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Abstract

In low-income-countries, screening for hepatitis C virus (HCV) infection is often based on rapid
tests (RT). Their lower sensitivity compared to enzyme immunoassay (EIA) suggests that newer
HCV Antigen/Antibody (Ag/Ab) combination assays might have a role in such countries. To test
this idea, 1998 blood donors were tested at the University Teaching Hospital blood bank in
Yaoundé, Cameroon simultaneously with a RT (HCV rapid test, Human Diagnostics, Berlin,
Germany) according to standard practice (S1) and with an Ag/Ab assay (Monolisa HCV Ag/Ab
Ultra, Biorad, France) (S2). All discordant, borderline and reactive samples were submitted to
confirmatory testing by immunoblot and/or HCV-RNA. Of the 86 (4.3%) samples positive with
one or both strategies, 29 were confirmed negative, 37 positive and 20 were false positive or
resolved infection. There was a significant difference in test sensitivity (o = 0.01) between S1
(70.3%) and S2 (91.9%) but not in test specificity (99.4% and 98.6%, respectively). The benefit of
the Ag/Ab assay in the detection of recent HCV seronegative infections could not be evaluated
since no Antigen-only donations were identified. However, better Ag/Ab test sensitivity compared
to RT supports the implementation of these newer immunoassays for HCV screening in the
African blood bank setting.
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1. Introduction

The control of hepatitis C virus (HCV) infection is important in Africa because of its high
prevalence and serious complications such as cirrhosis or hepatocellular carcinoma. In order
to prevent transfusion-related transmission of the virus many African countries perform anti-
HCV antibody (Ab) screening of blood donations (Buseri et al., 2009; Nagalo et al., 2011;
Tagny et al., 2009). In the University Teaching Hospital blood bank of Yaoundé, Cameroon,
where HCV Ab was screened with rapid tests (RT), HCV Ab seroprevalences were 4.8% in
2003, 3.9% in 2005, and 3.9% in 2009 (Mbanya and Tayou, 2005; Tagny et al., 2010). Since
RTs have been reported less sensitive than EIAs (Desbois et al., 2008; Scheiblauer et al.,
2006) a significant number of HCV-infected blood products might be not identified in a high
prevalence context. In addition, as Ab screening precludes the detection of the
preseroconversion early phase of infection, improved transfusion safety could be attained by
detection of viral capsid antigen (Ag) or RNA. Whereas the systematic use of nucleic acid
testing (NAT) is rare in African blood banks due to cost and infrastructure, the detection of
HCV Ag can be considered as a cost-effective approach to reduce the residual risk of
transfusion-related HCV. Studies in Europe have reported that the simultaneous detection of
the HCV capsid Ag and Ab by an Ag/Ab combination assays could be an effective
alternative to diagnose early HCV infection among blood donors (Ansaldi et al., 2001;
Courouce et al., 2000; Icardi et al., 2001; Laperche et al., 2005a, 2005b; Nolte, 1997;
Schnuriger et al., 2006). To estimate the benefit of this strategy in a high prevalence African
setting, we replicated our previous approach for HIV Ag/Ab testing (Tagny et al., 2011). The
current compared the performance of HCV RT versus HCV Ag/Ab detection and also
determined the prevalence of confirmed HCV infection in Cameroonian blood donors.

2. Material and methods

2.1. Blood donors

A total of 1998 consecutive allogenic blood donors who gave blood from the 1 March 2011
to 31 March 2012 at the University Teaching Hospital blood bank of Yaoundé were included
in this cross sectional study. Ethical approval for the study was obtained from the Cameroon
National Ethics Committee. All blood donors who met donation criteria of the University
Teaching Hospital blood bank and gave signed informed consent were included. Their mean
age was 29.4 + 8.0 years and 16.7% [95% IC: 15.7-18.4] were female. Repeat blood donors
represented 9.5% [95% IC: 8.3-10.9] of the study population and gave only one donation
during the study period.

For each donor, 0.5-1 ml of anticoagulated plasma was aliquoted into small tubes; one
aliquot was immediately used for the screening and the remaining vials were stored at
—80 °C for further investigations.
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2.2. Laboratory methods

Blood testing was performed at the University Teaching Hospital blood bank in Yaoundé
which has participated in several studies of viral testing (Laperche et al., 2009, 2013).
Before starting the study, a panel of 25 known HCV Ab positive sera and 25 negative
samples was tested with the HCV Ag/Ab assay to evaluate the performance of technicians
and equipment. The results were in accordance with those expected (data not shown).

All 1998 donors were tested simultaneously for HCV markers with two screening strategies.
The first strategy (S1) included a RT used for routine blood donor screening (Hexagon HCV,
Human Diagnostics, Berlin, Germany). This assay is based on capsid, NS3, NS4 and NS5
recombinant proteins to detect antibodies. A sample with negative RT results was considered
as S1 negative. Initially reactive samples were retested in duplicate with the same assay. If
two of three cumulative replicates were positive, the sample was considered as S1 reactive;
if only one of three replicates was positive it was considered negative with S1.

The second strategy (S2) included a HCV Ag/Ab combination assay (Monolisa HCV Ag-Ab
Ultra, BioRad, Marnes La Coquette, France) based on the combination of an indirect test for
qualitative determination of antibodies (with one capsid peptide, two NS3 recombinant
proteins and one NS4 recombinant protein) and a sandwich test for HCV capsid Ag (with an
anti-capsid monoclonal antibody). Samples were screened in singlicate with this assay. A
result was considered as S2 reactive when the sample-to-cut-off (s/co) ratio was superior or
equal to 1 and S2 borderline when this ratio was between 0.8 and 0.99. The 10% gray zone
recommended by the manufacturer was increased to 20% to investigate samples which could
have been collected in the early Ab negative window phase.

The algorithm used to classify samples is given in Fig. 1. Briefly, samples negative on both
S1 and S2 were considered as negative and no further investigations were undertaken. In
order to confirm that reactivity obtained with one or both of the two assays was due to the
presence of HCV Ab (or Ag for the Ag/Ab combination assay), stored aliquots of reactive
samples were shipped frozen to the National Reference Center (NRC), Paris, France, where
they were subjected to confirmatory testing with HCV immunoblot (RIBA3 HCV, Ortho
Clinical Diagnostics, Issy les Moulineaux, France) and HCV-RNA quantitation with Cobas
TagMan HCV (Roche molecular diagnostics, Meylan, France, limit of quantitation 25
copies/ml). Samples were considered definitively positive when RIBA and/or PCR gave
positive results and negative when these two tests were negative. In the other cases, samples
when available in a sufficient volume were retested in singlicate with Monolisa HCV Ag-Ab
Ultra. If they were non-reactive they were classified as negative, if they were reactive or
borderline they were considered as inconclusive due to the impossibility to differentiate false
positive results and resolved infection.

To investigate the viral diversity on viremic donors, HCV genotype was determined in HCV-
RNA positive samples, by sequencing a part of the NS5b gene. This region was amplified
from the Cobas Taq Man RNA extraction by a PCR protocol designed to detect
phylogenetically diverse HCV genotypes and described elsewhere (Laperche et al., 2005c;
Morice et al., 2001).
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The sensitivity for each strategy was calculated as the percentage of positive results obtained
among the confirmed positive samples and the specificity as the percentage of negative
results obtained among confirmed negative samples. Window period infections were defined
as antigen and RNA positive but antibody negative. The prevalence of hepatitis C infection
was calculated by dividing the number of confirmed positive samples by the number of
samples tested, both overall and according to age, gender, and donor type and donation
frequency. Statistical analysis was performed using the chi-square test to compare
proportions or the 7-test to compare means. Differences were considered significant when p
< 0.05.

3. Results

Among the 1998 tested samples, 1912 (95.7%) were non-reactive on both S1 and S2. The
remaining 86 (4.3%) were classified into four groups (Table 1): group 1 included 38 samples
(44.2%) reactive with both assays; group 2 included 25 samples (29.1%) reactive only with
S2; group 3 included 19 samples (22.1%) non-reactive on S1 and borderline on S2; and
group 4 included 4 samples reactive only with S1. These 86 samples were further tested in
Paris as shown in Fig. 1, and the results are shown in Table 1. A total of 37 (43%) samples
were HCV RIBA positive; of these 14 were HCV-RNA negative, 14 were HCV-RNA
positive, and 9 had insufficient volume for RNA testing. Of the remaining 49 samples, 29
(33.7%) were classified as negative and 20 (23.3%) could not be classified. This last
category included 11 samples that were HCV-RNA negative with non-interpretable RIBA
(presence of reaction in the fusion-protein-band); 7 samples that were HCV-RNA negative
with isolated RIBA reactivity; and 2 samples that were negative RIBA with invalid HCV-
RNA results. Of the 82 samples that were initially reactive or borderline with Ag/Ab assay,
34 (41.5%) were confirmed positive, 20 (24.4%) could not be classified, and 28 (34.1%)
were negative (Table 2). Of the 44 samples in these two last categories which could be
retested with Monolisa Ag/Ab HCV Ultra, 18 (40.9%) were negative. The Ag/Ab assay
mean signal to cutoff (s/c) ratios of these 82 samples were 3.6 £ 1.9, 1.32 + 0.59 and 1.41
+0.98 (p< 1074), for positive, negative and unclassified samples, respectively. HCV-RNA
positive and negative samples had mean s/co ratios at 4.4 + 1.43 and 1.91 + 1.96 respectively
(p=10.05). No HCV-RNA positive but antibody negative (window period) infections were
identified.

The sensitivities of S1 and S2 compared to confirmatory testing (/7= 37 true positives) were
70.3% (95% ClI: 55.6-85.0%) and 91.9% (95% CI: 83.1-100%), respectively. Excluding
indeterminate results, specificities were 99.4% (95% CI: 99.1-99.7%) and 98.6.0% (95%
Cl: 98.1-99.1%), positive predictive values were 68.4% and 63.0% and negative predictive
values were 99.4% and 99.9% for S1 and S2, respectively (Table 2). There was a statistically
significant difference between S1 and S2 for sensitivity (p= 0.01) but not for specificity.

Among the 14 HCV viremic subjects, 6 were HCV-RNA positive but with non-quantifiable
viral loads (<25 Ul/ml), and 8 ranged from 30 to 360,000 1U/ml (median 1460 IU/ml). The
genotype could be determined for only three donors because eight had a viral load too low
for sequencing and three samples had no remaining specimen for sequencing. The genotypes
were 1, 11 and 2.
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The prevalence of HCV markers in Cameroonian blood donors was 1.9% (95% CI: 1.27—
2.47%) or 2.8% (95% CI: 2.12-3.58%) depending on whether the 20 inconclusive samples
were considered as positive. Among the 37 confirmed positive subjects, 36 (97.3%) were
first time blood donors and 33 (89.2%) were male. HCV prevalence was 2.0% in males and
in 1.2% females (1.2%), a non-significant difference. When compared to non-infected
donors (Table 3), con-firmed positive donors were significantly older (35.2 £ 12.0 vs. 29.2
+ 6.2 years, p< 107#) with most being 40-49 years-old donors. No other differences
between demographic groups were identified.

4. Discussion

Similarly to what we recently reported for HIV (Tagny et al., 2011), this head-to-head study
found that, in a real world setting in a Cameroonian blood center, the sensitivity of the
Ag/Ab combination assay was superior to that of rapid tests. As no early or window period
infections were identified, the better sensitivity was probably due to an enhanced detection
of antibodies by the former assay.

The choice of antigens, the method of their presentation in the assay and genetic
heterogeneity of the virus have all been evidenced as factors that could impair detection of
HCV Ab by RT (Neville et al., 1997; Simmonds et al., 1993). However, the impact of viral
diversity on the detection of HCV antibodies is debated and it seems that false negative
results are more likely due to undetected weak antibody reactivity than to genotype-
dependent differences (Scheiblauer et al., 2006). This hypothesis could not be explored
because of the low number of samples successfully genotyped in the study. Interestingly, one
of the two genotyped strains was the 11 strain previously described in Cameroon (Ndjomou
et al., 2003; Pasquier et al., 2005).

We also note that although the Ag—Ab assay was more sensitive than RT, its sensitivity was
lower than reported previously (Ansaldi et al., 2006; Laperche et al., 2005a, 2005b;
Schnuriger et al., 2006). The fact that three S2 false-negative samples were reactive when
retested (data not shown) indicates that this lower sensitivity was probably not due to
intrinsic characteristics of the assay but rather to failures in test performance.

The specificity of Ag/Ab assay was (hon-significantly) weaker than those observed for RT
and did not meet the minimal European Union recommendation of 99.5%. In African
samples, cross-reactivity with other endemic infections or the higher 1gG levels may
adversely affect the specificity of immunoassays, as described for HIV (Everett et al., 2010;
Simooya et al., 1988) and HTLV-1 infections (Mahieux et al., 2000). This may explain the
non-specificity reported here. On the other hand, specificity may have been under-estimated
since all initially S2 reactive samples were not retested in duplicate as S1. Indeed, 41% of
initially reactive samples which could be analyzed were not reproduced when retested with
the same reagent. Repeat testing is known to improve specificity (Choudhury et al., 2011;
Piro et al., 2008).

A significant proportion (23.2%) of reactive samples with at least one of the two screening
strategies could not be resolved into non-specific reactions or resolved infections. As non-
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specific reactivity in viral screening is problematic for blood services because of donor
management issues and product loss, the issue of the most appropriate confirmatory strategy
is raised, especially in countries where, supplemental assays are not usually implemented.
Several solutions have been proposed. One could test simultaneously with two assays and
exclude donors reactive with both since these subjects have the highest probability to be
positive with NAT and/or Immunoblot (Choudhury et al., 2011). Nevertheless, two tests
increase the cost of the screening unless a sequential screening strategy is used (Seed et al.,
2003). Another solution would be to use the strength of antibody reactivity as predictive
marker of true-positive results and viremia in asymptomatic HCV infected people (Acar et
al., 2010; Contreras et al., 2010; Kiely et al., 2010; Stramer et al., 2012). Our results, from
an admittedly small study, are in accordance with this last report since mean s/co ratios were
significantly higher in viremic subjects.

While higher than values observed in low prevalence countries (Zou et al., 2012), the
prevalence of HCV markers in Cameroonian blood donors is at least two times lower than
what has been reported in earlier studies in Cameroon (Mbanya et al., 2003; Mbanya and
Tayou, 2005; Tagny et al., 2009) and three to five times lower of what observed in other sub
Saharan Africa reports (6.0% in Nigeria (Buseri et al., 2009), 8.7% in Burkina-Faso (Nagalo
etal., 2011), 9.4% in Ghana (Nkrumah et al., 2011)). These discrepancies are probably due
to an overestimation of rates in past studies based only upon screening results or to
differences in donor selection strategies. The age association with prevalence of HCV
markers is in accordance with recent findings in Brazil (de Almeida-Neto et al., 2013) and
may be explained by higher HCV transmission and prevalence in the past compared to the
present. This hypothesis of lower current incidence is supported by the low proportion (only
50%) of viremic donors observed among confirmed positive subjects in this study.

5. Conclusions

In summary, the enhanced sensitivity of Ag/Ab assay observed here was related to the better
Ab detection compared to RT and supports the use of such “combi” tests in the detection of
HCV infection, even though rapid test kits are useful in extreme conditions and emergency
settings (O’Connell et al., 2013). Unfortunately the study did not perform NAT on all
samples and the small number of donors included in this study its short time-frame
prevented us from accurately estimating HCV incidence. Thus, the additional value of
Ag/Ab assays in the detection of Ab negative but Ag positive primary infection could not be
evaluated. However, if one assumes higher HCV incidence is likely in high prevalence
African countries, there is a theoretical benefit to using Ag/Ab assays in such settings if
NAT implementation is not possible. Of course, this assumes that adequate infrastructure
and quality control is in place, especially when no confirmatory investigations are
performed.
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results obtained with confirmatory investigations. The number of samples included in each

category were divided according to groups (g1-g4) to which they belonged after the

screening. S1: Hexagon HCV, Human Diagnostics, Berlin, Germany; S2: Monolisa HCV

Ag-Ab Ultra, BioRad, Marnes La Coquette, France; RIBA: RIBA 3, Ortho Clinical
Diagnostics, Issy les Moulineaux, France; HCV-RNA: Cobas TagMan HCV, Roche

Diagnostic, Meylan, France
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