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Use of a common set of human immunodeficiency virus type 1 (HIV-1) RNA standards eliminated differences
among absolute HIV-1 RNA copy number estimates made with three commercially available assays. The
relative changes in the viral RNA levels determined by the commercial assays were similar and were unaffected
by the use of a common set of standards.

Quantitation of human immunodeficiency virus type 1
(HIV-1) RNA is being used to manage HIV-1-infected pa-
tients, to approve antiretroviral agents for licensure, and as
entry criteria, endpoints, and change points for AIDS clinical
trials (1, 2, 4, 9, 13, 19). Many of these uses rely on relative
changes between measurements and increasingly on absolute
viral RNA values (2). The differences between the values ob-
tained by laboratories and kits with spiked samples were sig-
nificantly reduced through the use of a common set of stan-
dards (20). However, spiked plasma samples do not reflect the
actual variation in viral composition and in the plasma matrix.
Previous assessments of kit differences in the measurement of
patient RNA copy number have been limited by small sample
sizes and the use of kit assay standards alone (12, 14, 17). The
objective of this study was to assess the feasibility of reducing
kit-related differences in HIV-1 RNA copy number estimates
by utilizing a common set of external standards.

These analyses included two sets of data. The first analysis
consisted of estimates from a three-way comparison of the
Chiron Enhanced Sensitivity branched DNA (ES bDNA) assay
(Chiron Corporation, Inc., Emeryville, Calif.), the reverse tran-
scription (RT)-PCR amplification Monitor assay (Roche Mo-
lecular Systems, Branchburg, N.J.), and the Organon Teknika
Corporation (OTC) NASBA-QT (Advanced BioScience Lab-
oratories, Incorporated, Kensington, Md.). In the three-way
comparison, 90 specimens from 22 pregnant women coenrolled
in the Women and Infants Transmission Study (15) and Pedi-
atric AIDS Clinical Trials Group protocol 076 were selected
(5). The second analysis consisted of estimates from a two-way
comparison of the ES bDNA and RT-PCR assays. This two-
way comparison of ES bDNA and RT-PCR assay results was

based on 912 specimens from 479 women enrolled in Pediatric
AIDS Clinical Trials Group protocol 076. In both analyses,
absolute levels and changes in RNA level from baseline to
labor and delivery were compared among kits. Determinations
of HIV RNA in all plasma specimens in both sets of compar-
isons were performed by the manufacturers themselves to min-
imize laboratory variation and to focus on the contribution of
the kits to variation.

Specimens were assayed in accordance with each manufac-
turer’s instructions (7, 10, 18) by using both kit and National
Institute of Allergy and Infectious Diseases (NIAID)-spon-
sored virology quality assurance (VQA) standards. The VQA
standards have been previously described (8, 20). They consist
of supernatants from HIV-1-infected patient cultures spiked
into seronegative plasma, which was then characterized by mul-
tiple parameters for determination of absolute HIV-1 RNA
copy numbers. The RT-PCR assay specimens were pretreated
with heparinase (16). Specimens analyzed by Chiron were
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TABLE 1. Estimates of log10 RNA concentration for both
the kit-adjusted and VQA-adjusted standards

Standard and assay No.a Minimum Q1b Median Q3c Maximum

Kit-based standard
Chiron ES bDNA 52 2.75 3.24 3.49 3.99 4.85
OTC NASBA-QT 49 3.04 3.76 4.00 4.46 5.32
RT-PCR 64 2.67 3.45 3.83 4.17 5.57

VQA-adjusted standard
Chiron ES bDNA 52 2.95 3.51 3.86 4.26 5.16
OTC NASBA-QT 49 2.64 3.47 3.88 4.14 5.45
RT-PCR 64 2.50 3.31 3.70 4.19 5.69

a Number of specimens.
b Q1, 25th percentile.
c Q3, 75th percentile.

311



tested with the ES bDNA assay (7). Depending on the avail-
able volume, either 1.0 or 0.5 ml of plasma was assayed by this
procedure. For the NASBA-QT assay, 10-fold-diluted calibra-
tors were used to increase sensitivity (17); the sensitivity was
similar to that of the newer NucliSens version of the assay. All
samples from the same patient were assessed by batch assay to
eliminate interassay variability and focus only on differences
among kits.

For this analysis, the limit of assay sensitivity and the lowest
observed RNA copy number were, respectively, 200 and 466
copies/ml for the RT-PCR assay of 0.2-ml samples, 1,000 and
1,100 copies/ml for the NASBA-QT assay of 0.1-ml samples,
and 500 and 561 copies/ml for the ES-bDNA assay of 1.0-ml
samples. Absolute copy numbers for pairwise comparisons

were based on total specimens above the limit of detection for
both assays, while relative-change pairwise comparisons were
based on patients with estimates above the limit of detection
for both specimens with both assays.

Results were compared among kits both before and after
adjustment to the VQA standards. Adjustment for all kits was
accomplished by using regressions of the estimated RNA con-
centration on the nominal log10 concentration for the VQA
standards. The mean, median, and number of values above or
below the assay cutoffs were calculated. Paired t tests were
used to test the null hypothesis that the average difference in
estimated RNA concentration between kits was zero.

The viral RNA copy numbers estimated by the kits were
similar when either kit-based or VQA-adjusted standards were

FIG. 1. Difference between log10 estimated RNA concentrations from the RT-PCR and Chiron ES bDNA assays plotted against the log-transformed mean of the
two estimates. A positive difference indicates that the RT-PCR copy number was higher than the Chiron ES bDNA copy number for that patient. a, kit-based copy
number estimates; b, VQA-adjusted copy number estimates.

TABLE 2. Differences in log10 RNA concentration among estimates based on VQA or kit standards for determining nominal copy numbera

Kit comparison
Kit standard-based difference VQA standard-based difference

Mean Median SD P value No.b Mean Median SD P value No.b

Monitor vs ES bDNA 0.38 0.37 0.28 ,0.001 42 0.04 0.03 0.32 0.42 42
Monitor vs NASBA-QT 20.18 20.15 0.29 ,0.001 45 0.02 0.03 0.39 0.76 45
NASBA-QT vs ES bDNA 0.57 0.56 0.39 ,0.001 37 0.01 0.10 0.48 0.91 37

Monitor vs ES bDNA (all) 0.32 0.36 0.36 ,0.001 311 0.04 0.04 0.37 0.11 293
Monitor vs ES bDNA (placebo) 0.31 0.34 0.38 ,0.001 159 0.03 0.03 0.43 0.37 152
Monitor vs ES bDNA (zidovudine) 0.32 0.37 0.33 ,0.001 152 0.04 0.04 0.30 0.13 141

a The upper section represents the subset of samples used for a three-way comparison, while the lower section is the entire data set obtained with a two-way
comparison. The P value is that obtained by testing the null hypothesis that the average difference was zero.

b Number of specimens.
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used (Table 1). However, differences in estimated copy num-
bers between kits were statistically significant at P , 0.001
(Table 2). The VQA standards for the group analysis elimi-
nated differences among all of the assays. The results of the
larger comparison between the RT-PCR and ES bDNA assays
were similar to the results of the smaller three-way compari-
son.

For all kits, the standard deviation (SD) was determined to
be 0.18 log10 HIV-1 RNA copies per ml based on the perfor-
mance of the VQA standard with a copy number of 1,500.
Thus, the 95% confidence limits for the difference between two
estimates was equivalent to 60.5 log10. Although there was
individual-subject variability in the HIV-1 RNA copy numbers
estimated by the kits (Fig. 1a and b), the use of VQA standards
reduced the number of patients within 62 SD from 29.6 to
14.6% and increased the number of patients 61 SD from 30.5
to 53.9% (Table 3).

No statistically significant differences between kits in the
mean relative change in HIV-1 RNA level were detected when
either kit-based or VQA-adjusted estimates of RNA copy
number were used (Table 4). Relative changes in viral RNA
level for the individual subjects were strongly correlated be-
tween the RT-PCR and ES bDNA assays (Fig. 2a and b).
Changes in opposite directions were identified in 12 (14%) of
83 patients. However, the difference in relative change be-
tween kits varied widely among the patients. The SD of the
difference between relative changes for the RT-PCR and ES
bDNA kits was 0.26, and the 10th and 90th percentiles of the
differences were 20.30 and 10.30 log10. Thus, 20% of the
time, there was at least a twofold difference between the rel-

ative change in the results obtained with one kit and the rela-
tive change in those obtained with the other.

In this study, each assay was performed by the respective
manufacturer; thus, interlaboratory difference within kits was
not assessed. The kit differences observed suggest that accurate
determination of an absolute HIV-1 RNA copy number in
patient plasma will be significantly affected by the kit used for
the assessment. It was possible, however, to make the absolute
copy numbers among the kits equivalent if they were adjusted
to a common set of viral RNA standards. A common set of
standards was unnecessary for assessment of the relative
change in patient plasma RNA levels, since these values did
not differ significantly among the three assays. It is possible
that greater or lesser kit-related differences in relative change
may occur with more potent antiviral therapy, since the mag-

FIG. 2. Change in log10 RNA concentration as measured by RT-PCR assay versus change in log10 RNA concentration as measured by the Chiron ES bDNA assay.
a, kit-based copy number estimates; b, VQA-adjusted copy number estimates. ZDV, zidovudine.

TABLE 3. Frequency and percentage of points falling in each of
the SD categories for the differences between log10 estimated RNA

concentrations from the RT-PCR and Chiron ES bDNA assays

SD
category

Kit-based data VQA-adjusted data

Frequency % Frequency %

.12 85 27.3 25 8.5

.11, #12 116 37.3 60 20.5
$21, #11 95 30.5 158 53.9
$22, ,21 8 2.6 32 10.9
,22 7 2.3 18 6.1
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nitude of the changes in virus load in this study were modest
(10.76 to 20.66 log10).

In summary, the use of absolute viral levels is problematic
for individual patient management because the assessment of
the absolute viral RNA level is dependent upon the test
method. However, the ability to adjust for kit differences in
absolute copy number by using external standards has impor-
tant implications for cross-protocol study analysis and possibly
for individual patient management when kits are changed.
Relative change in viral RNA level can be used for therapeutic
management without adjustment. Given the lack of a universal
standard, longitudinal assessment of HIV-1 RNA level should
be done with the same manufacturer’s assay kit.
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TABLE 4. Differences for within-individual log10 changes in RNA based on VQA or kit standards for determining nominal copy numbera

Kit comparison
Kit standard-based difference VQA standard-based difference

Minimum Mean Maximum P value No.b Minimum Mean Maximum P value No.b

NASBA-QT vs Monitor 20.33 0.01 0.49 0.90 11 20.48 20.02 0.58 0.86 11
NASBA-QT vs ES bDNA 20.87 20.03 0.33 0.77 11 20.44 20.001 0.40 0.99 11
Monitor vs ES bDNA 20.66 20.02 0.42 0.83 11 20.54 20.02 0.44 0.87 11

Monitor vs ES bDNA (all) 20.52 20.01 0.76 0.78 83 20.52 20.01 0.78 0.84 82
Monitor vs ES bDNA (placebo) 20.52 0.04 0.59 0.41 38 20.52 0.03 0.60 0.58 37
Monitor vs ES bDNA (zidovudine) 20.43 20.05 0.76 0.19 45 20.43 20.03 0.78 0.35 45

a The upper section represents the subset of samples used for a three-way comparison, while the lower section is the entire data set obtained with the two-way
comparison. The P value is that obtained by testing the null hypothesis that the average difference was zero.

b Number of patients.
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