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Abstract 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]BACKGROUND
Current diagnosis of hepatitis C virus (HCV) infection requires two2 sequential steps: testing for anti-HCV followed by HCV RNA PCR to confirm viremia. We have developed a highly sensitive and specific HCV-antigensAgs enzyme immunoassay (HCV-Ags EIA) for one-step diagnosis of viremic HCV infection. 

AIM
To assess the clinical application of our the HCV-Ags EIA in one-step diagnosis of viremic HCV infection in human immunodeficiency virus (HIV)-coinfected individuals.

METHODS
The study blindly tested HCV-Ags EIA for its performance in one-step diagnosing viremic HCV infection in 147 sera:, 10 without HCV or HIV infection; 54 with, viremic HCV monoinfection; 38 with, viremic HCV/HIV coinfection; and 45 with, viremic HCV and non-viremic HIV coinfection.

RESULTS
Upon decoding, it was 100% accordance of HCV-Ags EIA to HCV infection status by HCV RNA PCR test. In five5 sera with HCV infection,  and HCV RNA was as low as 50-59 IU/mL, and four out of five4/5 were tested positive for HCV-Ags EIA. Likewise, it was also 100% accordance of HCV-Ags EIA to HCV infection status by HCV RNA PCR in 83 sera with HCV and HIV coinfection, no matterregardless if HIV infection wais active or not, and CD4 count.

CONCLUSION
Our The modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV RNA levels of approximately 100 IU/mL. It is highly sensitive and specific in the setting of HIV coinfection, regardless of HIV infection status and CD4 count. These data support the clinical application of our the HCV-Ags test EIA in one-step diagnosis of HCV infection in HIV-infected individuals.
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[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK49][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Core tip: We recently developed a novel and highly sensitive and specific hepatitis C virus antigens (HCV-Ags) enzyme immunoassay (EIA) for one-step diagnosis of viremic HCV infection. The present blindly tested this test’s performance in 147 sera: , 10 without HCV or human immunodeficiency virus (HIV) infection; 54 with, viremic HCV monoinfection; 38 with, viremic HCV/HIV coinfection; and 45 with, viremic HCV and non-viremic HIV coinfection. Our results demonstrated that the HCV-Ags enzyme immunoassayEIA is highly sensitive and specific in the setting of HIV coinfection, regardless of HIV infection status and CD4 count. These data support the clinical application of our the HCV-Ags test in one-step diagnosis of HCV infection in HIV-infected individuals.
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection affects approximately 115 million individuals worldwide that can progress to chronic hepatitis C (CHC) or, cirrhosis, and it is associated with development of hepatocellular carcinoma[1,2]. HCV infection is also common in human immunodeficiency virus (HIV)-infected individuals, as both infections share the same modes of transmission[3]. The activity and progression of liver injury are more severe in HCV and HIV co-infected individuals than those with HCV monoinfection[4]. Research advances have resulted in clinical application of direct acting anti-viral (DAA) treatment for HCV infection. All these treatment regimens are highly safe and effective and, associated with > 95% sustained virologic response (SVR) rates, even in those with HCV/HIV coinfection[5-8]. It is recommended that HIV and HCV coinfection should not be treated differently as inthan HCV monoinfection[7,8]. Successful eradication of HCV has been shown to improve the prognosis of HCV-induced liver disease and reduce the associated mortality[9,10]. Both the World Health OrganizationWHO and the United States of America Center for Disease Control have advocated eradicating HCV infection by 2030[11,12]. These emphasize the essential need for effective HCV screening and diagnosis, including HIV-infected individuals, to link them to appropriate care.
However, the current two-step HCV test process represents one of the main barriers for effective HCV screening[7,13,14], as it is suboptimal, costly, inconvenient, time consuming, and globally not widely available or affordable. Current anti-HCV tests, although highly specific and sensitive, cannot distinguish viremic HCV (V-HCV) infection from resolved HCV (R-HCV) infection[15]. Thus, when anti-HCV is tested positive, an expensive HCV reverse transcription-polymerase chain reaction (RT-PCR) is mandatory to further test the presence or absence of viremia. Additionally, anti-HCV testing cannot be used for diagnosing acute HCV infection and may cause false negative results in immunocompromised patients, those receiving immunosuppressive therapy, or on hemodialysis[16,17]. Although serum HCV RNA RT-PCR is a highly specific and sensitive test to detect V-HCV infection, the dependence on expensive equipment, high cost, and time-consuming nature limit its applicability, especially in developing countries and regions. 
Several hepatitis CHCV core antigen (HCVcAg) assays have been reported[18-29]. The detection limit of the Ortho HCVcAg enzyme immunoassay (EIA) was reported to be 1.48 pg/mL, corresponding to HCV RNA of 9707 IU/mL. Hence, it is not a sensitive test. The detection threshold of the Abbott Architect HCVcAg assay is reported to be 3 fmol/L, equivalent to HCV-RNA between 1015-1045 IU/mL, which is in line with published data showing HCVcAg detection limits corresponding to serum HCV-RNA levels in the range of 428-2700 IU/mL[30-32]. However, the sensitivity of the Abbott Architect HCVcAg assay was only 64.7% to 81.9%, when serum HCV RNA was < 4 log IU/mL; and 0.0% to 19.7%, when serum HCV RNA was < 3 log IU/mL[31,33]. Furthermore, a high false positive rate occurred in patients with R-HCV infection (i.e., negative HCV RNA and positive anti-HCV results) when tested with the current HCVcAg assay[32-34]. Currently available HCVcAg assays have limited clinical utility due to their low specificity and sensitivity. Recently, we have developed a highly sensitive and specific HCV-Ags EIA that could be used for one-step diagnosis of viremia V-HCV infection by testing serum or urine specimens[35]. 	Comment by Author: “Citing more than five references in a single citation, even when separated by a hyphen, should be avoided” (pg. 13 Guidelines for Manuscript Preparation and Submission)
The goals of the present study were to further assess the sensitivity and specificity of the HCV-Ags EIA and its value for one-step diagnosis of viremic HCV infection in HCV monoinfected and HCV/HIV coinfected individuals through a blinded way, i.e. obtaining serum samples from one lab (Kenneth E Sherman; KESKES) and performing HCV-Ags EIA in another lab (Ke-Qin HuKQH). Our results indicated that HCV-Ags EIA holds high specificity and sensitivity for detection of V-HCV infection in individuals with HCV monoinfection as well as HCV/HIV coinfection. 

[bookmark: OLE_LINK223][bookmark: OLE_LINK224]MATERIALS AND METHODS
HCV and HIV diagnosing criteria, serum specimen, and clinical data collection
Chronic V-HCV infection was defined as positive anti-HCV and HCV RNA tests for 6 mo., R-HCV (or past) infection was defined on the basis of a known history of prior HCV infection, a positive anti-HCV test, but negative HCV RNA RT-PCR performed at least twice. Chronic viremic HIV infection (V-HIV) was diagnosed by positive tests for both anti-HIV and HIV RNA PCR.; Wwhereas, non-viremic HIV infection was defined (NV-HIV), by history of HIV infection, on HIV treatment, and negative HIV RNA test. 
The study was approved by Institutional Review Boards of both institutions. After obtaining informed consent, venous blood specimens were collected, and serum aliquots were prepared and stored at -80 °C℃. Quantitative HCV RNA RT-PCR and HIV RNA RT- PCR were  performed at on the same day in the clinical laboratory. The clinical records were also reviewed for details regarding clinical diagnosis and course. 
Anti-HCV test was performed using the Architect Anti-HCV Assay, a chemilluminescent microparticle immunoassay (CMIA, Abbott Laboratories, Abbott Park, IL, United States). Serum HCV RNA was quantitated using the Abbott Real Time HCV assay, which has a lower limit of quantification of 12 IU/mL (Abbott Laboratories, Abbott Park, IL, United States). Anti-HIV was performed using Abbott's Architect HIV Ag/Antibody Combo assay for the simultaneous detection of both HIV antigen and antibodies. HIV RNA test was performed by LabOne, Inc., using the Roche Diagnostics Amplicor HIV-1 Monitor test kit, with a linear range of 400-750000 HIV-1 RNA copies/mL.

Serum specimens and study conduction
The present studies utilized a blind fashion to assess the performance of the HCV-Ags EIA that was recently reported highly sensitive and specific[35] in sera with (1) HCV mononfection; and (2) HCV and HIV coinfection. For study enrollment, patients must have a full assessment for HCV and HIV infection as described above. Serum samples were collected from the KES lab, and divided into 4 four groups without HCV and HIV infection, HCV monoinfection, and HCV and HIV coinfection with different HIV replication status, as shown in Table 1.
All the serum specimens were blindly coded in the KES lab and sent to the Ke-Qin HuKQH lab to perform HCV-Ags EIA. The test results were then sent back to the KES lab for decoding and used for statistical analysis. The related clinical data, such as age, gender, and CD4 count, were collected in the KES lab. 

HCV-Ags EIA
All coded serum samples underwent HCV-Ags EIA that was performed in the Ke-Qin HuKQH lab, as previously reported[35]. Briefly, 96 microtiter plates were coated with HCV-Ags-specific capture antibodiesAbs, followed by addition of HCV detection antibodies specific to HCV antigens (i.e., HCVcAg and non-structural S3-S5 proteins), and HRP-conjugated secondary antibodies. Finally, a color reaction was produced using substrate solution, (OPD) and optical density (OD) was measured using ELX 800 Universal Microplate Reader. Results were expressed as OD optical density values.

Statistical analysis
The categorical data were presented as percentage, andor continuous data were expressed as the mean and standard deviation. A 2 x 2 table was used to calculate the test sensitivity, specificity, positive, and negative predictive values. The P values less than 0.05 were considered statistically significant. SPSS software was used for statistical analysis. 

RESULTS
Study groups, serologic and virologic data, and CD4 count
As summarized in Table 1, a total of 147 coded serum specimens were used in the present study in the following four4 groups. Group 1 included 10 sera without HCV or HIV infection (i.e., negative anti-HCV, HCV RNA, anti-HIV, and HIV RNA tests); group 2 included, 54 sera with HCV monoinfection (i.e., positive HCV RNA, negative anti-HIV tests); group 3 included, 38 sera with viremic HCV and HIV coinfection (i.e., positive for both HCV RNA and HIV RNA tests), and group 4 included, 45 sera with viremic HCV infection, but non-viremic HIV infection (i.e., history of positive for HCV RNA and anti-HIV, on HIV treatment, and currently negative HIV RNA tests). 
In group 2, HCV genotype (GT) distribution was GT1 = 47,; GT3 = 4,; GT4 = 1, and GT mixed = 2, and the range of serum HCV RNA load was from 4.8 x 2 log to 2.6 x 7 log IU/mL. In group 3, HCV GT distribution was GT1 = 28 and; GT4=10.; Tthe range of serum HCV RNA load was from 4.6 x 5 log to 7.8 x 7 log IU/mL.; Tthe range of serum HIV RNA load was from 4.7 x 1 log to 1.2 x 6 log copies/mL, and mean CD4 count was 482.3 (282-800). In group 4, HCV GT distribution was GT1 = 35, GT2 = 6, GT4 = 2, and ND = 2.; Tthe range of serum HCV RNA load was from 9.5 x 3 log to 2.1 x 7 log IU/mL.; Aall were negative for HIV RNA, and mean CD4 count was 594 (174-1106).
Additionally, five5 sera with HCV monoinfection, and HCV RNA load ranginged from 50-59 IU/mL were also tested by the HCV-Ags EIA.

Performance of HCV-Ags EIA in HCV monoinfection
As shown in Table 2, in 10 ten sera without HCV and HIV infection, all (100%) were tested negative for HCV-Ags EIA. All 54 (100%) sera with viremic HCV infection were tested positive for HCV-Ags EIA, regardless of serum HCV RNA level and GT. Thus, the test results of HCV-Ags EIA were in 100% accordance to HCV infection status by HCV RNA PCR. StasticallyStatically, HCV-Ags EIA test was confirmed to have 100% sensitivity and specificity for HCV viremic infection. Additionally, in five5 sera with low viremic HCV infection (HCV RNA level ranged between 50-59 IU/mL), 4/5 were tested positive for HCV-Ags EIA. 

Performance of HCV-Ags EIA in HCV/HIV coinfection
As shown in Table 3, in 38 sera with viremic HCV and HIV coinfection, all (100%) were tested positive for HCV-Ags EIA. In 45 sera with viremic HCV and non-viremic HIV coinfection, all (100%) were tested positive for HCV-Ags EIA. Thus, the test results of HCV-Ags EIA were in 100% accordance to HCV infection status by HCV RNA PCR, no matterregardless if HIV infection wais active or not, and of the CD4 count. 

DISCUSSION
HCV infection affects approximately 115 million people globally[1]. Currently, diagnosis of HCV infection requires two2 sequential steps: testing anti-HCV to screen, followed by HCV RNA RT-PCR to confirm viremia[7,13,14]. The latest anti-HCV tests are highly sensitive and specific, but they cannot differentiate acute HCV infection with V-HCV and R-HCV infection. Therefore, all positive anti-HCV test results need to be further tested by HCV RNA RT-PCR. Although HCV RNA RT-PCR tests are highly sensitive and specific for V-HCV infection, it is timely consuming, costly, and not available and affordable in many developing countries and regions. 
Recently, we developed a novel HCV-Ags test that is more sensitive and specific than traditional HCVcAg tests, and holds potential for one-step serologic diagnosis of V-HCV infection[35]. In the present study, we used a blinded fashion to further test the sensitivity and specificity of the HCV-Ags EIA in HCV sera with monoinfection and HCV/HIV coinfection. The serum samples were from one laboratory with coding, and HCV-Ags EIA were performed blindly in another laboratory, then decoded for data analysis.
In 64 sera, 10 without HCV and HIV infection and, 54 with viremic HCV infection, it was in 100% accordance of HCV-Ags EIA test results to HCV infection status by HCV RNA PCR. This blinded study further confirmed our previous report that the HCV-Ags EIA is highly specific and sensitive in diagnosing viremic HCV infection in those with HCV monoinfection. In In an additional 5 five sera with viremic HCV infection as low as HCV RNA load ranging betweened 50-59 IU/mL, 4/5 were tested positive for HCV-Ags EIA, further confirming the lowest limits of detection of the HCV-Ags assay as previously reported[35].
We then tested utility of HCV-Ags EIA in sera with HCV and HIV coinfection. In 38 sera with viremic HCV and HIV coinfection, and 45 sera with viremic HCV and non-viremic HIV coinfection, it was in 100% accordance of HCV-Ags EIA test results to HCV infection status by HCV RNA PCR, no matterregardless if HIV infection wais active or not, and of the CD4 count. These results confirmed that the HCV-Ags EIA is highly specific and sensitive in diagnosing viremic HCV infection in those with HCV and HIV coinfection, no matter if HIV infections wais active or not. The present study confirmed the potential that HCV-Ags EIA may also provide an equal and cost-effective way for one-step screening and diagnosing viremic HCV infection. As HCV infection is common in HIV-infected individuals, above these results are very promising in further study on the clinical application of the HCV-Ags EIA in the population with risk for both HCV and HIV infection, an important addition to the World Health OrganizationWHO and USA the Center for Disease Control’s commitment of HCV elimination globally[11,12]. 
It should be noted that the main advantage of the present study is its the blinded ness fashion, but the sample size was small. Further larger, prospective studies are needed to assess the value of clinical application of the HCV-Ags EIA. 

ARTICLE HIGHLIGHTS
Research background
Current diagnosis of hepatitis C virus (HCV) infection requires 2 two sequential steps: testing for anti-HCV followed by HCV RNA PCR to confirm viremic infection. We have developed a highly sensitive and specific HCV-antigens (Ags) enzyme immunoassay (EIA) for one-step diagnosis of viremic HCV infection. However, it has not been tested blindly and especially in those with HCV and human immunodeficiency virus (HIV) coinfection.

Research motivation
Although HCV RNA RT-PCR tests are highly sensitive and specific for viremic V-HCV infection, it is timely consuming, costly, and not available and affordable in many developing countries and regions. Further confirming the sensitivity and specificity of HCV-Agse EIA will provide additional support of its clinical value for one-step screening and diagnosing HCV viremic infection.

Research objectives
The present study was aimed to blindly assess the clinical application of our the HCV-Ags EIA in one-step diagnosis of viremic HCV infection in HCV-infected and HCV/HIV-coinfected individuals.

Research methods
The study blindly tested HCV-Ags EIA for its performance in one-step diagnosing viremic HCV infection in 147 sera, 10 without HCV or HIV infection; 54 with, viremic HCV monoinfection; 38 with, viremic HCV/HIV coinfection; and 45 with, viremic HCV and non-viremic HIV coinfection.

Research results
Our The modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV RNA levels of approximately 100 IU/mL. It is highly sensitive and specific in the setting of HIV coinfection, regardless of HIV infection status and CD4 count. These data support the clinical application of our HCV-Ags test in one-step diagnosis of HCV infection in HIV-infected individuals.

Research conclusions
Our modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV RNA levels of approximately 100 IU/mL. It is highly sensitive and specific in the setting of HIV coinfection, regardless of HIV infection status and CD4 count. These data support the clinical application of our the HCV-Ags test in one-step diagnosis of HCV infection in HIV-infected individuals.

Research perspectives
The HCV-Ags EIA will be a novel addition to the current standard and promotion of ais a more cost-effective one-step HCV screening and diagnosis method.
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Table 1 Blinded 147 serum samples in four groups for hepatitis C virus antigens enzyme immunoassay
	Group
	Diagnosis
	Cases
	HCV infection
	HIV infection

	1
	No HCV/HIV
	10
	No (anti-HCV -/HCV PCR -)
	No (anti-HIV -)

	2
	HCV alone
	54
	Yes (anti-HCV +/HCV PCR +)
	No (anti-HIV -)

	3
	HCV/viremic HIV
	38
	Yes (anti-HCV +/HCV PCR +)
	Yes (anti-HIV +/HIV PCR +)

	4
	HCV/non-viremic HIV
	45
	Yes (anti-HCV +/HCV PCR +)
	Yes (anti-HIV +/HIV PCR +)

	Total
	
	147
	
	


HCV: Hepatitis C virus; HIV: Human immunodeficiency virus. 




Table 2 The accordance of serum hepatitis C virus antigens enzyme immunoassay test results to hepatitis C virus RNA PCR in sera with hepatitis C virus mono-infection
	Groups
	Interpretation
	Cases
	Serum HCV-Ags EIA

	
	
	
	Positive (%)
	Negative (%)

	1 (anti-HCV -/HCV RNA -)
	No HCV infection
	10
	0 (0.0%)
	10 (100.0%)

	2 (anti-HCV +/HCV RNA +)
	Chronic HCV infection
	54
	54 (100.0%)
	0 (0.0%)

	Subtotal
	
	64
	54
	10


HCV: Hhepatitis C virus; HCV-Ags EIA: HCV-antigens enzyme immunoassay.






Table 3 Accordance of sSerum hepatitis C virus antigens enzyme immunoassay to hepatitis C virus PCR testing results in sera with hepatitis C virus/human immunodeficiency virus coinfection
	Groups
	HIV status
	Cases
	Serum HCV-Ags EIA

	
	
	
	Positive (%)
	Negative (%)

	1 (anti-HCV +/HCV RNA +)
	Viremic HIV infection
	38
	38 (100.0%)
	0 (0.0%)

	2 (anti-HCV +/HCV RNA +)
	No viremic HIV infection
	45
	45 (100.0%)
	0 (0.0%)

	Subtotal
	
	83
	83
	0


HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HCV-Ags EIA: HCV-antigens enzyme immunoassay.
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