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The QUANTIPLEX HIV-1 RNA assay, version 3.0 (a branched DNA, version 3.0, assay [bDNA 3.0 assay]),
was evaluated by analyzing spiked and clinical plasma samples and was compared with the AMPLICOR HIV-1
MONITOR Ultrasensitive (ultrasensitive reverse transcription-PCR [US-RT-PCR]) method. A panel of spiked
plasma samples that contained 0 to 750,000 copies of human immunodeficiency virus type 1 (HIV-1) RNA per
ml was tested four times in each of four laboratories (1,344 assays). Negative results (<50 copies/ml) were
obtained in 30 of 32 (94%) assays with seronegative samples, 66 of 128 (52%) assays with HIV-1 RNA at 50
copies/ml, and 5 of 128 (4%) assays with HIV-1 RNA at 100 copies/ml. The assay was linear from 100 to 500,000
copies/ml. The within-run standard deviation (SD) of the log10 estimated HIV-1 RNA concentration was 0.08
at 1,000 to 500,000 copies/ml, increased below 1,000 copies/ml, and was 0.17 at 100 copies/ml. Between-run
reproducibility at 100 to 500 copies/ml was <0.10 log10 in most comparisons. Interlaboratory differences across
runs were <0.10 log10 at all concentrations examined. A subset of the panel (25 to 500 copies/ml) was also
analyzed by the US-RT-PCR assay. The within-run SD varied inversely with the log10 HIV-1 RNA concentration
but was higher than the SD for the bDNA 3.0 assay at all concentrations. Log-log regression analysis indicated
that the two methods produced very similar estimates at 100 to 500 copies/ml. In parallel testing of clinical
specimens with low HIV-1 RNA levels, 80 plasma samples with <50 copies/ml by the US-RT-PCR assay had
<50 copies/ml when they were retested by the bDNA 3.0 assay. In contrast, 11 of 78 (14%) plasma samples with
<50 copies/ml by the bDNA 3.0 assay had >50 copies/ml when they were retested by the US-RT-PCR assay
(median, 86 copies/ml; range, 50 to 217 copies/ml). Estimation of bDNA 3.0 values of <50 copies/ml by
extending the standard curve of the assay showed that these samples with discrepant results had higher HIV-1
RNA levels than the samples with concordant results (median, 34 versus 17 copies/ml; P 5 0.0051 by the
Wilcoxon two-sample test). The excellent reproducibility, broad linear range, and good sensitivity of the bDNA
3.0 assay make it a very attractive method for quantitation of HIV-1 RNA levels in plasma.

The objective of antiretroviral therapy is to maximally sup-
press human immunodeficiency virus (HIV) type 1 (HIV-1)
replication (U.S. Department of Health and Human Services
and Henry J. Kaiser Family Foundation, guidelines for the use
of antiretroviral agents in HIV-infected adults and adolescents
[http://www.atis.org]). In clinical practice, suppression of
HIV-1 replication is considered equivalent to achieving plasma
HIV-1 RNA levels below the limit of detection of current
assays (;50 HIV-1 RNA copies/ml). However, recent studies
suggest that there is ongoing HIV-1 replication in the blood
and lymphatic tissue compartments of individuals with unde-
tectable HIV-1 RNA in their plasma (4, 6, 23). Therefore,
monitoring of the response to antiretroviral therapy and HIV-1
pathogenesis studies require the use of sensitive methods for
quantitation of HIV-1 RNA in plasma.

A variety of commercial assays are available for quantitation
of HIV-1 RNA in plasma. These assays are based on different
amplification and detection methods, including reverse tran-
scription (RT) followed by PCR and colorimetric detection
(RT-PCR assay; Roche Molecular Systems, Inc., Branchburg,
N.J.) (14), nucleic acid sequence-based amplification and col-
orimetric detection (Organon Teknika Corporation, Durham,
N.C.) (21), DNA hybridization and colorimetric detection (Di-
gene assay; Digene Diagnostics, Inc., Silver Spring, Md.), and
nucleic acid hybridization and branched DNA (bDNA) signal
amplification (bDNA assay; Bayer Nucleic Acid Diagnostics)
(15). Of these, the RT-PCR assay is the only one approved by
the Food and Drug Administration and the most widely used
method for quantitation of HIV-1 RNA in plasma. The most
recent version of the RT-PCR assay (AMPLICOR HIV-1
MONITOR Ultrasensitive assay [US-RT-PCR assay]) has a
limit of detection of 50 HIV-1 RNA copies/ml of plasma (20).

The bDNA assay has been used in pivotal studies that have
established the importance of plasma HIV-1 RNA levels in
predicting clinical progression and survival in HIV-infected
individuals (11, 12) and defined the dynamics of HIV-1 repli-
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cation in vivo (16). The limit of quantitation of the version of
the bDNA assay used in those studies was 500 HIV-1 RNA
copies/ml (11, 12, 16). Recently, a more sensitive version of the
bDNA assay (bDNA, version 3.0, assay [bDNA 3.0 assay]) has
been developed to detect HIV-1 RNA present at below 100
copies/ml. The bDNA 3.0 assay uses isoC and isoG nucleotides
in the amplification molecules to reduce background signals
and allow stronger amplification (3). The detection limit of this
new bDNA assay is 50 copies/ml (3).

Because of the importance of assessing the performance
characteristics of new assays for HIV-1 RNA detection in
plasma and of comparing them with other quantitative meth-
ods in use, we conducted a multilaboratory study to evaluate
the bDNA 3.0 assay by testing a panel of coded replicate
samples of negative plasma spiked with HIV-1 RNA. The
characteristics of the bDNA 3.0 assay analyzed included the
limit of detection, the linear range, and the reproducibility of
estimates of HIV-1 RNA concentrations within the linear
range of the assay. In addition, the bDNA 3.0 assay was com-
pared to the US-RT-PCR assay by testing a subset of the panel
with low HIV-1 RNA concentrations (25 to 500 copies/ml).
The aspects compared included the HIV-1 RNA concentra-
tions estimated by the two assays for the same specimens, the
number of estimates of each HIV-1 RNA level above or below
the limit of detection of each assay, and assay reproducibility.
Finally, the bDNA 3.0 and the US-RT-PCR assays were com-
pared by testing clinical plasma samples that contained very
low HIV-1 RNA levels.

MATERIALS AND METHODS

HIV-1 RNA panels. Coded panels of uninfected human plasma to which
HIV-1 RNA was added were prepared by the Virology Quality Assurance lab-
oratory (Rush-Presbyterian-St. Luke’s Medical Center, Chicago, Ill.) as de-
scribed elsewhere (22). The nominal HIV-1 RNA concentrations in the panels
ranged from levels that were below the limit of detection of the bDNA 3.0 assay
specified by the manufacturer (50 HIV-1 RNA copies/ml) to 750,000 HIV-1
RNA copies/ml (Table 1). The number of replicates in the panel varied inversely
with the nominal HIV-1 RNA concentration to ensure that the reproducibility at
low HIV-1 RNA levels and the limit of detection of the bDNA 3.0 assay could
be adequately assessed.

A total of six laboratories participated in the study. All the laboratories had
prior experience with molecular biology-based techniques for the detection of
HIV-1 RNA in plasma and participated in the Virology Quality Assurance
proficiency testing program for HIV-1 RNA quantitation for either or both
assays (22). Panels were shipped to four laboratories (laboratories A, B, C, and

D) for analysis by the bDNA 3.0 assay. A subset of the panel (25 to 500 HIV-1
RNA copies/ml) was analyzed by the US-RT-PCR assay in four laboratories
(laboratories A, D, E, and F), including two that participated in the analysis of
the panel of specimens by the bDNA 3.0 assay plus two additional laboratories
(Table 1). Both panels were assayed four times on separate days in each labo-
ratory.

Clinical specimens. Blood samples from HIV-1-infected individuals receiving
antiretroviral therapy were collected by one of the investigators (R.W.C.). Sam-
ples were obtained from two different groups of individuals: those with ,50
HIV-1 RNA copies/ml of plasma, as measured by the bDNA 3.0 assay, and those
with ,50 HIV-1 RNA copies/ml of plasma, as measured by the US-RT-PCR
assay. Plasma was separated from whole blood by centrifugation within 6 h of
collection and was stored frozen at 270°C until tested.

Quantitation of HIV-1 RNA. (i) bDNA 3.0 assay. The QUANTIPLEX HIV-1
RNA assay, version 3.0 (bDNA 3.0 assay), was performed according to the
manufacturer’s instructions provided with the assay kit. The limit of detection of
the assay indicated by the manufacturer was 50 HIV-1 RNA copies/ml (3).

(ii) US-RT-PCR assay. The US-RT-PCR assay was performed according to
the manufacturer’s instructions provided with the assay kit. A result was consid-
ered below the limit of detection of the assay when all six optical densities for an
amplified sample were ,0.20.

Statistical analysis. Prior to data analysis, estimates of HIV-1 RNA concen-
trations were transformed to a log10 scale to stabilize variances and improve the
fit to a normal distribution.

(i) Limit of detection and specificity. The limit of detection and specificity of
both assays were examined by determining the number and percentage of pos-
itive results for each expected or nominal HIV-1 RNA concentration of the panel
after pooling of the data across runs and laboratories.

(ii) Linear range. The linear range of the bDNA 3.0 assay was determined by
plotting the median difference between the log10 estimated HIV-1 RNA con-
centration and the log10 nominal HIV-1 RNA concentrations against the log10
nominal HIV-1 RNA concentration. Under the assumption that the difference
between the log10-transformed estimated and nominal RNA concentrations did
not vary with the nominal concentration in the linear range, this plot would form
a horizontal band within the linear range of the assay. Censored observations
were set at the censoring limits before differences were calculated (50 or 500,000
copies/ml). This approach would affect the plot only if more than half of the
values at a given nominal concentration were censored.

(iii) Within-run variation. The within-run standard deviation (SD) of log10-
transformed estimates at each nominal HIV-1 RNA concentration was estimated
from the mean square error of a nested analysis of variance in which laboratory
and run within laboratory were the predictors. For the bDNA 3.0 assay, censored
observations (,50 or .500,000 copies/ml) were recalculated as uncensored by
extending the standard curve of the assay. Observations at 12.5 HIV-1 RNA
copies/ml were excluded from the analysis. The within-run SD was also calcu-
lated for the US-RT-PCR assay. Observations that were below the limit of
detection of this assay (i.e., all six HIV-1 optical densities were ,0.20) were
treated as left censored at the calculated limits of detection. Model fitting took
place in PROC LIFEREG of SAS to accommodate censored data. Because
PROC LIFEREG does not allow nested predictors, a one-way linear model was
used in which the predictor variable was a set of indicators for run and labora-
tory. Within-run variation for the two assays was compared by F tests. Separate
tests were performed at each nominal concentration from 25 through 500 HIV-1
RNA copies/ml.

(iv) Between-run, interlaboratory, and interassay variations. Linear regres-
sions of the log10 estimated HIV-1 RNA concentration on the log10 nominal
HIV-1 RNA concentration were used to assess variation between runs for each
assay in each laboratory, followed by analysis of interlaboratory variation for
each assay and by analysis of interassay variation. This was a logical progression
in building a linear model to compare the two assays. For example, if no statis-
tically significant differences were found among the four runs within each com-
bination of assay and laboratory, then the data for the four runs could be
combined into a single regression per method and laboratory in the second and
third stages of the analysis. A statistically significant between-run variation would
indicate that a more complicated model, with runs nested within laboratory,
would be required. Similar reasoning was used for the analysis of interlaboratory
differences.

The initial model for variation among runs within a laboratory allowed vari-
ation in both the slopes and intercepts of the regressions. Variation in slopes was
tested first because this variation would imply that differences in estimated
HIV-1 RNA concentrations among runs varied with nominal concentration. If no
significant differences among slopes were identified, the intercepts were com-
pared by using a model under which it was assumed that the regression lines were
parallel (i.e., differences among runs were the same at all nominal concentra-
tions). In these models, the difference between two intercepts is an estimate of
the average difference in the estimated HIV-1 RNA concentrations between two
runs. Intercepts were not compared when differences in slopes were identified.
The analysis of interlaboratory variation and between-assay variation also in-
volved initial comparisons of slopes followed by comparisons of intercepts where
slopes did not differ significantly. The initial set of predictors for each stage in
this process depended on the results obtained at earlier steps. For example, the
analysis of interlaboratory variation took into account any differences identified

TABLE 1. Composition of the quantitative HIV RNA panels

Nominal concn (no. of HIV
RNA copies/ml)

No. of replicates

bDNA 3.0 assay US-RT-PCR assay

750,000 2
500,000 2
250,000 2
100,000 2
50,000 3
25,000 3
10,000 3
5,000 3
2,500 3
1,000 3
500 8 3
200 8 3
100 8 3
75 8 3
50 8 4
25 8 4
12.5 8
0 2
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among runs within laboratories. Further information is provided in the Results
section.

RESULTS

Samples and assays. The analysis of the complete panel (0
to 750,000 HIV-1 RNA copies/ml) represented a total of 1,344
bDNA 3.0 assays. The analysis of the subset of the panel (25 to
500 HIV-1 RNA copies/ml) represented a total of 320 US-RT-
PCR assays. In addition, a total of 158 clinical samples were
analyzed. These included a group of 78 samples that had ,50
HIV-1 RNA copies/ml by the bDNA 3.0 assay and that were
retested by the US-RT-PCR assay and a group of 80 samples
that had ,50 HIV-1 RNA copies/ml by the US-RT-PCR assay
and that were subsequently retested by the bDNA 3.0 assay.

Limit of detection and specificity. The number of samples
that gave HIV-1 RNA values above or below the limit of
detection for each assay is summarized in Table 2. The per-
centage of results below the limit of detection specified by the
manufacturer was greater for the bDNA 3.0 assay than for the
US-RT-PCR assay at all nominal HIV-1 RNA concentrations
that were used to compare the two assays. However, this could
be attributed in part to the different algorithms used by each
assay to distinguish positive results from negative results. By
the bDNA 3.0 assay, estimates that are ,50 HIV-1 RNA
copies/ml are considered de facto below the limit of detection
and are censored by the software provided with the assay. By
the US-RT-PCR assay, a result is considered below the limit of
detection when all six optical densities from the serial dilutions
of the amplified sample are ,0.20. Thus, it is possible to obtain
a positive result for a sample with ,50 HIV-1 RNA copies/ml
by the US-RT-PCR assay but not the bDNA 3.0 assay. For
instance, at a nominal concentration of 50 HIV-1 RNA copies/
ml, 95% of the samples had positive US-RT-PCR results and
48% of the samples had positive bDNA 3.0 assay results (Table
2). However, 21 (34%) of the 61 samples with positive results
by the US-RT-PCR assay at a nominal concentration of 50
HIV-1 RNA copies/ml actually had ,50 copies/ml. If the US-
RT-PCR results are censored at 50 HIV-1 RNA copies/ml (as
in the bDNA 3.0 assay), then the proportion of positive results
in the US-RT-PCR assay at a nominal concentration of 50
HIV-1 RNA copies/ml would have been 63%; this is closer to
the proportion of positive results obtained by the bDNA 3.0
assay for this HIV-1 RNA concentration (Table 2). Therefore,

to investigate the effect of the censoring of bDNA 3.0 results at
50 HIV-1 RNA copies/ml, we determined HIV-1 RNA con-
centrations in samples with censored values by extrapolating
the standard curve below the assigned limit of detection of the
assay. Although this results in very imprecise results, as evi-
denced from the wide confidence intervals of the estimated
HIV-1 RNA concentrations (Fig. 1), this extrapolation was
necessary for comparison of the abilities of the two assays to
detect and quantitate HIV-1 RNA in clinical plasma samples,
as described below.

To assess the specificity of the bDNA 3.0 assay, HIV-1-
negative plasma not spiked with HIV-1 RNA was included in
the panel. Two (6.2%) of the 32 HIV-1-negative replicates
were positive by the bDNA 3.0 assay (i.e., 51 and 71 HIV-1
RNA copies/ml, respectively). HIV-1-negative replicates were
not included in the subset of the panel that was analyzed by the
US-RT-PCR assay.

The limit of detection was defined as the concentration at
which 95% of results are positive. Under the existing assay
algorithms, the limits of detection were approximately 100
HIV-1 RNA copies/ml for the bDNA 3.0 assay and approxi-
mately 50 HIV-1 RNA copies/ml for the US-RT-PCR assay
(Table 2). This difference could be attributed in part to the
algorithms used by the two assays to distinguish positive results
from negative results.

Linear range of bDNA 3.0 assay. To determine the linear
range of the bDNA 3.0 assay, the median difference between
log10-transformed estimated and nominal HIV-1 RNA concen-
trations was plotted against the log10 nominal HIV-1 RNA
concentration (Fig. 2). The plot forms the expected horizontal
band over nominal HIV-1 RNA concentrations of 75 to
500,000 copies/ml. Setting the censored estimates at the cen-
soring points before calculation of the differences biased the
median differences upward at 12.5, 25, and 50 HIV-1 RNA
copies/ml and downward at 750,000 HIV-1 RNA copies/ml.

Within-run variation for bDNA 3.0 and US-RT-PCR assays.
The within-run SD of the log10 estimated HIV-1 RNA con-
centration for the bDNA 3.0 assay varied inversely with log10
nominal HIV-1 RNA concentrations below 1,000 copies/ml but
did not vary systematically at higher nominal concentrations
(Fig. 3). Specifically, the within-run SD was 0.17 at 50 cop-
ies/ml and fluctuated between 0.05 and 0.09 at 1,000 to 500,000
copies/ml. The within-run SD for the US-RT-PCR assay also

TABLE 2. HIV-1 RNA measurements above or below the limit of detection of each assay

Nominal concn (no. of HIV-1
RNA copies/ml)

No. (%) of samples

bDNA 3.0 assay with the following no. of HIV-1 RNA copies/ml: US-RT-PCR assay

,50a $50, #500,000 .500,000b ,LODc $LOD

0 30 (94) 2 0
12.5 122 (95) 6 0
25 120 (94) 8 0 22 (34) 42
50 66 (52) 62 0 3 (5) 61d

75 38 (30) 90 0 1 (2) 47
100 5 (4) 123 0 0 48

200–500 0 256 0 0 95e

1,000–250,000 0 352 0
500,000 0 24 8 (25)
750,000 0 4 28 (88)

a Results of ,50 HIV-1 RNA copies/ml are reported as “,50” by the bDNA 3.0 assay software; no estimate of HIV-1 RNA concentration is provided.
b Results of .500,000 HIV-1 RNA copies/ml are reported as “.500,000” by the bDNA 3.0 assay software; no estimate of RNA concentration is provided.
c LOD, limit of detection of the assay: all six optical densities for an amplified sample are ,0.2.
d One sample (34%) had a measurement that was greater than the limit of detection but had ,50 HIV-1 copies/ml.
e One sample with an invalid measurement was excluded.
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varied inversely with the log10 HIV-1 RNA nominal concen-
tration and was higher than the SD for the bDNA 3.0 assay at
all concentrations that were used to compare the two assays
(25 to 500 HIV-1 RNA copies/ml). For example, the within-
run SDs at 500 copies/ml were 0.12 for the US-RT-PCR assay
and 0.10 for the bDNA 3.0 assay; at 100 copies/ml, the SDs
were 0.22 and 0.11, respectively (Fig. 3). These differences
were statistically significant at all nominal HIV-1 RNA con-
centrations except 500 copies/ml (P 5 0.075).

Between-run variation. Given the results of the analysis of
the limits of detection of the bDNA 3.0 assay and our goal of
comparing it to the US-RT-PCR assay, the analysis of be-
tween-run variation was limited to results obtained for nominal
HIV-1 RNA concentrations between 100 and 500 copies/ml.
Fitted regression lines over this HIV-1 RNA copy range are
plotted in Fig. 4 and 5. No significant differences among slopes
were identified in any laboratory for either assay, indicating
that there was no detectable variation with nominal HIV-1
RNA concentration in the differences among runs in any of the
laboratories.

Differences among intercepts were found at each of the four
laboratories in which the bDNA 3.0 assay was used. The range
of the intercepts within each laboratory (maximum intercept
minus minimum intercept) provides a measure of the spread of
results in each set of four runs. The largest spread was 0.39
log10 in laboratory A. However, three of the four intercepts in

this laboratory differed by only 0.068 log10 or less, implying that
the average difference between the results from any two of the
three runs was ,17%. In laboratory D, the range of the four
intercepts was 0.25 log10, but three of the four differed by no
more than 0.15 log10; i.e., the average difference between es-
timates from any of the three runs was ,41%. Differences
among the four regressions at each of the other two laborato-
ries were ,0.15 log10 (Fig. 4).

Statistically significant differences among the intercepts for
the four regressions for the US-RT-PCR assay were found in
only one laboratory (P 5 0.0356). The maximum spread of
intercepts in this laboratory was 0.258 log10. However, three of
four regressions differed by #0.08 log10; i.e., the average dif-
ference between estimates was ,20%. Ranges of ,0.125 log10
(,33%) were obtained in the other three laboratories (Fig. 5).

Interlaboratory variation. The analysis of interlaboratory
variation was limited to nominal HIV-1 RNA concentrations
of 100 to 500 copies/ml. As noted earlier, the selection of
predictors for the analysis of interlaboratory variation was
based on the results of the analysis of between-run variation.
Thus, under the initial models for interlaboratory variation, it
was assumed that the regressions for each laboratory formed
four parallel lines with different intercepts. The model also
included terms to test for differences among the slopes and the
elevations of the regressions in the four laboratories. However,
no differences in regression slopes among laboratories were
identified (for the concentration-run interaction, bDNA 3.0
assay, P 5 0.20; US-RT-PCR assay, P 5 0.20; for the concen-
tration-laboratory interaction, bDNA 3.0 assay, P 5 0.24; US-
RT-PCR assay, P 5 0.24). Therefore, the model for the results

FIG. 1. Box and whiskers plots of log10 estimated HIV-1 RNA concentration
at nominal HIV-1 RNA concentrations up to 100 HIV-1 RNA copies/ml after
recalculation of censored observations by using the standard curve for the bDNA
3.0 assay. Boxes extend from the 25th percentile (lower edge) to the 75th
percentile (upper edge) HIV-1 RNA levels. The horizontal lines in the middle of
the boxes indicate median HIV-1 RNA values. Whiskers are the vertical lines
that end in brackets above and below the boxes. The horizontal lines beyond the
brackets represent outliers (more than 1.5 times the interquartile range below
the 25th percentile or above the 75th percentile). The brackets represent the
largest and smallest observed values that are not outliers.

FIG. 2. Median difference between log10 estimated HIV-1 RNA concentra-
tions and log10 nominal HIV-1 concentrations from the bDNA 3.0 assay plotted
against log10 nominal HIV-1 RNA concentrations. Censored observations were
set at the censoring point of the assay (50 or 500,000 HIV-1 RNA copies/ml).
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from each assay was reduced to a set of 16 parallel regression
lines. Terms for variation among intercepts within laboratories
and for variation in average intercepts among laboratories
were still included.

No statistically significant differences in intercepts among

laboratories were identified for the bDNA 3.0 assay (P 5
0.264). The small magnitude of the interlaboratory differences
for this assay can be illustrated by comparing regressions
among laboratories after combining data across runs into a
single regression line for each laboratory (Fig. 6). Three of
these regression lines are nearly superimposable, and the
fourth differs from the other three by less than 0.10 log10; i.e.,
the average difference between estimates from the fourth lab-
oratory and the other three was ,26%. In contrast, statistically
significant differences among laboratories were found for the
US-RT-PCR assay (P , 0.0001). The four regression lines that
were formed by combining data across runs within each labo-
ratory were roughly evenly spaced (Fig. 6). The intercepts for
the uppermost and lowermost lines differed by approximately
0.30 log10, implying a twofold average difference between es-
timates in these two laboratories. This was considerably larger
than the differences observed by the bDNA 3.0 assay.

Interassay variation. The analysis of interassay variation was
also limited to nominal HIV-1 RNA concentrations of 100 to
500 copies/ml. Given the results presented above, the regres-
sion lines for the 16 runs by each assay were assumed to be
parallel for the comparison of data between assays. The initial
model did allow for differences in slopes and average inter-
cepts between assays. However, the slopes of regressions from
the two assays did not differ significantly (P 5 0.16). Thus,
there was no detectable variation with nominal HIV-1 RNA
concentration in the estimates from the two assays, so the
model was reduced to a set of 32 parallel lines. The intercepts
for the regressions from the bDNA 3.0 assay were, on average,
0.28 log10 lower than for the regressions for the US-RT-PCR
assay (P ,0.0001). However, two of the four regression lines
for the US-RT-PCR assay were very similar to the regression
lines for the bDNA 3.0 assay (Fig. 6). Thus, the estimates from
two of the laboratories in which the US-RT-PCR assay was
used were very close to the estimates for the bDNA 3.0 assay.

Clinical specimens. Eleven (14%) of the 78 clinical samples
that contained ,50 HIV-1 RNA copies/ml by the bDNA 3.0
assay had .50 HIV-1 RNA copies/ml when they were subse-

FIG. 3. Intra-assay standard deviation of log10 estimated HIV-1 RNA con-
centrations versus log10 nominal HIV-1 RNA concentrations.

FIG. 4. Regressions of log10 estimated HIV-1 RNA concentrations on log10 nominal HIV-1 RNA concentrations for the bDNA 3.0 assay, using nominal
concentrations of 100 to 500 HIV-1 RNA copies/ml.
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quently tested by the US-RT-PCR assay (median, 86 HIV-1
RNA copies/ml; 25th to 75th percentiles, 74 to 120 HIV-1
RNA copies/ml; range, 50 to 217 HIV-1 RNA copies/ml). In
contrast, none of the 80 plasma samples with ,50 HIV-1 RNA

copies/ml by the US-RT-PCR assay had .50 HIV-1 RNA
copies/ml when they were retested by the bDNA 3.0 assay
(Table 3). To investigate this further, we ignored the specified
censoring value of 50 HIV-1 RNA copies/ml for the bDNA 3.0
assay and used the luminescence values to determine the
HIV-1 RNA concentrations for all specimens (Table 3). The
HIV-1 RNA levels by the bDNA 3.0 assay were significantly
lower for samples that contained ,50 HIV-1 RNA copies/ml
when they were retested by the US-RT-PCR assay compared
to those for samples that contained .50 HIV-1 RNA cop-
ies/ml when they were retested by the US-RT-PCR assay (P 5
0.0051 by the Wilcoxon two-sample test). Similarly, the 80
plasma samples with ,50 HIV-1 RNA copies/ml when they
were initially analyzed by the US-RT-PCR assay and retested
by the bDNA 3.0 assay had low HIV-1 RNA levels when their
luminescence values were extrapolated below the censoring
value of the bDNA 3.0 assay (Table 3). Overall, the HIV-1
RNA concentrations measured by the bDNA 3.0 assay were
higher in the 78 samples that were selected for retesting on the
basis of having ,50 HIV-1 RNA copies/ml by the bDNA 3.0
assay than in the 80 plasma samples that were selected for
retesting on the basis of having ,50 HIV-1 RNA copies/ml by
the US-RT-PCR assay. However, as indicated earlier, quanti-
tation of bDNA 3.0 assay results by extrapolation of the stan-
dard curve for the bDNA 3.0 assay to below 50 HIV-1 RNA
copies/ml is very imprecise (Fig. 1).

DISCUSSION

The limit of detection of the bDNA 3.0 assay for plasma
HIV-1 RNA in this study was higher than the limit of detection
of the US-RT-PCR assay found in this and other studies (20).
For each of the two assays, we defined the detection limit as
the HIV-1 RNA concentration that gave positive results in at
least 95% of replicate reactions. As such, the limit of detection
for the bDNA 3.0 assay was 100 HIV-1 RNA copies/ml and
that for the US-RT-PCR assay was 50 HIV-1 RNA copies/ml.
This twofold difference in sensitivity arises, in part, from the

FIG. 5. Regressions of log10 estimated HIV-1 RNA concentrations on log10 nominal HIV-1 RNA concentrations for the US-RT-PCR assay, using nominal
concentrations of 100 to 500 HIV-1 RNA copies/ml.

FIG. 6. Regressions of log10 estimated HIV-1 RNA concentrations on log10
nominal HIV-1 RNA concentrations for data combined across runs within each
laboratory.

2842 ERICE ET AL. J. CLIN. MICROBIOL.



different algorithms used by each assay to distinguish positive
results from negative results. By the bDNA 3.0 assay, results of
,50 HIV-1 RNA copies/ml are always considered negative. In
contrast, results of ,50 HIV-1 RNA copies/ml could be posi-
tive by the US-RT-PCR assay. If the US-RT-PCR assay is
censored like the bDNA 3.0 assay at 50 HIV-1 RNA copies/ml,
then the proportion of positive results at this concentration in
our study would be 62%, moving the limit of detection of the
US-RT-PCR assay to between 50 and 75 HIV-1 RNA cop-
ies/ml (Table 2). However, the assignment of meaningful de-
tection limits must consider the within-assay precision (usually
represented by the SD for replicate samples) in addition to the
assay design (i.e., internal standard versus external standards)
that are used to estimate the viral RNA copy number.

The clinical importance of using assays for the detection of
HIV-1 RNA in plasma capable of measuring HIV-1 RNA
levels below 100 copies/ml is not clear at present. Current
guidelines for the treatment of patients with HIV-1 infection
recommend the use of combination antiretroviral therapy to
decrease plasma HIV-1 RNA levels to below 50 copies/ml (2).
In clinical trials, suppression of plasma HIV-1 RNA levels
below 20 copies/ml has been associated with a longer response
to antiretroviral therapy compared with that achieved when
viral suppression is below 500 HIV-1 RNA copies/ml (17). In
addition, recent studies have shown that there is ongoing
HIV-1 replication in the blood and lymphoid tissues of patients
with undetectable plasma HIV-1 RNA levels during potent
antiretroviral therapy (4, 6, 23). Therefore, the ability to mea-
sure very low concentrations of HIV-1 RNA in plasma is of
interest. However, the clinical benefit of achieving plasma
HIV-1 RNA levels of ,50 copies/ml with antiretroviral ther-
apy and the clinical consequences of ongoing viral replication
in patients with suppressed plasma viremia are not known at
present. In some studies, potent antiretroviral therapy has
been associated with clinical and immunologic responses even
when suppression of plasma HIV-1 RNA levels has not been
achieved (8, 9, 13). Whether a clinical difference exists between
suppression of plasma HIV-1 RNA levels below 100 or below
50 copies/ml requires carefully designed prospective clinical
trials. Results from those trials would determine the advantage
of using assays capable of detecting and quantitating with good
precision HIV-1 RNA levels in plasma below 100 copies/ml.

In our study, 6.2% of HIV-1-negative replicates in the panel
had $50 HIV-1 RNA copies/ml when they were analyzed by
the bDNA 3.0 assay. False-positive results by this version of the
assay have been reported in a study in which the bDNA 3.0
assay was used to detect HIV-1 RNA in plasma samples from
individuals with sexual or parenteral exposure to HIV-1 (M. E.
Roland, J. N. Martin, D. Chernoff, B. McGovern, J. Bam-

berger, M. M. Katz, T. J. Coates, and J. O. Kahn, 6th Conf.
Retrovirus Opportunistic Infections, 1999). Among those who
did not acquire HIV-1 infection, the false-positivity rate of the
bDNA 3.0 assay ranged from 9.1% (4 weeks after exposure) to
27.6% (26 weeks after exposure) (Roland et al., 6th Conf.
Retrovirus Opportunistic Infections). Another study reported
two cases of false-positive results when the bDNA assay was
used to diagnose HIV-1 infection (18). However, the version of
the bDNA assay used in that study was not specified. Of note
is that the HIV-1 RNA levels in samples with false-positive
results in that study were low (1,254 and 1,574 HIV-1 RNA
copies/ml, respectively) (18). False-positive results have also
been reported by the US-RT-PCR assay when it was used for
the diagnosis of HIV-1 infection (1, 18). When interpreting
these results, it is important to consider that assays for the
quantitation of HIV-1 RNA in plasma have not been devel-
oped for the diagnosis of HIV-1 infection and that their spec-
ificities have not been established when the assays are applied
to individuals who are negative for HIV-1 antibodies.

In our study, the linear range for the bDNA 3.0 assay was
100 to 500,000 HIV-1 RNA copies/ml. This represents a 10-
fold increase compared to the linear range of the US-RT-PCR
assay (50 to 75,000 HIV-1 RNA copies/ml) (5, 20). This larger
linear range would likely reduce the need to dilute and retest
plasma samples that contain high HIV-1 RNA levels when
these samples are analyzed by the bDNA 3.0 assay. This is of
practical importance for diagnostic and research laboratories
that use assays to quantitate HIV-1 RNA in plasma, particu-
larly the HIV-1 RNA levels in the plasma of pediatric patients
with HIV-1 infection, in whom HIV-1 RNA levels are gener-
ally much greater than those in HIV-1-infected adults (10, 19).

We found that the within-run variations for both assays
varied inversely with the concentration of HIV-1 RNA, al-
though the magnitude of this variation was smaller for the
bDNA 3.0 assay than for the US-RT-PCR assay. The within-
run variation that we found in our study for the US-RT-PCR
assay was higher than that reported by others. For instance, the
mean within-run SD of the log10 number of HIV-1 RNA copies
per milliliter in one study of plasma samples with low HIV-1
RNA concentrations (30 to 500 HIV-1 RNA copies/ml) was
0.09 (5). In contrast, the SD of the log10 number of HIV-1
RNA copies per milliliter in our study for similar concentra-
tions among four different laboratories ranged from 0.12 to
0.22.

The between-run variations differed significantly among all
four laboratories that used the bDNA 3.0 assay but in only one
of the four laboratories that used the US-RT-PCR assay in our
study. However, plots of the fitted regression lines indicate that
the differences among runs within laboratories were roughly

TABLE 3. HIV-1 RNA results obtained by the bDNA 3.0 assay for clinical samples after recalculating censored observations

Initial assaya and subsequent assay, result No. of specimens
bDNA 3.0 assay result (no. of HIV-1 RNA copies/ml)

Median 25th to 75th percentiles Range

bDNA 3.0 assay and US-RT-PCR assay
$50 copies/mlb 11 34 18–36 15–49
,50 copies/mlc 67 17 11–25 2–50

US-RT-PCR assay and bDNA 3.0 assay
$50 copies/ml 0
,50 copies/mld 80 3 1–9 ,1–40

a All results were ,50 HIV-1 RNA copies/ml.
b Median, 86 HIV-1 RNA copies/ml; 25th to 75th percentiles, 74 to 120 HIV-1 RNA copies/ml; range, 50 to 217 HIV-1 RNA copies/ml.
c Six (8.9%) of the 67 samples were positive by the US-RT-PCR assay (median, 31.5 HIV-1 RNA copies/ml).
d Twelve (15%) of the 80 samples were positive by the US-RT-PCR assay (median, 32 HIV-1 RNA copies/ml).
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the same for the two assays (Fig. 4 and 5). Because the within-
run variation of the bDNA 3.0 assay was lower, the statistical
power to detect differences among runs was greater for this
assay than for the US-RT-PCR assay. In a previous study that
analyzed the precision of the US-RT-PCR assay, the largest
source of variation was due to within-run differences between
replicates; the between-run variation of the US-RT-PCR assay
in that study was smaller than the within-run variation (20). In
our study, the interlaboratory variation was greater for the
US-RT-PCR assay than for the bDNA 3.0 assay.

The correlation and agreement between the bDNA 3.0 assay
and the US-RT-PCR assay have been analyzed in a recent
study of 318 plasma samples from 59 randomly selected HIV-
1-infected individuals (7). The HIV-1 RNA concentrations in
the samples studied ranged from 2.0 to 5.5 log10 copies/ml.
That study showed that the bDNA 3.0 and the US-RT-PCR
assays were highly correlated (r 5 0.98) and had good agree-
ment (mean difference in log10 copies per milliliter 6 2 SD 5
0.041 6 0.176) and that the log10 values obtained by the US-
RT-PCR assay were, on average, 1.05-fold higher than the
log10 values obtained by the bDNA 3.0 assay (7). Similarly, the
HIV-1 RNA levels obtained by the US-RT-PCR assay in our
study were on average twofold higher than the levels obtained
by the bDNA 3.0 assay for the same sample.

Results of our comparison of the two HIV-1 RNA assays by
parallel testing of clinical plasma samples have practical im-
portance for clinical trials and the management of patients on
the basis of the HIV-1 RNA levels in plasma. For instance, if
management decisions incorporate the categorical detection of
HIV-1 RNA at the limit of detection of the assay, then the
management decisions will depend on the assay used. For
example, we found that 14% of clinical specimens that had
,50 HIV-1 RNA copies when they were analyzed by the
bDNA 3.0 assay had detectable levels when they were retested
by the US-RT-PCR assay. However, this apparent discordance
was explained by the difference between the two assays’ cen-
soring levels and precision, revealing the low HIV-1 RNA copy
number in the specimens once the bDNA 3.0 assay detection
parameters were extrapolated below the cutoff of 50 HIV-1
RNA copies/ml. Insufficient specimen volume was available for
retesting of these clinical specimens with discordant results by
using the bDNA 3.0 assay; however, on the basis of the 95%
confidence interval of the assay around the cutoff of 50 HIV-1
RNA copies/ml (Fig. 1), some of these specimens would be
expected to give a value of $50 HIV-1 RNA copies/ml when
retested by the bDNA 3.0 assay. In contrast, all of the 80
specimens with ,50 HIV-1 RNA copies/ml when they were
initially analyzed by the US-RT-PCR assay also had ,50
HIV-1 RNA copies/ml when they were retested by the bDNA
3.0 assay. Taken together, these data suggest that clinical spec-
imens that repeatedly have ,50 HIV-1 RNA copies/ml by
either assay are probably comparable with regard to the 50-
copy/ml detection limit. Nevertheless, our study confirms pre-
vious recommendations that the same assay used for the de-
tection of HIV-1 RNA levels in plasma be used to monitor
infected individuals (Guidelines for the use of antiretroviral
agents in HIV-infected adults and adolescents, U.S. Depart-
ment of Health and Human Services and Henry J. Kaiser
Family Foundation [http://www.atis.org]).

In summary, the bDNA 3.0 assay has excellent reproducibil-
ity, a broad linear range, and good sensitivity for the quanti-
tation of HIV-1 RNA in plasma down to 100 copies/ml. Plasma
specimens with HIV-1 RNA concentrations that are below a
defined detection limit of 50 copies/ml by both the bDNA 3.0
and the US-RT-PCR assays have comparable low levels of
HIV-1 RNA for the purpose of using 50 copies/ml as a cutoff

value for assessment of viral suppression in clinical trials and in
clinical practice. The characteristics of the bDNA 3.0 assay
make it a very attractive method for the quantitation of HIV-1
RNA levels in the plasma of HIV-1-infected persons. Because
of the potential for false-positive results when plasma samples
from non-HIV-infected individuals are tested, assays for
HIV-1 RNA detection should not be used for the diagnosis of
HIV-1 infection without additional confirmatory clinical and
laboratory data.
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