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This study compared levels of human immunodeficiency virus type 1 RNA in plasma as measured by the
Quantiplex branched-DNA and NucliSens nucleic acid sequence-based amplification assays. RNA was detect-
able in 118 of 184 samples (64.13%) by the Quantiplex assay and in 171 of 184 samples (92.94%) by the Nucli-
Sens assay. Regression analysis indicated that a linear relationship existed between the two sets of values (P <
0.0001), although the Quantiplex and NucliSens values were significantly different (P < 0.001), with the Nucli-
Sens values being approximately 0.323 log higher. Spearman correlation analysis indicated that the overall
changes in patient viral load patterns were highly correlative between the two assays: r 5 0.912, P < 0.0001.
The lower limits of sensitivity were determined to be approximately 100 copies/ml and 1,200 to 1,400 copies/ml
for the NucliSens and Quantiplex assays, respectively.

The measurement of human immunodeficiency virus type 1
(HIV-1) RNA levels in plasma (viral load) is presently one of
the most valuable clinical tools for predicting HIV disease
progression (3, 4, 6, 9, 12, 14, 17, 20), for determining the need
to initiate or change antiretroviral therapy (2, 10, 11, 17, 20,
21), and for evaluating the efficacy of newly developed antiret-
roviral drugs (21). Several commercial assays, employing dif-
ferent molecular technologies, for measuring plasma HIV-1
RNA levels are available. These methods include reverse tran-
scriptase PCR, which is used in the Amplicor HIV-1 Moni-
tor assay (Roche Diagnostic Systems, Branchburg, N.J.) (16),
branched-DNA (bDNA) techniques, which are used in the
Quantiplex HIV RNA assay (Chiron Diagnostics, Emeryville,
Calif.) (18, 23), and nucleic acid sequence-based amplification,
which is used in the NucliSens HIV-1 RNA QT assay (Or-
ganon Teknika, Durham, N.C.) (13, 25, 26).

In addition to differences in the molecular bases of the
assays, certain critical test parameters, including the compara-
bility of the actual HIV-1 RNA copy numbers detected and the
lower limits of assay sensitivity, can also vary significantly (13,
16, 18, 19, 23, 25, 26). The comparison of HIV-1 RNA
values obtained from identical specimens by the various meth-
ods is important for two reasons. First, clinicians must often try
to correlate viral load results from new patients to previous
viral load results obtained by a different or less sensitive meth-
odology. Second, clinical trial studies of new antiretroviral
agents use different assays to measure responses to therapy.
Equivalence of the RNA measurements would allow a more
accurate comparison of the overall responses to new therapy
regimens. Differences in HIV-1 RNA values could affect the
total log reduction in RNA levels, the percentage of patients
who achieve “undetectable” levels, and the determination of
the potential success or failure of new experimental treatment
regimens. To address this issue, we evaluated the NucliSens

assay performance characteristics, including assay sensitivity,
reproducibility, and accuracy, and examined the relationship
between NucliSens and Quantiplex viral load values.

The NucliSens assay performance characteristics were de-
termined by using HIV-1 RNA standards obtained from the
AIDS Clinical Trials Group Virology Laboratories Quality As-
surance Program (VQA). The VQA standards were serially di-
luted to yield the following standards (numbers in parentheses
denote the number of times each standard was assayed over sev-
eral independent test runs): 80 copies/ml (19), 100 copies/ml
(20), 500 copies/ml (10), 1,000 copies/ml (8), 1,500 copies/ml
(8), 3,000 copies/ml (20), 15,000 copies/ml (8), and 150,000
copies/ml (8). All standards were quantitated with the Nucli-
Sens assay according to the manufacturer’s instructions.

Our laboratory was able to detect HIV-1 RNA in the 80-
copy/ml standard in 11 of 19 specimens tested (57.89%) and in
the 100-copy/ml standard in 17 of 20 specimens (85%). RNA
was detected 100% of the time at all other input levels tested.
Assay reproducibility was evaluated by determining the stan-
dard deviation from the mean log value obtained for each of
the standards after the multiple test runs. The standard devi-
ations for the standards tested are as follows: 80 copies/ml,
60.322 log; 100 copies/ml, 60.359 log; 500 copies/ml, 60.182
log; 1,000 copies/ml, 60.113 log; 1,500 copies/ml, 60.164 log;
3,000 copies/ml, 60.096 log; 15,000 copies/ml, 60.101 log; and
150,000 copies/ml, 60.067 log. The overall assay variation was
60.1755 log, which was within the expected variation of the
assay in accordance with the published literature (25). Assay
accuracy was evaluated by calculating the difference between
the input log value and the mean of the actual log values
obtained for each standard. The mean log differences from the
expected log values are as follows: 80 copies/ml, 10.117 log;
100 copies/ml, 20.118 log; 500 copies/ml, 20.026 log; 1,000
copies/ml, 10.008 log; 1,500 copies/ml, 20.120 log; 3,000 cop-
ies/ml, 10.006 log; 15,000 copies/ml, 20.063 log; and 150,000
copies/ml, 20.228 log. The overall assay accuracy for the stan-
dards tested was 20.053 log. The recovery of the input copies
ranged from 94.10% for 100 RNA copies/ml to 109.30% for 80
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RNA copies/ml, with an overall mean recovery of 99.15% of
the input RNA copies.

The relationship between NucliSens and Quantiplex HIV-1
RNA values was determined by comparing the viral loads
measured by both assays in 184 serial plasma samples col-
lected, with Institutional Review Board approval, from 14 pa-
tients participating in the protease inhibitor nelfinavir (Ag-
ouron Pharmaceuticals, Inc., La Jolla, Calif.) phase III clinical
trials. In accordance with the nelfinavir clinical trial protocol,
bDNA levels were analyzed in duplicate 1-ml volumes with a
modified 1.0 version of the Quantiplex assay by Corning Sci-
Cor, Inc. (Indianapolis, Ind.). NucliSens HIV-1 RNA measure-
ments were performed on site according to the manufacturer’s
instructions with an initial 200-ml input volume (detection
limit 5 500 copies/ml). All samples undetectable at a 200-ml
input volume were retested with a 1-ml input volume (detec-
tion limit 5 100 copies/ml).

As shown in Table 1, the Quantiplex assay detected HIV-1
RNA in 118 of 184 specimens, and the NucliSens assay de-
tected HIV-1 RNA in 171 of 184 specimens. With a 200-ml
specimen input volume, the NucliSens assay identified 22 of 37
samples (59.46%) with HIV-1 RNA levels between 47 and 500
copies/ml. HIV-1 RNA was detected in 15 additional speci-
mens after the specimen input volume was increased to 1 ml.
All samples with RNA detectable by the Quantiplex assay were
positive by the NucliSens assay. The results for 162 specimens
(88.04%) were concordant based upon the detection limits of
100 copies/ml for the NucliSens assay and 500 copies/ml for the
Quantiplex assay (manufacturer’s claim). There were 22 sam-
ples with discordant results that had NucliSens values of .500
copies/ml (mean value 5 1,350 copies/ml), but were reported
as having ,500 copies/ml by the Quantiplex assay.

A comparison of the absolute and log-transformed values,
obtained by the Wilcoxon signed-rank test, found a significant
difference (P , 0.001) between the HIV-1 RNA values of the
two tests. The mean ratio of Quantiplex absolute values to
NucliSens absolute values was 1:2.441. The NucliSens RNA
values were, on average, 0.323 log higher than the Quantiplex
values. Regression analysis (Fig. 1) using the log-transformed
values determined that there was a significant linear relation-
ship between the Quantiplex and NucliSens values (r 5 0.912,
P , 0.0001). The intercept of 0.30 was not significantly differ-
ent from 0 (95% confidence interval, 20.01 to 0.61). The slope
of 0.87 was significantly different from 1 (95% confidence in-
terval, 0.80 to 0.95). This means that although the two values
correlate significantly, the NucliSens values are consistently
higher than Quantiplex values. Spearman correlation coeffi-
cient analysis indicated that the overall changes in patient viral

load patterns were highly correlative between the two assays
(P , 0.001). These results were in agreement with several stud-
ies that found that the values obtained by the first-generation
nucleic acid sequence-based amplification assay and the Am-
plicor reverse transcriptase PCR Monitor assay were most of-
ten comparable but significantly different from the values ob-
tained with the Quantiplex assay (1, 5, 7, 8, 15, 19, 22, 24).

The NucliSens assay was significantly more sensitive than
the Quantiplex assay in detecting HIV-1 RNA, due to two fac-
tors. First, the lower limit of detection of the NucliSens assay
was determined to be approximately 100 copies/ml (with a 1-ml
input) based upon validation studies using VQA standards. Sec-
ond, although a direct evaluation of the Quantiplex assay sen-
sitivity was not performed, the correlation data suggests that
the detection limit is actually in the range of 1,200 to 1,400
copies/ml. This would explain the 22 discrepant samples, which
had NucliSens values of .500 copies/ml but were undetectable
by the Quantiplex assay. The differences observed in this study,
related both to the values of the two assays and the manufac-
turer’s detection limits and to our estimated detection limit for
the Quantiplex assay, may be related to methods of testing and
quantitation. The NucliSens assay is based on target amplifica-
tion, while the Quantiplex assay is based on signal amplifica-
tion. The NucliSens results are extrapolated from the values ob-
tained from three internal calibrators of known RNA copies
coamplified with each test sample. Quantiplex results are based
upon a calibration curve generated from external standards.

The successful use of highly active antiretroviral therapy in
the treatment of HIV disease has demonstrated the need for
accurate, ultrasensitive viral load assays to monitor the course
of antiretroviral therapy. The ability to lower the detection
limit by increasing the specimen input volume has proved to be
a significant benefit of the NucliSens assay. The enhanced sen-
sitivity of the NucliSens assay permitted the detection of a
sustained rebound in viral load in 11 of the 14 patients on 15
occasions sooner than the Quantiplex assay. The rapid detec-
tion of increased viral replication could allow the earlier iden-
tification of patients on a failing regimen or indicate the need
to supplement the regimen with an additional antiretroviral
agent.

These studies clearly indicate that it is best to choose one

FIG. 1. Linear regression plot of correlation between NucliSens and Quan-
tiplex HIV-1 RNA values.

TABLE 1. Comparison of HIV-1 RNA detection rates in serial
plasma samples obtained with the Quantiplex

and NucliSens assays

Categorya No. of
specimens

% with RNA
detected

bDNA positive, NucliSens positive 118 64.13
bDNA negative, NucliSens negative 13 7.06
bDNA negative, NucliSens positiveb 31 16.85
bDNA negative, NucliSens positivec 22 11.96

bDNA positive (total) 118 64.13
NucliSens positive (total) 171 92.94

a Lower limits of detection were 500 copies/ml for Quantiplex (bDNA) and
100 copies/ml for NucliSens.

b Values of ,500 copies/ml.
c Values of $500 copies/ml.
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viral load assay for monitoring patients and that the results
from different assays should not be used interchangeably. One
must be aware of the differences in the accuracy and sensitivity
of the assays; all “undetectable” results are not equal. In ad-
dition, these differences must be taken into account when data
from clinical trials of new antiretroviral agents is interpreted.
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