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A B S T R A C T

Background: Rapid and accurate detection of hepatitis C virus (HCV) infection is essential for early diagnosis, 
timely intervention, and cost-effective disease management. Conventional antibody-based assays may fail to 
detect infection during the acute phase, highlighting the need for diagnostic tools capable of identifying both 
HCV antibodies and antigens.
Methods: A total of 2501 serum and plasma specimens (778 HCV-positive, 1723 HCV-negative) were evaluated 
using the ASSURE HCV Ab/Ag Rapid Test. Diagnostic performance was assessed against reference assays, 
including an independent clinical evaluation in Malaysia. Analytical sensitivity, cross-reactivity, interference, 
seroconversion performance and specimen equivalency were also examined.
Results: The assay demonstrated 100% sensitivity (778/778), 99.83% specificity (1720/1723), and near-perfect 
agreement with reference assays (Kappa = 0.998). Analytical evaluation confirmed robust antibody and antigen 
detection across serial dilutions. No cross-reactivity was observed across 30 antibody panels, and no interference 
was detected from 19 endogenous or exogenous substances. Seroconversion analysis identified infection ~17 
days earlier than antibody-only comparators. Performance was fully equivalent across serum, plasma, venous 
whole blood, and finger-prick whole blood.
Conclusions: The ASSURE HCV Ab/Ag Rapid Test demonstrated high sensitivity and specificity for HCV 
screening, combining antibody and antigen detection to support earlier diagnosis including acute-phase in
fections, though prospective real-world validation is warranted before population-level deployment.

1. Introduction

Hepatitis C virus (HCV) infection remains a leading cause of severe 
liver diseases, including chronic hepatitis, liver cirrhosis, and hepato
cellular carcinoma [1]. Despite its substantial global public health 
burden, no preventive vaccine is currently available [2]. Moreover, a 
large proportion of infected individuals remain undiagnosed due to the 
frequently asymptomatic nature of the infection, particularly during the 
early stages [3]. According to the World Health Organization (WHO), an 
estimated 50 million people worldwide are living with chronic HCV 

infection, and at least 240,000–250,000 deaths occur annually caused 
by HCV-related liver complications [3,4].

Acute HCV infection is estimated to account for approximately 
15–20% of diagnosed cases, reflecting the proportion of infections 
identified during the early phase prior to full seroconversion, while 
50–80% of individuals infected during the post-acute phase progress to 
chronic infection [5,6]. Among chronically infected patients, approxi
mately 20% develop cirrhosis if left untreated, and a subset of these 
individuals may subsequently develop hepatocellular carcinoma [4]. 
Early diagnosis of HCV infection is therefore critical for identifying both 
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acute and chronic cases, enabling timely initiation of antiviral therapy 
and improving clinical outcomes [3,7,8]. In particular, detection of 
infection during the acute phase is essential for achieving favorable 
prognoses and preventing long-term complications.

HCV antigen becomes detectable approximately 2–3 weeks after 
viral exposure, appearing nearly simultaneously with HCV RNA [9,10]. 
HCV antigen detection assays have been applied in various clinical 
settings, especially among high-risk populations, immunocompromised 
individuals, and patients requiring early diagnosis [9,11]. Detection of 
HCV core antigen, a highly conserved protein across all major HCV 
genotypes, which serves as a surrogate marker for HCV RNA, has proven 
effective in shortening the diagnostic window period and confirming 
active infection [12,13].

HCV was initially identified as the primary causative agent of 
parenterally transmitted non-A, non-B (NANB) hepatitis [14]. Currently, 
HCV antigen detection relies largely on enzyme-linked immunosorbent 
assays (ELISA). Although effective, these assays are costly, 
time-consuming, and require specialized laboratory equipment and 
trained personnel, making them unsuitable for point-of-care testing 
(POCT). Consequently, their use is limited in resource-constrained re
gions or areas without access to centralized laboratories. There is a clear 
need for a rapid, affordable HCV antigen-based POCT that enables 
timely diagnosis and expands testing accessibility in decentralized 
healthcare settings.

To address this diagnostic gap, the ASSURE HCV Ab/Ag Rapid Test 
was developed to provide a simple, user-friendly solution for immediate 
HCV screening, particularly in emergency and decentralized healthcare 
settings. This lateral flow immunoassay simultaneously detects both 
HCV core antigen and anti-HCV antibodies, offering a more compre
hensive and efficient screening approach. The present study evaluates 
the diagnostic performance of the ASSURE HCV Ab/Ag Rapid Test, 
including its sensitivity, specificity, and applicability across various 
sample types, and highlights its potential as a reliable point-of-care 
diagnostic tool in settings without access to centralized laboratory 
facilities.

2. Materials and methods

2.1. Clinical specimens

2.1.1. Specimen collection and characterization
A total of 778 HCV-positive serum and plasma specimens were 

sourced from commercial suppliers and collaborating institutions. These 
comprised 489 samples confirmed positive by the Abbott PRISM HCV 
Assay, 12 samples characterised using the Ortho HCV 3.0 ELISA Test 
System, and 277 samples in which HCV antigen was determined using 
the Abbott ARCHITECT HCV Antigen Assay, with corresponding HCV 
antibody status verified by the Abbott ARCHITECT Anti-HCV assay, or 
Abbott PRISM HCV Assay, or Ortho HCV 3.0 ELISA Test System or SD 
Bioline HCV Rapid Test.

Among these, 531 samples were supplied as anti-HCV antibody- 
positive specimens with accompanying genotype information provided 
in the certificates of analysis (CoA) by the suppliers. These genotype 
assignments were based on prior clinical, or laboratory records associ
ated with the donors and were not independently confirmed by HCV 
RNA testing on the specific aliquots used in this study. The remaining 
247 HCV-positive samples were determined by serological reference 
assays but did not have genotype information available from the 
suppliers.

The HCV-negative panel consisted of 1723 serum and plasma spec
imens, including 1025 samples from healthy donors, 153 potentially 
cross-reactive specimens, 135 specimens containing interfering sub
stances, 210 samples from pregnant women, and 200 samples from 
hospitalised patients. The number of specimens (153 for cross-reactivity 
and 135 for interference testing) follows standard regulatory guidance 
for in vitro diagnostic device validation (e.g., CLSI EP07 and IVDR 

common technical specifications).
Two commercial performance panels, the AccuSet™ Worldwide HCV 

Performance Panel and the AccuSet™ Low Titer HCV Performance 
Panel, were obtained from SeraCare Life Sciences (Milford, MA, USA). 
For seroconversion analysis, 31 commercially sourced HCV serocon
version panels were evaluated, comprising 19 panels from SeraCare Life 
Sciences and 12 panels from ZeptoMetrix (Buffalo, NY, USA).

2.1.2. Cross-reactivity evaluation
Potentially cross-reactive specimens were obtained from individuals 

with known seropositivity or clinical conditions that could interfere with 
HCV antibody detection. The analytical specificity panel comprised 153 
specimens, including: anti-Candida albicans IgG (n = 5), anti-Chlamydia 
trachomatis IgG/IgM (n = 6), anti-Dengue IgG/IgM (n = 6), anti- 
Hepatitis A virus (HAV) IgG/IgM (n = 7), anti-Hepatitis B virus (HBV) 
IgG/IgM (n = 8), anti-Hepatitis E virus (HEV) IgM (n = 5), anti-HIV I/II 
IgG/IgM (n = 10), anti-Helicobacter pylori IgG (n = 6), anti-Herpes 
Simplex Virus (HSV) IgG (n = 5), alcoholic hepatitis-associated IgG/ 
IgM (n = 4), influenza vaccine recipients (n = 5), anti-influenza A/B 
IgG/IgM (n = 7), anti-Toxoplasma IgG/IgM (n = 10), anti-Chlamydia 
pneumoniae IgG/IgM (n = 5), anti-B19 parvovirus IgG/IgM (n = 6), anti- 
Rubella IgG (n = 5), anti-Syphilis IgG/IgM (n = 5), anti-Tuberculosis 
(TB) IgG (n = 8), anti-HTLV I/II IgG/IgM (n = 7), yellow fever virus 
post-immunization IgG (n = 4), anti-Malaria IgG/IgM (n = 5), anti- 
Cytomegalovirus (CMV) IgG/IgM (n = 5), anti-Epstein–Barr virus 
(EBV) IgM (n = 5), anti-Epstein–Barr virus (EBV) IgG (n = 2), anti- 
Varicella-Zoster Virus (VZV) IgG (n = 7), and anti-Zika virus IgG/IgM 
(n = 5).

2.1.3. Interference testing
Specimens for interference testing were collected from individuals 

with conditions or substances known to potentially affect assay perfor
mance. These included diabetes, elevated hemoglobin A1c, high 
bloodstream E. coli, elevated ethanol levels, hemolysis, icteric, hyper
lipidemia, elevated bilirubin, increased total protein, high triglycerides, 
presence of rheumatoid factor (RF), multiple transfusions, antinuclear 
antibodies (ANA), high alpha-fetoprotein (AFP), homozygous sickle-cell 
anemia, Human Anti-Mouse Antibodies (HAMA), biotin interference, 
elevated Streptolysin O (ASO), and autoimmune hepatitis. A 7-way 
anticoagulant-matched set was also evaluated, consisting of one serum 
sample and six corresponding plasma samples collected in Acid Citrate 
Dextrose (ACD), K-Oxalate, Citrate Phosphate Dextrose (CPD), Lithium 
Heparin (Li Hep), Sodium Citrate (Na Citrate), and Ethyl
enediaminetetraacetic acid (EDTA) tubes.

2.1.4. Specimen sources
The cross-reactive and interference specimens were sourced 

commercially from Access Biologicals (Vista, CA, USA), Precisions 
(Houston, TX, USA), AbBaltis (Dartford, UK), SeraCare Life Sciences 
(Milford, MA, USA), Aalto Bio Reagents (Dublin, Ireland), SLR Research 
Corporation (Carlsbad, CA, USA), ABRI (Rockville, MD, USA), Boca 
Biolistics (Pompano Beach, FL, USA), Advanced BioResources (Rock
ville, MD, USA), SSI Diagnostica (Hillerød, Denmark), Boston Biomedica 
(West Bridgewater, MA, USA), Bio Plasma Services (Everett, WA, USA), 
Discovery Life Sciences (Huntsville, AL, USA), and Trina Bioreactives 
(Nänikon, Switzerland).

2.1.5. Clinical evaluation
An independent clinical evaluation of the antibody detection 

component of the ASSURE HCV Ab/Ag Rapid Test was performed at 
Hospital Sultan Abdul Aziz Shah (HSAAS), University Putra Malaysia 
(UPM), Serdang, Malaysia. A total of 79 clinical specimens were 
included, comprising 24 HCV-antibody-positive and 55 HCV-antibody- 
negative samples, as determined by the ARCHITECT Anti-HCV chemi
luminescent immunoassay (CLIA). All specimens were obtained from 
patients receiving care at HSAAS. As HCV antigen or RNA testing is not 
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routinely performed at this site, no HCV antigen-positive specimens 
were available for inclusion in the study.

2.2. ASSURE HCV Ab/Ag rapid test

The MP Diagnostics ASSURE HCV Ab/Ag Rapid Test is a lateral flow 
immunochromatographic assay for the simultaneous qualitative detec
tion of anti-HCV antibodies and HCV core antigen in human serum, 
plasma, and whole blood. The test device yields two independent re
sults: (1) the antibody component detects anti-HCV immunoglobulins 
(IgG and IgM) directed against HCV Core antigen; and (2) the antigen 
component detects circulating HCV core antigen (HCVcAg) using anti- 
HCV core monoclonal antibodies conjugated to gold nanoparticles 
(Fig. 1).

For the ASSURE HCV Ab test, 10 µL of specimen was dispensed into 
the sample well, whereas 30 µL of specimen was added for the ASSURE 
HCV Ag test. This was followed by the addition of 3 drops of chase buffer 
to the sample well. Upon initiation of the assay, the colored conjugate 
migrated across the result window of the test device. Test results were 
interpreted between 15 and 20 min after sample application, and results 
read beyond 20 min were considered invalid.

2.3. Diagnostic performance analysis

The sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of the ASSURE HCV Ab/Ag Rapid Test 
were calculated using MedCalc statistical software (MedCalc Software 
Ltd., Ostend, Belgium).

2.4. Analytical sensitivity study/ limit of detection (LoD)

Analytical sensitivity was evaluated using two anti-HCV antibody–
positive specimens obtained from commercial suppliers, and the WHO 
1st International Standard for HCV Core Antigen (Paul-Ehrlich-Institut, 
Germany; PEI code 129096/12). The limit of detection (LoD) of the 
ASSURE HCV Ab/Ag Rapid Test was determined for each material by 
testing two-fold serial dilutions prepared in HCV-negative plasma as 
appropriate. Dilution series were assessed to establish the lowest con
centration at which HCV antibodies or HCV core antigen could be 
consistently detected.

2.5. Specimen equivalency

Specimen equivalency was evaluated using matched sets of serum, 
EDTA plasma, venous whole blood, and finger-prick whole blood 

collected from the same healthy donors and tested in parallel. For the 
antibody detection component, samples were spiked with anti-HCV 
antibodies to generate 50 positive and 50 negative specimens per ma
trix. For the antigen detection component, samples were spiked with the 
WHO 1st International Standard for HCV Core Antigen to generate 50 
positive and 50 negative specimens per matrix. All specimens within 
each matched set were tested using the ASSURE HCV Ab/Ag Rapid Test 
according to the standard procedure, and qualitative results were 
compared across sample types to assess inter-matrix concordance.

3. Results

As shown in Table 1, the overall diagnostic performance of the 
ASSURE HCV Ab/Ag Rapid Test was

100% sensitivity (95% Confidence Interval, 99.53–100.00%) and 
99.83% specificity (95% Confidence Interval, 99.49–99.96%). The 
Kappa value of 0.998 indicated a nearly perfect agreement between the 
ASSURE HCV Ab/Ag Rapid Test and the reference HCV assays. The 
calculated positive likelihood ratio (LR+) of 588.24 and negative like
lihood ratio (LR− ) of 0.00 (conservative estimate 0.0047 based on the 
lower bound of the 95% CI for sensitivity) further confirm the strong 
discriminatory performance of the assay (Table 1).

As shown in Table 2, the antibody component was evaluated on all 
766 specimens that were confirmed positive for anti HCV antibodies by 
reference assays (Abbott PRISM HCV, Ortho HCV 3.0 ELISA, or Abbott 
ARCHITECT Anti HCV). The ASSURE antibody component detected all 
766, giving 100% sensitivity (766/766; 95% CI: 99.52–100.00%). The 
12 specimens that were negative by reference antibody assays represent 
the acute pre seroconversion window period; these were correctly 
identified as negative by the antibody component. Regarding the 277 
specimens that were confirmed positive for HCV core antigen by the 
Abbott ARCHITECT HCV Ag assay, the ASSURE antigen component 
detected 107 of these 277 specimens, giving 38.63% sensitivity (107/ 
277; 95% CI: 32.86–44.64%).

Of the 778 specimens evaluated, 607 (78.02%) were positive by the 
antibody component alone (antigen-negative), consistent with chroni
cally infected individuals who had undergone seroconversion but had 
antigen levels below the assay’s detection threshold. A further 159 
(20.44%) were positive for both antibody and antigen, indicating active 
infection with high-level viraemia in the context of either ongoing 
seroconversion or established chronic infection. Notably, 12 (1.54%) 
were positive by the antigen component alone (antibody-negative), 

Fig. 1. Representative results of the ASSURE HCV Ab/Ag Rapid Test demon
strate positive detection of HCV antibodies and HCV antigen, indicated by the 
presence of test lines (T) on the ASSURE HCV Ab and ASSURE HCV Ag devices, 
respectively. The appearance of control lines (C) on both devices confirms the 
validity of the test results.

Table 1 
Evaluation of In-house Overall Diagnostic Performance of ASSURE HCV Ab/Ag 
Rapid Test.

Diagnostic Performance Performance 95% Confidence 
Interval

Sensitivitya 100% (778/778) 99.53–100.00%
Specificity 99.83% (1720/ 

1723)
99.49–99.96%

Positive Predictive Value 99.62% 98.82–99.88%
Negative Predictive Value 100% 99.79–100.00%
Kappa Value 0.998 0.996–1.000
Positive Likelihood Ratio 

(LRþ)
588.24 N/Ab

Negative Likelihood Ratio (LR− ) 0.00c N/Ab

a Sensitivity is calculated based on the combined outcome, whereby a spec
imen is considered positive if the antibody (Ab) and/or antigen (Ag) component 
yields a reactive result.

b 95% confidence interval not applicable for likelihood ratios calculated from 
a qualitative binary assay with a single fixed operating point.

c LR− = 0.00 is a mathematical consequence of 100% sensitivity (zero false 
negatives observed). Using the lower bound of the 95% CI for sensitivity 
(99.53%), the conservative estimate of LR− = 0.0047. LR+ : Positive Likelihood 
Ratio = Sensitivity / (1 − Specificity) = 1.0000 / 0.0017 = 588.24. LR− : 
Negative Likelihood Ratio = (1 − Sensitivity) / Specificity.
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representing specimens collected during the pre-seroconversion window 
period of acute infection, when viral antigen is detectable but antibodies 
have not yet developed.

To further characterize the functional threshold of the ASSURE Ag 
component, we analysed ARCHITECT HCV Ag levels (fmol/L) across the 
277 HCV Ag positive specimens (Table 3). Detection rates increased 
progressively with antigen concentration, from 13% at < 700 fmol/L to 
38% at 700–2000 fmol/L and 52% at 2000–5000 fmol/L, rising to 76% 
at 5000–10,000 fmol/L and plateauing at 75% at > 10,000 fmol/L. The 
effective detection threshold of the ASSURE Ag component is therefore 
estimated at approximately 5000–10,000 fmol/L.

The ASSURE HCV Ab/Ag Rapid Test demonstrated 100% sensitivity 
across 531 samples representing HCV genotypes 1–6, correctly detecting 
all cases. In comparison, the SD Bioline HCV Rapid Test showed slightly 
lower overall sensitivity (97.18%, 516/531), with reduced detection 
observed in several genotypes. Detailed genotype-specific results are 
provided in Supplementary Table S1.

Analytical sensitivity assessment showed that the antibody compo
nent detected anti-HCV antibodies at dilutions up to 1:6400 in one 
sample and 1:1600 in another, while the reference assay detected these 
samples at 1:6400 and 1:3200, respectively. For antigen detection, the 
ASSURE HCV Ab/Ag Rapid Test detected WHO standard HCV core an
tigen down to 3.125 IU/mL, demonstrating sensitivity comparable to the 
reference immunoassay. Full dilution series and signal intensity data are 
presented in Supplementary Table S2.

The cross-reactivity of the ASSURE HCV Ab/Ag Rapid Test was 
evaluated using an extensive panel of serum and plasma specimens 
reactive with a wide range of antibodies as stated in Materials and 
Methods Section. Despite this broad panel of potentially cross-reactive 
antibodies, the ASSURE HCV Ab/Ag Rapid Test yielded no false- 
positive reactions across 153 potentially cross-reactive specimens 
(Supplementary Table S3). Furthermore, evaluation of 19 categories of 
potentially interfering substances demonstrated that none produced 
false-positive or false-negative results with the ASSURE HCV Ab/Ag 
Rapid Test (Supplementary Table S4). These results confirm that the 
assay maintains high specificity and robustness even in the presence of 
diverse antibodies or in specimens with conditions.

Seroconversion panels comprise sequential specimens collected from 
individuals during the early phase of HCV infection, ranging from the 
pre-seroconversion stage, in which antibodies are not yet detectable, to 
the post-seroconversion stage, characterized by the presence of anti- 

HCV antibodies. Evaluation using these panels enables assessment of 
assay performance throughout the full course of early infection. Due to 
the incorporation of HCV antigen detection, the ASSURE HCV Ab/Ag 
Rapid Test was able to identify HCV infection ~17 days earlier than 
antibody-only assays, including SD Bioline HCV Test and HCV Blot 3.0 
(Table 4).

As shown in Table 5, the independent clinical evaluation of the 
ASSURE HCV Ab/Ag Rapid Test (antibody component) at HSAAS 
demonstrated excellent diagnostic performance, achieving 100% sensi
tivity (24/24) and 100% specificity (55/55). The results indicate com
plete concordance with the reference ARCHITECT Anti-HCV CLIA assay, 
confirming the reliability of the antibody detection component of the 
ASSURE HCV Ab/Ag Rapid Test for accurate HCV antibody detection in 
clinical specimens.

Since no HCV antigen-positive clinical specimens were available at 
HSAAS, additional evaluation using well-characterized HCV perfor
mance panels was conducted to assess the antigen detection capability of 
the ASSURE HCV Ab/Ag Rapid Test. The assay was tested using the 
SeraCare AccuSet™ worldwide and low-titer HCV performance panels 
(Table 6). In the worldwide panel, the test demonstrated 100% sensi
tivity (7/7) for antibody detection and 90% sensitivity (18/20) for an
tigen detection. In the low-titer panel, the ASSURE HCV Ab/Ag Rapid 
Test showed superior sensitivity compared with the SD BioLine HCV 
Rapid Test. Specifically, the antibody component achieved 94.74% 
sensitivity (18/19) versus 84.21% (16/19) for the comparator, while the 
antigen component demonstrated 75% sensitivity (3/4), highlighting its 
capability to detect low-level antigenemia in challenging samples. All 
negative samples were correctly identified as negative. The RNA- 
stratified results from the worldwide panel were shown in 
Supplementary Table S5.

To further assess performance across different specimen types, the 
ASSURE HCV Ab/Ag Rapid Test demonstrated 100% agreement (100/ 
100) across serum, plasma, venous whole blood, and finger-prick whole 
blood, supporting the suitability of the assay for point-of-care testing 
across diverse clinical settings (Supplementary Table S6).

4. Discussion

The inclusion of the HCV antigen detection component provides a 
significant advantage over conventional rapid tests that detect only anti- 
HCV antibodies. By detecting HCV core antigen, the ASSURE HCV Ab/ 
Ag Rapid Test enables the identification of acute or early-phase HCV 
infections, which may not yet elicit detectable antibody responses. This 
dual detection strategy advances the diagnostic window, allows for 
earlier intervention, and improves the overall sensitivity of HCV 
screening, particularly in individuals recently infected with HCV or 
immunocompromised patients. These results indicate that the ASSURE 
HCV Ab/Ag Rapid Test combines the rapidity and convenience of lateral 
flow immunoassays with the clinical benefit of detecting both HCV an
tibodies and antigen, making it a valuable tool for early and accurate 
HCV diagnosis. The added clinical benefit of antigen detection was 
further highlighted through seroconversion panel analysis. The ASSURE 
HCV Ab/Ag Rapid Test detected 73.5% of panel members and enabled 
diagnosis approximately ~17 days earlier than antibody-only rapid test 

Table 2 
Sensitivity of the ASSURE HCV Ab/Ag Rapid Test by Detection Component.

Detection 
Component

Reference Positive 
Specimens (n)

Sensitivity 95% Confidence 
Interval

Antibody Test 766 100% (766/ 
766)

99.52–100.00%

Antigen Test 277 38.63% (107/ 
277)

32.86–44.64%

Table 3 
Detection rate of ASSURE HCV Ag component by ARCHITECT HCV Ag con
centration (n = 277).

ARCHITECT HCV 
Ag (fmol/L)

No. of 
Samples (n)

Ag 
Positive 
(n)

Detection 
Rate

95% CI

< 700 98
13

13% 7.56–20.84%

700–2000 72
27

38% 27.43–49.70%

2000–5000 58
30

52% 39.47–64.20%

5000–10,000 33 25 76% 58.79–88.20%
> 10,000 16 12 75% 50.55–91.34%
Total 277 107 38.63% 32.86–44.64%

Table 4 
Comparative Early Detection Performance of ASSURE HCV Ab/Ag Rapid Test 
and Comparator Assays Using HCV Seroconversion Panels.

ASSURE HCV Ab/Ag 
Rapid Test

SD Bioline 
HCV

HCV Blot 
3.0

No. of panels tested 31 HCV Seroconversion Panels
Detected panel members / 

total panel members
222/302 152/302 131/302

Detection rate 73.50% 50.30% 43.40%
1st day of Detection of 

Infection
Reference + 16.9 

days
+ 17.2 
days
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and Western blot assay. Such earlier detection facilitates timely clinical 
intervention, rapid linkage to care, and the implementation of public 
health measures to reduce onward transmission.

The exceptionally high sensitivity (100%) and specificity (99.83%) 
observed in this study can be attributed to several key design features of 
the ASSURE HCV Ab/Ag Rapid Test. For antibody detection, the assay 
employs recombinant HCV Core antigen covering the regions known to 
elicit strong and early immune responses across all major genotypes. 
This broad antigenic coverage minimises the risk of false negatives due 
to genotype-specific epitope variation. For antigen detection, highly 
specific monoclonal antibodies targeting the conserved HCV core pro
tein ensure minimal non-specific binding. Furthermore, the dual- 
channel architecture (independent Ab and Ag test lines on a single de
vice) with separate conjugate-buffer systems reduces the risk of cross- 
reaction between the two detection systems. Together, these design el
ements account for the robust analytical and clinical performance 
observed across a diverse specimen panel encompassing six genotypes 
and multiple specimen matrices.

Consistent with World Health Organization (WHO) recommenda
tions, effective HCV screening assays must demonstrate high sensitivity 
to minimize missed infections and high specificity to reduce unnecessary 
follow-up testing and patient anxiety. The diagnostic performance 
observed in this study meets and exceeds these criteria, including in 
decentralized and resource-limited settings where access to molecular 
diagnostics may be constrained. In addition, the assay demonstrated 
excellent analytical specificity, with no false-positive results observed in 
extensive cross-reactivity studies involving a wide spectrum of viral, 
bacterial, and parasitic antibodies, post-vaccination samples, or speci
mens containing common endogenous and exogenous interfering sub
stances. These findings underscore the robustness and reliability of the 
assay in real-world clinical settings, where co-infections and underlying 
medical conditions are frequently encountered.

The absence of HCV antigen–positive specimens in the independent 
clinical evaluation represents a limitation in assessing the antigen 
detection performance of the ASSURE HCV Ab/Ag Rapid Test under 

real-world clinical conditions. However, data from characterized anti
gen panels provide insight into this aspect. Three antigen-positive 
samples were not detected by the antigen component of the ASSURE 
HCV Ab/Ag Rapid Test across the evaluated panels. These missed 
samples were associated with low antigen concentrations, as charac
terized by the Abbott ARCHITECT HCV Ag (CMIA) assay, with levels 
below 700 fmol/L, a concentration range that challenges even 
laboratory-based immunoassays. Several factors may contribute to the 
reduced sensitivity in this range: (i) at very low antigen concentrations, 
the probability of antigen-antibody-conjugate complex formation on the 
nitrocellulose membrane decreases non-linearly; (ii) the qualitative 
nature of the lateral flow readout means that faint test lines may be 
subjectively interpreted as negative; and (iii) competitive binding be
tween free circulating HCV core antigen and naturally occurring anti- 
core antibodies in chronically infected specimens may reduce effective 
free antigen concentration available for detection. These findings indi
cate that while the assay demonstrates strong overall performance, its 
sensitivity for HCV antigen detection may be affected in samples with 
low viral antigen levels, a factor that should be considered when inter
preting results, particularly in early or low-viremia infections.

This study has several limitations that should be considered when 
interpreting the findings. First, the independent clinical evaluation was 
conducted using a relatively small sample size from a single clinical site, 
which may limit the generalizability of the results to broader and more 
diverse populations. Second, due to the unavailability of HCV anti
gen–positive specimens at the clinical site, the antigen detection per
formance of the ASSURE HCV Ab/Ag Rapid Test could not be assessed in 
real-world clinical samples, and conclusions regarding this component 
rely on characterized panels rather than routine clinical specimens. 
Ideally, validation of the antigen detection component requires testing 
of specimens from patients with confirmed active HCV viraemia (RNA- 
positive, antigen-positive). The reliance on characterised commercial 
panels for antigen performance data, while providing useful analytical 
information, does not fully substitute for real-world clinical validation. 
Lastly, the study did not include detailed stratification by disease stage, 
viral load, or co-infection status, which may influence test performance, 
particularly in early or low-viremia infections. Further multi-centre 
studies with larger sample sizes, inclusion of HCV antigen-positive 
clinical specimens from patients with acute or untreated chronic infec
tion, and broader patient representation are warranted to fully validate 
the performance and utility of the assay in diverse clinical settings.

5. Conclusions

The ASSURE HCV Ab/Ag Rapid Test demonstrated high sensitivity 
and specificity for HCV detection across a large and diverse specimen 
panel, with equivalent performance across serum, plasma, venous whole 
blood, and finger-prick whole blood. The inclusion of HCV core antigen 
detection enables earlier identification of infection compared to 
antibody-only assays. The assay shows considerable promise as a point- 
of-care tool in decentralized and resource-limited environments, and its 
clinical value warrants further investigation in prospective multi-centre 
trials.
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Table 5 
Independent Clinical Evaluation of the Antibody Detection Component of the 
ASSURE HCV Ab/Ag Rapid Test at HSAAS, Malaysia.

Diagnostic Performance Performance 95% Confidence Interval

Sensitivity 100% (24/24) 85.75–100.00%
Specificity 100% (55/55) 93.51–100.00%
Positive Predictive Value 100% 85.75–100.00%
Negative Predictive Value 100% 93.51–100.00%
Kappa Value 1.000 0.946–1.000

Note: As no HCV antigen–positive specimens were available at this clinical site, 
only the antibody detection performance was evaluated.

Table 6 
Comparative performance of ASSURE HCV Ab/Ag Rapid Test against SD BioLine 
HCV Rapid Test using one (1) anti-HCV low titer and one (1) worldwide panels.

Source of Panels Panel No. Number 
of 
samples

ASSURE HCV 
Ab/Ag Rapid 
Test

SD BioLine 
HCV Rapid 
Test

SeraCare 
AccuSet™ 
Worldwide HCV 
Performance 
Panel

0810–0230 20 
Positive +
2 
Negative

Antibody: 7/7 
(100%); 
Antigen: 18/20 
(90%)*

Antibody: 7/ 
7 (100%)

SeraCare 
AccuSet™ Low 
Titer HCV 
Performance 
Panel

0810–0256 19 
Positive +
1 
Negative

Antibody: 18/ 
19 (94.74%) 
Antigen: 3/4 
(75%)*

Antibody: 
16/19 
(84.21%)

* The presence of antigen was characterized by Abbott ARCHITECT HCV Ag 
Test.
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