which is a positive finding for the use of Genedrive in
LMICs by staff with no prior molecular testing experience. Consistent with this, users
in both Cameroon and Georgia found the Genedrive easy to use, as indicated by their
responses to the usability questionnaire. Most of the issues they identified were related
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to the printer and its occasional disconnection from the instrument due to the use of USB
adapters.

One of the key benefits of Genedrive is the small volume of plasma needed for analy-
sis (30 µL); with the rapid development of new plasma separation devices, it should be
possible to obtain this volume of plasma from finger-stick blood samples, obviating the
need for centrifugation [22]. The test does not contain any hazardous chemicals, such as
guanidinium thiocyanate, and with the small volume of reagent used (approximatively
135 µL), the test does not require any specific disposal measures other than standard bio-
hazard waste disposal procedures. This could be an important advantage in decentralized
LMIC settings, where access to high-temperature incinerators to dispose of toxic reagents
can be problematic [23].

The Genedrive instrument has a small footprint, however, it requires an electrical
power supply, thus limiting its placement to facilities equipped with the necessary electrical
set up, which may exclude the device from being used at a lower level health facility not
equipped with necessary wiring. Future developments will be required to equip the
instrument with the battery, enabling several tests to be performed without the need for an
uninterruptible power supply in settings where power cuts are commonplace.

Another technology with a small footprint that is already available on the market
is the GeneXpert platform (Cepheid, Sunnyvale, CA, USA), which uses a self-contained
cartridge for the quantitative measurement of HCV RNA [24]. The advantage of GeneXpert
is its capability to run a wide range of disease-specific tests [25,26], whereas the Genedrive
is currently limited to testing for HCV, mitochondrially encoded 12S RRNA (MT-RNR1),
and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). GeneXpert HCV VL
Fingerstick test also has a smaller number of manual steps and a shorter turnaround time.
The Genedrive HCV ID Kit costs between USD $25 and $30, including shipping costs,
import duties, and distributor margins [27], which is slightly higher than that of the Xpert
HCV viral load assay (USD $21.64) [28]. The cost of the Genedrive instrument is about
USD $5000, making it more affordable than the one-module configuration GeneXpert Edge
(USD $8495). The choice of platform, therefore, depends on the type of setting and whether
integration of diagnostic services is required.

The analytical sensitivity of Genedrive HCV assay is 2362 IU/mL using 30 µL of
plasma, which is lower than that of the Xpert HCV viral load (10 IU/mL using 1 mL
plasma) and Xpert HCV VL Fingerstick test (100 IU/mL using 100 µL capillary blood) [29].
However, the optimal limit of detection for an HCV point-of-care test to diagnose 97%
of HCV-infected people is 1318 IU/mL, as determined by an analysis of a large, global
dataset [30]. According to this dataset published by Freeman et al. [30], the limit of detection
of 3000 IU/mL will allow detecting at least 95% of all HCV RNA-positive cases.

Currently, the need for plasma for Genedrive testing requires centrifugation of EDTA
whole blood, which necessitates a basic laboratory setting to perform HCV testing. The
future use of direct capillary blood would greatly enhance the use of Genedrive in remote
settings, particularly in settings such as services for people who inject drugs, where individ-
uals could be tested using a finger-stick blood sample [31]. Notwithstanding its limitations,
the arrival of Genedrive on the market is expected to bolster competition and contribute to
closing the current diagnostic gap in HCV diagnosis.

Decentralization of testing through point-of-care testing has the potential to support
increased access to HCV diagnostics and improve linkage to care [32]. Indeed, many
countries implementing HCV elimination programs experienced difficulties in identifying
infected individuals, following an initial phase of treatment scale-up with pre-identified
patients [33]. Near point-of-care solutions like Genedrive could support case-finding
activities in decentralized settings; however, further implementation research is needed to
confirm these assumptions.

This study has several limitations. First, the performance of Genedrive was assessed
for diagnostic purposes, with most participants being treatment-naïve and only 40 partic-
ipants who had received treatment in Cameroon were included in the study. Therefore,
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the performance of Genedrive to assess sustained virological response (SVR) could not
be determined because most participants had undetectable viral loads. It is important
to note that the GeneDrive HCV ID assay is not intended to be used as a test of cure.
A second limitation of the study is the difference in recruitment and Genedrive testing
between the sites. In Georgia, the recruitment and Genedrive testing were performed at a
harm reduction site, and the plasma aliquots were then sent to a reference laboratory. In
Cameroon, the recruitment and reference testing were both carried out at a reference center,
and then the plasma samples were sent to a private clinic for Genedrive testing. Although
the transport of plasma samples to the Genedrive testing site in Cameroon took place under
cold-chain conditions, we cannot exclude the possibility that this transportation may have
impacted the accuracy of the test, as the sensitivity was slightly lower in Cameroon than in
Georgia: 92.4% (95% CI: 84.9–96.8) versus 99.2% (95% CI: 95.5–99.9). Finally, the usability
of Genedrive was only assessed among a small number of users. Although most answers
were consistent across users, answers to the questions relating to the testing procedure
varied. Therefore, future studies involving a larger number of users will be necessary to
validate our findings.

5. Conclusions

In conclusion, this study contributes additional evidence of the potential of Genedrive.
It can be used as a test for the confirmation of HCV viremia following a positive antibody
test in decentralized settings in LMICs. Furthermore, Genedrive can be successfully used
by staff with no previous experience in molecular testing.
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Access to recommended second-line treatments is limited for pa-
tients who fail initial hepatitis C virus (HCV) therapy in low- and 
middle-income countries. Alternative regimens and associated 
outcomes are not well understood. Through a pooled analysis of 
national program data in Egypt, Georgia, and Myanmar, we ob-
served SVR rates >90% for alternative retreatment regimens.

Keywords.  hepatitis C; HCV; retreatment; treatment 
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Achievement of hepatitis C virus (HCV) elimination in low- 
and middle-income countries (LMICs) relies upon a simplified 
public health approach and affordable generic direct acting 
antiviral (DAA) regimens. DAAs recommended as initial 
therapy combinations and available from generic manufac-
turers, such as sofosbuvir/daclatasvir (SOF/DCV), cure about 
95% of those treated [1] and are available in over 100 coun-
tries [2]. Patients who fail initial treatments should be retreated 
with second-line therapy. Sofosbuvir/velpatasvir/voxilaprevir 
(SOF/VEL/VOX) is the only evidence-based retreatment op-
tion in resource-limited settings recommended by the World 
Health Organization (WHO), based on trials showing 96–98% 
sustained virologic response at 12 weeks (SVR12, ie, cure) in 

patients previously treated with another DAA-based regimen 
[3]. However, SOF/VEL/VOX is not available as a generic for-
mulation and is not widely accessible in LMICs [2, 4].

As access to HCV treatment in LMICs grows and more 
people are treated, the volume of patients requiring second-line 
therapy will increase. These patients need timely and effective 
retreatment to prevent progression of liver disease and sec-
ondary HCV transmission [5]. In the absence of recommended 
regimens (eg, SOF/VEL/VOX) for retreatment, clinicians in 
LMICs have utilized alternative therapeutic regimens and dur-
ations, typically based on SOF in combination with the NS5A 
inhibitors ledipasvir (LDV) or DCV for 12–24 weeks with or 
without the addition of ribavirin (RBV). Retreatment studies 
have been conducted with SOF/VEL+RBV and glecaprevir/
pibrentasvir (G/P) in high-income countries for genotypes 
(GT)-1, 2, and 3 [6–9]. Studies of alternative options for HCV 
retreatment in LMIC settings are sparse [10–12].

Data are needed regarding the effectiveness of alternative 
and widely available retreatment regimens readily available in 
LMICs in achieving HCV cure among patients who initially 
failed treatment on a DAA-based regimen. The aim of this anal-
ysis was to pool de-identified program data across LMICs to as-
sess the most common treatment regimens that have been used 
to retreat patients who failed initial DAA-based therapies and 
to determine SVR12 rates by treatment regimen and duration 
among patients who failed initial DAA-based therapies.

METHODS

Existing HCV treatment programs in LMICs were invited 
to participate in this study via partners in the Coalition for 
Global Hepatitis Elimination and Clinton Health Access 
Initiative country programs. A centralized, secure data portal 
was established for LMIC HCV treatment programs to share 
previously collected, de-identified data on HCV patients with 
failure of initial DAA treatment. Failure to primary DAA reg-
imen was defined by a detectable HCV RNA at or after 12 
weeks following the end of treatment course. Patients were 
not eligible for inclusion if suspected of having reinfection 
1) as suspected by local clinicians, or 2) due to a negative HCV 
RNA at or after SVR12 time point followed by a positive HCV 
RNA at a later date.

Data included initial therapy and second-line therapy re-
gimens and durations, patient demographic and clinical 
characteristics, and retreatment outcomes. Given that this 
retrospective analysis used de-identified data, this study 
was given a Non-Human Subject Research determination 
(Advarra IRB Pro00041396, Georgian National Center for 
Disease Control and Public Health IRB 2020-004). National 
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programs from Egypt, Georgia, and Myanmar and clinical 
sites from Rwanda contributed data on initial therapy fail-
ures, retreatments with second-line therapy, or both; data 
from Rwanda (N = 37) included only initial therapy failures 
and were not included in the final analysis. All reported data 
from Georgia and Egypt were from the public sector, whereas 
data from Myanmar were from both public and private facil-
ities. Descriptive statistics were used to assess patient demo-
graphic and clinical characteristics and second-line therapy 
regimens, as well as SVR12.

RESULTS

De-identified data on 1462 HCV infected patients with con-
firmed virologic relapse after initial DAA therapy and retreated 
with second-line therapy were shared from Egypt (N = 639), 
Georgia (N = 807), and Myanmar (N = 16) (Table 1). The 
median age of retreated patients was 53 (interquartile range 
[IQR]: 47–59) years, and 73.8% were male (N = 1079). Of re-
treated patients, 73.2% (N = 1061) were cirrhotic. The break-
down of genotypes for the 823 retreated patients in Georgia 
and Myanmar was as follows: GT-1: 50.8%, GT-2: 21.6%, GT-3: 

Table 1. Patient Characteristics and Treatment Regimens Across Countries and SVR12 by Retreatment Regimen

Egypt Georgia Myanmar All Sites

SVR12 Achieved 
With Retreatment 

(All Sites)

 N % N % N % N % n/N %

Total N 639  807  16  1462  1004/1070 93.8%

Sex           

Female 258 40.4% 125 15.5% 0 0.0% 383 26.2%   

Age in years, median (IQR) 639 54 (47–59) 807 52 (46–58) 16 44 (40–49) 1462 53 (47–59)   

Known HIV-positive 103 16.1% 0 0.0% 16 100.0% 119 8.1%   

Known HBV-positive 2 0.3% 20 2.5% 0 0.0% 22 1.5%   

History of injecting drugs … … 82 10.2% … … 82 10.2%   

Genotype           

 1 … … 414 51.3% 4 25.0% 418 50.8% 217/229 94.8%

 2 … … 178 22.1% 0 0.0% 178 21.6% 115/120 95.8%

 3 … … 215 26.6% 8 50.0% 223 27.1% 97/111 87.4%

 6 … … 0 0.0% 4 25.0% 4 0.5% 0/0 N/A

Cirrhotic 495 77.5% 565 70.1% 1 25.0% 1061 73.2%   

Duration of initial treatment           

 12 weeks … … 294 36.4% 14 87.5% 308 37.4%   

 24 weeks … … 391 48.5% 2 12.5% 393 47.8%   

 Other … … 122 15.1% 0 0.0% 122 14.8%   

Initial therapy           

 SOF/LDV 0 0.0% 102 12.6% 0 0.0% 102 7.1% 39/46 84.8%

 SOF/LDV+RBV 0 0.0% 144 17.8% 0 0.0% 144 10.0% 57/58 98.3%

 SOF+RBV 384 62.5% 556 68.9% 0 0.0% 940 65.4% 678/719 94.3%

 SIM/SOF 110 17.9% 0 0.0% 0 0.0% 110 7.7% 99/104 95.2%

 SOF/DCV 55 9.0% 0 0.0% 16 100.0% 71 4.9% 51/55 92.7%

 SOF/DCV+RBV 63 10.3% 0 0.0% 0 0.0% 63 4.4% 55/61 90.2%

 Other 2 0.3% 5 0.6% 0 0.0% 7 0.5% 0/2 0.0%

Second-line therapy and duration selection           

12 weeks           

 SOF/LDV+RBV 0 0.0% 77 9.5% 0 0.0% 77 5.3% 61/62 98.4%

 SOF/DCV+RBV 79 12.4% 0 0.0% 0 0.0% 79 5.4% 71/77 92.2%

 SOF+SIM+DCV+RBV 77 12.1% 0 0.0% 0 0.0% 77 5.3% 75/77 97.4%

 Othera 34 5.3% 40 5.0% 4 25.0% 78 5.3% 56/57 98.3%

24 weeks           

 SOF/LDV+RBV 0 0.0% 465 57.6% 0 0.0% 465 31.8% 266/291 91.4%

 SOF/DCV+RBV 449 70.3% 0 0.0% 0 0.0% 449 30.7% 395/422 93.6%

 SOF/VEL+RBV 0 0.0% 201 24.9% 3 18.8% 204 14.0% 64/68 94.1%

 Otherb 0 0.0% 24 3.0% 9 56.3% 33 2.3% 16/16 100.0%

Abbreviations: DCV, daclatasvir; HBV, hepatitis B virus; HIV, human immunodeficiency virus; IQR, interquartile range; LDV, ledipasvir; RBV, ribavirin; SIM, simeprevir; SOF, sofosbuvir; SVR12, 
sustained viral response at 12 weeks; VEL, velpatasvir.
aAmong patients with SVR12 received.
bOther regimens were as follows: SOF/VEL, SOF/DCV, SOF/LDV, SOF/LDV+RBV+PegIFN, SOF/VEL/VOX, SOF/VEL/VOX+RBV, SOF/PAR/OMB+RBV, SOF/SIM, SOF+RBV+PegIFN.
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27.1%, GT-6: 0.5%. Genotype data were not available in Egypt. 
About 10% (N = 82) of retreated patients were persons who in-
jected drugs (this variable was only collected in Georgia), 8.1% 
(N = 119) were known to be human immunodeficiency virus 
(HIV)-positive, and 1.5% (N = 22) were known to be hep-
atitis B virus (HBV)-positive. Of 823 patients in Georgia and 
Myanmar, 47.8% (N = 393) received 24 weeks of initial therapy, 
37.4% (N = 308) were prescribed a 12-week regimen of therapy, 
and 14.8% (N = 122) were prescribed other initial treatment 
durations. The most common initial therapy regimens were 
SOF+RBV (65.4%) and SOF/LDV+RBV (10%). There was 
some use of SOF/LDV+RBV as first-line therapy for GT-2 
(N = 30) and GT-3 (N = 99), despite this regimen not being re-
commended by WHO guidelines for these genotypes.

A total of 37.7% (N = 546) of retreated patients initiated 
second-line therapy within 6  months after completion of ini-
tial therapy. Of the 1462 patients retreated for HCV infection, 
the most common second-line therapy regimens and treatment 
durations were SOF/LDV+RBV for 24 weeks (31.8%), SOF/
DCV+RBV for 24 weeks (30.7%), SOF/VEL+RBV for 24 weeks 
(14.0%), SOF/DCV+RBV for 12 weeks (5.4%), SOF/LDV+RBV 
for 12 weeks (5.3%), and SOF+simeprevir (SIM)+DCV+RBV 
for 12 weeks (5.3%). SOF/VEL/VOX or SOF/VEL/VOX+RBV 
was used for 11 patients (0.2%; all patients were in Myanmar).

At the time of analysis, 89.8% (N = 1313) of the 1462 retreated 
patients had completed second-line therapy. Of 1070 (81.5% of 
1313) patients who completed retreatment and received SVR12 
testing, the proportion of patients who achieved SVR12 was at 
least 91.4% for all regimens (range: 91.4–100%). Overall, 93.8% 
of the 1070 retreated patients who received SVR12 testing were 
cured. Cure rates were high for GT-2 (13/13; 100%) and GT-3 
(39/40; 97.5%) patients treated with SOF/LDV+RBV,, despite 
this not being a WHO-recommended regimen.

DISCUSSION

This retrospective analysis revealed that despite the unavaila-
bility of WHO-recommended regimens for HCV second-line 
therapy in 3 LMICs, alternative therapeutic regimens are avail-
able, are being used by clinicians, and resulted in over 93% of 
patients cured of HCV infection upon retreatment. The most 
commonly used second-line therapy regimens were SOF/
LDV+RBV, SOF/DCV+RBV, and SOF/VEL+RBV for 24 weeks. 
Although the quality of this evidence is lower than that for the 
WHO-recommended regimen, these strategies of extending ex-
isting therapies to 24 weeks and/or adding ribavirin are con-
sistent with commonly used practices in HCV treatment. All 
retreatment regimens used in Egypt and Georgia achieved SVR 
rates of more than 90%.

This analysis was limited by its observational, retrospective 
design. Direct comparison of SVR rates across retreatment re-
gimens was not possible due to the potential for confounding 

across regimens and settings. More than 20% of patients in the 
data set did not have SVR12 data reported, and these patients 
may have had a lower cure rate than that described here or may 
have experienced adverse events. Moreover, genotype data were 
not available from Egypt, although it has been well documented 
that the primary genotype in this population is 4a [13]. Most 
patients (65.4%) were initially treated with SOF+RBV, which is 
no longer the primary initial therapy in LMICs, and virologic 
failure after this regimen may be less likely to provoke NS5A 
resistance and possibly influence retreatment success. However, 
even when restricting analysis to only NS5A-containing initial 
regimens (SOF/LDV and SOF/DCV), SVR12 after retreatment 
was 89.1%, in line with the broader conclusions of the analysis. 
SOF/LDV+RBV was given to some genotype 2 and 3 patients 
as initial therapy, despite not being recommended by WHO 
guidelines. For these patients with SVR12 data, the retreatment 
outcomes were still favorable: GT-2: 100% cured; GT-3: 97.5% 
cured. No patients in this data set were treated with glecaprevir/
pibrentasvir (G/P), as G/P is not currently widely available in 
LMICs. Retreatment outcomes may differ for failures of first-
line regimens not included in this dataset.

Data on tolerability/adverse events were not systematically 
collected at all sites and therefore this topic was outside of the 
scope of this analysis. Additional data should be collected to 
assess the strengths and limitations of these second-line thera-
peutic options. For example, there are drawbacks of a ribavirin-
based therapy, especially for 24 weeks, including a higher side 
effect profile, increased ribavirin monitoring needs, more chal-
lenges with adherence, and potential issues with availability of 
ribavirin. A prospective, randomized controlled trial in LMICs 
is needed to establish high-quality evidence on preferred 
second-line therapy regimens. Still, useful information may be 
gleaned by analyzing routinely collected, real-world data from 
active HCV programs in LMICs.

In the absence of a recommendation on affordable and ac-
cessible regimens for retreatment in international guidelines, 
clinicians in LMICs must use their own judgement based on 
second-line therapy options available or make the difficult de-
cision to defer retreatment. Patients who defer retreatment may 
go on to develop advanced liver disease or primary liver cancer. 
These preliminary data suggest that currently available second-
line therapy options have high cure rates. These alternative 
second-line therapy regimens are affordable at a cost as low as 
US $28 for locally approved SOF/DCV and US $63 for RBV for 
a 12-week treatment course [14, 15].

The World Health Organization set global targets for hepatitis 
elimination in 2030, and patients who experience initial therapy 
failures should not be forgotten on the quest to elimination.
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13.1 HCV Epidemiology in Georgia

Georgia is a small Eastern European country (population: 3.7 million people)
situated in the Caucasus between Russia and Turkey. The country has the fifth
highest prevalence of hepatitis C in the world with an estimated 5.4% of adult
population (150,000 persons) living with chronic HCV infection [1, 2]. Studies in
various populations show that people who inject drugs have highest anti-HCV
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prevalence of up to 70%, followed by people living with HIV (40%), people living
with tuberculosis (21%), and others (Table 13.1).

According to the latest estimates, genotype 1 accounts for 41% of HCV infections
in Georgia, followed by genotype 3, 35%, and genotype 2, 24%. There have been
temporal changes in genotype distribution over the last 15-year period with increase
in genotype 3 infections, primarily attributable to injection drug use [10, 11]. Inter-
estingly, sequencing studies indicate that majority (about 70%) of genotype
2 infections in Georgia are actually recombinant form (RF) 2k/1b and thus may
account for up to 18% of all infections in the country [12, 13]. This chimera virus
possesses genotype 2 sequence in the structural and genotype 1 sequence in the
non-structural region of the virus affecting response to antiviral therapy [14].

13.2 National Elimination Program

Georgia had been laying groundwork toward elimination for a long time through
developing strong human and technical capacities and through increasing access to
HCV therapy. Over the years, the Government of Georgia substantially stepped up
its efforts against hepatitis C by implementing national programs such as free of
charge hepatitis C treatment for HIV/HCV co-infection patients (implemented in
collaboration with the Global Fund to Fight AIDS, TB, and Malaria since 2011) and
free of charge hepatitis C treatment in the penitentiary system (2013) and negotiating
60% price reduction on combination of pegylated interferon and ribavirin for general
population (2013).

These efforts culminated with the launch of world’s first hepatitis C elimination
program in April 2015 in partnership with US Centers for Disease Control and
Prevention (CDC) and commitment from Gilead Sciences to donate its direct-acting
antivirals (DAAs) to treat all Georgian living with HCV infection free of charge
[15, 16]. Georgia has been chosen as a first model country for eliminating hepatitis C
for several reasons, including:

Table 13.1 Hepatitis C burden in various populations in Georgia

Population Anti-HCV+ (%) HCV-RNA+ (%)

General population of Georgia [1] 7.7 5.4

General population of capital city Tbilisi [3] 6.7 N/A

People who inject drugs [4] 68.8 N/A

People who inject drugs [5] 63.2 N/A

Men who have sex with men [6] 7.2 N/A

People living with HIV [7] 40.3 34.3

People living with tuberculosis [8] 20.9 N/A

Healthcare workers [9] 5.0 N/A

N/A not available
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– High prevalence of hepatitis and a small size of the country
– Strong political will and public support
– Strong technical and human capacities
– Existence of effective systems for implementing large-scale health programs
– Best practice experience in ensuring universal access to HIV and TB treatments

Combination of these factors strengthened by international partnership translated
into successful rollout of elimination program. Together with CDC, WHO, and other
international partners, Technical Advisory Group (TAG), represented by world’s
leading experts, was established to guide implementation of the program. Based on
TAG recommendations, Georgia developed comprehensive strategic plan covering
all key direction needed for eliminating hepatitis C by 2020, including advocacy and
awareness; surveillance; prevention of transmission through blood safety, infection
control, and harm reduction; and screening, care, and treatment. All these activities
are implemented through either donor support or national allocations representing an
example of an effective public–private partnership.

While Georgia’s approach builds on delivering comprehensive response to HCV,
treatment remains the cornerstone of elimination program. The overall goal of the
program is to eliminate hepatitis C primarily through identifying and treating all
HCV-positive persons strengthened by effective prevention interventions.

Despite very high effectiveness of modern DAAs approaching 100% cure rates,
complete eradication of HCV infection, similar to that of smallpox, is impossible,
and therefore Georgia set the goal for eliminating and not eradicating HCV.
Although classical definition focuses on incidence [17], Georgia’s HCV elimination
goal was defined as 90% reduction in HCV prevalence from 5.4% to 0.5% [18].

To achieve the goal, the strategy has set forth 90-95-95 targets to be reached by
2020: (a) 90% of people living with HCV infection know their status; (b) 95% of
people aware of their status are treated for HCV infection; and (c) 95% of people
treated for HCV infection are cured.

Georgia’s elimination program envisages active case finding and treating all
patients, regardless of degree of liver damage, in order to achieve maximum
prevention effect. Also for achieving the elimination goal, all patients with virologi-
cal failure are retreated.

Treatment component of the elimination program started in April 2015 with four
specialty clinics delivering care in the capital city of Tbilisi, and after 3 years, this
expanded to over 30 HCV care provider clinics countrywide. Decentralization
process further continues through establishing HCV treatment capacities in primary
healthcare clinics and harm reduction sites.

Successful treatment expansion was possible through dedicated human capacity
strengthening program delivered by Liver Institute and Foundation for Education
and Research (L.I.F.E.R.) and Project ECHO of the New Mexico University.

National treatment protocols are developed in collaboration with leading interna-
tional hepatologists and support simplified diagnostic and monitoring approaches.
During the first year of the program, sofosbuvir (SOF) was the only DAA available
within the program, which was used in combination with ribavirin with or without
pegylated interferon. Since March 2016, Gilead donates fixed-dose combination of
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ledipasvir/sofosbuvir (LDV/SOF). Exclusive decision was made for the elimination
program to recommend LDV/SOF for all genotypes including with or without
ribavirin for genotype 1 and in combination with ribavirin for genotypes 2 and 3.

Development of electronic health information systems has been essential part of
elimination program. In 2015 national HCV treatment database was established,
which is now modern web-based health information system connecting all HCV care
providers countrywide. The database collects comprehensive case-based informa-
tion, including demographic, laboratory, and clinical data, on every person enrolled
in elimination program using standardized protocol. Effective validation
mechanisms are available to ensure that high-quality data are captured. The database
is the key source for monitoring treatment on individual and programmatic level, as
well as for conducting research and for informing policies. In 2017 HCV screening
database was launched to collect data from all sites providing HCV screening
services in Georgia. The next step is to create unified system for hepatitis C
elimination program integrated into the national e-health management system.

13.3 HCV Cascade and Treatment Outcomes

Figure 13.1 describes HCV care cascade as of March 31, 2018. After 3 years of
program implementation, 32.5% of estimated number of people with chronic HCV
infection were diagnosed; 93% of those diagnosed started treatment, and more than
98% of those assessed for sustained virologic response (SVR) cleared the virus, thus
already exceeding treatment related 95% targets.

This cascade shows that success of the elimination program primarily depends on
ability of the program to identify 90% of people living with HCV infection. Georgia
responded to this challenge by scaling up screening, including through healthcare-
based and outreach activities. As of March 31, 2018, over 974 thousand persons
were screened for HCV (35% of adult population of Georgia), and one-third of the
HCV-infected population were diagnosed. Analysis of the data showed the yield of

Fig. 13.1 HCV cascade as of March 31, 2018
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screening efforts differs between various populations: the highest rate of anti-HCV
positivity of 42% was observed in harm reduction services for people who injected
rugs, while only 0.5% tested positive in antenatal clinics (Fig. 13.2) [19]. This
underlines the need for targeting services for those at highest risk of HCV infection.
Together with international partners, the Ministry of Health of Georgia takes efforts
to introduce innovative and high-quality strategies to increase awareness and
improve access to screening.

During the initial year of the program, treatment was prioritized for patients with
advanced liver damage (�F3 METAVIR fibrosis score or FIB-4 score >3.25).
Treatment initiation criteria expanded in June 2016 to treat all patients regardless
of liver damage status. This resulted in 300% increase in treatment initiation rates
peaking with 4552 persons starting treatment only in in August 2016. The rates
declined afterward and flattened at monthly rate of around 1100 persons starting
treatment in 2017 (Fig. 13.3). This reflects challenges in HCV case finding, with
engagement in treatment services clearly outpacing the rate of new diagnosis.

With regard to treatment outcomes, SVR rate among persons starting SOF-based
regimen was 82.1%, persons failing on SOF were retreated with LDV/SOF achiev-
ing 99.2% cure rates, and persons receiving LDV/SOF as initial treatment reached
SVR of 98.4%. High overall cure rates were achieved in all patients with and without
advanced fibrosis (97.3% and 98.7%, respectively, Fig. 13.4). Overall SVR rates did
not differ by genotype—98.5% in genotype 1, 98.3% in genotype 2, and 97.7% in
genotype 3 (Fig. 13.4). The most importantly, high cure rates have been achieved
without newer generation DAAs and with only LDV/SOF with or without ribavirin.

High cure rate in genotype 1 patients in Georgian cohort is in line with previous
findings from clinical trials and real-life studies demonstrating similar effectiveness
of LDV/SOF [20–23].

LDV/SOF in combination with ribavirin proved to be highly effective in geno-
type 2 and 3 patients and can be considered as pangenotypic combination at least in
Georgian settings. SVR rates shown in elimination program are comparable or even

Fig. 13.2 HCV screening among different target groups
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higher than those achieved with newer generation DAAs [24, 25]. Over 98%
effectiveness of LDV/SOF in genotype 2 patients can be explained by high preva-
lence of RF_2k/1b recombinant form in Georgia, which has been shown to respond
well to genotype 1 specific treatment options including LDV/SOF [26, 27]. Impres-
sive results were obtained in genotype 3 patients with 97.7% SVR rate. International
experience of using LDV/SOF in genotype 3 is very limited, and in the few
published studies, SVR ranged between 78% and 91%, which is lower than Geor-
gian experience [28–30].

13.4 Beyond Cascade

Georgia’s elimination program has made progress in all directions of the strategic
plan of action.

Fig. 13.3 Enrollment in HCV treatment

Fig. 13.4 HCV treatment outcomes by genotype and liver damage status among persons assessed
for SVR, April 2015–March 2018
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– Advocacy and awareness: Massive awareness-raising campaign has been
conducting utilizing variety of media strategies (TV ads, social media ads,
internet platform, etc.), short text messaging, and distribution of public education
materials. Special attention has been paid to fighting stigma through engaging
people living with diseases and empowering local communities [31].

– Prevent HCV transmission: Primary HCV prevention is one of the major
activities of the national strategy. This includes harm reduction services for
people who inject drugs (PWID) such as needle/syringe exchange programs
and opioid substitution treatment. Available data shows that 61% of estimated
number of PWID had been reached with any prevention services and 48% had
been screened for HCV infection [31]. Serious efforts had been made toward
implementing infection control and prevention monitoring and evaluation in
medical and non-medical facilities, as well as enhancing quality control
mechanisms in blood banks.

– Improve HCV laboratory diagnostics: Essential steps toward improving labora-
tory diagnostics were implemented, including approval of regulatory documents
for licensing laboratory service providers and implementation of national external
quality assurance program [31].

– Surveillance: Monitoring progress toward HCV elimination requires a well-
functioning surveillance system, and efforts are made to improve system’s
capacity to monitor/assess the burden and risk factors for HCV infection in the
country. Special study to characterize the burden of HCV-associated hepatocel-
lular carcinoma in Georgia is underway [31].

13.5 Achieving the Goal of Elimination

Georgian hepatitis C elimination program has made substantial progress since its
initiation. Over the first 3 years, more than 48,000 persons were diagnosed, and over
45,000 of them initiated treatment achieving cure in 98.2% of those assessed for
SVR. Mathematical modeling study showed that these efforts already averted 2500
HCV-related deaths and 5200 new HCV infections [32].

Along with accomplishments, formidable challenges remain, and first and fore-
most, this relates to HCV case finding. Most people living with HCV in Georgia still
remain undiagnosed representing major obstacle for meeting 90-95-95 targets. In
response, Georgia is ramping up screening services along with expanding access to
treatment through decentralization and integration in primary healthcare and harm
reduction services. This is key for securing access to services for all and particularly
for those vulnerable, such as people who inject drug.

The important feature of Georgia’s elimination program is that it not only hinges
on seek, test, and treat strategy but also proactively supports primary prevention
through better infection control practices, blood safety, and harm reduction. Such
comprehensive approach puts the country on the right path to elimination goal.
Continued governmental commitment, together with active engagement from civil
society and productive international partnership, provides strong basis for sealing the
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success. Georgia’s hepatitis C elimination program will further evolve as innovative
screening strategies, diagnostics, and prevention and treatment options are
implemented, providing valuable lessons for the world [33].
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ABSTRACT
Background. The cost and complexity of the polymerase chain reaction (PCR) test
are barriers to diagnosis and treatment of hepatitis C virus (HCV) infection. We
investigated the cost-effectiveness of testing strategies using antigen instead of PCR
testing.
Methods. We developed a mathematical model for HCV to estimate the number of
diagnoses and cases of liver disease. We compared the following testing strategies:
antibody test followed by PCR in case of positive antibody (baseline strategy); antibody
test followed by HCV-antigen test (antibody-antigen); antigen test alone; PCR test
alone. We conducted cost-effectiveness analyses considering either the costs of HCV
testing of infected and uninfected individuals alone (A1), HCV testing and liver-
related complications (A2), or all costs including HCV treatment (A3). The model was
parameterized for the country of Georgia. We conducted several sensitivity analyses.
Results. The baseline scenario could detect 89% of infected individuals. Antibody-
antigen detected 86% and antigen alone 88% of infected individuals. PCR testing alone
detected 91%of the infected individuals: the remaining 9% either died or spontaneously
recovered before testing. In analysis A1, the baseline strategy was not essentially more
expensive than antibody-antigen. In analysis A2, strategies using PCR became cheaper
than antigen-based strategies. In analysis A3, antibody-antigen was again the cheapest
strategy, followed by the baseline strategy, and PCR testing alone.
Conclusions. Antigen testing, either following a positive antibody test or alone,
performed almost as well as the current practice of HCV testing. The cost-effectiveness
of these strategies depends on the inclusion of treatment costs.

Subjects Epidemiology, Global Health, Health Policy, Infectious Diseases, Public Health
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INTRODUCTION
Hepatitis C virus (HCV) is amajor cause of liver disease and liver-relatedmortality (Pawlot-
sky et al., 2018). The World Health Organization (WHO) estimates that 71 million people
worldwide are chronically infected with hepatitis C, and 400,000 people die from HCV
every year, mostly due to cirrhosis and hepatocellular carcinoma. However, the majority
of the HCV infected individuals are not aware of their infection (WHO, 2021). Effective
hepatitis testing strategies and tools are needed to achieve the WHO target of eliminating
HCV as a major public health threat by 2030 (World Health Organization, 2016).

Since 2014, Direct Acting Antivirals (DAA) form the standard HCV treatment. For
successful DAA treatments, tests are needed to diagnose the infection and confirm the
clearance of viral replication (Pawlotsky et al., 2018; Tillmann, 2014). Two types of tests are
usually applied: serological assays that detect antibodies to HCV, and nucleic acid tests that
detect HCV RNA genomes to confirm active infection (Tillmann, 2014; Gretch, 2000). The
most commonly used testing protocol is to first use an antibody test, and if the result is
positive, check the presence of the virus with a nucleic acid test (usually a polymerase chain
reaction test, PCR) (Tillmann, 2014; Gretch, 2000). The sensitivity and specificity of PCR
tests are high (Gretch, 2000). PCR testing requires time and trained laboratory personnel,
which increases the costs. The cost of PCR is an important barrier for comprehensive
testing, especially in low- and middle-income countries.

HCV-antigen test is a serological assay that directly detects a viral protein, giving a
positive result as soon as the virus component is present. The test can be done on the
same platform as the antibody test (Tillmann, 2014), is cheaper (Cresswell et al., 2015) and
requires less special training than PCR testing. While antigen tests have a specificity of up
to 100%, viral loads below 3,000 IU/ml may not be detected (Tillmann, 2014; Bertisch et
al., 2020).

With a limited budget, replacing PCR by antigen testing could increase testing coverage,
but people with very low viral loads may be missed. Using the country of Georgia as an
example, we aimed to study the cost-effectiveness of different testing strategies using a
mathematical model.

MATERIALS AND METHODS
Model structure and inputs
We developed a mathematical model for HCV disease progression, similar to a previously
published model (Sadeghimehr et al., 2019). We simulated cohorts of patients from
infection until death. The progression of HCV is represented by a directed acyclic graph
of health states. In each state, the model samples when and to which state the patient will
move next. The process is repeated until the patient reaches a terminal state (death). The
patients progress along the stages of liver disease, course of HCV infection and cascade
of care (Fig. 1). The liver disease stages are represented by the METAVIR scoring system
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Figure 1 Structure of the simulationmodel. Individuals can progress vertically based on liver disease,
and horizontally through the hepatitis C virus (HCV) infection and cascade of care. First and second treat-
ments contain the treatment episode itself and, in case of treatment failure, the time after ending therapy.
Death can occur at any state (not shown in the graph for simplicity). F0-F4, stages of fibrosis according to
the METAVIR scoring system; DC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, Liver
transplantation.

Full-size DOI: 10.7717/peerj.11895/fig-1

(F0-F4), followed by decompensated cirrhosis (DC), hepatocellular carcinoma (HCC) and
liver transplantation (LT). At the beginning of the simulation, patients are assigned the
following characteristics: age at infection, year of birth, gender, HIV co-infection, level of
alcohol consumption, and duration of intravenous drug use (IDU).

Many studies have shown that hepatitis C viral load is relatively stable in untreated
patients with chronic infection (Gretch, 2000; Nguyen et al., 1996). We therefore assumed
that viral loads remain approximately constant in untreated individuals. We used the viral
load distribution among patients in the Swiss Hepatitis C Cohort Study (Bertisch et al.,
2020) and assigned each patient a baseline viral load. Viral load values at the time of HCV
testing were sampled from a log-normal distribution around the baseline viral load. We
denote viral loads below 3,000 IU/ml as very low viral loads (VLVL) (Tillmann, 2014;
Bertisch et al., 2020).

We considered the following testing strategies: HCV-antibody followed by PCR testing in
case of a positive antibody test (baseline strategy); HCV-antibody followed byHCV-antigen
testing in case of a positive antibody test (antibody-antigen strategy); HCV-antigen test
alone; and PCR test alone. In all strategies, a second test (either PCR or antigen, whichever
was used to confirm the diagnosis) was taken 12 weeks after treatment completion to
confirm sustained virologic response (SVR). We assumed that all individuals were tested
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Table 1 Baseline characteristics of the simulated patients.

Characteristics Active IDU Non-IDU Source

Alcohol consumption
Abstinent
Moderate (on average 20–40 g per day)
Excessive (on average >40 g per day)

37%
37%
26%

37%
37%
26%

Butsashvili (2016), assumption

Gender
Female
Male

0.8%
99.2%

47.2%
52.8%

National Hepatitis C Virus Elimination Progress Report
(2018), Butsashvili (2016), Stvilia et al. (2006)

HIV co-infected 2.3% 0.2% UNAIDS (2018)
HCV prevalence 66.2% 5.4% Strategic plan for the elimination of Hepatitis C Virus in

Georgia (2020), Jülicher & Galli (2018)

Notes.
IDU, injection drug user.

for HCV once during the years 2015–2018. In case of a negative test result, the individual
was not retested.

We assumed that the sensitivity of the antibody test increases exponentially during the
first year of the infection and stabilizes at 99% thereafter (Thomson et al., 2009; Tang et
al., 2017). The sensitivity of the antigen test was assumed to be 33.0% for patients with
VLVL, and 98.2% for everyone else (Bertisch et al., 2020). The PCR test was assumed to
be 100% sensitive. The expected numbers of tests among HCV uninfected people were
calculated from the HCV prevalence in the target population.We assumed 100% specificity
for HCV-antigen and PCR tests. We assumed that all detected patients are treated with
DAAs, and 98% of the treated patients achieve SVR (Pawlotsky et al., 2018).

We parameterized the model for Georgia, one of the first countries that aimed to
eliminate HCV. Enlarged-scale HCV screening began in January 2015, and the elimination
programme (National Hepatitis C Virus Elimination Progress Report, 2018) was launched
in April 2015. Screening services continue to be provided free of charge in various
settings. As of June 30, 2018, a total of 1,175,291 HCV screening tests had been done
and 1,125,808 persons registered in the elimination programme, of whom 93,181 (8.3%)
were positive for HCV antibody. Currently in Georgia patients without documented
HCV serological status first undergo anti-HCV antibody testing. Patients with positive
anti-HCV antibodies undergo PCR testing, or since December 2017 alternatively core
antigen testing (Ministry of Health of Georgia, 2020). Table 1, Table S1 and Figs. S1–S2
present the baseline characteristics of the simulated individuals, the model’s parameters
and assumptions. We assumed that HCV viral loads were not independently associated
with fibrosis progression rates (Heller & Seeff, 2005). The simulated population included
patients infected before 2019 who had not cleared the virus spontaneously or been treated
before 2015, and had not been diagnosed by 2015.

Model outcomes
Weestimated the number of diagnoses for each testing strategy and compared the number of
people who experienced severe liver disease (F3), cirrhosis (F4), DC, HCC, and liver-related
death.
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We also compared the cost-effectiveness of the testing alternatives, conducting three
analyses with different assumptions regarding costs. In analysis A1, we only considered the
direct costs of the HCV tests, including also testing the HCV uninfected individuals not
explicitly simulated. In analysis A2, we added the costs of HCV-associated consultations
with clinical assessment, complete blood count and alanine aminotransferase test (Ministry
of Health of Georgia, 2020) and the lifetime costs associated with liver disease. This analysis
takes the perspective of the health care payer in situations like in the country of Georgia
where treatment costs are covered by external donors. In analysis A3, we included all
costs of HCV testing, liver disease and HCV treatment. We reviewed the literature,
and contacted persons involved in the elimination project in the country of Georgia to
interpret published data to obtain costs of HCV testing, DAA treatment and liver disease,
and HCV- and liver-related utilities (Table 2) (Jülicher & Galli, 2018; Ormeci et al., 2014;
Cloherty et al., 2016). We adopted life-time liver disease costs from Turkey for viremic
individuals (Ormeci et al., 2014). We assumed that the costs of liver disease in stages F0-F3
decreased by 50% after achieving SVR. The quality of life of patients has been shown to
improve substantially after SVR (Dusheiko, 2017). Moreover, the model does not allow
liver disease regression, so patients modelled to be in an advanced stage of the liver disease
with SVR may in reality have returned to a less severe stage (Knop et al., 2016). It should
therefore be safe to assume that the costs of treating liver disease decrease substantially
after achieving SVR. In all analyses, we calculated the incremental cost-effectiveness ratios
(ICERs) between the strategies, comparing incremental costs with incremental gain in
quality-adjusted life expectancy at time of infection. The results are presented per infected
individual. We discounted all future costs and quality-adjusted life years (QALYs) at 3%
per year.

Sensitivity analyses
We conducted sensitivity analyses to address the uncertainty around key parameters and
generalize our findings to other settings (Table S2 ). First, we reduced the unit cost of either
the PCR test (sensitivity analysis S1) or antigen test (sensitivity analysis S2). Second, we
reduced the liver-related costs after SVR to zero for liver stages F0-F2 (sensitivity analysis
S3). Third, we used an alternative estimate of liver disease costs from France (sensitivity
analysis S4). Fourth, we calculated the results for a population consisting completely of
non-IDUs with decreased HCV prevalence (sensitivity analysis S5), or an IDU population
with increased HCV prevalence (sensitivity analysis S6). Finally, we decreased the cost of
HCV treatment to generalize the results for settings that have access to treatment with
substantially reduced prices (sensitivity analysis S7).

RESULTS
In the baseline scenario, 89,400 of 100,000 infected individuals were diagnosed during the
four-year screening period. In the antibody-antigen strategy, fewer infected individuals
were detected (86,100 per 100,000 infected individuals). For antigen test alone the number
of diagnoses was 87,500 per 100,000 infected individuals. PCR test alone could detect
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Table 2 Unit costs and health utilities.

Costs Value Source

Antibody test $2
Antigen test $21
PCR test $40
Physician visit and blood collection $13

Strategic plan for the elimination of Hepatitis C
Virus in Georgia (2020), Chikovani et al. (2019)

Treatment monitoring costsa $117 Strategic plan for the elimination of Hepatitis C
Virus in Georgia (2020)

Treatment cost $50,674 Scott John (2019)

Average annual cost of liver disease
Fibrosis stage F0-F2 $447
Fibrosis stage F3 $447
Fibrosis stage F4 $578
Decompensated cirrhosis $1984
Hepatocellular carcinoma $2474

Ormeci et al. (2014)

Health-related utilities
Fibrosis stage F0-F2 0.82
Fibrosis stage F3 0.76
Fibrosis stage F4 0.76
Decompensated cirrhosis 0.60
HCC 0.60
F0-F1 after sustained virologic response 0.95
F2-F4 after sustained virologic response 0.85

Knop et al. (2016), Deuffic-Burban et al. (2018)

Notes.
aIncluding the cost of clinical assessment, complete blood count, ALT (AST, creatinine), patient service standard. HCC, hepatocellular carcinoma; F0- F4, fibrosis stages accord-
ing to METAVIR scoring system.

91,000 individuals; the remaining 9% of infected individuals either died or spontaneously
recovered before testing.

The proportion of patients who experienced severe liver disease was highest in the
antibody-antigen strategy, and lowest for PCR testing alone (Fig. 2). In the baseline
strategy, 22.5% of infected individuals experienced at least liver disease stage F3. The
percentages of people who experienced at least liver disease stage F3 were 23.5%, 22.9%,
and 21.7% for antibody-antigen, antigen test alone, and PCR test alone, respectively. The
percentages of people who reached stage F4 ranged between 10.0% and 12.0% across
all strategies. For DC, HCC, LT and liver-related death the corresponding ranges were
2.2%–3.0%, 1.4%–2.1%, 0.5%–0.6% and 3.7%–5.0%, respectively.

In analysis A1, considering only the cost of testing, antibody-antigen was the cheapest
strategy with a total cost of $215 per infected individual and a mean quality-adjusted
life expectancy of 15.51 QALYs (Fig. 3A). The most cost-effective strategy compared
with antibody followed by antigen was the baseline strategy, with a quality-adjusted
life expectancy of 15.56 QALYs and an ICER of $369/QALY gained. Antigen alone had
higher costs than the baseline strategy. PCR alone, which had a mean quality-adjusted life
expectancy of 15.60 QALYs, was the most effective strategy with an ICER of $10,763/QALY
gained compared with the baseline strategy.
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Figure 2 A comparison between different testing strategies: the proportion of infected individuals
who experienced different stages of liver disease in their lifetime. F3–F4, stages of fibrosis according to
the METAVIR scoring system; DC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, Liver
transplantation.

Full-size DOI: 10.7717/peerj.11895/fig-2

In analysis A2 including all costs except treatment (Fig. 3B), the baseline strategy was
the cheapest, with a life-time cost of $6,275. PCR test alone, the only strategy performing
better than the baseline, had an ICER of $9,281/QALY gained compared with the baseline
scenario.

In analysis A3 considering all costs of testing, liver disease and treatment, antibody-
antigen was again the cheapest strategy, with an average life-time cost of $35,576 (Fig. 3C).
Compared with antibody-antigen strategy, the baseline strategy was the most cost-effective,
with an ICER of $19,890/QALY gained. Compared with the baseline, the ICER of PCR
testing alone was $22,636/QALY gained.

Sensitivity analyses
Changing the input costs of diagnostic tests, liver disease or treatment did not change the
patterns of cost-effectiveness substantially (Figs. S3–S7). The largest differences were in
the analyses of the low- and high-prevalence populations. In a low-prevalence non-IDU
population, the results of all three analyses were driven by the costs of testing uninfected
individuals. Replacing the two-step testing (antibody-antigen, or baseline strategy) with
antigen alone increased the costs of testing (analysis A1) by $2,000, or with PCR alone,
by $4,000 per infected individual (Fig. S8). In the high-prevalence IDU population, the
situation was reversed (Fig. S9). Considering the costs of testing only (analysis A1), antigen
and PCR testing alone were slightly cheaper than their corresponding two-step procedures.
If costs of liver disease were also included (analysis A2), PCR testing alone was the cheapest
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Figure 3 Quality-adjusted life expectancy versus cost. (A) Analysis 1: Cost of HCV testing versus the
quality-adjusted life expectancy. (B) Analysis 2: Cost of HCV testing and life-time liver-related complica-
tions versus the quality-adjusted life expectancy. (C) Analysis 3: Cost of HCV testing, life-time liver related
complications and HCV treatment versus the quality-adjusted life expectancy. All costs are measured per
infected individual and include also costs of negative tests. Quality-adjusted life expectancy is measured
per infected individual at the time of infection. All QALYs and costs are discounted by 3% per year. QALY,
quality-adjusted life years; AB, antibody; AG, antigen.

Full-size DOI: 10.7717/peerj.11895/fig-3
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strategy. Considering all costs (analysis A3), antibody-antigen was again the cheapest
scenario. Of the remaining strategies, antigen testing alone was most cost-effective with an
ICER of $12,265/QALY gained compared to the cheapest strategy.

DISCUSSION
Principal findings
Strategies using an antigen test to diagnose HCV infection performed reasonably well
compared with the traditional PCR-based approach, but the cost-effectiveness of these
strategies depends on the perspective taken. In situations like in the country of Georgia,
where treatment is provided from external sources (Ministry of Health of Georgia, 2020),
the current two-step testing procedure using antibody and PCR tests has the lowest costs
from the healthcare system’s point of view. Adding HCV treatment costs to our analysis
made the two-step procedure with confirmation by antigen instead of PCR the cheapest, but
also the least effective, strategy. However, the maximum difference in quality-adjusted life
expectancy across all strategies was only onemonth. Antigen testing alone performed better
than antibody followed by antigen, but not as well as the baseline strategy. PCR testing
alone was clearly the most effective but also most expensive strategy. These additional costs
could however be compensated by cost savings related to liver disease, if treatment costs
were not considered.

Antigen testing alone is a potential alternative for the current two-step testing procedure.
Both strategies miss some HCV infected individuals. In our study, antigen alone missed
about 3% and the baseline strategy 2% of those infected. But the characteristics of the
missed patients differ. The HCV antibody test can detect an infection only after about
35 days (Ottiger, Gygli & Huber, 2013). Strategies using antibody tests may lead to under-
diagnosis in populations with ongoing transmission. In the Georgian HCV epidemic,
where most infections were acquired during the first years after the collapse of the Soviet
Union (Walker et al., 2018), this may be of limited relevance except for special groups such
as IDU. Also, the antibody test may remain negative in immunosuppressed patients (Medici
et al., 2011). The antigen test in turn misses around two thirds of individuals with
VLVL (Bertisch et al., 2020). Antigen testing was less beneficial than the baseline strategy for
two reasons: the number of VLVL patients was higher than the number of recently infected
patients; and recently infected patients reach end stage liver disease later than VLVL patient
on average. Antigen testing saved costs mainly by missing the individuals with VLVL and
therefore reducing the number of treated patients. However, spontaneous cure is more
frequent among VLVL individuals than other chronically infected patients (Bertisch et al.,
2020), and the probability of onward HCV transmission may also be lower in persons with
VLVL (Bouvet, 2005). A one-step simple test could also reduce the risk of loss to follow-up
(LTFU). This may be highly relevant for a country like Georgia where, in 2015, more than
25% of anti-HCV positive individuals had no confirmatory testing and were considered
LTFU (National Hepatitis C Virus Elimination Progress Report, 2018). A one-step simple
test would also reduce the unnecessary anxiety among individuals with a false positive
result or spontaneous cure.
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Although PCR testing is more expensive than antigen testing, our analysis revealed
some situations where the total costs may be lower with PCR based strategies. If treatment
costs are not considered, the costs saved by preventing liver disease progression in a few
patients could outweigh the additional costs needed for PCR testing. In addition to settings
where treatment is covered by external sources, this may also be relevant for countries that
have negotiated special agreements with treatment manufacturers. In the ‘‘subscription
model’’ (Trusheim, Cassidy & Bach, 2018; Moon & Erickson, 2019), where the government
pays a flat fee for treating all infected residents within a given time period, treatment
costs do not depend on the number of treated patients and cost-effectiveness evaluations
should focus on the costs of liver disease and diagnostics. PCR testing alone was used in
our analysis as a theoretical best-case comparator: testing the population with this test
costing more than $40 is unlikely. However, in a setting with extremely high prevalence
and ongoing transmission, such as active IDU, PCR testing alone could be cost-saving.

When comparing the current practice to the less expensive strategy using antibody
followed by antigen testing, the ICER was $19,600 per QALY for all costs including
treatment, and the high costs were mainly caused by the increased need of treatment. This
shows that in higher-income countries, the use of PCR as the confirmatory test can be
justified from the financial point of view. However, in low-income settings, it may not be
efficient to invest in PCR tests, in particular if individuals with low viral loads have a lower
rate of HCV transmission and higher probability of spontaneous cure. It is notable that in
low-income settings, government negotiations and other efforts towards HCV elimination
may lead to lower price of DAA treatment and HCV RNA testing, but possibly also antigen
testing. The formal cost-effectiveness analysis also does not consider factors such as budget
restrictions. With a limited budget, less expensive tests allow to test more individuals,
leading to more diagnoses and better clinical outcomes. Under some conditions, the use
of antigen as a confirmatory test may thus be beneficial.

Strengths and limitations
Several studies have compared antigen and PCR testing and proposed the use of antigen
testing (Cloherty et al., 2016; Wang, Lv & Zhang, 2017; Alonso et al., 2016). They were
however limited to the costs of the diagnosis, or other short-term costs. Our study compares
different HCV testing strategies on the life-time burden of HCV infection in a nationwide
setting. Our study included the progression of both liver disease and HCV infection. We
used different cost perspectives which makes the results of our study applicable for settings
with differing financing systems and conditions. We used local programmatic data from
Georgia and literature data to parameterize our model.

Our study is subject to limitations. First, HCV transmission was not included; thus,
we ignored the additional disease burden and costs that each missed case might cause by
onward transmission. Second, we did not consider HCV reinfection after SVR: we assumed
that achieving SVR once will lead to a lifetime mitigation of liver related QALY loss and
cost. Reinfection will reduce this benefit among people who are correctly tested positive and
achieve SVR, which in turn will reduce the overall differences in QALYs and costs between
the strategies. Third, we did not model any extrahepatic manifestations (EHM). EHM
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could increase the overall life-time costs associated with HCV (Younossi et al., 2016), which
could further favour more effective testing. Fourth, we did not allow for HCV re-testing.
Individuals at high risk of infection, such as active IDUs, are recommended to get retested
at least once a year (Gretch, 2000). This is also the population with most acute infections.
As antibody testing misses those recently infected, our model may overestimate the benefit
of antibody testing for populations with many acute infections. Including re-testing could
therefore favour the two-step testing procedures, as the patients who were tested negative
during the acute phase of disease using an antibody test could be detected at the next testing
round. Fifth, we did not consider some factors favouring the use of antigen testing, such
as lower transmission risk and more spontaneous cure among patients with VLVL, and
the potentially better retention of one-step testing strategies. Sixth, our analyses took the
perspective of a health care payer. In the Georgian elimination program, the care is now
free of charge for the patients. In settings where a considerable part of the costs is covered
with out-of-pocket payments, the search for the most cost-effective strategy becomes more
complicated.

CONCLUSIONS
A single antigen test can be a reliable and practical alternative for the current two-step
procedure to diagnose HCV infection, but the cost-effectiveness of this strategy depends
on various factors. In settings where the costs of treatment do not directly depend on
the number of treated patients, the higher costs of PCR testing are likely compensated by
savings in liver disease-related costs. However, a full consideration of treatment-related
costs may favour simpler and easier tests such as antigen alone, or antigen after antibody
testing. The change to a simple one-time test could offer advantages. In addition, the vast
majority of individuals chronically infected with HCV have viral loads above 3,000 IU/ml,
a level at which the diagnostic capacity of antigen tests does not differ from PCR. Replacing
PCR test by antigen test to diagnose HCV can be considered as a safe option for settings
with limited resources, although the associated cost savings may be limited.
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Assessing cost‑effectiveness 
of hepatitis C testing pathways 
in Georgia using the Hep C Testing 
Calculator
Madeline Adee1,6, Yueran Zhuo1,2,3,6, Huaiyang Zhong1,2, Tiannan Zhan1, Rakesh Aggarwal4, 
Sonjelle Shilton5,7 & Jagpreet Chhatwal1,2,7*

The cost of testing can be a substantial contributor to hepatitis C virus (HCV) elimination program 
costs in many low‑ and middle‑income countries such as Georgia, resulting in the need for innovative 
and cost‑effective strategies for testing. Our objective was to investigate the most cost‑effective 
testing pathways for scaling‑up HCV testing in Georgia. We developed a Markov‑based model with a 
lifetime horizon that simulates the natural history of HCV, and the cost of detection and treatment 
of HCV. We then created an interactive online tool that uses results from the Markov‑based model to 
evaluate the cost‑effectiveness of different HCV testing pathways. We compared the current standard‑
of‑care (SoC) testing pathway and four innovative testing pathways for Georgia. The SoC testing was 
cost‑saving compared to no testing, but all four new HCV testing pathways further increased QALYs 
and decreased costs. The pathway with the highest patient follow‑up, due to on‑site testing, resulted 
in the highest discounted QALYs (123 QALY more than the SoC) and lowest costs ($127,052 less than 
the SoC) per 10,000 persons screened. The current testing algorithm in Georgia can be replaced with a 
new pathway that is more effective while being cost‑saving.

Chronic hepatitis C virus (HCV) infection is a global health problem that affects about 71 million people 
 worldwide1. Of these, only 19% knew their infection status in  20171. In many countries, HCV-related disease 
burden and deaths have been steadily increasing, despite recent advances in HCV  treatment1. The highly effective 
direct-acting antivirals (DAAs) that became available from 2015 onwards can achieve high rates of sustained 
virologic response (SVR), a surrogate for  cure2. However, a huge majority—more than 80%—of HCV patients 
remain undiagnosed and therefore are unable to avail the benefits of improved survival and quality of life pro-
vided by  DAAs1.

The World Health Organization (WHO) recently launched a global strategy for elimination of HCV as a public 
health threat by the year 2030. This strategy aims to reduce HCV incidence by 80% and HCV-related mortality by 
65%3. To reach this goal, the WHO estimates that by 2030 at least 90% of people with HCV need to be diagnosed, 
with a treatment rate of at least 80% among all treatment-eligible people with  HCV3.

However, most countries do not have an HCV elimination strategy. In particular, for low- and middle-income 
countries (LMIC), which have limited resources but high HCV prevalence  rates4, it is important to develop a 
cost-effective HCV elimination strategy. Given that the price of DAAs is low in most LMICs, the cost of testing 
can be a substantial contributor to the cost of HCV  elimination5.

Georgia, a LMIC country, has a high HCV disease burden with prevalence of 5.4% in  adults6,7, and has 
launched a national program to eliminate HCV. The Georgian health care system is largely private, but the 
national HCV elimination program formed a partnership between private and public institutions with a cost 
sharing model—with treatment provided for free through a donation from  Gilead8. However, a recent study 
concluded that to achieve the goal of eliminating HCV as a public health threat in Georgia, innovative, simple, 
and cost-effective strategies are needed to scale-up HCV  testing9,10. To help address this issue, the Foundation 
for Innovative Diagnostics (FIND) has proposed new testing pathways for HCV in Georgia.
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The objective of this study was to evaluate the long-term cost-effectiveness of different HCV testing pathways 
in Georgia. We also developed an interactive online tool to assess and compare the health-related and economic 
outcomes of different pathways under different settings of HCV epidemic, patient flow and costs.

Methods
Overview. We utilized a state-transition model, MATCH (Markov-based Analyses of Treatments for Chronic 
Hepatitis C), which simulates HCV disease progression. Natural history outcomes from this model have been 
validated  previously11–13. We adapted this model to simulate the epidemiology of HCV in Georgia (MATCH-
Georgia), and extended the model to evaluate the cost-effectiveness of several innovative HCV testing pathways 
for Georgia. The model was developed following the principles on economic analyses with respect to viral hepa-
titis recommended by the  WHO14. Using the results from this model, we also developed an interactive online 
tool, the Hep C Testing Calculator (www. hepcc alcul ator. org), that allows users to compare the cost-effectiveness 
of different testing pathways for Georgia by entering key model inputs as applicable to the local situation.

Baseline population characteristics. We ran the model for a general population cohort of 10,000 adults 
in Georgia, with an HCV antibody prevalence of 2% in the base  case6, and the percentage of viremic infection 
among HCV antibody positive people of 75%. The baseline characteristics of HCV patients were determined 
by the different combinations of sex, HCV genotype, and METAVIR fibrosis stage observed in HCV patients in 
Georgia (Table 1). All HCV-infected patients were considered treatment-naïve because treatment coverage, until 
recently, had been very limited in Georgia. We assumed an average baseline age of 45 years. No human subjects 
were involved in this research.

Testing pathways. We simulated five testing pathways for HCV diagnosis and monitoring. Among these 
pathways, one represents the standard of care (SoC) in Georgia, whereas the other four represent innovative test-
ing pathways proposed by FIND and initiated under the HEAD-Start Harm Reduction  study17. Each pathway 
consists of several sequential testing stages including initial screening, confirmation of presence of HCV RNA, 
liver staging, and treatment response (Fig. 1). Pathways differ in the testing technologies used (including sensi-
tivity and specificity of each test) and in locations where each test is performed—on-site, specimen collected on-
site and then sent to a laboratory, or at another location that the patient must travel to. All pathways use on-site 
HCV-antibody rapid diagnostic testing for screening. Confirmation is done using either HCV-RNA testing or 
HCV core-antigen testing. Liver staging consists of two phases of testing using either Fibroscan or APRI/FIB4, 
and for some pathways phase 2 is completed only for patients with METAVIR fibrosis score of 4. Treatment is 
monitored using RNA or biochemical testing, and all pathways use RNA testing for SVR evaluation.

DAA treatment regimens and efficacy. Patients with viremic HCV infection who made it through the 
second liver-staging test in the pathway (or the first, if only one was done) were eligible to receive DAA-based 
treatment. The DAA regimens used in the model were determined by individual patient’s liver fibrosis stage. 
Data about the regimens, including their efficacy in different scenarios, were obtained from clinical  trials18–20 
(Supplementary Table S1).

Table 1.  Baseline population characteristics among HCV-infected persons in Georgia. HCV hepatitis C 
virus, F METAVIR fibrosis score, G genotype. *HCV genotypes 5 and 6 were not considered because of their 
rarity in Georgia. All the distributions in this table, including fibrosis score, sex and genotype were taken as 
independent of each other and assumed to have no dependencies.

Parameter Value

Age (median), years15 39

Fibrosis score distribution6

F0 38%

F1 32%

F2 13%

F3 10%

F4 7%

Sex distribution

Male 50%

Female 50%

Virus genotype distribution6,7,16*

G1 40%

G2 24%

G3 34%

G4 2%

http://www.hepccalculator.org
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Disease progression. Patients with HCV followed the natural history of HCV disease progression, defined 
as Markov health states in the MATCH-Georgia model (Fig. 2). Each patient started in a METAVIR liver fibrosis 
state of F0–F4. At the end of each simulation cycle (defined as one week), the patient could remain in the same 
state, progress into a more severe adjacent state of fibrosis, decompensated cirrhosis (DC), hepatocellular carci-
noma (HCC), or liver-related death (LRD) or background mortality. Patients in the F0–F3 states who achieved 
SVR were considered cured and followed background mortality from that point on. However, patients who 
achieved SVR in the F4 state could still progress to DC, HCC and LRD states, though at a lower rate than F4 
patients who had not achieved  SVR21. Patients who fail treatment were assumed to continue to progress at the 
original rate. The fibrosis progression rates from F0 to F4 were based on a published meta-regression  analysis22; 
progression rates from cirrhosis to DC and HCC are from published observational  studies23,24. The liver-related 
mortality rates from DC and HCC were also derived from a published  study25. The model did not include liver 
transplantation as a state due to the rarity of this procedure in Georgia.

Quality of life weights. The model assigns quality-of-life (QoL) weights to each health state. All HCV-
related QoL weights were derived from published  studies26–28. People without HCV were assigned QoL weights 
according to their sex and age, and for patients who achieved SVR, the QoL weights of the health states were 
assumed to be equivalent to that of the non-HCV-infected general  population26. However, if patients who 
achieved SVR progressed to DC or HCC, then the QoL weights of the corresponding state was applied. The 
adverse effect of anemia on quality of life during the treatment period was also considered, by applying an 

Figure 1.  Patient flow under the current standard-of-care testing pathway and innovative hepatitis C testing 
pathways in Georgia. Abbreviations: RDT, rapid diagnostic test; RNA, ribonucleic acid test; cAg, core antigen 
test; APRI/FIB4, aspartate aminotransferase (AST)-to-platelet ratio index (APRI)/fibrosis-4 index; F4, 
METAVIR fibrosis score of 4.

Figure 2.  Model schematic of the natural history of hepatitis C virus in MATCH-Georgia model. 
Abbreviations: SVR, sustained virologic response; F0–F4, METAVIR fibrosis score; DC, decompensated 
cirrhosis; HCC, hepatocellular carcinoma; F4-SVR, sustained virologic response achieved at fibrosis stage 4.
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anemia multiplier. All HCV-related and normal QoL weight values are summarized in Table 2. The use of QoL 
weights allows us to present health-related outcomes as quality-adjusted life years (QALYs).

Costs. The MATCH-Georgia model considered HCV diagnosis costs, DAA-based treatment costs and HCV 
disease management costs. All costs were considered from a healthcare payer’s perspective.

The HCV testing costs consisted of the cost incurred at each step of the testing pathway, which included 
not only the costs for conducting laboratory tests, but also those for specimen shipment or of patient travel, as 
required, as these are integral parts of each testing pathway (Table 2). These costs were estimated from FIND 
HEAD-Start Georgia  study29. Patients who failed to follow up in the next testing stage no longer incurred any 
further testing costs and did not receive DAA treatment. Free DAA medicines are now available for Georgia 
HCV patients through contracts with the pharmaceutical  companies30, however we added $100 per person 
treated as an operational expense.

We estimated annual healthcare costs associated with HCV disease management using the World Health 
Organization’s CHOosing Interventions that are Cost Effective (WHO-CHOICE)  tool34 (Table 2). For that, we 
first extracted inpatient and outpatient primary costs from WHO-CHOICE and took the weighted average of 
cost per inpatient visit and cost per outpatient visit for each HCV-associated states in the United States; inpatient 
visits accounted for 38% of healthcare encounters for F0–F4 patients, 43% for compensated cirrhosis patients, 
66% for DC patients, and 55% for HCC  patients35. We then estimated the ratio of the above costs in Georgia 
to United States and, finally, estimated Georgia-specific costs by multiplying this ratio with costs in the United 
 States35. To account for differences in medical practices between Georgia and the United States, we considered 
a wide range in costs in the sensitivity analysis.

Model outcomes. For each pathway, we projected average QALYs, total cost, and cumulative incidence of 
DC, HCC, and HCV-related deaths. We also estimated the testing costs per case treated and incremental cost-
effectiveness ratio (ICER) of each pathway. A lifetime horizon was used, and all future costs and QALYs were 
discounted at 3% per year.

Interactive tool. We also developed an interactive online tool using R Shiny that allows users to change 
certain inputs and evaluated the comparative effectiveness and cost-effectiveness of different diagnostic testing 
pathways. In this tool, users can change the population cohort size, screening rate, prevalence rates (of anti-HCV 
antibody in the population and of viremia among HCV-seropositive persons), and patient/client follow up rate 
for each step in a testing pathway—with the ability to add custom testing pathways. The users can also change 
costs for DAAs, each diagnostic test, patient/client travel, and specimen shipment.

Once parameters are changed, the tool shows updated results for the total expected QALYs, costs, and dis-
ease burden for each of the testing pathways. It also calculates the ICERs of the testing pathways by comparing 
their QALYs and costs, to assist users in identifying the most cost-effective testing pathways. A screenshot of 
the interactive tool is provided in Supplemental Figure S1. The tool is still being expanded and can be accessed 
at hepccalculator.org.

Sensitivity analysis. We performed both deterministic and probabilistic sensitivity analyses to evaluate 
the effect of variations in model inputs on the cost-effectiveness of the testing pathways. These inputs included 
state transition probabilities, QoL weights, medical and disease management costs, diagnostic test costs, patient 
travel/sample shipping costs, and patient follow-up rates. Both the one-way and probabilistic sensitivity analyses 
also included HCV demographic parameters such as HCV prevalence and viremic rate in HCV antibody posi-
tive people. The ranges of all model inputs used for sensitivity analyses, and distribution used for the probabilis-
tic sensitivity analysis, are defined in Table 2.

Results
Cost‑effectiveness of HCV testing pathways. Compared with no screening, HCV screening under 
the SoC increased discounted QALYs by 333 per 10,000 people screened and decreased costs by US $290,942 
(Table 3). All the four new HCV testing pathways (Pathways 1–4; Fig. 1) further increased QALYs and decreased 
costs. Pathway 1—on-site rapid diagnostic test for HCV antibody followed by on-site HCV-RNA confirmatory 
test, on-site Fibroscan for liver disease staging of chronic HCV patients, sample transportation for genotype 
testing, and on-site HCV-RNA test for assessment of treatment response—resulted in the highest discounted 
QALYs of 169,753 (123 QALY more than that under the SoC) and lowest costs of $142,939 ($127,052 less than 
that under SoC) per 10,000 persons screened. Compared with other pathways, Pathway 1 was cost-saving. The 
testing-related cost per HCV case treated for the SoC was $289 and for Pathway 1 was $139. Pathways 2, 3, and 
4 all had higher total costs as well as higher testing costs per patient treated.

Clinical efficacy of testing pathways. The diagnosis rate—defined as the percentage of people with 
viremic HCV who were eventually diagnosed—of the SoC was 79.2%; by contrast, the diagnosis rate of Path-
way 1 was 88%. Patients lost before initiating treatment accounted for a bigger difference between the percent 
of viremic patients treated, with only 64.2% of viremic patients treated in the SoC scenario but 88% of viremic 
patients treated in Pathway 1. Under SoC, 84 people needed to get antibody screening on average to diagnose 
one additional HCV-viremic case, while under Pathway 1 this number was 76. All new HCV testing pathways 
improved the HCV diagnosis rate.
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Parameter Name Base Case Low High Distribution

Testing pathway parameters (costs in USD)

Antibody RDT test unit  cost29 1.00 0.50 1.50 Gamma (18, 0.0556)

HCV-RNA on-site test unit cost (Genexpert)29 15.00 8.00 23.00 Gamma (17, 0.8824)

APRI test unit  cost29 5.00 3.00 8.00 Gamma (14, 0.3571)

Fibroscan test unit  cost29 33.00 17.00 50.00 Gamma (17, 1.9412)

Biochemical test unit  cost29 10.00 5.00 15.00 Gamma (19, 0.5263)

Genotyping test unit  cost29 51.00 26.00 77.00 Gamma (18, 2.8333)

HCV-RNA test by referral unit  cost29 40.00 20.00 60.00 Gamma (18, 2.22222)

Core antigen (cAg) test unit  cost29 12.00 6.00 18.00 Gamma (19, 0.6316)

Sample transportation  cost29 0.37 0.19 0.56 Gamma (18, 0.0206)

Cost of  treatment30 100.00 50.00 150.00 Gamma (19, 5.2632)

HCV antibody  prevalence6 2% 1% 3% Beta (32, 1568)

Viremic rate in antibody-positive people 75% 50% 100% Beta (19, 6.3333)

Target screening rate (assumption) 90% 75% 100% Beta (38, 4.22222)

Confirmation test follow-up rate (Expert  opinion29) 90% 75% 100% Beta (38, 4.22222)

Liver staging-1 test follow-up rate (Expert  opinion29) 90% 75% 100% Beta (38, 4.22222)

Liver staging-2 test follow-up rate (Expert  opinion29) 90% 75% 100% Beta (38, 4.22222)

Monitoring test follow up-rate (Expert  opinion29) 90% 75% 100% Beta (38, 4.22222)

SVR12 RNA test follow-up rate (Expert  opinion29) 90% 75% 100% Beta (38, 4.22222)

Transition probabilities (annual)

F0 to  F122 0.117 0.104 0.130 Beta (285.98,2158.26)

F1 to  F222 0.085 0.075 0.096 Beta (239.77, 2581)

F2 to  F322 0.120 0.109 0.133 Beta (351.88, 2580.45)

F3 to  F422 0.116 0.104 0.129 Beta (304.4, 2319.73)

F4 to  DC23 0.039 0.010 0.079 Beta (4.87, 120.08)

F4 to  HCC23 0.014 0.010 0.079 Beta (0.64, 44.75)

Post F4-SVR to  DC21 0.008 0.002 0.036 Beta (0.87, 107.97)

Post F4-SVR to  HCC21 0.005 0.002 0.013 Beta (3.28, 653.57)

DC to  HCC24 0.068 0.030 0.083 Beta (24.48, 335.51)

DC (year 1) to death from liver  disease24 0.182 0.065 0.190 Beta (27.56, 123.89)

DC (1 + years) to death from liver  disease24 0.112 0.065 0.190 Beta (11.29, 89.55)

HCC to liver-related  death23 0.427 0.330 0.860 Beta (5.52, 7.41)

Health state costs (annual in USD)*

F0–F2 62 31 123 Gamma (6, 10.3333)

F3 126 63 253 Gamma (5, 25.2)

Compensated cirrhosis 144 72 289 Gamma (6, 21)

Decompensated cirrhosis 1496 748 2993 Gamma (17, 88)

Hepatocellular cancer 2625 1413 5652 Gamma (17.17, 154.4118)

F4 post-SVR 72 36 144 Gamma (5,14.4)

Health state quality-of-life weights

Anemia  multiplier31 0.83 0.75 0.97 Beta (80, 16.3855)

F0–F326 0.93 0.84 1.00 Beta (40, 3.0108)

Compensated cirrhosis (F4)26 0.90 0.81 0.99 Beta (50, 5.5556)

DC26 0.80 0.57 0.99 Beta (12, 3)

HCC26 0.79 0.54 0.99 Beta (10, 2.6582)

Post-SVR*** 1 0.92 1 Beta (3833.92, 3.84)

Test sensitivity and specificity

Antibody RDT  sensitivity32 98.0% 98.0% 100.0% Uniform (0.98, 1)

Antibody RDT  specificity32 100.0% 100% 100.0% Uniform (1, 1)

HCV-RNA (lab) test sensitivity 99.8% 99.6% 100.0% Uniform (0.996, 1)

HCV-RNA (lab) test specificity 99.7% 99.4% 100.0% Uniform (0.994, 1)

cAg (lab) test  sensitivity33 93.4% 90.10% 96.40% Beta (150, 10.5996)

cAg (lab) test  specificity33 98.8% 97.40% 99.50% Beta (150, 1.8219)

Sex and age-based normal health utility values26

Female, age < 29 0.913 – – –

Female, age 30–39 0.893 – – –

Continued
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The new pathways also improved clinical outcomes. Compared with the SoC, screening 10,000 people under 
Pathway 1 would reduce the number of DC cases by 11, HCC by 7, and liver-related deaths by 12 in the lifetime 
horizon. The number of people needed to be screened (for antibody) to avoid one liver-related death for the SoC 
was 556, for Pathway 1 was 333, for Pathway 2 and Pathway 4 was 456, and for Pathway 3 was 526.

Sensitivity analyses. Pathway 1 remained cost-saving irrespective of the changes in model parameters. 
Figure 3 shows the 20 parameters that the model is most sensitive to, including QoL after achieving SVR, QoL of 
patients in F1-F4 states, probability of disease progression from F4 to DC, and costs of managing DC and HCC. 
One-way sensitivity analysis results for all parameters are shown in Supplement Table S2. Parameters related 
to the testing pathways, such as costs of different tests or of patient travel or sample shipping and patient/client 
follow-up rates had less marked influence on the cost-effectiveness of the testing pathways. For the probabilistic 
sensitivity analysis, Pathway 1 is the preferred cost-saving option in all scenarios, which is illustrated by the cost-
effectiveness acceptability curve (Fig. 4).

Table 2.  Model parameters used in the MATCH-Georgia model. RDT rapid diagnostic tests, RNA ribonucleic 
acid confirmation test, APRI aspartate aminotransferase to platelet ratio test, FIB4 fibrosis-4 test, cAg core 
antigen test, SVR sustained virologic response, F0–F4 METAVIR fibrosis score, DC decompensated cirrhosis, 
HCC hepatocellular carcinoma, F4-SVR sustained virologic response achieved at fibrosis stage 4. *We estimated 
annual healthcare costs associated with HCV disease management using the World Health Organization’s 
CHOosing Interventions that are Cost Effective (WHO-CHOICE) tool. ** For patients experienced anemia 
during treatment, quality of life was multiplied by this factor. ***For patients who achieved SVR, the QoL 
weights of the health states are assumed to be equivalent to that of the non-HCV-infected general  population26. 
For patients who achieve SVR at state F4 but further progressed to DC and HCC, their QoL weights were 
adjusted to those of DC and HCC,respectively.

Parameter Name Base Case Low High Distribution

Female, age 40–49 0.863 – – –

Female, age 50–59 0.837 – – –

Female, age 60–69 0.811 – – –

Female, age 70–75 0.711 – – –

Male, age < 29 0.928 – – –

Male, age 30–39 0.918 – – –

Male, age 40–49 0.887 – – –

Male, age 50–59 0.861 – – –

Male, age 60–69 0.840 – – –

Male, age 70–75 0.802 – – –

Table 3.  Comparison of health-related outcomes and economic outcomes of the five screening pathways 
vs. no screening per 10,000 persons screened. DC decompensated cirrhosis, HCC hepatocellular carcinoma, 
LRD HCV-caused liver related death. *The cost for no screening represents the cost of management of HCV 
sequelae.

No screening Standard of care Pathway 1 Pathway 2 Pathway 3 Pathway 4

Total cost $560,933 $269,991 $142,939 $225,122 $251,769 $225,389

Disease management $560,933 $233,067 $111,080 $196,638 $220,262 $196,638

Testing _ $27,053 $18,315 $17,516 $21,250 $17,783

Treatment _ $9,871 $13,544 $10,968 $10,257 $10,968

QALYs (total cohort) 169,297 169,630 169,753 169,666 169,643 169,666

% viremic diagnosed 0.0% 79.2% 88.0% 88.0% 82.4% 88.0%

% viremic treated 0.0% 64.2% 88.0% 71.3% 66.7% 71.3%

Testing cost per treated pt _ $281 $139 $164 $213 $166

No. needed to screen to diagnose one HCV 
case 84 76 76 81 76

No. needed to screen to prevent one LRD 556 333 456 526 456

Disease Burden

Decompensated cirrhosis 48 20 9 17 19 17

Hepatocellular carcinoma 30 13 6 11 12 11

Liver-related deaths (LRD) 41 23 11 19 22 19
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Figure 3.  Tornado diagram for one-way sensitivity analysis of incremental cost-effectiveness ratio of Pathway 
1 versus no screening strategy. Horizontal bars show the variation in incremental cost-effectiveness ratio (ICER; 
in USD/QALY) with variation in the value of the parameter. In the parameter names, the prefix ‘C’ represents 
cost of a health-state, ‘Q’ the quality-of-life weight and ‘P’ the transition probability from one state to the other. 
Values of ICER below 0 indicate that the treatment is cost-saving. Abbreviations: SVR, sustained virologic 
response; F0–F4, METAVIR fibrosis score; DC, decompensated cirrhosis; HCC, hepatocellular carcinoma; 
F4-SVR, LRD, liver related death.

Figure 4.  Cost-effectiveness Acceptability Curve of all pathways and no screening strategy.
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Discussion
The availability of highly effective yet low-priced HCV treatment in LMIC offers an unprecedented opportunity to 
eliminate HCV as a public health threat. However, the majority of HCV patients remain undiagnosed and hence 
are not in a position to avail the benefits of new treatments. In this study, we evaluated the cost-effectiveness of 
five different testing pathways to diagnose and monitor HCV during treatment in Georgia. We found that the 
pathway using on-site HCV-antibody rapid diagnostic test and HCV-RNA testing, followed by on-site Fibros-
can was cost-saving—this pathway would save US $127,052 per 10,000 individuals tested (compared with the 
current standard), while increasing rates of diagnosis and linkage to successful treatment. This pathway would 
cost $139 per HCV case treated and could diagnose 88% of the viremic cases if scaled-up at the population level.

As pointed out by a recent study, substantial scaling-up of HCV testing and treatment are needed to elimi-
nate HCV in  Georgia9,10. However, that study did not evaluate what testing strategies would be cost-effective 
in Georgia. Therefore, our study fills an important evidence gap. We found that the preferred cost-effective 
strategies may depend on locally-determined factors, such as the HCV disease epidemiology, costs of different 
testing methodologies, patient follow-up rates following each visit or procedure, and the on-site availability of 
diagnostics such a Fibroscan and genotyping, leading to need for patient or specimen transport. We therefore 
also developed an interactive online-based tool that allows users to change several parameters in the model and 
identify the cost-effective testing pathway for their localized settings.

As the cost of DAAs has fallen below $100 per treatment in Georgia (and other LMICs), the diagnostic cost 
per HCV case constitutes a substantial portion of HCV care expenses. The cost of diagnosing one HCV case 
exceeds the cost of HCV treatment in Georgia, which could also be true for many LMICs where low-cost DAAs 
are available. All countries must domestically finance for these HCV testing and treatment efforts, as there is no 
global funding mechanism for HCV elimination. This contrasts with HIV, TB, and malaria, for which the Global 
Fund provides substantial budget  annually36. Hence, it is very important for LMICs to identify HCV testing 
pathways that are cost-effective or cost-saving.

Interactive models such as this diagnosis pathway tool and our previously-developed Hep C Treatment Cal-
culator13 are important tools to help aid countries, in particular LMICs, in understanding how to best use their 
existing domestic resources. Since the epidemiology of HCV varies geographically, having a tool that can be 
fed with location-specific epidemiology and cost inputs could provide countries with the context-specific cost-
effectiveness estimates needed for their decision making. Our interactive tool takes this one step further. Even 
within a country, delivery of HCV services to different population groups may require different modes of service 
 provision37. This tool can aid in tailoring testing pathway approaches that programs may seek to implement to 
reach various groups, such as PWID, MSM, age cohorts, regional groups, and others, with differing HCV preva-
lence and viremia rates, and cost of delivery of each test in specific settings. Hence, our tool could help the public 
health community to identify and implement the most effective and cost-effective strategy in different settings.

Lastly, it is important to note that the lost-to-follow-up rate remains an important consideration for country-
level decision makers and program managers. Our analysis shows that the lost-to-follow-up rate has a limited 
impact on the incremental cost-effectiveness ratio when comparing several testing pathways—however this 
could be because the pathways have similar set-ups in terms of follow-up rate. An increase in lost-to-follow-up 
rates will have a similar negative impact on all pathways simultaneously. However, our analysis does not dimin-
ish the importance of the lost-to-follow-up rate in HCV testing practice, but rather shows that this issue needs 
addressing irrespective of the testing pathway chosen.

Our study has some limitations. First, our analysis did not account for continued HCV transmission. There-
fore, the benefits of HCV testing, which serves to guide treatment and cure leading to reduced risk of transmis-
sion, could be even higher and the optimal pathway could result in even higher cost-savings. Second, since 
Georgia-specific QoL weights are not available, we used QoL weights from other countries. Our analysis also 
does not account for different QoL or mortality for specific populations within Georgia, such as people who inject 
drugs. However, sensitivity analysis suggests that the results remain robust to a wide range of input parameters 
and that QoL estimates did not change the conclusion of the study. Third, we note that the cost of DAAs in 
Georgia is negligible due to the contract made with major pharmaceutical companies, a situation that does not 
apply to most other countries.

In conclusion, our study identified a novel testing pathway to diagnose HCV and monitor its treatment in 
Georgia with greater effectiveness and found that such a testing pathway would result in cost-savings over the 
SoC pathway. Our online interactive tool can provide optimal HCV testing pathway under different settings of 
HCV epidemiology, costs of different tests, patient follow-up rates, and the on-site availability of diagnostics.
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