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ABSTRACT

Large-scale hepatitis C screening is required to prevent further spread of the
infection, improve access to care in the context of new HCV drug regimens without
interferon alpha and subsequently reduce the risk of long-term complications of chronic
liver disease. Rapid diagnostic tests (RDTs) represent an attractive alternative to enzyme
immunoassay using blood from venipuncture. The aim of the present study was to
prospectively assess the clinical performance of CE-marked RDTs detecting anti-HCV
antibodies in fingerstick capillary whole blood and/or oral fluid.

A total of 513 individuals, including 318 patients with chronic HCV infection, 25
patients with resolved HCV infection and 170 HCV-seronegative individuals, were
prospectively enrolled.

The specificity of RDTs with fingerstick whole blood varied from 98.8% to 100%.
The clinical sensitivity was high for the OraQuick® and Toyo® tests (99.4% and 95.8%,
respectively), but low for the Labmen® test (63.1%). The specificity and clinical sensitivity
in crevicular fluid were both satisfactory for the OraQuick® test (100% and 97.6%,
respectively).

HCV antibody RDTs were easy and rapid to perform in the context of patient care.
They were highly specific. Both the OraQuick® and Toyo® tests reached the expected level
of performance for broad-scale use, with a performance advantage for the OraQuick® HCV
test. RDTs appears as a promising new tool for broad-scale screening of HCV infection in
high- to medium-risk populations. Thus, careful assessment of the performance of HCV

RDTs must be recommended before they can be implemented in clinical practice.



INTRODUCTION

Chronic hepatitis C virus (HCV) infection is the leading cause of chronic hepatitis,
cirrhosis and hepatocellular carcinoma, and the main indication for liver transplantation in
industrialized countries [1]. HCV infection is also highly prevalent, and responsible for an
important burden of disease, in low- and middle-income areas. The complications of HCV
infection represent the 10t most frequent cause of death of infectious origin, with
approximately 350,000 deaths per year worldwide [2].

Because chronic hepatitis C is often asymptomatic until advanced stages of liver
disease develop, up to approximately 60% of infected patients are unaware of their
infection and related liver disease in industrialized areas [3, 4]. In low- to middle-income
areas, the vast majority of infected patients have not been diagnosed. Because chronic HCV
infection is curable and the virological results of therapy have dramatically improved
recently due to the arrival of new direct-acting antiviral drugs [5, 6], large-scale screening
is mandatory to identify infected patients and provide them with efficient therapies.

Large-scale screening of HCV infection is usually based on the detection of anti-HCV
antibodies in whole blood collected by venous puncture by means of enzyme immunoassay
(EIA). Rapid diagnostic tests (RDTs) represent an attractive alternative for HCV screening
and diagnosis because they use various matrices, including serum, plasma, but also
fingerstick capillary whole blood or oral fluid. RDTs offer the advantage of simplicity,
limited need for instrumentation, minimal training required, and rapid performance at
room temperature.

The aim of the present study was to prospectively assess the clinical performance of
different CE-marked RDTs detecting anti-HCV antibodies in fingerstick capillary whole

blood and/or oral fluid in a large cohort of HCV-infected and uninfected individuals.



MATERIELS AND METHODS

Patients

A total of 531 consecutive subjects were prospectively recruited between
September 2012 and November 2013 in the Departments of Hepatology and
Gastroenterology of Henri Mondor university hospital and “Centre Hospitalier
Intercommunal de Créteil“. The inclusion criteria were the following: 18 years or older,
seronegative or seropositive for HCV infection by EIA, no hepatitis B virus (HBV) or human
immunodeficiency virus (HIV) coinfection.

Group A comprised patients with chronic HCV infection, all of whom had detectable
anti-HCV antibodies and quantifiable HCV RNA. Group B comprised 25 patients with
resolved infection, including 12 patients who spontaneously cleared HCV infection after
acute infection and 13 patients who cleared infection after antiviral therapy. Group C
comprised 170 HCV-seronegative individuals. The study followed the principles of Good
Clinical Practice and was approved by the local ethics committee (Comité Consultatif de
Protection des Personnes dans la Recherche Biomédicale) in accordance with the Helsinki

Declaration. All patients gave their written informed consent.

Performance of the study

During their medical visit, each patient from group A, B or C had the RDTs
performed on different matrix specimens, including fingerstick whole blood for all RDTs
and crevicular fluid for one of them, by a dedicated nurse in the outpatient department.
The RDT was initially performed with crevicular fluid and then additional crevicular fluid
was collected 10-15 minutes later for one assay. Fingerstick whole blood was subsequently

tested with this RDT. In parallel, serum was collected from venous puncture to determine



the patient’s HCV status by means of standardized methods (EIA for anti-HCV antibodies
and real-time PCR for HCV RNA). The RDT readout and interpretation were performed by
the nurse, at the site of patient care. Another RDT readout was performed by an

independent reader in the central laboratory.

Laboratory measurements

Total anti-HCV antibodies were sought in blood by means of an automated third-
generation EIA assay (aHCV VITROS ECi™, Ortho-Clinical diagnostics, Raritan, New Jersey).
Crevicular fluids were collected by means of the Intercept® Oral Specimen Collection
Device (OraSure Technologies, Inc, Bethlehem, Pennsylvania) and anti-HCV antibodies
were sought by means of the Ortho® HCV 3.0 ELISA Test System with enhanced SAVe
(Ortho-Clinical Diagnostics), according to the manufacturer’s instructions. When
discrepant results were observed, additional serological tests were performed, including
the HCV Ab PLUS Access EIA test (Bio-Rad, Marnes-la-Coquette, France) and a third-
generation recombinant immunoblot assay (INNO-LIA™ HCV Score, Innogenetics, Ghent,
Belgium), when needed.

Serum HCV RNA levels were measured by means of a real-time PCR assay (m2000,
Abbott Diagnostics, Chicago, Illinois).

The HCV genotype was determined in all patients from group A by directly
sequencing a portion of the NS5B gene encoding the RNA-dependent RNA polymerase, as
previously described [7].

The HBV and HIV status were determined by means of commercial EIAs using the
VITROS ECi/ECiQ immunodiagnostic system (Ortho-Clinical Diagnostics) and the Architect

automated device (HIV Ag/Ab Combo, Abbott Diagnostic, Chicago, Illinois).



RDTs for anti-HCV antibody detection

Three CE-marked RDTs were evaluated for anti-HCV antibody detection in capillary
whole blood (all tests) and in crevicular fluid (one test); they included OraQuick® HCV
Rapid Antibody Test (OraSure Technologies, Bethlehem, Pennsylvania), Toyo® anti-HCV
test (Tirklab Medical Devices, Izmir, Turkey), and Labmen® HCV test (Tiirklab Medical
Devices). Capillary whole blood was collected from a finger using a sterile, disposable
Haemolance® Plus High Flow lancet (HaeMedic, Frankfurt-am-Main, Germany). Crevicular
fluid was collected on the OraQuick® HCV Rapid Antibody Test. All RDTs were performed

according to the manufacturer’s instructions.

Statistical analysis

Performance of the RDTs was assessed using the EIA result in serum as the
reference. Receiver operating characteristics (ROC) curve analysis was used to estimate the
threshold value of the EIA assay for detection of anti-HCV antibodies in crevicular fluid.
Confidence intervals were calculated by the Wilson score method. Statistical analysis was
performed with Stata® 10.0 (StataCorp LP, College Station, Texas). p values <0.05 were

considered as statistically significant.

RESULTS

Characteristics of the study population
Eighteen of the 531 initially screened individuals were excluded because they did
not meet the inclusion criteria; they included 16 HBsAg-positive patients, 2 HIV-

seropositive patients. As a result, 513 subjects were prospectively included in the analysis.



Table 1 shows the baseline characteristics of the analyzed population. Group A
comprised 318 patients with chronic HCV infection (63.5% were males and the median age
was 56 years). All of them had detectable anti-HCV antibodies (mean signal-to-cutoff value:
27.0+4.3; range 8.8-36.0) and HCV RNA (mean HCV RNA level: 5.8+0.8 Log IU/mL; range:
1.8-7.5). Most patients (94.3%) had never received anti-HCV therapy. Among the patients
from group A, 60.4% were infected with HCV genotype 1.

Group B comprised 25 patients with resolved HCV infection. All of them had
detectable anti-HCV antibodies (mean signal-to-cutoff value: 27.8+5.3; range: 11.5-34) and
HCV RNA below the lower limit of detection. Their mean age was 62 years and 56% were
male.

Group C comprised 170 HCV-seronegative individuals. Their median age was 41
years and 40.6% were males. Gender was the only baseline characteristic that statistically
differed across the 3 groups (p<0.001). Age was the only baseline characteristic that
statistically differed across HCV-seronegative and -seropositive subjects (p<0.001).

All of the 513 included patients’ whole blood and crevicular fluid specimens were
tested with the OraQuick® HCV Rapid Antibody test, whereas capillary whole blood was
tested in 502 of them with the Toyo® anti-HCV test. In contrast, only 243 capillary whole
blood specimens could be tested with Labmen® HCV test (177 from Group A, 2 from group
B and 64 from Group C), because this test was made available only 6 months after the start

of this prospective study.

Clinical performance of anti-HCV RDTs in fingerstick whole blood
Sensitivity and specificity
As shown in Table 2, the 3 RDTs had high specificity (98.8%-100%). Only 2 HCV-

seronegative subjects from group C tested anti-HCV antibody-positive with the Toyo® anti-



HCV Test. Frozen plasma from these two individuals was then retested with the same RDT
and the result was negative in both cases.

The clinical sensitivity, as compared to EIA in serum, was high for OraQuick® anti-
HCV Rapid Test (99.4%; 95%CI: 97.9%-99.8%) and Toyo® anti-HCV Test (95.8%: 95%CI:
93.0%-97.5%). In contrast, the clinical sensitivity of Labmen® HCV test was low (63.1%:
95%CI: 55.8%-69.8%).

Supplementary Table S1 shows the virological characteristics of the samples that
tested negative in RDTs in spite of being anti-HCV antibody-positive in serum by EIA. One
patient infected with genotype 4f was anti-HCV antibody-negative in the three RDTs in
spite of a high HCV RNA level (6.1 Log IU/mL) and a high signal-to-cutoff value in serum
with two EIAs (VITROS ECi and Access®). Another patient with detectable anti-HCV
antibodies in EIA was found negative with the OraQuick® test. Frozen plasma from both
patients were retested and found positive in the corresponding RDTs in all instances. The
INNO-LIA Score test was positive in both cases, with strong reactivity against core and NS3
proteins (Table S2).

Twelve patients with chronic hepatitis C from group A and 2 patients with resolved
infection from group B had a negative result with the Toyo® anti-HCV Test (Supplementary
Table S1). Twelve of them had a high signal-to-cutoff value in both EIAs in serum. Among
patients with chronic hepatitis C from group A, 11 had a high HCV RNA level. Frozen
plasma from all of them was retested with Toyo® anti-HCV Test. Twelve tested positive on
retesting and all of them were positive in INNO-LIA (Supplementary Table S2). In the
remaining two patients (Pt-5 and Pt-7 from group A), the Toyo® test tested negative again;
they included a genotype 2l-infected patient with a high signal-to-cutoff value in VITROS
ECi but a low one in Access® and a high HCV RNA level (6.4 Log IU/mL), and one patient

with low signal-to-cutoff values in both EIAs and a low HCV RNA level (2.6 Log IU/mL), in



whom the HCV genotype could not be determined (Supplementary Table S1). The INNO-
LIA Score test was positive for core only in the first patient and for NS3 and NS5A in the
second one (Supplementary Table S2).

Finally, among the 179 HCV-positive patients tested with Labmen® HCV Test, anti-
HCV antibodies were not detected by the RDT in 66 cases (36.9%). All except one had a
high signal-to-cutoff value for anti-HCV antibody detection in serum by EIA (on average
25.6 and 8.3 with VITROS Labmen® HCV Test ECi and Access, respectively) and
quantifiable HCV RNA (mean HCV RNA level: 6.0+0.6 Log IU/mL; range: 4.5-7.5).
Supplementary Table S1 shows their individual characteristics. Frozen plasma from all of
them was retested with Labmen® HCV Test and was found positive in only 30 cases
(45.4%).

Overall, no demographic or virological parameter, such as the age, gender, HCV
genotype or HCV RNA level, were found to be predictive of a falsely negative or positive
result with any of the RDTs tested.

Indeterminate results

The rate of success of the 3 RDTs was high (OraQuick®: 99.8%; Toyo®: 98.2%;
Labmen®: 99.2%). Only one specimen from an HCV-positive patient gave an indeterminate
result with the OraQuick® rapid test. This specimen was from a genotype la-infected
patient with an HCV RNA level of 5.3 Log [U/mL and a high signal-to-cutoff value for anti-
HCV antibody detection in serum by EIA (23.0 and 8.6 with VITROS ECi and Access,
respectively). In this patient, the INNO-LIA Score test was positive with strong reactivity
against all HCV proteins except NS5A (Supplementary Table S2).

Nine specimens from 2 HCV-negative patients and 7 HCV-positive patients gave an
indeterminate result with Toyo® anti-HCV Test. The 7 HCV-infected patients, including 5

from group A and 2 from group B, had high signal-to-cutoff values for anti-HCV antibody



detection in serum by EIA (ranges: 24.5-33.8 and 9.3-11.2 with VITROS ECi and Access,
respectively), whereas the 5 patients from group A had high HCV RNA levels ranging from
5.0 to 7.5 Log IU/mL. The INNO-LIA Score test was positive in all cases, with at least a
strong reactivity against core and NS3 proteins (Supplementary Table S2).

Only one specimen from an HCV-seronegative patient gave an indeterminate result
with the Labmen® rapid test.

Frozen plasma from all patients with an indeterminate RDT result were retested

with the corresponding RDTs and the result confirmed EIA in serum in all cases.

Clinical performance of an anti-HCV RDT in oral fluid

Specificity, sensitivity

The specificity of the OraQuick® HCV Rapid Antibody Test on this matrix was 100%
(95%CI: 97.9%-100%). Its clinical sensitivity was 97.6% (95%CI: 95.4%-98.8%) (Table 2).
A negative result with OraQuick®in crevicular fluid was observed in only 6 patients with
chronic hepatitis C and 2 with resolved infection. No demographic or virological parameter
predicted the false-negative result. All 8 patients had a high signal-to-cutoff value with both
EIA assays in serum and 5 of 6 patients with chronic infection had an HCV RNA level higher
than 5.2 Log IU/mL (Supplementary Table S3). The INNO-LIA Score test was positive in all
cases, with a strong reactivity against at least the core and NS3 proteins.

In order to assess whether the false negative results could be explained by the
absence of anti-HCV antibodies in crevicular fluid, crevicular fluid was tested with the EIA-
based Ortho HCV 3.0 Test System with Enhanced SAVe in all HCV-infected subjects from
groups A and B and in HCV-seronegative subjects from group C, and the results were
expressed as optical densities (Figure 1). Among the 511 crevicular fluid specimens tested,

the meanzstandard error to the mean (SEM) optical densities were 1.2470+0.0513 and



0.0073£0.0021 in anti-HCV positive (groups A and B) and -negative (group C) patients,
respectively (p<0.0001). Based on ROC curve analysis, the optimal optical density cutoff
value splitting HCV-positive from -negative patients was 0.0195 (Figure 1). This cutoff
value was associated with a sensitivity of 97.1% (95%CI: 94.7%-98.6%) and a specificity of
97.1% (95%CI: 93.3%-99.0%). Ten crevicular fluid specimens yielded a falsely negative
EIA result with a mean optical density of 0.0074+0.0057 (Figure 1), including nine
collected from patients with chronic hepatitis C and one from a patient with resolved
infection. Among the 7 patients with available oral specimens and a falsely positive result
as compared with serum, 5 had anti-HCV antibodies in crevicular fluid (Supplementary
Table S3).

Indeterminate results

Only five HCV-positive patients from group A had an indeterminate result of the
Oraquick® test in crevicular fluid. Their HCV RNA levels ranged from 1.8 to 6.9 Log IU/mL
and the signal-to-cutoff EIA values in serum were high in all instances (range: 17.0-29.9
and 7.1-11.6 in VITROS ECi and Access, respectively). All of them had a positive detection of
anti-HCV antibodies with the RDTs in capillary whole blood. The INNO-LIA Score test was
positive in all cases, with strong reactivity against core and NS3 proteins (Supplementary

Table S2).

DISCUSSION

Large-scale HCV screening is now required to prevent further spread of the
infection, improve access to care in the context of new, potent and well-tolerated HCV drug
regimens without interferon alpha [5, 6, 8], and subsequently reduce the risk of long-term

complications of chronic liver disease. In this context, rapid diagnostic tests performed



from capillary whole blood or crevicular fluid, that can be performed at the site of patient
care without the need for a virology laboratory, represent an interesting alternative to
classical virological tests performed from serum or plasma obtained by venipuncture.

A recently published meta-analysis suggested that anti-HCV antibodies can be
reliably sought by means of RDTs [9]. The results of this prospective study show that the
OraQuick® and Toyo® RDTs display satisfactory clinical performance for the detection of
anti-HCV antibodies in fingerstick capillary whole blood and, in the case of the OraQuick®
test, in crevicular fluid. In contrast, the performance of the Labmen® RDT did not reach the
level required by the Medical Devices and in Vitro Diagnostic Directive of the European
Union, nor complied with the WHO performance acceptance criteria. These findings
emphasize the need for proper evaluation of RDT performance prior to their broad use for
screening and diagnosis of HCV infection.

In our experience, the OraQuick® HCV Rapid Antibody Test had the best
performance for anti-HCV antibody detection in both capillary whole blood and crevicular
fluid. The high positive and low negative likelihood ratios found with the OraQuick® and
Toyo® rapid tests indicate that they can both meaningfully inform the probability of
infection. Given the convenience of RDTs and their rapid turnaround time, these results
illustrate their potential for expanded first-line screening of HCV infection and
demonstrate the utility of capillary whole blood or crevicular fluid for large-scale screening
of at-risk populations.

False-negative results are a particular concern in large-scale screening, because they
can lead to a substantial number of missed cases. Surprisingly, the number of false-negative
results was higher with the Toyo® RDT in fingerstick whole blood than with the OraQuick®
test in oral fluid, although a slightly higher false-negative result rate was observed in

crevicular fluid than in fingerstick whole blood with this test. These results are explained



by the high quality of oral fluid collection, and by the fact that oral fluid contains at least 5
times lower concentrations of antibodies than blood [10]. They are in keeping with the
reported high sensitivity of anti-HCV antibody detection in oral fluid in HCV RNA-positive
patients [11]. No specific anti-HCV antibody profile, as assessed by the INNO-LIA Score test,
explained the false-negative results, whatever the matrix and rapid test used. Indeed,
antibodies against two major epitopes in the core and NS3 proteins were found by this
immunoblot-based assay in the vast majority of patients with a false-negative result of an
RDT. Interestingly, the isolated presence of anti-core or anti-NS3 antibodies appeared to be
sufficient for the OraQuick® test to be positive in fingerstick whole blood.

Our study has some limitations. First, it was performed in a population of patients
with diagnosed chronic HCV infection. Whether similar performance can be obtained when
testing low-risk populations remains to be determined. Secondly, no acute HCV infection
cases were included. Thirdly, the number of clinical specimen tested with the Labmen test
was lower. Finally, the performance of RDTs in HIV-coinfected patients was not tested.
RDTs may indeed be less sensitive in such patients, as already suggested [12-14], due to a
lower amount of immunoglobulins in oral fluid, particularly in patients with residual HIV
replication [15].

In conclusion, our prospective study, based on a large number of well-characterized
non-infected individuals and patients with chronic HCV infection related to different
genotypes, showed that anti-HCV antibodies can be easily and reliably detected by RDTs.
These tests are easy and rapid to perform in the context of patient care, and they are highly
specific. Both OraQuick® HCV Rapid Antibody Test and Toyo® anti-HCV test reached the
expected level of performance for broad-scale use, with a performance advantage for the
OraQuick® HCV test. RDT detection of anti-HCV antibodies in fingerstick whole blood or

crevicular fluid thus appears as a promising new tool for broad-scale screening of HCV



infection in high- to medium-risk populations, provided that the tests used have been
properly evaluated and have demonstrated appropriate performance. Thus, careful
assessment of the performance of HCV RDTs must be recommended before they can be

implemented in clinical practice.
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FIGURE LEGENDS

Figure 1. Dot-plot of optical density values assessed with the third-generation EIA assay
(Ortho® HCV 3.0 ELISA Test System with enhanced SAVe, Ortho-Clinical Diagnostics) in
crevicular fluid according to the HCV status: HCV-seropositive patients (groups A and B)

and HCV-seronegative individuals (group C).



Table 1. Demographic and virological characteristics of the study population, including

subjects with chronic HCV infection (Group A), subjects seropositive for HCV with

resolved infection (Group B) and subjects seronegative for HCV (Group C).

Group A Group B Group C
(n=318) (n=25) (n=170)
Age, median (year, range) 56 (27-87) 62 (28-73) 41 (18-80)
Male gender, n (%) 202 (63.5) 14 (56.0) 69 (40.6)
Treatment-naive, n (%) 300 (94.3) 12 (48.0) NA
Anti-HCV antibodies signal /cutoff (mean+SD) 27.0+4.3 27.8+5.3 0.1+0.1
HCV RNA level, mean+SD [Log IU/mL] 5.80+0.80 <1.10 <1.10
HCV RNA > 800,000 IU/mL, n (%) 156 (49.1) 0 0
HCV genotype, n (%)
1 189 (60.4) NA NA
2 16 (5.1) NA NA
3a 40 (12.8) NA NA
4 61 (19.5) NA NA
5a 3(0.9) NA NA
6 4(1.3) NA NA

NA: not applicable




Table 2. Performance of anti-HCV antibody RDTs with fingerstick whole blood or oral

fluid, using the EIA result in serum as the reference

| Specificity (95%CI) ‘ Sensitivity (95%CI) ‘ LR+ \ LR-

Fingerstick whole blood

OraQuick® HCV | 100% (97.9%-100%) | 99.4% (97.9%-99.8%) 00 0.006
Rapid Antibody Test

Toyo® anti-HCV test | 98.8% (95.8%-99.7%) | 95.8% (93.0%-97.5%) | 78.50 | 0.043

Labmen® HCV test | 100% (94.4%-100%) | 63.1% (55.8%-69.8%) | o | 0.369

Oral fluid

OraQuick® HCV | 100% (97.9%-100%) | 97.6 (95.4%-98.8%) 00 0.024
Rapid Antibody Test

EIA: enzyme immunosorbent assay; LR+: positive likelihood ratio; LR-: negative
likelihood ratio.
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