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Abstract

Background

Point-of-care tests provide a plausible diagnostic strategy for hepatitis C infection in eco-
nomically impoverished areas. However, their utility depends upon the overall performance
of individual tests.

Methods

A literature search was conducted using the metasearch engine Metta, a query interface for
retrieving articles from five leading medical databases. Studies were included if they em-
ployed point-of-care tests to detect antibodies of hepatitis C virus and compared the results
with reference tests. Two reviewers performed a quality assessment of the studies and ex-
tracted data for estimating test accuracy.

Findings

Thirty studies that had evaluated 30 tests fulfilled the inclusion criteria. The overall pooled
sensitivity, specificity, positive likelihood-ratio, negative likelihood-ratio and diagnostic odds
ratio for all tests were 97.4% (95% Cl: 95.9-98.4), 99.5% (99.2-99.7), 80.17 (55.35—
116.14), 0.03 (0.02-0.04), and 3032.85 (1595.86-5763.78), respectively. This suggested a
high pooled accuracy for all studies. We found substantial heterogeneity between studies,
but none of the subgroups investigated could account for the heterogeneity. Genotype di-
versity of HCV had no or minimal influence on test performance. Of the seven tests evaluat-
ed in the meta-regression model, OraQuick had the highest test sensitivity and specificity
and showed better performance than a third generation enzyme immunoassay in serocon-
version panels. The next highest test sensitivities and specificities were from TriDot and
SDBioline, followed by Genedia and Chembio. The Spot and Multiplo tests produced poor
test sensitivities but high test specificities. Nine of the remaining 23 tests produced poor test
sensitivities and specificities and/or showed poor performances in seroconversion panels,
while 14 tests had high test performances with diagnostic odds ratios ranging from 590.70
to 28822.20.
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Conclusions

Performances varied widely among individual point-of-care tests for diagnosis of hepatitis C
virus infection. Physicians should consider this while using specific tests in clinical practice.

Introduction

Hepatitis C is a global health problem [1]. Approximately 2-3% of the world’s population is
chronically infected with hepatitis C virus (HCV), which amounts to an estimated 170 million
persons. Chronic hepatitis C is associated with significant morbidity and mortality. HCV con-
tributes 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 in many high-risk epi-
demiologic settings [3,4]. In addition, testing of blood and blood products is essential for pre-
venting HCV infection of recipients [5]. The use of an enzyme immunoassay (EIA) to detect
HCYV antibodies (anti-HCV) followed by nucleic acid testing for HCV RNA is standard prac-
tice for diagnostic evaluation of HCV infection in developed countries [6,7]. These tests require
sophisticated equipment, trained technicians, a continuous supply of electricity, and high facili-
ty costs. Hence they are unsuitable for use in regions with limited resources [8].

Since the 1990s, several point-of-care tests have been developed that primarily use serum,
plasma, whole blood and oral fluid to test for anti-HCV [9]. Manufacturers claim that these
tests have high clinical and analytical sensitivity, so these tests are used widely in many settings
in developing countries, including blood banks. However, several vital uncertainties remain re-
garding their use, including: (i) the accuracy of individual tests, (ii) the comparative efficacy of
the different tests, and (iii) how the performances of tests vary based on HCV genotype diversi-
ty, HIV/HCV co-infections, HCV performance panels, or other factors [10].

A recent meta-analysis of the accuracy of point-of-care tests for hepatitis C attempted to ad-
dress some of those uncertainties [11]. However, the study’s relevance was limited for many
reasons. (i) A well-conducted, major study of the accuracies of point-of-care tests had been
published by then but was not included in the meta-analysis [12]. (ii) The study did not address
the issue of inconclusive test results, or how to analyze and report such data. We believe that
complete transparency about the handling of inconclusive results in meta-analyses is essential
for the reader to understand how key summary statistics have been calculated [13]. (iii) It did
not evaluate heterogeneity of the data (i.e., the differences in reported estimates among studies)
and its potential causes, an important component of meta-analyses [14]. (iv) The analytical
sensitivities of the tests based on seroconversion panels, HCV genotypes, and cross-reactive
sera (especially for HIV) were not assessed, which would have affected conclusions about the
tests being evaluated. (v) The accuracies of individual tests were not evaluated, which obfus-
cates the real purpose of the meta-analysis.

We believe that recommendations for the use of point-of-care tests can have far-reaching ef-
fects on healthcare in developing countries, so they must be made carefully. For example, rec-
ommending tests of low analytical sensitivity for blood banks can pose a serious threat to
recipients from infected donors. Accordingly, we conducted a comprehensive systematic re-
view and meta-analysis of studies that assessed the diagnostic accuracy and applicability of
point-of-care tests for hepatitis C.
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Materials and Methods
Protocol

We conducted a systematic review and meta-analysis of studies that evaluated the accuracy of
point-of-care tests for HCV. We established a protocol that specified several aspects of the
meta-analysis, following the guidelines of PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analysis) (S1 PRISMA Checklist [15]). The protocol has been published and
is available at: http://www.crd.york.ac.uk/PROSPERO/display_record.asp?

[ID = CRD42014008919] (S1 Protocol).

Acquisition of Data

On March 15", 2014 we conducted a literature search using the metasearch engine “Metta”
(accessible at http://mengsl.cs.binghamton.edu/metta/search.action) [16]. Metta is a query in-
terface that helps systematic reviewers to retrieve, filter, and assess articles from five leading
medical databases: PubMed, EMBASE, CINAHL, PsycINFO, and the Cochrane Central Regis-
ter of Controlled Trials. Medical Subject Headings (MeSH) terms used for key and text word
searches included “Hepatitis C” OR “Hepatitis C Antibodies” OR “Hepatitis C Virus” AND
“Point-of-Care Tests” OR “Rapid Test” OR “Rapid Assay”. We also searched the bibliographies
and reference lists of eligible papers and related reviews, consulted experts in the field, and con-
tacted several authors from the included articles to locate additional studies. The titles and ab-
stracts of all of the articles identified in the primary search were evaluated, and we established a
list of eligible potential studies for consideration in the full-text review. Studies that fulfilled all
of the selection criteria were included in the systematic review and meta-analysis.

Criteria for Inclusion of Studies in the Meta-Analysis

To recreate the 2x2 diagnostic table for estimating test accuracy, we included studies that em-
ployed point-of-care tests to detect anti-HCV (i.e., the index test), compared the results with a
reference standard, and reported the results. A point-of-care test was defined as any commer-
cially available assay that identified anti-HCV at or near the site of patient care. The test had to
have a quick turnaround time (less than 30 min), allow for easy sampling, execution and read-
ing of results, and have no requirement, or a minimal requirement, for cold chain and special-
ized equipment. The test results had to be available to the patient, physician and care team
within an hour, which allowed for clinical management decisions to be made during the clinical
encounter. Acceptable reference standards included a third-generation enzyme immunoassay
(EIA), a microenzyme immunoassay, or a chemiluminescent immunoassay for the detection of
anti-HCV. Two additional tests (recombinant immunoblast assay [RIBA] and nucleic acid test-
ing) were considered to improve the reference standard [6]. We included studies of adults
(>18 years old) published as abstracts or as full-text articles using any study design and con-
ducted in any study settings (i.e., laboratory or field-based). Studies were not excluded based
on sample size, study location, language of publication, or country of origin of the test. Howev-
er, we excluded studies that dealt with the accuracy of laboratory-based tests, those with data
that were unsuitable for recreating the 2x2 diagnostic table, reports from manufacturers and
package inserts that could be subject to overt conflict-of-interest, and duplicate reports.

Data Extraction

Two independent reviewers conducted the literature search, performed a quality assessment of
the studies included in our analysis, and extracted the data necessary for estimating test accura-
cy. Any discrepancies were referred to a third reviewer, who adjudicated any unresolved
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discrepancies. The following information was extracted from each study: author, year of publi-
cation, location of study, index test (one or more), reference standard, study design, source of
sera, sample size, the characteristics of the population sampled for sera collection, the cross-re-
active sera included in panel, and the analytical sera included in evaluation of test performance.
Detailed information about the index test was extracted from each study, including: the name
of the test, the country of origin and the name of the manufacturer, the time required to read
the results, the specimen type (serum, plasma or blood) sampled for the test, the volume of the
sample (UL) needed for the test, the storage conditions for maintaining the test kit, special
equipment needed (if any) to perform the test, and the shelf life of the test kit.

Quality Assessment

We assessed the quality of the studies using the checklist of the QUADAS-2 (Quality Assess-
ment of Diagnostic Accuracy Studies) tool [17] and STARD (Standards for the Reporting of
Diagnostic Accuracy Studies) [18]. The QUADAS-2 sheet was completed following stepwise
guidelines to assess the risk of bias (in four domains) and any concerns about applicability (in
three domains) in each study. The STARD checKklist consisted of 25 questions that were weight-
ed equally (yes = 1, no = 0). The total score (out of 25) was calculated for each study.

Data Synthesis

Data were extracted to construct 2x2 tables (reference test results vs. index test results (S1 Table).
We defined anti-HCV positive as those subjects with disease and anti-HCV negative as those
without disease, based on the reference test results. The index test results were reported as a true
positive, a false positive, a false negative, or a true negative. Valid inconclusive index test results
were combined with either false negative results (i.e., sera that were anti-HCV positive according
to the reference test and inconclusive by index test) or false positive results (i.e., sera that were
anti-HCV negative according to the reference test and inconclusive by index test) [13].

Statistical Analysis

To estimate test accuracy, we calculated the sensitivities and specificities, positive and negative
likelihood ratios (LRs), and the diagnostic odds ratios (DOR), along with 95% confidence inter-
vals (CIs) (S1 File) [19]. We pooled test estimates using a bivariate random-effects regression
model [20]. The model was used to draw hierarchical summary receiver operating characteris-
tic (HSROC) curves. The curve of a test is a graph of sensitivity plotted against specificity that
is obtained by varying the positivity threshold across all possible values. The graph plots sensi-
tivity (the true positive rate) against 1- specificity (the false positive rate). To assess the levels of
heterogeneity among test estimates, we calculated the inconsistency index (1) [14]. We consid-
ered values of < 25%, > 25-50%, > 50-75%, and > 75% to represent low, moderate, substan-
tial, and considerable statistical heterogeneity, respectively. Multiple variables were selected a
priori, and examined to investigate the potential sources of heterogeneity. Summary estimates
and 95% ClIs for each covariate were generated and compared in the meta-regression model.
The DOR summarizes test accuracy as a single number, and can be used in a subgroup/meta-
regression model to derive statistical values. A P value below 0.05 for the DORs was considered
to be a significant difference among the levels of a particular covariate [21]. In order to com-
pare the relative efficacy of tests, we pooled the estimates of individual tests that had three or
more data points, and compared the estimates of individual tests with each other in the meta-
regression model [21].

We performed all statistical analysis using the software program Meta-Analyst (Tufts Medi-
cal Centre, Boston, MA) [22].
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Results

Literature Search & Study Characteristics

Our search returned 1300 reports, of which 30 satisfied all of the inclusion criteria (Fig. 1) [12,
23-51]. Twenty full-text articles were excluded for the reasons shown in S2 Table. Twenty-five
studies were published full-length manuscripts in peer-reviewed journals [12,23-28,33,34,36-

Records identified through Metta
Date March 15, 2014
Data Base: PubMed, EMBASE, CINAHL,
PsycINFO, and the Cochrane Central Register
of Controlled Trials.
(n=1300)

Records identified through hand search
(n=5)

Duplicates —>

(n=292) ¢

IDENTIFICATION

Records eligible for review (n=1013)

A

SCREENING

Records excluded (n=963) for following reasons:
Not related to HCV (n=219)
Editorials, reviews, etc. (n=148)

Not related to HCV diagnostics (n=284)
Not related to Rapid test (n=312)

A 4

Records for full-text review and qualitative synthesis (n=50)

ELIGIBILITY

Records excluded (n=20) for following reasons:
Guidelines for HCV diagnosis (n=5)

_ Oral fluid or Dried blood spot testing (n=2)
Development strategy for a new rapid test (n=7)
Reference testing for Index-test positive sera only (n=3)
Rapid testing for HCV-positive sera only (n=3)

A 4

INCLUDED

Records fulfilling inclusion criteria (n=30) which included:
Full-text articles published in a peer-review journal (n=25),
WHO full-text official reports (n=2),

WHO draft report (n=1),

Letters to Editor (n=2)

Fig 1. Flow diagram of study selection. List of 20 full-text excluded articles, with the reasons for exclusion shown in S2 Table.

doi:10.1371/journal.pone.0121450.g001
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51], two studies were published official reports [29,30], one was a draft report of the WHO
[31], and two studies were published letters to the editor [32,35]. One study was published in
Spanish [27] and the remaining 29 studies were in English. Sixteen studies were conducted in
developing countries [23,24,26,28,32-37,43,44,47-49,51] and 14 studies were conducted in de-
veloped countries. The samples of 11 studies were collected from healthy blood donors, the
general population, or from low-risk populations [12,24,29-31,35,37,38,48,50,51]. Those from
a further 17 studies were taken from hospital inpatients, medical and surgical clinic patients, or
high-risk populations. The nature of the patient population was not known in two studies
[34,44]. The sample size in each study varied from 60 to 2754 subjects. In 17 studies, the type
of specimen tested was serum alone [12,23,24,26-31,33,36,40,44,46-49]. Plasma alone was test-
ed in three studies [34,50,51], whole blood alone was tested in 5 studies [25,32,35,37,45], oral
fluid alone was tested in one study [42], oral fluid plus serum was tested in one study [43], and
oral fluid plus whole blood was tested in one study [41]. The remaining two studies tested
other combinations of those specimens [38,39] (Table 1).

The index test characteristics are listed in Table 2. Thirty studies used 30 test brands that
generated 73 data points. A single data point was generated by each of 16 tests. Two data points
were generated for each of six tests (SPAN, ImmunoRAPIDO, SM-HCYV, Bioeasy, Immuno-
comb and, Hexagon), and three or more data points were generated for each for seven tests
(OraQuick, Genedia, SDBioline, TriDot, Chembio, Spot, and Multiplo). Estimates of TriDot
and TriDot 4™ were similar and combined together. The number of data points generated for
each specimen type were: serum (42 data points), whole blood/finger stick (13 data points),
plasma (nine data points), and oral fluid (nine data points).

Study Quality

Ten studies employed a cross-sectional design [24,26,33,36-38,40-42,51], and 20 studies were
case-controls. Nine studies used EIA alone as the reference standard
[26,32,35,37,43,44,46,50,51]. Twenty-one studies used EIA in combination with RIBA or/ PCR.
All of the studies administered the same reference test to all patients, thus avoiding partial or
differential verification biases. Four studies reported that the index test readers were blinded
[24,25,32,50]. The other studies made no reference to blinding of the index test readers. One
study tested all samples twice [28]. The results of the index tests were independently read by
more than one technician in five studies [12,29,30,40,41]. Eight studies received funding from,
or reported another financial relationship with the pharmaceutical industry
[25,28,34,38,42,46,48,49]. Nine studies received test kits from manufacturers
[23,29,30,37,40,41,45,51], and five studies were funded by non-profit official organizations
[33,36,43,44,50]. Seven studies explicitly declared no conflict of interest [41,43-45,49-51]. The
remaining studies made no disclosure of conflict of interest.

The QUADAS-2 sheet reveals any major risk of bias in patient selection, index test, or refer-
ence standard (Table 3). Among the included studies, bias in patient selection resulted from ei-
ther 1) a case-control study design, or ii) a poor description of patient selection and clinical
scenario. Bias in the index test was primarily due to a lack of reported blinding while reading
test results. Bias in the reference standard was due to the inability to use a Center for Disease
Control (CDC)-recommended reference standard (EIA plus RIBA and/or nucleic acid testing).
The quality of study reporting ranged from poor to good (i.e., STARD scores from 8 to 23, out
of a maximum possible score of 25), with a number of items missing from reporting of
diagnostic accuracy.
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Table 1. Details of the included studies.

Study Location Reference standard Index test Specimen Sample Study Patient population
size design
Poovorawari etal  Thailand ELISA 2™ RIBA Spot Serum 192 Case- Hospital samples
1994 [23] control
Mvere et al 1996 Zimbabwe  EIA 2™ INNO-LIA Spot Serum 206 Cross- Blood bank
[24] HCV Ab IlI sectional
Montebugnoli et al ltaly ELISA (Ortho HCV Rapid Whole blood 100 Case- Hospital samples
1999 [25] 3.0), RIBA control
Kaur et al 2000 India EIA 3rd BiDot Serum 2754 Cross- Hospital samples
[26] sectional
Buti et al 2000 [27] Spain Immunometric Multiplo Serum 188 Case- Hospital samples
technique, RIBA control
Yuen et al 2001 China EIA, PCR SM-HCV Serum 290 Case- Hospital samples
[28] control
WHO 2001 [29] Switzerland ELISA, RIBA, PCR a Serum 257 Case- WHO panel
control
WHO 2001 [30] Switzerland ELISA, RIBA, PCR TriDot 4™, Genedia Serum 257 Case- WHO panel
control
WHO 2002 [31] Switzerland ELISA, RIBA, PCR SDBioline Serum 257 Case- Asia, Africa, Latin
control America & Europe
Hui et al 2002 [32] Hong Kong EIA SM-HCV Whole blood 197 Case- Hepatology clinic
control
Daniel et al 2005 India EIA, RIBA, PCR TriDot Serum 2590 Cross- Outpatient
[33] sectional /hepatology
Scheiblauer et al USA EIA, PCR B Serum 381 Case- ICBS panel
2006 [12] control
Njouom et al 2006 Cameroon  EIA 3, PCR ImmunocombHexagon Plasma 329 Case- NK
[34] control
Torane et al 2006 India ELISA Spot Whole blood 60 Case- Blood banks
[35] control
Nyirenda et al Malawi ELISA, CLIA, Spot Serum 202 Cross- Outpatient clinics
2008 [36] Lineimmunoassay sectional
Ivantes et al 2010 Brazil CLIA Bioeasy Whole blood 71 Cross- General population
[37] sectional
Lee etal 2010 [38] USA EIA, RIBA OraQuick 2 572 Cross- Low-risk persons
sectional
Lee etal 2011 [39] USA EIA, RIBA, PCR OraQuick £ 2176 Case- Medical clinics
control
Smith et al 2011 USA CLIA, RIBA ¥ Serum 1081 Cross- Injection drug users
[40] sectional
Smith et al 2011 USA MEIA/EIA/CLIA, RIBA ¥ Whole blood, p Cross- Injection drug users
[41] Oral fluid sectional
Drobnik et al 2011 USA EIA, RIBA OraQuick Oral fluid 484 Cross- High-risk groups
[42] sectional
Cha et al 2012 [43] Korea EIA OraQuick Oral fluid 437 Case- Hospital samples
Serum control
Maity et al 2012 India ELISA TriDot Serum 300 Case- NK
[44] control
Jewett et al 2012 USA ELISA, RIBA, PCR Chembio, Multiplo Blood 406 Case- Injection drug users
[45] control
Kant et al 2012 Germany Architect HCV Onsite Serum 185 Case- Hospital samples
[46] control
Kim et al 2013 [47] Korea ADVIA Centaur RIBA  SDBioline Genedia Serum 100 Case Hospital samples
control
(Continued)
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Table 1. (Continued)

Study Location Reference standard  Index test Specimen Sample Study Patient population
size design

Al-Tahish et al Egypt ELISA 3 HCV RNA  One-step TriDot 4™ Serum 100 Case- Blood donors

2013 [48] Immunocomb control

da Rosa et al 2013  Brazil Architect HCV test, Bioeasy Serum 307 Case- Hepatology clinic

[49] PCR control

O'Connell et al USA ELISA 3 € Plasma 674 Case- Blood banks

2013 [50] control

Tagny et al 2014 Cameron ELISA Hexagon Plasma 1998 Cross- Blood banks

[51] sectional

NK = not known. a = Advanced, TriDot, Serodia, Spot, SeroCard. = Acon, HepaScan, TriDot, Genedia, i+Lab, Dipstick, Assure, SPAN,
ImmunoRAPIDO. ¥ = Chembio, Multiplo, OraQuick. € = OraQuick, Instant, Axiom, FirstVue. y = 197, 282, 389, 285, 432, 265, 266. £ = Oral fluid, whole
blood, finger stick, plasma, serum.

doi:10.1371/journal.pone.0121450.t001

Pooled Test Accuracy

A forest plot of the sensitivity and specificity estimates and 95% confidence intervals (CIs) for
the 30 studies, stratified by their test brands, is shown in S1 Figure. Tests were ranked in de-
scending order based on the test estimates. The sensitivity (range: 16.0-99.9%) and specificity
(range: 77.8-99.7%) of individual tests were heterogeneous and varied widely. The overall
pooled sensitivity, specificity, positive LR, negative LR, and DOR for all tests were 97.46% (95%
CI: 95.92-98.43), 99.58% (99.28-99.75), 80.17 (55.35-116.14), 0.03 (0.02-0.04), and 3032.85
(1595.86-5763.78) respectively (Fig. 2, S2 Figure). This suggested a high pooled accuracy
among all studies. The ROC curve also indicated high sensitivity with high specificity, as the
curve approached the upper left hand corner of the graph where both measures equal 1

(Fig. 3).

Sources of Heterogeneity

We found substantial heterogeneity among studies in the pooled sensitivity (I* = 94%), speci-
ficity (I* = 88%), positive LR (I* = 89%), negative LR (I* = 90%), and DOR (I* = 90%) (Table 4).
Multiple covariates were used in subgroup analysis and tested statistically in the meta-regres-
sion model to determine the reason(s) for the heterogeneity. None of the following factors in-
vestigated accounted for the heterogeneity: specimen tested (whole blood, plasma, serum or
oral fluid), year of publication (before vs. after 2005), location of study (developed vs. develop-
ing countries), reference standard (EIA alone vs. EIA with a recombinant immunoblast assay
or nucleic acid test), study design (cross-sectional vs. case-control), source of sera (blood banks
vs. hospitals/clinics), or study quality (STARD score high, >15 vs. low, <15). Studies con-
ducted in developed and developing countries both had high pooled accuracy values; however,
DORs were 4.8 times higher in studies conducted in developed countries (5348.36, 95% CI:
2332.97-12261.18) compared to developing countries (1113.39, 95% CI: 450.40-2752.33;

P =0.015). None of the other variables had a significant effect on test performance.

Qualitative Analysis

Four studies evaluated the impact of HCV genotype on index test performance [12,29,30,33]
(S3 Table). These studies found that HCV genotype diversity had no or minimal influence on
the performances of index tests. Three studies evaluated the performances of four index tests
(Spot, OraQuick, Chembio, and Multiplo) in HCV sera panels, admixed with HIV cross-reactive
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Table 2. Test specifications.

Short test
Name

ACON
Advanced

Assure
Axiom
BiDot

Bioeasy
Chembio

CORE

Dipstick
FirstVue
Genedia

HepaScan
Hexagon

i+Lab
Immunocomb

Immuno-
RAPIDO

Instant
Multiplo

One-step

Onsite
OraQuick

Rapid
SDBioline
SeroCard
Serodia
SM-HCV

SPAN
Spot
TriDot

TriDot 4th

Detailed test name

ACON HCV test

Advanced Quality One
Step HCV Test

Assure HCV Rapid test
Axiom HCV Card
HCV Bi-Dot

HCV Rapid test Bioeasy
Chembio DPP HCV TEST

CORE HCV test

Entebbe Anti-HCV Dipstick
First HCV

Genedia HCV Rapid LF

Hepa-Scan HCV Card test
Hexagon HCV test

i+Lab anti-HCV test
ImmunoComb Il HCV test

Immuno-Rapido HCV

Instant View Cassette

Multiplo Rapid HIV/HCV
Antibody Test

One Step HCV Rapid Test

Toyo anti-HCV test

OraQuick Rapid Antibody
test

Anti-HCV Antibody Rapid
test

SDBioline HCV test
SeroCard HCV

Serodia HCV

SM-HCV Rapid Test

Signal HCV
GLD HCV-SPOT
HCV TriDot Rapid

HCVComb TriDot 41"

Manufacturer

ACON Laboratory, San Diego, CA, USA
Bionike, Inc., San Francisco, USA

MP Biomedical, LLC, CA, USA
Axiom Diagnostics, Bierstadt, Germany
J. Mitra, New Delhi, India

Bioeasy Diagnostica, Belo Honzonte, Minas
Gerais, Brazil

Chembio Diagnostics Systems, Inc, Mitford, New
York, USA

CORE Diagnostics, Birmingham, United Kingdom
Labratorium Hepatika Mataram, Indonesia

AT First Diagnostics, LLC, Woodbury, NY

Green Cross Life Sciences Corp., Korea

Bhat Biotech India Pvt Ltd. Bangalore, Karnataka,

India

Human Gesellschaft fur Biochemica und
Diagnostica pbH, Wiesbaden, Germany

i+MED, Lab Company Ltd. Bangkok, Thailand
Inverness Medical Innovations, Waltham, MA, USA

Wama Diagnostica, Sao Carlos, Brazil

Alfa Scientific Designs Inc., Poway CA, USA
MedMira Lab Inc., Halifax, Nova Scotia, Canada

Inter-chemical Ltd., Shenzhen, China

Turklab, 1zmir, Turkey
OraSure technologies, Bethlehem, PA, USA

Tema Recerca, Bologna, Italy

SD Standard Diagnostics Ltd., Koyanagi-do, Korea
Trinity Biotech plc., Bray, Ireland

Fuji Rebio Inc., Tokyo, Japan

SERO-Med Labor Spezialitaten Pollen Feld,
Germany

Span Diagnostics Ltd. Surat, India

Genelabs Diag. Pty, Ltd., Singapore
J. Mitra and Co. Ltd., New Delhi, India

J. Mitra and Co. Ltd., New Delhi, India

Antigens

Core, NS3,
NS4, NS5

Core, NS3,
NS4, NS5

Core, NS3,
NS4, NS5

Core, NS3,
NS4, NS5

Core, NS3,
NS4, NS5

Core, NS3

Core, NS3,
NS4

Core, NS3,
NS4, NS5

Core, NS3,
NS4

Core, NS3,
NS4, NS5

Time to
test

6 min

3 min
15-20
min
15-30
min

20-30
min

5-20 min

10-15
min

3 min

10 min
5-15 min
20-40
min

3 min
5-20 min
19 min

2 hr45

min
3 min

10 min
9 min

- = not specified in reference. a = Whole blood, serum, plasma, oral fluid. B = Whole blood, finger stick, serum, plasma, oral fluid.

doi:10.1371/journal.pone.0121450.t002

Specimen to test

Serum, plasma

Whole blood,
plasma, serum

Serum, plasma

Serum, plasma

Whole blood,
serum, plasma

a

Whole blood,
serum, plasma

Serum, plasma,
whole blood

Serum, plasma

Whole blood,
plasma, serum

Whole blood,
serum, plasma

B
B

Whole blood

Serum, plasma,
whole blood

Serum, plasma,
whole blood

Serum, plasma

Serum, whole blood

Serum, plasma
Serum, plasma
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9/22



@’PLOS | ONE

Point-of-Care Tests for Hepatitis C Virus Infection

Table 3. QUADAS-2 assessments and STARD scores.

QUADAS 2 SHEET STARD
Study Patient selection Index test Reference standard Flow and Score
timin
Risk of  Concern about Risk of Concern about Risk of  Concern about Risk gf Total (out
bias applicability bias applicability bias applicability bias of 25)
Poovorawari 1994 LR LR uc LR LR LR LR 12
[23]
Mvere 1996 [24] HR LR LR LR LR LR LR 13
Montebugnoli HR LR LR LR LR LR LR 12
1999 [25]
Kaur 2000 [26] LR LR uc LR HR LR LR 11
Buti 2000 [27] uc LR uc LR LR LR LR 15
Yuen 2001 [28] HR LR LR LR LR LR LR 11
WHO 2001 [29] HR LR LR LR LR LR LR 23
WHO 2001 [30] HR LR LR LR LR LR LR 23
WHO 2002 [31] Draft report, data insufficient for evaluation
Hui 2002 [32] HR LR LR LR HR LR LR 17
Darniel 2005 [33] LR LR LR LR LR LR LR 15
Scheiblauer 2006 HR LR LR LR LR LR LR 23
[12]
Njouom 2006 [34] HR LR uc LR LR LR LR 10
Torane 2006 [35] HR LR uc LR HR LR LR 10
Nyirenda 2008 [36] LR LR uc LR LR LR LR 15
Ivantes 2010 [37] LR LR uc LR HR LR LR 15
Lee 2010 [38] LR LR uc LR LR LR LR 8
Lee 2011 [39] HR LR uc LR LR LR LR 20
Smith 2011 [40] LR LR LR LR LR LR LR 19
Smith 2011 [41] LR LR LR LR LR LR LR 17
Drobnik 2011 [42] LR LR uc LR LR LR uc 13
Cha 2012 [43] HR LR uc LR HR LR LR 14
Maity 2012 [44] HR LR uc LR HR LR LR 14
Jewett 2012 [45] HR LR uc LR LR LR LR 15
Kant 2012 [46] HR LR uc LR HR LR LR 14
Kim 2013 [47] HR LR uc LR LR LR LR 17
Al-Tahish 2013 HR LR uc LR LR LR LR 14
[48]
da Rosa 2013 [49] HR LR uc LR LR LR LR 16
O'Connell 2013 HR LR LR LR HR LR LR 12
[50]
Tagny 2014 [51] LR LR uc LR HR LR LR 16

LR = low-risk, HR = high-risk, UC = unclear

doi:10.1371/journal.pone.0121450.t003

sera [36,40,41] (S4 Table). OraQuick was the only index test brand that did not show false posi-
tive results in HCV-reactive sera, or oral fluid samples that were cross-reactive for HIV. In ad-
dition, OraQuick did not interfere with the HCV positivity of oral fluid by interacting with the
conditions in the mouth, chemical substances (bilirubin, hemoglobin, lipids, etc.), or condi-

tions of storage or testing (i.e., hot storage, cold storage, or hot testing). Eight studies evaluated
21 tests (TriDot, TriDot 4™, Advanced, Serodia, Spot, SeroCard, Genedia, Acon, Hexagon,

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015
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Studies

Lee-1 OraQuick Blood

Lee—-1 OraQuick Finger

Lee-1 OraQuick Plasma
Lee-1 OraQuick Serum
Lee-2 OraQuick Blood

Lee-2 OraQuick Finger
Lee-2 OraQuick Plasma
Lee-2 OraQuick Serum
Smith-1 OraQuick Serum
Smith-2 OraQuick Blood Seattle
Cha OraQuick Serum
OConnell OraQuick Plasma
Scheiblauer Assure Serum
WHO-1 Serocard Serum
WHO-1 Serodia Serum

Maity Span Serum
Scheiblauer Span Serum
Scheiblauer ImmunoRAPIDO Serum
da Rosa ImmunoRAPIDO Serum
Scheiblauer Dipstick Serum
WHO-1 TriDot Serum
WHO-2 TriDot 4th Serum
Daniel TriDot Serum
Scheiblauer TriDot Serum
Maity TriDot Serum

Al-Tahish TriDot 4th Serum
Scheiblauer Acon Serum
WHO-3 SDBioline Serum
Maity SDBioline Serum

Kim SDBioline Serum
Scheiblauer HepaScan Serum
Montebugnoli Rapid Blood
Al-Tahish Onestep Serum
Yuen SM-HCV Serum

Hui SM-HCV Blood

da Rosa Bioeasy Serum
Ivantes Bioeasy Blood
Scheiblauer Genedia Serum
WHO-2 Genedia Serum

Kim Genedia Serum

Njouom Immunocomb Plasma
Al-Tahish Immunocomb Serum
OConnell FirstVue Plasma
Smith-2 Chembio Blood Denver
Smith-1 Chembio Serum
Jewett Chembio Blood
OConnell CORE Plasma
OConnell Axiom Plasma

Kant Onsite Serum

WHO-1 Advanced Serum
OConnell Instant Plasma

Buti Multiplo Serum

Smith-2 Multiplo Blood
Jewett Multiplo Blood

Kaur BiDot Serum
Poovorawari Spot Serum
Mvere Spot Serum

WHO-1 Spot Serum

Torane Spot Blood

Nyirenda Spot Serum

Njouom Hexagon Plasma
Scheiblauer i+Lab Serum
Smith-1 Multplo Serum
Tagny Hexagon Serum
Subgroup b (12=89% , P=0.000)

Lee—1 OraQuick Oral

Smith-2 OraQuick Oral Seattle
Smith-2 OraQuick Oral NY

Lee-2 OraQuick Oral

Drobnik OraQuick Oral

Cha OraQuick Oral

Jewett Chembio Oral

Smith-2 Chembio Oral Denver
Smith-2 Chembio Oral NY
Subgroup of (1*2=93% , P=0.000)

Overall (1*2=90% , P=0.000)

Estimate
222053.000 (4383.
222053.000 (4383.

73853.000 (2990.
73853.000 (2990.
267503.250 (37606.
534296.000 (48369.
536050.000 (48528.
1075032.000 (67147.
24029.417 (5352.
3098.882 (176.
160801.000 (3175.
56277.000 (5078.
28822.200 (1374.
17055.000  (686.
17216.333  (693.
89305.000 (1760.
8820.000  (976.
17810.500 (1601.
11744.143  (600.
6585.857  (383.
521.987 (31.
4595.727  (250.
13955.250 (1874.
48279.000 (1954.
6469.923 (361.
3333.000  (132.
5041.667 (297.
5432.333  (288.
89305.000 (1760.
249.828 (14.
3806.314  (227.
3333.000  (132.
3333.000 (132.
10666.143  (545.
875.432 (51.
11744.143 (600.
671.000 (33.
4962.857  (604.
4154.000 (424.
156.512 (9.
1421.176  (186.
1959.400 (91.
1519.304  (451.
333.300  (111.
23756.250 (3078.
746.750  (238.
1276.619  (496.
1191.711 (478.
615.000 (78.
590.700  (126.
2568.000 (731.
3910.143  (198.
15.959 (7.
26.512 (14.
34485.000 (1814.
518.091 (64.
477.500 (48.
1658.172 (97.
1.000 (0.
7.592 (1.
596.231 (36.
106.215 (6.
4085.429 (564.
119.414 (57.
3712.580 (1781.
73418.333  (2972.
1265.256 (75.
381.556  (104.
14970.029 (5371.
1673.524  (424.
23095.571 (1184.
185.143 (75.
293.176 (83.
29.750 (12.
1178.435 (226.
3167.801 (1638.

(95%

878,
878,
012,
012,
528,
410,
384,
689,
481,
517,
150,
747,
539,
166,
037,
379,
670,
365,
834,
128,
619,
779,
114,
395,
090,
569,
511,
517,
379,
126,
196,
569,
569,
476,
964,
834,
373,
637,
746,
148,
836,
704,
717,
197,
142,
886,
369,
029,
241,
105,
128,
457,
428,
941,
059,
950,
759,
562,
o019,
328,
162,
490,
469,
151,
761,

306,
358,
544,
288,
607,
695,
827,
619,
426,
258,

598,

C.I.)

11247469.
11247469.
1824161.
1824161.
1902807.
5901916.
5921268.
17211222.
107877.
54403
8143539.
623598.
604362.
423725.
427685
4530492.
79650
198089.
229555
113208.
8617.
84220.
103915.
1192625.
115926.
83797
85436.
102282
4530492.
4326.
63768.
83797.
83797.
208564.
14748
229555.
13491
40735.
40625.
2678.
10810.
41865.
5110.
999
183344.
2334
3283.
2970.
4834.
2766.
9019.
77040
34.

47
655554
4132
4676.
28182
52.

43.
9749.
1738
29568.
249
7735.

1813491.
21243.
1392.
41722.
6595
450246.
452
1027.

71
6137.

6124.

187)
187)
478)
478)
620)
468)
752)
344)
618)

.080)

496)
796)
269)
559)

.683)

323)

.636)

714)

.650)

901)
315)
362)
248)
853)
668)

.081)

731)

.641)

323)
442)
889)
081)
081)
000)

.417)

650)

.338)

121)
9288)
196)
239)
569)
024)

.024)

181)

.316)

356)
897)
072)
958)
799)

.263)

289)

.045)
L777)
.713)

233)

.546)

036)
394)
747)

.333)

889)

.512)

746)

663)
696)
569)
165)

.946)

893)

.056)

900)

.228)

721)

115)

T T T T T T T T T T T T
01019 0.9

LIS LU B S S B B B B S o |
384961 3844 19218 9608838435219217.62 19217616 192176162
Diagnostic Odds Ratio (log scale)

[
0.02

Fig 2. Forest plot of the diagnostic odds ratio on a log scale and 95% confidence intervals (Cls) of 30
studies stratified by specimen type. Whole blood, finger stick, plasma, and serum samples generated 64
data points (subgroup B) and oral fluid samples generated 9 data points (subgroup OF). Diagnostic odds
ratios for each data point are shown as solid squares. Solid lines are 95% Cls. Squares are proportional to
the weights based on the random effect model. Pooled estimates and 95% Cls are denoted by the diamond
at the bottom of each subgroup list. I and P values indicate the heterogeneity of the studies.

doi:10.1371/journal.pone.0121450.g002
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Sensitivity

04

00
1

0.0 02 04 06 08 10

1- Specificity

Fig 3. The summary receiver operating characteristic (SROC) plot based on a bivariate random
effects model. The sensitivities and specificities of rapid point-of-care tests with the reference test for Anti-
HCV are shown. The sensitivity of a test is plotted against 1-specificity, allowing the comparison of multiple
tests at the same time. The circles represent single test data points from individual studies. The sizes of the
circles are proportional to the number of patients included in the study. The curved line is the regression of the
ROC curve summarizing the overall diagnostic accuracy.

doi:10.1371/journal.pone.0121450.g003

HepaScan, i+Lab, Dipstick, Assure, SPAN, ImmunoRAPIDO, OraQuick, SDBioline, CORE,
Instant View, Axiom, FirstVue) against seven commercially available seroconversion panels
[12,29,30,38,39,43,47,50] (S5 Table). OraQuick, evaluated by four studies, was the only test
that detected HCV antibodies in seroconversion panels earlier than the reference test; it had
the most consistent performance compared to the reference test [38,39,43,50]. All of the other
tests detected HCV antibodies in seroconversion panels later than the reference test. Eight tests
(Serodia, SeroCard, Genedia, TriDot 4™, CORE, Instant view, AXIOM and FirstVue) failed to
pick up one or more positive panels, and/or showed inconsistent panel results.

Individual Test Accuracy

Seven tests (OraQuick, Genedia, SDBioline, TriDot, Chembio, Spot, and Multiplo) generated
three or more (range: 3-12) data points each for tests of serum, plasma, and whole blood. Ora-
Quick and Chembio generated six and three data points each, respectively, for tests of oral flu-
ids (Table 5). The estimates for these tests were evaluated statistically in the meta-regression
model. OraQuick’s performance in tests of serum, plasma and whole blood (12 data points)
showed the highest pooled sensitivity and specificity and moderate heterogeneity among
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Table 4. Accuracy estimates from subgroup analysis.

Variable

Year

Location of
test

Fluid

Ref test

Study
design

Source of
sera 8

Score a

Subgroups (data
points)

Prior to 2005 (15)

After 2005 (58)

Developing countries

@7)

Developed countries

(46)

Serum (42)

Whole blood (13)

Plasma (9)

Oral fluid (9)

Confirmatory tests-

RIBA/PCR (57)

EAI/ELISA alone
(16)

Case-control (46)

Cross-sectional (27)

Hospital/clinics (34)

Blood banks (34)

<15 (29)

>15 (43)

Pooled
Sensitivity (95%
Cl), %

96.5 (93.4-98.2)

95.8 (93.9-97.1)

91.6 (87.0-94.7)

97.4 (96.0-98.4)

96.5 (93.9-98.0)

94.7 (89.1-97.5)

97.6 (93.0-99.2)

93.9 (89.7-96.4)

96.2 (94.4-97.5)

95.2 (91.8-97.2)

95.7 (93.1-97.3)

96.4 (94.2-97.8)

95.1 (92.7-96.7)

96.8 (93.6-98.4)

97.0 (94.8-98.3)

95.3 (92.7-97.0)

Pooled
Specificity (95%
Cl), %

98.0 (95.7-99.0)

99.0 (98.5-99.3)

98.4 (97.4-99.1)

99.1 (98.4-99.5)

99.0 (98.4-99.4)

98.6 (96.3-99.4)

99.0 (97.3-99.6)

98.6 (96.3-99.6)

98.9 (98.3-99.3)

98.6 (97.6-99.3)

98.5 (97.7-99.0)

99.2 (98.5-99.6)

98.9 (98.0-99.4)

98.9 (98.2-99.4)

99.0 (98.3-99.)

98.8 (97.9-99.3)

Positive LR
(95% Cl)

46.01 (22.69-
93.31)

91.02 (59.72—
138.72)

52.96 (31.41—
89.31)

100.67
(59.74—
169.62)

93.81 (56.93—
154.56)

55.56 (20.80—
148.43)

93.78 (35.68—
246.49)

66.02 (18.88—
230.81)

85.71 (53.92—
136.23)

62.00 (34.97—
109.94)

56.67 (39.22—
87.77)

116.99
(58.58—
233.65)

83.50 (45.60—
152.87)

83.10 (48.30—
142.99)

89.91 (52.81—
153.06)

70.98 (43.09—
116.93)

Negative LR
(95% Cl)

0.019 (0.012—
0.031)

0.031 (0.019—
0.049)

0.055 (0.027—
0.115)

0.020 (0.013—
0.030)

0.026 (0.016—
0.043)

0.03 (0.01—
0.09)

0.017 (0.007-
0.039)

0.070 (0.037—
0.131)

0.027 (0.017—
0.043)

0.035 (0.018—
0.071)

0.030 (0.019—
0.048)

0.078 (0.043—
0.140)

0.037
(0.0020—
0.068)

0.023 (0.013-
0.040)

0.022 (0.014—
0.035)

0.035 (0.002—
0.06)

DOR (95%Cl)

2191.76
(1055.31—
4552.04)

3117.86
(1494.36—
6505.14)

1113.39
(450.40—
2752.33)

5348.36
(2332.97-
12261.18)

3927.64
(1800.18—
8569.35)

1674.60
(268.43—
10446.91)

4447.22
(1451.08—
13629.73)

1178.43
(226.25—
6137.72)

3377.26
(1478.29—
7716.04)

2158.42
(852.59—
5464.29)

2258.37
(1141.47-
4468.10)

4968.90
(1385.21—
14824.01)

2499.08
(868.79—
7188.56)

3518.01
(1697.79-
7289.75)

3990.06
(1936.62—
8220.83)

2275.58
(930.61—
5564.35)

12y

15%

91%

85%

90%

80%

95%

78%

93%

91%

81%

82%

94%

94%

74%

70%

92%

P value €

Reference

0.87

Reference

0.02

Reference

0.21

0.83

0.16

Reference

0.82

Reference

0.36

Reference

0.46

Reference

0.243

LR = Likelihood ratio, DOR = Diagnostic Odds Ratio, I>¥ = inconsistency index test for heterogeneity (<25 = low, >25 to 50% = moderate; >50 to 75% =
substantial, & >75% = considerable statistical heterogeneity), € = P value determined from meta-regression model, a = score of one study not calculated,
B = source of sera from five studies not known.

doi:10.1371/journal.pone.0121450.t004
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studies (I* = 36%). The pooled DOR of OraQuick was significantly higher than that of the
other six tests. After OraQuick, the pooled DOR for TriDot and SDBioline were the next high-
est, followed by those of Genedia and Chembio. Spot and Multiplo tests showed poor sensitivi-
ty estimates (S3 Figure).

The pooled estimates of OraQuick from tests of serum, plasma, and whole blood were sig-
nificantly higher than those obtained from tests of oral fluid samples, while OraQuick had sig-
nificantly higher test estimates for oral fluids than Chembio (54 Figure).

Of the 23 tests that could not be evaluated in the meta-regression model, we identified nine
that were unlikely to be useful in routine assays, based on the following parameters:
sensitivity < 90% (BiDot, Hexagon, i+Lab), specificity < 95% (Onsite), —LR > 0.1(BiDot, First-
Vue, Hexagon and i+Lab), +LR < 10 (Onsite), and poor performance in seroconversion panels
(CORE, Instant, Axiom, and FirstVue) [19]. The DORs of the remaining 14 tests (range:
590.70-28822.20) are shown in order of their estimates to illustrate comparative test perfor-
mance (S5 Figure).

Discussion

The meta-analysis that we conducted has six major strengths, as it was based on: (i) a global
and complete literature search, with strict inclusion criteria; (ii) the definition of a strategy to
include and analyze inconclusive results; (iii) the use of a bivariate statistical model; (iv) a sta-
tistical comparison of summary estimates for diagnostic accuracy within subgroups using a
meta-regression model, to make relevant conclusions; (v) the evaluation of heterogeneity and
its potential sources in the meta-regression model; (vi) an assessment of the tests’ analytical
sensitivity, which included the influences of genotype, cross-reactive sera, interfering sub-
stances, and seroconversion panels on the performances of various test brands. We found suffi-
cient information to enable an evaluation of the performances of several individual tests, and
hence disagree with an earlier report that stated that the accuracy of individual tests cannot be
evaluated due to lack of data [11]. We believe a bivariate model was appropriate for our meta-
analysis for three reasons. First, our reference standards were enzyme immunoassays that em-
ployed consistent standard positive thresholds across the studies, as per the manufacturer’s
guidelines. Second, index tests yielded positive and negative results as consistent cut-offs on
the device (appearance of a colored line or dot), across the studies. Finally, all studies adminis-
tered the same reference standard to all patients, thereby avoiding partial or differential biases
[52].

The reference standard used by each study was not found to influence the accuracy of the
index test. Third generation enzyme immunoassays incorporate HCV antigens from the core,
NS3, NS4, and NS5, and have a diagnostic sensitivity and specificity of >99% [53]. The CDC
has recommended RIBA as an additional, more specific test for the detection of anti-HCV in
serum or plasma specimens that have been found reactive in ELISA [6]. However, RIBA assays
have low sensitivity, they require high costs, complex manual attention, and a long time for
processing, and they do not differentiate active infection from past exposure with spontaneous
clearance [53]. Manufacturers have therefore discontinued RIBA HCV, and the CDC has up-
dated the algorithm for HCV diagnosis to recommend nucleic acid testing for HCV RNA in
subjects who test anti-HCV positive [7].

Our meta-analysis showed high pooled accuracy in point-of-care tests for the detection of
anti-HCV. However, the sensitivities (range: 16.0-99.9%) and specificities (range: 77.8-99.7%)
of individual tests were heterogeneous and varied widely. We must be cautious when evaluating
the accuracy of tests, as our meta-analysis was subject to the detection, spectrum, and sampling
bias of the original studies [14]. A case-control design in studies is apt to overestimate accuracy,
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with the potential for spectrum bias. In addition, only four studies explicitly mentioned blind
reading of the index test results, suggesting that there could have been detection bias in the re-
maining studies. This could artificially inflate the sensitivity and specificity estimates of the
index test. Lastly, there was substantial heterogeneity among studies in the pooled estimates,
and none of the covariates tested were found to account for the observed heterogeneity.

In our meta-analysis, all of the tests performed better in studies that were conducted in de-
veloped countries than in developing countries. It is well-known that the performance charac-
teristics of any test vary markedly with the prevalence of the condition in the population being
assessed [54,55]. This should be kept in mind given that these tests are primarily meant to be
employed in regions of the world where resources are limited. In addition, HCV has substantial
genetic diversity, with six known genotypes, and HCV genotype is known to have a significant
effect on diagnostic accuracy. Four studies in our analysis evaluated the impact of HCV geno-
type on index test performance [12,29,30,33], but this factor did not influence the perfor-
mances of the assays.

During the evaluation of any of the tests that we considered, the impact of co-infections
(with HIV, HBV, syphilis, etc.) on test performance must be included. Among them, HIV/
HCV co-infection has special importance due to its significant burden worldwide, especially
among injection drug users and within the Asia-Pacific region [56]. All three of the studies that
addressed this issue found that false positive HCV results for Spot, Chembio, and Multiplo test
brands were associated with HIV positivity. Data on this important issue are limited and fur-
ther studies are needed to evaluate the influence of HIV, HBV, and syphilis co-infection on test
performance. This issue will become even more important once multiplex point-of-care tests
for HBV, HCV, and HIV are marketed for integrated HIV-sexually transmitted diseases
screening programs [57].

Another consideration for the evaluation of test performance is the time at which the anti-
HCV test becomes positive during the course of acute HCV infection. Eight studies used sero-
conversion panels, and determined the time difference (in days) between the first sample from
the panel that was detected to be positive with the index test and that of the reference test.
With the exception of OraQuick, all tests lagged behind the reference test in the detection of
the first positive sample by a few days to a few weeks. Several tests performed poorly and failed
to pick up one or more panels, and/or showed inconsistent results in some panels. Thus, when
there is a high clinical suspicion of infection but a point-of-care test is negative, further testing
should be conducted with a conventional laboratory test or nucleic acid test.

Based on the accuracy and analytical performance of OraQuick, we conclude that this test
has the potential to be used as a rapid diagnostic test for HCV infection. The results obtained
with it are comparable (and even possibly better) than those of third-generation enzyme im-
munoassays. In fact, the U.S. Food and Drug Administration (FDA) has approved OraQuick as
the first rapid blood test for HCV antibodies in individuals 15 years and older [58]. Subsequent
to this, in their update the CDC included OraQuick as the first-line rapid screening test for
HCYV infection using finger stick capillary blood and venipuncture whole blood [7]. The Clini-
cal Laboratory Improvement Amendments [CLIA]-waiver provides wider testing access to per-
sons at risk for HCV infection, permitting the use of the assay in physician offices, clinics,
emergency rooms, and other counseling and testing sites.

It is essential for policymakers and hospital administrators to know that the performances
of point-of-care tests for detection of anti-HCV vary widely. Amongst the seven tests evaluated
in our meta-regression, OraQuick had the highest test sensitivity and specificity and showed
better performance than a third generation enzyme immunoassay in seroconversion panels.
The next highest test sensitivities and specificities were from TriDot and SDBioline, followed
by Genedia and Chembio. The Spot and Multiplo tests had produced poor test sensitivities but
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high specificities. Nine of the remaining 23 tests produced poor test sensitivities and specifici-
ties and/or poor performances in seroconversion panels, while 14 tests had high test estimates
with wide diagnostic odds ratios ranging from 590.70 to 28822.20. Many of these tests also had
problems in the qualitative analysis, namely interference by cross-reactive HIV sera and/or
poor performances in seroconversion panels.

Oral fluid-based point-of-care tests have significant advantages. Sampling does not require
staff training in venipuncture, and noninvasive sampling would improve compliance and make
HCV screening more acceptable [59]. However, such oral tests have lower sensitivities com-
pared to blood-based tests. This is possibly due to a lower concentration of antibodies in oral
fluid than in blood, or to dilution of the sample by the collection buffer. Also, oral fluid HCV
positivity may be affected by oral pathology, or the collection of oral fluid after the use of
mouth wash or acidic beverages by subjects. Lee et al [39] examined this possibility with the
OraQuick test and found no interference with positive or negative oral fluid samples in the
presence of fluids related to gingivitis, including bleeding gums, wearing of dentures, use of to-
bacco, etc. Similar studies are needed with other oral fluid-based point-of-care tests which have
potential to be used as first-line tests in expanded screening initiatives. Blood-based tests could
then be used to detect infections missed by oral fluid tests.

While the studies included in the present meta-analysis addressed accuracy of point-of-care
tests for HCV antibodies, we found that little information was available pertaining to the evalu-
ation of these tests for HCV-related, patient-centered outcomes. The most important informa-
tion would be the feasibilities and outcomes of these tests in settings where anti-HCV testing is
routinely conducted. Future studies are needed to assess how these tests perform in various sit-
uations, including: (i) seroepidemiologic studies in low and high endemic zones; (ii) screening
of blood and blood products for anti-HCV and the prevention of transfusion-transmitted
HCV infection; (iii) diagnosis and follow-up of acute hepatitis and fulminant hepatic failure;
(iv) diagnosis of HCV-related chronic hepatitis and cirrhosis and the evaluation of anti-viral
therapy. This information will be fundamental to shaping global diagnostic policies as they be-
come more patient-centered over time. There is also a need for studies that address how accu-
racy varies with the prevalence of infection in different populations and settings.

Global hepatitis C treatment is evolving quickly, and there is an urgent need to increase
screening for this infection in high-risk populations [60]. Point-of-care tests offer major bene-
fits for screening and control of HCV infection, especially in the widely dispersed regions of
the world that struggle with endemic poverty [10]. At present, practitioners are guided in the
selection of individual tests only by manufacturers’ claims, which are expected to be biased. For
the first time, our meta-analysis critically evaluated the performances of commercially avail-
able, individual point-of-care tests for hepatitis C. We found that the performances of individu-
al tests varied widely. Health care policy makers, health administrators and laboratorian
should consider these data in the selection of appropriate point-of-care tests for extended
screening of hepatitis C in areas with limited financial resources.
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mates of TriDot and TriDot 4™ were similar and have been clubbed together. Estimates of two
tests (OraQuick and Chembio) obtained on oral fluid testing are shown separately. Estimates

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015 17/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s002

@‘PLOS | ONE

Point-of-Care Tests for Hepatitis C Virus Infection

of sensitivity and specificity from each study are shown as solid squares. Solid lines represent
the 95% Cls. Squares are proportional to the weights based on the random effect model. Pooled
estimates and 95% Cls is denoted by the diamond at the bottom. IA* and p values represents
heterogeneity of studies.

(TTF)

S2 Figure. Forest plot of the sensitivity and specificity estimates and 95% confidence inter-
vals (CIs) of 30 studies stratified by specimen collected for testing. Whole blood, finger
stick, plasma, and serum samples had generated 64 data points (b) and oral fluid samples had
generated 9 data points (of). Estimates of sensitivity and specificity from each study are shown
as solid squares. Solid lines represent the 95% ClIs. Squares are proportional to the weights
based on the random effect model. Pooled estimates and 95% Cls is denoted by the diamond at
the bottom. 1A% and p values represents heterogeneity of studies.

(TTF)

S3 Figure. Forest plot of the diagnostic odds ratio on a log scale of 7 tests with >3 data
points arranged in descending order. Diagnostic odds ratio from each data point are shown
as solid squares. Solid lines represent the 95% Cls. Squares are proportional to the weights
based on the random effect model. Pooled estimates and 95% Cls is denoted by the diamond at
the bottom. 1A% and p values represents heterogeneity of studies.

(TIF)

$4 Figure. Forest plot of the diagnostic odds ratio on a log scale of 2 tests with oral fluid as
the test sample. Diagnostic odds ratio from each data point are shown as solid squares. Solid
lines represent the 95% Cls. Squares are proportional to the weights based on the random effect
model. Pooled estimates and 95% Cls is denoted by the diamond at the bottom. IA* and p val-
ues represents heterogeneity of studies.

(TIF)

S5 Figure. Forest plot of the diagnostic odds ratio on a log scale of 14 tests with less than
three data points. Diagnostic odds ratio each data point are shown as solid squares. Solid lines
represent the 95% Cls. Squares are proportional to the weights based on the random effect
model. Pooled estimates and 95% Cls is denoted by the diamond at the bottom. 1A% and p val-
ues represents heterogeneity of studies.

(TIF)

S1 File. Methodology document. Systematic review methodology & definitions of relevant
accuracy estimates.
(DOCX)

S1 Protocol. Protocol HCV meta-analysis.
(PDF)

S1 Table. 2x2 data table of included 30 studies evaluating 30 test brands and 73 data points.

(DOCX)

S2 Table. List of 20 full-text excluded articles, with the reasons for exclusion.
(DOCX)

$3 Table. Performance of Index tests in relation to HCV genotype diversity.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015 18/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s011

@’PLOS | ONE

Point-of-Care Tests for Hepatitis C Virus Infection

S4 Table. Performance of Index tests for anti-HCV in relation to cross-reactive HIV sera,
oral pathologies and conditions, biological substances and storage and testing conditions.
(DOCX)

S5 Table. Performance of Index test in seroconversion panels.
(DOCX)

Acknowledgments
The authors acknowledge Dr. Khuroo’s Medical Trust.

Author Contributions

Analyzed the data: Mohammad Sultan Khuroo, Mehnaaz Sultan Khuroo. Wrote the paper:
Mohammad Sultan Khuroo, Mehnaaz Sultan Khuroo. Conception and design: Mehnaaz Sultan
Khuroo. Data abstraction: Mehnaaz Sultan Khuroo, Naira Sultan Khuroo. Accepted final draft:
Mehnaaz Sultan Khuroo, Naira Sultan Khuroo, Mohammad Sultan Khuroo.

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—1342.

2. LeeM-H, YangH-I, Yuan, L'ltalien G, Chen C-J. Epidemiology and natural history of hepatitis C virus
Infection. World J Gastroenterol. 2014; 20(28): 9270-9280. doi: 10.3748/wjg.v20.i28.9270 PMID:
25071320

3. Centers for Disease Control and Prevention. Recommendations for prevention and control of hepatitis
C virus (HCV) infection and HCV-related chronic disease. MMWR. 1998; 47(RR-19): 1-33. PMID:
9790221

4. Centers for Disease Control and Prevention. Vital signs: evaluation of hepatitis C virus infection testing
and reporting—eight U.S. sites, 2005-2011. MMWR. 2013; 62(RR-18): 357-361.

5. Ward JW. Testing for HCV: the first step in preventing disease transmission and improving health out-
comes for HCV-infected individuals. Antivir Ther. 2012; 17: 1397—-1401. doi: 10.3851/IMP2477 PMID:
23321543

6. Centers for Disease Control and Prevention. Guidelines for laboratory testing and result reporting of an-
tibody to hepatitis C virus. MMWR. 2013; 52(RR-3).

7. Centers for Disease Control and Prevention. Testing for HCV infection: An update of guidance for clini-
cians and laboratorian. MMWR. 2013; 62(RR-18): 362—-365.

8. John AS, Price CP. Economic Evidence and Point-of-Care Testing. Clin Biochem Rev. 2013; 34: 61—
74. PMID: 24151342

9. Smith BD, Jewett A, Drobeniuc J, Kamili S. Rapid diagnostic HCV antibody assays. Antivir Ther. 2012;
17:1409-1413. doi: 10.3851/IMP2470 PMID: 23322678

10. 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. Dated September 27" 2011.

11.  Shivkumar S, Peeling R, Jafari Y, Joseph L, Pal NP. Accuracy of Rapid and Point-of-care Screening
Tests for Hepatitis C. A Systematic Review and Meta-analysis. Ann Intern Med. 2012; 157: 558-566.
doi: 10.7326/0003-4819-157-8-201210160-00006 PMID: 23070489

12. Scheiblauer H, EI-Nageh M, Nick S, Fields H, Prince A, Diaz S. Evaluation of the performance of 44 as-
says used in countries with limited resources for the detection of antibodies to hepatitis C virus. Transfu-
sion. 2006; 46: 708—718. PMID: 16686838

13. Shinkins B, Thompson M, Mallett S, Perera R. Diagnostic accuracy studies: how to report and analyze
inconclusive test results. BMJ. 2013; 346: f2778. doi: 10.1136/bm)j.f2778 PMID: 23682043

14. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002; 21: 1539—
1558. PMID: 12111919

15. Moher D, Liberati A, Tetzlaff J, Altman DG, the PRISMA Group. Preferred Reporting ltems for System-
atic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009; 6(7): €1000097. doi: 10.
1371/journal.pmed.1000097 PMID: 19621072

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015 19/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121450.s013
http://dx.doi.org/10.3748/wjg.v20.i28.9270
http://www.ncbi.nlm.nih.gov/pubmed/25071320
http://www.ncbi.nlm.nih.gov/pubmed/9790221
http://dx.doi.org/10.3851/IMP2477
http://www.ncbi.nlm.nih.gov/pubmed/23321543
http://www.ncbi.nlm.nih.gov/pubmed/24151342
http://dx.doi.org/10.3851/IMP2470
http://www.ncbi.nlm.nih.gov/pubmed/23322678
http://dx.doi.org/10.7326/0003-4819-157-8-201210160-00006
http://www.ncbi.nlm.nih.gov/pubmed/23070489
http://www.ncbi.nlm.nih.gov/pubmed/16686838
http://dx.doi.org/10.1136/bmj.f2778
http://www.ncbi.nlm.nih.gov/pubmed/23682043
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072

@’PLOS | ONE

Point-of-Care Tests for Hepatitis C Virus Infection

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Smalheiser NR, Lin C, Jia L, Jiang Y, Cohen AM, Yu C et al. Design and implementation of metta, a
metasearch engine for biomedical literature retrieval intended for systematic reviewers. Health Informa-
tion Science and Systems. 2014; 2: 1.

Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB et al; QUADAS-2 Group. QUA-
DAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med. 2011;
155: 529-536. doi: 10.7326/0003-4819-155-8-201110180-00009 PMID: 22007046

Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis PP, Glasziou PP, Irwig LM et al. Standards for Reporting
of Diagnostic Accuracy. Towards complete and accurate reporting of studies of diagnostic accuracy:
The STARD Initiative. Ann Intern Med. 2003; 138: 40—44. PMID: 12513043

Vamvakas EC. Applications of Meta-Analysis in Pathology Practice. Am J Clin Pathol. 2001; 116
(Suppl1): S47-S64.

Reistma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM, Zwinderman AH. Bivariate analysis of
sensitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epide-
miol. 2005; 58: 982—990. PMID: 16168343

Glas AS, Lijmer JG, Prins MH, Bonsel GJ, Bossuyt PM. The diagnostic odds ratio: a single indicator of
test performance. J Clin Epidemiol. 2003; 56: 1129—1135. PMID: 14615004

Wallace CB, Schmid CH, Lau J, Trikalinos TA. Meta-Analyst: Software for meta-analysis of binary, con-
tinuous and diagnostic data. BMC Med Res Methodol. 2009; 9: 80. doi: 10.1186/1471-2288-9-80
PMID: 19961608

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: 647-649. PMID: 7545315

Mvere D, Constantine NT, Katsawde E, Tobaiwa O, Dambire S, Corcoran P. Rapid and simple hepatitis
assays: encouraging results from a blood donor population in Zimbabwe. Bull World Health Organ.
1996; 74: 19-24. PMID: 8653812

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: 91-96. PMID: 10529461

Kaur H, Dhanao J, Oberoi A. Evaluation of rapid kits for detection of HIV, HBsAg and HCV infections.
Indian J Med Sci. 2000; 54: 432—434. PMID: 11262859

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—146. PMID:
10799944

Yuen MF, Hui CK, Yuen JC, Young JL, Lai CL. The accuracy of SM-HCV rapid test for the detection of
antibody to hepatitis C virus. Am J Gastroenterol. 2001; 96: 838—841. PMID: 11280561

Department of Blood Safety and Clinical Technology. Hepatitis C Assays: Operational Characteristics
(Phase I) Report 1. Geneva: World Health Organization; 2001.

Department of Blood Safety and Clinical Technology. Hepatitis C Assays: Operational Characteristics
(Phase I) Report 2. Geneva: World Health Organization; 2001.

Department of Blood Safety and Clinical Technology. WHO Evaluation (Phase 1) of SDHCV Bioline
[draft report]. Geneva: World Health Organization; 2002.

Hui AY, Chan FK, Chan PK, Tam JS, Sung JJ. Evaluation of a new rapid whole-blood serological test
for hepatitis ¢ virus [Letter]. Acta Virol. 2002; 46: 47—48. PMID: 12197634

Daniel HDJ, Abraham P, Raghuraman S, Vivekanandan P, Subramaniam T, Sridharan G. Evaluation
of a rapid assay as an alternative to conventional enzyme immunoassays for detection of hepatitis C
virus-specific antibodies. J Clin Microbiol. 2005; 43: 1977-1978. PMID: 15815036

Njouom R, Tejiokem MC, Zanga MC, Pouillot R, Ayouba A, Pasquier C et al. A cost-effective algorithm
for the diagnosis of Hepatitis C virus infection and prediction of HCV viremia in Cameroon. J Virol Meth-
ods. 2006; 133: 223-226. PMID: 16360220

Torane VP, Shastri JS. Comparison of ELISA and rapid screening tests for the diagnosis of HIV, hepati-
tis B and hepatitis C among healthy blood donors in a tertiary care hospital in Mumbai [Letter]. Indian J
Med Microbiol. 2008; 26: 284—285. PMID: 18695340

Nyirenda M, Beadsworth MB, Stephany P, Hart CA, Hart IJ, Munthali C et al. Prevalence of infection
with hepatitis B and C virus and coinfection with HIV in medical inpatients in Malawi. J Infect. 2008; 57:
72-77. doi: 10.1016/}.jinf.2008.05.004 PMID: 18555534

Ivantes CA, Silva D, Messias-Reason |. High prevalence of hepatitis C associated with familial history
of hepatitis in a small town of south Brazil: efficiency of the rapid test for epidemiological survey. Braz J
Infect Dis. 2010; 14: 483-488. PMID: 21221477

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015 20/22


http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://www.ncbi.nlm.nih.gov/pubmed/22007046
http://www.ncbi.nlm.nih.gov/pubmed/12513043
http://www.ncbi.nlm.nih.gov/pubmed/16168343
http://www.ncbi.nlm.nih.gov/pubmed/14615004
http://dx.doi.org/10.1186/1471-2288-9-80
http://www.ncbi.nlm.nih.gov/pubmed/19961608
http://www.ncbi.nlm.nih.gov/pubmed/7545315
http://www.ncbi.nlm.nih.gov/pubmed/8653812
http://www.ncbi.nlm.nih.gov/pubmed/10529461
http://www.ncbi.nlm.nih.gov/pubmed/11262859
http://www.ncbi.nlm.nih.gov/pubmed/10799944
http://www.ncbi.nlm.nih.gov/pubmed/11280561
http://www.ncbi.nlm.nih.gov/pubmed/12197634
http://www.ncbi.nlm.nih.gov/pubmed/15815036
http://www.ncbi.nlm.nih.gov/pubmed/16360220
http://www.ncbi.nlm.nih.gov/pubmed/18695340
http://dx.doi.org/10.1016/j.jinf.2008.05.004
http://www.ncbi.nlm.nih.gov/pubmed/18555534
http://www.ncbi.nlm.nih.gov/pubmed/21221477

@’PLOS | ONE

Point-of-Care Tests for Hepatitis C Virus Infection

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Lee SR, Yearwood GD, Guillon GB, Kurtz LA, Fischl M, Friel T et al. Evaluation of a rapid, point-of-care
test device for the diagnosis of hepatitis C infection. J Clin Virol. 2010; 48: 15—17. doi: 10.1016/j.jcv.
2010.02.018 PMID: 20362493

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: 27-31. doi:
10.1016/j.jviromet.2010.12.009 PMID: 21182871

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 surveil-
lance system sites. Clin Infect Dis. 2011; 53: 780-786. doi: 10.1093/cid/cir499 PMID: 21921221

Smith BD, Jewett A, Drobeniuc J, Kamili S. Rapid diagnostic HCV antibody assays. Antivir Ther. 2012;
17:1409-1413. doi: 10.3851/IMP2470 PMID: 23322678

Drobnik A, Judd C, Banach D, Egger J, Konty K, Rude E. Public health implications of rapid hepatitis C
screening with an oral swab for community based organizations serving high-risk populations. Am J
Public Health. 2011; 101: 2151-2155. doi: 10.2105/AJPH.2011.300251 PMID: 21940910

ChaYJ, 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; 33:184—189. doi: 10.3343/alm.2013.33.3.
184 PMID: 23667844

Maity S, Nandi S, Biswas S, Sadhukhan SK, Saha MK. Performance and diagnostic usefulness of com-
mercially available enzyme linked immunosorbent assay and rapid kits for detection of HIV, HBV and
HCV in India. Virol J. 2012; 9: 290. doi: 10.1186/1743-422X-9-290 PMID: 23181517

Jewett A, Smith BD, Garfein RS, Cuevas-Mota J, Teshale EH, Weinbaum CM. Field-based perfor-
mance 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): 213-217. doi:
10.1016/j.jcv.2012.04.003 PMID: 22560051

Kant J, Méller B, Heyne R, Herber A, Bohm S, Maier M et al. Evaluation of a rapid on-site anti-HCV test
as a screening tool for hepatitis C virus infection. Eur J Gastroenterol Hepatol. 2013 25(4): 416—-420.
doi: 10.1097/MEG.0b013e32835c502d PMID: 23211286

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): 379-382. doi: 10.1016/j.jviromet.2013.07.005 PMID: 23871756

Al-Tahish G, El-Barrawy MA, Hashish MH, Heddaya Z. Effectiveness 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: 370-374. doi: 10.1016/j.jviromet.2013.03.013 PMID: 23541785

da Rosa L, Dantas-Corréa EB, Narciso-Schiavon JL, Schiavon Lde L. Diagnostic Performance of Two
Point-of-Care Tests for Anti-HCV Detection. Hepat Mon. 2013; 13(9): e12274. doi: 10.5812/hepatmon.
12274 PMID: 24282422

O'Connell RJ, Gates RG, Bautista CT, Imbach M, Eggleston JC, Bardsley SG et al. Laboratory evalua-
tion of rapid test kits to detect hepatitis C antibody for use in predonation screening in emergency set-
tings. Transfusion. 2013; 53(3): 505-517. doi: 10.1111/1.1537-2995.2012.03770.x PMID: 22823283

Tagny CT, Mbanya D, Murphy EL, Lefrére JJ, Laperche S. Screening for hepatitis C virus infection in a
high prevalence country by an antigen/antibody combination assay versus a rapid test. J Virol Methods.
2014; 199: 119-123. doi: 10.1016/j.jviromet.2014.01.002 PMID: 24487098

Reistma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM, Zwinderman AH. Bivariate analysis of
sensitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epide-
miol. 2005; 58: 982—990. PMID: 16168343

Kamili S, Drobeniuc J, Araujo AC, Hayden TM. Laboratory Diagnostics for Hepatitis C Virus Infection.
Clin Infect Dis. 2012; 55(S1): S43—48.

Leeflang MM, Bossuyt PM, Irwig L. Diagnostic test accuracy may vary with prevalence: implications for
evidence-based diagnosis. J Clin Epidemiol. 2009; 62(1): 5—12. doi: 10.1016/.jclinepi.2008.04.007
PMID: 18778913

Khuroo MS, Khuroo NS, Khuroo MS. Accuracy of Rapid Point-of-Care Diagnostic Tests for Hepatitis B
Surface Antigen-A Systematic Review and Meta-Analysis. Journal of Clinical and Experimental Hepa-
tology. 2014; 4(3): 226—240. http://dx.doi.org/10.1016/j.jceh.2014.07.08 doi: 10.1016/j.jceh.2014.07.
008 PMID: 25755565

Soriano V, Vispo E, Labarga P, Medrano J, Barreiro P. Viral hepatitis and HIV co-infection. Antiviral
Res. 2010; 85(1): 303-315. doi: 10.1016/j.antiviral.2009.10.021 PMID: 19887087

Nantachit N, Thaikruea L, Thongsawat S, Leetrakool N, Fongsatikul L, Sompan P, et al. Evaluation of a
multiplex human immunodeficiency virus-1, hepatitis C virus, and hepatitis B virus nucleic acid testing
assay to detect viremic blood donors in northern Thailand. Transfusion. 2007; 47(10): 1803—1808.
PMID: 17880604

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015 21/22


http://dx.doi.org/10.1016/j.jcv.2010.02.018
http://dx.doi.org/10.1016/j.jcv.2010.02.018
http://www.ncbi.nlm.nih.gov/pubmed/20362493
http://dx.doi.org/10.1016/j.jviromet.2010.12.009
http://www.ncbi.nlm.nih.gov/pubmed/21182871
http://dx.doi.org/10.1093/cid/cir499
http://www.ncbi.nlm.nih.gov/pubmed/21921221
http://dx.doi.org/10.3851/IMP2470
http://www.ncbi.nlm.nih.gov/pubmed/23322678
http://dx.doi.org/10.2105/AJPH.2011.300251
http://www.ncbi.nlm.nih.gov/pubmed/21940910
http://dx.doi.org/10.3343/alm.2013.33.3.184
http://dx.doi.org/10.3343/alm.2013.33.3.184
http://www.ncbi.nlm.nih.gov/pubmed/23667844
http://dx.doi.org/10.1186/1743-422X-9-290
http://www.ncbi.nlm.nih.gov/pubmed/23181517
http://dx.doi.org/10.1016/j.jcv.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/22560051
http://dx.doi.org/10.1097/MEG.0b013e32835c502d
http://www.ncbi.nlm.nih.gov/pubmed/23211286
http://dx.doi.org/10.1016/j.jviromet.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/23871756
http://dx.doi.org/10.1016/j.jviromet.2013.03.013
http://www.ncbi.nlm.nih.gov/pubmed/23541785
http://dx.doi.org/10.5812/hepatmon.12274
http://dx.doi.org/10.5812/hepatmon.12274
http://www.ncbi.nlm.nih.gov/pubmed/24282422
http://dx.doi.org/10.1111/j.1537-2995.2012.03770.x
http://www.ncbi.nlm.nih.gov/pubmed/22823283
http://dx.doi.org/10.1016/j.jviromet.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/24487098
http://www.ncbi.nlm.nih.gov/pubmed/16168343
http://dx.doi.org/10.1016/j.jclinepi.2008.04.007
http://www.ncbi.nlm.nih.gov/pubmed/18778913
http://dx.doi.org/10.1016/j.jceh.2014.07.08
http://dx.doi.org/10.1016/j.jceh.2014.07.008
http://dx.doi.org/10.1016/j.jceh.2014.07.008
http://www.ncbi.nlm.nih.gov/pubmed/25755565
http://dx.doi.org/10.1016/j.antiviral.2009.10.021
http://www.ncbi.nlm.nih.gov/pubmed/19887087
http://www.ncbi.nlm.nih.gov/pubmed/17880604

el e
@ ) PLOS | ONE Point-of-Care Tests for Hepatitis C Virus Infection

58. RKlein and K Struble (Food and Drug Administration). FDA Approves Rapid Test for Antibodies to Hep-
atitis C Virus. Press release. June 25, 2010. www.fda.gov/NewsEvents/Newsroom/.../ucm217318.htm

59. Yeh CK, Christodoulides NJ, Floriano PN, Miller CS, Ebersole JL, Weigum SE et al. Current Develop-
ment of Saliva/Oral fluid-based Diagnostics. Tex Dent J. 2010; 127(7): 651-661. PMID: 20737986

60. Nelson DR. Hepatitis C drug development at a crossroads [Editorial]. Hepatology. 2009; 50: 997-999.
doi: 10.1002/hep.23208 PMID: 19787813

PLOS ONE | DOI:10.1371/journal.pone.0121450 March 27,2015 22/22


http://www.fda.gov/NewsEvents/Newsroom/.../ucm217318.htm
http://www.ncbi.nlm.nih.gov/pubmed/20737986
http://dx.doi.org/10.1002/hep.23208
http://www.ncbi.nlm.nih.gov/pubmed/19787813


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


