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Introduction

Hepatitis C virus (HCV) infection has caused significant 
public health burden globally, with an estimated global 
prevalence of 3% [32], and approximately 71 million indi-
viduals chronically infected worldwide [29]. In addition, 
HCV infection is one of the major risk factors for hepa-
tocellular carcinoma (HCC). Previous data revealed that 
21% of new HCC cases and deaths were attributed to HCV 
infection [5, 7]. Moreover, the relative risk of developing 
HCC in HCV-infected individuals was 15–20 times higher 
than in uninfected individuals [9, 35, 11], which may be 
due to the fact that HCV Core protein can induce oxidative 
stress through various signaling molecular pathways, such as 
COX-2, iNOS, VEGF and other cytokines eventually lead to 
the occurrence of hepatocellular carcinoma [28]. However, 
the successful development of direct-acting antiviral drugs 
(DAA) is a significant milestone in the antiviral treatment of 
HCV infection. The sustained virological response among 
patients after DAA treatment can achieve a high degree, 
which can be higher than 95%. Therefore, it is currently 
considered that HCV infection is a clinically curable disease 
[2, 27]. To achieve the WHO’s goal of eliminating HCV 
infection by 2030, there is an urgent need to screen high-risk 
population for early diagnosis and treatment to control HCV 
transmission, especially for high-risk population [14, 24]. 
HCV infection is usually silent for several decades, which 
means most infected individuals are asymptomatic, and may 
unaware of their HCV infection [30], it was estimated that 
only 20% patients with HCV infection have been diagnosed. 
In addition, people who inject drugs(PWIDs) are primarily 
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the high-risk population for HCV infection, and the preva-
lence ranges from 50 to 80% [12, 25]. Therefore, accurate, 
cost-effective, and efficient screening and test methods for 
HCV infection are essential for further treatment and can 
effectively control the HCV epidemic.

At present, the main diagnostic methods for HCV infec-
tion are serological tests to detect HCV specific antibodies 
and nucleic acid tests (NAT) to detect HCV RNA. And the 
detection of HCV antibodies by enzyme-linked immuno-
sorbent assays (ELISA) has the advantages of high sensi-
tivity and simple operation, and is widely used in clinical 
screening tests. But the ELISA method is susceptibility to 
cross-reactivity with endogenous substances, resulting in 
high false positive rate, especially in low-prevalence popu-
lations [4, 10, 6]. Therefore, samples with ELISA reactiv-
ity results need to further use the recombinant immunob-
lot assay (RIBA) or the NAT assay to determine the HCV 
infection status. However, the HCV RIBA test and HCV 
NAT test are complicated, expensive, time-consuming, and 
require high experimental conditions and personnel, which 
are difficult for ordinary laboratories to meet. Therefore, sev-
eral studies and Center for Disease and Control have recom-
mended that the Signal-to-Cutoff(S/CO) ratio of an HCV 
antibody assay can be used for predicting HCV viremia [3, 
16]. And the higher the S/CO ratio, the higher the posi-
tive predictive value and the higher the possibility of HCV 
infection. In this regard, in order to simplify the algorithm 
for diagnosing HCV infection, several studies have set the 
cut-off of the S/CO ratio to 3.8 or 8 [6, 17], suggesting that 
when the S/CO ratio of a sample is higher than the cut-off, 
it is considered as HCV infection. However, the effective 
cut-off value and performance of an anti-HCV reagent would 
vary based on the assay and the population, and need to be 
evaluated [21].

Thus, this study aimed to investigate the relationship 
between the S/CO ratio and the positive with HCV anti-
body among PWIDs, and the correlation between the S/CO 
ratio and the positive with HCV RNA, and determined the 
optimal cut-off values of the S/CO ratio of the anti-HCV 
assay in PWIDs, which used for predicting HCV infection.

Materials and methods

Patients

A total of 719 PWIDs individuals’ serum samples that were 
requested for anti-HCV testing at the methadone outpatient 
in Yunnan province and Gansu province from January 1, 
2019 to December 31, 2020, including 435 males and 284 
females, were included in this study. The collected serum 
samples were stored at − 80 °C. This study was approved 
by the Ethics Committee of National Center for AIDS/STD 

Prevention and Control, Chinese Center for Disease Control 
and Prevention.

Laboratory tests

HCV screening test was performed using the anti-HCV 
enzyme linked immunoassay (ELISA) assay (Beijing Wan-
tai Biological, China). The test results were calculated as 
the signal to cut-off(S/CO) ratio, allowing assessment of 
changes in HCV antibody levels. If an S/CO ratio < 1.0, 
it was regarded as negative, and ≥ 1.0 was considered as 
reactivity.

The samples with ELISA reactive results were continued 
to RIBA assay (MP Diagnostics, Singapore), which was used 
as a more specific supplementary test on specimens. The 
nitrocellulose strips of RIBA assay contain five recombi-
nant HCV proteins, the Core, NS3-1, NS3-2, NS4, and NS5 
regions of the HCV genome. For this assay, the intensities 
of colored bands on a nitrocellulose strip are proportional 
to amounts of bound antibody and graded as - (none), ± and 
1+ to 4+. The results of RIBA assay were interpreted by 
the intensity and profile of the reactive bands. And a posi-
tive result was considered as two HCV-specific bands with 
reactivities of at least 1+, a negative result was defined as 
the absence of a band with reactivity ≥ 1+, and an indeter-
minate result was that only bands had reactivity ≥ 1+, but 
not in accordance with the positive criteria, according to the 
manufacturer’s instructions.

All samples were performed for HCV RNA diagnosis 
using real-time quantitative polymerase chain reaction 
(RT-PCR) assay(DaAn Gene, China). Nucleic acids of the 
samples were extracted, and added into the PCR reaction 
tube. The amplified fluorescence signals were detected by 
RT-PCR instrument (Bio-Rad CFX96, America), and the 
instrument automatically calculates viral load of the samples 
according to the manufacturer’s instructions.

Interpretation

Patients that tested positive for HCV antibody and HCV 
RNA were considered as patients with active HCV infection. 
Negative HCV RNA with positive RIBA result were con-
sidered as patients with spontaneous HCV viral clearance. 
Positive HCV RNA with negative anti-HCV results were 
regarded as early HCV infection. And negative RIBA with 
positive ELISA results were regarded as biological false-
positive anti-HCV results [10].

Statistical analyses

Statistical analysis was performed using GraphPad Prism 
8.0 and MedCalc software. Quantitative variables were 
expressed as Mean ± standard deviations (M ± SD). 
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Differences between continuous variables were calcu-
lated using Student’s t-test. The diagnostic capability 
of anti-HCV S/CO in identifying patients with positive 
HCV antibody and RNA were assessed using receiver 
operating characteristic (ROC) curves. The area under 
the ROC curves (AUC) was calculated, and the statistical 
significance of the difference from an AUC value of 0.5 
was determined. P < 0.05 was considered as statistically 
significant.

Results

Test procedure and results of patient samples

Among 719 PWIDs samples, 416 (57.86%) yielded 
reactive results (S/CO ≥ 1.0) and 303 (42.14%) yielded 
negative results (S/CO < 1.0) by ELISA assays. Moreo-
ver, the results of supplementary test by RIBA assays 
showed that of the 416 ELISA screening test reactivity 
samples, 393 (94.47%) were positive for HCV antibod-
ies, 7 (2.68%) were indeterminate, and 16 (3.85%) were 
negative. In addition, HCV RNA results revealed that of 
the 400 HCV antibody positive or indeterminate sam-
ples, 315 (78.75%) were positive for HCV RNA and 85 
(21.25%) were negative for HCV RNA. Furthermore, 6 
(1.88%) out of 319 HCV antibody negatives were positive 
for HCV RNA, implying that 6 of the 319 individuals in 
this study had HCV acute early infection or immunode-
ficiency. The HCV test assays and test results were sum-
marized in Fig. 1.

The relationship between distribution of S/CO ratio 
and HCV antibody result

Among the 719 PWIDs samples in this study, when the S/
CO ratio < 1.0, 303 HCV antibodies were all negative, and 
when the S/CO ratio ≥ 1.0, 16 of the 416 samples were con-
firmed to be antibody negative by the RIBA assays, indicat-
ing that 16 samples may be false positive results of ELISA 
assays (see Fig. 2). Moreover, ROC curve analysis was per-
formed on the HCV ELISA assay in this study to determine 
the optimal S/CO ratio for HCV antibody positive, which 
is utilized to predict the positive result of HCV antibody. It 
showed that when the optimal cut-off value for S/CO ratio 
was 2.0, the sensitivity and specificity were 100.00% and 
93.55%, respectively. And AUC was 0.985(95% confidence 
interval:0.971–0.994) (see Fig. 3).

The correlation between the S/CO ratio and HCV RNA 
result

Furthermore, we performed ROC curve analysis on the HCV 
ELISA assay in this study to determine the optimal S/CO 
ratio for HCV RNA positive, which is used for predicting the 
positive result of HCV RNA. It showed that when the opti-
mal cut-off value for S/CO ratio was 21.36, the sensitivity 
and specificity were 89.90% and 72.73%, respectively. And 
AUC was 0.836 (95% confidence interval:0.802–0.867) (see 
Fig. 4). In addition, we also analyzed the correlation between 
the S/CO ratios and the HCV RNA levels, and found that 
there was no significant correlation between the S/CO ratios 
and the HCV RNA levels  (R2 = 0.0008, P = 0.6214 > 0.05) 
(see Fig. 5).

Fig. 1  Schematic diagram of 
the HCV detection methods 
and sample number.719 PWIDs 
samples were collected for 
screening test by ELISA assays, 
and then supplementary test by 
RIBA assay and NAT assay to 
determine the status of HCV 
infection
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Comparison of S/CO ratios between patients 
with spontaneous HCV viral clearance and patients 
with active HCV infection

Previous literature has indicated that HCV spontaneous clear-
ance range from 15 to 60% [31]. However, the findings of this 
study revealed that 85 out of 400 PWIDs were HCV antibody 
positive but HCV RNA negative, indicating that they were 
patients with HCV spontaneous clearance. And 315 sam-
ples out of 400 were positive for HCV antibody and RNA, 
which means that they were patients with active HCV infec-
tion. In addition, this study found that there was a significant 

difference in the S/CO ratios between patients with HCV 
spontaneous clearance and patients with active HCV infection 
(P = 0.0061 < 0.05), and the S/CO ratio of patients with active 
HCV infection was significantly higher than that of patients 
with HCV spontaneous clearance (22.23 ± 4.51, 20.50 ± 6.16) 
(Fig. 6).

Fig. 2  The distribution of the 
S/CO ratios in 719 PWIDs sam-
ples using ELISA assay. The 
reported results were based on 
the RIBA assay and NAT assay 
to determine the HCV antibody 
results

Fig. 3  Receiver operating curves (ROC) of S/CO ratio for predicting 
the positive result of HCV antibody in 719 PWIDs samples

Fig. 4  Receiver operating curves (ROC) of S/CO ratio for predicting 
the positive result of HCV RNA in 719 PWIDs samples
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Discussion

People who inject drugs (PWIDs) is the primary risk fac-
tors for HCV epidemic in many countries. Studies have 
shown that the number of people with HCV infection who 
are infected by injecting drugs is gradually increasing [8, 
33]. It is estimated that there are about 14 million PWIDs in 
the word [23], and the prevalence of HCV infection among 
PWIDs approximately ranges from 50% to more than 80% 
[12, 25]. In this study, the result revealed that the prevalence 
of HCV infection among PWIDs was 54.66% (393/719), 
which was comparable to the infection reported in the previ-
ous literatures [8, 15]. Therefore, PWIDs are at high risk of 
HCV infection, which is much higher than the prevalence of 
HCV infection in the general population. In order to control 
the spread of HCV, it is vital to strengthen the large-scale 
HCV screening and effective treatment among PWIDs.

ELISA is currently one of the most commonly used meth-
ods for screening tests of HCV antibody, due to its simple 
operation and low price. According to the Chinese Centers 
for Disease Control and Prevention (CDC) for “Hepatitis C 
Virus Laboratory Testing Technical Specifications”, when 
the ELISA results were reactive, it was recommended that 
the samples need to be further supplementary test by HCV 
RIBA assay, which detect whether the HCV antibody is 
positive, but the RIBA assay is time-consuming and expen-
sive. Herein, we analyzed the relationship between the 
ELISA S/CO ratio and the RIBA results in this study, and 
the results showed that when the S/CO ratio ≥ 1.0, 16 of 
the 416 samples were confirmed to be antibody negative 
by the RIBA assays, indicating that the false-positive rate 
of HCV antibody detection by ELISA assay among PWIDs 
was only 3.85% (16/416), which was much lower than the 

Fig. 5  Scatter plots between S/
CO ratio and HCV RNA level. 
HCV RNA level was analyzed 
in log scale

Fig. 6  Comparison of S/CO ratios between patients with active 
HCV infection and patients with HCV spontaneous clearance. 
Mean ± Standard Deviation, **:P < 0.01
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false-positive rate of 15–60% in the general population [19]. 
At the same time, the selected ELISA assay in this study 
was in good agreement with the RIBA assay. The ELISA 
reagents are coated with multiple antigens, including the 
core antigen, NS3 antigen, NS4 antigen and NS5 epitope, 
leading to excellent specificity and sensitivity. On the other 
hand, the subjects of this study were PWIDs, who have a 
high prevalence of HCV infection. Hence the probability of 
false-positive is lower.

In addition, in this study, we analyzed the optimal cut-
off value of S/CO ratio by using ROC curve to predict 
HCV antibody results. According to the ROC curve, it 
demonstrated that when the optimal cut-off value was 2.0, 
the sensitivity and specificity of anti-HCV were 100.00% 
and 93.55%, respectively, implying that the S/CO ratio of 
this ELISA test can effectively distinguish HCV antibody 
positive and antibody negative in PWIDs. However, several 
studies have also analyzed the optical cut-off value of S/
CO ratio to distinguish the status of HCV infection, and 
the recommended cut-off values were ranging from 6 to 8 
[4, 13, 34]. Differences in research population, sample size, 
and reagents might explain the disparity in cut-off values. Jie 
Pan, et al. and Banseok Kim, et al. reported that compared 
with RIBA results, the optimal S/CO ratios of Elecsys anti-
HCV reagent by using ROC curve and regression analysis 
range from 12.27 to 19.00 in the low-risk population [17, 
26]. While Hung-Yin Liu, et al. demonstrated that the opti-
mal cut-off for predicting HCV infection was 9.95 in HBV 
infected patients [21]. As a consequence, we may utilize the 
optimal cut-off value of the S/CO ratio to predict the result 
of HCV antibody, although the optimal cut-off value of dif-
ferent populations and reagents may be inconsistent.

Furthermore, only individuals with HCV RNA posi-
tive need DAA treatment. However, not all patients with 
HCV antibody positive can be detected HCV RNA, because 
15–60% of HCV infected patients can clear the virus spon-
taneously [31]. In this study, 21.25% (85/400) of infected 
individuals had spontaneous HCV viral clearance, and the 
other 78.75% (315/400) of patients were active HCV infec-
tion. In order to prompt identify whether the individuals 
have spontaneous HCV virus clearance or active HCV infec-
tion, several studies have shown that high HCV antibody 
levels can predict HCV virus. We also analyzed the optimal 
cut-off value of S/CO ratio by using ROC curve to predict 
HCV viremia [17, 21, 18]. The results demonstrated that 
when the optimal cut-off value for S/CO ratio was 21.36, 
the sensitivity and specificity were 89.90% and 72.73%, 
respectively, indicating that the serum anti-HCV titers in 
PWIDs have a good predictive value for HCV RNA posi-
tivity, which is consistent with previous literature [13]. We 
analyzed the correlation between the HCV ELISA S/CO 
ratios and the HCV RNA levels, and found that there was 
no significant correlation. Several studies also revealed that 

anti-HCV titers and HCV RNA levels show little or weak 
correlation [17]. However, there was a significant difference 
in the S/CO ratios between patients with HCV spontane-
ous clearance and patients with active HCV infection, and 
the S/CO ratio of patients with active HCV infection was 
significantly higher than that of patients with HCV sponta-
neous clearance. The reason for this phenomenon might be 
that the HCV antibodies are produced in the patient’s body 
by stimulation of HCV antigen components, and antibodies 
titers seem to be increased when antigens are continuously 
stimulated. Therefore, compared to patients with HCV spon-
taneous clearance, patients with active HCV infection have 
strong and persistent HCV antigen stimulation, which results 
in a higher anti-HCV S/CO ratio.

Moreover, in this study, we also found that 6 out of 319 
HCV antibody-negative samples were positive for HCV 
RNA. The possible reasons for this phenomenon are that, 
on the one hand, although HCV antibodies are widely used 
in screening tests, the HCV antibody test may not be positive 
in the early stage of acute infection that is up to 30–60 days 
after exposure [1]. Therefore, these 6 patients might be in the 
early stage of acute HCV infection. On the other hand, it is 
also possible that some individuals with immunodeficiency 
or immunosuppressive therapy cannot produce antibodies, 
resulting in negative HCV antibody but positive HCV RNA. 
Therefore, a negative HCV antibody can’t rule out HCV 
infection [20]. And early detection and curative treatment 
of HCV can will reduce the risk of liver-related mortality 
and serve to prevent transmission of new infections [22]. it 
is suggested that the samples with negative results of HCV 
antibody detection in high-risk population should be tested 
by pool PCR to prevent the missed detection.

However, there are still several limitations in this study. 
First of all, this study only included methadone outpatients 
in two regions of China. Although the collected samples 
were large, it still didn’t fully represent the prevalence of 
HCV infection among PWIDs in my country. In addition, 
this study only selected one ELISA reagent to detect the dis-
tribution of HCV S/CO ratios in PWIDs, and did not analyze 
the optimal cut-off value of other reagents of screening test. 
And the optimal cut-off value for other reagents may be dif-
ferent, so other reagents are further determining the optimal 
cut-off value for reflex supplemental testing according to the 
population screened.

Conclusions

This study has showed that the S/CO ratios of the ELISA 
assay are associated with the results of HCV antibody and 
HCV RNA among PWIDs. When the S/CO ratios of the 
samples from PWIDs are higher than the optimal cut-off 
value of 2.0 and 21.36, respectively, it can be considered that 



369The signal-to-cutoff ratios to predict HCV infection among people who inject drugs  

1 3

the patients are HCV antibody positive and HCV RNA posi-
tive. In addition, the S/CO ratio of patients with active HCV 
infection is higher than that of patients with spontaneous 
HCV clearance. Therefore, the status of HCV infection can 
be predicted based on the S/CO ratios of the ELISA assay, 
which can improve diagnosis and facilitate timely treatment 
to effectively prevent the spread of HCV infection.
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