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Human immunodeficiency virus type 1 (HIV-1) RNA levels in female genital tract and peripheral blood
samples were compared using two commercial amplification technologies: the Roche AMPLICOR HIV-1
MONITOR test and either the Organon Teknika nucleic acid sequence-based amplification (NASBA-QT)
assay or the NucliSens assay. Estimates of HIV-1 RNA copy number were derived from internal kit standards
and analyzed unadjusted and adjusted to a common set of external standards. We found a discordance rate of
approximately 18% between the two technologies for the detection of HIV-1 in either the genital tract or
peripheral blood samples. Detection discordance was not consistent among specimens or among women. There
were no significant differences in adjusted or unadjusted estimates of HIV-1 RNA copy number in the genital
tract samples using the AMPLICOR HIV-1 MONITOR test and either the NASBA-QT assay or the NucliSens
assay. In addition, the estimated HIV-1 RNA copy number in peripheral blood samples did not differ when
tested with the NucliSens assay and the AMPLICOR HIV-1 MONITOR test using kit standards. However,
there was a significant difference in estimated RNA copy number between the NASBA-QT assay and the
AMPLICOR HIV-1 MONITOR test for internal kit standards, which, as we have previously shown, was
eliminated after adjustment with the external standards. Our results suggest that the Roche and Organon
Teknika assays are equivalent for quantifying HIV-1 RNA in female genital tract specimens, although variation
in detection does exist.

Monitoring human immunodeficiency virus type 1 (HIV-1)
RNA in genital tract specimens has become of primary impor-
tance with our growing understanding of the issues surround-
ing compartmentalization (4, 11). Measuring HIV-1 RNA has
been more complicated in genital tract than in peripheral
blood samples. In semen, nonspecific inhibitors have been as-
sociated with loss of signal (4, 5, 7). However, in reconstruction
experiments with seronegative subjects, no equivalent nonspe-
cific inhibitors were observed for the female genital tract (8).
That study did not rule out the presence of inhibitors in the
genital tracts of HIV-seropositive women that may be lacking
in HIV-seronegative women.

Genital tract variation has been shown to be greater in
women (P. S. Reichelderfer, R. W. Coombs, D. Wright, D.
Burns, and A. Kovacs for the WHS 001 Study Group, Abstr.
38th Intersci. Conf. Antimicrob. Agents Chemother., abstr.
I-251, 1998) than in men (4). Total variation is a composite of
biologic, assay, and sampling variation. Sampling methods
used for the female genital tract contribute strongly to varia-
tion (Reichelderfer et al., 38th ICAAC). Interlaboratory and
interassay variation in patient or spiked samples of peripheral
blood could be significantly reduced by using a common set of
standards (3, 14). However, variation may be increased in
different matrices, and the findings in peripheral blood samples

may therefore differ from those in genital tract samples. There
has been no direct comparison of differences in HIV-1 RNA
levels in the female genital tract among test kits that use the
same sampling method. The objective of this study was to
assess the differences in estimated HIV-1 RNA levels obtained
with two commonly used gene amplification technologies in
genital tract samples collected using the same sampling
method.

MATERIALS AND METHODS

Study population. This cross-sectional study involved 338 HIV-1-seropositive
women enrolled in a longitudinal epidemiologic cohort study, the Women’s
Interagency HIV Study (1). Genital tract specimens and peripheral blood were
obtained during one regularly scheduled 6-month visit between January 1997 and
July 1998. The study was limited to women who were not pregnant, who either
had not received therapy or had been on stable antiretroviral therapy for at least
2 months, and who were not experiencing an active opportunistic infection.
Approximately 40% of the 338 women were on no therapy, while 60% were
receiving combination therapy with or without a protease inhibitor.

Specimen collection. Peripheral blood plasma specimens were collected in acid
dextrose citrate tubes, frozen at 270°C, and shipped to a central repository.
Female genital tract specimens were obtained by cervical vaginal lavage (CVL)
with 10 ml of normal saline. Aliquots (1 ml) of lavage material, containing both
cells and supernatant, were frozen at 270°C and distributed as described for the
peripheral blood samples. The frozen samples were subsequently shipped to two
independent laboratories.

Quantitative assays. For this analysis, 338 samples were tested with the Roche
AMPLICOR HIV-1 MONITOR test (10) (Roche Diagnostic Corporation, In-
dianapolis, Ind.), 177 samples were tested with the Organon Teknika Corpora-
tion (OTC) nucleic acid sequence-based amplification (NASBA-QT) assay (13)
(Organon Teknika Corporation, Durham, N.C.), and 162 samples were tested
with the OTC NucliSens assay (6). Specimens were tested at the Retrovirology
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Laboratory of Rush-Presbyterian St. Luke’s Medical Center (Roche AMPLICOR
HIV-1 MONITOR assay) and the University of Southern California Medical
Center (OTC NASBA-QT and NucliSens assays). The laboratories used both the
kit standards and standards prepared by the National Institute of Allergy and
Infectious Diseases Virology Quality Assurance Program (VQA; Chicago, Ill.)
(9). VQA copy standards at 0, 1,500, 15,000, and 150,000 copies/ml were included
in the runs to permit the calculations. The assay methods (6, 10, 13) and the
VQA standards (9, 14) have been previously described.

For the Roche AMPLICOR HIV-1 MONITOR assay, 0.2 ml of both plasma
and CVL samples was processed using standard Roche plasma processing pro-
cedures. Extracted samples (50 ml) were amplified in a GeneAmp PCR System
9600 and detected according to the manufacturer’s recommendations. Results
were calculated according to the manufacturer’s recommendations. The limit of
assay sensitivity provided by the manufacturer was 400 copies/ml for all specimens.

For the OTC NASBA-QT and NucliSens assays, 0.2 ml of peripheral blood
plasma and 0.8 to 1.0 ml of CVL specimens were processed in accordance with
the manufacturer’s instructions using the silica gel extraction methodology (2).
For the NASBA-QT assay, 10-fold-diluted calibrators were used to increase
sensitivity (12). The NucliSens assay was run according to the manufacturer’s
instructions. In accordance with the manufacturer’s recommendations, the limits
of detection for the NASBA-QT assay were 500 copies/ml in blood samples and
125 copies/ml in genital tract samples; for the NucliSens assay, the limits of
detection were 400 copies/ml in blood samples and 80 copies/ml in genital tract
samples.

Statistical analysis. Analyses included independent comparisons of the Roche
AMPLICOR HIV-1 MONITOR test with the OTC NASBA-QT and NucliSens
assays, as well as a composite comparison of the AMPLICOR MONITOR and
NASBA-QT and NucliSens assays. Comparisons between assays were based on
samples for which estimates were above the limit of detection.

The analyses reported here assessed the differences among the assays and the
extent to which a common set of standards reduced the differences among the
assays. Therefore, the results obtained with the assays were compared both
before and after adjustment to the VQA standards. All assays used internal
standards; therefore, adjustment was made using regressions of estimated RNA
concentration on nominal log10 concentration for the VQA standard estimates.

Comparisons included nominal copy numbers that were above the limits of
detection for the assays under study. The number of specimens falling outside the
dynamic range of the assay was noted for each assay system. The mean, median,
and number of values above the assay cutoff were calculated for the population
as a whole for each assay.

The analysis involved pairwise comparisons among assays rather than three-
way comparisons. Paired t tests were used to test the null hypothesis that the
average difference in estimated RNA concentration between assays is 0. Linear
regression analysis was used to illustrate the effect of sample concentration of
HIV-1 RNA on the correlations among assays and to assess the overall effect of
the external standard versus the kit standard on HIV-1 RNA copy number
estimates.

RESULTS

Qualitative differences among assays. The number of sam-
ples testing positive on each assay is given in Table 1. In
peripheral blood samples, there were 250 samples above the
lower limit of detection for the AMPLICOR HIV-1 MONITOR
test, 122 for the NASBA-QT assay, and 96 for the NucliSens
assay, for a total of 218 samples above the lower limit of
detection by one or the other OTC assay. For genital tract
specimens, there were 77 samples above the lower limit of
detection for the AMPLICOR MONITOR test, 48 for the
NASBA-QT assay, and 32 for the NucliSens assay, for a total
of 80 samples above the lower limit of detection by one or the
other OTC assay. The levels of discordance between the Roche
and OTC assays were 18.6% (63 women) for the genital tract
samples and 17.7% (60 women) for peripheral blood samples.
For the 60 discordant blood samples, the RNA values ranged
from 402 to 95,000 copies/ml (mean 5 4,017). For the 63
discordant CVL samples, the RNA values ranged from 98 to
100,000 copies/ml (mean 5 5,395). Only six of the discordants
could be explained by OTC values in CVL samples below the
limit of detection of the Roche assay (400 copies/ml). There
was no obvious bias to discordance based on antiretroviral
therapy. Of the 60 and 63 samples discordant in blood and
CVL, 23 and 44%, respectively, were from women not on
therapy. Discordance between assays was not consistent be-
tween the two compartments. Of the 60 and 63 women who
were discordant in peripheral blood and the genital tract, re-
spectively, only 9 were discordant in both compartments.
There was no pattern to the discordance between assays for
these nine women. Four were positive in both compartments
by OTC and negative in both compartments by Roche; two
were positive in both compartments by Roche and negative by
OTC; two were positive in blood by OTC and positive in CVL
only by Roche; and one was positive in CVL by OTC and
positive in blood by Roche. Of these nine discordant samples,
only two could be explained by OTC values in CVL samples
below the limit of detection of the Roche assay (400 copies/
ml). These two women were on antiretroviral therapy.

Quantitative differences among assays. Table 2 shows the
descriptive statistics for both the kit-based and VQA-based

TABLE 1. Qualitative assay concordance

Roche
result

No. of samples with OTC result for compartment:

Genital tracta Peripheral bloodb

1 2 1 2

1 47 30 204 46
2 33a 228 14b 74

a NASBA-QT was positive for 23 samples, and NucliSens was positive for 10
samples.

b NASBA-QT was positive for 11 samples, and NucliSens was positive for 3
samples.

TABLE 2. Descriptive statistics for all assays with kit-based and VQA-based HIV-1 log10 RNA copy number estimates

Estimate type for test
Genital tract Peripheral blood

No. positive Median Range No. positive Median Range

Kit based
Roche 77 3.24 2.61–5.27 250 3.61 2.60–6.05
OTC 80 3.31 1.95–5.90 222 3.87 2.66–6.56

NASBA-QT 48 3.36 2.18–5.90 122 3.90 2.74–5.98
NucliSens 32 3.27 1.95–4.65 100 3.84 2.66–6.56

VQA based
Roche 77 2.97 1.66–5.36 250 3.61 2.21–6.20
OTC 80 3.26 0.60–5.13 222 3.88 1.18–6.59

NASBA-QT 48 3.24 0.60–5.13 122 3.93 1.18–6.29
NucliSens 32 3.38 1.79–4.85 100 3.81 1.92–6.59
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estimates of HIV-1 RNA copy number. In general, HIV-1
RNA copy number estimates were lower for the AMPLICOR
HIV-1 MONITOR test than for either the NASBA-QT or
NucliSens assay; this difference was more pronounced in pe-
ripheral blood specimens. Adjustment with the VQA standards
further lowered the estimates for both methods and both com-
partments; this was especially true for genital tract RNA esti-
mates obtained with the AMPLICOR MONITOR test.

Table 3 provides summary statistics for absolute RNA copy
number for specimens above the lower limit of detection for all
assays. A positive median indicates that values from the first
assay in the comparison were, on average, higher than values
for the second assay. The P values are the results of tests of the
null hypothesis that the average difference between assays is 0.
Kit-based estimates of HIV-1 RNA copy number in peripheral
blood from the AMPLICOR MONITOR and NASBA-QT
assays were significantly different (P 5 0.005), but the esti-
mates adjusted to the VQA standards were not (P 5 0.96).
There was no significant difference between the AMPLICOR
MONITOR and NucliSens assays for either kit-based or VQA-
based estimates (P 5 0.42 and 0.28, respectively). In contrast to
peripheral blood, estimates of HIV-1 RNA copy number in
genital tract specimens were not significantly different for any
assay method using any set of standards for calculation.

For the AMPLICOR MONITOR and NucliSens assays, the
standard deviations (SD) were 0.16 and 0.31 log10 HIV-1 RNA
copies per ml, respectively, based on the performance of the
1,500 VQA copy number standard. For the NASBA-QT assay,
the SD was 0.30 log10 HIV-1 RNA copies per ml based on the
15,000 VQA copy number standard. Thus, the 95% confidence
intervals were fairly broad (60.8 log10). Virtually all samples,
from both genital tract and peripheral blood, fell within 62 SD
of the assays (data not shown).

Effect of HIV-1 RNA level on assay correlation. Figure 1
illustrates the linear regression analysis of the OTC and Roche
assays for kit- and VQA-adjusted values in peripheral blood
and genital tract samples. All estimates were highly correlated
(P # 0.001). For genital tract, the coefficients of correlation
between the Roche AMPLICOR HIV-1 MONITOR test and
the OTC NASBA-QT and NucliSens assays were 0.71 and
0.72, respectively, for kit-based determinations and 0.75 and
0.53, respectively, for VQA-based estimates. Similarly, for pe-
ripheral blood, the coefficients of correlation between the AM-
PLICOR MONITOR test and the NASBA-QT and NucliSens
assays were 0.78 and 0.80, respectively, for kit-based determi-
nations and 0.59 and 0.74, respectively, for VQA-based esti-
mates. Differences in HIV-1 RNA copy numbers between the
NASBA-QT and NucliSens assays relative to the AMPLICOR
MONITOR test appear to be greater at the ends of the HIV-1

RNA concentration scales, and these differences were not re-
duced by adjustment with the external standards.

Figure 2 demonstrates the effect of VQA adjustment of any
assay compared to the kit-determined HIV-1 RNA copy num-
ber. For all assays and both specimen types, the VQA-adjusted
copy number estimates were higher at higher concentrations
and lower at lower concentrations. This pattern was most no-
ticeable for the NASBA-QT assay and peripheral blood spec-
imens. In both peripheral blood and genital tract specimens,
the effect of VQA adjustment on copy number estimates from
the NucliSens assay more closely paralleled the effect observed
for the AMPLICOR MONITOR assay than that observed for
the NASBA-QT assay.

DISCUSSION

The results of this study suggest that different gene amplifica-
tion methods can be used to arrive at comparable determinations
of HIV-1 RNA copy number in the female genital tract. In pre-
vious studies of blood plasma (3), we observed differences in
estimated RNA copy number between the OTC NASBA-QT
assay and the Roche AMPLICOR HIV-1 MONITOR assay;
these differences could be eliminated by adjusting to a com-
mon set of external standards. In the current study, we con-
firmed our previous findings concerning the NASBA-QT and
AMPLICOR MONITOR assays but found no significant dif-
ferences between HIV-1 RNA copy number estimates ob-
tained with the NucliSens and AMPLICOR MONITOR assays.

Importantly, there were no significant differences among the
assays in terms of HIV-1 RNA quantification for the female
genital tract. Thus, the use of a common set of external stan-
dards would not appear to be necessary when making compar-
isons between assays using genital tract specimens. The ab-
sence of a difference between assays using peripheral blood
specimens and those using genital tract specimens could not be
explained by a decrease in the dynamic range. The adjusted
and unadjusted dynamic ranges for peripheral blood and gen-
ital tract HIV-1 RNA were equivalent. Similarly, although the
assays use different processing technologies, each uses the
same processing technology for peripheral blood and genital
tract specimens.

In contrast to previous findings (3, 4), however, this study
found a higher SD for the OTC assays than for the Roche
assay. Thus, the lack of differences between the estimated
RNA copy numbers obtained with these assays may be con-
founded by the higher assay SD. Nonetheless, as previously
reported (3), we observed similar differences when the
NASBA-QT and AMPLICOR MONITOR assays were used
to test peripheral blood, in spite of the higher SD.

TABLE 3. Differences in log10 HIV-1 RNA copy number estimates for all assays for kit-based and VQA-based estimates

Estimate type and tests
compared

Genital tract Peripheral blood

Median SD P value Median SD P value

Kit based
Roche vs OTC 0.05 0.47 0.83 20.11 0.43 0.009
Roche vs NASBA-QT 0.03 0.45 0.83 20.13 0.43 0.009
Roche vs NucliSens 0.08 0.51 0.92 20.08 0.43 0.42

VQA based
Roche vs OTC 20.12 0.67 0.32 20.10 0.60 0.51
Roche vs NASBA-QT 20.12 0.64 0.57 20.10 0.62 0.96
Roche vs NucliSens 20.13 0.71 0.41 20.12 0.57 0.28
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The effect of VQA standard adjustment was greatest for
the NASBA-QT assay and was more pronounced at higher
and lower HIV-1 RNA concentrations. For both peripheral
blood and genital tract specimens and for both amplification
technologies, the copy number estimates obtained with the
VQA standards were higher than the kit-based estimates at
the high end and lower than the kit-based estimates at the
low end.

An issue of concern is the high level of discordance in HIV-1
detection between the OTC and Roche gene amplification
systems. This discordance was not confined to either compart-
ment or to any group of women. Many of these differences

were not at the level of the limit of detection for the assays.
Sequence variation among the highly discordant isolates may
have resulted in differences in primer pair efficiencies, which
could explain the discordance.

In summary, the OTC NucliSens and Roche AMPLICOR
HIV-1 MONITOR assays appear to be equivalent for deter-
mining HIV-1 RNA levels in either the female genital tract or
peripheral blood, although the SD for the NucliSens assay was
high. These equivalent determinations can be made without
using an external set of common standards. However, the two
amplification technologies do produce some discordant posi-
tive and negative results.

FIG. 1. Linear regression analysis of the OTC and Roche assays for kit (a and c)- and VQA (b and d)-adjusted values for peripheral blood (a and b) and genital
tract (c and d). Log10 RNA values from the Roche assay are plotted against those of the NASBA-QT (E) and NucliSens (F) assays. Linear regression correlation for
the NASBA and NucliSens assays (——) is shown, compared to a slope of 1 (– – –).
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