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Abstract Rapid diagnostic tests (RDTs) can serve as good

alternatives to standard serological assays for hepatitis C

virus (HCV) detection in limited resource settings. Aim of

this study was to evaluate performance of three Indian

manufactured RDTs with chemiluminescent microparticle

immunoassay (CLIA) for screening of HCV infection with

further evaluation using HCV RNA. Serum samples tested

for anti-HCV by CLIA (Architect i1000SR, Abbott Diag-

nostics, IL, USA) were retrieved from - 80 �C and

retested for anti-HCV by three RDTs: Alere Trueline (SD

Bioline; Haryana, India) (RDT 1), Benesphera HCV Rapid

card test (Avantor Performance Materials India Limited;

Uttarakhand, India) (RDT 2), AccuTest HCV (Accurex

Biomedical Pvt. Ltd.; Mumbai, India) (RDT 3). HCV RNA

results were obtained from hospital information system and

anti-HCV reactive but RNA negative cases without treat-

ment were considered as either ‘false positives’ or ‘spon-

taneous clearance of HCV RNA’. Among 86 samples, 75

(87.2%), 49 (57%), 58 (67.4%) and 51 (59.3%) were

reactive by CLIA, RDT1, RDT2 and RDT3, respectively.

Taking CLIA as reference standard, RDT 1, 2 and 3

demonstrated sensitivity of 65.30%, 77.33% and 68%

respectively. Specificity of all three RDTs was 100% with

sensitivity of 97.6–100% above signal/cut-off ratio (S/Co)

of 6 by CLIA and 88–100% in all HCV RNA positive

cases. Sensitivity of RDTs increased from 65.30–77.33 to

72–82.4% when RNA negative/anti-HCV reactive results

were considered as non-reactive. The three RDTs have

acceptable sensitivity and specificity in anti-HCV detection

especially in RNA positive patients that would require

treatment for HCV.
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Introduction

Hepatitis C is a global health problem and approximately

2–3% of the world’s population is chronically infected with

hepatitis C virus (HCV), which amounts to an estimated

170 million people [1]. HCV leads to 27% of cirrhosis,

25% of hepatocellular carcinoma, and causes more than

350,000 deaths each year [2]. Screening of HCV infection

is therefore mandatory particularly in high-risk epidemio-

logic settings [3]. As per WHO recommendations, current

screening for HCV is based on anti-HCV antibody detec-

tion followed by HCV RNA determination using nucleic

acid amplification tests (NAT) for confirmation of active

replication [4]. Serological assays are based on the

immunoassay principle, and are available in the form of

rapid diagnostic tests (RDTs) or laboratory-based enzyme

immunoassays (EIAs), chemoluminescent microparticle

immunoassays (CLIAs) and electrochemoluminescence

immunoassays (ECLs) [4].
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Nowadays, automated immunoasssays like CLIA ana-

lyzers are widely used, particularly in high-volume clinical

laboratories as these instruments offer excellent precision

and reliability, high-speed throughput, random access, and

the technical simplicity of full automation [5, 6]. However,

need of sophisticated equipment, trained technicians, con-

tinuous supply of electricity, and high facility costs make

them unsuitable for use in limited resource settings [7].

In settings with limited access to the laboratory infras-

tructure or testing and where rapid testing can facilitate

linkage to treatment and care, RDTs prove to be good

alternatives. RDTs are single-use disposable assays that are

provided in simple-to-use formats that generally require no

additional reagents except those supplied in the test kit.

They are read visually and can give a simple qualitative

result in 15–20 min. Due to their simplicity, low cost and

rapid turnaround time, they can be performed by trained

lay providers or health-care workers, without the need for

venepuncture [4]. However, several vital uncertainties

remain regarding their use, including the variable perfor-

mance characteristics of different RDTs available in the

market [8]. Hence using the most sensitive RDT is

important in order to identify true hepatitis C infected

individuals.

With the launch of National Hepatitis Control Program

in India, main focus lies in decentralization of testing

facilities to fulfil the gap of delayed diagnosis. Also, lim-

ited data is available regarding the performance evaluation

of RDTs manufactured in India for the detection of anti-

HCV antibodies. Hence, this study aims to compare the

diagnostic performance of three different RDTs manufac-

tured by different Indian companies with CLIA (taken as

reference standard) for the detection of anti-HCV antibody

in patients of suspected HCV infection with further eval-

uation using HCV RNA.

Materials and methods

Study population

In this retrospective study conducted in the department of

Clinical Virology in a tertiary liver-care hospital in Delhi

from March to May 2018, blood samples from clinically

suspected cases of HCV infection with deranged liver

function tests had been sent to the Virology laboratory to

screen for HCV via CLIA on a routine basis and serum

samples were archived at - 80 �C. Once thawed samples

retrieved from - 80 �C were only used and retested for

anti-HCV on RDTs manufactured by three different Indian

companies.

Patients with HIV and/or HBV co-infection, those on

immunosuppressive therapy, and insufficient or hemolyzed

or lipemic samples were excluded from the study. Details

of liver function tests (LFT), kidney function tests (KFT)

and clinical records were obtained from the hospital

information system (HIS).

Chemiluminescent microparticle immunoassay

(CLIA) (reference assay)

All the samples included in the study were tested for anti-

HCV using CLIA (Architect i1000SR, Abbott Diagnostics,

IL, USA) as per the manufacturer’s protocol. The results

were expressed as signal/cut-off ratio (S/Co). Specimens

with S/Co of\ 0.90 were considered as nonreactive,

between 0.9 and 1.0 as indeterminate and C 1 as reactive.

CLIA results were retrospectively obtained from the HIS.

A total of 86 samples were taken in this study of which

75 (87.2%) were reactive and 11 (12.8%) non-reactive by

CLIA.

Real-time PCR for HCV RNA quantitation

Wherever HCV RNA results were available in the HIS

among the anti-HCV reactive cases included in the study,

they were also recorded. HCV RNA test was performed by

the Abbott Real Time HCV assay (Abbott, Weisbaden,

Germany) on the automated m2000rt platform, as per the

manufacturer’s instructions. Results were expressed as IU/

ml. Lower limit of detection for the assay was 12 IU/ml

with a linear range of 12–108 IU/ml.

Anti-HCV rapid diagnostic tests

All three RDTs were lateral flow devices in which a

membrane strip was used precoated with recombinant HCV

capture antigen (core, NS3, NS4 and NS5) on test band

region. The protein A-colloid gold conjugate and serum

sample moved along the membrane chromatographically to

the test region and formed a visible line as the antigen–

antibody-protein. A gold particle complex was formed.

Interpretation of the results was similar for all three assays.

An assay was interpreted as negative if a control line was

present (regardless of intensity) with no corresponding test

line. Appearance of a control line and a test line indicated a

positive result. The following three RDTs were used in the

study and their procedural details are described in Table 1:

RDT 1 [AlereTrueline (SD Bioline; Haryana, India)]; RDT

2 [Benesphera HCV Rapid card test (Avantor Performance

Materials India Limited; Uttarakhand, India)]; RDT 3

[AccuTest HCV (Accurex Biomedical Pvt. Ltd.; Mumbai,

India)].
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Statistical analysis

86 samples were retrospectively selected and sample size

calculation was done based on comparing the sensitivity of

the new test with reference test as follows: Sensitivity of

the new test as seen in previous studies [9] (%): 90; Sen-

sitivity of the reference test (%): 100; Difference (%): 10;

Power (1-beta) (%): 80; Alpha error (%): 5; 1 or 2 sided: 2;

No. of diseased subjects needed: 73; Drop-out rate: 8%;

Total no. of samples required: 81.

Comparison of the results obtained from RDTs was

done with respect to CLIA results (taken as reference

standard) to find out the diagnostic parameters of the three

assays. Results obtained from CLIA and RDTs were fur-

ther evaluated with HCV RNA results. Cases that were

anti-HCV reactive and HCV RNA negative without any

prior treatment were considered as either ‘false positive for

active infection’ or ‘spontaneous clearance of HCV RNA’

in this study. The diagnostic parameters of the three RDTs

were re-evaluated after ruling out RNA negative and anti-

HCV reactive cases. Besides this, data has been repre-

sented as median (range) or in frequencies. 95% confidence

interval (CI) of diagnostic parameters was seen by applying

Wilson score. The analysis was carried out using SPSS

version 22.0 (IBM Corp, Armonk; NewYork, USA) and

Open Epi (version 3.01).

Results

Baseline characteristics of the study group

A total of 86 patients with a median age of 47.5 (12–79)

years were included in the study; out of which 75 (87.2%)

were reactive and 11 (12.8%) non-reactive by CLIA.

Baseline characteristics of the study group are depicted in

Table 2.

Comparative analysis of three RDTs with CLIA

for detection of anti-HCV

Anti HCV was detected by RDT 2 in 58 (67.4%) cases

followed by RDT 3 [51 (59.3%)] and RDT 1 [49 (57%)]

(Table 3).

Evaluation of RDTs in relation to different ranges

of S/Co on CLIA

The comparative analysis of sensitivity of the three HCV

RDTs to different ranges of S/Co ratios obtained from

CLIA is depicted in Table 4. Overall, sensitivity of the 3

RDTs was approximately 100% above S/Co of 6 by CLIA.

Out of 34 CLIA reactive cases with a low S/Co range of

1–6, RDT 2 was able to detect 17 (50%) anti-HCV reactive

cases whereas RDT 3 and RDT 1 were able to detect 11

(32.3%) and 9 (26.5%) reactive cases respectively.

Table 1 Procedural details of rapid diagnostic tests (RDTs) used in the study

RDT Type of specimen Amount of specimen

required (ll)

Amount of assay diluent

required (ll)

Time required for interpreting the test

results (min)

RDT

1

Whole blood/

serum/plasma

10 120 5–20

RDT

2

Serum/plasma 25 80 10–20

RDT

3

Whole blood/

serum/plasma

25 60 20

Table 2 Baseline characteristics of the study group

Total (n) 86

Age (years); median (range) 47.5 (12–79)

Male [n (%)] 54 (62.8%)

Female [n (%)] 32 (37.2%)

Male: female 1.7:1

Bilirubin (total) (mg/dl); median (range)

(Normal range: 0.1–0.2 mg/dl)

2.1 (1.2–30.7)

ALT (IU/L); median (range)

(Normal range: 7–56 IU/ml)

151 (70–1021)

AST (IU/L); median (range)

(Normal range: 10–40 IU/ml)

127 (62–8886)

Serum urea (mg/dl); median (range)

(Normal range: 7–20 mg/dl)

40.15 (1.27–266.3)

Serum creatinine (mg/dl); median (range)

(Normal range: 0.6–1.2 mg/dl)

0.91 (0.31–97)
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Evaluation and interpretation of results of the three

RDTs and CLIA in relation to HCV RNA

Both CLIA and the three RDTs were evaluated using HCV

RNA as gold standard as shown in supplementary Fig. 1.

Data on HCV RNA was available for 40/75 (53.3%) cases

of which 7 (17.5%) were negative and 33 (82.5%) showed

a significant viral load with a median value of 5.66

(1.08–6.30) log10 IU/ml. CLIA showed positivity in all 7

RNA negative cases but showed reactive results in all RNA

positive cases. All 7 RNA negative and anti-HCV reactive

cases via CLIA who were treatment naı̈ve were considered

as either ‘false positive for active infection’ or ‘sponta-

neous clearance of HCV RNA’ in this study. For verifi-

cation of results, second aliquots of the same serum and

plasma samples of the 7 RNA negative cases were

retrieved from - 80 �C and retested for anti-HCV via

CLIA and the 3 RDTs as well as for HCV RNA; but results

were similar as before (depicted in supplementary Fig. 1).

Overall, among the four assays (CLIA and the three

RDTs), RDT 2 (Benesphera assay) showed the best results

with no false negative results and 2 false positive results

(supplementary Fig. 1).

Keeping in mind HCV RNA as the gold standard for

confirmation of infection, individual S/Co ratios of the

CLIA results were also evaluated and it was found that all

the 7 RNA negative cases were anti-HCV reactive via

CLIA and had S/Co ratio of\ 6. The three RDTs

demonstrated variable and low sensitivity for anti-HCV

detection (when compared with CLIA results) in cases

where S/Co ratio via CLIA was\ 6 (supplementary

Fig. 2). In contrast, among cases with S/Co ratio of [ 6;

there were no RNA negative cases, all RNA positive cases

demonstrated reactive anti-HCV via CLIA and all RDTs

also demonstrated almost 100% sensitivity in these cases

(supplementary Fig. 3).

Table 5 shows the performance characteristics of the

three RDTs before and after considering the 7 HCV RNA

negative cases as Anti-HCV non-reactive. Out of 86 sam-

ples, there were 75 (87.2%) CLIA anti-HCV reactive cases;

of which 7 (9.3%) turned out to be HCV RNA negative.

Hence, true anti-HCV reactive and non-reactive cases in

the study were 68/86 (79%) and 18/86 (21%) respectively.

Taking 75 CLIA reactive cases as the reference standard,

the performance characteristics of the 3 RDTs have been

depicted under the ‘before’ category of Table 5 and taking

68 CLIA reactive cases as the reference standard, the

performance characteristics of the 3 RDTs have been

depicted under the ‘after’ category of Table 5.

All three RDTs demonstrated increased sensitivity and

negative predictive values (NPV) after clearing out the 7

RNA negative and anti-HCV reactive results via CLIA; but

there was a slight decrease in the specificity and positive

predictive values (PPV) of RDTs 2 and 3 (Table 5) as both

showed two anti-HCV reactive results respectively among

these 7 cases as shown in supplementary Fig. 1. Overall,

Table 3 Comparative analysis

of three RDTs with CLIA for

detection of anti-HCV (n = 86)

Test results based on CLIA RDT 1a [n (%)] RDT 2b [n (%)] RDT 3c [n (%)]

Reactive; n = 75 49 (57) 58 (67.4) 51 (59.3)

Non-reactive; n = 11 37 (43) 28 (32.5) 35 (40.7)

aRDT 1: AlereTrueline (SD Bioline); Haryana, India
bRDT 2: Benesphera HCV Rapid card test; Avantor Performance Materials India Limited; Uttarakhand,

India
cRDT 3: AccuTest HCV; Accurex Biomedical Pvt. Ltd.; Mumbai, India

Table 4 Comparative

evaluation of the RDTs with

different S/Co ratios for anti-

HCV by CLIA

CLIA S/Co (n) RDT1 reactive [n (%)] RDT2 reactive [n (%)] RDT3 reactive [n (%)]

\ 0.9 (11) 0 (0) 0 (0) 0 (0)

1–2 (15) 1 (6.7) 3 (20) 1 (6.7)

2–4 (12) 4 (33.3) 8 (66.7) 6 (50)

4–6 (7) 4 (57) 6 (85.7) 4 (57)

6–10 (7) 7 (100) 7 (100) 7 (100)

10–14 (30) 29 (96.7) 30 (100) 29 (96.7)

[ 14 (4) 4 (100) 4 (100) 4 (100)

Total (86) 49 (57) 58 (67.4) 51 (59.3)

Interpretation of S/Co by CLIA

\ 0.9—non-reactive

[ 1—reactive
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RDT 2 demonstrated the best performance characteristics

with CLIA followed by RDT 3 and then RDT 1 (Table 5).

Discussion

This study evaluated and compared the results and diag-

nostic characteristics of three RDTs manufactured by dif-

ferent Indian companies with CLIA (taken as reference

standard) as screening assays for the detection of anti-HCV

antibody in patients with suspected HCV infection. CLIA

results were also evaluated using HCV RNA as the gold

standard in order to further analyse the results of the three

RDTs. To the best of our knowledge, this is the first study

which evaluates the diagnostic efficacy of RDTs manu-

factured by Indian companies for the screening of Hepatitis

C infection.

Overall, sensitivity of the RDTs in the study ranged

from 65.30 to 77.33% which increased to 72–82.4% when

7 RNA negative results were excluded. This is in contrast

with other two studies where sensitivity of 86.8–97.8% and

97.1% respectively were reported on performance evalua-

tion of RDTs which were not manufactured in India with

CLIA [9, 10]. Specificity of the RDTs in the study ranged

from 89 to 100% which is similar to other studies [9, 10].

Five other published studies have compared RDTs to EIA

as reference and demonstrated the pooled RDT sensitivity

and specificity as 99% and 100% respectively [11–15].

In this study, when HCV RNA was taken as the gold

standard, RDTs 2 and 3 demonstrated two anti-HCV

reactive results among the 7 RNA negative cases. Although

WHO guidelines have recommended that NAT should be

used only as a confirmatory test for detection of current

viremic infection and is not an appropriate reference to

assess RDT diagnostic performance [4]; NAT results were

still preferred in this study only to rule out the RNA neg-

ative and anti-HCV reactive cases via CLIA so as to get the

true anti-HCV reactive cases against which the RDT results

can be compared in a more accurate manner. Several

studies have compared RDT results to NAT or immunoblot

in which the pooled sensitivity and specificity of RDTs

were 93% and 98%, respectively [9, 16–27].

Other RDTs, such as Anti-HCV Ab rapid test (Te-

maRicerca, Bologna, Italy), SMHCV Rapid Test

(SEROMedLaborSpezialitaten, Pollenfeld,Germany),

Multiplo Rapid HIV/HCV Antibody Test (MedMira, Hal-

ifax, Nova Scotia, Canada) were previously studied, with

sensitivity and specificity ranging from 78.9–100% to

83.3–100%, respectively [14, 24, 28]. In this study, RDT 2

(Benesphera assay) demonstrated comparable diagnostic

performance as the above mentioned RDTs made by

manufacturers from outside India. A recent meta-analysis

on diagnostic performance of RDTs for hepatitis C diag-

nosis concluded that inspite of excellent specificity, sig-

nificant variation in sensitivity (22–100%) had been

observed [3] which also holds true in this study where all

the three RDTs demonstrated varied performance charac-

teristics with RDT 2 (Benesphera assay) showing the best

diagnostic efficacy followed by RDT 1 (AlereTrueline

assay) and then RDT 3 (AccuTest assay).

When the results of CLIA and RDTs in this study were

compared with NAT results, it was found that all the 7

RNA negative cases were anti-HCV reactive via CLIA and

had S/Co ratio of\ 6. The three RDTs demonstrated

variable and low sensitivity for anti-HCV detection (when

compared with CLIA results) in cases where S/Co ratio via

CLIA was\ 6. Previous published studies [9] and CDC

(Testing for HCV infection: An update of guidance for

clinicians and laboratorians. MMWR 2013; 62: 18) have

stated that low antibody titres might be suggestive of

resolved past infection or these may be biological false

positives in HCV seen due to cross-reactive circulating

antigens and antibodies as in cases of pregnancy, autoim-

mune diseases, nephrotic syndrome, Human immunodefi-

ciency virus, hepatitis B Virus, herpes simplex virus

infection, portal cirrhosis, etc. [29–32]. Besides, previous

studies have also demonstrated that HCV infections spon-

taneously clear in approximately 15–45% of infected

Table 5 Performance characteristics of the three RDTs for the detection of anti-HCV antibody before and after considering the 7 HCV RNA

negative cases as Anti-HCV non-reactive

Characteristics RDT 1

(Before) (%)

RDT 1

(After) (%)

RDT 2

(Before) (%)

RDT 2

(After) (%)

RDT 3

(Before) (%)

RDT 3

(After) (%)

Sensitivity 65.30 72 77.33 82.4 68 72

Specificity 100 100 100 89 100 89

Positive predictive value 100 100 100 96.5 100 96

Negative predictive value 29.73 48.6 39.39 57 31.43 45.7

Before: Previous results considering the 7 HCV RNA negative cases as anti-HCV reactive (n = 75)

After: New results after considering the 7 HCV RNA negative cases as anti-HCV non-reactive (n = 68)
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individuals without treatment [33]. Hence, all 7 RNA

negative and anti-HCV reactive cases via CLIA who were

treatment naı̈ve in this study were considered as either

‘false positive for active infection’ or ‘spontaneous clear-

ance of HCV RNA’. Although spontaneous clearance of

HCV RNA can be the cause of RNA negativity and anti-

HCV reactivity in these 7 cases; however these cases

depicted a very low S/Co ratio ranging from 1.61 to 3.08

via CLIA along with lack of concordance with the results

of the 3 RDTs used in the study (as depicted in supple-

mentary Fig. 1) and hence these 7 patients were more

likely to be ‘false-positive cases’. This is in accordance

with a study by Gupta et al. [34] which showed that S/Co

ranging from 1 to 4 is associated with false positive results

in HCV. Another study by Kesli et al. [35] showed that a

cut-off index of B 5 by CLIA is suggestive of false posi-

tive anti-HCV result on comparing with HCV RNA results.

CDC has also recommended that S/CO ratio of C 5.0 via

CLIA is predictive of a true positive C 95% of the time

[Signal-to-Cut–Off Ratios for Commercially Available

Assays’’. https://www.cdc.gov/hepatitis/hcv/labtesting.htm

(last reviewed on 15th October, 2015)].

This study was done to evaluate the performance of

RDTs as a screening test for HCV diagnosis and since

screening test should be highly sensitive, CLIA was chosen

as the reference standard but the disadvantage of higher

false positive results with CLIA as compared to ELISA had

already been reported [35]. Since all three RDTs in this

study demonstrated low sensitivity in detecting low anti-

body titres, hence the overall sensitivity of RDTs was

lower when compared with CLIA results but increased by

5–7% when the 7 RNA negative results were ruled out.

In cases with a high S/Co of 6 and above, all three RDTs

were able to detect 97.6–100% of anti-HCV reactive cases.

The three RDTs in the study also demonstrated 88–100%

sensitivity for anti-HCV detection in all 33 HCV RNA

positive cases; thus proving that they were able to detect

most of the currently viremic patients who required

treatment.

To the best of our knowledge, this is the first study

which has determined S/Co of 6 regarding the sensitivity of

RDTs in comparison with CLIA for the detection of anti-

HCV antibody. This is in accordance with a study by Kesli

et al. [35] which showed that a cut-off index of B 5 by

CLIA is suggestive of false positive anti-HCV result on

comparing with HCV RNA results but no RDT was

included in that study. Since, all three RDTs in this study

were able to detect almost 100% of anti-HCV reactive

cases with S/Co ratio of[ 6 via CLIA (suggestive of true-

positives); hence they can be used as fairly efficient

screening assays for the diagnosis of Hepatitis C.

Limitations of this study: The patients could not be

followed up as well as fresh samples and HCV RNA results

could not be obtained for all included patients in the study

for authenticity of results as this was a retrospective study.

Expanded use of RDTs in resource-limited settings may

mitigate the challenges of specimen collection, processing

and transportation to laboratory services, and allow for the

simplification of testing. Overall, despite variable perfor-

mance characteristics of different RDTs evaluated in the

study, they have acceptable sensitivity and specificity in

anti-HCV detection especially in patients requiring treat-

ment for Hepatitis C.

Compliance with ethical standards

Ethical statement Institutional Ethics Committee (IEC) of ILBS

approved the study protocol.

Conflict of interest The authors declare that they have no conflict of

interest.

References

1. Hanafiah KM, Groeger J, Flaxman AD, Wiersma ST. Global

epidemiology of hepatitis virus C infection: new estimates of age

specific antibody to HCV sero-prevalence. Hepatology.

2013;57:1330–42.

2. Lee MH, Yang HI, Yuan Y, L’Italien G, Chen CJ. Epidemiology

and natural history of hepatitis C virus infection. World J Gas-

troenterol. 2014;20(28):9270–80.

3. Shivkumar S, Peeling R, Jafari Y, Joseph L, Pant PN. Accuracy

of rapid and point-of-care screening tests for hepatitis C. A sys-

tematic review and meta-analysis. Ann Intern Med.

2012;157(8):558–66.

4. Guidelines on hepatitis B and C testing. World Health Organi-

zation February; 2017.

5. Dufour DR, Talastas M, Fernandez MDA, Harris B. Chemilu-

minescence assay improves specificity of hepatitis C antibody

detection. Clin Chem. 2003;49:940–4.

6. Kim S, Kim JH, Yoon S, Park YH, Kim HS. Clinical Perfor-

mance evaluation of four automated chemiluminescenceim-

munoassays for hepatitis C virus antibody detection. J Clin

Microbiol. 2008;46(12):3919–23.

7. John AS, Price CP. Economic evidence and point-of-care testing.

Clin Biochem Rev. 2013;34:61–74.

8. Ward R, Willcox M, Price CP, Abangma G, Heneghan C,

Thompson M, et al. Diagnostic technology: point-of-care testing

for hepatitis C virus. Horizon scan report 0018 September 27th

2011.

9. Smith BD, Drobeniuc J, Jewett A, Branson BM, Garfein RS,

Teshale E, et al. Evaluationof three rapid screening assays for

detection of antibodies to hepatitis C virus. J Infect Dis.

2011;204:825–31.

10. da Rosa L, Dantas-Correa EB, Narciso-Schiavon JL, de Lucca

Schiavon L. Diagnostic performance of two point-of-care tests

for anti-HCV detection. Hepat Mon. 2013;13(9):e12274.

11. Kaur H, Dhanao J, Oberoi A. Evaluation of rapid kits for

detection of HIV, HBsAg and HCV infections. Indian J Med Sci.

2000;54(10):432–4.

12. Gao F, Talbot EA, Loring CH, Power JJ, Dionne-Odom J, Alroy-

Preis S, et al. Performance of the OraQuick HCV rapid antibody

378 S. Mahajan et al.

123

https://www.cdc.gov/hepatitis/hcv/labtesting.htm


test for screening exposed patients in a hepatitis C outbreak

investigation. J Clin Microbiol. 2014;52(7):2650–2.

13. Hess KL, Fisher DG, Reynolds GL. Sensitivity and specificity of

point-of-care rapid combination syphilis-HIV-HCV tests. PLoS

ONE. 2014;9(11):e112190.

14. Hui AY, Chan FK, Chan PK, Tam JS, Sung JJ. Evaluation of a

new rapid whole-blood serological test for hepatitis C virus. Acta

Virol. 2002;46(1):47–8.

15. Lee SR, Kardos KW, Schiff E, Berne CA, Mounzer K, Banks AT,

et al. Evaluation of a new, rapid test for detecting HCV infection,

suitable for use with blood or oral fluid. J Virol Methods.

2011;172(1–2):27–31.

16. Al-Tahish G, El-Barrawy MA, Hashish MH, Heddaya Z. Effec-

tiveness of three types of rapid tests for the detection of hepatitis

C virus antibodies among blood donors in Alexandria, Egypt.

J Virol Methods. 2013;189(2):370–4.

17. Buti M, Cotrina M, Chan H, Jardi R, Rodriguez F, Costa X, et al.

Rapid method for the detection of anti-HCV antibodies in

patients with chronic hepatitis C. Rev Esp Enferm Dig.

2000;92(3):140–6.

18. Cha YJ, Park Q, Kang ES, Yoo BC, Park KU, Kim JW, et al.

Performance evaluation of the OraQuick hepatitis C virus rapid

antibody test. Ann Lab Med. 2013;33(3):184–9.

19. da Rosa L, Dantas-Correa EB, Narciso-Schiavon JL, de Lucca

Schiavon L. Diagnostic performance of two point-of-care tests

for anti-HCV detection. Hepat Mon. 2013;13(9):e12274.

20. Ibrahim S, Al Attas SA, Mansour GA, Ouda S, Fallatah H.

Accuracy of rapid oral HCV diagnostic test among a Saudi

sample. Clin Oral Investig. 2015;19(2):475–80.

21. Jewett A, Smith BD, Garfein RS, Cuevas-Mota J, Teshale EH,

Weinbaum CM. Field-based performance of three pre-market

rapid hepatitis C virus antibody assays in STAHR (study to assess

hepatitis C risk) among young adults who inject drugs in San

Diego, CA. J Clin Virol. 2012;54(3):213–7.

22. Kosack CS, Nick S, Shanks L. Diagnostic accuracy evaluation of

the immunoflow HCV rapid immunochromatographic test for the

detection of hepatitis C antibodies. J Virol Methods.

2014;204:6–10.

23. Kim MH, Kang SY, Lee WI. Evaluation of a new rapid test kit to

detect hepatitis C virus infection. J Virol Methods.

2013;193(2):379–82.

24. Montebugnoli L, Borea G, Miniero R, Sprovieri G. A rapid test

for the visual detection of anti-hepatitis C virus antibodies in

whole blood. Clin Chim Acta. 1999;288(1–2):91–6.

25. Poovorawan Y, Theamboonlers A, Chumdermpadetsuk S, Thong

CP. Comparative results in detection of HCV antibodies by using

a rapid HCV test, ELISA and immunoblot. Southeast Asian J

Trop Med Public Health. 1994;25(4):647–9.

26. ScalioniLde P, Cruz HM, de Paula VS, Miguel JC, Marques VA,

Villela-Nogueira CA, et al. Performance of rapid hepatitis C virus

antibody assays among high- and low-risk populations. J Clin

Virol. 2014;60(3):200–5.

27. Yaari A, Tovbin D, Zlotnick M, Mostoslavsky M, Shemer-Avni

Y, Hanuka N, et al. Detection of HCV salivary antibodies by a

simple and rapid test. J Virol Methods. 2006;133(1):1–5.

28. Smith BD, Teshale E, Jewett A, Weinbaum CM, Neaigus A,

Hagan H, et al. Performance of premarket rapid hepatitis C virus

antibody assays in 4 national human immunodeficiency virus

behavioral surveillance system sites. Clin Infect Dis.

2011;53(8):780–6.

29. Majumder P, Shetty AK. Comparison between ELISA and

chemiluminescence immunoassay for the detection of hepatitis C

virus antibody. Indian J Microbiol Res. 2017;4(4):353–7.

30. Kesli R. Evaluation of assay methods and false positive results in

the laboratory diagnosis of hepatitis C virus infection. Arch Clin

Microbiol. 2011;2(4):1–4.

31. Sharma UK, Stramer SL, Wright DJ, Glynn SA, Hermansen S,

Schreiber GB, et al. Retrovirus epidemiology donor study. Impact

of changes in viral marker screening assays. Transfusion.

2003;43:202–14.

32. Rahman M, Khan SA, Lodhi Y. Unconfirmed reactive screening

tests and their impact on donor management. Pak J Med Sci.

2008;24:517–9.

33. Fei K, Pan Yu, Xiumei C, Xiaomei W, Linjiao C, Juan L, et al.

Factors associated with spontaneous clearance of hepatitis C virus

in Chinese population. Biomed Res Int. 2014;2014:527030.

34. Gupta E, Ballani N. Low signal-to-cutoff ratio (S/Co) in the

diagnosis of hepatitis C: A diagnostic dilemma? Indian J Gas-

troenterol. 2015;34(5):413–4.

35. Kesli R, Ozdemir M, Kurtoglu MG, Baykan M, Baysal B.

Evaluation and comparison of three different anti-hepatitis C

virus antibody tests based on chemiluminescence and enzyme-

linked immunosorbent assay methods used in the diagnosis of

hepatitis C infections in Turkey. J Int Med Res. 2009;37:1420–9.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Comparative evaluation of three rapid immunochromatographic test assays with… 379

123


	Comparative evaluation of three rapid immunochromatographic test assays with chemiluminescent microparticle immunoassay for the detection of hepatitis C virus antibody
	Abstract
	Introduction
	Materials and methods
	Study population
	Chemiluminescent microparticle immunoassay (CLIA) (reference assay)
	Real-time PCR for HCV RNA quantitation
	Anti-HCV rapid diagnostic tests
	Statistical analysis

	Results
	Baseline characteristics of the study group
	Comparative analysis of three RDTs with CLIA for detection of anti-HCV
	Evaluation of RDTs in relation to different ranges of S/Co on CLIA
	Evaluation and interpretation of results of the three RDTs and CLIA in relation to HCV RNA

	Discussion
	References




