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a b s t r a c t

The usefulness of combined anti-HCV and 24 mini-pool HCV RNA screening strategy was re-evaluated
after a six-year continuous routine use in a clinical virology laboratory, at which more than half of newly
diagnosed hepatitis C patients are intravenous drug users. Pools of 24 samples were prepared from
20,448 anti-HCV negative serum samples and tested using an automated commercial PCR assay with
a lower limit of detection of 50 IU/ml. After detection of anti-HCV negative/HCV RNA positive patients,
responsible physicians provided follow-up samples. Thirty-eight (0.19%) anti-HCV negative/HCV RNA
epatitis C
CV
CR
ini-pool

creening
ntravenous drug users

positive samples from 30 patients (28 intravenous drug users) were detected. Follow-up samples were
available for 27/30 patients. Twenty, six and one patient seroconverted in the second, third and fourth
available samples, respectively. The interval between the first HCV RNA positive and the first available
anti-HCV positive sample was 17–517 days. The costs of detecting a single anti-HCV negative/HCV RNA
positive patient were 1227 Euros. Combined anti-HCV and 24 mini-pool HCV RNA screening is a useful
and cost effective strategy, not only in blood-transfusion settings but also in a routine clinical virology

nifica
laboratory, at which a sig

Detection of anti-HCV antibodies in a serum sample is a standard
rst step in the diagnosis of hepatitis C virus (HCV) infection. Only
eropositive patients are then tested for the presence of HCV RNA by
ucleic acid testing (NAT) (Chevaliez and Pawlotsky, 2009; Ghany
t al., 2009). Since anti-HCV can appear within a window that can
ast up to almost three months, serological assays are not reliable
or diagnosis of the early stages of HCV infection (Chevaliez and
awlotsky, 2009; Scott and Gretch, 2007). Since HCV RNA appears
n blood as early as two weeks after infection, the use of NAT can
horten substantially the diagnostic window (Ghany et al., 2009;
immonds et al., 2002). Alternatively, HCV core antigen testing can
e used for the same purpose (Seme et al., 2005).

In the last decade, the detection of HCV RNA by NAT in donated
lood has been introduced in many countries (including Slovenia)

n order to increase further the safety of blood and blood products
Coste et al., 2005; Mine et al., 2003; Roth et al., 2002; Stramer
t al., 2004). Blood donations are mostly screened for HCV RNA in

–96 mini-pools, although some blood transfusion centers favor

ndividual-donation NAT screening (Busch et al., 2005; Coste et al.,
005; Mine et al., 2003; Roth et al., 2002; Stramer et al., 2004;
elati et al., 2008; Vermeulen et al., 2009). In addition, the detec-
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tion of early phase of HCV infection enables timely initiation of
treatment of acute hepatitis C, with a sustained virologic response
rate of 82.5% (Corey et al., 2010). Identification of HCV infection
in its early phase is particularly important in high risk popula-
tions, such as intravenous drug users, hemodialysis patients, organ
donors and HIV infected individuals (Alter et al., 2004; Cox et al.,
2005; Khan et al., 2004; Scott and Gretch, 2007). However, screen-
ing for hepatitis C based on HCV RNA detection, outside a blood
transfusion setting, is still controversial and not recommended by
current consensus guidelines (Ghany et al., 2009; Dhumeaux et al.,
2003; National Institutes of Health, 2002).

In a previous two-year pilot study usefulness of combined anti-
HCV and 24 mini-pool HCV RNA screening was evaluated on a total
of 6432 anti-HCV negative specimens and 18 (0.28%) anti-HCV neg-
ative/HCV RNA positive serum samples obtained from 12 patients
were detected (Seme et al., 2007). In this report, the results of a
six-year continuous use of a combined hepatitis C screening strat-
egy are presented. The present study was performed in the national
hepatitis C reference laboratory which serves the majority of hospi-
tals and outpatient clinics in Slovenia where intravenous drug users
predominate among newly diagnosed hepatitis C patients (Seme

et al., 2009).

A six-year prospective study was carried out between June 1,
2004 and May 31, 2010. During this period, 22,548 consecutive
serum specimens were tested routinely for the presence of anti-
HCV antibodies using Ortho HCV Assay (Ortho Diagnostic Systems,

dx.doi.org/10.1016/j.jviromet.2010.11.008
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Table 1
Laboratory findings of 30 anti-HCV negative/HCV RNA positive patients identified by 24 mini-pool HCV RNA screening. Bolded are anti-HCV
negative/HCV RNA positive samples.

Patient no. Time interval between HCV
RNA pos. and anti-HCV pos.
sample

HCV RNA (log10 IU/ml) in
initial and follow-up samples

HCV genotype

1 0/17 NT/NT 3
2 0/19 7.12/5.56 1a
3 0/21 7.50/6.86 3
4 0/22 7.07/NT 1a
5 0/23 4.66/3.59 3
6 0/24 5.65/4.03 1b
7 0/26 4.37/NT 3
8 0/28 5.97/3.57 1b
9 0/28 7.41/7.17 1b

10 0/31 6.71/6.76 3
11 0/32 7.73/6.89 1a
12 0/35 5.81/6.13 3
13 0/38 3.39/<1.48 1a
14 0/44 5.32/<1.48 3
15 0/49 3.71/2.93 1a
16 0/55 6.71/3.59 1b
17 0/78 5.73/<1.48 1
18 0/162 5.93/5.73 3
19 0/192 3.40/<1.48 NT
20 0/517 5.67/<1.48 1a
21 0/13/48 6.52/6.86/6.73 3
22 0/26/63 5.22/5.53/4.39 3
23 0/12/64 4.43/4.96/4.23 3
24 0/50/100 5.01/4.79/3.34 2b
25 0/22/279 NT/NT/6.95 1a
26 0/23/469 7.52/7.14/6.28 3
27 0/11/99/154 4.90/3.39/5.10/4.50 3
28 0 4.75 1a
29 0 6.52 NT

N
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30 0

NT, not tested because there was not enough sample for testing.

eckargemünd, Germany) and in 2100 (9.3%) the results of initially
nti-HCV reactive specimens were confirmed as anti-HCV positive
y the Inno-Lia HCV Ab III Update Assay (Innogenetics, Zwijndrecht,
elgium). The remaining 20,448 anti-HCV negative specimens were
ested by 24 mini-pool HCV RNA screening as described previously
Seme et al., 2007) and 38 (0.19%) anti-HCV negative/HCV RNA posi-
ive samples from 30 patients were detected (Table 1). Immediately
fter the recognition of an anti-HCV negative/HCV RNA positive
atient, the responsible physician was contacted, informed of the
esult and asked for a follow-up sample. The patients were followed
ctively until anti-HCV seroconversion.

Twenty-eight out of 30 (93.3%) anti-HCV negative/HCV RNA pos-
tive patients were intravenous drug users. The probable mode
f acquisition of HCV infection could not be established for
wo patients (patients 13 and 29, Table 1). Twenty-six patients
esponded to the invitation for follow-up testing, one patient
as traced coincidentally after more than 500 days, while three
atients were lost to follow-up (patients 28–30, Table 1). Twenty
atients seroconverted in the second available sample (patients
–20, Table 1). As shown in Table 1, the interval between the first
CV RNA positive sample and the first available anti-HCV positive

ample was between 17 (patient 1) and 517 days (patient 20). How-
ver, one should keep in mind that these intervals do not represent
he time to seroconversion, merely the time in which particular
atients responded to the invitation for follow-up testing. Patient
0, with the longest interval between the first HCV RNA positive
ample and the first anti-HCV positive sample, did not actually

espond to follow-up testing but was tested 517 days after initial
esting when his sample was coincidentally sent to our laboratory
or HIV testing. Six and one anti-HCV negative/HCV RNA positive
atients seroconverted in the third (patients 21–26, Table 1) and
ourth available sample (patient 27, Table 1), respectively.
4.20 NT

In anti-HCV negative/HCV RNA positive samples recognized by
24 mini-pool screening, the HCV RNA viral load was determined
using a RealTime HCV assay with the m2000sp system and 0.2 ml
sample preparation procedure (Abbott Molecular, Des Plaines, IL),
as described previously (Halfon et al., 2006). The median HCV RNA
viral load in the first anti-HCV negative/HCV RNA positive sam-
ples was 5.70 log10 IU HCV RNA/ml (range 3.39–7.73 log10 IU HCV
RNA/ml) (Table 1).

The HCV genotypes were determined by a line probe assay
INNO-LiPA HCV II (Innogenetics, Ghent, Belgium), following the
manufacturer’s instructions. Thirteen anti-HCV negative/HCV RNA
positive patients were infected with HCV genotype 3, 12 with geno-
type 1 (seven with subtype 1a, four with subtype 1b and the subtype
could not be determined for one) and one patient with genotype 2
(Table 1). This genotype distribution is consistent with the results
of a recent national HCV genotyping study performed on 1504
patients in which HCV genotype 3 was identified as the most fre-
quent genotype among intravenous drug users, followed by HCV
genotype 1 and HCV genotype 2 (Seme et al., 2009).

The great majority of detected anti-HCV negative/HCV RNA pos-
itive patients were intravenous drug users and 80% responded to
the invitation for follow-up testing, which enabled them to obtain
timely and appropriate medical evaluation and counselling, with
significant individual and community benefits. The detection of
hepatitis C in the first few months after infection opens a unique
window of therapeutic opportunity, enabling initiation of potent
antiviral treatment, with a sustained virologic response rate of at

least 82.5% (Corey et al., 2010). In the present study, five out of 27
patients with follow-up spontaneously cleared HCV RNA and the
rest remained HCV RNA positive. Twelve patients received antiviral
treatment and eight had already achieved sustained viral response
at the time of manuscript submission.
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In order to gain an insight into the cost effectiveness of the
4 mini-pool HCV RNA screening strategy, a rough calculation
f the additional costs of such a strategy in comparison with a
outine screening approach (anti-HCV only) was performed. The
ost of detecting a single anti-HCV negative/HCV RNA positive
atient increased slightly in comparison to the previous two-year
ilot study (Seme et al., 2007) and amounted to approximately
227 Euros. Considering a significantly higher sustained virologic
esponse rate to timely treatment of acute hepatitis C in compari-
on to standard treatment of chronic hepatitis C and consequent
ost savings from the prevention of future chronic hepatitis C
elated complications, the screening strategy used in the present
tudy can be regarded as cost effective, although a formal cost
ffectiveness analysis was not performed. Due to the relatively
igh viral load in all anti-HCV negative/HCV RNA positive sam-
les (Table 1), the number of samples in each pool could be even
urther increased and, consequently, the costs could be addition-
lly reduced. However, the cost effectiveness of such screening
trategy could be substantially different in laboratories offering
creening for hepatitis C to a population with an epidemiolog-
cal background significantly different from that in the present
tudy.

In conclusion, the six-year prospective study showed that com-
ined anti-HCV and 24 mini-pool HCV RNA screening is a useful
nd cost effective strategy not only in blood-transfusion settings
ut also in a routine clinical virology laboratory at which a sig-
ificant proportion of the tested population belongs to a high-risk
opulation.
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