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Abstract

2% of the world’s population lives with a hepatitis C virus (HCV) infection with 
highest rates in developing countries. The most common mode of transmission 
takes place via unsafe blood transfusions and unsafe therapeutic injections. 

Thus, screening potential blood donors for hepatitis C infection is a must to 
ensure safe blood transfusions. Rapid immunochromatographic tests are the 
best suitable test format to be used for screening for blood donors in resource-
limited settings. 

The ImmunoFlow HCV from Core Diagnostics was evaluated at the Paul-Ehrlich-
Institute, Germany for its test accuracy on three seropanels. Panel 1 consisted of 
26 HCV positive and 55 negative samples, panel 2 of 193 HCV positive samples. 
Panel 3 contained 116 samples of 10 patients during seroconversion period. 39 
of these 116 samples were characterized as HCV positive. 

The HCV ImmunoFlow had a sensitivity of 100% (95% CI: 93.5-100) and a 
specificity of 100% (95% CI: 86.8-100) when samples of panel 1 were tested. 191 
samples of the 193 samples in panel 2 were correctly by the HCV Immunoflow, 
resulting in a sensitivity of 99.0%. 9 of 10 HCV infections were detected by the 
HCV ImmunoFlow when panel 3 was used. 

This evaluation revealed good sensitivity of the HCV ImmunoFlow test from 
and compares favourably with the results from the WHO evaluation and a 
systematic review conducted of field evaluations of Hepatitis C rapid diagnostic 
and other point of care tests.

Keywords: HCV, Diagnostic, Rapid diagnostic test, ImmunoFlow, Hepatitis C, 
RDT
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Introduction

Hepatitis C virus (HCV) is a single stranded RNA virus of the Flaviviridae family. 
Globally, approximately 150 million people are infected chronically with 
hepatitis C and at risk of developing liver cirrhosis and/or liver cancer [1]. Further 
estimates indicate that three to four million persons are newly infected each 
year [1, 2]. However, infection rates differ greatly by country and region [1, 3-10]. 
A concentrated epidemic can be found in Eastern Europe and Asia in high-risk 
groups and a generalized epidemic in high prevalent countries [4, 7]. However, in 
many countries, no reliable epidemiological data is available, and so the extent of 
the HCV epidemic remains unknown [11, 12].

The transmission of HCV infection occurs via blood-to-blood contact. Most 
frequently, transmission occurs from the transfusion of unscreened blood or by 
sharing contaminated needles or other drug injection equipment [10, 11, 13-20]. 
Less commonly, HCV is transmitted by sexual contact with an infected person or at 
birth via mother to child trans-mission [9, 21-24].

Globally, only 30% of the world’s population has access to hepatitis C diagnosis 
free-of-charge. Altogether, 54% of people, ranging from 3% of the population of 
high income countries to 82% of that in low income countries, live in areas without 
any provision for free testing [25].

To screen for HCV infection a screening test to detect antibodies against the virus 
either by lateral flow immunoassay (LFI) or by enzyme-linked immunosorbent assay 
(ELISA) is carried out. Screening test results reactive initially should be confirmed 
by a supplemental recombinant immunoblot assay or HCV nucleic acid testing 
(NAT) for RNA to confirm the presence of HCV specific antibodies and activity of 
infection [26, 27]. This algorithm detects effectively active infection, however, 
ELISA and NAT tests are expensive, have long turnaround times, and require well-
trained staff and a well-equipped laboratory [28]. Convenient, quality-assured, 
antibody-based rapid diagnostic tests and point-of-care tests could facilitate 
preliminary screening, although they cannot differentiate between acute and 
chronic infections [28]. 

In addition to screening patients for diagnosis, HCV testing is also needed to test 
potential blood donors for infection [29-31]. Screening of potential blood donors 
is currently the main use of HCV LFIs at Médecins sans Frontières (MSF), a non-
governmental, medical humanitarian organization. Thus, requirements for this 
HCV test are different from diagnostic tests: in order to be able to exclude HCV 
infected blood donors, a high sensitivity and a high negative predictive value are 
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required, while the specificity and positive predictive value of the test does not 
need necessarily to match highest performance criteria. 

However, interagency discussions on HIV-infected patients where HCV/HIV-co-
infected patient may in the future be initiated on anti-retroviral-therapy regardless 
of their CD4 count are ongoing [32, 33], similarly to patients who are HBV/HIV 
co-infected [32]. If this policy becomes practice the above named requirements 
for a screening test may change again, meaning that the specificity and positive 
predictive value of an HCV screening test also need to be of highest performance 
criteria in addition to the sensitivity and negative predictive value. 

Hepatitis C rapid tests to be used for screening for infection, should ideally have 
a sensitivity close to 100% and be able to detect HCV infection as early as ELISA 
tests used commonly. In addition, the test should be simple in its procedure, free 
of cold chain requirements and be of low cost, thus fulfil the ASSURED criteria 
[34]. 

Another aspect not to be overlooked is the quality of the manufacturing, to ensure 
tests are produced with consistent quality. The minimum criterion is that the 
manufacturer follows the international standards for good manufacturing practice. 
Additional quality requirements include the Conformité Européenne (CE) marking 
from a stringent notified body, the approval from stringent regulatory authorities 
and the WHO pre-qualification [11].

The ImmunoFlow HCV test from Core Diagnostics meets many of the above 
operational named requirements but there is only little knowledge on its 
performance [35]. It was neither included on the systematic review [26] nor was 
it included in the hepatitis C assays evaluation in 2001 [36, 37]. Thus, MSF decided 
to commission this evaluation to the Testing Laboratory for In Vitro Diagnostic 
Medical Devices at the Paul-Ehrlich Institute, Langen, Germany, in order to gather 
independent performance data.

Materials and Methods

Investigation procedures
The evaluation of the ImmunoFlow HCV test from Core Diagnostics was conducted 
from September to October 2011 on three serum panels at the Paul-Ehrlich-
Institute, Langen, Germany. Serum samples of all three serum panels were thawed 
and centrifuged before use. The results were read by two independent laboratory 
technicians 15 and 30 min after application of the sample. The technicians were 
blinded to each other’s readings as well as to the result of the reference testing. 
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In case of disagreement between the readers, the positive result was evaluated in 
favour for the ImmunoFlow HCV test. 

Serum panel description
The ImmunoFlow HCV test was tested on three panels procured and differentiated 
by the Paul-Ehrlich Institute, Langen, Germany. 

The first panel (n=82) was procured from ZeptoMetrix (Franklin, MA, USA) and 
consisted of samples collected from intravenous drug users bearing a high risk for 
HCV infection. All samples have been screened with the Architect®Anti-HCV test 
(product number: 6C37; Abbott, Green Oaks, USA), the AxSYM®Anti-HCV version 
3 (product number: 3B44-20; Abbott, Green Oaks, USA), the InnotestTM HCV Ab 
IV (product number: 80068; Innogenetics, Gent, Belgium) and the Ortho®HCV3.0 
Enhanced Save ELISA (product number: 930820; Ortho Clinical Diagnostics, Raritan, 
USA).

All positive and discrepant samples have been characterized using a supplemental 
test: the Chiron RIBA HCV 3.0 SIA (product number: 930600 and 930790; Novartis 
Vaccines and Diagnostics, Emeryville, USA).

A positive status was defined as (i) reactive screening test(s) and positive 
supplemental test, (ii) positive result in several anti-HCV screening tests, negative 
result in one screening test only and positive supplemental test. An indeterminate 
status was defined as reactive screening test(s) and indeterminate supplemental 
test. A discrepant result was defined as discrepant anti-HCV screening results and 
negative supplemental test result. A negative status was defined as a negative 
screening tests and/or negative supplemental test. 

55 samples of this first panel were HCV positive and 26 HCV negative and 1 
indeterminate. 

The second panel (n=199) originated from the University of Frankfurt, Germany 
and had been stored at the Paul Ehrlich Institute. 

The samples have been screened with at least one of the following screening tests: 
the Architect®Anti-HCV test (product number: 6C37; Abbott, Green Oaks, USA), 
the Ortho®HCV 3.0 Enhanced Save ELISA (product number: 930820; Ortho Clinical 
Diagnostics, Raritan, USA), the ADVIA Centaur HCV (product number: 3438099; 
Siemens, Tarrytown, USA) and the Murex anti-HCV Version 4 (7F51) (product 
number: VK47/48; DiaSorin, South Africa). In addition, most samples (121/199) have 
been characterized using the Chiron RIBA HCV 3.0 SIA (product number: 930600 and 
930790; Novar-tis Vaccines and Diagnostics, Emeryville, USA) as supplemental test. 
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A positive status was defined as (i) reactive screening test(s) and positive 
supplemental test, (ii) reactive screening test(s) where no supplemental test 
result was available. An indeterminate status was defined as (i) reactive screening 
test(s) and indeterminate supplemental test, (ii) indeterminate screening test and 
indeterminate supplemental test, (iii) indeterminate screening test and positive 
supplemental test. 

193 samples of this panel were defined as anti-HCV positive and 6 samples were 
anti-HCV indeterminate. The indeterminate samples were excluded from this 
analysis. 

The third panel consisted of seroconversion samples in order to assess the sensitivity 
of the ImmunoFlow HCV test in early HCV infection. The samples were purchased 
from SeraCare Life Sciences (Milford, USA) and ZeptoMetrix (Franklin, MA, USA) and 
aliquots were kept at -70°C at the Paul Ehrlich Institute. 10 seroconversion panels 
contained a total of 39 samples in which HCV antibodies could be detected. 

All samples have been screened with three chemiluminescence immunoassays 
(ChLIA) the Architect® Anti-HCV test (product number: 6C37; Abbott, Green Oaks, 
USA), the ADVIA Centaur HCV (product number: 3438099) and the Prism HCV test 
(product number: 6A52-48; Abbott, Green Oaks, USA). Additional screening has 
been performed using two ELISA tests: the InnotestTM HCV Ab IV (product number: 
80068; Innogenetics, Gent, Belgium) and the Ortho® HCV 3.0 Enhanced Save ELISA 
(product number: 930820; Ortho Clinical Diagnostics, Raritan, USA). In addition, all 
samples have been characterized using the Chiron RIBA HCV 3.0 SIA. 

Comparative data analysis of the performance of the ImmunoFlow HCV to the 
above named screening tests has been carried out. 

Index tests
The ImmunoFlow HCV test (product number: 120025 for 25 tests, 120050 for 50 
tests, 120100 for 100 tests), Core Diagnostics (Birmingham, United Kingdom); is a 
CE marked, lateral-flow rapid immunochromatographic test in cassette format. The 
test contains core, NS3, NS4 and NS5 antigens on the membrane for the qualitative 
detection of anti-HCV antibodies in human serum. 

The ImmunoFlow HCV test was carried out according to manufacturer’s instructions 
for use. A negative result (i.e. absence of anti-HCV antibodies) is indicated by one 
coloured band in the control zone, while a positive result is denoted by two lines 
being distinguishable clearly. The test is inconclusive if no control band is visible. 
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Statistical analysis
Data were entered in an Excel file and analysed using Stata 11.0 statistical software 
(Stata Corporation, College Station, TX, USA).

The results were interpreted as described above (serum panel description). Panel 
one and two test results were classified as true positives, true negatives, false 
positives and false negatives. From these categories, sensitivity, specificity, and 
predictive values were calculated with 95% confidence intervals (CI). Indeterminate 
results were excluded from further analysis. 

For panel three, the seroconversion panel, the analysis will describe the number 
of positive screening test that were needed for the ImmunoFlow HCV test to turn 
positive. In addition, the results of the Chiron RIBA HCV 3.0 SIA will be given at the 
point of seroconversion of the ImmunoFlow HCV test.

Results

The HCV ImmunoFlow identified correctly 26 out of 26 positive samples and 55 out 
of 55 negative samples on panel 1. Thus the sensitivity of the HCV ImmunoFlow 
in panel 1 is 100% (95% CI: 93.5-100), the specificity is 100% (95% CI: 86.8-100). 
The positive predictive and negative predicate values at a positivity rate of 68% 
were 100% (95% CI: 93.5-100) and 100% (95% CI: 86.8-100) respectively. The 
indeterminate sample, with a core band only by the Chiron RIBA HCV 3.0, was 
excluded from the analysis. This sample was negative by the HCV ImmunoFlow 
(Table 1).

Table 1. Accuracy of ImmunoFlow HCV rapid test (Core Diagnostics) compared against 
reference standard on samples of panel 1.
 

ImmunoFlow HCV (Core Diagnostics)
Positive Negative Total

HCV reference standard Positive 55 0 55
Negative 0 26 26
Total 55 26 81

Panel 2 consisted of 199 serum samples of which 193 samples tested positive and 
6 indeterminate by the reference standard tests. Of the 193 remaining positive 
samples the HCV ImmunoFlow identified correctly 191 samples and 2 samples as 
false negative (Table 2). Thus, the sensitivity of the HCV ImmunoFlow is 99.0%.
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Table 2. Accuracy of ImmunoFlow HCV rapid test (Core Diagnostics) compared against 
reference standard on samples of panel 2.
 

ImmunoFlow HCV (Core Diagnostics)

Positive Negative Total

HCV reference standard Positive 191 2 193

Negative 0 0 0

Total 191 2 193

Panel 3 consisted of seroconversion serum samples of 10 patients containing 
116 samples total of which 39 were anti-HCV positive. The chemiluminescence 
immunoassays (ChLIA) detected between 28 and 36 samples (i.e. 72-92%) of the 
maximum number of positive samples. The two ELISAs detected 30 and 32 samples, 
77% and 82%, respectively. The ImmunoFlow HCV rapid test detected 28 samples 
as positive and thus 72% of the maximum number of 39 samples. Table 3 shows the 
results of other screening tests in comparison to the ImmunoFlow HCV test.

Table 3. Summary results on anti-HCV testing on the seroconversion panel.

# # Sero-

conversion 
panel

# of 
positive 

Ab bleeds

ChLIA A ChLIA B ChLIA C ELISA A ELISA B ImmunoFlow HCV

(Core Diagnostics)

# of 
positive 
bleeds 

detected

# of positive 
bleeds 

detected

# of positive 
bleeds 

detected

# of 
positive 
bleeds 

detected

# of 
positive 
bleeds 

detected

# of positive 

bleeds detected

1 904 5 4 4 3 3 3 2

2 905 6 6 6 3 3 4 4
3 913 3 2 3 0 3 2 2
4 918 2 2 1 1 2 1 0
5 920 7 7 7 7 7 6 7
6 6211 3 3 3 3 4 4 2
7 6226 4 4 4 4 3 3 4
8 9044 3 2 3 2 2 2 2
9 9047 4 4 4 4 3 4 4
10 9054 2 1 1 1 2 1 1
Total # positive 

samples

39 35 36 28 32 30 28

Detection (%) 100 90 92 72 82 77 72
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Discussion

This evaluation focused on the performance of the sensitivity of the ImmunoFlow 
HCV test from Core Diagnostics and reveals good sensitivity depending on the 
panel: 100% for the first and 99% for the second panel. 

This compares favourably with the results from the WHO evaluation and a systematic 
review conducted of field evaluations of HCV RDT and point of care tests. 

To assess the sensitivity of the ImmunoFlow HCV rapid test in early HCV infection, 
10 suitable commercial seroconversion panels were selected. The ImmunoFlow 
HCV rapid test detected 72% of the total anti-HCV positive samples and 9 of these 
10 infections. Hence, the overall detection of ImmunoFlow HCV rapid test was 
slightly lower than those of the ChLIA and ELISA tests. Also, one seroconverter 
was not identified by the ImmunoFlow HCV rapid test whereas 1–2 samples were 
positive by the ChLIA or ELISA tests on this specific seroconverter. 

However, overall the results are similar to the best performing rapid HCV tests as 
shown on a recent systematic review and on the WHO evaluation panel [26, 38, 39] 
and the ImmunoFlow HCV rapid test demonstrated that it is able to detect samples 
from early HCV infection. 

Although the data set is not large, the conclusion can be drawn that the ImmunoFlow 
HCV rapid test detects a high number of true anti-HCV positive samples and may 
be a good choice as screening test where no instrument bound anti-HCV assay can 
be used. 

The ImmunoFlow HCV test may only be used with human serum. After familiarization 
with the test it was easy to perform. A precision pipette is needed to exactly apply 5 
µL sample volume which needs to be done with great care. Due to the use of serum 
only, the background of the device does not colour, which allows an easy detection 
of weak or faint bands and increases the test’s sensitivity. 

There are several important limitations however. This evaluation was not carried 
out in the target population. It is therefore possible that the panels chosen did 
not reflect the most prevalent genotypes seen in the populations screened which 
may have an impact on the sensitivity of the test. The choice to use existing panels 
was made for purely practical reasons as in MSF’s programmes ChLIA and ELISA 
analysers are not available routinely. In addition, on-site evaluations are costly and 
of longer durations. 
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A further limitation is that the panels did not include HIV co-infected patients. 
Researchers from the Centers for Disease Control and Prevention (CDC) have 
reported an increased amount of false negative results with some HCV test assays 
in the presence of HIV infection [40, 41]. Given the high rate of co-infection of HIV-
Hepatitis C this is of a concern where the test is being used for diagnostic purposes, 
it is less problematic as donations screening positive to HIV will be excluded. 

Another limitation of the study is that the ImmunoFlow HCV test was not used in 
real field conditions, i.e. suboptimal storage conditions, poorer staff expertise than 
at the Paul Ehrlich Institute. However, an evaluation at a reference laboratory gives 
good indication on the performance of the test. 

Conclusions

In summary, the ImmunoFlow HCV test shows adequate performance data in 
detecting HCV infection when evaluated on serobanks in the laboratory. Further 
evaluation is needed to determine the sensitivity of the test in field conditions, and 
in HIV co-infected individuals. 

This is the first step in a process to select a diagnostic test. The assessment of the 
manufacturing should be made before making a final decision whether or not to 
recommend a test for purchase and use.
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