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The performance and characteristics of Roche COBAS AMPLICOR HIV-1 MONITOR version 1.5 (CA
MONITOR 1.5) UltraSensitive (usCA MONITOR 1.5) and Standard (stCA MONITOR 1.5) procedures, Or-
ganon Teknika NucliSens HIV-1 RNA QT with Extractor (NucliSens), and Bayer Quantiplex HIV RNA version
3.0 (bDNA 3.0) were compared in a multicenter trial. Samples used in this study included 460 plasma spec-
imens from human immunodeficiency virus (HIV) type 1 (HIV-1)-infected persons, 100 plasma specimens from
HIV antibody (anti-HIV)-negative persons, and culture supernatants of HIV-1 subtype A to E isolates diluted
in anti-HIV-negative plasma. Overall, bDNA 3.0 showed the least variation in RNA measures upon repeat
testing. For the Roche assays, usCA MONITOR 1.5 displayed less variation in RNA measures than stCA
MONITOR 1.5. NucliSens, at an input volume of 2 ml, showed the best sensitivity. Deming regression analysis
indicated that the results of all three assays were significantly correlated (P < 0.0001). However, the mean
difference in values between CA MONITOR 1.5 and bDNA 3.0 (0.274 log10 RNA copies/ml; 95% confidence
interval, 0.192 to 0.356) was significantly different from 0, indicating that CA MONITOR 1.5 values were reg-
ularly higher than bDNA 3.0 values. Upon testing of 100 anti-HIV-negative plasma specimens, usCA MONI-
TOR 1.5 and NucliSens displayed 100% specificity, while bDNA 3.0 showed 98% specificity. NucliSens quan-
tified 2 of 10 non-subtype B viral isolates at 1 log10 lower than both CA MONITOR 1.5 and bDNA 3.0. For
NucliSens, testing of specimens with greater than 1,000 RNA copies/ml at input volumes of 0.1, 0.2, and 2.0 ml
did not affect the quality of results. Additional factors differing between assays included specimen throughput
and volume requirements, limit of detection, ease of execution, instrument work space, and costs of disposal. These
characteristics, along with assay performance, should be considered when one is selecting a viral load assay.

The human immunodeficiency virus (HIV) type 1 (HIV-1)
RNA level in plasma is a useful biological marker for assessing
disease prognosis and outcome of antiretroviral therapy (8, 24,
31). The commercialization of HIV viral load assays has al-
lowed for widespread and routine monitoring of viral RNA
levels in infected persons. Currently, monitoring of HIV viral
load along with CD41-T-lymphocyte counts is considered stan-
dard medical practice for patient management (6). Several
methodologies are available for the quantification of HIV-1
RNA in plasma, namely, reverse transcription (RT)-PCR and
nucleic acid sequence-based amplification (NASBA), both of
which are nucleic acid amplification techniques, and the
branched-DNA (bDNA) technique, which is based on signal
amplification (34).

Potent combination antiretroviral therapies often reduce
plasma HIV RNA levels below the limit of detection of com-
mercial assays (17, 18). In 1997 and 1998 and in 1998 and 1999,
42 and 46%, respectively, of specimens analyzed in the HIV
viral load testing program of the Canadian province of Quebec
had RNA levels below 500 copies/ml, as determined by Quan-

tiplex HIV RNA version 2.0 (bDNA 2.0) (Chiron Corporation,
Emeryville, Calif.) (27). The use of a new-generation viral load
assay would provide more informative data for patient speci-
mens with RNA levels below 500 copies/ml.

In the present study, we conducted a multicenter compara-
tive evaluation of COBAS AMPLICOR HIV-1 MONITOR
version 1.5 (CA MONITOR 1.5) UltraSensitive (usCA MON-
ITOR 1.5) and Standard (stCA MONITOR 1.5) procedures
(Roche Diagnostic Systems, Branchburg, N.J.), NucliSens
HIV-1 RNA QT with Extractor (NucliSens) (Organon Tek-
nika, Durham, N.C.), and Quantiplex HIV RNA version 3.0
(bDNA 3.0) (Bayer Diagnostics, East Walpole, Mass.), which
involve RT-PCR, NASBA, and bDNA technologies, respec-
tively (7, 35, 37). We evaluated the inter- and intrarun, interlot,
and intersite reproducibilities of, the specificities of, and the
quantification of HIV-1 non-subtype B strains by these meth-
ods. The quantitative relationships between the methods were
compared. Finally, the effect of different input volumes on the
reproducibility of results obtained by NucliSens was investi-
gated.

MATERIALS AND METHODS

Patient population and consent. Blood specimens were collected from 460
anti-HIV-1-positive individuals monitored at several specialized clinics and hos-
pitals in the Canadian province of Quebec. Patients were adults, and an esti-
mated 15% were treatment naive. Specimens were requested as part of usual
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follow-up and treatment monitoring from October to December 1998. For test-
ing specificity, blood was obtained from 100 HIV antibody (anti-HIV)-negative
volunteers. Informed consent was obtained from all participants.

Test sites. The evaluation was carried out at four sites: three Canadian uni-
versity hospitals (Hôpital Saint-Luc, Montreal, Quebec; Royal Victoria Hospital,
Montreal, Quebec; and Centre Hospitalier de l’Université Laval, Sainte-Foy,
Quebec) and the Laboratoire de Santé Publique du Québec, Sainte-Anne-de-
Bellevue, Quebec, Canada (LSPQ). Testing for reproducibility and for compar-
ison of the quantitative relationships between the methods was carried out at the
three hospital sites. Each assay was evaluated at two of the three hospital sites.
Specificity, non-B subtype HIV-1 strain, and NucliSens sample volume testing
were performed at the LSPQ. Laboratory personnel carrying out the assays were
trained by each manufacturer prior to the evaluation.

Specimen collection and processing. EDTA-treated plasma samples were cen-
trifuged within 6 h of collection at the three hospital test sites. Specimens were
frozen at 270°C and forwarded on dry ice anonymously to the LSPQ, where they
were coded for the study, thawed once, and allocated into volumes and quantities
appropriate for each assay. Specimens were frozen again at 270°C. They were
sent on dry ice to the testing sites and stored at 270°C until testing. Tests were
performed on separate aliquots.

Non-subtype B isolates. The non-subtype B isolates originated from the LSPQ
(three subtype A, one subtype D, and one unknown) and the Henry M. Jackson
Foundation Research Laboratory, Washington, D.C. (one isolate each of sub-
types A, C, D, E, and F). The latter were obtained via the Ontario Ministry of
Health, Toronto, Ontario, Canada. The subtypes of four of the LSPQ isolates
were determined by sequencing analysis at the Laboratory Center for Disease
Control, Ottawa, Ontario, Canada. The subtype of the other isolate is unknown.
This strain was isolated from an infant born to an HIV-infected mother of
African origin. Two consecutive blood specimens drawn shortly after birth from
this infant were found PCR negative for proviral DNA by the AMPLICOR
HIV-1 test (Roche) but were culture positive.

Isolates were propagated in cell cultures by infection of a pool of peripheral
blood mononuclear cells from three seronegative donors using standard methods
(5). Culture supernatants were clarified, allocated into appropriate volumes, and
frozen at 270°C. For initial standardization, the supernatants were used to spike
anti-HIV-negative plasma, and the samples were tested by bDNA 2.0. For each
isolate, three dilutions in anti-HIV-negative plasma were prepared. The spiked
plasma was allocated into appropriate volumes and frozen at 270°C until testing.

Quantification of HIV-1 RNA. Quantification of HIV-1 RNA was performed
following each manufacturer’s instructions.

(i) RT-PCR. stCA MONITOR 1.5 has stated lower and upper detection limits
of 400 and 750,000 RNA copies/ml, respectively, and uses a plasma volume of 0.2
ml. usCA MONITOR 1.5 has stated lower and upper detection limits of 50 and
75,000 RNA copies/ml, respectively, and uses a plasma volume of 0.5 ml. usCA
MONITOR 1.5 differs from stCA MONITOR 1.5 by an initial high-speed cen-
trifugation step used to concentrate the virus particles and the volume in which
the ethanol-precipitated viral RNA is reconstituted prior to RT-PCR. RNA is
reconstituted in 0.4 and 0.1 ml of specimen diluent for stCA MONITOR 1.5 and
usCA MONITOR 1.5, respectively. Other than specimen preparation, the re-
maining steps of both procedures are identical. Amplification and detection were
performed with an automated CA analyzer (11). Amplification on the CA ana-
lyzer is performed using rosettes or A-rings consisting of 12 A-tubes. Two
A-rings, or 24 samples, can be processed at a time. In this study, one negative and
two positive controls were processed per a maximum of 24 samples. CA MON-
ITOR 1.5 is an updated and automated version of the U.S. Food and Drug
Administration-approved AMPLICOR HIV-1 MONITOR version 1.0. CA
MONITOR 1.5 is licensed for use in Canada.

(ii) NASBA. NucliSens has a reported dynamic range of 80 to 8,000,000 RNA
copies/input. In this study, testing was performed using an input of 2 ml of plasma
for a sensitivity of 40 RNA copies/ml unless otherwise stated. Samples with
reportable values below 40 RNA copies/ml, which can be obtained under optimal
assay conditions, were included in the analyses. Viral RNA was isolated by use
of the NucliSens Extractor (38). The Extractor is an automated system for the
extraction of nucleic acids from serum or plasma for use with the silica-based
isolation method (3). The instrument is composed of 10 separate extraction
stations for maximum processing of 10 samples per run. Electrochemilumines-
cence detection of amplified products was performed using the NucliSens
Reader. NucliSens is licensed for use with the manual nucleic acid extraction
procedure in Canada.

(iii) bDNA. bDNA 3.0 has a reported quantification range of 50 to 500,000
RNA copies/ml and uses 1 ml of plasma. A maximum of 84 samples can be
processed per plate. bDNA 2.0 has a reported dynamic range of 500 to 800,000
RNA copies/ml and requires 2 ml of plasma, for a maximum of 42 samples per
plate. Both assays were performed using semiautomated Quantiplex bDNA
system 340. Two plates may be processed at a time with system 340 (29). bDNA
3.0 and bDNA 2.0 are licensed for use in Canada.

Reproducibility. Specimens from 90 patients were evaluated for each of the
inter- and intrarun, intersite, and interlot reproducibility studies. The RNA levels
for these 90 specimens were distributed as follows: 50, 25, and 15 had values
below 500, from 500 to 10,000, and above 10,000 copies/ml, respectively, as
determined by bDNA 2.0. Different specimens were tested by each method in the
inter- and intrarun, intersite, and interlot studies. For RT-PCR, specimens were

initially tested by usCA MONITOR 1.5, and all specimens yielding values above
400 RNA copies/ml were retested by stCA MONITOR 1.5. The inter- and
intrarun reproducibility was evaluated with specimens tested once in each of
three runs at two sites (45 specimens/site). Since the specimens were tested only
once in each run, the value obtained will contain both interrun and intrarun
sources of variability. The interlot reproducibility was evaluated with specimens
tested once with each of two lots at two sites (45 specimens/site/lot), and the
intersite reproducibility was evaluated with specimens tested once at each of two
sites (90 specimens/site). Specimens were included in the calculation when all
replicates were within the lower and upper quantitative limits of each assay.

Quantitative relationships. To compare the quantitative relationships be-
tween the methods, 89 specimens were tested once with all three assays at two
sites (44 or 45 specimens/site). For these specimens, 55, 19, and 15 had RNA
levels below 500, from 500 to 10,000, and above 10,000 copies/ml, respectively, as
determined by bDNA 2.0. For RT-PCR, specimens were tested by usCA MON-
ITOR 1.5, and only those yielding values above 75,000 RNA copies/ml (n 5 8)
were retested by stCA MONITOR 1.5.

Specificity. The specificity was evaluated by testing specimens from 100 anti-
HIV-negative persons in four runs (25 specimens/run) using two lots (two runs/
lot). For RT-PCR, specificity was evaluated using usCA MONITOR 1.5.

Variable input volumes and NucliSens. The effect of input volume was eval-
uated with 11 specimens tested at inputs of 0.1, 0.2, and 2.0 ml. These specimens
had RNA levels above 1,000 copies/ml.

Relative costs of disposal. Costs of disposal were evaluated per clinical sample
or reportable result. Costs for usCA MONITOR 1.5 were determined with two
A-rings, or 24 A-tubes, for 21 reportable results (21 samples and 3 controls).
Costs for NucliSens were evaluated with 20 samples, or two runs of 10 samples,
for 20 reportable results. Costs for bDNA 3.0 were determined with one run of
one plate (84 samples, 9 standards, and 3 controls) for 84 reportable results. The
costs of disposable items were those incurred at the LSPQ.

Statistical analysis. The variability between replicate tests for each method
was described using both the standard error of measurement (SEM) for the
log10-transformed values and the coefficient of variation for values for RNA
copies per milliliter (14). The SEMs obtained for the four tests (usCA MONI-
TOR 1.5, stCA MONITOR 1.5, NucliSens, and bDNA 3.0) were compared by
use of the Bartlett test. When a significant result at a 5% level was obtained,
two-by-two comparisons were performed by applying Bonferroni’s correction.
The normality of the distribution was verified by the Shapiro-Wilk test. Orthog-
onal (Deming) regression on the log10-transformed values was used to compare
the relationships between methods. Pearson correlation coefficients and differ-
ences in values between methods were determined for the log10-transformed
data.

RESULTS

Reproducibility studies. (i) Inter- and intrarun. The inter-
and intrarun reproducibility was evaluated with specimens that
were tested once in three different runs. Each assay was eval-
uated at two sites. bDNA 3.0 displayed the highest reproduc-
ibility (P , 0.001), with a SEM of 0.09 log10 RNA copies/ml
(Table 1). stCA MONITOR 1.5 and NucliSens yielded higher
SEM values, 0.19 and 0.18 log10 RNA copies/ml, respectively.
An intermediate SEM of 0.13 log10 RNA copies/ml was ob-
served for usCA MONITOR 1.5. For the Roche assays, the
level of reproducibility of usCA MONITOR 1.5 was higher
than that of stCA MONITOR 1.5 (P , 0.001). For both
NucliSens and bDNA 3.0, a difference in reproducibility was
observed between sites (P , 0.001), indicating that the latter
two assays may be more difficult to master than CA MONI-
TOR 1.5.

(ii) Interlot. The interlot reproducibility was evaluated with
specimens that were tested once with two different lots, each
lot being evaluated at two sites. The reproducibility between
lots was similar for all four tests evaluated, with SEM values
ranging from 0.12 to 0.16 log10 RNA copies/ml (Table 1). No
significant difference was observed between sites (P . 0.05/4,
or 0.0125, with Bonferroni’s correction). stCA MONITOR 1.5
performed better in the interlot study than in the inter- and
intrarun study, while bDNA 3.0 performed better in the inter-
and intrarun study than in the interlot study.

(iii) Intersite. The intersite reproducibility was evaluated
with specimens that were tested once at two sites. It must be
noted that in the inter- and intrarun study, a difference in the
level of reproducibility was observed between sites for Nu-
cliSens and bDNA 3.0. Therefore, in the intersite study, the
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SEM values for these two assays might be biased due to site
performance and, as a consequence, their comparison with
RT-PCR could be misleading. Nevertheless, the SEM of 0.12
log10 RNA copies/ml observed for bDNA 3.0 was lower (P ,
0.001) than the SEM values observed for NucliSens and stCA
MONITOR 1.5 but not usCA MONITOR 1.5 (P . 0.05). For
the Roche assays, the SEM of 0.14 log10 RNA copies/ml ob-
served for usCA MONITOR 1.5 was not significantly lower
than the SEM of 0.20 log10 RNA copies/ml observed for stCA
MONITOR 1.5 (P . 0.05/6, or 0.0083, with Bonferroni’s cor-
rection).

Relationship between methods. All three assays were found
to be significantly correlated (for r values, P , 0.0001; Table 2).
The relationship of values between methods was studied using
Deming regression analysis. In none of the comparisons were
the intercepts significantly different from 0 (Table 2). In a
comparison of CA MONITOR 1.5 with NucliSens, the slope of
1.069 (95% confidence interval [CI], 0.952 to 1.186) was not
significantly different from 1, and in a comparison of NucliSens
with bDNA 3.0, the slope of 1.135 (95% CI, 1.001 to 1.268) was
near the limit of significance. However, in a comparison of CA
MONITOR 1.5 with bDNA 3.0, the slope of 1.153 (95% CI,
1.069 to 1.237) was significantly different from 1, indicating
that the values obtained by CA MONITOR 1.5 were regularly
higher than those obtained by bDNA 3.0. A mean difference of
0.274 log10 RNA copies/ml (95% CI, 0.194 to 0.354) was ob-
served between the values for CA MONITOR 1.5 and bDNA
3.0. This value was significantly different from 0, confirming
that CA MONITOR 1.5 values were commonly higher than
those of bDNA 3.0. The equation fitting the regression line
indicated that the difference in values between assays was small
at low RNA levels and that the difference increased as the viral
load increased (Table 2). The measures differed by ,0.5 log10
RNA copies/ml (level of clinical significance) in 75% of the
results. The mean difference between NucliSens and bDNA 3.0
values was also significantly different from 0, but to a lesser
extent than the difference observed between CA MONITOR
1.5 and bDNA 3.0 (Table 2). Similarly, the divergence of values
between assays increased as the viral load increased. Finally,
the values for CA MONITOR 1.5 and NucliSens differed by
,0.5 log10 RNA copies/ml for 86.3% of the measures, consis-
tent with the observation that the values obtained by these two
assays displayed the highest agreement.

To study the relationship between usCA MONITOR 1.5 and
stCA MONITOR 1.5, the individual values obtained in the

inter- and intrarun study were compared. The two procedures
were significantly correlated (r 5 0.918), and Deming regres-
sion analysis indicated that the intercept and slope were not
significantly different from 0 and 1, respectively (Table 2).
Furthermore, the mean difference in values was not signif-
icantly different from 0, confirming that the two procedures
yielded equivalent measures. Only two (2.4%) of the values
differed by more than 0.5 log10 RNA copies/ml.

The comparison of the relationship between methods in-
cluded 55 specimens which displayed ,500 RNA copies/ml
when tested by bDNA 2.0. Nineteen were quantified by all
three methods, while 19 were not quantified by any. Of the re-
maining 17 specimens, 13, 7, and 3 were quantified by Nucli-
Sens, usCA MONITOR 1.5, and bDNA 3.0, respectively. The
13 specimens quantified by NucliSens included 1 with 19 RNA
copies/ml and 2 others with between 40 and 50 RNA copies/ml
(Table 3). It is noteworthy that for the 17 specimens not quan-
tifiable by all three assays, some of the measures varied by
threefold or more. For example, four specimens (G to J; Table
3) not quantified by two of the assays yielded RNA measures
significantly higher threefold or more) in the third assay. Over-
all, NucliSens, usCA MONITOR 1.5, and bDNA 3.0 quan-
tified 58.2, 47.3, and 40% of the 55 specimens, respectively.

Specificity. The specificity of each assay was assessed by test-
ing 100 anti-HIV-negative volunteers. usCA MONITOR 1.5
and NucliSens showed 100% specificity, while bDNA 3.0 dis-
played 98% specificity. The two samples quantified by bDNA
3.0 were from different runs and lots and had values of 189 and
1,033 RNA copies/ml. Both specimens were retested, and only
the specimen initially showing 189 RNA copies/ml remained
quantifiable, at 55 RNA copies/ml.

Quantification of HIV non-subtype B isolates. All three
methods quantified the 10 viral isolates (Fig. 1). Two of the
isolates (A4 and U; Fig. 1) were quantified at 1 log10 lower by
NucliSens than by the other two methods. For these two iso-
lates, the lowest dilution tested was below the quantifiable limit
of NucliSens. The mean difference between CA MONITOR
1.5 and bDNA 3.0 for the 30 results was 0.360 log10 RNA
copies/ml (95% CI, 0.163 to 0.556). This value was similar to
the mean difference observed for the clinical specimens of
which, in North America, nearly all are expected to be of
subtype B (Table 2). The mean differences were 0.553 log10
RNA copies/ml (95% CI, 0.357 to 0.750) between CA MON-
ITOR 1.5 and NucliSens and 20.175 log10 RNA copies/ml
(95% CI, 20.372 to 0.022) between NucliSens and bDNA 3.0

TABLE 1. Inter- and intrarun, interlot, and intersite reproducibilities of viral load assays

Reproducibility Parametera

Result at the indicated siteb for the following assay:

usCA MONITOR 1.5 stCA MONITOR 1.5 NucliSens bDNA 3.0

Site A Site B Combined Site A Site B Combined Site A Site C Combined Site B Site C Combined

Inter- and intrarun SEM 0.14 0.12 0.13 0.21 0.17 0.19 0.22 0.14 0.18 0.11 0.06 0.09
% CV 28.8 25.0 26.9 0.22 37.0 38.2 40.9 22.2 31.2 22.5 13.1 18.2
n 23 24 47 0.23 19 41 28 30 58 28 24 52

Interlot SEM 0.12 0.13 0.13 0.14 0.12 0.13 0.19 0.12 0.16 0.13 0.09 0.12
% CV 23.0 24.1 23.6 21.2 21.4 21.3 30.1 22.5 26.1 25.0 17.6 21.9
n 24 25 49 24 20 44 27 26 53 33 24 57

Intersite SEM 0.14 0.20 0.22 0.12
% CV 23.8 30.5 29.6 21.3
n 51 44 54 55

a SEM was calculated from log10 RNA copies per milliliter. Percent CV is the mean value calculated from RNA copies per milliliter. n is number of samples included
in the analysis.

b Sites A, B, and C are the three hospital test sites.
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for 28 of the 30 quantifiable results. Both mean differences
were significantly different from those observed for the clinical
specimens (Table 2), accountable mainly by the two specimens
quantified at 1 log10 lower by NucliSens.

NucliSens and variable input volumes. A SEM of 0.15 log10
RNA copies/ml and a coefficient of variation of 29.1% were
observed for 11 specimens each tested at input volumes of 0.1,
0.2, and 2.0 ml. Mean RNA levels for the three measures
ranged from 2,267 to 516,667 copies/ml (median, 23,333 cop-
ies/ml). The SEM and percent CV were similar to those ob-
served in the inter- and intrarun reproducibility study (Table
1). In the latter study, specimens were tested three times using
a fixed volume of 2 ml. The data indicate that volume input
does not affect the reproducibility of results.

Relative costs of disposal and throughput. Costs of viral
load tests are extensive and can influence the selection of an
assay. Hidden costs, such as those of disposable items, can have
an impact on the overall cost. Costs of disposal for bDNA 3.0
were three to four times lower than those for both usCA
MONITOR and NucliSens per reportable result (Table 4).
Another parameter affecting cost is labor. The throughput of
bDNA 3.0 for testing 84 specimens/plate was twice those of
both usCA MONITOR 1.5 and NucliSens (Table 4).

DISCUSSION

Treatment of HIV-infected patients with combination ther-
apy is efficient in reducing HIV replication, opportunistic in-
fections, and mortality (6). It is generally believed that sup-
pression of HIV-1 RNA levels in plasma to low levels (below
20 to 50 copies/ml) is important for prevention of viral rebound
and development of resistance (15, 20, 32). Earlier viral load
assays were able to quantify RNA levels down to 400 or 500
copies/ml (30, 39). However, recent viral load assays with limits
of detection of down to 40 or 50 copies/ml have become avail-
able.

In the present study, three different commercially available
assays for quantifying HIV-1 RNA in plasma down to 40 or 50
copies/ml were evaluated to assess their reproducibility, spec-
ificity, relationship of values, non-subtype B quantification, and
general characteristics. We found that, overall, bDNA 3.0 dis-
played a higher level of reproducibility than CA MONITOR
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TABLE 3. HIV-1 RNA copies per milliliter for 17 specimens below
the lower limit of detection in one or two of the viral load assays

Specimen
No. of RNA copies/ml detected by:

usCA MONITOR 1.5 NucliSens bDNA 3.0

A ,50 19 ,50
B ,50 40 ,50
C ,50 44 ,50
D ,50 56 ,50
E ,50 60 ,50
F ,50 94 ,50
G ,50 150 ,50
H ,50 290 ,50
I ,50 470 ,50
J 294 ,40 ,50
K 70 ,40 ,50
L ,50 210 57
M 140 ,40 149
N 509 ,40 80
O 57 160 ,50
P 66 85 ,50
Q 132 160 ,50
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1.5 and NucliSens. A difference in performance between sites
was observed in the inter- and intrarun reproducibility study
with NucliSens and bDNA 3.0 but not with CA MONITOR
1.5. If only the data from the site offering the best performance
were used to compare SEM values between assays, NucliSens
would show a level of reproducibility equivalent to that of
usCA MONITOR 1.5, while bDNA 3.0 would show a higher
level of reproducibility than the other assays. It is noteworthy
that NucliSens and bDNA 3.0 are less automated than CA
MONITOR 1.5. Nevertheless, all three viral load assays con-

tain numerous steps requiring the operator’s utmost attention.
The difficulty in establishing proficiency likely reflects the tech-
nical complexity of the viral load assays.

The three HIV viral load assays were found to be highly
correlated. However, differences in agreements between assays
were observed. A difference of 0.45 log10 RNA copies/ml has
been previously reported for Standard AMPLICOR MONI-
TOR 1.0 and bDNA 2.0 (30). In contrast, mean differences of
0.072 and 0.036 log10 RNA copies/ml have been recently re-
ported for Sensitized AMPLICOR MONITOR 1.0 and bDNA

FIG. 1. RNA concentrations of 10 HIV-1 non-subtype B isolates determined at three dilutions: 100 (v), 101 (r), and 102 (f). RNA levels of each isolate were
assayed by all three methods, represented by the one-letter codes M (CA MONITOR 1.5), N (NucliSens), and Q (bDNA 3.0). The panel included four subtype A
isolates (A1 to A4), two subtype D isolates (D1 and D2), single isolates of subtypes C, E, and F (C, E, and F), and an isolate of unknown subtype (U). Horizontal broken
lines indicate the lower limits of detection of 50 copies/ml for usCA MONITOR 1.5 and bDNA 3.0 and of 40 copies/ml for NucliSens.

TABLE 4. Characteristics of viral load assays

Assay Sample
vol (ml)

Quantitative
limita % of RNA values

above upper limit
of detectionb

No. of
samples/run

Maximun no.
of reportable

resultsc

Ease of
execution

Costs of disposable
items/reportable
result (timesd)Upper Lower

usCA MONITOR 1.5 0.5 75,000 50 16.9 12 30 Moderate 3.8
NucliSens 0.01–2.0 8,000,000 80 0.3 10 30 Less moderatee 4.5
bDNA 3.0 1.0 500,000 50 0.9 96 84 Moderate 1

a Copies per milliliter for usCA MONITOR 1.5 and bDNA 3.0; copies per input for NucliSens.
b According to RNA levels obtained for 19,347 specimens tested between 1 April 1999 and 31 March 2000 in the Canadian province of Quebec.
c Per day for usCA MONITOR 1.5 and NucliSens and per 1.5 days for bDNA 3.0.
d Relative to bDNA 3.0.
e The detection procedure is the labor-intensive phase, as it necessitates numerous pipetting steps.
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3.0 and for UltraSensitive AMPLICOR (usCA) MONITOR
1.5 and bDNA 3.0, respectively (13, 21). In our study, a mean
difference of 0.274 log10 RNA copies/ml was observed between
CA MONITOR 1.5 and bDNA 3.0. Our data indicate an im-
provement in agreement between CA MONITOR 1.5 and
bDNA 3.0 over previous versions, but not as close an agree-
ment as those observed by Highbarger et al. (21) and Elbeik et
al. (13). This result suggests that the CA analyzer may generate
RNA values slightly higher than those generated by the manual
procedure. The highest agreement was observed between CA
MONITOR 1.5 and NucliSens, with a mean difference of 0.109
log10 RNA copies/ml. This finding is in agreement with that of
a previous comparison of Standard AMPLICOR MONITOR
1.0 and NucliSens (12). An intermediate value of 0.161 log10
RNA copies/ml was observed for NucliSens and bDNA 3.0.
Ginocchio et al. (16) have reported a difference of 0.323 log10
between NucliSens and a modified bDNA assay having a lower
limit of detection of 500 copies/ml. Our results indicate an
improvement in agreement between NucliSens and bDNA 3.0
compared to the previous bDNA version. The increase in
agreement between bDNA 3.0 and both CA MONITOR 1.5
and NucliSens is due to the two- to fourfold-higher quantifi-
cation values of bDNA 3.0 over bDNA 2.0 (13, 23). The per-
centage of specimens showing a difference of ,0.5 log10 RNA
copies/ml between assays ranged from 72 to 86%. However,
97.6% of specimens displayed a difference of ,0.5 log10 RNA
copies/ml when tested with the two CA MONITOR 1.5 pro-
cedures. Considering the above data and that the difference in
RNA measures between assays varies from patient to patient,
it is still recommended that CA MONITOR 1.5, NucliSens,
and bDNA 3.0 not be used as alternatives to patient monitor-
ing.

The RNA values measured by usCA MONITOR 1.5 and
stCA MONITOR 1.5 in their common linear range (400 to
75,000 copies/ml) were equivalent. For our population, it is
estimated that 44% of specimens would show RNA levels
below 400 copies/ml and that 17% would display RNA levels
above 75,000 copies/ml if tested with CA MONITOR 1.5 (27).
A minority of specimens are from treatment naive patients
(15% in this study), and information on treatment is not always
routinely available. Therefore, for our population, it would be
more beneficial to test specimens with usCA MONITOR 1.5.
Specimens yielding values above 75,000 copies/ml could then
be retested with stCA MONITOR 1.5. Furthermore, usCA
MONITOR 1.5 displayed less variation in RNA measures than
stCA MONITOR 1.5.

The relationship between methods was studied using 55
specimens displaying ,500 copies/ml in bDNA 2.0. For these
specimens, NucliSens at an input volume of 2 ml showed the
highest sensitivity. However, some specimens not quantified by
NucliSens were quantified by usCA MONITOR 1.5 and bDNA
3.0. In addition, there was considerable disagreement between
values for some specimens quantifiable by one or two of the
assays, as they often varied by more than three-fold (Table 3).
This result indicates that variability between assays increases as
values approach the lower detection limit.

In this study, we evaluated the specificity of the three meth-
ods by testing 100 anti-HIV-negative persons. usCA MONI-
TOR 1.5, NucliSens, and bDNA 3.0 displayed specificities of
100, 100, and 98%, respectively. Although 100% specificity was
obtained in our study with usCA MONITOR 1.5 and Nucli-
Sens, false-positive reactions have been reported by others
using RT-PCR, NASBA, and bDNA methods (10, 19, 33).
Viral load tests have been developed for quantification of HIV
RNA levels in anti-HIV-positive patients and have not been
validated for diagnostic purposes. Thus, regardless of the

method used, viral load test results used for establishing a
diagnosis of HIV infection are still not recommended and must
be confirmed with appropriate serologic tests.

The genomes of HIV-1 display sequence variability and have
been divided into groups M, N, and O (22). Group M is most
prevalent and is further subdivided into at least nine subtypes:
A to D, F to H, J, and K. Subtype B is found primarily in North
America and Europe, while non-subtype B strains are predom-
inant in Africa and Asia (4). Nonetheless, cocirculation of
distinct HIV-1 subtypes has been reported in numerous geo-
graphical locations, including North America (26, 36). The
accurate quantification of the different HIV subtypes is war-
ranted, since an underestimation of the HIV viral load can lead
to suboptimal patient management. Although all methods
could quantify the 10 viral isolates tested in this study, Nu-
cliSens quantified to 1 log10 lower a subtype A isolate and an
isolate believed to be of a subtype other than subtype B. Our
results are in agreement with those of others who have found
subtype A RNA levels to be underestimated by NucliSens (9,
28). AMPLICOR MONITOR 1.0 has been reported to under-
estimate HIV RNA levels for some non-subtype B isolates (2,
25, 28). In this study, CA MONITOR 1.5 efficiently quantified
all non-subtype B viral isolates, supporting the recent finding
of the improvement of version 1.5 over version 1.0 for quan-
tification of HIV non-B subtypes (2, 25, 28).

We found that the reproducibility of results for NucliSens
was not affected by differences in input volume. A similar
finding has been recently reported for NASBA HIV QT, which
is an earlier version of NucliSens (40). The ability to use a
larger input volume, such as 2 ml, has the advantage of in-
creased sensitivity, while the use of a smaller input volume is
an advantage for testing neonates. At a sample input volume of
0.1 ml, the lower detection limit would be 800 copies/ml; HIV
RNA levels after the first week of life are often found to
exceed this value (1).

The three assays evaluated can be used to assess HIV-1 viral
load in the follow-up of infected patients. The choice of an
assay can be influenced by characteristics such as specimen
throughput and volume requirements, ease of execution, in-
strument work space, and costs (Table 4). The throughput of
bDNA 3.0 was twice that of usCA MONITOR 1.5 and Nucli-
Sens. However, the effect of throughout on labor costs and
instrument work space will vary depending on the number of
specimens processed. For example, for throughputs of less
than 50 specimens per week, the required technical time and
instrumentation for both usCA MONITOR 1.5 and NucliSens
are equivalent to that of bDNA 3.0. On the other hand, for
throughputs of 250 specimens per week, both usCA MONI-
TOR 1.5 and NucliSens require more technical time and in-
strumentation than bDNA 3.0. We found the NucliSens Ex-
tractor to be a great improvement over the manual extraction
method, which is quite labor-intensive. However, the through-
put was not found to be substantially increased over that of
manual extraction. In addition, a substantial amount of gua-
nidium thiocyanate waste accumulated by use of the 9-ml nu-
cleic acid isolation procedure, which necessitated special dis-
posal requirements. Both NucliSens and stCA MONITOR 1.5
are better adapted for testing neonates, as they require less
specimen volume than bDNA 3.0. Costs of kits, labor, and
disposable items may differ for each assay, and all three need
to be considered for assessing overall costs. Costs of disposal
can have an impact, as they were found to be three to four
times higher per reportable result for usCA MONITOR 1.5
and NucliSens than for bDNA 3.0. Individual laboratory re-
quirements and assay characteristics and performance should
be considered in selecting a viral load assay.
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