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A TaqMan real-time PCR assay, the COBAS TaqMan human immunodeficiency virus (HIV) (HPS-CTM
HIV) PCR assay, recently developed for the quantification of HIV type 1 RNA in plasma, was evaluated in
comparison with the licensed COBAS AMPLICOR HIV-1 MONITOR (CAHIM) assay. In this study, we have
analyzed the tests’ sensitivities, precisions, and linearities using multiple replicates of a standard panel of HIV
RNA covering a 7-logarithm range of concentrations, as well as serial threefold dilutions of high-titer clinical
samples. The subtype inclusivity was also investigated, using a panel of subtypes A to H, while a collection of
160 clinical samples was analyzed to assess the tests’ specificities and the systems’ similarities. The results of
these experiments showed that the HPS-CTMHIV assay has a sensitivity of 53 copies/ml (95% hit rate), 100%
specificity, and good intra- and interassay precision. The results of the HPS-CTMHIV assay were linear in the
50- to 107-copies/ml range, with a correlation coefficient (R) for expected versus observed results of 0.98.
Compared to the CAHIM assay, the HPS-CTMHIV assay showed a high correlation (R � 0.99) across the
dynamic range of RNA concentrations that, for the CAHIM assay, requires two different sample preparations.
Equivalent performances were also observed for the two systems in the detection and quantification of HIV
subtypes A to H. These data indicate that the HPS-CTMHIV assay may be one of the tests of choice for
monitoring viral load throughout the course of HIV infection and during highly active antiretroviral therapy.

The quantification of human immunodeficiency virus type 1
(HIV-1) RNA in plasma has revolutionized the management
of infected patients. This parameter is the main prognostic
factor for evaluating the progression of the disease and for
timing the initiation of treatment and monitoring its efficacy (1,
5, 7, 10, 11, 14, 15, 16). Commercially available assays for the
quantification of HIV-1 viral RNA use a variety of techniques,
from reverse transcriptase PCR to the branched-DNA assay
(2, 12, 20, 21).

The COBAS AMPLICOR HIV-1 MONITOR (CAHIM)
test v. 1.5, a quantitative reverse transcriptase PCR assay (3),
has been widely used in research as well as in clinical practice.
Quantification of HIV-1 RNA with this assay requires two
sample preparation procedures: in the first, ultrasensitive
method, 500 �l of plasma is centrifuged to increase the input
of plasma RNA to achieve a quantitative range of 50 to 2,000
copies/ml of plasma, whereas in the second, standard protocol,
with a starting plasma volume of 200 microliters, only an
amount of RNA corresponding to 25 microliters of plasma is
introduced in the PCR, resulting in a dynamic range of 500 to
500,000 copies/ml. A single-step technique with a wider dy-
namic range is therefore desirable for routine laboratory ap-
plications. The real-time PCR technology already developed
for several noncommercial viral assays offers not only broader
quantification ranges but also faster turnaround time and more

effective prevention of contamination (due to a closed-tube
configuration) (4, 13, 23).

In this investigation, we compared the linearity, reproduc-
ibility, and sensitivity of the COBAS AMPLICOR HIV-1
MONITOR test v. 1.5 with those of a newly developed real-
time PCR assay, the COBAS TaqMan HIV (HPS-CTMHIV)
assay, which has a semiautomated format and dedicated hard-
ware and software.

MATERIALS AND METHODS

In this multicenter trial, we evaluated the performance characteristics of the
HPS-CTMHIV PCR assay, a semiautomated real-time PCR test based on a
dual-labeled hybridization probe targeting the gag region. After manual HIV
RNA extraction using the High Pure kit (Roche Diagnostics, Mannheim, Ger-
many), which consists of subsequent steps of lysis and glass particle RNA capture
and purification, the TaqMan assay is performed using a dedicated COBAS
TaqMan 48 instrument and the results are expressed in numbers of HIV RNA
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FIG. 1. Intra- and interassay variability of the HPS-CTMHIV as-
say. Six replicates of an eight-member standard panel were tested by
the participating laboratories on three consecutive days. CV, coeffi-
cient of variation; LOQ, limit of quantification.
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copies/ml. The prevention of carryover contamination and the integrity of the
sample are ensured by the use of AmpErase and by an internal control (quan-
titation standard) (8, 17).

All experiments were performed at sites 1, 2, and 3. The sensitivity, specificity,
linearity, and subtype performances were analyzed in comparison with those of
the CAHIM, a quantitative PCR assay licensed for diagnostic use (3). The
HPS-CTMHIV assay and the CAHIM assay were used in accordance with the
manufacturer’s instructions included in the test package inserts.

Precision, sensitivity, and specificity. Intra- and interassay reproducibilities
were investigated using an eight-member standard HIV RNA panel with titers
ranging from 30 to 5 � 106 copies/ml (AcroMetrix, Benicia, CA). Six replicates
of each standard panel member were analyzed on three consecutive days. These
experiments were also used to estimate the assay’s limit of detection, calculated
by probit analysis, while the specificity was assessed by testing 100 samples
obtained from healthy donors or patients with HIV-unrelated diseases.

Linearity and dynamic range. Linearity and dynamic range were investigated
using 13 threefold serial dilutions and an undiluted sample of a 5 � 106-copies/ml
concentration of the AcroMetrix HIV DNA panel member as well as of a
high-titer clinical specimen selected at the trial sites. Each dilution was run in
triplicate.

Subtype identification. The HPS-CTMHIV assay’s ability to detect and quan-
tify different subtypes with the same efficiency was analyzed using a standard
panel consisting of eight members, representing the group M clade, subtypes A
to H, tested in triplicate on three consecutive days (HIV-1 RNA clade perfor-
mance panel PRD201; Boston Biomedica Inc.).

Comparison of assays. Parallel experiments were performed at one of the trial
sites (site 1) with the CAHIM assay, a quantitative PCR assay with a 4-log
dynamic range of concentrations of 50 to 750,000 copies/ml obtained by com-
bining two different sample preparation procedures, the standard and the ultra-
sensitive (21). In addition, to compare the main performance characteristics of
the two systems, we also analyzed their relative performances in quantifying 60
clinical samples taken from patients with HIV infection and different viral loads.

Both the HPS-CTMHIV assay and the CAHIM assay have been approved by
the European Union for in vitro diagnostic applications (CE mark) and are being
reviewed by the FDA.

RESULTS

In this study, we report the results of a three-site multicenter
evaluation of the HPS-CTMHIV assay, a real-time PCR sys-
tem specifically developed to improve the ease of use, turn-
around time, and overall efficacy of current quantitative PCR
assays.

Using an HIV RNA standard panel, we investigated the
HPS-CTMHIV assay’s precision and detection limit across a
range of concentrations from 10 to 107 copies/ml. In several
experiments, run on three consecutive days with six replicates
of each panel member, we observed a mean total precision
(intra- and interassay reproducibility) of 56% (31% to 81%
coefficient of variation) and a 95% detection limit of 53 cop-
ies/ml as estimated by probit analysis (Fig. 1 and Tables 1 and
2). The assay results were linear over a 5-log range from 10 to
107 copies/ml, and the correlation between the expected and
observed results was very high, with an R of 0.98 (Fig. 2).
Similar findings were made when data obtained with the HPS-
CTMHIV assay were compared to those produced with the
CAHIM assay using both the standard and the ultrasensitive

FIG. 2. Linear correlation of observed versus expected results of
HPS-CTMHIV test as assessed with 13 threefold serial dilutions and
an undiluted sample of a 106-copies/ml concentration of a standard
panel member. R2, correlation coefficient.

TABLE 1. Precision of HPS-CTMHIV testa

Panel
member

Concn Mean concn

No.b

Precision

Copies/ml Log10 Copies/ml Log10

SD (Log10) CV (%)c

Interassay Intraassay Total Interassay Intraassay Total

1 30 1.5 31 1.5 10 0.18 0.25 0.31 45 61 81
2 50 1.7 47 1.7 34 0.12 0.25 0.28 28 74 84
3 100 2.0 82 1.9 47 0.08 0.20 0.21 18 48 52
4 1,000 3.0 916 3.0 48 0.10 0.11 0.14 23 25 34
5 10,000 4.0 9,665 4.0 47 0.11 0.07 0.13 26 17 31
6 100,000 5.0 125,050 5.1 48 0.14 0.08 0.16 33 17 38
7 1,000,000 6.0 1,621,759 6.2 48 0.16 0.14 0.22 41 34 56
8 5,000,000 6.7 6,227,011 6.8 43 0.02 0.17 0.17 5 42 43

a Assessed with multiple replicates of an eight-member standard panel of HIV RNA with consecutive runs.
b Number of replicates found.
c CV, coefficient of variation.

TABLE 2. Limit of detection as assessed by probit analysisa

RNA concn
(copies/ml)

No. of replicates
found

Hit rate
(%)

0 0 0
30 36 67
50 50 93
100 54 100
1,000 54 100

a A total of 54 replicates of each member of the standard panel were tested
with the HPS-CTMHIV assay. Limit of detection (95% CI), 53.83 (45.13 to
83.62).
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FIG. 3. Linear range correlation between the HPS-CTMHIV and the CAHIM tests as assessed with 13 threefold serial dilutions and an
undiluted sample of a 106-copies/ml concentration of a standard panel member (a) and with 72 clinical samples (b). R2, correlation coefficient.

FIG. 4. Identification of subtypes A to H by the HPS-CTMHIV assay as assessed by analyzing an eight-member standard panel diluted to a
nominal concentration of 3 � 102 copies/ml (a) and 3 � 103 copies/ml (b). HIV RNA log concentrations were assessed using the HPS-CTMHIV
and the CAHIM tests and compared to the titers calculated by the panel manufacturer (BBI CA, Boston Biomedica Inc., MA).

VOL. 44, 2006 HIV RNA QUANTIFICATION BY A TaqMan PCR TEST 4373



procedure. Samples with titers higher than 105 copies/ml had
to be further diluted, as they were above the upper limit of the
CAHIM assay’s reportable range (Fig. 3a). An excellent cor-
relation between the two tests was also noted when we ana-
lyzed 72 clinical samples taken from patients with chronic HIV
infection and a wide range of viremia levels (Fig. 3b).

We also used a collection of 100 samples obtained from
healthy donors or patients with HIV-unrelated diseases to as-
sess the HPS-CTMHIV assay’s specificity. No HIV RNA was
detected by either the HPS-CTMHIV or the CAHIM assay,
with 100% specificity (data not shown). All major M clade
subtypes, including subtypes A to H, were accurately detected
and quantified when analyzed at two different concentrations,
300 and 3,000 copies/ml (Fig. 4a and b).

DISCUSSION

The HPS-CTMHIV test has been developed to standardize
the real-time technique based on TaqMan instruments and to
improve the performance of the existing PCR assays (13).
Based on this evaluation, the HPS-CTMHIV assay appears to
have achieved these goals, confirming its expected wide dy-
namic range and increased sensitivity. Our data indeed show
that the assay can quantify concentrations ranging from 10 to
107 copies/ml, thus including and extending the range obtain-
able by the CAHIM test, the FDA- and CE-approved test we
used for system comparison. However, the CAHIM assay
makes use of two different sample preparation procedures, the
standard and the ultrasensitive. Specimens that are negative by
the former, at a detection limit of 400 copies/ml, have to be
reevaluated using the latter, which allows for a range of 50 to
5 � 104 copies/ml (21). Although laboratory managers may
decide beforehand which preparation to use based on the
expected HIV titers of the sample, the possibility of avoiding
repeat testing by using the HPS-CTMHIV test instead of the
CAHIM test represents a significant advantage in terms of cost
effectiveness and workflow.

The HPS-CTMHIV assay’s precision, as assessed by intra-
and interassay reproducibility, is good and is comparable to
that of the CAHIM assay. Further improvement is expected
when the RNA extraction procedure, presently labor-intensive
and lengthy, is automated (6). Medium-sized to large labora-
tories, with high sample turnover, may indeed benefit from
fully automated sample preparation using dedicated instru-
mentation (6, 18). In this respect, the COBAS AmpliPrep
instrument, a nucleic acid extractor already in use in conjunc-
tion with the CAHIM (COBAS AmpliPrep/COBAS AMPLI-
COR HIV MONITOR) reagents, is being validated as the
front-end instrument for the HPS-CTMHIV test (19).

The issue of potential carryover has already been solved for
the CAHIM assay through pretreatment with uracyl-N-glyco-
sylase, the enzyme that specifically inactivates dUTP-contain-
ing amplicons. This step is also included in the HPS-CTMHIV
assay, with additional safety derived from the closed-tube pro-
cedure typical of the hydrolysis probe technology used with
TaqMan instruments.

This investigation was not designed to evaluate the efficacy
of HIV-1 RNA quantification for the various non-B subtypes,
since only two dilutions of a single strain corresponding to the
most frequent HIV-1 subtypes were tested. However, in this

study we show that both tests are able to detect the subtypes
tested at low HIV RNA levels (300 copies/ml) and provide
similar results at the higher titers tested (3,000 copies/ml).
Additional studies of larger numbers of clinical samples are
warranted to confirm these data and to assess the ability of the
HPS-CTMHIV assay to detect newly emerging strains and
recombinants (9, 22).

In conclusion, we have shown that the HPS-CTMHIV test
provides performances similar to those of the licensed CAHIM
test with regard to specificity, sensitivity, and precision and has
additional advantages in terms of a larger dynamic range, high
throughput, and absence of carryover during the PCR ampli-
fication procedure.
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