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ABSTRACT 

 

Background: Several expert groups, including the United States Preventive Services Task Force and the 

Canadian Task Force on Preventive Health Care, have recently examined or are currently examining whether or 

not primary care physicians should screen asymptomatic adults for hepatitis C virus (HCV) infectionThe 

Canadian Task Force on Preventive Health Care is examining whether or not Canadian primary care physicians 

should screen asymptomatic adults for hepatitis C virus (HCV) infection. To inform decision-making on HCV 

screening, we performed a systematic review of the accuracy of antibody tests, as compared to other 

immunoassays and RNA detection, for screening asymptomatic adults for HCV infection.   

 

Methods: MEDLINE and EMBASE databases were searched from 1990-2016; resulting citations were uploaded 

into DistillerSR and independently screened by 2 reviewers. Risk of bias was assessed using the QUADAS-2 tool; 

the quality of the ‘body of evidence’ was assessed using GRADE methodology. 

 

Results: Of 1,537 articles identified, 81 underwent full-text review, and 9 studies met inclusion criteria. 

Compared to RNA detection, the sensitivity of ELISA v3.0 was variable (61.0%-81.8%) and the specificity was 

high (97.5%-99.7%). As expected, there were more false-positive results when comparing antibody tests to 

RNA detection than to other immunoassays; in fact, there were more false-positives than true-positives. Our 

GRADE assessment suggested that there was a high concern for risk of bias, particularly verification bias, and 

substantial inconsistency between studies in terms of their design.  

 

Interpretation: More research is needed to better characterize the accuracy of antibody tests used to screen 

for HCV infection in the general population. Jurisdictions that recently adopted birth cohort screening for HCV 

infection are encouraged to evaluate and report on HCV screening test accuracy, and screening benefits and 

harms. 

 

PROSPERO registration: #CRD42016039710 
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INTRODUCTION 

 

The incidence of hepatitis C virus (HCV) infection in Canada has declined in recent years (1;2), and the 

population prevalence of chronic HCV infection is estimated at 0.64-0.71% (2), which is approximately half of 

that of the United States (3). An estimated 21-44% of those Canadians with chronic HCV infection are unaware 

of their infection (1;2). In low-prevalence countries like Canada and the United Kingdom, the approach to HCV 

prevention and control has focused on case-finding (4;5), i.e., testing persons with risk factors for HCV 

infection, such as intravenous drug users (IVDU) and refugees from endemic countries. The recent 

development of costly but effective treatment for chronic hepatitis C (6) has led some to re-evaluate the 

evidence for/against population screening for HCV infection (7). In 2013, the United States Preventive Services 

Task Force (USPSTF) revised their 2004 recommendation against screening asymptomatic adults for HCV 

infection (8); it now recommends one-time screening for all adults born between 1945 and 1965 (7). The 

Canadian Task Force on Preventive Health Care (CTFPHC) is currently examining whether or not primary care 

physicians should screen asymptomatic adults for HCV infection (9). 

 

The World Health Organization (10;11) and the UK National Screening Committee’s (12) guidance on when 

screening should be performed emphasizes the fundamental importance of having a ‘safe, valid, and reliable’ 

screening test. Screening for HCV infection typically relies on antibody testing. Because approximately 25% of 

HCV-infected persons spontaneously clear the infection (13) but antibodies may persist (14), antibody testing 

cannot discriminate current from resolved infections, leading to false-positive results (15). False-positive results 

can also occur from other antibodies interacting non-specifically with the test (16). False-positive results can 

cause harm (e.g., through labeling, anxiety). Therefore, individuals who screen positive typically undergo 

further testing, which has resource implications and may carry additional inherent risk. To inform decision-

making on screening for chronic HCV infection, we performed a systematic review of the evidence on the 

accuracy of antibody tests used to screen asymptomatic adults for HCV infection.  

 

METHODS 

 

Laboratory tests for HCV 

Laboratory tests for HCV can be divided into 3 categories based on what they detect: 1) antibodies to HCV, 2) 

antibodies to HCV and HCV core antigen (i.e., antigen-antibody tests), or 3) HCV RNA (16). Antibody tests 

include third-generation enzyme-linked immunosorbent assay (ELISA), chemiluminescent immunoassay (CLIA), 

electro chemiluminescent immunoassay (ECLIA), chemiluminescent microparticle immunoassay (CMIA), and 
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microparticle enzyme immunoassay (MEIA). Each commercial antibody testing kit uses slightly different sets of 

HCV antigens to bind and detect host antibodies (Table 1). Antigen-antibody tests include fourth-generation 

ELISAs; because they detect antibodies to HCV, they would have the same issues with false-positives as 3
rd

 

generation ELISAs, but higher sensitivity because they also detect HCV antigen. Molecular techniques that 

detect HCV RNA, such as polymerase chain reaction (PCR) and nucleic acid testing (NAT), are recommended as 

confirmatory tests (17), even though immunocompromised and hemodialysis patients may have false-negative 

results (16). RNA-based testing can detect HCV before antibodies are produced (early infection) and can 

differentiate between current and resolved infection (i.e., fewer false-positives). It is important to note that 

there is no perfect reference standard for HCV infection, and the United States Centers for Disease Control and 

PreventionS CDC has recommended a testing strategy where the initial test is an antibody test, and the 

confirmatory test may be either RNA detection or serological methods similar to the index test (17). 

 

Environmental scan of laboratory testing for HCV in Canada 

To scope our systematic review, we first performed an environmental scan of laboratory testing for HCV in 

Canada. Given that provincial/territorial (P/T) laboratories generally perform the majority of HCV testing (18), 

one author (GC) searched the grey literature on P/T laboratory and CATIE websites, and contacted P/T 

laboratories by email in February 2016, on behalf of the Canadian Task Force for Preventive Health Care, to 

inquire about HCV testing (Appendix A). In a majority of P/T labs, the initial test used was an antibody test, such 

as CLIA (British Columbia, Northwest Territory, Saskatchewan), CMIA (Alberta, Manitoba, New Brunswick, 

Newfoundland & Labrador, Nova Scotia, Ontario), or MEIA (Quebec). Confirmatory testing was typically 

performed using another immunoassay, such as CMIA (British Columbia, Saskatchewan), CLIA (Ontario), fourth-

generation ELISA (Alberta), or recombinant immunoblot assay (RIBA) (Manitoba, Quebec), rather than PCR 

(New Brunswick, Newfoundland & Labrador, Nova Scotia). Use of a different immunoassay to confirm HCV 

infection (19), rather than RNA detection, is also aligned with current US Centers for Disease Control and 

Prevention (CDC) recommendations (17).  

 

Research question 

Our objective was to carry out a systematic review to estimate the accuracy of antibody tests used in Canada 

(i.e., CMIA, CLIA, ECLIA, MEIA, and ELISA version 3.0) to screen for HCV infection among asymptomatic, non-

pregnant, treatment-naïve adults with unknown liver enzyme values. In the absence of a perfect reference 

standard, we used two different sets of reference tests: 1) inferior serological reference tests (CMIA, CLIA, 

ECLIA, MEIA, ELISA version 3.0+, RIBA) commonly used as confirmatory tests in Canada, and 2) superior RNA–

based reference tests (PCR, NAT), which are less commonly used. We also sought to assess the accuracy of the 
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two-step HCV screening procedure (i.e., the combination of the initial and confirmatory tests) currently used in 

Canada. The research protocol to answer this question was registered with PROSPERO (#CRD42016039710). 

 

 

Literature search strategy 

The literature search strategy was developed with the help of a librarian at the University of Toronto Gerstein 

Science Information Centre (Appendix B). Ovid MEDLINE® 1946 to present, Ovid MEDLINE® In-Process & Other 

Non-Indexed Citations, and Ovid EMBASE® were systematically searched using both controlled vocabulary and 

keywords. Because the oldest immunoassay of interest (ELISA v3.0) was first marketed in 1993 (20), retrieval 

was limited to articles published between January 1, 1990 and May 6, 2016. Language was restricted to English 

or French. Conference abstracts were excluded from the search results.  

 

Selection criteria 

Original research studies, systematic reviews and meta-analyses were eligible for inclusion. At least 80% of the 

study population had to be asymptomatic, non-pregnant, treatment-naïve adults with unknown liver enzyme 

values and unknown HCV status (e.g., general population, blood donors); high-risk groups such as hemodialysis 

patients, transplant/transfusion recipients, IVDUsintravenous drug users, patients co-infected with other 

blood-borne infections were excluded, as well as blood bank specimens that previously tested negative for HCV 

and specimen panels. The index test had to be one of CLIA, ECLIA, CMIA, MEIA, or ELISA v3.0; rapid tests, tests 

performed on specimens other than blood (e.g., saliva), and sero/genotyping tests were excluded. Within a 

given study, the reference test had to be different from the index test. In the absence of a perfect reference 

standard, two different sets of reference tests were eligible for inclusion: inferior serological reference tests 

(CMIA, CLIA, ECLIA, MEIA, ELISA version 3.0+, RIBA) and superior RNA–based reference tests (PCR, NAT). The 

reference test had to be applied to some subjects who tested positive on the index test as well as some of 

those who tested negative on the index test, so that a 2x2 table could be filled and sensitivity and/or specificity 

estimated. The setting had to resemble primary care (e.g., blood donation centre, population-based screening); 

hospital-based specialty clinics and inpatient hospital settings were excluded.  

 

Selection method 

Using DistillerSR software, both reviewers (GC, JC) independently screened all titles and abstracts using the 

pre-determined selection criteria above. Potentially relevant articles were retrieved, and both reviewers (GC, 

JC) screened all full-text articles using the same selection criteria as above. Disagreements were resolved 

through discussion. 
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Data extraction 

One reviewer (GC) extracted data on study characteristics and findings from each included study into Tables 2-

4, as appropriate. Raw data was abstracted to create 2x2 tables of index test(s) compared to reference test(s) 

for each study. The second reviewer (JC) verified the accuracy and completeness of the other’s data extraction. 

Disagreements were resolved through discussion. Authors of one included study were contacted (21) to obtain 

additional data not reported in the published article (22). 

 

Risk of bias assessment 

One reviewer (GC), with previous experience conducting validation studies (23;24) and performing statistical 

adjustment for verification bias (25), assessed the risk of bias and applicability of each included study using the 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. QUADAS-2 focuses on four domains: 

patient selection, index test, reference test, as well as patient flow and timing of testing (26). The second 

reviewer (JC) verified the accuracy and completeness of the other’s assessment. Disagreements were resolved 

through discussion. 

 

Statistical analyses 

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), false-positive (FP) rate, 

false-negative (FN) rate, and 95% confidence intervals (CI) were estimated using the raw data (2x2 tables) 

extracted from the included studies. For studies that suffered from verification bias as a result of the sampling 

strategy used, statistical adjustment of sensitivity and specificity estimates (and therefore false-positiveFP and 

false-negativeFN rate) was performed (27). Given the small number of included studies and the heterogeneity 

of index–reference test pairings between studies, quantitative synthesis was not considered appropriate. 

 

Assessment of the quality of the ‘body of evidence’ using GRADE 

Whereas studies using inferior serological reference tests reflect current laboratory practice in several P/T, 

they likely underestimate the true number of false-positives. For this reason, we further restricted the ‘body of 

evidence’ to studies where the index test was an antibody test (reflecting current laboratory practice) and the 

reference test detected RNA. Two reviewers (GC, JC) independently used GRADE methodology for diagnostic 

testing accuracy (DTA) studies (28-31) to assess the body of evidence; disagreements between reviewers were 

resolved through discussion. The GRADE criteria evaluate the evidence in terms of study design, risk of bias, 

indirectness, imprecision, and publication bias (31).  
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RESULTS 

 

Literature search results and characteristics of included studies 

1,537 articles were identified, of which 81 underwent full-text review, and 9 were included (Figure 1). A list of 

all excluded studies and each study’s reason for exclusion is available in Appendix C.  We did not identify any 

eligible studies that evaluated the two-step HCV screening procedure. Included studies (Table 2) were 

conducted in countries with low (15;32;33), moderate (34;35), and high (22;36-38) HCV prevalence (39). Only 2 

studies involved routine HCV screening of the general population (21;31); the other 7 studies involved blood 

donor screening (14;32-37). The 9 included studies reported on 11 different index—reference test pairings: 5 

studies compared antibody tests to other antibody tests (14;21;31;32;35), 2 studies compared antigen-

antibody tests to antibody tests (33;36), 3 studies compared antibody tests to RNA detection (20;21;35;37), 

and 1 study compared an antigen-antibody test to RNA detection (34).  

Seven studies applied the index and reference tests to all samples in parallel (14;31;32;34-37); 2 studies (21;33) 

suffered from verification bias as a result of applying the reference test to a larger proportion of samples that 

had tested positive on the index test relative to those that had tested negative on the index test (Appendix D – 

QUADAS-2 assessment). 

 

Accuracy of immunoassays as compared to other immunoassays 

The sample size of studies comparing two immunoassays ranged from 106 to 5,208 (Table 3). For antibody 

tests compared to other antibody tests, sensitivity ranged from 70.4% to 99.5% and specificity ranged from 

98.7% to 99.8%. For an antigen-antibody test compared to an antibody test, sensitivity ranged from 52.4% to 

95.6% and specificity was over 99%. 

 

Accuracy of immunoassays as compared to RNA detection  

The sample size of studies comparing an antibody test to RNA detection ranged from 106 to 21,115 (Table 4). 

For antibody tests compared to RNA detection, sensitivity ranged from 61.0% to 81.8% and specificity ranged 

from 97.5% to 99.7%. As expected, the antigen-antibody test performed better against RNA detection than the 

antibody tests did; its sensitivity was 90.2% and its specificity was 99.8%. Also as expected, the number of false-

positive results was higher when comparing antibody tests to RNA detection than to other antibody tests; in 

fact, there were more false-positives than true-positives. 

 

Assessment of included studies’ risk of bias using QUADAS-2 
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With respect to patient selection, Oonly 2 studies involved routine HCV screening of the general population 

(22;32); the other 7 studies involved blood donor screening (15;33-38) (Appendix D – QUADAS-2 assessment). 

TThe 9 included studies reported on 11 different index—reference test pairings: 5 studies compared antibody 

tests to other antibody tests (15;22;32;33;36), 2 studies compared antigen-antibody tests to antibody tests 

(34;37), 3 studies compared antibody tests to RNA detection (21;22;36;38), and 1 study compared an antigen-

antibody test to RNA detection (35). With respect to study flow and timing, 7 studies applied the index and 

reference tests to all samples in parallel (15;32;33;35-38); 2 studies (22;34) suffered from verification bias as a 

result of applying the reference test to a larger proportion of samples that had tested positive on the index test 

relative to those that had tested negative on the index test. 

 

Assessment of the quality of the ‘body of evidence’ using GRADE 

Three studies comparing antibody tests to RNA detection were considered for inclusion in the ‘body of 

evidence’. One study (22) was excluded because, as a result of there being zero false-negatives, the correction 

of the sensitivity estimate for verification bias was overly conservative (40) and the uncorrected sensitivity was 

too biased to be meaningful.  Another study (36) was excluded because, based on its results, the study 

prevalence of HCV was 23.6%; this very high prevalence suggests that either the study population was not 

reflective of the general population or a case-control design was used (in either case, it did not meet our 

inclusion criteria). Findings from the remaining study (38) were assessed as ‘very low’ quality of evidence using 

GRADE (Table 5); this study reported a sensitivity of 81.8%, 95% CI (59.0-100%) and a specificity of 99.7%, 95% 

CI (99.6-99.8%). Assuming an HCV seroprevalence of 0.96% as in the general Canadian population (2), instead 

of the 0.1% prevalence among the 17,840 blood donors in the study (38), the PPV would be 72.7%, 95% CI 

(66.2-78.8%), and the NPV would be 99.8%, 95% CI (99.8-99.9%). . Applying this study’s findings to 1,000 

individuals drawn from the general Canadian population (Table 5), assuming a population HCV seroprevalence 

of 0.96% (0.61%-1.34%) (2), we would expect 8, 95% CI (6-10) true-positives, 987, 95% CI (986-988) true-

negatives, 3, 95% CI (2-4) false-positives, and 2, 95% CI (0-4) false-negatives. 

 

INTERPRETATION 

 

We performed a systematic review of the evidence on the accuracy of antibody tests, as compared to other 

immunoassays and RNA detection, for screening asymptomatic adults for HCV infection. We found that the 

sensitivity of antibody tests was highly variable (52.4%-99.5%) and the specificity was high (97.5%-99.8%). The 

lack of a perfect reference test for HCV raises concerns that these estimates are biased. In particular, when an 

inferior serological reference test that shares the same risk of false-positives as the index test is used, the 
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specificity could be overestimated.  As expected, we found that there were more false-positive results when 

comparing antibody tests to superior RNA-based reference tests, than to inferior serological reference tests; in 

fact, there were more false-positives than true-positives owing to the very low prevalence of HCV. Bias 

correction of the specificity estimate could make the difference even greater. This finding highlights a potential 

problem with using an inferior serological reference test as a confirmatory test (17;19) when screening the 

general population for HCV infection. Our assessment of the ‘body of evidence’ using GRADE methodology led 

us to focus on a single ‘least biased’ study (38), which reported the sensitivity of ELISA v3.0 compared to NAT as 

81.8%, 95% CI (59.0%-100%), its specificity as 99.8%, 95% CI (99.7%-99.8%), and its PPV as 13.8%, 95% CI (5.4-

22.2). 

 

The only other systematic review of HCV antibody test accuracy was performed in the context of the United 

States Preventive Services Task Force’s 2004 recommendation on HCV screening. However, the populations of 

the studies included in that review (i.e., hemodialysis patients, patients with histologically-verified hepatitis, 

patients hospitalized with suspected acute/chronic hepatitis, blood donors with persistently elevated liver 

enzymes, and blood donors who previously screened positive for HCV) did not reflect the general population, 

therefore those findings are not directly comparable to ours (8;20). When the United States Preventive 

Services Task Force revised its recommendation on HCV screening in 2013, it did not re-assess HCV screening 

test accuracy, despite the introduction of new immunoassays (i.e., CLIA, ECLIA, CMIA, MEIA) since its 2004 

systematic review (3). Similarly, when the WHO published its HCV screening guideline in 2014 (41), it did not 

re-assess screening test accuracy, instead citing a 2001 report (42) on simple/rapid test accuracy and a 2002 

report (43) on ELISA v3.0+ immunoassay accuracy, both involving blood panels not reflective of the general 

population. Because antibody tests have not been adequately evaluated  for population-based HCV screening, 

and because the availability of a ‘safe, valid, and reliable’ screening test is a fundamental consideration of any 

screening recommendation or program (10-12), this highlights a knowledge gap and brings into question the 

evidence basis for these recommendations. 

 

Our findings are limited by the paucity and the low quality of the available evidence published in English or 

French. In particular, we were unable to locate any studies of the accuracy of CLIA, CMIA, or MEIA (the HCV 

screening tests most commonly used in Canada) as compared to RNA detection for HCV screening in the 

general population. The applicability of our findings to the general Canadian population is limited because a 

majority of included studies were conducted among blood donors, and persons eligible to donate blood are at 

lower risk of blood-borne infections like HCV than the general population. Rapid and point-of-care tests were 

beyond the scope of our review; whereas those tests are important for reaching some vulnerable populations, 
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a majority of HCV testing in Canada is laboratory-based (18); also, a systematic review of the accuracy of rapid 

tests was recently published (44). 

 

In conclusion, the availability of a ‘safe, valid, and reliable’ screening test is a primordial consideration for 

decision-making about screening (10-12), but our study has shown that more further research is needed to 

adequately characterize the accuracy of antibody tests used to screen the general population for HCV infection. 

Whereas decision-making about screening involves multiple considerations, such as the availability of safe and 

effective treatment, having a ‘safe, valid, and reliable’ screening test is a primordial consideration (10-12). Our 

study focused on the accuracy of HCV screening tests; however, several other important factors must be 

considered when making decisions about HCV screening, including: the benefits and harms of screening, the 

benefits and harms of treatment for screen-detected cases, the cost-effectiveness of screening, as well as 

patient preferences related to screening. A review of the evidence related to these considerations is beyond 

the scope of the present study, but such a review is being performed by others in the context of the Canadian 

Task Force on Preventive Health Care’s upcoming guidelines on HCV screening. To help inform decision-making 

about HCV screening, Wwe encourage jurisdictions that have already adopted population-based (birth cohort) 

HCV screening for HCV to carefully evaluate and report on the accuracy of antibody tests, as well as  screening 

benefits and harms; these findings will help inform future HCV screening policies.  
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ABSTRACT 

 

Background: Several expert groups, including the United States Preventive Services Task Force and the 

Canadian Task Force on Preventive Health Care, have recently examined or are currently examining whether or 

not primary care physicians should screen asymptomatic adults for hepatitis C virus (HCV) infection. To inform 

decision-making on HCV screening, we performed a systematic review of the accuracy of antibody tests, as 

compared to other immunoassays and RNA detection, for screening asymptomatic adults for HCV infection.   

 

Methods: MEDLINE and EMBASE databases were searched from 1990-2016; resulting citations were uploaded 

into DistillerSR and independently screened by 2 reviewers. Risk of bias was assessed using the QUADAS-2 tool; 

the quality of the ‘body of evidence’ was assessed using GRADE methodology. 

 

Results: Of 1,537 articles identified, 81 underwent full-text review, and 9 studies met inclusion criteria. 

Compared to RNA detection, the sensitivity of ELISA v3.0 was variable (61.0%-81.8%) and the specificity was 

high (97.5%-99.7%). As expected, there were more false-positive results when comparing antibody tests to 

RNA detection than to other immunoassays; in fact, there were more false-positives than true-positives. Our 

GRADE assessment suggested that there was a high concern for risk of bias, particularly verification bias, and 

substantial inconsistency between studies in terms of their design.  

 

Interpretation: More research is needed to better characterize the accuracy of antibody tests used to screen 

for HCV infection in the general population. Jurisdictions that recently adopted birth cohort screening for HCV 

infection are encouraged to evaluate and report on HCV screening test accuracy, and screening benefits and 

harms. 

 

PROSPERO registration: #CRD42016039710 
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INTRODUCTION 

 

The incidence of hepatitis C virus (HCV) infection in Canada has declined in recent years (1;2), and the 

population prevalence of chronic HCV infection is estimated at 0.64-0.71% (2), which is approximately half of 

that of the United States (3). An estimated 21-44% of those Canadians with chronic HCV infection are unaware 

of their infection (1;2). In low-prevalence countries like Canada and the United Kingdom, the approach to HCV 

prevention and control has focused on case-finding (4;5), i.e., testing persons with risk factors for HCV 

infection, such as intravenous drug users and refugees from endemic countries. The recent development of 

costly but effective treatment for chronic hepatitis C (6) has led some to re-evaluate the evidence for/against 

population screening for HCV infection (7). In 2013, the United States Preventive Services Task Force revised 

their 2004 recommendation against screening asymptomatic adults for HCV infection (8); it now recommends 

one-time screening for all adults born between 1945 and 1965 (7). The Canadian Task Force on Preventive 

Health Care is currently examining whether or not primary care physicians should screen asymptomatic adults 

for HCV infection (9). 

 

The World Health Organization (10;11) and the UK National Screening Committee’s (12) guidance on when 

screening should be performed emphasizes the fundamental importance of having a ‘safe, valid, and reliable’ 

screening test. Screening for HCV infection typically relies on antibody testing. Because approximately 25% of 

HCV-infected persons spontaneously clear the infection (13) but antibodies may persist (14), antibody testing 

cannot discriminate current from resolved infections, leading to false-positive results (15). False-positive results 

can also occur from other antibodies interacting non-specifically with the test (16). False-positive results can 

cause harm (e.g., through labeling, anxiety). Therefore, individuals who screen positive typically undergo 

further testing, which has resource implications and may carry additional inherent risk. To inform decision-

making on screening for chronic HCV infection, we performed a systematic review of the evidence on the 

accuracy of antibody tests used to screen asymptomatic adults for HCV infection.  

 

METHODS 

 

Laboratory tests for HCV 

Laboratory tests for HCV can be divided into 3 categories based on what they detect: 1) antibodies to HCV, 2) 

antibodies to HCV and HCV core antigen (i.e., antigen-antibody tests), or 3) HCV RNA (16). Antibody tests 

include third-generation enzyme-linked immunosorbent assay (ELISA), chemiluminescent immunoassay (CLIA), 

electro chemiluminescent immunoassay (ECLIA), chemiluminescent microparticle immunoassay (CMIA), and 
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microparticle enzyme immunoassay (MEIA). Each commercial antibody testing kit uses slightly different sets of 

HCV antigens to bind and detect host antibodies (Table 1). Antigen-antibody tests include fourth-generation 

ELISAs; because they detect antibodies to HCV, they would have the same issues with false-positives as 3
rd

 

generation ELISAs, but higher sensitivity because they also detect HCV antigen. Molecular techniques that 

detect HCV RNA, such as polymerase chain reaction (PCR) and nucleic acid testing (NAT), are recommended as 

confirmatory tests (17), even though immunocompromised and hemodialysis patients may have false-negative 

results (16). RNA-based testing can detect HCV before antibodies are produced (early infection) and can 

differentiate between current and resolved infection (i.e., fewer false-positives). It is important to note that 

there is no perfect reference standard for HCV infection, and the United States Centers for Disease Control and 

Prevention has recommended a testing strategy where the initial test is an antibody test, and the confirmatory 

test may be either RNA detection or serological methods similar to the index test (17). 

 

Environmental scan of laboratory testing for HCV in Canada 

To scope our systematic review, we first performed an environmental scan of laboratory testing for HCV in 

Canada. Given that provincial/territorial (P/T) laboratories generally perform the majority of HCV testing (18), 

one author (GC) searched the grey literature on P/T laboratory and CATIE websites, and contacted P/T 

laboratories by email in February 2016, on behalf of the Canadian Task Force for Preventive Health Care, to 

inquire about HCV testing (Appendix A). In a majority of P/T labs, the initial test used was an antibody test, such 

as CLIA (British Columbia, Northwest Territory, Saskatchewan), CMIA (Alberta, Manitoba, New Brunswick, 

Newfoundland & Labrador, Nova Scotia, Ontario), or MEIA (Quebec). Confirmatory testing was typically 

performed using another immunoassay, such as CMIA (British Columbia, Saskatchewan), CLIA (Ontario), fourth-

generation ELISA (Alberta), or recombinant immunoblot assay (RIBA) (Manitoba, Quebec), rather than PCR 

(New Brunswick, Newfoundland & Labrador, Nova Scotia). Use of a different immunoassay to confirm HCV 

infection (19), rather than RNA detection, is also aligned with current US Centers for Disease Control and 

Prevention recommendations (17).  

 

Research question 

Our objective was to carry out a systematic review to estimate the accuracy of antibody tests used in Canada 

(i.e., CMIA, CLIA, ECLIA, MEIA, and ELISA version 3.0) to screen for HCV infection among asymptomatic, non-

pregnant, treatment-naïve adults with unknown liver enzyme values. In the absence of a perfect reference 

standard, we used two different sets of reference tests: 1) inferior serological reference tests (CMIA, CLIA, 

ECLIA, MEIA, ELISA version 3.0+, RIBA) commonly used as confirmatory tests in Canada, and 2) superior RNA–

based reference tests (PCR, NAT), which are less commonly used. We also sought to assess the accuracy of the 
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two-step HCV screening procedure (i.e., the combination of the initial and confirmatory tests) currently used in 

Canada. The research protocol to answer this question was registered with PROSPERO (#CRD42016039710). 

 

 

Literature search strategy 

The literature search strategy was developed with the help of a librarian at the University of Toronto Gerstein 

Science Information Centre (Appendix B). Ovid MEDLINE® 1946 to present, Ovid MEDLINE® In-Process & Other 

Non-Indexed Citations, and Ovid EMBASE® were systematically searched using both controlled vocabulary and 

keywords. Because the oldest immunoassay of interest (ELISA v3.0) was first marketed in 1993 (20), retrieval 

was limited to articles published between January 1, 1990 and May 6, 2016. Language was restricted to English 

or French. Conference abstracts were excluded from the search results.  

 

Selection criteria 

Original research studies, systematic reviews and meta-analyses were eligible for inclusion. At least 80% of the 

study population had to be asymptomatic, non-pregnant, treatment-naïve adults with unknown liver enzyme 

values and unknown HCV status (e.g., general population, blood donors); high-risk groups such as hemodialysis 

patients, transplant/transfusion recipients, intravenous drug users, patients co-infected with other blood-

borne infections were excluded, as well as blood bank specimens that previously tested negative for HCV and 

specimen panels. The index test had to be one of CLIA, ECLIA, CMIA, MEIA, or ELISA v3.0; rapid tests, tests 

performed on specimens other than blood (e.g., saliva), and sero/genotyping tests were excluded. Within a 

given study, the reference test had to be different from the index test. In the absence of a perfect reference 

standard, two different sets of reference tests were eligible for inclusion: inferior serological reference tests 

(CMIA, CLIA, ECLIA, MEIA, ELISA version 3.0+, RIBA) and superior RNA–based reference tests (PCR, NAT). The 

reference test had to be applied to some subjects who tested positive on the index test as well as some of 

those who tested negative on the index test, so that a 2x2 table could be filled and sensitivity and/or specificity 

estimated. The setting had to resemble primary care (e.g., blood donation centre, population-based screening); 

hospital-based specialty clinics and inpatient hospital settings were excluded.  

 

Selection method 

Using DistillerSR software, both reviewers (GC, JC) independently screened all titles and abstracts using the 

pre-determined selection criteria above. Potentially relevant articles were retrieved, and both reviewers (GC, 

JC) screened all full-text articles using the same selection criteria as above. Disagreements were resolved 

through discussion. 
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Data extraction 

One reviewer (GC) extracted data on study characteristics and findings from each included study into Tables 2-

4, as appropriate. Raw data was abstracted to create 2x2 tables of index test(s) compared to reference test(s) 

for each study. The second reviewer (JC) verified the accuracy and completeness of the other’s data extraction. 

Disagreements were resolved through discussion. Authors of one included study were contacted (21) to obtain 

additional data not reported in the published article (22). 

 

Risk of bias assessment 

One reviewer (GC), with previous experience conducting validation studies (23;24) and performing statistical 

adjustment for verification bias (25), assessed the risk of bias and applicability of each included study using the 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. QUADAS-2 focuses on four domains: 

patient selection, index test, reference test, as well as patient flow and timing of testing (26). The second 

reviewer (JC) verified the accuracy and completeness of the other’s assessment. Disagreements were resolved 

through discussion. 

 

Statistical analyses 

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), false-positive rate, false-

negative rate, and 95% confidence intervals (CI) were estimated using the raw data (2x2 tables) extracted from 

the included studies. For studies that suffered from verification bias as a result of the sampling strategy used, 

statistical adjustment of sensitivity and specificity estimates (and therefore false-positive and false-negative 

rate) was performed (27). Given the small number of included studies and the heterogeneity of index–

reference test pairings between studies, quantitative synthesis was not considered appropriate. 

 

Assessment of the quality of the ‘body of evidence’ using GRADE 

Whereas studies using inferior serological reference tests reflect current laboratory practice in several P/T, 

they likely underestimate the true number of false-positives. For this reason, we further restricted the ‘body of 

evidence’ to studies where the index test was an antibody test (reflecting current laboratory practice) and the 

reference test detected RNA. Two reviewers (GC, JC) independently used GRADE methodology for diagnostic 

testing accuracy studies (28-31) to assess the body of evidence; disagreements between reviewers were 

resolved through discussion. The GRADE criteria evaluate the evidence in terms of study design, risk of bias, 

indirectness, imprecision, and publication bias (31).  
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RESULTS 

 

Literature search results and characteristics of included studies 

1,537 articles were identified, of which 81 underwent full-text review, and 9 were included (Figure 1). A list of 

all excluded studies and each study’s reason for exclusion is available in Appendix C.  We did not identify any 

eligible studies that evaluated the two-step HCV screening procedure. Included studies (Table 2) were 

conducted in countries with low (15;32;33), moderate (34;35), and high (22;36-38) HCV prevalence (39).  

 

Accuracy of immunoassays as compared to other immunoassays 

The sample size of studies comparing two immunoassays ranged from 106 to 5,208 (Table 3). For antibody 

tests compared to other antibody tests, sensitivity ranged from 70.4% to 99.5% and specificity ranged from 

98.7% to 99.8%. For an antigen-antibody test compared to an antibody test, sensitivity ranged from 52.4% to 

95.6% and specificity was over 99%. 

 

Accuracy of immunoassays as compared to RNA detection  

The sample size of studies comparing an antibody test to RNA detection ranged from 106 to 21,115 (Table 4). 

For antibody tests compared to RNA detection, sensitivity ranged from 61.0% to 81.8% and specificity ranged 

from 97.5% to 99.7%. As expected, the antigen-antibody test performed better against RNA detection than the 

antibody tests did; its sensitivity was 90.2% and its specificity was 99.8%. Also as expected, the number of false-

positive results was higher when comparing antibody tests to RNA detection than to other antibody tests; in 

fact, there were more false-positives than true-positives. 

 

Assessment of included studies’ risk of bias using QUADAS-2 

With respect to patient selection, only 2 studies involved routine HCV screening of the general population 

(22;32); the other 7 studies involved blood donor screening (15;33-38) (Appendix D – QUADAS-2 assessment). 

The 9 included studies reported on 11 different index—reference test pairings: 5 studies compared antibody 

tests to other antibody tests (15;22;32;33;36), 2 studies compared antigen-antibody tests to antibody tests 

(34;37), 3 studies compared antibody tests to RNA detection (21;22;36;38), and 1 study compared an antigen-

antibody test to RNA detection (35). With respect to study flow and timing, 7 studies applied the index and 

reference tests to all samples in parallel (15;32;33;35-38); 2 studies (22;34) suffered from verification bias as a 

result of applying the reference test to a larger proportion of samples that had tested positive on the index test 

relative to those that had tested negative on the index test. 
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Assessment of the quality of the ‘body of evidence’ using GRADE 

Three studies comparing antibody tests to RNA detection were considered for inclusion in the ‘body of 

evidence’. One study (22) was excluded because, as a result of there being zero false-negatives, the correction 

of the sensitivity estimate for verification bias was overly conservative (40) and the uncorrected sensitivity was 

too biased to be meaningful.  Another study (36) was excluded because, based on its results, the study 

prevalence of HCV was 23.6%; this very high prevalence suggests that either the study population was not 

reflective of the general population or a case-control design was used (in either case, it did not meet our 

inclusion criteria). Findings from the remaining study (38) were assessed as ‘very low’ quality of evidence using 

GRADE (Table 5); this study reported a sensitivity of 81.8%, 95% CI (59.0-100%) and a specificity of 99.7%, 95% 

CI (99.6-99.8%). Assuming an HCV seroprevalence of 0.96% as in the general Canadian population (2), instead 

of the 0.1% prevalence among the 17,840 blood donors in the study (38), the PPV would be 72.7%, 95% CI 

(66.2-78.8%), and the NPV would be 99.8%, 95% CI (99.8-99.9%). Applying this study’s findings to 1,000 

individuals drawn from the general Canadian population (Table 5), we would expect 8, 95% CI (6-10) true-

positives, 987, 95% CI (986-988) true-negatives, 3, 95% CI (2-4) false-positives, and 2, 95% CI (0-4) false-

negatives. 

 

INTERPRETATION 

 

We performed a systematic review of the evidence on the accuracy of antibody tests, as compared to other 

immunoassays and RNA detection, for screening asymptomatic adults for HCV infection. We found that the 

sensitivity of antibody tests was highly variable (52.4%-99.5%) and the specificity was high (97.5%-99.8%). The 

lack of a perfect reference test for HCV raises concerns that these estimates are biased. In particular, when an 

inferior serological reference test that shares the same risk of false-positives as the index test is used, the 

specificity could be overestimated.  As expected, we found that there were more false-positive results when 

comparing antibody tests to superior RNA-based reference tests, than to inferior serological reference tests; in 

fact, there were more false-positives than true-positives owing to the very low prevalence of HCV. Bias 

correction of the specificity estimate could make the difference even greater. This finding highlights a potential 

problem with using an inferior serological reference test as a confirmatory test (17;19) when screening the 

general population for HCV infection. Our assessment of the ‘body of evidence’ using GRADE methodology led 

us to focus on a single ‘least biased’ study (38), which reported the sensitivity of ELISA v3.0 compared to NAT as 

81.8%, 95% CI (59.0%-100%), its specificity as 99.8%, 95% CI (99.7%-99.8%), and its PPV as 13.8%, 95% CI (5.4-

22.2). 
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The only other systematic review of HCV antibody test accuracy was performed in the context of the United 

States Preventive Services Task Force’s 2004 recommendation on HCV screening. However, the populations of 

the studies included in that review (i.e., hemodialysis patients, patients with histologically-verified hepatitis, 

patients hospitalized with suspected acute/chronic hepatitis, blood donors with persistently elevated liver 

enzymes, and blood donors who previously screened positive for HCV) did not reflect the general population, 

therefore those findings are not directly comparable to ours (8;20). When the United States Preventive 

Services Task Force revised its recommendation on HCV screening in 2013, it did not re-assess HCV screening 

test accuracy, despite the introduction of new immunoassays (i.e., CLIA, ECLIA, CMIA, MEIA) since its 2004 

systematic review (3). Similarly, when the WHO published its HCV screening guideline in 2014 (41), it did not 

re-assess screening test accuracy, instead citing a 2001 report (42) on simple/rapid test accuracy and a 2002 

report (43) on ELISA v3.0+ immunoassay accuracy, both involving blood panels not reflective of the general 

population. Because antibody tests have not been adequately evaluated  for population-based HCV screening, 

and because the availability of a ‘safe, valid, and reliable’ screening test is a fundamental consideration of any 

screening recommendation or program (10-12), this highlights a knowledge gap and brings into question the 

evidence basis for these recommendations. 

 

Our findings are limited by the paucity and the low quality of the available evidence published in English or 

French. In particular, we were unable to locate any studies of the accuracy of CLIA, CMIA, or MEIA (the HCV 

screening tests most commonly used in Canada) as compared to RNA detection for HCV screening in the 

general population. The applicability of our findings to the general Canadian population is limited because a 

majority of included studies were conducted among blood donors, and persons eligible to donate blood are at 

lower risk of blood-borne infections like HCV than the general population. Rapid and point-of-care tests were 

beyond the scope of our review; whereas those tests are important for reaching some vulnerable populations, 

a majority of HCV testing in Canada is laboratory-based (18); also, a systematic review of the accuracy of rapid 

tests was recently published (44). 

 

In conclusion, the availability of a ‘safe, valid, and reliable’ screening test is a primordial consideration for 

decision-making about screening (10-12), but our study has shown that further research is needed to 

adequately characterize the accuracy of antibody tests used to screen the general population for HCV infection. 

Our study focused on the accuracy of HCV screening tests; however, several other important factors must be 

considered when making decisions about HCV screening, including: the benefits and harms of screening, the 

benefits and harms of treatment for screen-detected cases, the cost-effectiveness of screening, as well as 
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patient preferences related to screening. A review of the evidence related to these considerations is beyond 

the scope of the present study, but such a review is being performed by others in the context of the Canadian 

Task Force on Preventive Health Care’s upcoming guidelines on HCV screening. To help inform decision-making 

about HCV screening, we encourage jurisdictions that have already adopted population-based (birth cohort) 

screening for HCV to carefully evaluate and report on the accuracy of antibody tests, as well as screening 

benefits and harms.  
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Table 1. Screening tests for HCV based on antibody detection 

 

Antibody test Examples of assays (manufacturer) Antigens (region of the genome) 

3
rd

 generation ELISA � ORTHO HCV 3.0 ELISA (Ortho) 

� c100-3 (NS3-NS4) 

� c33-c (NS3) 

� c22-3 (core) 

� NS5 

CLIA 

� ARCHITECT i4000 anti-HCV assay (Abbott) 

� VITROS Eci anti-HCV assay (Ortho) 

� ADVIA Centaur, Siemens 

� c22-3 (core) 

� c200 (NS3 - NS4) 

� NS5 

ECLIA � Elecsys anti-HCV assay (Roche) 

� Core 

� NS3 

� NS4 

CMIA � ARCHITECT® anti-HCV (Abbott) 
� HCr43 (core-NS3) 

� c100-3 (NS3-NS4) 

MEIA � AxSYM® HCV 3.0 (Abbott) 

� HCr43 (Fusion core e NS3) 

� c200 (NS3 - NS4) 

� c100-3 (NS3-NS4) 

� NS5 

Source: Villar LM, et al. Update on hepatitis B and C virus diagnosis. World Journal of Virology. 2015; 4(4): 323-42. 
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Table 2. Characteristics of included studies 

 

Study Country (HCV 

prevalence
1
) 

Setting & study 

period 

Funding source & 

conflict(s) of interests 

Study population Study flow & timing Index test(s) Reference test(s) 

Denoyel, 

2004 

France (low) NR NR 5,228 individuals: 

5,015 random blood 

donors and 213 

hospitalized 

patients 

Not specified; based 

on results, all 

samples underwent 

both the index and 

reference tests 

CLIA (ADVIA 

Centaur® HCV 

assay) 

MEIA (AxSYM® HCV 

v.3.0 assay, Abbott) 

Tashkandy, 

2007 

Saudi Arabia 

(high) 

Immunology and 

Serology 

Department, Al-

Noor Specialist 

Hospital, Makkah; 

study period: NR 

NR 106 male blood 

donors; samples 

from patients with 

diabetes or other 

endocrine diseases 

and autoimmune 

diseases were 

excluded 

All samples were 

aliquoted into two 

portions: one for 

PCR, the other for 

serological testing 

ELISA v3.0 (Murex 

anti-HCV, Abbott) 

LIA (INNo-LIA HCV 

Ab III Update, 

Innogenetics) 

RT-PCR (High Pure 

Viral Nucleic Acid 

reagent set, Roche) 

Benouda, 

2009 

Morocco 

(high) 

Workplace blood 

specimen 

collection; 

December 2005 to 

April 2007 

NR 8,326 adults from 

the general 

population with 

unknown HCV 

serology  

A subset of 158/161 

(98%) ELISA-positive 

and 100/8,165 (1%) 

ELISA-negative 

adults were called 

back to undergo the 

reference standard 

(verification bias); 

3/161 lost to follow-

up; time interval 

between tests not 

specified 

ELISA v3.0 (Murex 

anti-HCV, Abbott) 

MEIA (AxSYM® HCV 

v.3.0 assay, Abbott) 

RT-PCR (Amplicor 

HCV® v2.0, Roche) 
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Study Country (HCV 

prevalence
1
) 

Setting & study 

period 

Funding source & 

conflict(s) of interests 

Study population Study flow & timing Index test(s) Reference test(s) 

Rao, 2009 China (high) Beijing Red Cross 

Blood Center and 

Peking University 

Hepatology 

Institute; study 

period: NR 

Grants from the 

Chinese Basic 

Research Foundation, 

National Science and 

Technology Key 

Project, and Key 

Clinical Research 

Program of Ministry 

of Health; conflict(s) 

of interest: NR, but 

one author affiliated 

with Aldatis 

2,559 individuals: 

2,082 blood donors 

(Beijing Red Cross 

Blood Center) and 

477 (18.6%) 

patients (Peking 

University 

Hepatology 

Institute; including 

various HCV 

genotypes, non-C 

hepatitis, pregnant 

women, and 

lipidemia sera) 

All samples 

underwent both the 

index and reference 

tests “side-by-side” 

ELISA v4.0 (EIAgen, 

Adaltis) 

ELISA v3.0 (Ortho 

HCV 3.0 ELISA) 

Ol, 2009 Cambodia 

(moderate) 

Rural areas of 2 

Cambodian 

provinces: 

Battambang and 

Pailin; May to 

June 2007 

Sponsored by the 

European Plasma 

Fraction Foundation 

and Tromsoe Mine 

Victim Resource 

Center, University 

Hospital, North 

Norway; conflict(s) of 

interest: NR 

1,200 potential 

volunteer blood 

donors: 677 

females, 523 males, 

mean age: 32.8 

years, age range 18-

52 year; sample 

stratified by 

province (600 each) 

A subset of 80/176 

(45%) ELISA-positive 

and 40/1,024 (4%) 

ELISA-negative 

samples were 

selected to undergo 

the reference test 

(verification bias); 

all samples 

underwent both the 

index and reference 

tests 

ELISA v4.0 

(Monolisa™, 

BioRad) 

CMIA (Abbott) 
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Study Country (HCV 

prevalence
1
) 

Setting & study 

period 

Funding source & 

conflict(s) of interests 

Study population Study flow & timing Index test(s) Reference test(s) 

Kosan, 

2010 

Turkey (high) Turkish Red 

Crescent Çapa 

Blood Centre of 

Istanbul; 

intermittently 

from February 

2007 to March 

2008 

“No role for sponsors 

in our study”; “there 

are no financial or 

personal relationships 

with other people or 

organisations that 

could inappropriately 

influence (bias) our 

work” 

18,200 volunteer 

blood donors: 546 

(3%) were women, 

17,654 (97%) were 

men, 18,198 

(99.9%) were first-

time donors, mean 

age: 40 years, age 

range: 18-60 years; 

individuals 

underwent a 

mandatory physical 

exam prior to blood 

drawing 

For each subject, 

two sets of blood 

samples were 

collected: one 

underwent 

serological testing 

and one underwent 

NAT testing 

ELISA v3.0 (Innotest 

HCV Ab III, 

Innogenetics) 

NAT (Procleix Ultrio 

kit, Chiron) 

Park, 2012 South Korea 

(low) 

“Routine HCV 

screening”; 

August 2009 to 

January 2011 

Funding source not 

reported, but Ortho 

provided the CLIA 

assay kits; conflict(s) 

of interest: NR 

1,011 sera from 

individuals 

undergoing routine 

HCV screening 

Not specified; based 

on results, all 

samples underwent 

both the index and 

reference test 

CLIA (Vitros Anti-

HCV assay) 

ECLIA (Elecsys anti-

HCV test, Roche) 

Sommese, 

2014 

Italy (low) Volunteer blood 

donors, Second 

University of 

Naples; January to 

June 2013 

“The authors do not 

have any conflicts of 

interest to declare. 

No funding was 

received.” 

840 volunteer blood 

donors: 275 (32.7%) 

were women, 564 

(67.3%) men, mean 

age: 37.7 years (SD 

12.5 years) 

All samples 

underwent both the 

index and reference 

test in parallel 

CMIA (Architect 

i200SR, Abbott) 

ECLIA (Cobas e411, 

Roche) 

Arora, 

2016 

India 

(moderate) 

Blood bank; 

January 2013 to 

March 2014 

“Financial support 

and sponsorship: Nil. 

Conflicts of interest: 

there are no conflicts 

of interest.” 

21,115 blood 

donors 

All samples 

underwent both the 

index and reference 

test in parallel 

ELISA v4.0 

(Monolisa Ag-Ab 

Ultra, BioRad) 

NAT (Procleix Ultrio 

kit, Chiron) 

1
 Country HCV prevalence is categorized as low (<1.5%), moderate (1.5-3.5%), or high (>3.5%), as per Hanafiah et al., 2013.(38)

 

Abbreviations: NR: not reported; ELISA: enzyme-linked immunosorbent assay; CLIA: chemiluminescent immunoassay; CMIA: chemiluminescent microparticle 

immunoassay; MEIA: microparticle enzyme immunoassay; LIA: line immunoassay; RIBA: recombinant immunoblot assay; NAT: nucleic acid amplification test; PCR: 

polymerase chain reaction; RT-PCR: reverse-transcription polymerase chain reaction.  
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Table 3. Accuracy of HCV screening immunoassays as compared to serological reference tests 

 

Study Index test Serological 

reference test 

TP FP FN TN Pr 

(%) 

Sn (%)  

(95% CI) 

Sp (%)  

(95% CI) 

PPV (%)  

(95% CI) 

NPV (%)  

(95% CI) 

FP rate (%)  

(95% CI) 

FN rate (%)  

(95% CI) 

Immunoassays that detect only antibodies to HCV 

Denoyel, 

2004 

CLIA (ADVIA 

Centaur® HCV 

assay) 

MEIA (AxSYM® 

HCV v3.0 assay, 

Abbott) 

NR 9 NR 5,199 - - 99.8  

(99.7-99.9) 

- - 0.2  

(0.1-0.3) 

- 

Tashkandy, 

2007 

ELISA v3.0 

(Murex anti-

HCV, Abbott) 

LIA (INNo-LIA 

HCVAb III Update, 

Innogenetics) 

19 1 8
†
 78 25.4 70.4  

(53.1-87.6) 

98.7  

(96.3-100) 

95.0  

(85.4-100) 

90.7  

(84.6-96.8) 

1.3  

(0-3.7) 

29.6  

(12.4-46.9) 

Benouda, 

2009 

ELISA V3.0 

(Murex anti-

HCV, Abbott) 

MEIA (AxSYM® 

HCV v.3.0 assay, 

Abbott) 

100 58 0 100 38.8 71.6  

(13.6-97.6)
‡
 

99.3  

(99.0-99.5)
‡
 

63.3  

(55.8-70.8) 

100 

(100-100) 

0.7  

(0.5-1.0)
‡
 

28.4  

(2.4-86.4)
‡
 

Park, 2012 CLIA (Vitros 

Anti-HCV assay) 

ECLIA (Elecsys anti-

HCV test, Roche) 

213 3 1 794 8.8 99.5  

(98.6-100) 

99.6  

(99.2-100) 

98.6  

(97.1-100) 

99.9  

(99.6-100) 

0.4  

(0-0.8) 

0.5  

(0-1.4) 

Sommese, 

2014 

CMIA (Architect 

i200SR, Abbott) 

ECLIA (Cobas e411, 

Roche) 

17 8 2 813 69.2 89.5  

(75.7-100) 

99.0  

(98.4-99.7) 

68.0  

(49.7-86.3) 

99.8  

(99.4-100) 

1.0  

(0.3-1.6) 

10.5  

(0-24.3) 

Immunoassay that detects both antibodies to HCV and viral antigen 

Rao, 2009 ELISA v4.0 

(EIAgen, 

Adaltis) 

ELISA v3.0 (Ortho 

HCV 3.0 ELISA) 

216 4 10 2,329 21.2 95.6  

(92.9-98.3) 

99.8  

(99.7-100) 

98.2  

(96.4-99.9) 

99.6  

(99.3-99.8) 

0.2  

(0-0.3) 

4.4  

(1.7-7.1) 

Ol, 2009 ELISA v4.0 

(Monolisa™, 

BioRad) 

CMIA (Abbott) 77 3 6 34 2.3 52.4  

(34.1-70.1)
‡
 

99.2  

(96.4-99.8)
‡
 

96.3  

(92.1-100) 

85.0  

(73.9-96.1) 

0.8  

(0.2-3.6)
‡
 

47.6  

(29.9-65.9)
‡
 

Abbreviations: Pr: prevalence in the study; TP: true-positives; FN: false-negatives; FP: false-positives; TN: true-negatives; Sn: sensitivity; Sp: specificity; PPV: positive 

predictive value; NPV: negative predictive value; FP rate: false-positive rate; FN rate: false-negative rate. ELISA: enzyme-linked immunosorbent assay; CLIA: 

chemiluminescent immunoassay; ECLIA: electrochemiluminescent immunoassay; CMIA: chemiluminescent microparticle immunoassay; MEIA: microparticle enzyme 

immunoassay; LIA: line immunoassay; RIBA: recombinant immunoblot assay; NAT: nucleic acid amplification test; PCR: polymerase chain reaction; RT-PCR: reverse-

transcription polymerase chain reaction. NR: not reported. 
†
Tashkandy, 2007 report the number of RIBA-positive samples as 22±5 (i.e., 5 borderline-positive samples); whereas they exclude those 5 samples from their analyses 

(bringing the total sample size to 101 from 106), the preferred and more conservative analysis includes the 5 borderline samples, so that FN=8 instead of FN=3. 
‡
Adjusted for verification bias.(44) 
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Table 4. Accuracy of HCV screening immunoassays as compared to RNA detection 

 

Study Index test RNA-based 

reference test 

TP FP FN TN Pr 

(%) 

Sn (%)  

(95% CI) 

Sp (%)  

(95% CI) 

PPV (%)  

(95% CI) 

NPV (%)  

(95% CI) 

FP rate (%)  

(95% CI) 

FN rate (%)  

(95% CI) 

Immunoassays that detect only antibodies to HCV 

Tashkandy, 

2007 

ELISA v3.0 

(Murex anti-

HCV, Abbott) 

RT-PCR (High Pure 

Viral Nucleic Acid 

reagent set, Roche) 

18 2 7 79 23.6 72.0  

(54.4-89.6) 

97.5  

(94.2-100) 

90.0  

(76.9-100) 

91.9  

(86.1-97.6) 

2.5  

(0-5.8) 

28.0  

(10.4-45.6) 

Benouda, 

2009
†
 

ELISA V3.0 

(Murex anti-

HCV, Abbott) 

RT-PCR (Amplicor 

HCV® v2.0, Roche) 

62 96 0 100 24.0 61.0  

(8.9-96.2)
‡
 

98.8  

(98.5-99.0)
‡
 

39.2  

(31.6-46.9) 

100 

(100-100) 

1.2  

(1.0-1.5)
‡
 

39.0  

(3.8-91.1)
‡
 

Kosan, 

2010 

ELISA v3.0 

(Innotest HCV 

Ab III, 

Innogenetics) 

NAT (Procleix 

Ultrio kit, Chiron) 

9 56 2 17,784 0.1 81.8  

(59.0-100) 

99.7  

(99.6-99.8) 

13.8  

(5.4-22.2) 

100 

(100-100) 

0.3  

(0.2-0.4) 

18.2  

(0-41.0) 

Immunoassay that detects both antibodies to HCV and viral antigen 

Arora, 

2016 

ELISA v4.0 

(Monolisa Ag-

Ab Ultra, 

BioRad) 

NAT (Procleix 

Ultrio kit, Chiron) 

37 46 4 21,028 0.2 90.2  

(81.2-99.3) 

99.8  

(99.7-99.8) 

44.6  

(33.9-55.3) 

100 

(100-100) 

0.2  

(0.2-0.3) 

9.8  

(0.7-18.8) 

Abbreviations: Pr: prevalence in the study; TP: true-positives; FN: false-negatives; FP: false-positives; TN: true-negatives; Sn: sensitivity; Sp: specificity; PPV: positive 

predictive value; NPV: negative predictive value; FP rate: false-positive rate; FN rate: false-negative rate.ELISA: enzyme-linked immunosorbent assay; CLIA: 

chemiluminescent immunoassay; ECLIA: electrochemiluminescent immunoassay; CMIA: chemiluminescent microparticle immunoassay; MEIA: microparticle enzyme 

immunoassay; LIA: line immunoassay; RIBA: recombinant immunoblot assay; NAT: nucleic acid amplification test; PCR: polymerase chain reaction; RT-PCR: reverse-

transcription polymerase chain reaction.  
†
The Benouda 2009 article does not report on the comparison of ELISA v3.0 to PCR; these data were obtained through personal communication with the authors.(20) 

‡
Adjusted for verification bias.(44) 
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Table 5. Assessment of the quality of the ‘body of evidence’ using GRADE 

 

Outcome 
№ of studies 

(№ of 
patients)  

Study design 

Factors that may decrease quality of evidence 
Expected number  

per 1000 patients tested  

Test accuracy QoE 
Risk of 

bias 
Indirectness Inconsistency Imprecision 

Publication 
bias 

pre-test 
probability

1
 

of 0.96%  

pre-test 
probability

1
 

of 0.61%  

pre-test 
probability

1
 

of 1.34%  

True positives  
(patients with HCV 
infection)  

1 study 
11 patients 

2
 

cross-sectional 
(cohort type 
accuracy study)  

not 
serious 
3
 

very serious 
4
 

serious 
5
 very 

serious 
6
 

none  8 (6 to 10) 5 (4 to 6) 11 (8 to 
13) 

⨁◯◯◯ 

VERY LOW  

False negatives  
(patients incorrectly 
classified as not 
having HCV infection)  

2 (0 to 4) 1 (0 to 2) 2 (0 to 5) -  

True negatives  
(patients without HCV 
infection)  

1 study 
17.840 
patients 

2
 

cross-sectional 
(cohort type 
accuracy study)  

not 
serious 
3
 

very serious 
4
 

serious 
5
 not serious 

7
 

none  987 (986 to 
988) 

991 (990 to 
992) 

984 (983 
to 985) 

⨁◯◯◯ 

VERY LOW  

False positives  
(patients incorrectly 
classified as having 
HCV infection)  

3 (2 to 4) 3 (2 to 4) 3 (2 to 4) -  

1
 The pre-test probabilities correspond to the HCV seroprevalence estimate in the general Canadian population of 0.96, 95% CI (0.61-1.34) (2) 

2
 Kosan et al., 2010 

3
 These outcomes were not downgraded for risk of bias; based on the QUADAS-2, the risk of bias was assessed to be low (Appendix D). 

4
 These outcomes were downgraded by 2 points for indirectness, because 1) the study population is different from our research question (Turkish volunteers who 

underwent a mandatory physical examination prior to blood donation versus the general Canadian population), and 2) this study answers an indirect question about 

diagnostic testing accuracy rather than directly assessing the effectiveness of screening the general population for HCV infection. 
5
 These outcomes were downgraded by 1 point for inconsistency, because we expect that other studies may have different estimates. 

6
 The outcomes were downgraded by 1 point for imprecision, because the very low number of true-positives and false-negatives led to a very wide 95% confidence 

interval for the sensitivity estimate. 
7
 These outcomes were not downgraded for imprecision, because the large number of true negatives led to a very narrow 95% confidence interval for the specificity 

estimate. 
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Figure 1. PRISMA flow diagram of study selection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study population is not comprised of asymptomatic, non-pregnant 

adults (aged 18+ years) with unknown liver enzyme values at 

average risk of HCV infection. 

1,213 1,315 

991 

1,537 

1,456 

1333 

82 

6 

33 

MEDLINE® 

search results 

EMBASE® 

search results 

Does not include an original validation study of a blood-

based qualitative immunoassay for hepatitis C. 

Not an original research study. 

The (screening) index test is not one of the commercially 

available immunoassays being assessed. 

 
The (comparator) reference test is not one of the commercially 

available immunoassays being assessed. 
1 

1 The setting is not representative of primary care. 

Duplicates removed 

Underwent title & abstract screen 

Excluded based on title & abstract screen 

   
Reasons for exclusion: 

81 
Underwent full-text screening 

Excluded based on full-text screen 

   

2 

Reasons for exclusion: 

1 

45 

Article is not written in English or French.  

Article does not include an original validation study of a 

blood-based qualitative immunoassay for hepatitis C. 

Study population is not comprised of asymptomatic, non-pregnant 

adults (aged 18+ years) with unknown HCV status and unknown liver 

enzyme values, and at average risk of HCV infection. 

The (screening) index test is not one of the commercially available 

immunoassays being assessed. 

 

1 

The (comparator) reference test is not one of the commercially 

available assays being assessed. 

15 

1 

9 

The study does not report on sensitivity or specificity.  

Included in systematic review 

7 

The reference test was not applied to both: 1) subjects who tested 

negative on the index test, and 2) subjects who tested positive on the 

index test. 

72 
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1 

 

 

Appendix A: Hepatitis C testing at provincial/territorial labs: environmental scan 

 

 

OBJECTIVE 

 

The objective of this environmental scan was to obtain information about the tests and testing 

sequences used to diagnose HCV infection in Canada. 

 

 

METHODS 

 

Given that provincial and territorial (P/T) laboratories would be expected to perform a majority of HCV 

testing (and nearly all HCV genotyping), I focused on HCV testing performed by the P/T laboratories. I 

first performed a grey literature search of all P/T laboratory websites, as well as websites from reputable 

HCV-related non-profit organization such as CATIE. 

 

Next, to supplement the grey literature search, I contacted each P/T laboratory by email and/or 

telephone and asked to speak to the person most directly responsible for HCV testing. I asked the 

following 6 questions for each P/T laboratory: 

 

The Canadian Task Force on Preventive Health Care (CTFPHC) is currently working on a guideline 

re: screening for hepatitis C in primary care. To help with this process, we would like more 

information about how each of the provincial labs conducts testing for hepatitis C. 

  

Could you please provide us with the following information: 

1) What is the initial test for hepatitis C used by your laboratory (e.g., ELISA)?  

2) What is the confirmatory test for hepatitis C used by your laboratory (e.g., PCR)?  

3) Are other tests done routinely (other than viral load)?  

4) Is the confirmatory test applied to all specimens that are positive on the initial test 

automatically?  

5) Is additional specimen collection required in order to apply the confirmatory test?  

6) When is the ordering physician notified of the test result (i.e., after the initial test, or 

only after the confirmatory test)? 

 

For ambiguous answers, I obtained clarification by email or telephone as needed. Data collection for this 

environmental scan took place from February 25 to March 2, 2016. 

 

 

RESULTS 

 

The grey literature search identified useful but potentially outdated information about each province’s 

HCV testing on the CATIE website (http://www.catie.ca/en/practical-guides/hepc-in-

depth/testing/testing-your-region). A search of individual P/T laboratory websites similarly identified 

some useful but potentially outdated information (Table 1). Information identified through the grey 

literature search was verified and supplemented by surveying each P/T laboratory (Table 1).  
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2 

 

Initial screening test 

9 provinces and 1 territory performed the initial screening test for HCV locally; 3 referred it to other P/T 

labs (NU, PE, YT). For the initial HCV screening test, 6/10 laboratories used a CMIA (AB, MB, NB, NL, NS, 

ON), 3/10 used a CLIA (BC, NT, SK), and 1/10 used an MEIA (QC). 

 

Confirmatory testing 

9 provinces performed confirmatory testing for HCV locally; 4 referred it to other P/T laboratories (NT, 

NU, PE, YT). For the confirmatory HCV test, 6/9 laboratories used an immunoassay (AB, BC, MB, ON, QC, 

SK), and 3/9 used PCR (NB, NL, NS).  

 

Testing sequence 

In all P/T laboratories, the confirmatory test is usually performed on the same blood specimen as the 

initial test, provided that the specimen is sufficient; the patient is not typically required to provide an 

additional blood specimen for the confirmatory test to be applied. Some laboratories release the results 

of the initial test to the ordering physician immediately, whereas others wait until the confirmatory test 

result is available. 

 

 

DISCUSSION 

 

This rapid environmental scan revealed that a large majority of P/T laboratories use immunoassays for 

both their initial screening test and their confirmatory test for HCV. The initial screening tests for HCV 

included CMIA, CLIA, and MEIA; ELISA was not used by any P/T laboratory as an initial screening test. 

Only a small minority of P/T laboratories use PCR as their confirmatory test for HCV. 

 

A limitation of this study is that not all testing for HCV is done by the P/T laboratories; this study did not 

ascertain the tests used by non-P/T (typically, commercial) laboratories. This study does not account for 

the use of ‘rapid tests’ (based on finger prick blood) that may be conducted in some healthcare settings; 

however, in Canada, ‘rapid tests’ would typically be used to reach high-risk and/or vulnerable 

populations, and not the general population targeted by the CTFPHC clinical practice guideline. 
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Table 1. Hepatitis C testing by provincial labs: results from the environmental scan 
 

Province/ 
territory 

First test Second test Third test Notification of 
ordering physician 

Testing site 
(laboratory) 

Information source 

Alberta (AB) Architect Anti-HCV 
CMIA 

BioRad Monolisa HCV 
Ag-Ab ULTRA Assay 
(EIA) 

We do not currently have 
a reflex to viral load 
testing, although for first 
time positives and for 
indeterminate results (i.e. 
when 1/2 EIAs are 
positive), we recommend 
to the physician that they 
send in a sample for viral 
load testing. 

The result is reported 
after the confirmatory 
EIA is completed. 

Most Hep C tests in 
Alberta are sent to the 
Provincial Laboratory of 
Public Health 
(ProvLab). 

Carmen L Charlton 
Clinical Microbiologist 
Provincial Laboratory of 
Public Health (ProvLab) 
(responded by email on 
2016-02-25) 

British 
Columbia (BC) 

Advia Centaur HCV 
CLIA 

Architect Anti-HCV 
CMIA 

For all seropositive or 
equivocal samples we 
automatically request a 
new sample to be drawn 
in an EDTA blood for 
HCV RNA testing. 

After the confirmatory 
(second) test, which is 
done automatically if 
the initial test is 
positives or equivocal. 

Most Hep C tests in 
British Columbia are 
sent to the BC Centre 
for Disease Control 
(BCCDC). 

Mel Krajden 
BC Public Health 
Microbiology & Reference 
Laboratory (responded by 
email on 2016-02-28) 

Manitoba (MB) Architect Anti-HCV 
CMIA 

Chiron RIBA HCV test 
3.0 

COBAS 
AmpliPrep/COBAS 
AMPLICOR HCV test 

 Most Hep C tests in 
Manitoba are sent to 
the Cadham Provincial 
Lab. 

CATIE, 2010. 
http://www.catie.ca/en/pra
ctical-guides/hepc-in-
depth/testing/testing-your-
region/manitoba  
 
No response was 
obtained from the 
Cadham Provincial 
Laboratory. 
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Province/ 
territory 

First test Second test Third test Notification of 
ordering physician 

Testing site 
(laboratory) 

Information source 

New 
Brunswick 
(NB) 

Architect Anti-HCV 
CMIA 

COBAS 
AmpliPrep/COBAS 
AMPLICOR HCV test 

INNO-LIA HCV Score v2 Depends on the 
hospital policy. All 
tests are run 
automatically if the 
sample is sufficient. 

“Les tests de dépistage 
sont faits dans les 7 
hôpitaux régionaux du 
NB. Nous utilisons tous 
le même test de 
dépistage. Les tests 
supplémentaires référés 
à mon laboratoire, qui 
sert de laboratoire 
provincial en la 
matière.” 

Richard Garceau 
Microbiology Laboratory 
at George Dumont 
Hospital (responded by 
email 2016-02-29) 

Newfoundland 
& Labrabor 
(NL) 

Architect Anti-HCV 
CMIA 

Roche Diagnostics. 
Cobas Amplicor (PCR); 
if reactive anti-HCV 
(auto-reflex testing by 
laboratory) 

If PCR is negative, then 
INNO-LIA HCV test 

 All Hep C tests in the 
province are sent to the 
Public Health 
Laboratory in St. 
John’s. 

Newfoundland and 
Labrador Public Health 
Laboratory 
 
Testing algorithm on lab 
website (2012): 
http://publichealthlab.ca/w
p-
content/uploads/2012/10/
Hepatitis-Algorithm.pdf 
and  
http://publichealthlab.ca/s
ervice/anti-hcv-anti-
hepatitis-c-virus-
antibodies/ 

Northwest 
Territories 
(NT) 

VITROS Anti-HCV 
CLIA 

See AB See AB See AB Hep C antibody tests 
from Yellowknife HSS 
area are sent to the 
Stanton Territorial 
Hospital in Yellowknife. 
All other Health 
authorities in the 
Northwest Territories 
send their Hep C 
antibody tests directly to 
Alberta. 

CATIE, 2010. 
http://www.catie.ca/en/pra
ctical-guides/hepc-in-
depth/testing/testing-your-
region/northwest-
territories 
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Province/ 
territory 

First test Second test Third test Notification of 
ordering physician 

Testing site 
(laboratory) 

Information source 

Nova Scotia 
(NS) 

Architect Anti-HCV 
CMIA 

Roche Taqman HCV 
viral load assay. We do 
not ask for a second 
specimen for 
confirmation. 

If the Viral load assay is 
negative we perform an 
InnoLIa immunoblot 
assay to see if the 
positive screen was due 
to a previous infection 
that has resolved or a 
false positive screening 
result.  These are 
reflexively added. 

We release the result 
as a screening test 
only and highlight that 
a confirmatory test is 
to follow. 

Most Hep C tests in 
Nova Scotia are sent to 
the Queen Elizabeth II 
Health Sciences Centre 
in Halifax. 

Dr Todd F. Hatchette 
Chief, Division of 
Microbiology 
Department of Pathology 
and Laboratory Medicine 
Nova Scotia Health 
Authority (responded by 
email on 2016-02-25) 

Nunavut (NU) See AB See AB See AB See AB Most Hep C tests in 
Nunavut are sent to the 
Provincial Laboratory of 
Public Health (ProvLab) 
in Alberta 

CATIE, 2010. 
http://www.catie.ca/en/pra
ctical-guides/hepc-in-
depth/testing/testing-your-
region/nunavut 

Ontario (ON) Architect Anti-HCV 
CMIA 

Advia Centaur HCV 
CLIA 

For reactive (positive) or 
inconclusive anti-HCV 
results, submission of a 
2.5 mL frozen serum or 
frozen plasma is 
recommended for HCV 
RNA viral load (Roche 
Assay) +/- HCV 
genotyping (Abbott 
Assay) 

CMIA and CLIA 
results are reported 
together, turnaround 
time is up to 5 days 

Most Hep C tests in 
Ontario are sent to the 
Public Health Ontario 
Laboratory (PHOL). 

Public Health Ontario 
Laboratory (PHOL) 
Jocelyn Maregmen 
Supplemental Virology 
(responded by email on 
2016-02-25) 

Prince Edward 
Island (PE) 

See NS See NS See NS See NS All Hep C tests in 
Prince Edward Island 
are sent to the lab at 
the Queen Elizabeth II 
Health Sciences Centre 
in Halifax, Nova Scotia 

CATIE, 2010. 
http://www.catie.ca/en/pra
ctical-guides/hepc-in-
depth/testing/testing-your-
region/prince-edward-
island 
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Province/ 
territory 

First test Second test Third test Notification of 
ordering physician 

Testing site 
(laboratory) 

Information source 

Quebec (QC) AxSym Anti-HCV 
MEIA 

Chiron RIBA HCV test 
3.0 

COBAS 
AmpliPrep/COBAS 
AMPLICOR HCV test 
(PCR) 

 Most Hep C tests in 
Québec are sent to Le 
Laboratoire de Santé 
Publique du Quebec 
(LSPQ). 

CATIE, 2010.  
http://www.catie.ca/en/pra
ctical-guides/hepc-in-
depth/testing/testing-your-
region/quebec  
 
No response was 
obtained from the 
Laboratoire de sante 
publique du Québec 
(LSPQ) 

Saskatchewan 
(SK) 

Advia Centaur anti-
HCV CLIA 

Architect HCV-Ag CMIA if the Architect HCV-Ag 
CMIA is negative then a 
INNO-LIA HCV Score test 
is run 

Only after the 
confirmatory test 

Most Hep C tests in the 
province are sent to the 
Saskatchewan Disease 
Control Laboratory in 
Regina. 

Jim Putz, Saskatchewan 
Disease Control 
Laboratory 
(responded by email 
2016-02-26) 

Yukon (YT) See BC See BC See BC See BC Most Hep C tests in 
Yukon are sent to the 
BCCDC Provincial Lab 
in British Columbia 

CATIE, 2010.  
http://www.catie.ca/en/pra
ctical-guides/hepc-in-
depth/testing/testing-your-
region/yukon 

CLIA: chemiluminescent immunoassay; CMIA: chemiluminescent microparticle immunoassay; MEIA: microparticle enzyme immunoassay; ELISA : enzyme-linked immunosorbent 
assay; RIBA : recombinant immunoblot assay; PCR: polymerase chain reaction 
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Appendix B: literature search strategies 

 

Search strategy for Ovid MEDLINE® 1946-present and Ovid MEDLINE®  In-Process & Other Non-Indexed 

Citations; run on 2016-MAY-06, yielding 1,213 results. 

 

# Search 

1 Hepatitis C/ or Hepatitis C, Chronic/ or Hepacivirus/ or Hepatitis C Antibodies/ or exp Hepatitis C 

Antigens/ 
 

2 (hepatitis C or hepC or hep C or hepacivirus or HCV).ti,ab,kf 

3 1 or 2 

4 exp Enzyme-Linked Immunosorbent Assay/  

5 (ELISA or EIA or enzyme immunoassa* or enzyme linked immunosorben* or enzyme linked 

immunoassa* or enzyme linked immuno-sorben* or enzyme linked immunoblot*).ti,ab,kf 

6 ((immunosorb* or immuno-sorb*) adj2 enzyme* adj2 (assay or assays)).ti,ab,kf 

7 (CMIA or CLIA or CIA or MEIA).ti,ab,kf 

8 ((chemilumin* or chemi-lumin*) adj2 (immunoassa* or immuno-assa* or assa*)).ti,ab,kf 

9 ((micropart* or micro-part*) adj2 (immunoassa* or immuno-assa* or assa*)).ti,ab,kf 

10 (Architect or Vitros or ADVIA or Centaur or AxSYM or Monolisa or Murex).ti,ab,kf 

11 4 or 5 or 6 or 7 or 8 or 9 or 10 

12 3 and 11 

13 exp Mass Screening/ 

14 (detect* or screen*).ti,ab,kf 

15 13 or 14 

16 12 and 15 

17 exp "Sensitivity and Specificity"/ or Diagnostic errors/ or exp False Positive Reactions/ or exp 

"Predictive Value of Tests"/ 

18 (false adj2 (positive* or negative*)).ti,ab,kf 

19 (predict* adj2 (positive* or negative*)).ti,ab,kf 

20 (sensitiv* or specific*).ti,ab,kf 

21 ((test* or diagnos*) adj2 (performance or accura* or characteristic*)).ti,ab,kf 

22 DTA.ti,ab,kf 

23 17 or 18 or 19 or 20 or 21 or 22 

24 3 and 11 and 15 and 23 

25 24 not conference abstract.pt 

26 limit 25 to English language 

27 limit 25 to French 

28 26 or 27 

29 limit 28 to yr="1990-current" 

30 remove duplicates from 29 
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Search strategy for EMBASE®; run on 2016-MAY-06, yielding 1,315 results. 

 

# Search 

1 exp hepatitis C/ or exp Hepatitis C virus/ or exp hepatitis C antibody/ or exp hepatitis C antigen/  

2 (hepatitis C or hepC or hep C or hepacivirus or HCV).ti,ab 

3 1 or 2 

4 exp enzyme linked immunosorbent assay/ or exp chemiluminescence immunoassay/ or exp 

microparticle enzyme immunoassay/ 
 

5 (ELISA or EIA or enzyme immunoassa* or enzyme linked immunosorben* or enzyme linked 

immunoassa* or enzyme linked immuno-sorben* or enzyme linked immunoblot*).ti,ab 

6 ((immunosorb* or immuno-sorb*) adj2 enzyme* adj2 (assay or assays)).ti,ab 

7 (CMIA or CLIA or CIA or MEIA).ti,ab 

8 ((chemilumin* or chemi-lumin*) adj2 (immunoassa* or immuno-assa* or assa*)).ti,ab 

9 ((micropart* or micro-part*) adj2 (immunoassa* or immuno-assa* or assa*)).ti,ab 

10 (Architect or Vitros or ADVIA or Centaur or AxSYM or Monolisa or Murex).ti,ab 

11 4 or 5 or 6 or 7 or 8 or 9 or 10 

12 3 and 11 

13 exp antibody screening/ or exp mass screening/ or exp screening/ or exp screening test/ 

14 (detect* or screen*).ti,ab 

15 13 or 14 

16 12 and 15 

17 exp diagnostic accuracy/ or exp "sensitivity and specificity"/ or exp diagnostic error/ or exp false 

positive result/ or exp false negative result/ or exp predictive value/ 

18 (false adj2 (positive* or negative*)).ti,ab 

19 (predict* adj2 (positive* or negative*)).ti,ab 

20 (sensitiv* or specific*).ti,ab 

21 ((test* or diagnos*) adj2 (performance or accura* or characteristic*)).ti,ab 

22 DTA.ti,ab 

23 17 or 18 or 19 or 20 or 21 or 22 

24 3 and 11 and 15 and 23 

25 24 not conference abstract.pt 

26 limit 25 to English language 

27 limit 25 to French 

28 26 or 27 

29 limit 28 to yr="1990-current" 

30 remove duplicates from 29 
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Level 1: Title and Abstract Screening 

 

1. Is it or does it include an original 

validation study of a blood-based 

qualitative immunoassay for hepatitis 

C? (Exclude rapid/point-of-care tests, 

geno/serotyping tests, tests applied to 

dried blood or saliva.) 
 

A Alberti, G Morsica, L Chemello, D Cavalletto, F 

Noventa, P Pontisso, A Ruol (1992//). Hepatitis C 

viraemia and liver disease in symptom-free 

individuals with anti-HCV. Lancet (London, 

England), 340(8821), 697 

 

A Antico, S Platzgummer, D Bassetti, N Bizzaro, 

R Tozzoli, D Villalta,Study Group on 

Autoimmune Diseases of the Italian Society of 

Laboratory Medicine (SIMeL) (2010//). 

Diagnosing systemic lupus erythematosus: new-

generation immunoassays for measurement of 

anti-dsDNA antibodies are an effective alternative 

to the Farr technique and the Crithidia luciliae 

immunofluorescence test. Lupus, 19(8), 906 

 

A Assadian, O Assadian, G Holak, T Watkins-

Riedel, C Senekowitsch, J Kovarik, G W 

Hagmuller (2008//). Hemodialysis access surgery-

-is there an increased risk of acquiring hepatitis C 

virus compared to other elective vascular 

interventions?. VASA. Zeitschrift fur 

Gefasskrankheiten, 37(1), 81 

 

A Behzad-Behbahani, A Mafi-Nejad, S Z Tabei, K 

B Lankarani, A Torab, A Moaddeb (2006//). 

Anti-HBc & HBV-DNA detection in blood donors 

negative for hepatitis B virus surface antigen in 

reducing risk of transfusion associated HBV 

infection. The Indian journal of medical research, 

123(1), 37 

 

A Berger, H W Doerr, H F Rabenau, B Weber 

(2000//). High frequency of HCV infection in 

individuals with isolated antibody to hepatitis B 

core antigen. Intervirology, 43(2), 71 

 

A Berger, W Preiser, H W Doerr (2001//). The 

role of viral load determination for the 

management of human immunodeficiency virus, 

hepatitis B virus and hepatitis C virus infection. 

Journal of clinical virology : the official publication of 

the Pan American Society for Clinical Virology, 20(1-

2), 23 

 

A Carroccio, L Giannitrapani, M Soresi, T Not, G 

Iacono, C Di Rosa, E Panfili, A Notarbartolo, G 

Montalto (2001//). Guinea pig transglutaminase 

immunolinked assay does not predict coeliac 

disease in patients with chronic liver disease. Gut, 

49(4), 506 

 

A Cecille, M J Wendling, O Panabieres, J P Gut 

(1999//). [Retrospective study of the value of the 

RIBA-3 test in 68 patients with discordant 

serologies with regard to hepatitis C obtained with 

third generation ELISA tests. Is there still a value in 

RIBA-3?]. Pathologie-biologie, 47(5), 508 

 

A D Shannon, C Morrissy, S G Mackintosh, H A 

Westbury (1993//). Detection of hog cholera virus 

antigens in experimentally-infected pigs using an 

antigen-capture ELISA. Veterinary microbiology, 

34(3), 233 

 

A Diez, J A Quiroga, M Melero, G Moraleda, I 

Castillo, J C Porres, V Carreno (1991//). 

Detection of antibody to calmodulin in chronic viral 

hepatitis: lack of correlation with virus replication 

and hepatocellular damage. Digestion, 49(3), 125 

 

A E Silva, B Hosein, R W Boyle, C T Fang, M 

Shindo, J G Waggoner, J H Hoofnagle, A M Di 

Bisceglie (1994//). Diagnosis of chronic hepatitis 

C: comparison of immunoassays and the 

polymerase chain reaction. The American journal of 

gastroenterology, 89(4), 493 

 

A Goudeau, F Dubois (2000//). [Diagnosis and 

biological surveillance of hepatitis C virus 

infections]. La Revue du praticien, 50(10), 1071 

 

A Granito, L Muratori, P Muratori, G Pappas, M 

Guidi, F Cassani, U Volta, A Ferri, M Lenzi, F B 

Bianchi (2006//). Antibodies to filamentous actin 

(F-actin) in type 1 autoimmune hepatitis. Journal of 

clinical pathology, 59(3), 280 

 

A Heim, D Wagner, T Rothamel, U Hartmann, J 

Flik, W Verhagen (1999//). Evaluation of 

serological screening of cadaveric sera for donor 

selection for cornea transplantation. Journal of 

medical virology, 58(3), 291 

 

A J Czaja, H F Taswell, J Rakela, C M Schimek 

(1991//). Frequency and significance of antibody 

to hepatitis C virus in severe corticosteroid-treated 

autoimmune chronic active hepatitis. Mayo Clinic 

proceedings, 66(6), 572 

 

A J Czaja, H F Taswell, J Rakela, C Schimek 

(1992//). Frequency of antibody to hepatitis C 

virus in asymptomatic HBsAg-negative chronic 

active hepatitis. Journal of hepatology, 14(1), 88 

 

A J Czaja, S Magrin, C Fabiano, G Fiorentino, O 

Diquattro, A Craxi, L Pagliaro (1995//). Hepatitis 

C virus infection as a determinant of behavior in 

type 1 autoimmune hepatitis. Digestive diseases and 

sciences, 40(1), 33 
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A J Weiner, H M Geysen, C Christopherson, J E 

Hall, T J Mason, G Saracco, F Bonino, K 

Crawford, C D Marion, K A Crawford (1992//). 

Evidence for immune selection of hepatitis C virus 

(HCV) putative envelope glycoprotein variants: 

potential role in chronic HCV infections. 

Proceedings of the National Academy of Sciences of 

the United States of America, 89(8), 3468 

 

A K Panigrahi, S K Panda, R K Dixit, K V Rao, S K 

Acharya, S Dasarathy, A Nanu (1997//). 

Magnitude of hepatitis C virus infection in India: 

prevalence in healthy blood donors, acute and 

chronic liver diseases. Journal of medical virology, 

51(3), 167 

 

A Khanna, C D Poduri, P Murugan, S Kumar, V S 

Sugunan, K T Shenoy, M R Das (1998//). Analysis 

of human immune response to potential hepatitis C 

viral epitopes. Acta virologica, 42(3), 141 

 

A Kubota, S Okamura, F Omori, K Shimoda, T 

Otsuka, H Ishibashi, Y Niho (1995//). High serum 

levels of granulocyte-macrophage colony-

stimulating factor in patients with liver cirrhosis 

and granulocytopenia. Clinical and laboratory 

haematology, 17(1), 61 

 

A M Atta, P Estevam, R Parana, C M Pereira, B C 

O Leite, M L B Sousa-Atta (2008//). 

Antiphospholipid antibodies in Brazilian hepatitis C 

virus carriers. Brazilian journal of medical and 

biological research = Revista brasileira de pesquisas 

medicas e biologicas / Sociedade Brasileira de 

Biofisica ... [et al.], 41(6), 489 

 

A M E C Barreto, K Takei, Sabino E C, M A O 

Bellesa, N A Salles, C C Barreto, A S Nishiya, D F 

Chamone (2008//). Cost-effective analysis of 

different algorithms for the diagnosis of hepatitis C 

virus infection. Brazilian journal of medical and 

biological research = Revista brasileira de pesquisas 

medicas e biologicas / Sociedade Brasileira de 

Biofisica ... [et al.], 41(2), 126 

 

A M Prince, J W Scheffel, B Moore (1997//). A 

search for hepatitis C virus polymerase chain 

reaction-positive but seronegative subjects among 

blood donors with elevated alanine 

aminotransferase. Transfusion, 37(2), 211 

 

A M Yamamoto, C Johanet, J C Duclos-Vallee, F A 

Bustarret, F Alvarez, J C Homberg, J F Bach 

(1997//). A new approach to cytochrome CYP2D6 

antibody detection in autoimmune hepatitis type-2 

(AIH-2) and chronic hepatitis C virus (HCV) 

infection: a sensitive and quantitative radioligand 

assay. Clinical and experimental immunology, 

108(3), 396 

 

A Martini, G Fattovich, M Guido, E Bugianesi, A 

Biasiolo, D Ieluzzi, A Gallotta, G Fassina, C 

Merkel, A Gatta, F Negro, P Pontisso (2015//). 

HCV genotype 3 and squamous cell carcinoma 

antigen (SCCA)-IgM are independently associated 

with histological features of NASH in HCV-infected 

patients. Journal of viral hepatitis, 22(10), 800 

 

A Monteverde, G Airoldi, M Ballare, G Fortina, V 

Quaglia, A Pigatto, P Manzini (1993//). 

Reliability of immunoassays for anti-HCV 

antibodies (ELISA and RIBA II) in patients with 

essential mixed cryoglobulinemia (EMC). Clinical 

and experimental rheumatology, 11(6), 609 

 

A Nishizono, H Terao, R Shutoh, M Nasu, K 

Mifune, B J Wun, B Montas, F S Fernandez 

(1997//). Genotyping of hepatitis C virus in the 

Dominican Republic. The American journal of 

tropical medicine and hygiene, 57(6), 719 

 

A O Shittu, H O Olawumi, J O Adewuyi (2014//). 

Pre-donation screening of blood for transfusion 

transmissible infections: the gains and the pains - 

experience at a resource limited blood bank. Ghana 

medical journal, 48(3), 158 

 

A Pekarikova, D Sanchez, L Palova-Jelinkova, M 

Simsova, Z Benes, I Hoffmanova, P Drastich, I 

Janatkova, T Mothes, H Tlaskalova-Hogenova, L 

Tuckova (2010//). Calreticulin is a B cell 

molecular target in some gastrointestinal 

malignancies. Clinical and experimental 

immunology, 160(2), 215 

 

A Pivert, C Payan, P Morand, S Fafi-Kremer, J 

Deshayes, F Carrat, S Pol, P Cacoub, C Perronne, 

F Lunel (2006//). Comparison of serum hepatitis C 

virus (HCV) RNA and core antigen levels in patients 

coinfected with human immunodeficiency virus 

and HCV and treated with interferon plus ribavirin. 

Journal of clinical microbiology, 44(2), 417 

 

A Widell, G Sundstrom, B G Hansson, T 

Moestrup, E Nordenfelt (1991//). Antibody to 

hepatitis-C-virus-related proteins in sera from 

alanine-aminotransferase-screened blood donors 

and prospectively studied recipients. Vox sanguinis, 

60(1), 28 

 

A Widell, V Molnegren, F Pieksma, M Calmann, J 

Peterson, S R Lee (2002//). Detection of hepatitis 

C core antigen in serum or plasma as a marker of 

hepatitis C viraemia in the serological window-

phase. Transfusion medicine (Oxford, England), 

12(2), 107 

 

A Xiang, F Wei, X Lei, Y Liu, Y Liu, Y Guo 

(2013//). A simple and rapid capillary 

chemiluminescence immunoassay for 

quantitatively detecting human serum HBsAg. 

European journal of clinical microbiology & 

Page 48 of 136

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

3 

 

infectious diseases : official publication of the 

European Society of Clinical Microbiology, 32(12), 

1557 

 

A Yaari, D Tovbin, M Zlotnick, M Mostoslavsky, 

Y Shemer-Avni, N Hanuka, Z Burbea, Z Katzir, S 

Storch, M Margalith (2006//). Detection of HCV 

salivary antibodies by a simple and rapid test. 

Journal of virological methods, 133(1), 1 

 

A Zibert, H Meisel, W Kraas, A Schulz, G Jung, M 

Roggendorf (1997//). Early antibody response 

against hypervariable region 1 is associated with 

acute self-limiting infections of hepatitis C virus. 

Hepatology (Baltimore, Md.), 25(5), 1245 

 

A Zibert, W Kraas, R S Ross, H Meisel, S Lechner, 

G Jung, M Roggendorf (1999//). 

Immunodominant B-cell domains of hepatitis C 

virus envelope proteins E1 and E2 identified during 

early and late time points of infection. Journal of 

hepatology, 30(2), 177 

 

Abdelfattah M Attallah, Faten Zahran, Hisham 

Ismail, Mohamed M Omran, Ibrahim El-Dosoky, 

Gamal E Shiha (2007//). Immunochemical 

identification and detection of serum fibronectin in 

liver fibrosis patients with chronic hepatitis C. 

Journal of immunoassay & immunochemistry, 28(4), 

331 

 

Abdelfattah M Attallah, Hisham Ismail, Ashraf A 

Tabll, Gamal E Shiha, Ibrahim El-Dosoky 

(2003//). A novel antigen detection immunoassay 

for field diagnosis of hepatitis C virus infection. 

Journal of immunoassay & immunochemistry, 24(4), 

395 

 

Abdelfattah M Attallah, Hisham Ismail, Gamal E 

Shiha, Mohamed I Abou-Dobara, Rania E El-
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Immunochemical identification and partial 
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structural 4 antigen in sera of HCV infected 
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Abdelfattah M Attallah, Mohamed El-Far, 

Mohamed M Omran, Khaled Farid, Ahmed A 
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Bendary, Ibrahim El-Dosoky, Hisham Ismail 
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Circulating Antigen in Chronic Hepatitis C Patients 
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Ultra)

Reference test(s) MEIA (Abbott AxSYM® HCV v.3.0 assay) LIA (INNo‐LIA HCVAb III Update, 
INNOGENTICS, Belgium) and RT‐PCR 
(High Pure Viral Nucleic Acid reagent 
set Roche Molecular Biochemicals)

MEIA (Abbott AxSYM® HCV v.3.0 assay) 
and RT‐PCR (Roche Amplicor HCV® v2.0)

ELISA v3.0 (Ortho HCV 3.0 ELISA) CMIA (Abbott) NAT (Procleix Ultrio kit, Chiron, USA) ECLIA (Elecsys anti‐HCV test, Roche, 
Germany)

ECLIA (Cobas e411, Roche, Germany) NAT (Procleix Ultrio kit, Chiron, USA)

DOMAIN 1: PATIENT SELECTION
Describe methods of patient selection: Not described All samples were collected at the 

Immunology and Serology Department 
at the Al‐Noor Specialist Hospital, 
Makkah, Saudi Arabia. We excluded all 
samples from patients with diabetes or 
other endocrine diseases and 
autoimmune diseases.

8,326 adults from the general 
population with unknown HCV serology 
underwent initial screening with ELISA 
v3.0. Initial blood specimen collection 
took place in work settings, from 
December 2005 to April 2007 (16 
months). A subset of 161 ELISA‐positives 
and 100 ELISA‐negatives were called 
back to undergo the reference standard 
(verification bias); 3/161 lost to follow‐
up.

2,559 individuals: 2,082 blood donors 
(Beijing Red Cross Blood Center) and 
477 patients (Peking University 
Hepatology Institute; including various 
HCV genotypes, non‐C hepatitis, 
pregnant women, and lipidemia sera)

1,200 potential volunteer blood donors 
underwent screening with ELISA. A 
subset of 80 ELISA‐positive and 40 ELISA‐
negative were selected to undergo the 
reference test (verification bias)

Turkish Red Crescent Çapa Blood Centre 
of Istanbul; intermittently from 
February 2007 to March 2008; 
individuals underwent a mandatory 
physical exam (no exclusion criteria 
specified) prior to blood drawing; 

Individuals undergoing “routine HCV 
screening”; sera collected between 
August 2009 and January 2011

"we selected a group of 840 samples 
from volunteer blood donors"

"we reviewed the donor screening data 
for anti‐HCV from January 2013 to May 
2014" Presumably, all donors during 
this time period are included.

Was a consecutive or random sample of patients enrolled? Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Yes
Was a case‐control design avoided? Yes Yes Unclear Yes Yes Yes Yes Yes Yes
Did the study avoid inappropriate exclusions? Yes No Yes Yes Yes Yes Yes Unclear Yes
Could the selection of patients have introduced bias? Unclear risk Unclear risk High risk; due to verification bias, but 

easily correctable statistically
Low risk High risk; due to verification bias, but 

easily correctable statistically
Low risk Low risk Low risk Low risk

Describe included patients (prior testing, presentation, intended use of index test
and setting):

5,015 random blood donors and 213 
hospitalized patients; the 213 (4.1%) 
hospitalized patients do not reflect the 
setting or population of the review 
question.

106 male blood donors 8,326 adults from the general 
population with unknown HCV serology

477 / 2,559 (18.6%) patients did not 
meet our inclusion criteria in that they 
were sampled from a hepatology clinic 
and their HCV status was known at the 
outset

1,200 potential volunteer blood donors 
underwent screening with ELISA

18,200 volunteer blood donors: 546 
(3%) were women, 17,654 (97%) were 
men, 18,198 (99.9%) were first‐time 
donors, mean age: 40 years, age range: 
18‐60 years; individuals underwent a 
mandatory physical exam (no exclusion 
criteria specified) prior to blood drawing

1,011 sera from individuals undergoing 
routine HCV screening

840 volunteer blood donors: 275 
(32.7%) were women, 564 (67.3%) men, 
mean age: 37.7 years (SD 12.5 years)

21,115 blood donors; presumably all 
consecutive blood donors during the 
study period

Is there concern that the included patients do not match the review question? Low concern Low concern Low concern High concern Low concern Low concern Low concern Low concern Low concern

DOMAIN 2: INDEX TEST(S)
Describe the index test and how it was conducted and interpreted: CLIA (ADVIA Centaur® HCV assay); no 

further description
ELISA v3.0 (Abbott Murex anti‐HCV) ELISA v3.0 (Abbott Murex anti‐HCV) ELISA v4.0 (EIAgen, Adaltis) ELISA v4.0 (Monolisa™, BioRad) ELISA v3.0 (Innotest HCV Ab III, 

Innogenetics, Belgium); done "in 
parallel" with the reference test

CLIA (Vitros Anti‐HCV assay, UK) CMIA (Architect i200SR, Abbott, 
Germany)

ELISA v4.0 (Monolisa BioRad Ag‐Ab 
Ultra)

Were the index test results interpreted without knowledge of the results of the 
reference standard?

Unclear Unclear Unclear Yes; the EIAgen and Ortho tests were 
always run "side‐by‐side"

Yes Unclear Unclear Unclear Unclear

If a threshold was used, was it pre‐specified? Yes. "The presence or absence of 
antibodies to HCV is determined by 
comparing the sample index to the cut‐
off. Samples with an index value greater 
than 1.0 are considered to be reactive 
for anti‐HCV."

Unclear; presumably used as per the kit 
manufacturer's instructions.

Unclear; presumably used as per the kit 
manufacturer's instructions.

Yes. "Both EIAs yield their final results as 
ratios of the specimen signal (in relative 
light units) to the cut‐off value (signal‐to‐
cut‐off ratio, S/CO). S/CO ratios ≥1.0 
were considered reactive for anti‐HCV 
antibodies while those <1.0 were 
considered nonreactive. Specimen 
preparation and testing were carried 
out according to the manufacturers’ 
instructions."

Yes. "The CMIA analysis of anti‐HCV is 
based on the signal to cut‐off ration 
(S/CO). An S/CO value less than 1.00 is 
classified as negative, and a value higher 
than 1.00 is classified as positive. Units 
with ratios in the range of 0.90‐1.00 are 
classified as equivocal and re‐analyzed 
twice."

Unclear; presumably used as per the kit 
manufacturer's instructions.

Yes. "A signal to cut‐off ration (S/CO) 
greater than 1.0 was regarded as 
positive."

Yes. "For all assays, S/CO ratios ≥1 were 
considered as initial reactive (IR)."

Yes. "Samples with an S/CO ratio of ≥1.0 
are defined by the manufacturer as 
positive."

Could the conduct or interpretation of the index test have introduced bias? Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk Low risk

Is there concern that the index test, its conduct, or interpretation differ from the 
review question?

Low concern Low concern Low concern Low concern Low concern Low concern Low concern Low concern Low concern

DOMAIN 3: REFERENCE STANDARD(S)
Describe the reference standard and how it was conducted and interpreted: MEIA (Abbott AxSYM® HCV v.3.0 assay) ‐‐

detects antibodies only, cannot 
distinguish between acute, chronic or 
resolved (~15%) HCV infection

1) LIA (INNo‐LIA HCVAb III Update, 
INNOGENTICS, Belgium) ‐‐ cannot 
differentiate between current and 
resolved infection; and 2) RT‐PCR (High 
Pure Viral Nucleic Acid reagent set, 
Roche Molecular Biochemicals) ‐‐ can 
differentiate between current and 
resolved infection

1) MEIA (Abbott AxSYM® HCV v.3.0 
assay)  ‐‐ cannot differentiate between 
current and resolved infection; 2) RT‐
PCR (Roche Amplicor HCV® v2.0) ‐‐ able 
to differentiate between current and 
resolved infection

ELISA v3.0 (Ortho HCV 3.0 ELISA) ‐‐ 
Cannot differentiate between current 
and resolved infection

CMIA (Abbott) NAT (Procleix Ultrio kit, Chiron, USA); 
done "in parallel" with the index test

ECLIA (Elecsys anti‐HCV test, Roche, 
Germany)

ECLIA (Cobas e411, Roche, Germany) NAT (Procleix Ultrio kit, Chiron, USA)

Is the reference standard likely to correctly classify the target condition (i.e., HCV
infection)?

Yes; but unlike PCR/NAT this reference 
standard would fail to identify false‐
positives due to resolved infection

Yes (for PCR) Yes (for PCR) Yes; but unlike PCR/NAT this reference 
standard would fail to identify false‐
positives due to resolved infection

Yes; but unlike PCR/NAT this reference 
standard would fail to identify false‐
positives due to resolved infection

Yes Yes; but unlike PCR/NAT this reference 
standard would fail to identify false‐
positives due to resolved infection

Yes; but unlike PCR/NAT this reference 
standard would fail to identify false‐
positives due to resolved infection

Yes

Were the reference standard results interpreted without knowledge of the 
results of the index test?

Unclear Unclear Unclear Yes; the EIAgen and Ortho tests were 
always run "side‐by‐side"

Yes; the subsample of blood units was 
"blindly re‐analyzed" in Norway

Unclear Unclear Unclear Unclear

Could the reference standard, its conduct, or its interpretation have introduced 
bias?

High risk Unclear risk Unclear risk High risk High risk Low risk High risk High risk Low risk

Is there concern that the target condition as defined by the reference standard 
does not match the review question?

Serious concern Low concern (for PCR) Low concern (for PCR) Serious concern Serious concern Low concern Serious concern Serious concern Low concern

DOMAIN 4: FLOW AND TIMING
Describe any patients who did not receive the index test(s) and/or reference 
standard or who were excluded from the 2x2 table (refer to flow diagram):

2 patients with equivocal positive 
results were excluded from the authors' 
specificity calculation, but we will 
include them

All patients received ELISA, LIA, and RT‐
PCR.

A subset of 161 ELISA‐positives and 100 
ELISA‐negatives were called back to 
undergo the reference standard 
(verification bias); 3/161 lost to follow‐
up

None A subset of 80 ELISA‐positive and 40 
ELISA‐negative were selected to 
undergo the reference test (verification 
bias)

None None None None

Describe the time interval and any interventions between index test(s) and 
reference standard:

Not specified; presumably, both tests 
were applied to the same blood samples

All samples were aliquated into two 
portions; one was kept at 70°C until 
processing for RT‐PCR and the other was 
subjected to HCV antibody detection by 
ELISA and LIA methods

time interval between tests not 
specified

The EIAgen and Ortho tests were always 
run "side‐by‐side"

Both tests were applied to the same 
blood samples

For each subject, two sets of blood 
samples were collected: one for 
serological testing and one for NAT 
testing

Not specified; presumably, all sera 
underwent both the index and reference
test

Serum samples of the 840 blood donors 
were tested in parallel using the index 
and reference tests

All samples were screened with the 
index and reference tests in parallel; 3 
pilot tube samples were collected with 
each donation ‐ one was used for NAT, 
another for ELISA

Was there an appropriate interval between index test(s) and reference standard?Yes Yes Unclear Yes Yes Yes Yes Yes Yes

Did all patients receive a reference standard? Yes Yes No; verification bias is present Yes No; verification bias is present Yes Yes Yes Yes
Did patients receive the same reference standard? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Were all patients included in the analysis? Yes Yes No; 3/161 lost to follow‐up Yes Yes Yes Yes Yes Yes
Could the patient flow have introduced bias? Low risk Low risk High risk; the differential sampling of 

158/161 (98%) ELISA‐positive and 
100/8,165 (1%) ELISA‐negative persons; 
Sn and Sp reported in the article are not 
adjusted for differential sampling 
leading to large verification bias; this is 
easily correctable statistically

Low risk High risk; the differential sampling of 
80/176 (45%) ELISA‐positive and 
40/1,024 (4%) ELISA‐negative persons; 
Sn and Sp reported in the article are not 
adjusted for differential sampling 
leading to large verification bias; this is 
easily correctable statistically

Low risk Low risk Low risk Low risk
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Section/topic  # Checklist item  
Reported 
on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  3 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

3 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

5 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, giving rationale.  
5 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

6 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Appendix 
B 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

5 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

6 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

6 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

6 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  6 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I
2
) for each meta-analysis.  

6 
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Section/topic  # Checklist item  
Reported 
on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

6 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

N/A 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

Figure 1 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Table 2 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Appendix 
D 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Table 3 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  N/A 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  Table 5 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  N/A 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  

8 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

9 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  9 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  

9 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  
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