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Abstract
The performance of the Abbott m2000rt RealTime™ HIV-1 assay (RealTime HIV-1) with manual
sample preparation was compared against the ROCHE COBAS AmpliPrep/AMPLICOR™ HIV-1
MONITOR Test v1.5 (CAP/CA HIV-1) using samples collected from 100 donors infected with HIV
and 20 donors not infected with HIV in northern Tanzania where HIV-1 subtypes A, C, D, and their
recombinant forms predominate. The RealTime HIV-1 appeared to have more within-run variability
at high HIV-1 RNA concentrations, but total assay variability over the dynamic range tested was
within the manufacturer's claim of <0.3 SD copies/mL. Accuracy studies showed 100% concordance
for positive and negative values. When continuous values were examined, CAP/CA HIV-1 yielded
higher values than the RealTime HIV-1 at higher nominal HIV-1 RNA concentrations. The
RealTime-HIV-1 assay showed excellent linearity between 2.5 and 7.0 log copies/mL. Of negative
samples, 100% showed negative results, and >95% of samples with nominal concentrations of 40
copies/mL were detected at ≥40 copies/mL by RealTime HIV-1. Manual sample preparation may
contribute to higher total assay variability. This study suggests that the Abbott m2000rt RealTime
HIV-1 assay with manual sample preparation is an acceptable and feasible alternative to the
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traditional gold-standard ROCHE COBAS AmpliPrep/AMLICOR HIV-1 Monitor v1.5 assay and
that the RealTime HIV-1 assay performs well on samples from East Africa.
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1. Introduction
As access to antiretroviral therapy (ART) has expanded in the developing world the detection
of treatment failure has become a priority (World Health Organisation, 2006). While treatment
failure may be defined using clinical and immunologic criteria, this approach results in
detection of treatment failure later than increasing plasma HIV-1 RNA concentration (viral
load). Consequently, the World Health Organization (WHO) has indicated that there is a strong
argument for moving towards the wider availability of viral load testing in resource constrained
settings. In particular, the WHO suggests that simple point-of-care assays are needed (World
Health Organization, 2006).

A variety of technologies have been developed and commercialized to measure HIV-1 RNA
concentration, including reverse transcriptase polymerase chain reaction (RT-PCR)
amplification, isothermal nucleic acid sequence-based amplification (NASBA), and branched-
chain DNA signal amplification (bDNA) (Collins et al., 1997; Dyer et al., 1999; Johanson et
al., 2001; Sun et al., 1998). The development of real-time RT-PCR assays represents one step
towards simpler assays for viral load monitoring. Several recent studies have shown that real-
time PCR methods compare favorably with conventional assays for quantitation of HIV-1 RNA
(de Mendoza et al., 2005; Rouet et al., 2005; Stevens et al., 2005; Yao et al., 2005).

As in most of East Africa, HIV-1 from patients in Moshi, Tanzania, exhibit considerable
subtype diversity with subtypes A, C, and D predominating and the frequent occurrence of
HIV-1 recombinant forms (Kiwelu et al., 2003; Osmanov et al., 2002; Ramadhani et al.,
2007). By contrast, most HIV-1 from patients in Europe, North and South America, and
Australasia belongs to subtype B (Osmanov et al., 2002). A number of studies have shown that
HIV-1 diversity can influence the reliability of RNA detection (Barlow et al., 1997; Swanson
et al., 2005). Furthermore, inaccurate quantitation can have adverse consequences for patients
(Geelen et al., 2003). Therefore, it is essential that as new, simpler assays for measurement of
plasma HIV-1 RNA concentration are evaluated in settings where HIV-1 subtype and
recombinant form diversity is substantial. The Abbott m2000rt RealTime HIV-1 assay
(RealTime HIV-1) (Abbott Laboratories, Abbott Park, IL) offers the potential advantages of
the reduced complexity of a real-time assay and, by targeting the pol integrase (IN) region of
the HIV-1 genome, may be subject to less variability than assays targeting the gag gene (Geelen
et al., 2003; Swanson et al., 2006a).

The RealTime HIV-1 Assay is an RT-PCR assay has been evaluated against the Abbott LCx
HIV RNA quantitative assay (Abbot Laboratories, Abbott Park, IL) (Garcia-Diaz et al.,
2006; Swanson et al., 2006a; Swanson et al., 2006b), the VERSANT HIV-1 RNA 3.0 (Bayer
Diagnostics, Tarrytown, NY) (Swanson et al., 2006a; Swanson et al., 2007), and the ROCHE
AMPLICOR HIV-1 MONITOR 1.5 (Roche Molecular Systems, Branchburg, NJ) (Swanson
et al., 2006a; Swanson et al., 2007) using patient samples from Brazil (Swanson et al.,
2006b), London (Garcia-Diaz et al., 2006; Swanson et al., 2006a), and assorted HIV-1 group
M and O isolates (Swanson et al., 2007) and more recently against the NucliSENS HIV-1(Xu
et al., 2008). In these evaluations, the Abbott RealTime HIV-1 Assay performed well against
other assays, reliably quantifying diverse HIV-1 strains, providing a wide dynamic range and
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good sensitivity. This study extends the evaluation of the RealTime HIV-1 assay using patient
samples from East Africa where subtypes A, C and D, and HIV-1 recombinant forms
predominate. Furthermore, the assay was evaluated in a resource poor setting using a simple,
manual nucleic acid extraction method. In this study field data were compared directly to data
generated in a national reference laboratory using the CAP/CA HIV-1 assay which is
commonly used as a reference standard for HIV-1 RNA quantitation.

2. Materials and Methods
2.1 Sample collection and laboratory testing sites

Participants were recruited among consecutive clients at the Kilimanjaro Christian Medical
Centre (KCMC) Infectious Diseases Clinic, at a KCMC HIV voluntary counseling and testing
clinic, and at the Kikundi cha Wanawake Kilimanjaro Kupambana na UKIMWI
(KIWAKKUKI; Women Against AIDS in Kilimanjaro) HIV voluntary counseling and testing
clinic, all in Moshi, Tanzania. HIV antibody testing was done according to previously described
methods (Mayhood et al., 2008). Forty mL of blood was collected from participants between
November 2006 and January 2007 until the goal of 120 samples; 20 (17%) from HIV-
uninfected persons and 100 (83%) from HIV-infected persons was reached. Whole blood was
collected in tubes containing K3 EDTA. Within 4 hours of collection plasma was separated,
divided into four aliquots each of 5mL and frozen at -80°C. Frozen plasma was shipped to the
University of Witwatersrand, Johannesburg, South Africa on dry ice. In Johannesburg, plasma
was tested using the comparator assay to determine HIV-1 RNA concentration. When
necessary to fulfill the requirements of the method validation plan, dilutions of nominal samples
were prepared using plasma from donors not infected with HIV. The resulting samples were
shipped back to the Kilimanjaro Christian Medical Centre, Moshi, Tanzania, on dry ice and
were stored at -80°C before testing.

2.2 HIV-1 RNA concentration determination by RealTime HIV-1 Assay and the CAP/CA HIV-1
comparator assay

The RealTime HIV-1 Assay was performed in the Molecular Section of the Kilimanjaro
Christian Medical Centre Biotechnology Laboratory, Moshi, Tanzania according to the
manufacturer's specifications. RNA was manually extracted from 1mL plasma samples using
the Abbott Sample Preparation System (Abbott Laboratories, Abbott Park, IL). The Tanzania
team was blinded to the results of the South Africa testing. The CAP/CA HIV-1 conventional
and ultrasensitive assays were performed by the Department of Molecular Medicine and
Haematology, University of Witwatersrand, Johannesburg, South Africa, according to the
manufacturer's specifications. RNA was extracted from 0.7mL plasma samples using the
ROCHE COBAS® AmpliPrep™ System (Roche Molecular Systems, Branchburg, NJ). This
laboratory complies with external quality assessment for viral load testing using the external
quality assessment programs of both the College of American Pathologists and of the US
National Institutes of Health Viral Quality Assessment program (VQA, Rush-Presbyterian-St.
Luke's Medical Centre, Chicago, IL).

2.3 Method validation study plan
For within-run precision studies, three runs were performed, each containing replicates of 10
patient samples at high (>5.0 log copies/mL), medium (4.0-5.0 log copies/mL), or low (<4.0
log copies/mL) HIV-1 RNA concentration. Assay controls (low positive, high positive and
negative) were included in every run in both Moshi and Johannesburg and results were only
accepted if controls were in range according to the standard operating procedures for each
assay. For between-run precision studies, runs each containing the same 15 patient samples
and 3 control samples were repeated over 3 consecutive days. Accuracy studies used 100
samples from persons infected with HIV run in duplicate. Samples were compiled to represent
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the range of detection of the RealTime HIV-1 Assay and the patient population in Moshi,
Tanzania. For reportable range and linearity experiments, samples were selected from the
collection of samples available; one with the closest value to the lower (40 copies/mL) and one
with the closest value to the upper (1,000,000 copies/mL) ends of the reportable range for the
Abbott m2000rt RealTime™ HIV-1 assay. In addition, four samples representing intermediate
values were each run in duplicate. To verify the manufacturer's claims for the limit of blank
and reference interval verification studies, plasma samples from 20 patients not infected with
HIV were tested. To verify the limit of detection, 20 samples with HIV-1 RNA concentrations
of <40 copies/mL were tested over 5 days. The CAP/CA HIV-1 ultrasensitive (reportable range
50-100,000 copies/mL) assay was used to measure these HIV-1 RNA concentrations. Four
aliquots were tested per day for 5 days. Operational evaluations included measuring assay time
for the Abbott m2000rt RealTime™ HIV-1 assay and for the CAP/CA HIV-1 assay.

2.4 Statistical analyses
For the purpose of this study, results from testing in South Africa were considered to be the
reference value. Mean, median, minimum and maximum values were calculated for both
assays. Correlation was used to determine the linear relationship between the assays and linear
regression to quantitate this relationship. The coefficient of determination (R2) was calculated.
Method comparison to determine agreement between the two assays was analyzed by Bland
and Altman (Bland and Altman, 1986) and percentage similarity (Scott et al., 2003). All
statistical tests were two-sided and all statistical analyses were performed using SAS version
8.2 Enterprise Guide version 2 software (SAS Institute, Inc., Cary, NC) and GraphPad Prism
software version 4.02 (GraphPad Software, Inc., San Diego, CA).

2.5 Research ethics
Approval to collect patient samples for this study was granted by the Kilimanjaro Christian
Medical Centre Research Ethics Committee.

3. Results
3.1 Instrument familiarization

The RealTime HIV-1 instrument was installed at the Moshi site over a period of one week
using existing available bench space. Three laboratory technologists were trained over a
subsequent period of two weeks and standard operating procedures were simultaneously
developed. Two laboratory technologists each performed successfully three independent
training runs before beginning the validation study. One laboratory technologist performed all
validation study assays.

3.2 Within-run precision studies
The within-run precision experiment results compared well with the manufacturers' claims.
The mean, range, standard deviation and coefficient of variation (CV) of the CAP/CA HIV-1
and of the RealTime HIV-1 Assay are shown in Table 1. Values for the CAP/CA HIV-1 assay
were also within the limits of the manufacturer's claims. The manufacturer's claim for the
RealTime HIV-1 assay is much tighter and showed some values, especially at log 5copies/mL,
with more variability or less precision according to these claims (Table 1). Assay run control
values were within limits for both assays. All negative samples gave negative values on all
assay runs.

3.3 Between-run precision studies
All samples with continuous values yielded detectable values and no HIV-1 RNA was detected
from all negative samples on both assays. After combining the results of between-run studies
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for each CAP/CA HIV-1 log HIV-1 RNA concentration interval, standard deviations were
calculated for the RealTime HIV-1 method and compared with the manufacturer's claims. For
CAP/CA HIV-1 log HIV-1 RNA concentration interval 5.0 the RealTime HIV-1 standard
deviation (and manufacturer's SD claim) from repeat tests was 0.072 (0.08); for log 4.0 was
0.128 (0.06); for log 3.0 was 0.147 (0.10); and for log 2.0 was 0.07 (0.09). Total variability for
CAP/CA HIV-1 log HIV-1 RNA concentration interval 5.0 was 0.192 (0.10); for 4.0 was 0.158
(0.14); and for 3.0 was 0.207 (0.13).

3.4 Accuracy studies
Of 100 patient samples, 39 (39%) were determined to have HIV-1 RNA concentrations <400
copies/mL on the Roche assay. Of the 39 samples in the first Moshi Abbott run, 24 (62%) were
not detected, 12 (31%) were detected <40 copies/mL, and 3 (8%) were detected >40 copies/
mL. On the second Moshi Abbott run, the only result that was discordant with the first run was
that one more sample was detected <40 copies/mL and one less at >40 copies/mL. All methods
at all sites showed 100% concordance for discrete values irrespective of the range. Of the 100
patient samples, the remaining 61 (61%) yielded continuous values above 400 copies/mL. Of
these 61 samples, the mean (minimum, maximum) log HIV-1 RNA concentration for the CAP/
CA HIV-1 method was 4.63 (2.09, 6.83). The mean from the first Moshi RealTime HIV-1 run
was 4.39 log copies/mL (1.67, 7.00) and 4.34 log copies/mL (1.60, 7.00) for the second run.
The Bland-Altman difference plot for these data shows that the RealTime HIV-1 assay
produced higher values than the CAP/CA in the low HIV-1 RNA concentration samples, but
lower values on the higher HIV-1 RNA samples (Figure 1). Assay controls passed for each
run, with low and high positives within their acceptable ranges and all negative controls yielded
negative results on both assays.

3.5 Reportable range and linearity experiments
Linearity was determined using known samples at intervals from 2.5 to 7.0 log HIV-1 RNA
concentration. HIV-1 RNA levels were established using the CAP/CA HIV-1 assay. The
equation of the line for the mean of the two RealTime HIV-1 assay runs was y = -1.09 + 1.21×,
(intercept p=0.110); evaluation of correlation with nominal samples yielded an R2 of 0.9684.
HIV-1 copy number detected by the RealTime HIV-1 assay is displayed a linear relationship
to the known viral concentration over the dynamic range of 2.5 - 7.0 log10 copies/mL (Figure
2).

3.6 Additional verifications
Studies to verify the manufacturer's claims for the limit of blank and reference interval
verification studies showed that 20 plasma samples from persons not infected with HIV all
were found to have HIV-1 RNA not detected on the ultrasensitive CAP/CA HIV-1 (limit of
blank <50 copies/mL). All samples were also HIV-1 RNA not detected on the RealTime HIV-1
Assay. Studies to verify the limit of detection showed that 20 samples with nominal HIV-1
RNA concentrations of 40 copies/mL on the ultrasensitive CAP/CA HIV-1, 19 (95%) had HIV
RNA-1 concentrations 40-178 copies/mL and 1 (5%) was <40 copies/mL on the Abbott
m2000rt RealTime™ HIV-1 Assay. Total assay time from sample preparation, extraction,
amplification and detection was 6 hours for the for the Abbott m2000rt RealTime™ HIV-1
Assay and 8 hours for the CAP/CA HIV-1 assay.

4. Discussion
When compared with the CAP/CA HIV-1, the RealTime HIV-1 assay with manual sample
preparation is an acceptable alternative that performs adequately in areas where HIV-1
subtypes and recombinant forms infecting patients in East Africa. Furthermore, this study
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shows that real-time assays can be established and used for HIV-1 RNA quantitation in
resource-constrained settings.

The RealTime HIV-1 assay appeared to have more within-run variability at high HIV-1 RNA
concentrations, but total assay variability was within the manufacturer's claim of <0.3 SD
copies/mL. Accuracy studies showed 100% concordance for positive and negative values.
When continuous values were examined, the CAP/CA HIV-1 assay yielded higher values than
the RealTime HIV-1 at higher nominal HIV-1 RNA concentrations. The RealTime HIV-1 assay
showed excellent linearity between 2.5 and 7.0 log copies/mL with an R2 value of 0.9684. Of
negative samples, 100% showed negative results, and >95% of samples at 40 copies/mL were
detected at ≥40 copies/mL.

The manual extraction method and differences between real-time and traditional PCR
technologies may contribute to increased variability, as may shipping of samples between
Tanzania and South Africa for the validation study. A further contributor to variability may
exist due to the differences in detection methodologies; the CAP/CA assay uses endpoint
detection whereas the RealTime HIV-1 assay uses real-time detection. The RealTime HIV-1
used a larger input sample volume than the CAP/CA HIV-1 assay which may have contributed
further to performance differences. Based on published comparisons of the RealTime HIV-1
with other assays, it is likely that use of the Abbott m2000sp automated sample preparation
instrument would reduce the level of total variability observed in this study (Swanson et al.,
2006a; Swanson et al., 2007). This question will be addressed through a study currently ongoing
in Tanzania.

It was possible to install the RealTime HIV-1 instrument at a site in East Africa in one week
and to successfully train staff over two weeks with subsequent independent training runs. The
small footprint of the Abbott m2000rt allowed the use of a small amount of existing bench
space and manual sample preparation used a similarly small area in another part of the
laboratory. Despite the limitations of manual sample preparation, the RealTime HIV-1 assay
with manual sample preparation compared favorably to the CAP/CA HIV-1 assay. The lower
capital investment and lower complexity of manual sample preparation may make this an
attractive option for other laboratories in resource-constrained settings with low to intermediate
sample numbers of ≤21 per day (Fiscus et al., 2006).

The RealTime HIV-1 assay offers a number of potential advantages over the CAP/CA HIV-1
assay and other conventional assays. First, the overall turnaround time of real-time assays are
shorter than for convention PCR methods. This improves the likelihood that results will be
available to clinicians when patients return to clinic, an important consideration in settings
where patients travel long distances to receive care. The wider dynamic range of the
RealTime HIV-1 assay covers the dynamic range of the CAP/CA ultrasensitive and
conventional assays, obviating the need to have more than one assay, and improving cost-
effectiveness and work flow. The liquid plasma sample remains a short coming of both real-
time and conventional PCR assays and this places constraints on access to the test for patients
living in rural and remote areas. The evaluation of more durable dry blood spot samples for
viral load monitoring provides a potential solution to this problem and has been the subject of
past and ongoing research (Garrido et al., 2009; Leelawiwat et al., 2009).

5. Conclusions
These data suggest that the RealTime HIV-1 assay with manual sample preparation is an
acceptable and feasible alternative to the conventional ROCHE COBAS AmpliPrep/
AMLICOR HIV-1 Monitor v1.5 assay and that the RealTime HIV-1 assay performs well on
samples from East Africa. It is likely that manual sample preparation contributes to higher total

Crump et al. Page 6

J Virol Methods. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



assay variability, but this is offset by the lower cost and complexity of manual sample
preparation. Further research is needed to compare the RealTime HIV-1 assay with automated
sample preparation with non-subtype B samples and evaluating dry blood spot samples as an
alternative to liquid plasma samples.
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Figure 1. Bland-Altman difference plot comparing the Abbott m2000rt RealTime™ HIV-1 assay
with manual sample preparation run twice compared with the ROCHE COBAS® AmpliPrep™/
AMPLICOR™ HIV-1 MONITOR® v1.5
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Figure 2. Linearity plot of mean Abbott m2000rt RealTime™ HIV-1 RNA level against known
samples determined by the ROCHE COBAS® AmpliPrep™/AMPLICORTM HIV-1
MONITOR® v1.5
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Table 1
Within-run precision studies using patient samples from East Africa, Abbott m2000rt RealTime™ HIV-1 assay
with manual sample preparation compared with the ROCHE COBAS® AmpliPrep™/AMPLICOR™ HIV-1
MONITOR® v1.5a

Sample run number ROCHE COBAS® AMPLICOR™ HIV-1
MONITOR® v1.5

Abbott m2000rt RealTime™
HIV-1

1 (n=10)

Mean 5.51 5.07

Range (low, high) (5.43, 5.55) (4.84, 5.22)

SD (manufacturer's claim)b 0.04 (0.1) 0.12 (0.04)

CV 0.71% 2.27%

2 (n=10)

Mean 4.32 4.20

Range (4.19, 4.38) (4.16, 4.24)

SD (manufacturer's claim)b 0.08 (0.14) 0.03 (0.02)

CV 1.76% 0.66%

3 (n=10)

Mean 3.07 3.29

Range (2.92, 3.31) (3.15, 3.36)

SD (manufacturer's claim)b 0.13 (0.17) 0.06 (0.05)

CV 4.31% 1.85%

a
Log transformed HIV-1 RNA values are reported

b
Standard deviation (manufacturer's claims for total assay variability)
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