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ABSTRACT
Background/Aims: Chronic hepatitis C (CHC) is the only viral infection that can be treated with oral antiviral agents. However, CHC 
awareness is a major barrier to the World Health Organization’s target of eliminating the hepatitis C virus (HCV) by 2030. Here, CHC 
awareness trends were analyzed in Hacettepe University Hospital, Turkey, between January 2000 and December 2017.
Methods: Central laboratory data were retrospectively analyzed for HCV test results (anti-HCV, HCV RNA, HCV genotype). After combin-
ing 548 141 anti-HCV test results, 395 103 cases were analyzed. The following 2 parameters were defined for CHC awareness: (1) the 
presence of HCV RNA results for anti-HCV positives and (2) the presence of a genotype result for HCV RNA positives.
Results: Anti-HCV positives were older than negatives (mean age-years ± SD, 59.4 ± 19.0 vs. 44.0 ± 18.9), and the positivity rate was 
higher in women than in men (1.4% vs. 1.0%). Anti-HCV positivity decreased from 3.1% to 0.6% from 2000 to 2015 and subsequently 
stabilized. The overall percentage of RNA testing among anti-HCV positives was 53.1% (range, 20%-70%), which stabilized at approxi-
mately 50% after 2010. The genotyping rate for RNA positives varied between 40% and 70%. The main genotype identified was geno-
type 1 (85.7%).
Conclusion: In an ideal CHC awareness state, all anti-HCV positives should undergo RNA testing, and genotyping should be performed 
when RNA tests are positive. However, even in our referral center, the combined rate of RNA and genotype testing was only approxi-
mately 50% during the last 10 years.
Keywords: Viral hepatitis, anti-HCV, hepatitis awareness, chronic hepatitis C, elimination program, screening of HCV

INTRODUCTION
There have been major developments in the understand-
ing of the hepatitis C virus (HCV) since its identification 
in the 1980s.1-3 The current goal of the World Health 
Organization (WHO) is to eliminate HCV by 2030.4 If 90% 
of patients with HCV infection could be diagnosed and a 
further 80% could be treated by 2030, it would be pos-
sible to decrease new HCV infection and related mortality 
by 80% and 65%, respectively. The global prevalence of 
HCV viremia is 1.0% (95% uncertainty interval, 0.8-1.1), 
based on the estimated 71.1 million (62.5-79.4) patients 
with an active HCV infection.5 However, based on the first 
Global Hepatitis Report released by the WHO and accord-
ing to global data for 2015, it was estimated that only 20% 
(range, 5.7%-36.3%) of patients are diagnosed and 7.4% 
(range, 2.2%-12.1%) are treated.6 This means that out of 
71 million patients with chronic, active HCV infection, only 
2.86 million initiated treatment globally in 2015 and 2016. 

The WHO has a target of increasing the rates of diagno-
sis and treatment of HCV infection to 90% and 80%, 
respectively, by 2030.7 Furthermore, in 2017, the number 
of individuals with HCV infection was greater than the 
number of individuals who were treated with HCV infec-
tion. Therefore, there is an urgent need to improve testing 
strategies and reduce financial barriers to drug availability 
to achieve the WHO’s elimination target by 2030. A major 
barrier to achieving these goals is the lack of awareness 
among both the public and doctors on chronic hepatitis C 
(CHC), which is generally asymptomatic.

As viral infections are the leading cause of liver diseases 
in Turkey, the health ministry agrees with the WHO’s 
elimination program and has developed a country-specific 
prevention and control program for viral hepatitis.8 Data 
from the health ministry for 2014 estimated that 0.7% of 
the population (317 000-540 000) is infected with HCV, 
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most of whom were undiagnosed. The anti-HCV positiv-
ity rates among the at-risk groups are as follows: 3.8% in 
hemodialysis patients, 1.7% in peritoneal dialysis patients, 
1.96% in kidney transplantation patients, and 7.6% in 
liver transplant patients. The annual number of new CHC 
patients is 5500, and 4200 patients are treated annually 
for CHC. CHC is the second leading cause of hepatocel-
lular carcinoma (HCC) and liver transplantation in Turkey. 
Furthermore, the estimates reveal that from 2013 to 
2030, cases of HCV-associated cirrhosis, decompensated 
cirrhosis, and HCC will rise to 40%, 60%, and 70%, respec-
tively. Akarca et al. evaluated HCV awareness in the Turkish 
population by retrospectively reviewing 19 627 anti-HCV 
tests that were requested by surgical clinics to determine 
whether positive patients were undergoing HCV RNA 
testing.9 The anti-HCV positivity rate was 0.8%, but only 
half of the positive patients underwent HCV RNA testing 
or were informed about the necessity of being tested.

Although Turkey is a low endemic country for HCV infec-
tion, difficulty in detecting patients with an active HCV 
infection is a major barrier to achieving the WHO’s target 
of HCV elimination by 2030. This study aimed to deter-
mine HCV awareness in a tertiary referral center from 
2000 to 2017 to estimate trend changes in HCV infection 
and awareness.

PATIENTS AND METHODS
The data system of the Clinical Laboratory at Hacettepe 
University Hospital, Turkey, was reviewed in the last 
18 years (2000-2017). The study protocol was approved 
by the Institutional Review Board of Hacettepe University 
(GO 18/360-05). Retrospective data, including the 
patient’s name and surname, date of birth, sex, the date on 
which the test was requested, and the name of the clinic 
requesting it, as well as HCV tests (anti-HCV, HCV RNA, 
and HCV genotype), were collected. The patient’s age was 
calculated by subtracting the date of birth from that of 
the test date. To avoid the bias caused by wrong entries, 
if the calculated age was greater than 100 years, it was 
accepted as a missing value. Preprocessing of the data was 
applied to clean up, edit, and use it. For this purpose, all 
tests belonging to the same patient were combined based 
on the patient’s name, surname, and date of birth. During 
this merging process, if multiple HCV RNA results were 
available for the same patient, only the first positive test 
was included in the analysis. After combining the results of 
548 141 anti-HCV tests using this method, 395 103 cases 
were analyzed, and the trend change in CHC awareness 
over the study period and between clinics was evaluated. 

According to this evaluation, 2 parameters defining CHC 
awareness were created: (1) the HCV RNA screening rate 
in patients with anti-HCV positivity and (2) the HCV geno-
typing rate in HCV RNA-positive patients.

Anti-HCV Test
Two different versions of the ARCHITECT anti-HCV test 
(Abbott Diagnostics, USA) were used to identify anti-HCV 
antibodies between 2000 and 2014. The anti-HCV anti-
body test was performed between 2015 and 2016 using 
the same technology-based ADVIA Centaur anti-HCV 
test (Siemens Healthineers, Germany), and subsequently, 
starting from 2017, testing was again performed using 
the ARCHITECT anti-HCV test.

The ARCHITECT anti-HCV test is an immunological test 
using chemiluminescent microparticle technology that 
qualitatively detects immunoglobulin G and immuno-
globulin M antibodies against HCV in human serum and 
plasma. In the first phase of this 2-stage test, recombi-
nant HCV antigens on paramagnetic microparticles are 
combined with anti-HCV antibodies from the sample. In 
the second stage, the result is obtained by the addition of 
a conjugate after washing and then by adding solutions 
that cause the chemiluminescent reaction. The resultant 
color change is detected by the device’s optical system.

HCV RNA Test
HCV RNA testing was performed between 2000 and 
2004 using the HCV MONITOR test (Roche Diagnostics, 
Germany) in a COBAS AMPLICOR device (Roche 
Diagnostics, Germany) with a reverse transcriptase-poly-
merase chain reaction (RT-PCR) method. In performing 
this test, PCR mixtures were prepared in tubes according 
to the manufacturer’s recommendations and were placed 
in the device, where they underwent reverse transcription, 
amplification, and hybridization processes. In the first 
step, biotin-marked primers were attached to the target 
RNA sequence before cDNA synthesis was performed 
using a reverse transcriptase enzyme. Subsequently, 
millions of copies of the cDNA complementary target 
sequence were generated by PCR amplification. Finally, 
replicated products were determined quantitatively.

Between 2005 and 2014, HCV RNA testing was performed 
using the COBAS TaqMan system (Roche Diagnostics, 
Germany). In this method, PCR mixtures were prepared in 
tubes according to the manufacturer’s recommendations 
and were placed in the device, where they underwent 
reverse transcription, amplification, and hybridization 
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processes. For these processes, the 5′-translational zones 
of the HCV genome, a well-preserved region for all geno-
types, act as the target region. Hydrolysis probes (TaqMan 
probes) were used to determine the PCR products. As the 
amount of products produced in each cycle increased, a 
simultaneous increase in the level of fluorescence was 
observed, and the results were obtained quantitatively.

Since 2015, the HCV RNA test has been performed using 
the Abbott RealTime HCV kit on the m2000rt RealTime 
PCR device (Abbott Diagnostics, USA) using reverse tran-
scription PCR. Following nucleic acid isolation with mag-
netic microparticles, the device automatically prepared 
the PCR amplification reaction mixture, which was dis-
tributed to the optical reaction plates. The presence of 
HCV RNA in the sample was quantitatively determined at 
the end of the RealTime PCR process.

HCV Genotype Testing
HCV genotyping was performed using the AMPLIQUALITY 
HCV type Plus kit (AB ANALITICA, Italy). This is a strip test 
based on the application of reverse hybridization to the 
5ʹ UTR and “core” regions of the HCV genome following 
RNA isolation and reverse transcription PCR. As a result 
of the test, 7 HCV genotypes and several subtypes can 
be determined according to the positions of the hybrid 
bands formed on the strips (1, 1a, 1b, 2, 2a, 2b, 2c, 3, 3a, 

3b/g/I, 3c, 3f/k, 3h, 4, 4a/b/c/d/f, 4e, 4h/k, 4m, 4n, 4q, 4r, 
4v, 5a, 6a/b, 6c, e-v, 7a).

Statistical Analysis
Statistical analysis was performed using the International 
Business Machines Corporation Statistical Package for 
the Social Sciences Statistics for Windows.10 Graphics 
were drawn in R11 using the ggplot2 package.12 Due to 
the large number of observations (395 103), even small 
differences were found to be statistically significant. 
Therefore, only descriptive statistics, with no significance 
(P-value), were given. Continuous variables were reported 
with the mean ± standard deviation. Categorical variables 
were summarized with the frequency and percentage.

RESULTS
The Anti-HCV Test
Of the 395 103 patients who underwent anti-HCV test-
ing, 1.2% had a positive result. There were only 42 border-
line results for anti-HCV testing, which were considered 
positive. Although 60.5% of anti-HCV tests were per-
formed in men, anti-HCV positivity was higher in women 
than that in men (women vs. men, 1.4% vs. 1.0%). Anti-
HCV positives were generally older than negatives (age: 
mean ± SD, 59.4 ± 19.0 vs. 44.0 ± 18.9). The positivity rate 
consistently increased from age 21 to 80 years, before 
decreasing (Figure 1).

Figure 1. The number of anti-HCV tests and the positivity rate according to the patient’s age.
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The average number of anti-HCV tests per year increased 
from 10 000 to 40 000 after 2015. The anti-HCV posi-
tivity rate decreased from 3.1% to 0.6% from 2000 to 
2014 and subsequently stabilized at approximately 0.6% 
(Figure 2).

The HCV RNA Test
During the study, the HCV RNA testing rates among anti-
HCV positives ranged from 20% to 70% (mean, 53.1%). 
After 2010, the HCV RNA testing rate stabilized at approx-
imately 50% (Figure 3). The rates of HCV RNA positivity 
in men and women were 31.6% and 35.0%, respectively. 
The mean age of HCV RNA positives was higher than that 
of HCV RNA negatives (60.9 ± 17.5 vs. 48.6 ± 19.9).

Table 1 summarizes the rates of anti-HCV positivity, HCV 
RNA testing, and HCV RNA positivity among anti-HCV 
positives according to the department requesting the 
tests. The department requesting the anti-HCV test was 
unknown in 9.3% of cases. The departments that most 
frequently requested anti-HCV tests were the blood 
bank (117 193 tests, 29.7%) and surgical departments 
(74 319 tests, 18.8%), while the dentistry department 
requested the test only 19 times in 18 years. The number 
of anti-HCV tests requested by emergency departments 
was higher than that of intensive care units, probably 
due to the referral of needle punctures to emergency 

departments. The anti-HCV positivity rate was high-
est in the gastroenterology outpatient clinic (8.0%) and 
lowest in the blood bank (2.0%). As expected, anti-HCV 
positivity was lower in pediatric than that in adult depart-
ments. The rate of HCV RNA testing among anti-HCV-
positive patients was very low for all departments at, 
generally, less than 50%. The highest rate of HCV RNA 
testing was observed in the gastroenterology outpatient 
clinic (87.0%), and the lowest rate was observed in the 
blood bank (0.0%), the latter of which is probably biased 
due to the referral of individuals to other departments. 
Additionally, high HCV RNA test positivity was observed 
among tested individuals (85.9%), which was indepen-
dent of the requesting department.

The HCV Genotyping Test
After the exclusion of repetitive tests among 503 HCV 
genotype results, there were 469 patients who under-
went HCV genotype testing. HCV genotype testing did 
not begin until 2010. After this point, the rate of HCV 
genotyping among HCV RNA positives ranged from 40% 
to 70% in different departments, with an average of 53% 
(Figure 4). The major genotype identified was genotype 1 
(85.7%). The percentages for all genotypes were as fol-
lows: genotype 1, 2.1%; genotype 1a, 8.4%; genotype 1b, 
72.9%; genotype 1a and b, 2.3%; genotype 2, 6.6%; geno-
type 3, 4.9%; and genotype 4, 2.8%.

Figure 2. The number of anti-HCV tests and positivity rate for each year of the study period.
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DISCUSSION
This is the first study to examine HCV awareness in Turkey 
over a number of years and across different medical 
departments. The anti-HCV positivity rate in our tertiary 
center decreased from 3.1% to 0.6% between 2000 and 
2014 and subsequently stabilized at 0.6% from 2014 to 
2017. The most frequently identified genotype was geno-
type 1b (72.9%). Under an ideal CHC awareness state, all 
anti-HCV positives should undergo RNA testing, followed 
by genotyping if their RNA result is positive. However, 
even in our referral center, the combined rate of RNA and 
genotype testing was only approximately 50% during the 
last 10 years. Therefore, this study revealed that, Turkey 
is a low endemic country for HCV infection, however the 
difficulty in detecting patients with active CHC is the 
major barrier to achieving WHO’s target for HCV elimina-
tion by 2030. 

Early detection and treatment of patients with CHC 
is the best strategy to prevent liver-related morbidity 
and mortality and to globally eliminate HCV by prevent-
ing the transmission of infection. However, according to 
the 2015 global data from the WHO, only 20% of HCV-
infected people worldwide are aware of their infec-
tion.4 The National Health and Nutrition Examination 
Survey (NHANES) revealed a lack of HCV infection 
awareness among both the public and doctors. The 

NHANES evaluated the HCV tests of 30 140 partici-
pants from 2001 to 2008. They found that 1.3% of par-
ticipants were anti-HCV positive, and, of these, 43% 
(170/393) completed a follow-up survey and interview. 
The awareness of HCV positivity before the NHANES 
was only 49.7%, of whom only 3.7% were diagnosed 
by their doctor following the screening of the high-risk 
groups.13 Therefore, the United States has recommended 
the improvement of HCV screening and treatment strat-
egies in the following groups of populations: (1) those not 
engaged in routine health care (through primary care ser-
vices and high-risk group screening, education, and media 
campaigns for HCV awareness), (2) those engaged in rou-
tine health care with unknown HCV status (through rou-
tine screening for patients born between 1945 and 1965, 
educating patients and clinicians, proactively identifying 
cases through health records), and (3) those engaged in 
routine health care with untreated CHC (through enhanc-
ing referral networks, improving access through non-spe-
cialty-based treatment, and proactively identifying cases 
through health records).14 Awareness of HCV and hepa-
titis B virus (HBV) was prospectively evaluated among 
1125 patients undergoing elective outpatient endoscopy 
at a large, urban safety-net hospital.15 Although 66.5% 
were at a high risk of CHC, only 30.9% had received prior 
testing. Among those patients who underwent HCV 
screening, CHC was present in 14.7%, but only 29.3% 

Figure 3. The number of HCV RNA tests and the rate of positivity in each year of the study period.
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of these patients were aware of their test results. The 
authors concluded that improving hepatitis screening 
and patient awareness of their own test results are par-
ticularly important in urban hospitals.

A national seroprevalence survey is neither a feasible 
method nor a cost-effective one to detect patients with 
CHC in Turkey, which is a middle-income country with low 
HCV prevalence. On the contrary, micro-elimination pro-
grams targeting those populations at high risk of trans-
mitting HCV, and based on the concept of treatment as 
prevention, may be effective.16 That is, the successful 

“treatment” of a CHC patient eliminates the possibility 
of further transmission, thereby achieving “prevention.” 
The Turkish Ministry of Health recommends screening for 
all patients who received blood products or organ trans-
plantation before 1996; were born to an HCV-positive 
mother; inject drugs; have sexual contact with a man or 
multiple partners; have a history of frequent transfusions, 
long-term dialysis, dental treatment, tattoos, piercings, 
or bulk circumcision; have been incarcerated in a prison, 
nursery, nursing home, and military ward; have family 
members with CHC; have an occupational risk, such as 
health workers, barbers, hairdressers, and sex workers; 

Table 1. Anti-HCV and HCV RNA Positivity Rates According to the Department Requesting the Tests

Anti-HCV Tests HCV RNA Tests

Number of Tests
Positivity  
Rate (%)

Testing Rate Among  
Anti-HCV Positives (%)

Positivity 
Rate (%)

Emergency Departments

 Pediatrics 2059 0.2 25 100

 Adult 8702 2.3 68 91

Intensive care units

 Pediatrics 997 0.4 50 100

 Adult 931 2.1 45 100

 Surgery 929 1.2 27 100

 Coronary 759 1.6 17 100

Outpatient clinics

 Pediatrics 10 690 0.9 78 100

 Gastroenterology 16 500 8.0 87 86

 Internal medicine 52 056 1.4 53 100

 Adult other than the internal medicine 5942 0.9 26 89

 Surgery 74 319 0.6 20 100

 Dentistry 19 0.0 NA NA

 Anesthesiology 671 0.9 33 100

 Blood bank 117 193 0.2 0 NA

Services

 Pediatrics 2553 0.2 33 50

 Pediatric surgery 4216 0.2 20 100

 Internal medicine 5274 3.1 58 100

 Adult services other than the internal 
medicine

12 600 0.8 21 91

 Surgery 25 156 1.3 12 95

 Family medicine 5868 0.3 16 100

 Other campus (Beytepe Campus) 1867 0.4 29 100

 Unknown 36 742 1.7 45 83
NA, not applicable.
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have coinfection with hepatitis B or human immunode-
ficiency virus (HIV); and are immunosuppressed.8 Tertiary 
hospitals are important centers for proactive detection 
and treatment of CHC in Turkey. Ward et al. proposed the 
facilitation of HCV testing by reflex RNA testing of speci-
mens that are positive for HCV antibodies to improve the 
detection of HCV-infected individuals.17 The first HCV 
awareness parameter for this study was the rate of HCV 
RNA testing among anti-HCV-positive patients. This has 
been approximately 50% for the last 5 years and was 
less than 50% for most medical departments. This per-
sistently low rate of HCV awareness in our center reveals 
an urgent need for education programs directed at physi-
cians. The primary strategies to achieve HCV elimination 
in Turkey should be the following: raising the awareness 
of HCV screening among the public and family physicians, 
educating doctors on the successful treatments avail-
able for HCV, and establishing a referral system to treat 
detected HCV cases.

McLeod et al. examined the effects of Scotland’s Action 
Plan on Hepatitis C, which included awareness-rais-
ing campaigns of HCV testing for general practitioners 
(GPs).18 The GP response rate for the surveys in 2007 and 
2013 was approximately 60%, but only 25% of respond-
ers had undertaken an HCV-related professional devel-
opment program. Although several national and local 
activities were conducted for HCV awareness between 
2008 and 2011, improvements in testing practice were 

limited to patients with abnormal liver function tests and 
a history of medical or dental treatment. The most fre-
quent barriers perceived by GPs for a lack of HCV test-
ing were the inability to identify patients at risk of HCV 
infection and short consultation times. The study found 
that an electronic reminder directed at GPs could be used 
to overcome “poor awareness” and a “limited knowl-
edge of testing protocols.” Therefore, it was suggested 
that educational activities targeted to GPs and physi-
cians, rather than the public, should be considered to 
diagnose a greater majority of the HCV-infected popu-
lation. Similarly, Reipold et al. conducted a “values and 
preferences according to WHO testing guidelines rec-
ommendations” survey in different countries, includ-
ing Turkey.19 They found that HCV testing programs are 
inadequate and largely led by doctors rather than lay or 
unskilled health workers. The survey identified public and 
healthcare worker education and awareness as future pri-
orities. Since this current study also emphasizes the lack 
of HCV infection awareness among physicians in Turkey, 
we believe that the development of education programs 
and the use of electronic reminders directed at physicians 
are urgently required.

In 2014, the International Committee on Taxonomy of 
Viruses validated that HCV has seven genotypes and 
67 subtypes, which means it has greater genetic diversity 
than HBV and HIV.20 Genotypes 1 and 3 are widespread 
globally (44% and 25%, respectively), whereas genotype 

Figure 4. The number of HCV genotyping tests and the rates of positivity for each year of the study period.
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4 (15%) is endemic to the Middle East and Africa, and 
genotypes 5 and 6 are most commonly reported in 
South Africa and Southeast Asia, respectively, while the 
recently described genotype 7 appears to be confined to 
Central Africa.5 The second HCV awareness parameter of 
our study was the rate of HCV genotype testing among 
HCV RNA-positive patients. HCV genotyping was not 
performed until 2010, after which rates of HCV geno-
typing among RNA positives ranged from 40% to 70%. 
According to estimates, the prevalence of HCV viremia in 
Turkey is 0.6% (0.3%-1.0%), corresponding to 492 000 
(271 000-763 000) patients. Previous reports from 
Turkey have revealed the distribution of genotypes 1, 2, 3, 
4, 5, and 6 as 83.3% (1a, 12.9%; 1b, 80.4%; and 1c, 0%), 
1.5%, 3.7%, 1.5%, 0%, and 0%, respectively.4 The HCV 
genotype distribution in this study was consistent with 
this finding. The major genotype identified was genotype 
1 (85.7%), followed by genotype 2 (6.6%), genotype 3 
(4.9%), and genotype 4 (2.8%). Quasi-species (genotype 
1a and b) were detected in 2.3% of patients, whereas 
genotypes 5, 6, and 7 were not detected in our center.

The long study period and a large number of the tests 
allowed us to analyze trend changes in HCV testing hab-
its and the rate of CHC in our tertiary referral hospital, 
whose results can be generalized to the general Turkish 
population. However, there were several key limitations 
to this study. As the data were collected retrospectively, 
the incidence of missing data and wrong entries was con-
sidered a major source of bias. It is possible that some 
positive patients, that is, those detected at the blood 
bank, were referred to and treated at other centers. We 
were also not able to contact the patients to ask ques-
tions regarding their awareness of their test results or 
disease outcome.

This large, retrospective cohort study based on a single 
center, tertiary hospital data from 2000 to 2017 reveals 
that the prevalence of HCV infection has decreased 
(0.6%) in Turkey. However, physician awareness of HCV 
testing has stabilized at approximately 50% during the 
last 10 years. Therefore, educational and electronic warn-
ing programs for screening that are directed at doctors 
need to be established to achieve the WHO’s HCV elimi-
nation target in Turkey by 2030.
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