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Abbott Molecular’s m2000 system and RealTime HIV-1
assay (RealTime) were evaluated for sensitivity, re-
producibility, linearity, ability to detect diverse HIV-1
subtypes/groups, and correlation to the Roche AM-
PLICOR HIV-1 MONITOR Test, Version 1.5 (Amplicor).
The limit of detection was determined using the sec-
ond International World Health Organization Stan-
dard and Viral Quality Assurance standard material.
Serial dilutions of four patient samples were used to
determine inter- and intra-assay reproducibility and
linearity. Samples representing HIV-1 groups M, N,
and O were evaluated in the RealTime, Amplicor, and
Siemens Versant HIV-1 branched chain DNA 3.0 (Ver-
sant) assays. Archived Amplicor-tested samples were
tested with the 1 ml, 0.5 ml, and 0.6 ml versions of the
RealTime assay. Probit analysis predicts a limit of
detection of 21.94 IU/ml using the World Health Or-
ganization Standard and 26.54 copies/ml using Viral
Quality Assurance material with the 1 ml assay. Lin-
earity and reproducibility were very good between
�1.60 to 6.0 log10 copies/ml. All three assays pro-
duced similar measurements for all Group M subtypes
tested; the RealTime assay was the only assay that
detected all three Group O samples tested. Correlation
with the Amplicor assay was good, although the Re-
alTime assay measured between 0.342 and 0.716 log10

copies/ml lower on average, depending on the in-
put volume. The automated RealTime assay exhibits
excellent sensitivity , dynamic range, reproducibil-
ity , and group/subtype detection, albeit with con-
sistently lower values than Amplicor. (J Mol Diagn
2009, 11:347–354; DOI: 10.2353/jmoldx.2009.080166)

HIV-1 infection continues to be a major cause of mortality
in the world. According to the Joint United Nations Pro-
gramme on HIV/AIDS (http://www.unaids.org), there were
approximately 40 million people worldwide living with HIV
in 2006, over 10% of which were newly infected. Nearly 3
million deaths in 2006 were attributed to AIDS. Clinical

management of HIV patients requires establishing and
monitoring the viral load before initiating and during the
administration of anti-viral therapies. The response of
viral loads to medication, typically in conjunction with
drug resistance testing, determines treatment options.

Several commercial and laboratory-developed assays
are available to monitor HIV-1 viral load, including assays
based on end-point PCR, isothermal nucleic acid based
amplification, branched chain DNA (bDNA) signal amplifi-
cation, and real-time PCR, the characteristics and perfor-
mance of which have been reviewed and compared in
multiple studies.1–9 Each assay has its own advantages and
disadvantages in terms of sensitivity, equipment require-
ments, throughput, dynamic range, subtype detection,
and cost.

Abbott Molecular released the m2000 system (m2000sp
for sample preparation and PCR setup; m2000rt for ampli-
fication, detection, and data analysis) and RealTime HIV-1
assay in the European Union with CE Mark certification. We
used the m2000 system to evaluate the Abbott Molecular
Investigational Use Only RealTime HIV-1 assay (RealTime)
and compared some aspects of its performance to the
Roche Amplicor HIV-1 Monitor Test, Version 1.5 (Amplicor)
and Siemens Versant HIV-1 bDNA 3.0 assay (Versant). The
RealTime HIV-1 assay recently obtained United States Food
and Drug Administration approval.

Materials and Methods

Limit of Detection

To determine the limit of detection in the 1 ml RealTime
assay, eleven dilutions of the World Health Organization
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reference material (HIV-1 RNA, second International
Standard, 97/650, National Institute for Biological Standards
and Control (NIBSC), Potters Bar, UK) or Viral Quality As-
surance standard (VQA, Rush University Medical Center,
Chicago, IL) were prepared in Basematrix Diluent (BBI Di-
agnostics, West Bridgewater, MA). At least six replicates at
each concentration (139.2, 87.0, 69.6, 60.9, 55.7, 52.2,
43.5, 34.8, 17.4, 8.7, and 1.7 IU/ml for World Health Orga-
nization; 80, 50, 40, 35, 32, 30, 25, 20, 10, 5, and 1 cop-
ies/ml for VQA) were tested on a total of two runs. Probit
analysis was performed to determine the limit of detection
(95% detection rate) and 95% confidence interval.

Reproducibility and Linearity

Four patient samples with high viral titers (�6 log10 cop-
ies/ml) serially diluted in Basematrix were used to evalu-

ate intra- and interassay reproducibility and linearity of
the 1 ml RealTime assay. Sufficient volume for five ali-
quots of each dilution were prepared and stored at
�70°C until use. For each sample, three of five replicates
were tested on the same run to evaluate intra-assay
reproducibility and linearity. Interassay reproducibility
was evaluated by performing two additional runs contain-
ing one aliquot of each sample dilution on each run. The
average values for the intra-assay replicates were com-
bined with the values for the two additional runs to deter-
mine interassay reproducibility and linearity. Reproduc-
ibility was evaluated by determining the mean and SEM
for each dilution. Linearity was evaluated by linear re-
gression analysis, excluding the aliquots with the lowest
coefficient of variation, because they were set at identity
to establish the expected values.

Subtype Panels

To assess the ability of the 1 ml RealTime assay to mea-
sure viral loads in samples containing diverse HIV sub-
types and groups, two subtype panels were tested, in-
cluding group M subtypes A, B, C, D, F, G, circulating
recombinant forms AE, AG, AG-GH, and Group N and
Group O samples. Abbott Molecular provided eighteen
blinded samples. Ten samples in the HIV-1 RNA Geno-
type Panel for NAT Assays (01/466) (NIBSC) were diluted
approximately 1.7-fold in Basematrix. Each sample was
stored at �70°C, and tested by the Amplicor, RealTime,
and Versant assays using standard procedures.

Correlation Samples

Archived frozen plasma samples previously submitted to
ARUP for HIV-1 viral load testing by the Roche Amplicor
HIV-1 Monitor Test, version 1.5 were retrieved from stor-
age, de-identified, thawed at room temperature, trans-
ferred to barcoded 4 ml Simport tubes (Beloeil, Quebec,
Canada), and stored at �70°C before testing in the Re-
alTime assay. Patient samples with viral loads spanning
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Figure 1. RealTime linearity and reproducibility. Serial dilutions of four
high-titer clinical samples (IH03, IH06, IH11, and IH12) were prepared, five
replicates each, and tested in the 1 ml RealTime assay. Three replicates were
tested on a single run to evaluate intra-assay reproducibility, and the remain-
ing two replicates were tested on a second and third run (and compared with
the mean of the intra-assay data) to evaluate interassay reproducibility. The
expected values were calculated by setting the concentration with the lowest
coefficient of variation at identity, and using the dilution factor to calculate
the remaining expected concentrations. Replicates that were below the
assay’s quantification limit are not shown.

Table 1. Limit of Detection and Probit Analysis

2nd International WHO standard Viral quality assurance standard

IU/ml
Number
tested

Number
detected

Percent
detected Copies/ml

Number
tested

Number
detected

Percent
detected

139.2 6 6 100% 80 6 6 100%
87.0 7 7 100% 50 7 7 100%
69.6 6 6 100% 40 7 7 100%
60.9 7 7 100% 35 7 7 100%
55.7 7 7 100% 32 7 7 100%
52.2 7 7 100% 30 7 6 86%
43.5 7 7 100% 25 7 7 100%
34.8 7 7 100% 20 7 7 100%
17.4 7 6 86% 10 7 4 57%
8.7 7 3 43% 5 7 3 43%
1.7 7 0 0% 1 7 1 14%

Probit Results Probit Results
21.94 IU/ml (95% CI: 13.28 to 36.26) 26.54 copies/ml (95% CI: 16.20 to 43.47)

Eleven dilutions of the 2nd International Standard or Viral Quality Assurance standard were prepared in Basematrix Diluent. Six or seven replicates
at each concentration were tested on a total of two runs. Probit analysis was performed to determine the limit of detection (95% detection rate) and
95% confidence interval.
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the range of both assays were selected to evaluate assay
correlation using the 1 ml (n � 171 samples), 0.5 ml (n �
135 samples), and newly approved 0.6 ml (n � 180
samples) RealTime protocol. Forty-four (44) samples with
viral loads below the limit of detection of the UltraSensi-
tive Amplicor assay (�50 copies/ml) were selected for
retesting in the 1 ml RealTime assay.

Roche Amplicor Assay

The Roche Amplicor HIV-1 Monitor Test, version 1.5
(Roche Molecular Systems, Inc., Branchburg, NJ) was
performed as prescribed by the manufacturer using man-
ual extraction and PCR setup. The Standard version of
the assay isolates HIV-1 RNA from 200 �l of plasma by
lysis and alcohol precipitation. In the UltraSensitive ver-
sion of the assay, virus is concentrated by centrifugation
of 500 �l of plasma before extraction. The amplifications
were performed on Applied Biosystems GeneAmp PCR
System 9600 thermal cyclers. The microplates were
washed using a Bio-Tek Instruments ELP-40 and read
using a Bio-Tek Instruments ELx800.

Abbott RealTime Assay

Nucleic acid extraction, PCR reaction preparation, and
amplification for the Abbott assay were performed on
the m2000 system using manufacturer provided Inves-
tigational Use Only protocols, reagents, and software.
Investigational Use Only reagents are used for clinical
trials and represent the released product. They are
manufactured under Good Manufacturing Practice and
with the same quality control as for in vitro diagnostic
product (personal communication, Klara Abravaya).
The m2000 system extracts nucleic acid from 1.0, 0.5,
or 0.6 ml of plasma using magnetic particles as previ-
ously described.6–8,10 The primers and probe system
targeting the integrase region of the HIV-1 genome
were recently described.11

Versant HIV-1 RNA 3.0 Assay (bDNA)

The assay was performed as prescribed by the manu-
facturer, using the System 340 bDNA Analyzer (Siemens
Health care Diagnostics, Deerfield, IL).

Table 2. Intra- and Inter-Assay Precision and Linearity

A Intra-assay mean� SEM log10 copies/ml (n � 3, except*)

Dilution No. IH03 IH06 IH11 IH12

1 5.238 � 0.022 5.025 � 0.024 5.832 � 0.025 5.984 � 0.012
2 4.791 � 0.014 4.467 � 0.013† 5.179 � 0.013 5.414 � 0.009
3 4.153 � 0.033 3.895 � 0.011 4.573 � 0.014 4.819 � 0.006
4 3.619 � 0.009 3.258 � 0.085 3.840 � 0.131 4.116 � 0.036
5 3.034 � 0.040 2.748 � 0.021 NT‡ 3.526 � 0.013
6 2.469 � 0.048 2.057 � 0.079 2.763 � 0.012 2.969 � 0.022
7 1.841 � 0.056 (2)* (0) 2.142 � 0.035 2.311 � 0.026
8 (0) NT 1.602 (1) 1.724 � 0.016 (2)

B Inter-assay mean � SEM log10 copies/ml (n � 3, except*)

Dilution No. IH03 IH06 IH11 IH12

1 5.255 � 0.051 4.927 � 0.049 5.768 � 0.047 5.972 � 0.009
2 4.684 � 0.054 4.433 � 0.034 (2) 5.161 � 0.023 5.369 � 0.053
3 4.152 � 0.020 3.894 � 0.008 4.576 � 0.002 4.736 � 0.053
4 3.616 � 0.006 3.272 � 0.030 3.880 � 0.023 4.048 � 0.036
5 3.017 � 0.026 2.675 � 0.059 NT 3.537 � 0.010
6 2.471 � 0.017 2.152 � 0.071 2.777 � 0.014 2.934 � 0.021
7 1.914 � 0.073 (2) 1.688 � 0.045 (2) 2.200 � 0.036 2.292 � 0.054
8 1.771 (1) NT 1.602 (1) 1.716 � 0.008 (2)

C Intra-assay regression analysis Inter-assay regression analysis

Sample Slope
Slope

standard error Intercept
Intercept

standard error Slope
Slope

standard error Intercept
Intercept

standard error

IH03 0.944 0.013 0.175 0.051 0.895 0.019 0.369 0.072
IH06 0.978 0.023 0.088 0.081 0.916 0.017 0.260 0.058
IH11 1.009 0.020 �0.054 0.080 0.987 0.011 0.037 0.043
IH12 1.015 0.007 �0.125 0.028 1.007 0.013 �0.071 0.051

*If the number of replicates that produced quantitative results was less than the number of samples tested, that number is indicated in parentheses.
†Bold text indicates values that were set at identity.
‡Not tested.
The (A) intra- and (B) inter-assay precision and (C) linearity were evaluated by fourfold serial dilutions of four high-titer patient samples (IH03, IH06,

IH11, and IH12). Five replicates were prepared and tested in the 1 ml RealTime assay. Three replicates were tested on a single run to evaluate intra-
assay reproducibility, and the remaining two replicates were tested on a second and third run (and compared to the mean of the intra-assay data) to
evaluate inter-assay reproducibility. The expected values were calculated by setting the concentration with the lowest coefficient of variation at identity
(values in bold), and using the dilution factor to calculate the remaining expected concentrations. The data assigned to identity in this manner were
excluded from the regression analysis.
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Workflow Comparisons

Detailed comparisons of assay workflow for Amplicor,
RealTime, and Versant have been described
previously.12,13

Statistical Analysis

Probit was performed using R software (The R Project for
Statistical Computing – http://www.r-project.org). Deming
regression14 was calculated using a Microsoft Excel
macro written at ARUP.

Results

The limit of detection of the 1 ml RealTime assay was
determined using replicates of each of eleven dilutions of
second International Standard World Health Organization
material ranging between 1.7 to 139.2 IU/ml and VQA
standard material ranging between 1 and 80 copies/ml
(Table 1). Probit analysis predicts a 95% limit of detection
of 21.94 IU/ml (95% confidence interval: 13.28 to 36.26)
for World Health Organization material and 26.54 cop-
ies/ml (95% confidence interval: 16.20 to 43.47) for VQA
material.

The reproducibility and linearity of the RealTime assay
were determined by replicate measurements of a dilution
series derived from four high-titer patient samples and
analyzed by linear regression (Figure 1 and Table 2). The
maximum coefficient of variation was 6.7% for intra-assay
data and 5.8% for interassay data, both occurring at
approximately 2 log10 copies/ml, indicating high preci-
sion. Intra-assay slopes ranged from 0.944 � 0.013 to
1.015 � 0.007 and interassay slopes ranged from
0.895 � 0.019 to 1.007 � 0.013. The intercept ranges
were �0.125 � 0.028 to 0.175 � 0.051 and �0.071 �
0.051 to 0.369 � 0.072 for the intra- and interassay
regressions, respectively.

Interassay reproducibility was also evaluated by exam-
ining the RealTime assay control values. A total of sev-
enteen runs were performed using two lots of reagents,
including both the 1 ml and 0.5 ml protocols. Box and
whisker plots for the controls are presented in Figure 2A
and B. The controls from one run were determined to be
“minor outliers” (between 1.5 and 3 times the interquartile
range lower than the first quartile).

Two sets of subtype samples (one blinded set pro-
vided by Abbott, and a panel from NIBSC) were evalu-
ated (Figure 3, A and B) in the 1 ml RealTime, Amplicor,
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Figure 2. RealTime control values. Box-and-whisker plots for the RealTime
controls are shown for each run (n � 17) versus their expected values
(diamond markers). A: Low positive control � 2.85 log10 copies/ml; and B:
High positive control � 4.90 log10 copies/ml). Open circles indicate “mild
outliers” (between 1.5 and 3 times the interquartile range lower than the first
quartile). The negative control was “Not Detected” in all seventeen runs. The
control values from both the 1 ml and 0.5 ml assays are included.
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Figure 3. Subtype panels. A: Eighteen diverse HIV-1 plasma samples pro-
vided by Abbott were tested in a blinded evaluation of the 1 ml RealTime,
Amplicor, and Versant assays. B: Dilutions (approximately 1.7-fold) of the 10
samples in the HIV-1 RNA Genotype Panel for NAT Assays (01/466) (NIBSC)
were tested in the 1 ml RealTime, Amplicor, and Versant Assays.

Table 3. Correlation Sample RealTime Results Summary

Assay input volume

1 ml 0.5 ml 0.6 ml

Tested 171 135 180
Delayed IC cycle number 14 2 2
Repeated 3 0 0
Detected but not quantified 19 25 13
Not detected 8 10 10
Total for Deming regression 133 98 155

The results of testing samples previously assayed using Amplicor
are shown. One hundred seventy-one (171), 135, and 180 samples
were tested in the 1.0 ml, 0.5 ml, and 0.6 ml RealTime assays,
respectively. Samples with delayed IC cycle numbers produced errors
that prevented results from being calculated; a small number of
samples had sufficient volume to permit repeat testing. Samples that
were “Detected but not quantified” or “Not detected” were not retested
due to insufficient volume.
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and Versant assays. These panels represent group M, N,
and O samples, including some common circulating re-
combinant forms (CRFs). For most samples, the assays
show good agreement, although the limited sample vol-
ume did not permit replicate measurements. However,
two CRF02_AG samples (Figure 3A), two subtype C sam-
ples (Figure 3A), and one subtype B sample (Figure 3B)
measured approximately 1.1, 0.8, and 0.6 log10 cop-

ies/ml higher in the RealTime assay than in the Amplicor
assay, respectively. The RealTime assay was able to
quantify all three group O samples, while only one was
measured by the Versant assay (approximately 2 log10

lower than RealTime) and none were detected by the
Amplicor assay. For the one Group N sample available,
the Amplicor assay measured the viral load approxi-
mately one log10 higher than the other two assays.
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Figure 4. Correlation samples. Samples previously tested in the Amplicor assay were tested in the RealTime assay. A: 171 samples were tested in the 1 ml RealTime
assay; B: 135 samples were tested in the 0.5 ml RealTime assay; and C: 180 samples were tested in the 0.6 ml assay (see Discussion). Left panels: The data were
analyzed by Deming regression, shown by the solid line. The dashed line represents the line of identity. Right panels: The data were analyzed by the method
of Bland and Altman. The bold lines indicate the average difference and average � 2 standard deviations. A: RealTime � 0.971 (Amplicor) � 0.601, R2 � 0.849,
Sy/x�D � 0.361, Average Amplicor � RealTime log10 copies/ml � 0.716, n � 133. B: RealTime � 1.021 (Amplicor) � 0.659, R2 � 0.793, Sy/x � D � 0.390, Average
Amplicor � RealTime log10 copies/ml � 0.570, n � 98. C: RealTime � 1.061 (Amplicor) � 0.589, R2 � 0.910, Sy/x � D � 0.329, Average Amplicor � RealTime
log10 copies/ml � 0.342, n � 155.
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The results of the correlation of the RealTime assay to
the Amplicor assay using archived samples are shown in
Table 3 and Figure 4, A–C. One hundred seventy-one
samples were tested in the 1 ml RealTime assay. One
hundred thirty-three 1 ml samples produced valid quan-
titative results with a Deming regression of RealTime �
0.971 (Amplicor) � 0.601, R2 � 0.849, Sy/x�D � 0.361 (SE
of the estimates of y given x). One hundred thirty-five
samples were tested in the 0.5 ml RealTime assay. Nine-
ty-eight 0.5 ml samples produced valid quantitative re-
sults with a Deming regression of RealTime � 1.021
(Amplicor) � 0.659, R2 � 0.793, Sy/x�D � 0.390. On
average, the Amplicor assay results were 0.716 log10

copies/ml higher than the 1 ml RealTime assay and 0.570
log10 copies/ml higher than the 0.5 ml RealTime assay.
Thirty percent of the 1 ml samples and 40% of the 0.5 ml
samples differed by less than 0.5 log10 copies/ml. Sev-
enty-seven percent of the 1 ml samples and 85% of the
0.5 ml samples differed by less than 1.0 log10 copies/ml.

Due to the larger than expected differences observed
in the 1 ml and 0.5 ml assays, we performed follow-up
testing using the more recently approved 0.6 ml assay
(see Discussion). In this version of the assay 180 samples
were tested, 155 of which produced valid quantitative
results with a Deming regression of RealTime � 1.061
(Amplicor) � 0.589, R2 � 0.910, Sy/x�D � 0.329. On
average, the Amplicor results were 0.342 log10 copies/ml
higher than the 0.6 ml RealTime assay. Seventy-one per-
cent of the 0.6 ml samples differed by less than 0.5 log10

copies/ml; 95% differed by less than 1.0 log10 copies/ml.
Forty-four samples that had previously given results

below the limit of detection in the UltraSensitive Amplicor
assay (�50 copies/ml) were retested with the RealTime
assay (Table 4). One sample was flagged with an error
indicating it had an unacceptably high internal control
cycle number. Twenty-nine samples had no detectable
HIV-1 RNA. Twelve samples were detected, but were
below the quantification limit of the assay (40 copies/ml).
Two samples were quantified, one of which measured 47
copies/ml; the other sample measured 83 copies/ml. The
first sample had insufficient volume for retesting; the sec-
ond sample was retested using Amplicor, which also
produced a result of 83 copies/ml.

Discussion

Viral load testing has long been the standard of care for
HIV-infected patients. Accurate measurements are criti-
cal for determining disease prognosis and guiding the
course of treatment. Failure to accurately quantify HIV
viral load can lead to inappropriate clinical management
of patients and unnecessary virus transmission.15

We evaluated several key performance characteristics
of the newly Food and Drug Administration-approved
RealTime assay. Overall, the RealTime assay’s perfor-
mance was very good.

The limit of detection was determined by probit analy-
sis of diluted VQA and World Health Organization stan-
dard replicate measurements. Using VQA standard, the
limit of detection is 26.54 copies/ml (95% CI: 16.20 to
43.47), which is in agreement with prior reports.9 Using
the second International Standard (World Health Organi-
zation), the limit of detection is 21.94 IU/ml (95% CI: 13.28
to 36.26). Since the RealTime assay is calibrated to the
first International Standard (NIBSC 97/656), which is no
longer available, the copies:IU conversion factor (1.74
copies/IU) stated by Abbott may not apply. Although the
RealTime assay is not approved for diagnosis of HIV
infection, its limit of detection is similar to the Aptima
HIV-1 RNA Qualitative assay (Gen-probe, San Diego,
CA), which was recently approved for this use.

The RealTime assay exhibited excellent reproducibility
and linearity between �1.6 to 6.0 log10 copies/ml using
dilutions of four clinical samples. Due to the lack of very
high titer samples, we were unable to verify performance
above approximately 6 log10 copies/ml, although the as-
say specifications indicate linearity up to 7 log10 copies/
ml. The most variability (both intra- and interassay) was
present near the lower limit of the assay (approximately 2
log10 copies/ml). Because the initial dilution of four pa-
tient samples gave the expected results and further dilu-
tions remained linear, it is unlikely that the Basematrix
diluent had a significant effect on the limit of detection,
linearity, or reproducibility experiments. The assay-pro-
vided controls demonstrate high reproducibility, as vari-
ability was low, and no significant bias, as observed and
expected values were similar. There was one run that
produced mild outliers for both controls. This run also had
the highest average internal control cycle numbers of all
of the runs (data not shown), indicating mild inhibition.
Since the internal control values for this run were within
the range required by the assay and no errors were
generated, we did not exclude these samples from anal-
ysis, since the typical user of the assay would not be
aware that any anomaly had occurred.

With the exception of two CRF02_AG, two subtype C,
and one subtype B sample, all three assays (Amplicor,
RealTime, and Versant) quantified the group M subtypes
equivalently, although due to the limited amount of sam-
ple available, we were unable to test replicates of the
genotype sample specimens. Other investigators have
reported discrepancies between assays for HIV subtypes
and CRFs, especially CRF02_AG.4,16–18 At most, there
was an approximate 1 log10 copy/ml difference between
the Amplicor and RealTime assays in our evaluation of

Table 4. RealTime Results for Samples Reported as “�50
copies/ml” Using Amplicor

RealTime result Samples

Delayed IC cycle number 1
Not detected 29
Detected but not quantified 12
Quantified 2
Total tested 44

The 1 ml RealTime results for 44 samples previously assayed below
the limit of detection (�50 copies/ml) with UltraSensitive Amplicor are
shown. Of the “Quantified” samples, one sample produced a result of
47 copies/ml; the other produced a result of 83 copies/ml. When this
latter sample was retested in Amplicor, the Amplicor assay also
measured a viral load of 83 copies/ml.
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CRF02_AG samples. The RealTime assay is the only
assay approved by the Food and Drug Administration
with a claim to detect group O samples, which was
verified on three samples in this study. The Versant assay
detected one of the three group O samples, but the viral
load was approximately 2 log10 copies/ml lower than
RealTime. The Amplicor assay did not detect any group
O samples.

Clinical samples tested in both assays had correlation
coefficients of 0.793 for the 0.5 ml, 0.849 for the 1 ml, and
0.910 for the 0.6 ml RealTime assay. The most noticeable
difference between the two assays was the high discrep-
ancy between the average values obtained. The Real-
Time assay measured 0.716 log10 copies/ml, 0.570 log10

copies/ml, and 0.342 log10 copies/ml lower than Amplicor
for the 1 ml, 0.5 ml, and 0.6 ml RealTime assay, respec-
tively. This discrepancy was consistent across viral load
levels.

Prior comparisons of the Amplicor and RealTime as-
says have shown average differences (Amplicor � Real-
Time) of �0.4042, �0.154, �0.148, 0.145, and 0.237.
While our correlation results show a greater difference
between the Amplicor and RealTime assays than in the
published literature, our results with diverse genotype
specimens do not show the same trend. The average
difference (Amplicor � RealTime) for the 25 samples in
the genotype panels that produced results for both as-
says was �0.25 log10 copies/ml. Despite analysis of op-
erator, site, instrument, sample handling and storage,
and calibration effects (data not shown), no compelling
differences were observed between the assay configura-
tions or between the correlation and genotype panel
samples. Repeat Amplicor testing of nine samples (�2.2
to 5.0 log10 copies/ml) after RealTime indicates that the
additional freeze/thaw cycle is not the cause of the dis-
crepancy (data not shown � maximum difference of 0.5
log10 copies/ml). Additionally, all Amplicor controls were
within the parameters for clinical laboratory testing. How-
ever, the possibility of minor variation in the Amplicor
assay cannot be ruled out. Although we did not make
direct comparisons of different reagent lots, the positive
control results (Figure 2) do not indicate appreciable lot
to lot variability. In addition, any lot variability should be
compensated for by reagent calibration. Although the
subtypes of the correlation samples are unknown, they
likely consist mainly of subtype B viruses, since they were
derived from a pool of samples submitted from across the
United States (unpublished observations at ARUP, and
Osmanov et al19).

The results of testing samples that were below the limit
of detection of the Amplicor assay (�50 copies/ml) are in
agreement with the specifications of the RealTime assay
and our probit analysis. However, these results disagree
with the large negative bias observed in the correlation
sample set. Assuming the average 0.716 log10 copies/ml
lower results for RealTime in the correlation samples ap-
plies at levels below 50 copies/ml, fewer positive samples
should have been detected in this experiment.

The RealTime assay targets the integrase region of HIV
and uses a novel probe system and low detection tem-
perature,9 which increase the ability to tolerate mis-

matches and therefore detect a wide variety of subtypes.
Recently, the first integrase inhibitor therapy, raltegravir
(Isentress, Merck & Co., Inc., Whitehouse Station, NJ),
was Food and Drug Administration-approved for treat-
ment-experienced patients. Analysis of integrase inhibi-
tor-naïve patients by Lataillade et al 20 showed that 64%
of the integrase amino acid positions were polymorphic,
although mutations within the active sites and catalytic
domain were infrequent. The analysis of 243 integrase
sequences by Lataillade et al, revealed that the RealTime
HIV-1 primer and probe sites are highly conserved. The
frequency of observed polymorphisms was 0.2%, 0.6%,
and 1.2% respectively, for the forward primer, probe, and
reverse primer, respectively.11 One of the polymorphic
positions in the forward primer (Q148) is associated with
integrase inhibitor resistance. A systematic analysis us-
ing engineered transcripts containing all possible resis-
tance-associated substitutions at codon 148 revealed no
discernible impact on assay performance. Additionally,
analysis of clinical specimens from patients with inte-
grase inhibitor resistance mutations did not impact re-
sults with the Abbott RealTime assay (personal commu-
nication, J. Hackett, Jr.).

To summarize, the automated RealTime HIV-1 assay
exhibits high sensitivity, wide dynamic range, high repro-
ducibility, and the unique ability to reliably detect and
quantify group O samples. With archived samples, the
RealTime assay correlated well with Amplicor, but con-
sistently yielded lower values. Despite additional testing,
the reason for the discrepancy remains unknown. This
difference may necessitate determining new baselines
for patients when changing viral load assays.

The Centers for Disease Control and Prevention re-
cently recommended that all patients 13 to 64 years of
age in any health care setting be screened for infection
by HIV.21 As screening measures, the genetic diversity in
worldwide19 and United States22 infections, and global
travel and immigration all increase, it is safe to assume
that tools that can monitor diverse HIV-1 infections will be
increasingly important.
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