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ViralViral dynamics and immune reconstitution during potent antiretrovirai therapy 

AccurateAccurate assessment of HIV-RNA levels at low concentrations is clinically 
important.important. We evaluated a second-generation quantitative HIV-RNA assay 
(NudiSens(NudiSens HIV-1 QT), and three simple adaptations of the NucliSens 
standardstandard protocol to lower the lower cutoff level. The assays were evaluated 
inin constructed panels with known HIV-RNA concentrations and in clinical 
samples.samples. Results were compared to those obtained with the first generation 
(NASBA(NASBA HIV-1 QT) and to two other commercially available assays: the 
AmplicorAmplicor HIV Monitor Test and the Quantiplex assay. 

InIn a constructed panel, results obtained by NASBA QT were on average 
0.130.13 log"* copies/mL (SD 0.15) higher than those of NucliSens. The NucliSens 
assayassay could quantify HIV RNA to a lower level than NASBA QT. Both assays 
correlatedcorrelated well to the known input (R NucliSens = 0.99; R NASBA QT = 
0.996),0.996), but results were more variable at lower input levels. With the three 
differentdifferent ultrasensitive NucliSens adaptations, HIV RNA could be quantified 
inin at least 50% of the samples down to 100 (2.00 log-o), 46 (1.66 log"), and 
1010 (1.00 log'o) copieslmi, respectively. In patient samples, Amplicor results 
werewere on average 0.11 (SD 0.20) login copies/mL above, NucliSens 0.02 (SD 
0.29)0.29) above and Quantiplex 0.13 (SD 0.19) below the mean of the three 
assayassay results per sample. The variation remained the same over the range of 
RNARNA levels with all three assays. 

TheThe NucliSens assay can quantify HIV-RNA at lower levels than the NASBA 
QTQT and is comparable to other commercially available assays. The lower 
cutoffcutoff of the NucliSens can be lowered down to 10 copieslmi. 

INTRODUCTION N 

Inn persons with established HIV-1 infection, the level of viral RNA in plasma 
iss considered a reflection of viral production and clearance.'13' The plasma 
levell of HIV-1 RNA is predictive for disease outcome from the first year after 
seroconversion.'4'1 1 

Reductionn of HIV-1 RNA levels with antiretrovirai therapy reduces the risk 
off developing AIDS.18'91 With the use of potent antiretrovirai combination 
therapy,, HIV-RNA levels decline to below the lower cutoff level of available 
assayss within several weeks to months and these low levels can be sustained 
forr months to years.[">'2' Assays with increased sensitivity at low RNA levels, 
soo called Ultrasensitive assays, are used in increasing frequency in clinical 
trialss and routine patient care.'131 The lowest RNA level that can be achieved in 
ann ultrasensitive assay with antiretrovirai therapy is indicative for the success 
off therapy."4'151 

Severall assays for quantification of HIV-RNA levels are commercially 
available.. Methods of HIV-RNA isolation, amplification and quantification 
differr between the assays, which may have implications for their clinical use. 
Thee Amplicor HIV Monitor assay is based on reverse transcriptase (RT) PCR, 
thee NASBA HIV-1 QT is based on isothermal RNA amplification and the 
Quantiplexx on branched DNA (bDNA) signal amplification.'lfr1Bl Early 
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generationss of these assays have been extensively evaluated and compared 
andd showed a an inter-assay correlation and reproducibility within clinically 
relevantt limits.'1'*'"1 

Too improve the quantification of low RNA levels, new generations of the 
assayss have been developed and assay-protocols have been modified. In this 
paperr we present results of the performance of a new version of the NASBA 
basedd assay, the NucliSens HIV-1 QT, in comparison with the NASBA HIV-1 
QT,, tested in a constructed panel, and in comparison with the Amplicor 
versionn 1.0 and Quantiplex version 2.0 in clinical samples. All three assays 
havee a lower cutoff level in the same order of magnitude. In addition, we 
evaluatedd the performance of three ultrasensitive protocol adaptations of the 
NucliSenss in constructed panels and clinical samples. 

MATERIAL SS AND METHODS 

Samples s 
Differentt sample sets were used for different evaluations. The performance 

off the different NASBA-based assay versions and ultrasensitive protocol 
adaptationss were evaluated in constructed panels of serial dilutions with 
knownn HIV-RNA concentrations. The evaluation of clinical performance and 
comparisonss with other commercially available assays were done on patient 
sampless from two different anti retroviral therapy trials. 

ConstructedConstructed panels 
Forr the comparison of NucliSens with NASBA QT a panel was constructed 

usingg an HIV-1 subtype B RNA standard, with electron microscopy counted 
virall particle numbers, from the Viral Quality Assurance Lab, Rush-
Presbyterian-St.Luke'ss Medical Center, Chicago, II, USA.'231 Samples were 
preparedd in bulk by dilution in human EDTA-plasma pre-mixed with lysis 
buffer,, resulting in a sample set containing 6.91, 6.21, 5.51, 4.81, 4.46, 4.11, 
3.76,, 3.41, 3.06, 2.71, 2.37, 2.02 and 0 log») copies/mL, respectively. For all 
dilutions,, NASBA QT and NucliSens were each performed in duplicate in five 
differentt laboratories experienced with the assay procedures: the Department 
off Human Retrovirology, AMC, Amsterdam; the Department of Viral 
Diagnostics,, CLB Sanquin Blood Supply Foundation, Amsterdam, The 
Netherlands;; the Laboratory of Virology, Retrovirus Section, Division of 
Antivirall Therapy, the Instituto Superiore di Sanita, Rome, Italy; the 
Medizinischh Immunologisch Laboratorien, München, Germany; the 
Departmentt of Virology, Glaxo Wellcome Inc, Research Triangle Park, NC, 
USA. . 

Fromm the same viral stock a second panel was made containing 3.41, 2.71, 
2.02,, 1.66, 1.32, 1.00 and 0 logio copies/mL, respectively. This was used to 
evaluatee the NucliSens assay using a ten-fold increase in sample input (2 mL 
plasma).. These samples were also tested in duplicate in the same five labs. 

AA third panel was made to evaluate the Ultra-NucliSens protocols, 
containingg 3.70, 2.90, 2.60, 2.30 and 2.00 logio copies/mL, respectively, to 
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testt the Ultra-NucliSens assay using 0.2 mL input and 1.90, 1.60, 1.30 and 
1.000 copies/mL, respectively, to test the Ultra-NucliSens assay using 2 mL 
input.. These samples were tested at Organon-Teknika BV, Boxtel, The 
Netherlands. . 

AntiretroviraiAntiretrovirai therapy trial I samples 
NucliSenss was compared with Amplicor and Quantiplex and the use of the 

Ultra-NucliSenss was evaluated using frozen EDTA-plasma samples from the 
333 participants in a triple therapy study, using a protease inhibitor with two 
nucleosidee analogue RT inhibitors.'11| After screening-assessment, blood was 
sampledd three times pre-treatment, eight times during the first eight weeks of 
treatmentt and every four weeks for the remaining first year of treatment. 

Alll samples of all participants, while included in the study, were tested using 
Amplicor,, and at a later time point NucliSens was performed on stored 
samples.. Samples from the first four weeks of treatment were also tested with 
Quantiplex.. In addition, samples were tested with Ultra-NucliSens if regular 
NucliSenss (or if NucliSens not performed, Amplicor) result was below the 
lowerr cutoff. 

AntiretroviraiAntiretrovirai therapy trial II samples 
Fourr NASBA-based assays: The NASBA QT, the NucliSens, and two 

ultrasensitivee protocol adaptations wit h increasing sensitivity, the Ultra-
NucliSenss and a 2mL-Ultra-NucliSens, were tested in study-participants using 
ann antiretrovirai quintuple combination.1241 NucliSens was used when NASBA 
QTT results were below the lower cutoff or not available, Ultra-NucliSens was 
usedd when NucliSens results were below the lower cutoff and 2mL-Ultra-
NucliSenss when Ultra-NucliSens results were below the lower cutoff. 

Thee Quantiplex bDNA assay was performed at Chiron Diagnostics 
Laboratories,, Amsterdam, The Netherlands. All other tests for the two 
antiretroviraii therapy trials were performed at the Department of Human 
Retrovirology,, AMC, Amsterdam, The Netherlands. 

Quantitativ ee HIV-RNA assays 
NASBA-basedNASBA-based RNA amplification 

Testss used were NASBA HIV-1 RNA QT (NASBA QT) and NucliSens HIV-1 
QTT (NucliSens) (Organon Teknika BV, Boxtel, The Netherlands), based on 
isothermall amplification of RNA |1Hl and ultrasensitive protocol adaptations of 
thee NucliSens assay (Table 1). 

Forr the standard assay versions, viral RNA was isolated from 100 u i of 
samplee for the NASBA QT or from 200 uL for the NucliSens, with GuSCN 
containingg lysis buffer and a silica suspension to bind nucleic acids.1'5' Three 
syntheticc calibrator RNA molecules, Qa, Qb and Qc, with different probe-
bindingg regions, were each added in different concentrations. Subsequently, 
RNAA was eluted using 50 u.L of Tris-EDTA based elution buffer. For both 
NASBAA QT and NucliSens, 5 (.iL of this nucleic acid solution was used for 
amplification.. WT sample and calibrator amplification products were detected 
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byy electrochemiluminescence (ECL) with different ruthenium-labeled probes 
andd streptavidin coated paramagnetic beads. 

Forr NucliSens, lower concentrations of calibrators were used than for the 
NASBAA QT to reach a lower linear quantification range. Furthermore, the 
softwaree for computing RNA copies from the ECL signals from the different 
calibratorss and wild-type products was slightly modified. 

Thee NASBA QT and NucliSens allow for two possibilities to increase the 
sensitivity:: the input of plasma or serum before RNA isolation can be 
increasedd up to ten-fold to 1 and 2 ml_, respectively, and the amount of 
isolatedd RNA to be amplified can be increased up to a ten-fold. With the 
higherr amount of patient sample, the amount of lysis buffer is increased 
proportionally.. After addition of the silica, the volume of the RNA-containing 
suspensionn can be reduced back to that of the regular procedure (1 mL). For 
thee second protocol adaptation, named the Uitra-NucliSens, RNA recovery 
duringg isolation is increased by a second elution of RNA from the silica and 
concentrationn of the eluted RNA by ethanol precipitation using Pellet Paint M 

(Novagen,, Madison, Wl, USA) to visualize the RNA-pellet. The RNA is 
resuspendedd in 5 u  elution buffer. Both methods can be combined, thereby 
theoreticallyy increasing the sensitivity a hundred-fold. 

Forr the use in clinical samples, the NASBA QT lower cutoff level was set at 
10000 copies/mL (3.00 logio) and the NucliSens at 400 copies/mL (2.60 logio). 
Lowerr cutoff levels of the Ultra-NucliSens and the 2mL-Ultra-NucliSens were 
derivedd from results of panel 3 in this study: the input-level that gave at least 
50%% positive results was regarded as lower cutoff level. 

Assayy name 

Samplee input 

Fraction n 
isolatedd RNA 
amplified d 
Samplee set 
used d 
Comparedd to 

NASBA A 

QT T 
1000 uL 

10% % 

Panell 1 

Given n 
input, , 
NucliSens s 

NucliSens s 

2000 uL 
10% % 

2mL--
NucliSens s 

22 mL 

10% % 

Panell 1, Trial Panel 2 
l & l l l 
Givenn input, 
NASBAA QT, 
Amplicor, , 
Quantiplex, , 
(2mL-)Ultra--
NucliSens s 

Given n 
input t 

Ultra--
NucliSens s 

2000 uX 
100% % 

Panell 3, 
Triall I & II 
Given n 
input, , 
NucliSens, , 
Amplicor, , 
2mL-Ultra--
NucliSens s 

2mL-Ultra--
NucliSens s 

22 mL 

100% % 

Panell 3, 
Triall II 
Givenn input, 
NASBAA QT, 
NucliSens, , 
Ultra--
NucliSens s 

Tablee 1. A summary of the differences in the assay protocols of NASBA QJ 
andand NucliSens and comparisons made in this study. For the NucliSens assay 
lowerlower concentrations of standard RNA molecules (Qs) were used than for the 
NASBANASBA QT and the software for computing R.NA copies from the ECL signals 
fromfrom the different Qs and WJ products was slightly modified. 
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RT-PCR RT-PCR 
Testt used was the Amplicor HIV Monitor Test version 1.0 (Roche Molecular 

Systems,, Branchburg, NJ, USA). This test is based on PCR amplification of the 
samplee of interest together with a quantification standard (QS) of known 
concentrationn amplified with biotin-labeled primers.1161 The lower cutoff of the 
assayy varies with the optical density of the amplified QS, after addition of 
avidin-horseradishh peroxidase conjugate. According to the manufacturer the 
lowerr limit of the linear response of the test is 400 HIV-RNA copies/mL (2.60 
login).. We used the variable calculated lower cutoff that was usually below 
4000 copies/mL. 

bDNA bDNA 
Testt used was the Quantiplex bDNA signal amplification assay (version 2.0) 

(Chironn Corporation, Emeryville, CA, USA), with a lower cutoff set at 500 
copies/mLL (2.70 login).(171. 

Statistica ll  analysi s 
Alll results were logio transformed before further analysis. Results below the 

lowerr cutoff were assigned the lower cutoff level as result. For statistical 
analysiss SPSS version 7.5 software (SPSS Inc., Chicago, IL, USA) was used. 

Forr the evaluation of NucliSens and NASBA QT in the constructed panel, 
resultss and differences between the assays with each other or with the given 
inputt RNA level were correlated to the given input level. Intraclass correlation 
coefficientss of reliability (ICC) and corresponding lower boundary of the 95% 
confidencee interval (l.b.95%CI) were calculated for the duplicate 
measurementss of the constructed panel with NucliSens and NASBA QT. The 
ICCC of a series of duplicate measurements represents the ratio between the 
between-samplee mean square (BMS) minus within-sample mean square 
(WMS)) and the BMS plus WMS. An ICC value of 1 represents perfect 
reproducibility,, whereas 0 represents complete non-reproducibility.1261 

RESULTS S 

Performanc ee in constructe d panels 
NucliSensNucliSens and NASBA QT performance in panel 1 

NucliSenss and NASBA QT were evaluated in reconstructed panel 1, with 
inputt levels ranging from 6.91 to 2.02 logio copies/mL and a negative control. 
Alll samples were tested in duplicate by five different laboratories. 

Thee higher sample input volume and lower concentrations of the calibrator 
moleculess for NucliSens resulted in an increase in sensitivity compared to 
NASBAA QT: for input levels > 2.71 logio (518) copies/mL all but one 
NucliSenss measurements were above the lower cutoff, while for NASBA QT 
att > 3.76 logio (5796) copies/mL input all measurements were above the 
lowerr cutoff and at 3.41 logio (2592) copies/mL 8 of 10 were above the lower 
cutoff.. Further analyses of the results were done on input levels that gave at 
leastt 80% of measurements above the lower cutoff for each assay. 
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Bothh NucliSens and NASBA QT results correlated well with the given input 
levell and with each other, although the variation of the NucliSens results, and 
too a somewhat lesser extent those of the NASBA QT, increased at the lower 
levelss of the given standard input (Fig. 1A). For the NucliSens results, the 
Pearson'ss correlation coefficient (Rp) with the input level was 0.99 (p < 
0.001),, with a linear regression slope of 0.99 and an intercept of 0.02. For the 
NASBAA QT results, the RP with the input was 0.996 (p < 0.001), with a slope 
off 0.95 and an intercept of 0.38. For NucliSens compared with NASBA QT, 
thee RP was 0.99 (p < 0.001), with a linear regression function of NucliSens = 
1.022 x (NASBA QT)-0.23. 

Thee mean difference of the NucliSens results with the given input was 
++ 0.022 (SD 0.17, range -0.38 to 0.44) logio copies/mL for 99 available results. 
Forr the 78 NASBA QT measurements the difference was -0.12 (SD 0.12, 
range-0.377 to 0.10) logio copies/mL and this difference was significantly larger 
att lower input levels (RP of this difference with the actual input level was 0.53, 
pp < 0.001). NASBA QT results were overall 0.13 logio copies/mL higher than 
thee NucliSens results (SD 0.15, range -0.18 to 0.52). This difference was not 
significantlyy correlated to the input levels. 

Thee mean difference between the duplicate runs was 0.02 logio copies/mL 
(SDD 0.11) for NASBA QT and 0.06 (SD 0.20) for NucliSens. For neither assay 
thee difference was significantly correlated to the input level. The ICC, as 
indicationn of reproducibility of the duplicate runs was 0.987 for NucliSens 
(l.b.95%CI:: 0.978) and 0.995 for NASBA QT <l.b.95%CI: 0.991), for all input 
levelss and the 5 labs combined. The ICC for the five labs was 0.971 for 
NucliSenss (l.b.95%CI: 0.954) and 0.987 for NASBA QT (l.b.95%CI: 0.972). 

2mL-NucliSens2mL-NucliSens performance in panel 2 
Increasingg the input volume in the regular NucliSens assay a tenfold to 2mL 

resultedd in quantification of all samples of the 2nd construction panel with an 
HIV-RNAA concentration of at least 2.02 logio (104) copies/mL, and six out of 
tenn with 1.66 logio (46) copies/mL (Fig. 1 B). 

Meann values were close to the known input level: 0.07 and 0.09 logio 
copies/mLL below the input levels of 2.71 and 2.02 logio copies/mL, 
respectively.. At the input of 1.66 logio copies/mL the deviation of the 
measuredd results from the input increased to +0.19 logio copies/mL At the 
lowerr input levels variation increased, with a SD of the measured results of 
0.199 logio copies/mL at an input of 2.71 log'o copies/mL and 0.39 logio 
copies/mLL at an input of 1.66 logio copies/mL. 

Ultra-NucliSensUltra-NucliSens and 2mL-Ultra-NudiSens performance in panel 3 
Thee performance of the Ultra-NucliSens and the 2mL-Ultra-NucliSens 

assays,, in which the isolated RNA was concentrated by precipitation before 
amplification,, were evaluated in panels with low copy numbers to determine 
thee lower cutoff levels. With the Ultra-NucliSens, at 2.00 logio (100) 
copies/mLL 15 out of 29 (52%) and at 2.30 logio (200) copies/mL 15 out of 24 
(62%)) of the samples could be quantified. At levels down to 2.30 logio 
copies/mL,, the mean difference of the Ultra-NucliSens results with each input 
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levell was between +0.1 7 and +0.21 logio copies/mL; at 2.00 logio copies/ml_ 
thee difference was +0.44 logio copies/mL At the lower input levels variation 
wass considerable, with a SD of the measured results between 0.33 and 0.39 
logioo copies/mL at input levels between 2.00 and 2.90 logio copies/mL (Fig. 
1B). . 

Withh the 2ml_-Ultra-NucliSens, at the lowest input level tested, 1.00 logio 
(10)) copies/mL, 10 out of 15 (67%) of the samples could be quantified and at 
1.300 logio (30) copies/mL, 7 out of 8 (87%). At an input level of 1.00 logio 
copies/mL,, the mean difference of the 2mL-Ultra-NucliSens results with the 
inputt level was +0.53 logio copies/mL; at the higher input levels the mean 
differencee was between +0.10 and +0.15 log'o copies/mL The SD of the 
measuredd results was 0.40 and 0.44 logio copies/mL at input levels of 1.00 
andd 1.30 logio copies/mL, respectively, and 0.22 and 0.26 logio copies/mL at 
inputt levels of 1.60 and 1.90 logio copies/mL, respectively (Fig. 1B). 

Thee lower cutoff level, defined as the input level that gave at least 50% 
positivee results in the constructed panels, was set at 2.00 logio (100) and 1.00 
logioo (10) copies/mL for the Ultra-NucliSens and the 2mL-Ultra-NucliSens, 
respectively. respectively. 

Performanc ee in clinica l sample s 
NucliSens,NucliSens, Amplicor and Quantiplex in trial I 

Forr the clinical evaluation of NucliSens, Amplicor and Quantiplex, results of 
alll three assays were available in 147 samples from 30 of the participants in 
antii retroviral therapy trial I, taken during the first four weeks of treatment. Of 
thesee 147 samples, 122 were above the lower cutoff in all three assays and 
weree used for further analysis. 

Alll three assays correlated with each other: for NucliSens with Quantiplex, 
Rpp was 0.87 (p < 0.001), for NucliSens with Amplicor, Rp was 0.86 (p < 
0.001)) and for Amplicor with Quantiplex, RP was 0.95 (p < 0.001). 
NucliSenss results were on average below Amplicor and above Quantiplex 
results. . 

Too obtain reference values to compare the different assays, for each sample 
thee mean of the results of the three assays, and for each measurement the 
differencee to this mean were calculated (Fig. 2). Amplicor differed on average 
++ 0.11 (SD0.20, range-0.73 to 0.37) logio copies/mL, NucliSens +0.016 (SD 
0.29,, range-0.71 to 1.08) and Quantiplex-0.13 (SDO.19, range-0.54 to 0.73) 
fromm the mean of the three (Fig. 2). These differences did not correlate to the 
levelss of the mean HIV-RNA concentration per sample. 

NucliSensNucliSens and Amplicor concordance of cutoff in trial I 
Sampless from participants in the same therapy trial with a longer follow-up 

periodd were used for analysis of NucliSens and Amplicor performance at RNA 
levelss close to or below the lower cutoff of these assays. A total of 512 
sampless from 32 of the subjects were tested with both assays. The variable 
Amplicorr lower cutoff had a mean value of 2.30 logio copies/mL (SD 0.19) for 
thee 336 Amplicor measurements with results below the lower cutoff. 

Inn 449 of the 512 samples (88%) both assays were in concordance with 
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regardd to being both above or both below the lower cutoff. Of the 63 
discordantt samples, 14 were not truly discordant: in two samples, Amplicor 
resultss were below its lower cutoff level, while this lower cutoff was above the 
valuee of the NucliSens lower cutoff (2.60 logio copies/mL) and twelve 
sampless had quantifiable Amplicor results that were below the value of the 
NucliSenss lower cutoff level. The concordance thereby increased to 463 
sampless (90%). 

Inn 258 samples, RNA levels were above the lower cutoff in both assays. For 
thesee samples the correlation (RP) between the two assays was 0.87 (p 
<0.001).. NucliSens gave on average slightly lower results than Amplicor 
(meann difference -0.11, SD 0.48 logio copies/mL), however, the difference 
occasionallyy showed considerable variation, with a range of -1.95 to 1.14 
logioo copies/mL. The difference between Amplicor and NucliSens results did 
nott correlate with the levels of the mean HIV-RNA of the two assays 
concentrationn per sample (RP = -0.13, Fig. 3). 
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Ultra-NudiSensUltra-NudiSens following unquantifiable NucliSens results in trial I 
Thee Ultra-NucliSens procedure was performed if NucliSens results were 

beloww its lower cutoff, in participants of trial I. Samples were analyzed when 
measurementss were performed with at least two assays (NucliSens, Amplicor 
orr Ultra-NucliSens) from subjects on full study treatment for 24 to 52 weeks. 
Fromm 26 subjects 431 samples were available, in 255 of which Ultra-
NucliSenss measurements were performed (Fig. 4). 

i/> > 

c c 
0) ) 
OTOT 1 . 0 -

Meann Amplico r and NucliSen s per sampl e (log  10 copies/ml ) 

Fig.. 3. Amplico r versu s NucliSens . The difference between the result of each 
thethe two assays plotted against the mean result of the two assays for each 
sample.sample. Shown are results from 258 samples from 32 subjects with HIV-RNA 
levelslevels above the lower cutoff in both assays. 

Inn 204 of the 252 samples with Amplicor and/or NucliSens results below the 
lowerr cutoff, Ultra-NucliSens was below its lower cutoff as well, while in 48 
Ultra-NucliSenss was above the lower cutoff. The median time (25- and 75-
percentiles)) to HIV-RNA levels persistently below the lower cutoff in each 
assayy was 6 (4 - 8), 12 (8 - 12) and 12 (8 - 15) weeks for the NucliSens, the 
Amplicorr and the Ultra-NucliSens assay, respectively. 

NucliSensNucliSens ultrasensitive protocols in trial II 
Fourr different NASBA-based assay variations, NASBA QT, NucliSens, Ultra-
NucliSenss and 2mL-Ultra-NucliSens were used in Anti retroviral therapy trial II, 
inn a consecutive manner: starting with NASBA QT, when results were below 
thee lower cutoff, the next more sensitive assay was used. The time to reach 
RNAA levels below the lower cutoff increased with the decreasing lower cutoff 
(Fig.. 5). At week 8, eight out of ten (80%) had RNA levels below the Ultra-
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NucliSenss lower cutoff and two out of nine (22%) below the 2mL-Ultra-
NucliSenss cutoff, while at week 16 this was seven out of eight (89%) with the 
Ultra-NucliSenss and seven out of ten (70%) with the 2mL-Ultra-NucliSens 
assay. . 

NucliSens s 

Amplicor r 

Ultra-NucliSens s 

Lower r 
<-<- cutoff 

 levels 

122 16 20 24 28 32 36 

Weekss on therap y 

400 44 48 52 

Numberr of subjects tested (% below lower cutoff): 
Nucl.. 26(0) 26(77) 16(100) 16(100) 
Amp.. 26(0) 26(81) 22(100) 16(100) 
U.-Nuc.. 0 22(91) 22 (95) 16(100) 

133 (100) 
155 (100) 
155 (100) 

Fig.. 4. Amplicor , NucliSen s and Ultra-NucliSen s in clinica l tria l I. Median 
HIV-RNAHIV-RNA levels with 25- and 75-percentiles, per week on treatment, with the 
percentagepercentage of results below the lower cutoff for each assay. Ultra-NucliSens 
waswas performed if NucliSens results were below the lower cutoff. Shown are 
resultsresults from 26 subjects on full study treatment for 24 to 52 weeks, when 
measurementsmeasurements were performed with at least two assays. 

DISCUSSION N 

Wee evaluated the NucliSens HIV-1 QT assay, its predecessor, NASBA HIV-1 
QT,, and several ultrasensitive NucliSens protocol adaptations for their 
performancee in quantification of HIV-1 RNA in constructed panels with 
knownn HIV RNA levels. Furthermore, NucliSens and the ultrasensitive 
protocolss were evaluated in clinical samples and NucliSens was compared 
withh two other commercially available assays, Amplicor and Quantiplex, in a 
clinicall setting. 

Overalll NucliSens and NASBA QT results from the construction panel were 
comparablee and correlated well to the input HIV-RNA concentration. Results 
fromm both assays showed high overall reproducibility for the duplicate runs as 
welll as for the replicate tests between the different labs. NASBA QT and to a 
largerr extent NucliSens varied more at lower input levels, but mean NucliSens 
levelss were closer to the actual input levels. NASBA QT resulted in slightly 
higherr HIV-RNA levels than NucliSens (mean difference +0.13 logio 
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copies/mL).. In recent studies, a comparable performance of NucliSens was 
reported.'27'28' ' 

Thee NucliSens assay allows for lowering of the lower cutoff by different 
protocoll adaptations: using a larger input volume of 2 ml_, or concentrating 
thee RNA after isolation, and both methods can be combined. In the 
constructedd panels, the 2mL-NucliSens assay could quantify at least 50% of 
sampless at input levels down to approximately 46 (1.66 logio) copies/mL. For 
thee Ultra-NucliSens this was 100 (2.00 logio) copies/mL and for the 2ml_-Ultra-
NucliSenss 10 (1.00 logio) copies/mL. At these levels, however, the measured 
resultss deviated considerably from the given input and a more linear 
relationshipp goes down only to 104 (2.02 logio), 200 (2.30 logio) and 20 (1.30 
logio)) copies/mL for the 2mL-NucliSens, Ultra-NucliSens, and 2ml_-Ultra-
NucliSenss assay, respectively. A slightly different protocol adaptation of 2ml_-
Ultra-NucliSenss was able to quantify HIV RNA at concentrations down to 
approximatelyy 10 to 20 copies/mL in a constructed panel.'29' 

NASBAA QT 

NucliSens s 

Ultra-NucliSens s 

2ml-Ultra-NucliSens s 

88 12 16 
Weekss on treatmen t 

24 4 

Numberr of subjects (% below lower cutoff): 
NASBAA 6 (0) 5(100) 0 0 
Nuclii 6(0) 6(33) 7(86) 5(60) 
U-Nucc 0 8(75) 10 (80) 10 (90) 
5-copyy 0 5(20) 9 (22) 10 (40) 10(70) ) 

0 0 
3(100) ) 
7(86) ) 

10(60) ) 

Fig.. 5. NASBA QT, NucliSen s and Ultra-NucliSen s and 2 mL-Ultra-NucliSen s 
inn clinica l tria l I. Results in twelve participants from a pentuple combination 
study,study, trial II. Median results for visits with at least three participants tested 
perper assay, with number tested with each assay. 

Inn the analysis of three commercially available assays in clinical samples, 
NucliSenss results were on average in between Amplicor and Quantiplex 
results.. In an expanded set of samples tested with these two assays, the 
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differencee between NucliSens and Amplicor was comparable. Previous 
comparisonss between the different assays reported higher HIV-RNA results 
whenn measuring with NASBA QT than with Amplicor and found the lowest 
resultss for Quantiplex.119-1 "'301 The differences of the assays with the known 
inputt levels and the differences between the assays indicate that a variation up 
too approximately 0.5 logio copies/mL between two assessments, both with the 
samee or with different assays, commonly occurs and should therefore not be 
consideredd clinically significant. This is in accordance to the variation 
reportedd in other studies.'21,311 

Thee relatively small difference between the assays allows comparison 
betweenn groups of samples, for instance from different antiretroviral treatment 
studies,, tested with different assays. However, occasionally the individual 
differencee can be considerable, therefore switching to different assays within 
studiess or within individual follow-up should be avoided whenever possible. 
Furthermore,, the analysis in the constructed panels showed that the assay 
resultss varied significantly at lower RNA levels, that are critical for decisions 
relatedd to starting or switching antiretroviral therapy.1131 If the result is too close 
too a threshold for clinical decisions, a second measurement is warranted. 

Severall factors can influence HIV-RNA results, causing random variation 
and/orr structural differences between the assays. Some of these factors will be 
off more importance at low RNA copy numbers, like sampling errors and 
chancee events in primer annealing and other biochemical reactions involved. 
Byy repetitive testing of the same samples, test and sampling variation can be 
distinguishedd from the biological variation over time. Usage of serum or 
plasma,, and type of anticoagulant used, can be another cause of 
differences.[223U2]] The use of different isolation and amplification methods, 
primerr binding sites and quantification standards can result in consistent 
differencess between the assays. 

Inn conclusion, with the NucliSens assay HIV-RNA can be quantified at 
lowerr levels than with the previous generation, the NASBA QT. The 
NucliSenss is comparable to two other widely used commercially available 
assays,, the Amplicor and Quantiplex. Up to three-fold variation (0.5 logio) 
betweenn laboratories, assays and repeated measurements is possible and 
shouldd not be considered clinically significant. With ultrasensitive protocol 
adaptationss the quantification limit of the NucliSens can be lowered to 100 
copies/mLL and further down to 10 copies/mL 
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