DONOR INFECTIOUS DISEASE TESTING

Detection of hepatitis C virus (HCV) core-specific antibody
suggests occult HCV infection among blood donors
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BACKGROUND: Blood transfusion safety is based on
reliable donor screening for transmissible infections such
as the hepatitis C virus (HCV) infection.

STUDY DESIGN AND METHODS: A novel HCV
core—specific antibody was assayed on random single
donations from 2007 first-time blood donors who tested
negative for anti-HCV and HCV RNA on routine
screening. Sample collection broke the code between
donations and donors for ethical reasons.

RESULTS: Forty-two donations (2.1%) displayed
reactivity in the novel test. The specificity of the reactivity
was evaluated by a peptide inhibition assay, and testing
against additional nonoverlapping HCV core peptide
epitopes and other HCV antigens was performed on
these samples. Six donations (14.3%; 0.30% from the
total) were considered to contain anti-HCV after such
supplemental testing. HCV RNA detection was also
performed in peripheral blood mononuclear cells
(PBMNCs) and serum or plasma samples from reactive
donors after virus concentration by ultracentrifugation.
HCV RNA tested negative in all PBMNCs samples, and a
very low amount of viral genome was detected in serum
or plasma concentrates from three anti-HCV core—
reactive donors (7.1%) but not among concentrates from
100 randomly selected nonreactive donors. Sequencing
of these polymerase chain reaction products revealed
differences between the isolates that excluded partially
sample contamination from a common source.
CONCLUSION: These findings argue in favor of an
ongoing occult HCV infection among these blood donors
and account for some rather low, but perhaps not
negligible, infection risk for such donations. Future
studies involving larger samples of donations from
traceable donors would enlighten the significance of
these findings for the viral safety of the blood supply.

hronic infection caused by hepatitis C virus
(HCV) is characterized by the presence of both
specific antibody to HCV (anti-HCV) and HCV
RNA in serum or plasma."” Anti-HCV in the
absence of viremia presumably reflects immune memory
after a past, resolved infection. Anti-HCV and HCV RNA
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testing are mandatory as part of blood donor screening,
and both markers must test negative for the donor to be
accepted. However, the risk of HCV transmission,
although very low, is not zero.>

Occult HCV infection (OCI) has been reported and
was characterized by the presence of HCV RNA in periph-
eral blood mononuclear cells (PBMNCs) and/or liver tis-
sue among patients who tested negative for both anti-HCV
and HCV RNA in serum or plasma.® HCV RNA was also
detected in serum after concentrating viral particles by
ultracentrifugation, which increases the sensitivity of the
testing.” OCI has been found among patients with crypto-
genic hepatitis and chronic renal diseases, but also in 3.3%
of individuals from the general population displaying nor-
mal liver function tests.%®° A proportion of these cases
tested in addition positive by a novel anti-HCV core-spe-
cific antibody test,'® but this test has not been yet com-
pared with conventional screening assays among blood
donors. Actually, the occurrence of OCI among first time
blood donors has never been communicated.

The aims of this prospective, collaborative study were:
1) to investigate the frequency and the significance of the
finding of HCV core-specific antibody reactivity among
blood donors testing negative for anti-HCV and HCV RNA in
screening and 2) to assess whether such reactivity correlates
with the finding of HCV RNA sequences in PBMNCs and/or
serum or plasma concentrated by ultracentrifugation.

PATIENTS AND METHODS

Study population

A total of 2012 consecutive, unselected, first-time unpaid
blood donors admitted for screening of blood donation
markers were prospectively enrolled from October 2014 to
July 2015 at three transfusion centres: Red Cross Spain
(n=823) and the transfusion centers from the communities
of Madrid (n = 1094) and Castilla y Le6n (n = 95). The inclu-
sion criteria were: 1) first-time blood donors who agreed to
sign the informed consent and 2) availability of sufficient
serum, plasma, and PBMNC samples collected at the time of
study entry. Units testing positive for markers of HCV infec-
tion (anti-HCV and/or HCV RNA), human immunodefi-
ciency virus (HIV; anti-HIV and/or HIV RNA), hepatitis B
virus (HBV) infection (HBV surface antigen and/or DNA), or
other infections (syphilis, malaria) were not excluded. Five
donations were excluded because the lack of PBMNC sam-
ples, and the final population consisted of 2007 donors of
whom 1104 were males and 903 females. No other demo-
graphic data were provided to the investigators, and the link
between unit and donor identification was broken before
sending the materials to the laboratories involved in the
study. This procedure prevented communication of results to
the donors, although also the obtaining of additional samples
and the design of follow-up studies. The study was approved
by the Ethic Committee of the Hospital Clinico San Carlos
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(Madrid, Spain) and was conducted according to the Helsinki
Declaration of the World Medical Association.

Screening tests

Participating centers performed anti-HCV screening by
either PRISM or ARCHITECT chemiluminescent immuno-
assays (Abbott Laboratories), and individual HCV nucleic
acid test (NAT) by Procleix Ultrio Elite (Grifols Diagnostic
Solutions Inc.) or Cobas MPX Multiplex on the Cobas 6800/
8800 platform (Roche Molecular Diagnostics). Anti-HCV-
reactive, HCV NAT-nonreactive donations were confirmed
by immunoblot (INNO-LIA HCV-Score, Fujirebio Europe).
Liver function tests (aspartic aminotransferase [AST], ala-
nine aminotransferase [ALT], and y-glutamyl transpepti-
dase [GGTP]) were determined centrally at the Fundacién
para el Estudio de las Hepatitis Virales (FEHV) upon donor
inclusion in the study by the Roche Cobas Mira analyzer
(normal values for AST, <34 IU/L; ALT, males <40, females
<32 IU/L; GGTP, males <50, females <30 IU/L).

Testing of anti-HCV core-specific antibody

HCV core-specific antibody was tested by an immunoas-
say with enhanced sensitivity (anti-hcv core high-
sensitivity enzyme-linked immunosorbent assa (ELISA kit,
DIATER Laboratories) using as antigen a single peptide
from a conserved HCV core region (Amino Acids 5-19).
The test is based on an investigational anti-HCV core
immunoassay.'® According to current CE labeling regula-
tions, calculation of the cutoff value was referred to the
formula CO=0.5 X (NC+0.1 X PC), where NC is the
mean value for the negative control (six replicas) and PC
is the mean value for the positive control (two replicas)
after assaying more than 1000 positive, negative, and
interfering samples in parallel with two CE-marked meth-
ods. Testing was performed in prediluted samples (1/10)
according to supplier’s instructions, and sample-to-cutoff
absorbance ratios (absorbance index [AI]) of at least 1.2
were considered reactive. The assay has shown 100% diag-
nostic sensitivity in chronic infections by HCV Genotypes
1 to 6, and specificities of 100 and 99.7% among blood
donors and clinical specimens, respectively.'!

Anti-HCV core-reactive samples were further analyzed
by: 1) peptide inhibition assay,'® the percentage of inhibi-
tion (PI) being calculated by the formula PI =1 — [(absorb-
ance of sample with 100 ng/mL of peptide)/(absorbance of
sample without peptide)] X 100; 2) a supplemental anti-
HCV core peptide immunoassay based on peptides span-
ning Amino Acids 21 to 40 and 101 to 120 of the HCV core
sequence (European Patent EP2258714B1), the testing proce-
dure being exactly as described for Peptides 5 to 19;'*'? and
3) conventional confirmatory testing by a commercial immu-
noblot assay (INNO-LIA HCV-Score, Fujirebio Europe).

Reactivity for anti-HCV core was thought specific
when the PI was at least 50%. Concurrent reactivity in the
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TABLE 1. Primers and probes used for HCV RNA amplification*
Name Nucleotide sequence (5 to 3') Position
Real-time PCR
Forward primer CTGTGAGGAACTACTGTCTT 36-55
Reverse primer CTCGCAAGCACCCTATCAGG 283-302
Anchor probe GCAGCCTCCAGGACCCCCC-FI 98-116
Sensor probe LC640-CCCGGGAGAGCCATAGTGGTCTG-ph 119-141
Nested PCR
Quter forward primer CCCTGTGAGGAACTWCTGTCTTCACGC 38-62
Outer reverse primer GCTCATGRTGCACGGTCTACGAGACCT 312-338
Inner forward primer TCTAGCCATGGCGTTAGTAYGAGTG 71-95
Inner reverse primer CACTCGCAAGCACCCTATCAGGCAGT 279-304
* Nucleotide designation according to Takamizawa et al.'

supplemental anti-HCV core peptide test and the finding
of reactivity (positive or indeterminate results) by immu-
noblot were also taken into account for the final interpre-
tation. Samples testing positive by at least two of the three
supplemental tests were considered positive for anti-HCV.

HCV RNA detection in PBMNCs and in
ultracentrifuged serum and plasma samples

Nonrefrigerated blood samples were received at FEHV
within 24 hours after extraction. Upon arrival, serum
samples were obtained from coagulated blood, made into
aliquots, and stored at —30°C. PBMNCs and plasma were
isolated from anticoagulated blood by density gradient
centrifugation (Biocoll, Biochrom). Plasma was aliquoted
and stored at —30°C, while cells were washed three times
in phosphate-buffered saline and thereafter stored in solu-
tion (RNAlater, Ambion) also at —30°C.

HCV RNA detection was performed by laboratory per-
sonnel who were blinded to the serologic status of the
donors. Each polymerase chain reaction (PCR) run included
a maximum number of 10 samples along with negative con-
trols (repeatedly HCV RNA-negative sera and PBMNCs sam-
ples) and reagent blanks in which total RNA was replaced
with PCR-grade water. Negative controls and blanks were
coprepared with the samples and accompanied them
through the entire PCR process. As positive controls, HCV
RNA-positive sera and PBMNCs from patients with chronic
HCV infection were used. The guidelines of Kwok and Higu-
chi'® were strictly observed for avoiding contaminations.

Total RNA was isolated from PBMNCs with an RNA
isolation system (SV Total, Promega). After precipitation,
pellets were dissolved in diethylpyrocarbonate (DEPC)-
treated water and RNA concentration was determined by
spectrophotometry. Total RNA was extracted from 250 uL
of serum using reagent (Trizol LS, Invitrogen), and the pel-
let was dissolved in 10 uL of DEPC-water. In addition, 2 mL
of serum and 2 mL of plasma were ultracentrifuged’ over a
10% sucrose cushion at 100,000 X g for 17 hours at 4°C.
Pellets were dissolved in 250 uL. of TE buffer (10 mmol/L
tris(hydroxymethyl)aminomethane-HCl, 10 mmol/L ethyl-
enediaminetetraacetic acid; pH 7.5) and total RNA was iso-

lated with reagent (Trizol LS, Invitrogen) and precipitated,
and the pellet was dissolved in 10 uL. of DEPC-water.

Amplification of the HCV RNA 5 noncoding (NC)
region (226 bp) was performed by quantitative real-time
reverse transcription (RT)-PCR with fluorescence resonance
energy transfer probes. Two microliters of total RNA isolated
from 250 uL of serum or from 2 mL of ultracentrifuged
serum or plasma, or 0.5 pg of total RNA from PBMNCs was
retrotranscribed and amplified in a single-tube reaction
containing RNA reaction mix (LightCycler Master
Hybprobe, Roche Diagnostics), 3.25 pmol/L Mn(OAc),, 0.5
umol/L of each primer, 0.2 ymol/L of the anchor probe,
and 0.4 ymol/L of the sensor probe. RT was performed at
61°C for 30 minutes; the mixture was then heated at 95°C
for 2 minutes; and then PCR was performed for 50 cycles of
95°C for 0 seconds (denaturation), 55°C for 12 seconds
(annealing), and 72°C for 10 seconds (extension). The fluo-
rescence was measured at the end of each annealing step. A
standard curve constructed with 10-fold dilutions of a syn-
thetic HCV RNA was used for quantification. The lower limit
of HCV RNA detection of the assay was 10 IU/mL (mean
threshold cycle [Ct], 39.32) with a lower limit of quantifica-
tion of 100 IU/mL (mean Ct, 35.64), as determined by test-
ing serial dilutions of HCV RNA-positive serum sample, in
which HCV RNA quantification was previously assessed by
an HCV test (Cobas TagMan, Roche Diagnostics). PCR test-
ing was considered positive if the Ct level was obtained at
no more than 39 cycles, and quantification was achieved by
reference to the standard curve.

To further confirm the results, the remaining total
RNA extracted from positive samples was sent to a second
laboratory (Centro Nacional de Microbiologia [CNM]) and
used to perform an additional amplification of the 5 NC
region of the HCV genome by nested RT-PCR.** The PCR
products obtained (235 bp) were also purified and
sequenced as described below. The sequences of the pri-
mers used in these tests are given in Table 1.

Sequencing and sequence analysis

PCR products from positive samples obtained either at
the FEHV or at the CNM were purified by PCR clean-up
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technology (Illustra Exoprostar 1 step, VWR International
Eurolab), and both strands were directly sequenced using
Sanger sequencing. Sequence analysis was performed on
the fragment comprised between Nucleotide 104 and
Nucleotide 287, which were present in all PCR products.

Statistical analysis

Categorical variables were compared using the chi-square
test (or Fisher’s exact test when applicable). Continuous
variables were compared using the nonparametric Mann-
Whitney’s U test. All p values reported are two-tailed.

RESULTS

Infectious testing at the transfusion centers

Anti-HCV reactivity was recorded in two donors (0.1%), but
none of them coud be confirmed on supplemental immu-
noblot testing. Therefore, all donors finally tested negative
for anti-HCV. Markers of other infectious diseases were
detected in six donors (0.3%): HBV DNA in two (0.1%),
malaria in two (0.1%), syphilis in one, and cytomegalovirus
in one. None of the 2007 donors gave a HCV NAT yield.

Anti-HCV testing

Forty-two samples (2.1%) displayed reactivity in the anti-
HCV core test, and the eight samples reacting for any
infectious marker in the blood bank screening did not
account among them. Table 2 shows the AI values
obtained for each sample (mean, 1.88; range, 1.20-6.20)
and the individual results obtained from supplemental
testing. Twelve reactive samples (28.6%) rendered PI of
more than 50% in the inhibition test, which led us to con-
sider the reactivity as due to a specific reaction involving
some antibody species and some epitope represented in
the linear peptide spanning Amino Acids 5 to 19 of the
HCV core antigen. Reactivity to epitopes spanning Amino
Acids 21 to 40 or 101 to 120 was found in 15 samples
(35.7%). Seven samples (16.7%) reacted with at least one
antigen in immunoblot: six samples were indeterminate
(C1, E2, or NS4 lines; Samples 2, 19, 21, 26, 30, and 33)
and one was positive (C1 and C2 lines; Sample 40). Crite-
ria for anti-HCV positivity were satisfied by six samples
(14.3%, 0.30% from the total; Samples 2, 19, 21, 30, 33, and
40), and one sample was considered indeterminate
because of isolated reactivity to NS4 antigen in immuno-
blot (Sample 26).

HCV RNA detection

First, HCV RNA was tested in 250 uL of serum, in 2 mL of
ultracentrifuged serum, and in PBMNCs from the 42 anti-
HCV core-reactive donors and from 100 anti-HCV core—
negative donors. RNA testing was negative in all sera (250
uL) and PBMNCs, but was positive (Ct value, 37.11; 10-
100 IU/mL) in the 2 mL of ultracentrifuged serum from
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one donor who tested indeterminate for anti-HCV by
immunoblot (Donor 26, Table 2). Viral RNA was also then
tested by a different laboratory worker, who was unaware
of the previous results, in 2-mL ultracentrifuged plasma
samples from the 142 donors mentioned above. Donor 26
tested also positive in plasma (Ct value, 36.84: 10-100 IU/
mL), as well as two additional donors (Donors 14 and 19;
Ct values, 37.48 and 37.73, respectively) who had tested
negative in ultracentrifuged serum. Positive results were
obtained in different runs on different days, excluding
intersample cross-contamination. Donor 14 did not meet
the tentative criteria for anti-HCV positivity, but Donor 19
met them and tested indeterminate (single E2 line) in
immunoblot. The 5’ NC region of these three donors was
again amplified from the remaining FEHV-concentrated
plasma in CNM, by nested RT-PCR, with positive results.

Overall, three of 42 (7.1%) anti-HCV core-reactive
donors displayed low amounts of circulating viral RNA,
while none of the 100 anti-HCV core-negative donors tested
positive (p = 0.025). HCV RNA was also tested in ultracen-
trifuged serum, plasma, and PBMNC samples from the two
donors yielding reactivity for anti-HCV in the screening tests
at the blood banks, and all samples tested negative.

Sequencing and sequence analysis

Analysis of the sequences of the PCR products identified
all isolates as HCV Genotype 1b (BLAST analysis, NCBI).
Donors 14 and 19 shared an identical nucleotide sequence
for the genome fragments amplified independently in two
laboratories. Identity reached 100% in the BLAST analysis
performed with 94 sequences of the NCBI database,
including the sequence used as reference in the alignment
(Fig. 1). In contrast, the sequence from Donor 26 displayed
six nucleotide changes (C114G, A116C, G253C, G256C,
G271C, and A276G) in comparison with the former. Substi-
tutions C114G and G256C were detected in fragments
amplified from serum but not from plasma, and substitu-
tions A116C and G253C were found only in the product
amplified at one of the two laboratories (CNM).

Liver function tests

Abnormal liver function tests were recorded in 306 of 2007
(15.3%) donors. Altered transaminase levels were detected
in one of five (20%) anti-HCV core—positive donors and in
five of 37 (13.5%) among the remaining anti-HCV core-
reactive donors (four males and two females). The fre-
quency of anti-HCV core reactivity did not display signifi-
cant differences in regard to this feature (6/306 with
altered values vs. 36/1701 with normal values).

DISCUSSION

The prevalence of anti-HCV among blood donors declined
dramatically in Spain during the past decade and was
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TABLE 2. Results obtained on individual samples from anti-HCV core-reactive donors
Supplemental anti-HCV core
ELISA*
Anti-HCV core test
P ) } Supplemental Interpretation of HCV RNA
AST/ALT/ and inhibition assay 21-40 test 101-120 test anti-HCV anti-HCV in plasma
Donor Sex GGTP (IU/L)t Abs. Al Pl (%) Abs. Al Abs. Al immune blot testing (2 mL), IU/mL
1 Female 8/9/18 0.206 1.67 9.8 0.394 1.76f 0.299 1.77f Negative Negative 0
2% Male 10/17/35 0.310 2.53 75.7f 0.060 0.44 0.073 043 C1(1+)t Positivef 0
3 Female 11/18/21 0.766 6.20 90.5f 0.106 0.77 0.112 0.66 Negative Negative 0
4 Female 6/6/14 0.348 2.63 79.0f 0.075 0.55 0.100 0.59 Negative Negative 0
5 Male 11/14/22 0.476 3.59 80.1f 0.068 0.50 0.092 0.54 Negative Negative 0
6 Male 25/54/29 0.176 1.39 20.1 0.134 0.60 0.120 0.71  Negative Negative 0
7 Female 18/20/25 0.142 121 <5 0.073 0.53 0.146 0.82 Negative Negative 0
8 Male 14/27/65 0.167 1.42 <5 0.262 1.17 0.244 1.44% Negative Negative 0
9 Female 14/11/11 0229 1.78 125 0.105 0.77 0.126 0.74 Negative Negative 0
10 Male 24/22/16 0.202 1.79 <5 0.075 0.55 0.101 0.59 Negative Negative 0
11 Female 17/13/27 0.150 1.33 <5 0.304 1.67f 0.424 2.39f Negative Negative 0
12 Malet 36§/36/24  0.175 153 11.3 0.109 0.48 0.102 0.60 Negative Negative 0
13 Male 12/14/18 0.250 2.18 70.0f 0.064 0.47 0.080 0.47 Negative Negative 0
14% Male 16/19/20 0.139 121 <5 0.085 0.62 0.164 0.92 Negative Negative Positive
(<100)%
15 Male 19/17/18 0.192 1.49 522f 0.087 0.47 0.157 0.88 Negative Negative 0
16 Female 14/15/13 0.155 1.20 <5 0.082 0.60 0.240 1.36% Negative Negative 0
17 Female 29/26/14 0.157 1.21 104 0.199 1.09 0.306 1.73% Negative Negative 0
18 Male 18/28/24 0.171 123 112 0.076 0.41 0.130 0.73 Negative Negative 0
19% Male 17/19/23 0.220 1.81 67.5f 0.069 0.51 0.096 0.57 E2(1+)f Positive Positive
(<100)%
20 Female 16/15/23 0.225 1.86 323 0.068 0.50 0.092 0.54 Negative Negative 0
21% Female 30/22/21 0.202 1.66 66.9+ 0.082 0.36 0.082 0.49 Ci1 (1+) Positive 0
22 Female 14/18/16 0.218 1.82 <5 0.273 1.22f 0.210 1.24% Negative Negative 0
23 Female 20/17/18 0.181 151 10.1 0.268 1.20f 0.286 1.69% Negative Negative 0
24 Male 26/39/31 0.147 122 <5 0.061 0.33 0.160 0.90 Negative Negative 0
25 Male 32/33/40 0.166 1.38 <5 0.105 0.57 0.195 1.10 Negative Negative 0
261 Female 17/24/12 0.643 5.35 <5 0.059 0.43 0.075 0.44 NS4 (1+) Negative Positive
(<100)
27 Female 18/21/18 0.189 1.40 <5 0.287 1.57f 0.419 2.37% Negative Negative 0
28 Female 19/28/40% 0.224 1.66 38.1 0.206 0.92 0.129 0.76 Negative Negative 0
29 Male 29/53§/21 0.171 1.44 60.5f 0.131 0.59 0.127 0.75 Negative Negative 0
30% Male 32/28/20 0.202 1.70 51.0+ 0.099 0.44 0.092 054 E2(1+)f Positivef 0
31 Male 30/40/39 0.167 146 7.8 0.122 0.67 0.175 0.99 Negative Negative 0
32 Male 25/28/26 0.190 1.60 <5 0.533 2.92f 0.675 3.81f Negative Negative 0
33% Female 17/15/20 0.238 1.99 67.3f 0.072 0.39 0.142 0.80 C1(1+)t Positivet 0
34 Male 21/22/18 0.154 125 8.0 0.446 2.43}f 0.343 1.821 Negative Negative 0
35 Female 25/28/118f 0.165 1.40 6.2 0.250 1.36% 0.271 1.44f Negative Negative 0
36 Female 23/18/24 0.165 1.40 <5 0.524 2.86% 0.551 2.92f Negative Negative 0
37 Male 13/16/20 0.224 1.88 67.6f 0.089 0.49 0.101 0.54 Negative Negative 0
38 Male 24/16/19 0.188 156 6.7 0.320 1.75f 0.326 1.72f Negative Negative 0
39 Male 19/19/30 0.262 2.02 <5 0.166 0.90 0.161 0.85 Negative Negative 0
40% Female 17/16/16 0.176 151 <5 0.416 2.27f 0.370 1.96f C1(1+),C2 (1+)f Positivet 0
41 Male 22/28/47 0.261 2.10 <5 0.620 3.38f 0.674 3.57f Negative Negative 0
42 Female 12/13/23 0.293 252 <5 0.075 0.41 0.078 0.41 Negative Negative 0
* Additional HCV core peptide antibody reactivity against epitopes spanning Amino Acids 21-40 and/or 101-120 of the HCV core sequence
(European Patent EP2258714B1).
1 Normal values for AST, <34 IU/L; ALT, males <40 IU/L, females <32 IU/L; normal values for GGTP, males <50 IU/L, females <30 IU/L).
1 Values above the normal level.
Bold highlight means significant reactivity in the test.

recently reported 0.013% from 1.7 million first-time
donors.'® Among the general population of adults, the
overall prevalence is more than 100-fold higher (1.8%).'¢
The small size of the sample studied might account for
the lack of anti-VHC—positive donors resulting in this
study from the screening performed at the transfusion
centers.

In contrast, anti-HCV core testing selected 42 donors
to investigate, and supplemental studies could identify,
according to the criteria explained, five donors displaying
prior contact with HCV but not actual infection and three
donors displaying OCI (Table 3). The yield of this alterna-
tive testing was 0.39% (8/2007). Most of the donors (34/42,
81%) lacked, therefore, any evidence of prior contact with
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Fig. 1. Sequence comparison of PCR products amplified from plasma and serum of the three positive donors. Nucleotide posi-
tions and sequence of HCV 1b were taken from AB249644. (A) PCR products obtained at the CNM; (B) PCR products obtained at

the FEHV. P = plasma sample; S = serum sample.

TABLE 3. Interpretation of the results shown in

Table 2
Anti-HCV Conventional Number of donors
present HCV infection OCl (donor number)
No No No 34
Yes No No 5 (2, 21, 30, 33, 40)
Yes No Yes 1(19)
No No Yes 2 (14, 26)

HCV, and these false-positive cases represented 1.7% of the
sample studied.

The novel assay could actually detect anti-HCV where
some current assays did not, including some assays using a
sample dilution lower than 1:10. These findings would sug-
gest that minute amounts of antibody directed toward an
epitope present in the single peptide used could be more
prone to be detected when the specific activity of the target
is not diluted in the multiantigen design of the solid phase
of a conventional immunoassay (European Patent
EP2258714B1).'° The results obtained by immunoblot sup-
ported the interpretation for seven samples, and recording
of isolated reactivity to core antigens by INNOLIA among
four of them was of interest.'” This advantage was, how-
ever, jeopardized by the finding of a large number of false-
positive results, which might be elicited by some human
protein displaying cross-reactivity with epitopes of this
region of the HCV core protein.'®?° Alternatively, presence
of maturation-altered or low-avidity anti-HCV*"® could
explain the results, as suggested previously for OCL'°
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Although sample concentration by ultracentrifuga-
tion does not account among the procedures standar-
dized for HCV diagnosis by PCR, it offers a valuable
research tool for improving the knowledge of the natu-
ral history of the HCV infection. Sample contamination,
either from external sources before testing or from
sample to sample during testing, must be carefully con-
sidered to discuss the results obtained with this
approach. Three facts would support the results of this
study in regard to this important issue: 1) positive
results were obtained in different runs on different
days; 2) negative controls, the rest of the samples
included in each PCR run, and 100 anti-HCV-negative
donors tested negative; and 3) results were reproduced
from the RNA extracts by a second laboratory using a
different set of primers and a totally independent ali-
quot of sample, which is of special significance for sup-
porting the results obtained on Sample 14 (presence of
HCV RNA in absence of anti-HCV). Sequencing con-
firmed the identity of the products as corresponding to
the expected region of HCV Genotype 1b, a viral geno-
type common in Spain.** The fragments displayed, in
addition, sequence diversity, which excludes contami-
nation from a common source. Given that the 5 NC
region of the HCV genome is highly conserved, the
sequence identity found for two of the three isolates
would fall within the expected and should not be nec-
essarily interpreted as reflecting sample-to-sample
contamination. In regard to the interlaboratory discrep-
ancy found in the sequencing of the third isolate, it



might represent an artifact of the amplification proce-
dures or could alternatively reflect differential amplifi-
cation of viral quasispecies present in the sample.

In conclusion, these findings reinforce the notion of
OCI as part of the natural history of the HCV infection,?®"
30 although a couple of points remain obscure. First, the
discrepancy between the results obtained by PCR on sam-
ples of serum and plasma taken at once from the same
donor, which perhaps reflects unknown technical issues
that could be critical when the viral load is extremely low.
Second, the differences found in the sequence of the frag-
ments amplified from samples from Donor 26 at the two
participating laboratories, which can respond either to
technical or biologic reasons. Third, the weak antibody
response and the very low viral load found at once in
these donors, which is a feature characteristic of OCI that
awaits satisfactory explanation in terms of the putative
pathogenic mechanisms leading to it. Although not con-
clusive yet, the findings of this report suggest that the
safety of the blood supply might be improved by the anti-
HCV core test used in the study and would justify future
studies with larger samples of traceable donors who can
be fully characterized and submitted to follow-up studies
after selection by the novel test. In regard to such future
investigations, collecting and storing PBMNCs for per-
forming cellular recall HCV antigen studies would be of
interest, and the evaluation of the outcome of anti HCV
core—positive units among their recipients must be
regarded in these studies as an ethical commitment.

ACKNOWLEDGMENT

The authors thank Miguel A Ruiz, from DIATER S.A., for his tech-
nical support.

CONFLICT OF INTEREST

Fundacion para el Estudio de las Hepatitis Virales holds patent
grants related to occult HCV detection. RP is scientific founder
and stockholder of DIATER S.A., and JA is an employee of the
company. The remaining authors have disclosed no conflicts of
interest.

AUTHOR CONTRIBUTIONS

JAQ, AA, JB, IC, and JA performed experiments, analyzed results,
and prepared tables and figures; MAA, EE MIG, RG, SP, and LAR
performed mandatory testing at transfusion centers and man-
aged the sample delivery logistics; and RP, VC, and JME designed
the study and wrote the manuscript.

REFERENCES

1. Ghany MG, Strader DB, Thomas DL, et al. Diagnosis, man-
agement, and treatment of hepatitis C: an update. Hepato-
logy 2009;49:1335-74.

NOVEL ANTI-HCV CORE TESTING IN BLOOD DONORS

10.

11.

12.

13.

14.

15.

Kamili S, Drobeniuc J, Araujo AC, et al. Laboratory diagnos-
tics for hepatitis C virus infection. Clin Infect Dis 2012;55
Suppl 1:543-8.

Stramer SL, Glynn SA, Kleinman SH, et al. Detection of HIV-
1 and HCV infections among antibody-negative blood
donors by nucleic acid-amplification testing. N Engl ] Med
2004;351:760-8.

Zou S, Dorsey KA, Notari EB et al. Prevalence, incidence, and
residual risk of human immunodeficiency virus and hepati-
tis C virus infections among United States blood donors
since the introduction of nucleic acid testing. Transfusion
2010;50:1495-504.

Bruhn R, Lelie N, Busch M, et al. Relative efficacy of nucleic
acid amplification testing and serologic screening in pre-
venting hepatitis C virus transmission risk in seven interna-
tional regions. Transfusion 2015;55:1195-205.

Castillo I, Pardo M, Bartolomé J, et al. Occult hepatitis C
virus infection in patients in whom the etiology of persis-
tently abnormal results of liver-function tests is unknown.

J Infect Dis 2004;189:7-14.

Bartolomé J, Lopez-Alcorocho JM, Castillo I, et al. Ultracen-
trifugation of serum samples allows detection of hepatitis C
virus RNA in patients with occult hepatitis C. J Virol 2007;81:
7710-5.

Barril G, Castillo I, Arenas MD, et al. Occult hepatitis C virus
infection among hemodialysis patients. ] Am Soc Nephrol
2008;19:2288-92.

De Marco L, Gillio-Tos A, Fiano V, et al. Occult HCV infec-
tion: an unexpected finding in a population unselected for
hepatic disease. PLoS One 2009;4:e8128. doi: 10.1371/
journal.pone.0008128.

Quiroga JA, Castillo I, Llorente S, et al. Identification of sero-
logically silent occult hepatitis C virus infection by detecting
immunoglobulin G antibody to a dominant HCV core pep-
tide epitope. ] Hepatol 2009;50:256-63.

Quiroga JA, Alcover J, Bartolomé J, et al. A new high sensitiv-
ity anti-HCV Core kit allows detecting hepatitis C virus
infected individuals not detected by other available anti-
HCV assays [abstract]. Hepatology 2012;56:131A.

Barril G, Quiroga JA, Arenas MD, et al. Impact of isolated
hepatitis C virus (HCV) core-specific antibody detection
and viral RNA amplification among HCV-seronegative
dialysis patients at risk for infection. J Clin Microbiol 2014;
52:3053-6.

Kwok S, Higuchi R. Avoiding false positive with PCR. Nature
1989;339:237-8.

Ledn P, Lopez JA, Amela C, et al. Prevalence of types of hepa-
titis C virus in Spanish blood donors: results of a state-based
multicenter study. Spanish group for the study of blood
donors with risk of HCV transmission. Enferm Infecc Micro-
biol Clin 1999;17:448-53.

Strategic plan for the management of hepatitis C in the
National Health System [Internet]. Madrid: Ministerio de
Sanidad, Servicios Sociales e Igualdad de Espana. 2015 [cited
2015 Nov 6]. Available from: http://www.msssi.gob.es/

Volume 56, July 2016 TRANSFUSION 1889


info:doi/10.1371/journal.pone.0008128
info:doi/10.1371/journal.pone.0008128
http://www.msssi.gob.es/ciudadanos/enfLesiones/enfTransmisibles/docs/plan_estrategico_hepatitis_C.pdf

QUIROGA ET AL.

16.

17.

18.

19.

20.

21.

22.

ciudadanos/enfLesiones/enfTransmisibles/docs/plan_estra-
tegico_hepatitis_C.pdf.

Garcia Comas L, Ordobas Gavin M, Sanz Moreno JC, et al.
Prevalence of hepatitis C antibodies in the population aged
16-80 years in the Community of Madrid 2008-2009. ] Med
Virol 2015;87:1697-701.

Makuria AT, Raghuraman S, Burbelo PD, et al. The clinical
relevance of persistent recombinant immunoblot assay-
indeterminate reactions: insights into the natural history of
hepatitis C virus infection and implications for donor coun-
seling. Transfusion 2012;52:1940-8.

Tobler LH, Busch MP, Wilber J, et al. Evaluation of indetermi-
nate c22-3 reactivity in volunteer blood donors. Transfusion
1994;34:130-4.

Ledn B, Lopez JA, Elola C, et al. Use of overlapping synthetic
peptides to characterize samples from blood donors with
indeterminate results to hepatitis C virus core antigen. Vox
Sang 1998;75:32-6.

Barban V, Fraysse-Corgier S, Paranhos-Baccala G, et al. Iden-
tification of a human epitope in hepatitis C virus (HCV) core
protein using a molecularly cloned antibody repertoire from
a non-symptomatic, anti-HCV-positive patient. ] Gen Virol
2000;81:461-9.

Ward KN, Dhaliwal W, Ashworth KL, et al. Measurement of
antibody avidity for hepatitis C virus distinguishes primary
antibody responses from passively acquired antibody. ] Med
Virol 1994;43:367-72.

Kanno A, Kazuyama Y. Immunoglobulin G antibody avidity
assay for serodiagnosis of hepatitis C virus infection. ] Med
Virol 2002;68:229-33.

1890 TRANSFUSION Volume 56, July 2016

23.

24.

25.

26.

27.

28.

29.

30.

Klimashevskaya S, Obriadina A, Ulanova T, et al. Distin-
guishing acute from chronic and resolved hepatitis C
virus (HCV) infections by measurement of anti-HCV
immunoglobulin G avidity index. J Clin Microbiol 2007;
45:3400-3.

Echevarria JM, Ledn B Pozo E et al. Follow-up of the preva-
lence of hepatitis C virus genotypes in Spain during a nine
year period (1996-2004). Enferm Infecc Microbiol Clin 2006;
24:20-5.

Bukh J, Purcell RH Miller RH. Sequence analysis of the 5’
noncoding region of hepatitis C virus. Proc Natl Acad Sci U S
A 1992;89:4942-6.

Chen AY, Hoare M, Shankar AN, et al. Persistence of hepatitis
C virus traces after spontaneous resolution of hepatitis C.
PLoS One 2015;10:0140312. doi: 10.1371/
journal.pone.0140312.

Veerapu NS, Raghuraman S, Liang TJ, et al. Sporadic reap-
pearance of minute amounts of hepatitis C virus RNA after
successful therapy stimulates cellular immune responses.
Gastroenterology 2011;140:676-85.

Park SH, Veerapu NS, Shin EC, et al. Subinfectious hep-
atitis C virus exposures suppress T cell responses
against subsequent acute infection. Nat Med 2013;19:
1638-42.

Veerapu NS, Park SH, Tully DC, et al. Trace amounts of spor-
adically reappearing HCV RNA can cause infection. J Clin
Invest 2014;124:3469-78.

Ward JW. The hidden epidemic of hepatitis C virus infection
in the United States: occult transmission and burden of
disease. Topics Antiviral Med 2013;21:15-9. Y


http://www.msssi.gob.es/ciudadanos/enfLesiones/enfTransmisibles/docs/plan_estrategico_hepatitis_C.pdf
http://www.msssi.gob.es/ciudadanos/enfLesiones/enfTransmisibles/docs/plan_estrategico_hepatitis_C.pdf
info:doi/10.1371/journal.pone.0140312
info:doi/10.1371/journal.pone.0140312

