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The analytical performances of the new Abbott RealTime hepatitis C virus (HCV) and human immunode-
ficiency virus type 1 viral load assays were compared at nine laboratories with different competitor assays.
These included the Abbott LcX, Bayer Versant bDNA, Roche COBAS Amplicor, and Roche COBAS TaqMan
assays. Two different protocols used during the testing period with and without a pre-m1000 RNA isolation spin
were compared. The difference proved to be nonsignificant. A uracil-N-glycosylase (UNG) contamination
control option in the HCV test for previous Roche COBAS Amplicor users was evaluated. It proved to decrease
amplicon carryover by 100-fold independent of the amplicon input concentration. The protocol including UNG
proved to overcome problems with false-positive negative controls. Comparison with other assays revealed only
minor differences. The largest difference was observed between the Abbott HCV RealTime assay and the Roche
COBAS Amplicor HCV Monitor version 2.0 assay.

Hepatitis C virus (HCV) and human immunodeficiency virus
type 1 (HIV-1) are major causes of mortality in both develop-
ing and developed countries. For both viruses, relatively effec-
tive therapies have been available in developed countries for
quite some time. HCV and HIV-1 viral loads are important
parameters in patient management both before initiating ther-
apy and during therapy. The decline of the HCV viral load
during the first 3 months of therapy is, for instance, a strong
indicator of the final outcome of therapy (9, 23). Moreover, in
many countries, the HCV viral load in infected health care
workers determines whether they are allowed to perform sur-
gical procedures. HIV-1 viral load is monitored during ther-
apy, and a viral load above a certain threshold, which may
differ per treating physician, requires a switch in medication (6,
13).

The first tests that were described for determining the viral
load were based on target amplification techniques like reverse
transcriptase PCR (RT-PCR) and nucleic acid sequence-based
amplification (NASBA). These tests had readout on agarose
gel or readout with enzymatic detection of the amplicon after
amplification with biotinylated primers (1, 3, 15, 17). Subse-
quently, signal amplification techniques were developed for the
quantitative detection of HCV and HIV-1 (5, 16). Those tech-
niques were improved and commercialized. The suppliers of

the most widely used systems at the moment are Roche and
Abbott, for RT-PCR-based systems (the COBAS Amplicor
and LcX systems, respectively); bioMerieux (formerly Or-
ganon Technica), with a NASBA-based technique; and Bayer,
with the Versant bDNA system being a signal amplification
technique (4, 18, 19). Each technique has its own advantages
and disadvantages. The relatively small dynamic range is a
disadvantage that all current assay formats have in common.
All assay formats are also rather sensitive to contamination,
especially at the lower limit of detection (21). Handling of the
sample after target amplification is a major cause of contami-
nation for the NASBA- and RT-PCR-based techniques. Re-
cently, amplification techniques that allow real-time detection
of the amplicon have been developed for NASBA and RT-
PCR. These new techniques make postamplification process-
ing obsolete (14, 21). The major advantage of real-time RT-
PCR and NASBA techniques is the lower sensitivity to
contamination. These techniques are also less time-consuming
and in general have a higher dynamic range. A serious draw-
back of most real-time techniques is the detection of amplicon
with fluorescently labeled probes that are sensitive to point
mutations within the target sequence. This is especially of
concern with highly variable targets like HCV and HIV-1.

Abbott has recently CE (Conformité Européenne) marked
its new HCV and HIV-1 viral load tests based on real-time
RT-PCR (7, 8, 22). A major theoretical advantage of the real-
time technique used is the probe system, which allows target
detection by probe hybridization at low temperatures. This
potentially reduces problems with genotype-dependent under-
quantification due to probe-target mismatches. Furthermore,
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the primers used for HIV-1 are located in a highly conserved
region of the genome also used in the Abbott LcX HIV-1
assay. Before CE marking, Abbott initiated the Early Access
Programme (EAP), involving 21 sites in Europe and 1 site in
South Africa. This paper describes the validation of these
HCV and HIV-1 viral load assays on the basis of data gener-
ated during the EAP.

MATERIALS AND METHODS

Collaborating sites. Out of the 21 sites initially selected by Abbott Molecular
to join the prerelease EAP, 9 sites participated in the joint evaluation by sub-
mitting data on patient samples. The assays and comparator assays run at the
different sites are summarized in Table 1. Parts of the data from sites 4 and 5
have been published as part of separate studies (7, 8).

Patient materials and quality control materials. Patient plasma samples were
run either fresh (site 7) or after storage at �80°C. In addition, all sites ran
samples from the 2005 quality control program from the QCMD (www.QCMD
.org). Four laboratories selected for the EAP who were not part of this joined
evaluation ran QCMD samples and submitted data on these samples (Leeds,
United Kingdom [A. Hale], Lille, France [L. Bocket], Lisbon, Portugal [R.
Camacho], and Manchester, United Kingdom [M. Guiver]).

Abbott RealTime HIV-1 and HCV viral load assays. The Abbott RealTime
HIV-1 and HCV viral load assays were performed according to the instructions
provided by Abbott Molecular. In short, HIV-1 RNA and HCV RNA were
isolated from 1.0 and 0.5 ml of plasma, respectively, with the Abbott m1000
nucleic acid extraction system. The lower limits of detection reported by Abbott
for the use of these isolation volumes were 40 HIV-1 RNA copies per ml and 12
HCV IU per ml. Fifty microliters of eluted RNA was subsequently mixed with 50
�l Mastermix. Real-time RT-PCR was run on the m2000rt RealTime PCR
system from Abbott. Data from the comparator assays were generated during
routine diagnostics for patient management.

Data analysis. Samples below the limit of detection for both the Abbott
RealTime assays and the comparator assays were not included in the study
analysis. Samples below the limit of detection in one assay but positive in the
other were discarded in the regression analysis. Data were analyzed with Sig-
maplot 2001 for Windows.

RESULTS AND DISCUSSION

Performance of the Abbott RealTime system at the EAP
sites. Several problems were encountered, which were
solved during the EAP. First, it was found that the Abbott
RealTime HCV and HIV-1 assays underquantified some
samples that had been stored at �80°C (data not shown).
Spinning the plasma sample before nucleic acid extraction
could circumvent this “inhibitory” effect (data not shown). It

was hypothesized that in certain samples, fibrin clotting af-
ter thawing might result in a loss of RNA-coated magnetic
beads during the extraction procedure on the m1000 system.
Part of the sample run during the EAP was therefore per-
formed using an alternative isolation protocol. This protocol
included a 5-min spin of the plasma at 2,000 � g after
thawing but before m1000 extraction. Data obtained with
and without spinning were compared (Fig. 1). The differ-
ence between the two protocols proved not to be significant
(P value of 0.87 by t test). It was therefore decided that the
difference in protocols should be ignored for further data
analysis, except for individual samples.

The second and probably more significant problem encoun-
tered was that virtually all laboratories that had previously used
the Roche COBAS Amplicor HCV viral load test had significant
problems with false-positive results on negative controls. The
amplicon of the Roche COBAS Amplicor HCV test overlaps
completely with the Abbott RealTime HCV viral load test. The
Roche COBAS Amplicor assay is an open system after RT-PCR
in the detection phase. Since significant amounts of amplicon are
released in the laboratory, this system requires the dUTP/uracil-
N-glycosylase (dUTP/UNG) contamination control system. The
Abbott RealTime HCV viral load system is a closed system post-
RT-PCR, and consequently, the generated amplicon will never be
released in the laboratory under normal circumstances. Abbott
chose not to implement the dUTP/UNG system in their assay
since the dUTP/UNG contamination control system may lower
the sensitivity of the assay. This is in part due to residual UNG
activity after the 10-min 95°C inactivation step normally used. It
was hypothesized that the Roche COBAS Amplicor HCV Mon-
itor amplicons contaminated the Abbott RealTime HCV
viral load assay in laboratories that had used the former test.
A protocol that incorporated UNG without the use of dUTP to

FIG. 1. Comparison of data obtained from samples that were spun
and those obtained from samples that were not spun. Triangles and
dotted lines are data points and regression curves/95% confidence
intervals, respectively, from samples that had been frozen at �80°C
and that had not been spun before m1000 RNA extraction. Circles and
solid lines are data points and regression curves/95% confidence in-
tervals, respectively, from samples that were either used fresh or had
been frozen at �80°C and subsequently spun before m1000 RNA
extraction. Horizontal and vertical dashed lines are the lower limits of
quantification.

TABLE 1. List of comparator assays run at the collaborating sitesa

Site
Assay used

HCV HIV-1

1 bDNA bDNA
2 CAM CAM
3 In-house test bDNA
4 LcX � in-house test LcX
5 ND LcX
6 CAM CAM
7 ND LcX
8 ND LcX
9 CTM CTM

a ND, not done; bDNA, Bayer Versant bDNA HIV-1 and HCV versions 3.0
(Bayer HealthCare) assays; CAM, Roche COBAS Amplicor HIV-1 Monitor
version 1.5 and HCV Monitor version 2.0 (Roche Diagnostics, Basel, Switzer-
land) assays; LcX, the Abbott LcX HIV and HCV RNA quantitative assays
(Abbott Molecular, Chicago, IL); CTM, Roche Cobas Ampliprep-Cobas Taq-
Man HIV-1 test (Roche Diagnostics, Basel, Switzerland).
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circumvent the problem of amplicon carryover from other sys-
tems like the COBAS Amplicor assay was developed. To test
the efficiency of this protocol, an amplicon from the COBAS
Amplicor HCV test with dUTP incorporated was quantified
using the Abbott RealTime HCV viral load assay without
UNG. This amplicon contained 4.2 � 1012 copies per ml.
Tenfold dilutions from 106 to 10 copies per test were analyzed
in quadruplicate by the Abbott RealTime HCV viral load assay
with and without UNG (Fig. 2). UNG decreased the concen-
tration by 100-fold irrespective of the amount of amplicon
input. With the use of UNG, no further false-positive negative
controls were encountered at sites where the Roche COBAS
Amplicor HCV assay was used. This was anticipated, since
UNG has been used successfully in the COBAS Amplicor
assay for many years now.

With these changes relative to the original protocol incor-
porated, the HCV and HIV-1 RealTime viral load tests were
generally perceived as being easy and convenient to use.

Comparison of the Abbott RealTime HCV and HIV-1 viral
load tests with comparators. The Abbott RealTime HIV-1

viral load assay was compared with the Roche COBAS Am-
plicor HIV Monitor version 1.5, the Roche COBAS TaqMan,
the Bayer Versant bDNA version 3.0, and the Abbott LcX
assays. Table 2 shows the following results: (i) the number of
samples tested, (ii) regression coefficient (r2), (iii) the mean
difference between the Abbott viral load and the viral load
measured with the comparator (mean log10 Abbott � mean
log10 comparator), (iv) the regression curve equation, and (v)
the number of samples where the Abbott RealTime HIV viral
load assay gave an underestimation (Abbott � comparator) or
overestimation (comparator � Abbott) of more than 1 log10

plus the mean difference. Correlations between the Abbott
RealTime HIV-1 viral load test and the comparators were
generally good (r2 � 0.80). The Abbott RealTime HIV-1 viral
load assay gave a lower viral load relative to those of all the
comparators. No major differences were observed in the num-
bers of samples that differed more than 1 log10 relative to the
comparator assays. Overall, the Abbott RealTime HIV-1 viral
load assay scored well relative to the comparators, and only
minor differences were observed. For subtypes B, C, and
CRF02-AG, sufficient samples (65, 55, and 22 samples, respec-
tively) could be tested for a comparison although not enough
to compare the Abbott RealTime test separately with each
comparator. Relative to the comparators, the Abbott Real-
Time HIV-1 viral load test quantified subtype B and C samples
accurately. Mean differences (Abbott minus comparator) of
the log10 results were �0.31 and �0.02, respectively. The Ab-
bott RealTime HIV-1 assay generated higher viral load values;
however, for subtype CRF02-AG, samples compared to the
comparator assays (the mean difference [Abbott minus com-
parator] of the log10 results was 0.27). These data corroborate
data from a recent report on the performance of the Abbott
RealTime HIV-1 viral load test showing better performance on
CRF02-AG recombinants than the comparator assays (12).

The Abbott RealTime HCV viral load assay was compared
with the Roche COBAS Amplicor HCV version 1.5, the Roche
COBAS Taqman, the Bayer bDNA version 3.0, and the Abbott
LcX assays. Table 2 shows the following results: (i) the number
of samples tested, (ii) regression coefficient (r2), (iii) the mean
difference between the Abbott viral load and the viral load
measured with the comparator (mean log10 Abbott � mean

FIG. 2. Efficiency of UNG in preventing amplicon carryover. Black
diamonds are the means of four tests with UNG added. White squares
are the means of four tests without UNG added. Ct, cycle threshold.

TABLE 2. Comparison of the Abbott RealTime HCV and HIV-1 viral load assays with comparator assays

Abbott
RealTime

assay

Assay used versus
Abbott RealTime

assay

No. of
samples r2a Mean

differenceb

Regression
(y � ax � b)a % of samples with difference

a b Comparator �
Abbottc

Abbott �
comparatord

HCV LcX 92 0.89 �0.35 0.95 0.54 2.2 3.2
COBAS Amplicor 146 0.81 �0.08 0.75 1.41 2.7 2.0
COBAS TaqMan 161 0.83 �0.25 0.84 1.02 4.3 4.3
bDNA 36 0.98 0.06 0.93 0.12 0 0

HIV LcX 128 0.82 �0.11 1.00 0.14 3.1 1.6
COBAS Amplicor 115 0.84 �0.14 0.87 0.61 0.9 0.9
COBAS TaqMan 55 0.76 �0.24 0.93 0.62 1.8 1.8
bDNA 168 0.90 �0.14 0.93 0.38 0 1.8

a Spearman regression coefficient and equation of regression analysis.
b The mean difference was calculated as follows: mean log10 Abbott RealTime assay � mean log10 comparator results.
c Percentage of samples with a mean difference 1 log10 higher in the Abbott RealTime assay than in the comparator assay.
d Percentage of samples with a mean difference 1 log10 higher in the comparator assay than in the Abbott RealTime assay.
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log10 comparator), (iv) the regression curve equation, and (v)
the number of samples where the Abbott RealTime HCV viral
load assay gave an underestimation (Abbott � comparator) or
overestimation (comparator � Abbott) of more than 1 log10

plus the mean difference. For HCV, the number of data points
tested with the bDNA assay was too low for proper com-
parison. The regression equation of the comparison with the
COBAS Amplicor HCV test differed significantly from simi-
larity (a � 1 and b � 0). This proved to be due to higher values
obtained with COBAS Amplicor assay at the low range and

lower values in the high range. One sample that was below the
limit of detection in the Abbott assay gave �105 IU/ml in
the comparator assay (site 2, Roche COBAS Amplicor v1.5).
The Abbott RealTime assay gave a lower viral load than all the
comparators. No major differences were observed in the num-
bers of samples that differed more than 1 log10 relative to the
comparator assays. Overall, the Abbott real-time HCV viral
load assay scored well relative to the comparators, and only
minor differences were observed. The number of data points
generated on genotypes 2, 3, and 4 was rather low, and suffi-

FIG. 3. Performance of the Abbott RealTime HCV (A) and HIV-1 (B) viral load assays on the 2005 QCMD HIV-1 and HCV panels. Abbott
RealTime HCV and HIV data (white bars) are plotted against the anticipated input (hatched bars) and the data of the predistribution laboratory
testing (solid bars). HIV-1 subtypes and HCV genotypes of the samples are indicated at the top. N/A, not applicable.
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cient data were generated for comparison for genotype 1 only.
The mean difference of the log10 results between the Abbott
assay and the comparators for HCV genotype 1 samples was
minor (�0.18 log10).

Performance of the Abbott RealTime HCV and HIV-1 viral
load assays on the 2005 QCMD panels. The QCMD quality
control panels for the year 2005 were run at 11 EAP labora-
tories for further validation of the Abbott RealTime assays.
Five sites ran the HCV panel, and eight sites ran the HIV-1
panel.

Three laboratories scored all samples correct in the qualita-
tive analysis of the HCV panel. One laboratory scored the
negative sample as positive but below the lower limit of detec-
tion. This was most probably due to contamination, since this
laboratory ran the panel without using UNG, and the labora-
tory that made the QCMD HCV 2005 panel uses the COBAS
Amplicor assay (M. Schutten, unpublished data). One labora-
tory reported the inhibition of one sample and one sample with
a target concentration of 1.7 � 103 IU per ml as being negative.

For HIV-1, all 10 laboratories had a 100% correct score on
all samples for the qualitative analysis. The quantitative data
generated by the laboratories with the Abbott RealTime HCV
and HIV-1 kits were averaged and compared with the target
concentration (what the QCMD intended to put into the sam-
ple) and with the mean of the predistribution test results per-
formed by the QCMD reference laboratories (Fig. 3A and B).
With respect to the predistribution testing results, it should be
noted that for HCV and HIV-1, testing was done mainly with
the COBAS Amplicor Monitor assays. For samples 2 and 8 of
the HCV panel, only one quantitative result was available
because the other predistribution tests were below the limit of
detection. For both samples, one Versant HCV RNA version
3.0 test and one COBAS Amplicor HCV Monitor test proved
to be false negative. For the HIV-1 panel, sample 2 had only
two predistribution results because two Roche COBAS Mon-
itor version 1.5 results were below the limit of detection. Apart
from these predistribution test difficulties, the mean of the
Abbott RealTime HCV and HIV-1 results and the target con-
centration and the predistribution mean results were relatively
close.

Recent problems with the introduction of a TaqMan-based
system have shown that the development of a robust quanti-
tative real-time-detected RT-PCR for highly variable targets
like HCV and HIV-1 is not an easy task (2, 10–12, 20). From
the data presented, it can be concluded that real-time RT-PCR
systems based on hybridization probes rather than hydrolysis
probes bear promise for the future. In conclusion, the Real-
Time HCV and HIV-1 viral load tests from Abbott are con-
venient, easy-to-use assays with good performance character-
istics. It should be noted that laboratories that use the Roche
COBAS Amplicor HCV Monitor assay are recommended to
use the adapted protocol with UNG to prevent false-positive
results due to amplicon carryover.
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