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Three procedures for the quantification of human immunodeficiency virus type 1 (HIV-1) RNA from plasma
were compared at three laboratories. The comparison involved the Quantiplex branched DNA assay (version
1.0) by Chiron Diagnostics, the NASBA-QT assay by Organon Teknika, and the Amplicor Monitor assay by
Roche Molecular Systems. The laboratories performed each of the three assays with the same sets of recon-
structed HIV-1-infected human plasma samples, cross-sectionally collected clinical plasma samples and
longitudinally collected plasma samples from patients starting zidovudine therapy. Analysis of the reconstruc-
tion panel results for interlaboratory variation demonstrated that no laboratory differences in results were
detected for any of the assays. A comparison of the reproducibilities of duplicate samples analyzed by batch and
in separate assay runs demonstrated that the reproducibilities of the test results were similar within one assay
and appeared to be independent of the HIV-1 concentration. The best reproducibility was obtained with the
Quantiplex assay, but all three assays demonstrated equal reliability, which was independent of batched or
unbatched analysis of replicate samples. Differences in the absolute concentrations calculated were observed
for the assays, in particular in the analysis of reconstructed samples. In all assays, similar changes in plasma

HIV-1 RNA concentrations were determined for longitudinally collected clinical samples.

To date a number of immunological and virological markers
of human immunodeficiency virus type 1 (HIV-1) infection,
such as the CD4* lymphocyte count, p24 antigenemia, and
quantitative plasma and peripheral blood mononuclear cell
cultures, are used to determine drug efficacy in patients treated
with inhibitors of HIV replication. Most of these parameters
are indirect or insensitive markers of viral replication. The
CD4 lymphocyte count does not always correlate with the
clinical response to antiretroviral therapy (1), and serum p24
antigen or plasma viremia by culture are not detectable in all
patients. Further, quantitative plasma viremia assays are time-
consuming and therefore not applicable in large clinical trials.
HIV-1 RNA can be detected in plasma during all stages of the
infection (19). Quantitative procedures have been developed
to determine the virion-associated HIV-1 RNA concentration
in the plasma of infected patients (2, 11, 16, 19, 20, 22-24).
With these approaches, it has been demonstrated that signifi-
cant reductions in plasma HIV-1 RNA concentrations could be
determined in response to antiretroviral therapy (5, 6, 21) and
that reductions in viral RNA load during antiviral therapy may
be prognostic for the clinical outcome (12, 14, 15, 17, 27).

Several assays for the quantification of plasma HIV-1 RNA
have been described (2, 11, 16, 19, 20, 22-24), and some have
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currently been transferred into commercial kits (16, 23, 24).
These products are based on either signal amplification (23) or
template amplification (16, 24).

We performed a comparative study to investigate the per-
formance of these assays and to study their potential applica-
tion in the evaluation of antiviral drug efficacy in the DELTA
trial, a large clinical study comparing zidovudine monotherapy
against combination therapy with either didanosine or zalcit-
abine in HIV-1-infected patients. The HIV-1 branched DNA
assay (version 1.0; Chiron Diagnostics, Emeryville, Calif.), the
HIV-1 NASBA-QT assay (Organon Teknika, Turnhout, Bel-
gium), and the HIV-1 Amplicor Monitor assay (Roche Molec-
ular Systems, Branchburg, N.J.) were compared at three viro-
logical sites with the use of reconstructed HIV-1-infected
plasma, 21 cross-sectionally collected clinical samples obtained
from HIV-1-infected individuals, and longitudinally collected
samples obtained from four patients before and during treat-
ment with zidovudine.

MATERIALS AND METHODS

Quantitative HIV-1 RNA assays and participating laboratories. Three com-
mercial assays for HIV-1 plasma viral load determination were evaluated: the
Quantiplex branched DNA assay (version 1.0; Chiron Diagnostic Laboratories)
(23), the HIV-1 NASBA QT assay (Organon Teknika) (24), and HIV Monitor
RNA-PCR assay (Roche Molecular Systems) (16). Three virology laboratories
participating in the DELTA clinical trial took part in this comparison: Hopital
Bichat Claude Bernard, Paris, France; University College London Medical
School, London, United Kingdom; and the Academic Medical Centre, Amster-
dam, The Netherlands. For each participating laboratory, the assays were estab-
lished by the companies and laboratory personnel were trained. Each laboratory
performed the three assays with both reconstructed HIV-1-infected plasma sam-
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ples and clinical samples. The kit lots used at each site were identical, and all
samples were analyzed under code.

Preparation of a reconstruction panel of HIV-1-infected human plasma sam-
ples. Human EDTA-plasma samples from eight HIV-1-negative healthy blood
donors were obtained from the Dutch Red Cross Bloodbank (Amsterdam, The
Netherlands). In order to test each of the individual plasmas for the absence of
nonspecific inhibitory factors, a sample of each donation was spiked with a
particle-counted HIV-1 HXB3 stock virus (13) up to 4 x 10° HIV-1 RNA
molecules per ml. The samples were subsequently analyzed in duplicate by each
method, and the mean results were calculated. A donation was excluded from the
preparation of the reconstructed HIV-1-infected plasma panel when an assay
result was more than twofold different from the assay mean. Eight donations
were finally pooled and used for the preparation of a reconstructed HIV-1-
infected EDTA-plasma panel. The master sample consisted of 10 ml of pooled
plasma spiked with electron microscopically particle-counted HIV-1 stock virus
(HIV-1 HXB3 [13]) at a concentration of 5 X 10% HIV-1 particles per ml, equal
to 10° HIV-1 RNA genomes per ml. This master dilution was subsequently
divided into equal volumes to prepare two HIV-1 concentration series (panels A
and B). Each panel consisted of twofold dilutions of the virus in pooled human
EDTA-plasma at concentrations of 10® to 50 HIV-1 RNA molecules per ml.
Each dilution step resulted in 25 ml of reconstructed HIV-1-infected plasma,
which was subsequently aliquoted into appropriate volumes for the respective
tests, and stored at —70°C until used.

For HIV-1 RNA quantification experiments, duplicate samples of all odd-
numbered dilutions of panel A and all even-numbered dilutions of panel B were
used. Merging the dilutions from panels A and B that were analyzed conse-
quently resulted in a series of samples with twofold differences in the HIV-1
RNA concentrations between subsequent dilutions.

Intra-assay variation between duplicates analyzed in separate assay runs was
compared with intra-assay variation of samples analyzed in the same assay run by
analyzing the duplicates of set A in separate runs and analyzing the duplicates of
set B in the same assay run.

Clinical samples. To compare the HIV-1 RNA quantitative assays of clinical
samples, human EDTA-plasma specimens were collected from 21 HIV-1-in-
fected patients: 10 asymptomatic patients (Centers for Disease Control [CDC]
defined criterion Al or A2) and 11 symptomatic patients (CDC B3 or C3) (3).
Patients were either antiretroviral therapy naive (n = 3) or on stable therapy for
at least 3 months (n = 18). All samples were aliquoted in assay-specific volumes
and stored at —70°C until used. Duplicates were analyzed in each laboratory by
the three HIV-1 RNA quantification methods.

To compare methods for their use in evaluating drug efficacy, longitudinal
samples were obtained from four drug-naive patients starting zidovudine treat-
ment. EDTA-plasma was collected at —2, 0, 1, 2, 3, 4 and 6 weeks and stored at
—70°C. Because of the limited availability of plasma, single measurements of the
plasma HIV-1 RNA load were made.

HIV-1 RNA quantification. Each HIV-1 RNA quantification assay was per-
formed according to the protocol of the manufacturer. Two milliliters of plasma
was needed for a single result for the Quantiplex assay, and 200 and 100 wl of
plasma were needed for the Monitor and NASBA-QT assays, respectively. All
NASBA determinations were performed with 10-fold-diluted calibrators. Results
were considered valid or invalid as defined by the individual manufacturer’s
criteria. The dynamic range of the Quantiplex assay predefined by the manufac-
turer was between 10* and 10° HIV-1 RNA copies per ml; the NASBA QT assay
had a lower threshold of 10° HIV-1 RNA copies per ml, with no predefined
upper limit. No dynamic range limitations were predefined for the HIV-1 Mon-
itor assay, but the lower limit for detection was considered 200 HIV-1 RNA
molecules per ml.

Data collection and analysis of the results. The raw experimental data were
translated into HIV-1 RNA concentrations by using the computer software
supplied with each assay. The results, on diskette and as hard copy printout, were
sent to a central data collection site, where they were checked, decoded, and read
into a database. All results were log;, transformed prior to further statistical
analysis.

The quantitative range of an assay was defined as the range within which at
least five of six replicates in the reconstruction panel generated a result within
the dynamic range for an assay.

To study reproducibility in relationship to plasma viral load, the means and
standard deviations were calculated for all replicates for which the results were
within the quantitative range of an assay. In addition, inter- and intra-assay
variation and interlaboratory variation were calculated by using analysis of vari-
ance. Intraclass correlation coefficients of reliability (ICC) and corresponding
lower confidence intervals were calculated for all concentrations in the quanti-
tative ranges of the assays (8). The ICC of a result represented the ratio of the
standard deviation (SD) to the SD plus a standard error [SD/(SD + e)]. An ICC
value of 1 represented perfect reproducibility, whereas an ICC value of 0 rep-
resented nonreproducibility. Linearity of results was calculated by linear regres-
sion analysis. An input-versus-output curve was considered linear when the
regression coefficient (b) was 0.9 < b < 1.1 and the correlation coefficient (%)
was =0.99.

Parallel line analysis was performed to investigate whether the experimental
output curves paralleled the theoretical curve in the quantitative range of an
assay (7). Subsequently, the potency of an assay was calculated to relate the
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output concentrations generated by each assay to the amount of virus in the
particle-counted stock virus used for the panel preparation and to relate the
numbers calculated by one assay to those calculated for the others (7).

RESULTS

Three commercial assays for plasma HIV-1 RNA load de-
termination were evaluated with respect to their quantitative
range, intra- and interassay variation, and interlaboratory vari-
ation. The study involved the quantitation of plasma HIV-1
RNA in 177 reconstructed HIV-1-infected EDTA-plasma sam-
ples and in 173 clinical EDTA-plasma samples.

Reconstruction experiments. (i) Individual plasma dona-
tions. Initially, HIV-1 RNA quantification experiments with
eight individual EDTA-plasma donations spiked with HIV-1
HXB3 virus at 4 X 10° virus genomes per ml were performed.
All results were within a twofold difference from the mean
assay result for all three assays, and therefore all donations
were included in the preparation of the reconstructed HIV-1-
infected EDTA-plasma panels.

(ii) Reconstruction panels. The results were first analyzed
for the presence of interlaboratory variation. No significant
differences in results between laboratories were determined by
the three HIV-1 RNA quantification methods (analysis of vari-
ance, P > 0.9). Therefore, the results for replicates analyzed at
different laboratories were pooled for further analysis.

For each assay, reproducibility was determined within the
range of HIV-1 RNA concentrations for which quantitative
results were obtained, i.e., the ranges within which at least five
of six replicates (each dilution analyzed in duplicate in each of
the three countries) generated quantitative results. The highest
level of reproducibility was obtained for the Quantiplex assay
(Fig. 1); the SD for all dilutions ranged between 0.05 and 0.12
log,, units. The NASBA and Monitor assays gave generally
higher SD values, ranging from 0.09 to 0.49 and from 0.06 to
0.45 log,, units, respectively. An SD value of >0.35 was ob-
served once for NASBA at the last concentration of the quan-
titative range and on one occasion for the Monitor assay.

The reliability of duplicate results obtained for samples in
reconstruction panel A or B demonstrated the highest ICC
value (0.99; confidence interval [CI] of *0.01) for panel B
samples analyzed by the Quantiplex assay; otherwise, the ICC
values calculated for panel A or B samples were >0.97 for each
of the assays (CI of =0.01 or 0.02). A higher CI (+0.03) was
observed only for panel B results obtained by NASBA.

Analysis of the pooled results of panel A and B samples
showed no differences in reliability between panel A and panel
B results, indicating that the reliability of duplicates analyzed
in separate runs was not different from the reliability of dupli-
cates analyzed in the same run. Therefore, the results for
panels A and B were pooled in all further analyses. Pooling the
data gave a mean SD of 0.08 log,, unit by the Quantiplex assay,
and mean SDs for the NASBA and Monitor assay of 0.17 and
0.18 log,, units, respectively.

The quantitative ranges for the respective assays (Fig. 2)
were based on the mean output concentrations calculated for
each dilution. The Quantiplex assay gave quantitative results
between determined HIV-1 RNA concentrations of 4.29 and
6.10 log,, molecules per ml, with a linear relationship between
input and output concentrations being observed throughout
this range (regression coefficient (b) of 1.016; 7 of 1.00). The
NASBA assay gave quantitative results between determined
HIV-1 RNA concentrations of 3.47 to 7.14 log,, molecules per
ml. The highest degree of linearity (b of 0.912; r* of 0.99)
between input and output concentrations was obtained be-
tween HIV-1 RNA concentrations of log;, 4.23 and 6.30. The
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FIG. 1. SD expressed as log;, values, calculated with the results for replicates of both reconstruction panels A (stippled symbols) and B (closed symbols) in the
quantitative range of an assay. Each point is the mean for at least five replicates. For panel A, the samples were analyzed in separate runs; for panel B, the samples

were analyzed in the same assay run. V, Quantiplex; [J, NASBA; <, Monitor.

difference from the theoretical input concentration increased
outside this range (Fig. 2). The Monitor assay, which like
NASBA has no predefined upper assay limit, gave quantitative
results between determined HIV-1 RNA concentrations of
2.36 and 6.43 log,, molecules per ml. Linearity between input
and output HIV-1 RNA concentrations was observed between
output concentrations of 2.48 and 6.05 log,, molecules per ml
(b of 0.927; * of 1.00).

The determined (output) HIV-1 RNA concentrations (Fig.
2) were all lower than the estimated input concentration, but

the input/output ratio was different for every assay (analysis of
variance, P of <0.01). Potency calculations with the results in
the quantitative range shared by the assays demonstrated that
in general the Quantiplex assay results were 1.00 log,, unit
lower, Monitor assay results were 0.92 log,, unit lower, and
NASBA assay results were 0.55 log,, unit lower than the input
concentration.

Clinical samples. (i) Cross-sectionally collected plasma
samples. To analyze the accuracy and reproducibility of the
assays by using clinical material as opposed to reconstructed
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FIG. 2. Graphical representation of mean determined (output) HIV-1 RNA concentrations versus calculated (input) concentrations in the quantitative ranges of
the individual assays. The diagonal dashed line represents complete homology between input and output results. Each point is the mean of at least five replicates.
Horizontal dotted lines indicate the predefined lower detection limits for the Quantiplex (10* molecules per ml) and NASBA (10° molecules per ml). V, Quantiplex

O, NASBA; <, Monitor.
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samples, we analyzed a panel of 21 plasma samples cross-
sectionally collected from patients. All samples were analyzed
in duplicate at each laboratory.

The individual patient’s results for these experiments are
depicted in Fig. 3. Interlaboratory differences were analyzed by
using the results for nine patients harboring HIV-1 RNA at
concentrations in the shared dynamic range of the assays. Sta-
tistically significant interlaboratory differences were observed
(analysis of variance, P of <0.01). However, the highest ob-
served mean interlaboratory difference was 0.18 log;, unit and
was therefore considered to be of no clinical significance. The
statistical difference between laboratories was not taken into
account in further analyses.

Patients with a quantitative result in at least five of six rep-
licate determinations were used to calculate the mean SD of an
assay. This analysis demonstrated that the SD for the assays
were comparable to those calculated with the reconstruction
panel: 0.09, 0.19, and 0.17 log,, units for Quantiplex, NASBA,
and Monitor, respectively.

In general the determined HIV RNA concentrations for the
symptomatic patients were 0.3 log,, unit higher than those for
the asymptomatic patients, independent of the assay used. In
all samples, the determined amount of HIV-1 RNA was <10°
molecules per ml, indicating that none of the results exceeded
the preset upper limit of the Quantiplex assay. Of all cross-
sectional samples analyzed by the Quantiplex assay, 30.8%
were below the threshold of the assay, compared with 13.9 and
1.6% of all samples by NASBA and Monitor assays, respec-
tively.

The HIV-1 RNA loads determined with NASBA technology
for asymptomatic patient G and symptomatic patients L and N
resulted in significantly lower viral RNA concentrations than
those determined with both of the other quantitative strate-
gies. For the other patients, except symptomatic patient T and
asymptomatic patient I for whom the virus load could be quan-
tified only by the Monitor assay, the results for one assay
overlapped those for one or both of the others.

For 9 of 21 patients the determined plasma HIV-1 RNA
concentrations of all replicate samples were within the dy-
namic ranges of the respective assays. These nine patients’
results were used to calculate the mean HIV-1 RNA concen-
trations for each assay and demonstrated no significant differ-
ences between assay results (P > 0.05). This analysis was re-
peated for the 17 patients’ samples for which all replicates
were within the dynamic ranges of both the NASBA and Mon-
itor assays. Differences in HIV-1 plasma RNA concentrations
determined by both assays were not statistically significant
(P > 0.05).

(ii) Longitudinally collected plasma samples. To compare
the ability of the assays to detect changes in viral load during
therapy, longitudinal samples from four patients before and
during zidovudine treatment were analyzed single fold by each
of the laboratories. Monitor and NASBA assay results were
generated by all three laboratories, whereas Quantiplex results
from one laboratory failed (Fig. 4). All patients had high
plasma virus loads at baseline, ranging from 4.6 to 6.0 log,,
HIV-1 RNA molecules per ml determined by the Quantiplex
assay and from 4.6 to 6.9 and 4.2 to 5.8 log;, HIV-1 RNA
molecules per ml by the NASBA and Monitor assays, respec-
tively. All four patients showed a maximal HIV-1 RNA load
decline between 1 and 4 weeks, which increased in three of
four patients by 3 to 6 weeks. For one patient, the HIV-1 RNA
concentration fell below the cutoff for the Quantiplex assay at
week 1. None of the results fell below the cutoffs for the
NASBA and Monitor assays at any time point. The patterns of
changes in viral load in these patients were indistinguishable by
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each assay used (Fig. 3), but the number of patients was too
small to perform further statistical analysis.

DISCUSSION

The quantification of plasma HIV-1 RNA in HIV-1-infected
individuals is an important tool with which to study the natural
history of the virus infection and the role of viral load in
disease progression and transmission (4, 12, 15, 17, 19). More-
over, quantitative plasma HIV-1 RNA determinations gener-
ate important information on the relative efficacy of inhibitors
of viral replication. Detailed analysis of viral load changes after
treatment of patients with strong inhibitors of HIV-1 replica-
tion has also generated new insights into the dynamics of virus
replication (10, 18, 21, 25).

Initially, most of these investigations were performed with
in-house PCR-based HIV-1 RNA quantification assays (2, 11,
19, 20, 22). In general, these methods were laborious and
lacked proper quality assurance and control. At present, the
use of commercial assays to determine HIV RNA load, par-
ticularly in clinical trials of patients receiving antiretroviral
therapy, is extensive. Several of these trials are performed as
multicenter studies, with laboratory tests performed at the
local sites.

To control and assure that high-quality results are generated
by different laboratories, there is a need for standardized ref-
erence panels. Moreover, these panels can be used to compare
the performance of available assays, thereby addressing issues
such as inter- and intra-assay variation as well as variation
between different production lots of any particular assay (in-
terkit variation) (26).

The present study was designed to address intra- and inter-
assay variation and to study interlaboratory variation. This is
the first multicenter study in which the performances of three
commercial assays for plasma HIV-1 RNA quantification with
an identical set of reconstructed and clinical HIV-1-infected
plasma samples have been compared. It should be emphasized
that the comparison involved only HIV-1 subtype B viruses. It
cannot be excluded that the evaluated assays express differ-
ences in sensitivity to detect and quantify HIV-1 clades other
than subtype B.

For each of the evaluated assays, statistical analysis of the
results generated with the reconstructed samples demon-
strated no significant differences between results generated at
different laboratory sites. The observed interlaboratory differ-
ence with the cross-sectional samples was small and not clini-
cally relevant but reached significance as a result of the high
reproducibility of the assays. It can be concluded that these
assays are appropriate for application in multicenter studies
and that there is no apparent need for centralized analysis of
samples. It should be emphasized that in this study all techni-
cians were well trained in performing the assays. It cannot be
excluded that the experience of the technician who performs
an assay may influence the quality of the results (26).

The results obtained with the reconstructed plasma samples
demonstrate that for each of the assays, the reproducibility of
duplicate analyses performed in batch (same assay run) was
similar to the reproducibility of duplicates analyzed in separate
runs (different assay runs) (Fig. 1). Moreover, within one assay,
reproducibilities were generally independent of the HIV RNA
concentration. These results imply that under ideal laboratory
circumstances there is no need for batchwise analysis of clinical
samples. Results from the reconstructed plasma panel and the
clinical samples demonstrated that the Quantiplex assay ex-
pressed the smallest mean SD (<0.10 log,, units) and that
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FIG. 3. Determined plasma viral RNA concentrations in cross-sectional collection of samples obtained from asymptomatic (A) or symptomatic (B) HIV-1-infected
patients. Each letter represents a single observation for one assay (N, NASBA; C, Quantiplex; and R, Monitor). All samples were analyzed in duplicate at all three
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FIG. 4. Determined viral RNA concentrations in longitudinal plasma samples obtained from four HIV-1-infected patients starting zidovudine therapy. The samples
were analyzed singlefold by the three assays in each laboratory. The Quantiplex results were generated by two laboratories. Vertical error bars represent +1 SD. N,

NASBA; C, Quantiplex; R, Monitor.

slightly higher mean SD values were obtained with the NASBA
and the Monitor assays (mean SD of <0.20 log,, units).

The results obtained with the reconstruction panel demon-
strated that viral load determinations by NASBA resulted in
higher RNA equivalents than those determined by the Quan-
tiplex or Monitor assays. In general, NASBA results were 0.42
and 0.52 log,, units higher than those by the Monitor and
Quantiplex assays, respectively. The observed differences be-
tween the assays with the reconstruction panel could not be
confirmed with the cross-sectionally collected clinical samples.
Currently, there is no clear explanation for this intriguing dis-
crepancy, but the absence of the effect with clinical samples is
reassuring.

In the plasma of asymptomatic patient G of the cross-sec-
tional study, very similar viral RNA concentrations were de-
tected by the Monitor and Quantiplex assay, but a >1 log,,
unit lower concentration was detected by NASBA. A similar
discrepancy might also exist for symptomatic patients L and N.
Each of the quantitative assays involves different hybridization
and/or amplification probes. Therefore, it cannot be excluded
that the inconsistent NASBA results are due to genomic vari-
ation at the primer/probe binding site of the virus variants
circulating in these two patients, thereby influencing the effi-

ciency of the amplification and/or detection reactions. Such an
effect has previously been noted for the Monitor assay with
non-clade-B HIV-1 variants. In particular, experience with
testing samples from patients of Afro-Caribbean origin whose
plasma samples were unreactive by the Amplicor Monitor as-
say demonstrated that, in these cases, the variants could be
detected by the NASBA assay (14a).

The results obtained with the longitudinal samples demon-
strate that the patterns of changes in viral RNA load were
comparable for the assays. This observation, together with the
presented results on intra-assay variation and assay reproduc-
ibility, indicates that changes in plasma viral RNA levels are
likely to be measurable by any of these methods. For the
Quantiplex assay the reproducibility was superior to those for
both of the other assays over the entire quantitative range.
However, at present, the analytical sensitivity of the assay
needs further improvement to enable monitoring of the very
low plasma viral RNA load seen in patients treated with the
potent HIV-1 replication inhibitors currently used in clinical
trials. Improved analytical sensitivity has now been achieved by
the very recently introduced version 2.0 of the assay (8).
Though both Monitor and NASBA assay results were demon-
strated to be less reproducible than the Quantiplex assay re-
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sults, quantitative results were generated over a 3-log,,-unit or
greater quantitative range. In particular, the Monitor assay
combined this with very high analytical sensitivity. This level of
sensitivity may also be achieved by using a larger input volume
(1 ml) with the NASBA assay or by using the ultrasensitive
Quantiplex assay (9).

In conclusion, the choice of method for quantification may
be dictated by the research question as well as by operational
needs. HIV-1 RNA load has become an important parameter
for the evaluation of the efficacy of antiretroviral drugs. The
potential of these drugs to reduce viral load is still increasing,
as is the need for viral load determinations, especially in the
face of effective viral suppression. Therefore, there will be a
particular need for HIV RNA quantification by assays that
display great analytical sensitivity, combined with a reasonable
sample volume, high sample throughput, and robust specificity.
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