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Introduction: The availability of appropriate screening and diagnostic procedures for hepatitis C virus (HCV) is critical for early 
diagnosis, reduction in mortality and morbidity, and HCV elimination. In our study, we aimed to evaluate the appropriateness 
of HCV testing procedures and HCV prevalence both in our hospital and across Türkiye.
Methods: HCV screening and confirmation procedures performed in our hospital between 01.01.2021 and 01.12.2022 were 
retrospectively evaluated. In the literature review phase, a pooled analysis was conducted using data from studies performed 
in Türkiye between 01.01.2019 and 21.12.2024 with a methodology parallel to ours.
Results: A total of 25,137 patients underwent anti-HCV testing, with 181 positive cases (0.72%). After the exclusion process, 
151 anti-HCV positive patients remained. Among them, one patient (0.6%) was HCV RNA positive, 76 patients (50.3%) were 
HCV RNA negative after a history of HCV treatment, and 74 patients (49%) were HCV RNA negative without any treatment 
history (false anti-HCV positive or HCV spontaneous clearance). The mean and median S/CO ratio in false-positive patients 
were 11.6±19.21 and 2.5 (IQR: 6.89), respectively. Additionally, the mean and median S/CO ratio in true-positive patients were 
74.8±36.43 and 69.45 (IQR: 47.15), respectively. According to the pooled data analysis, the seropositivity rate was 1.3% (range: 
0.21%-2.46%), with 13,992 of 1,079,492 anti-HCV tests testing positive. A reflex HCV RNA confirmation test was performed in 
77.44% of anti-HCV positive patients, and the confirmed disease rate was 42.5%. In these patients, the minimum anti-HCV S/
CO ratio ranged from 1.81 to 12.3, while the optimal S/CO threshold was between 5 and 15.85.
Discussion and Conclusion: Our results indicate that the probability of false anti-HCV positive results is very high, especially 
when the anti-HCV S/CO ratio is low. Although HCV endemicity remains low in our region, anti-HCV screening is inadequate, 
and clinicians should be more aware of this issue.
Keywords: HCV optimal S/CO threshold; HCV prevalence; pooled analysis.

Hepatitis C virus (HCV) is an important infectious 
disease that causes inflammation in the liver, leading 

to fibrosis, cirrhosis, and hepatocellular carcinoma. It is 
estimated that approximately 50 million people worldwide 
are infected with HCV, with approximately 1 million new 
infections occurring annually[1].

According to data reported by the World Health Organization 
(WHO), the total number of individuals infected with HCV 
was estimated to reach 20 million by the year 2022. This 
figure includes 1 million new cases and 240,000 projected 
deaths due to HCV during the same period. While it has 
been documented that only 36.4% of individuals living 
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with HCV were diagnosed, only 20% received treatment[2]. 
The WHO's global strategy for the elimination of hepatitis 
aims to reduce new hepatitis infections by 90% and deaths 
by 65% between 2016 and 2030[3].

Although elimination efforts have been in place for many 
years, the development of direct-acting antiviral agents 
(DAAs) over the last two decades and the implementation 
of effective screening programs have made elimination 
targets more achievable[4].

The appropriateness of anti-HCV test ordering and 
evaluation processes is crucial for early diagnosis and the 
reduction of virus-related morbidity and mortality, thereby 
making a valuable contribution to global HCV elimination 
efforts.

In our study, we aimed to determine seropositivity and 
true disease rates, evaluate false positivity status by 
retrospectively analyzing the anti-HCV test results of 
patients who were tested for various reasons in our hospital, 
and assess the HCV prevalence in Türkiye during the DAA 
era by compiling published studies from the last five years.

Materials and Methods 
Data Collection

A retrospective evaluation of all anti-HCV tests conducted 
in our hospital for various reasons over a two-year period 
(1.01.2021–31.12.2022) was undertaken. In the subsequent 
stage, the data of patients with anti-HCV positivity was 
accessed through the hospital automation system and 
E-pulse system. Patients with missing data or who were 
thought to have not undergone confirmatory testing 
with the HCV RNA test were approached via their contact 
information and were advised to apply to the hospital. 
Test results of more than one study in the same patient 
(duplication) were not evaluated. After the exclusion 
of duplicate tests, the proportion of anti-HCV positive 
tests among all tests was calculated. Patients whose data 
could not be accessed through the hospital and E-pulse 
system, and patients who did not present to the hospital 
despite being contacted by telephone because HCV RNA 
(PCR) confirmation was not performed, were excluded 
from the study. The exclusion process was conducted in 
a manner that was entirely devoid of any demographic or 
clinical bias. True positivity, false positivity, and previous 
infection status were determined by taking into account 
the patients' previous treatment with interferon-based or 
direct-acting agents or HCV-RNA positivity. The proportion 
of PCR-confirmed patients among all anti-HCV positive 
results was subsequently calculated.

Anti-HCV and HCV-RNA Tests

The presence of 'anti-HCV' antibodies, which are developed 
by the immune system against HCV, is utilized as a screening 
test. Enzyme immunoassays (EIA) and chemiluminescence 
microparticle immunoassays (CMIA) are employed for 
antibody detection, and the signal-to-cutoff (S/CO) ratio 
is a primary factor in determining the diagnostic reliability 
of CMIA tests. However, it should be noted that these tests 
are unable to differentiate between active and previous 
infection, and furthermore, the occurrence of false positive 
results is a possibility. Therefore, the validation of nucleic 
acid amplification tests (NAATs) is essential[5,6]. However, 
the utilization of NAAT as a screening test does not appear 
to be a cost-effective approach.

The unit S/CO was used for anti-HCV, and IU/mL for HCV 
RNA. The anti-HCV test was performed using the Roche 
Elecsys® Anti-HCV II Cobas e 602 module, with results 
considered negative for <0.9, borderline for ≥0.9 and <1.0, 
and positive for ≥1.0. The HCV-RNA assay was performed 
on the NeuMoDx 96 Molecular System with HCV Quant 
Test Strip kits. This test is an in-vitro diagnostic nucleic 
acid amplification assay for the detection and quantitation 
of HCV RNA in human plasma samples using real-time 
polymerase chain reaction (PCR). The quantitative 
measurement range of the test is 8-158,489,319 IU/mL.

Data Collection and Statistical Methods for Pooled Analysis

In the literature review phase of the study, studies revealing 
the prevalence of HCV and/or confirmed HCV patients with 
true anti-HCV threshold levels in Türkiye between January 
1, 2019, and December 21, 2024, were reviewed and pooled 
analyzed. A literature search was performed in the TUBITAK 
ULAKBIM Database with the words “anti-HCV seropositivity” 
or “anti-HCV positivity” or “anti-HCV seroprevalence” or 
“anti-HCV false positivity” and also in the Turkish and 
Google Scholar Database with the same keywords.

Primary data from original research were obtained. After the 
pooled analysis data were collected, the data were handled 
with the fixed effect model. The period of data included, 
the number of anti-HCV total tests, the anti-HCV positivity 
rate, the rate of HCV-RNA tests requested from anti-HCV 
positive cases, the HCV-RNA positivity rate, the minimum 
anti-HCV level among confirmed patients, and the optimal 
threshold value among confirmed patients were recorded. 
The data were homogenized and presented in tables.

The earliest and latest dates of the study periods were 
recorded. The number of anti-HCV total tests, the number 
of anti-HCV positive tests, the number of HCV-RNA 
tests, and the number of HCV-RNA positive tests were 
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summed and their percentages were taken. Values for 
the optimal threshold value among confirmed patients 
were mean-averaged. Calculations were made with the 
"Microsoft Excel 2016" program.

Ethical Approval

Our study was conducted in accordance with the 
Declaration of Helsinki, and the ethics committee 
approval was obtained from the Scientific Research Ethics 
Committee of Martyr Prof. Dr. İlhan Varank Training and 
Research Hospital (number 2022/159 dated 14.12.2022). 

Results
Hospital Study Data

During the two-year study period, a total of 35,082 anti-HCV 
tests were performed in our hospital, 15,523 in 2021 and 
19,529 in 2022. After excluding 9,945 tests performed 
more than once on the same patient (duplications), the 
study found that 25,137 patients had undergone anti-HCV 
testing, of whom 181 were positive for the virus, resulting 
in a two-year positivity rate of 0.72%. Of the 181 patients 
included in the study, 30 were excluded from the analysis 
due to incomplete data in the hospital system, inaccessibility 
of the E-pulse system, death, or inaccessibility by phone. 
The data of the remaining 151 patients was analyzed. Of 
these patients, only one (0.6%) had a confirmed diagnosis 
of HCV (HCV RNA positive), while 76 (50.3%) were HCV RNA 
positive but had received or were receiving treatment. In 
the remaining 74 patients (49%), HCV RNA was negative 
without a history of treatment; these patients were 
considered as false positive or spontaneous remission 
patients (Fig. 1).

In the present study, the mean S/CO value in false positive 
patients was 11.6±19.21, with a median value of 2.5 
(interquartile range [IQR]: 6.89), while the mean S/CO ratio 
in true positive patients was 74.8±36.43, with a median 
value of 69.45 (IQR: 47.15). The highest S/CO ratio observed 
was 124 in false positive patients, while the lowest S/CO 
ratio was 15.3 in true patients. The S/CO ratios in true and 
false positive patients are presented in Figure 2, arranged 
in descending order.

Pooled Analysis of Literature Data

The studies conducted in Türkiye between 2019 and 2024 
are presented in Table 1, and a total of 16 studies from 11 
different cities were included in the review[7-22]. The data in 
these studies covered the years 2010 and 2023. A pooled 
data analysis of these studies revealed that out of 1,079,492 

anti-HCV tests performed during the study period, the 
total anti-HCV positive tests was 13,992 and the anti-HCV 
seropositivity rate was 1.3%, ranging from 0.21% to 2.46% 
depending on the center. Of the 13,992 anti-HCV-positive 
patients, 77.44% underwent a simultaneous (reflex) 
HCV RNA test, while the remainder did not undergo a 
confirmatory test. The rate of HCV RNA-confirmed disease 
among these patients was 42.5%. In the relevant studies, 
the minimum anti-HCV S/CO ratio in confirmed HCV 
patients ranged from 1.81 to 12.3, while the optimal S/CO 
threshold ranged from 5 to 15.85.

Figure 1. Diagnostic algorithm.

Figure 2. Anti-HCV signal-to-cutoff (S CO) ratios of cases.
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Discussion
It is imperative to emphasize the significance of HCV 
screening in facilitating early diagnosis, thereby reducing 
morbidity and mortality and ultimately leading to the 
eradication of the disease. Such screening should be 
conducted periodically for specific high-risk groups. In our 
country, the implementation of HCV screening is not limited 
to high-risk groups; it is also routinely conducted prior to 
blood donation, pre-operatively, pre-marriage, during 

employment, and as part of periodic health examinations.

However, in low-risk groups, the prevalence of false 
positive results is high, leading to a significant number of 
unnecessary hospital visits, additional tests, blood sample 
collections, and financial burdens. These consequences 
persist until the false positive result is ruled out, causing 
considerable psychological distress for the patient.

The primary method of screening for HCV infection is 
the detection of anti-HCV antibodies. Enzyme-linked 

Table 1. Pooled analysis

Referance no Study Period of Anti-HCV Anti-HCV positivity Reflex HCV-RNA Confirmed HCV Minimum Anti-HCV Optimal threshold 
  data included total test (n) (n / %) testing (n / %) disease (HCV RNA among confirmed value among 
      positive) (n / %) patients confirmed patients
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immunosorbent assay (ELISA), chemiluminescence 
immunoassay (CLIA), and rapid diagnostic tests (RDTs) are 
the main diagnostic tools used for this purpose. When an 
anti-HCV antibody positive result is obtained, confirmation 
must be performed via HCV polymerase chain reaction 
(PCR) detection by molecular methods or by detecting the 
presence of HCV core antigen using ELISA methods[23].

In the present pooled analysis, 22.56% of anti-HCV positive 
cases did not undergo simultaneous HCV-RNA testing. 
The most common reason for this was that the anti-HCV 
test was requested from high-traffic clinical areas, such as 
emergency departments or surgical clinics, without further 
consultation from an infectious diseases specialist. In some 
centers, it has been observed that even cases with high S/
CO values may be overlooked without proper diagnostic 
confirmation.

Notably, publications from the same centers in consecutive 
years have shown an increasing rate of reflex test requests, 
suggesting that the recently added alert system in hospital 
information systems may be contributing to improvements 
in follow-up procedures[7,8,12,13,20].

The HCV seropositivity rate, defined as the ratio of all 
anti-HCV tests to anti-HCV positivity, was determined to 
be 1.3% in the pooled analysis study. In our hospital-based 
study, the anti-HCV seropositivity rate was calculated as 
0.72%. Comparatively, global HCV prevalence has been 
reported as follows: 0.8% in Africa, 0.5% in the Americas, 
1.3% in Europe, 1.6% in the Eastern Mediterranean Region, 
0.5% in Southeast Asia, and 0.5% in the Western Pacific 
Region. These findings indicate that our study results align 
with existing global literature[24].

A particularly concerning finding was that 30 (16.7%) of the 
181 anti-HCV positive patients did not receive confirmatory 
testing. This is especially significant when compared to the 
22.56% rate observed in similar studies conducted in Türkiye. 
This suggests that a substantial proportion of patients who 
underwent anti-HCV testing may not have received proper 
clinical follow-up or may have declined further evaluation. 
This highlights the need for enhanced patient follow-up 
strategies to ensure the proper management of individuals 
with suspected HCV infection, ultimately contributing to 
the broader goal of disease elimination.

In a study investigating the sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 
of the Elecsys test, which is also utilized in our hospital, 
these values were 99.30%, 99.86%, 88.04%, and 99.99%, 
respectively, while the prevalence of HCV infection was 
1.0%. Furthermore, the AUROC value of the Elecsys test 

for detecting "true HCV infection" cases was 0.9980 (95% 
CI=0.9944-1.0017), and the optimal S/CO cut-off value 
indicating maximum diagnostic performance was 0.93, 
with 99.53% sensitivity and 99.85% specificity[25]. However, 
within immunocompetent populations exhibiting 
anti-HCV prevalence of less than 10% (for instance, 
voluntary blood donors, active duty and retired military 
personnel, the general population, healthcare workers, 
or patients attending sexually transmitted disease [STD] 
clinics), analogous to the general screening population 
in our country, the prevalence of anti-HCV false positive 
results ranges from 15% to 60%[26].

The prevalence of false positive anti-HCV test results in 
studies conducted in Türkiye ranged from 36.58% to 
95.05%, with an average of 47.46% in the pooled data. In 
the present study, this rate was observed to be similar to 
the overall average, with a percentage of 49%. However, it 
is important to note that all studies included patients with 
spontaneously resolved infection during the acute phase 
of infection, and no threshold value was established for the 
differentiation of these cases (Table 1 for further details). 
A significant challenge in the management of anti-HCV 
positive and HCV RNA negative patients pertains to the 
differentiation between a previous infection and false 
positivity. The minimum anti-HCV S/CO ratio in confirmed 
HCV patients in studies from Türkiye ranged from 1.81 to 
12.3, while the optimal S/CO threshold ranged from 5 to 
15.85 (Table 1). In the study by Choi et al.,[27] the evaluation 
of patients for active, previous infection, and false positivity 
with CMIA, Recombinant Immunoblot Assay (RIBA), and 
NAAT was conducted, with the aim of investigating the 
place of Architect test results. Although the sensitivity was 
found to be very high (96.7%) for the optimal S/CO ratio 
of 5.2, the positive predictive value was not high enough 
(52.1%). Furthermore, the mean S/CO ratio was determined 
to be 12.96±2.90, 5.29±4.53, and 1.81±1.31 for active 
HCV infection, previous infection, and false positivity, 
respectively. In a different study, the sensitivity of the 
Architect Anti-HCV test for an S/CO ratio of 1.0 was found to 
be very high (100%), while the specificity was low (36.1%). 
However, the diagnostic accuracy of the test was reported 
to be much higher when the S/CO ratio was increased 
to 8.0. Thus, it was concluded that although this test is 
good as a screening test due to its high sensitivity, values 
between 1.0 and 8.0 must be confirmed[28]. Consequently, 
it can be anticipated that the level of positivity will be 
highest in cases of active infection, moderate levels will be 
observed in previous infections, and low levels will be seen 
in false positive test results. It is imperative that clinicians 
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receive comprehensive education through national 
awareness initiatives or informational brochures. It is 
crucial to emphasize that even in cases where S/CO ratios 
are intermediate, they must be confirmed through the 
utilization of HCV-RNA testing. Furthermore, it is essential 
to ensure that anti-HCV test positivity is systematically 
documented as a warning within hospital information 
systems. This measure must be designed to ensure that 
clinicians do not miss the indication and that they are 
guided towards the confirmation of the disease and referral 
to the relevant department.

Conclusion
In conclusion, our data showed that Türkiye is still a 
low-endemic country for HCV. Our study results and the 
studies conducted in Türkiye mainly show that anti-HCV 
screening is incomplete and that there is a significant 
proportion of patients with positive anti-HCV test results who 
have not been confirmed, indicating that patient follow-up 
is not at the desired level. Our results also show that almost 
half of the anti-HCV positive results do not result in a true HCV 
patient and that particularly low levels of S/CO ratio positivity 
do not eliminate the need for HCV RNA confirmation, but the 
probability of false positives is very high.

The most important step for the establishment of WHO's 
global strategy for the elimination of hepatitis in our 
country is to develop national algorithms for the early 
diagnosis of patients with HCV, ensure that screening 
reaches the desired standards, communicate test positivity 
to clinicians with in-hospital alert systems and to patients 
through other innovative technologies, and increase the 
sensitivity and awareness of clinicians with educational 
activities.
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