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Abstract—The Aptima® HIV-1 Quant Dx Assay is a fully
automated assay on the Panther system. It is based on Transcription-
Mediated Amplification and real time detection technologies. This
assay is intended for monitoring HIV-1 viral load in plasma
specimens and for the detection of HIV-1 in plasma and serum
specimens.

Nine-hundred and seventy nine specimens selected at random
from routine testing at St Thomas’ Hospital, London were
anonymised and used to compare the performance of the Aptima
HIV-1 Quant Dx assay and Roche COBAS® AmpliPrep/COBAS®
TagMan® HIV-1 Test, v2.0. Two-hundred and thirty four specimens
gave quantitative HIV-1 viral load results in both assays. The
quantitative results reported by the Aptima Assay were comparable to
those reported by the Roche COBAS AmpliPrep/COBAS TagMan
HIV-1 Test, v2.0 with a linear regression slope of 1.04 and an
intercept on -0.097.

The Aptima assay detected HIV-1 in more samples than the
COBAS assay. This was not due to lack of specificity of the Aptima
assay because this assay gave 99.83% specificity on testing plasma
specimens from 600 HIV-1 negative individuals. To understand the
reason for this higher detection rate a side-by-side comparison of low
level panels made from the HIV-1 3™ international standard
(NIBSC10/152) and clinical samples of various subtypes were tested
in both assays. The Aptima assay was more sensitive than the
COBAS assay.

The good sensitivity, specificity and agreement with other
commercial assays make the HIV-1 Quant Dx Assay appropriate for
both viral load monitoring and detection of HIV-1 infections.
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1. INTRODUCTION

ETECTION and quantification of HIV-1 is important not

only for diagnosis of HIV-1 infections but also for
management of HIV-1 patients [1] and research applications
[2], [3]. Quantitative measurements of HIV in the peripheral
blood has shown that higher viral loads may be correlated
with increased risk of clinical progression of HIV-associated
disease, and reductions in plasma virus levels may be
associated with decreased risk of clinical progression [4]-[6].
The World Health Organization (WHO) 2013 consolidated
guidelines recommends viral load monitoring as the preferred
approach compared with immunological and clinical
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monitoring; viral load monitoring provides an early and more
accurate indication of treatment failure and the need to switch
to second-line drugs, which leads to reductions in accumulated
drug-resistance mutations and to improved clinical outcomes.
Measuring viral load can also help to discriminate between
treatment failure [7] and non-adherence and can serve as a
proxy for the risk of transmission at the population level. Early
diagnosis of HIV-1 infection and linkage to care is essential in
controlling the HIV epidemic because people with recent
infections account for 30-50% of new HIV infections [8], [9].
Because of these benefits there is a concerted effort to support
the scaling up of viral load measurement capacity also in
resource limited settings. [10], [11].

Despite the multiple commercially available tests for
diagnosis of HIV-1 infection (i.e, 4™ generation
antigen/antibody tests), and for viral load monitoring, none of
these tests have regulatory approval for both diagnosis and
viral load monitoring, thus requiring a return visit by a patient
before treatment can be initiated [12]. The Aptima HIV-1
Quant Dx assay on the Panther system is the first
commercially available assay with regulatory approval for
both the diagnosis of HIV-1 and viral load monitoring. This
assay may enable rapid treatment initiation since its results can
be interpreted both qualitatively and quantitatively.

The Aptima HIV-1 Quant Dx assay uses Transcription
Mediated Amplification (TMA) and real time detection
technologies to detect and quantify HIV-1. TMA utilizes two
enzymes, moloney murine leukemia virus (MMLV) reverse
transcriptase and T7 RNA polymerase for amplification. The
reverse transcriptase is used to generate DNA copies of the
target sequence. T7 RNA polymerase produces multiple
copies of RNA amplicon from each DNA copy template and
this exponential amplification makes the TMA technology
ideal for development of sensitive nucleic acid tests. Two
regions of HIV-1 RNA (Pol and LTR) are amplified by the
Aptima assay. Amplification of these two regions is achieved
using specific primers which are designed to amplify HIV-1
groups M, N, and O. The primer design and the dual target
approach ensure accurate detection and quantitation of HIV-1.
This test uses 0.5 mL of specimen volume per test.

The Panther system is a fully-automated random access
nucleic acid analyzer. The system can provide HIV-1 results
from primary blood collection tubes directly loaded on the
system after centrifugation to separate the plasma, with no
further manipulation required. The system generates over 300
test results within an 8 hour shift and the first result is
available within 3 hours and subsequent results every 5
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minutes.

II. MATERIALS AND METHODS

Nine-hundred and seventy nine specimens selected at
random from the routine testing at St Thomas’ Hospital
London were used in this study. As part of clinical
management specimens were tested using the COBAS®
AmpliPrep/COBAS® TagMan® HIV-1 Test, v2.0. An aliquot
of the same specimen was then anonymized and tested on the
Panther system using the Aptima HIV-1 Quant Dx Assay.

Side-by-side testing of 25 and 50 IU/mL panels
manufactured by diluting the 3™ international HIV-1 RNA
WHO standard (NIBSC code 10/152) into HIV negative
plasma was used for comparison of sensitivity of the two
assays. Fifteen to thirty replicates of each panel member was
tested in each assay for this comparison. Additional testing
was conducted with panels composed of HIV-1 Group M
subtypes and recombinants (A, B, C, G, A/G) to compare the
sensitivity of the Aptima assay to the COBAS assay. Panels
were prepared by diluting HIV-1 positive clinical specimens
of each subtype in negative plasma to concentrations of 30, 90
and 270 copies/mL. These were tested in replicates of 10 in
both the Aptima and COBAS assays. The specificity of the
Aptima assay was assessed by testing 600 clinical specimens
from HIV-1 negative individuals.

III. RESULTS AND DISCUSSION
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Fig. 1 A Scatter plot comparing the quantitative results from 234
clinical Specimens tested in Aptima HIV-1 Dx assay and the
COBAS® AmpliPrep/COBAS® TagMan® HIV-1 Test, v2

From the 979 specimens collected at St Thomas’ Hospital
London, 234 gave quantitative HIV-1 viral load results in both
the COBAS and Aptima assays. A linear regression slope of
1.04 and an intercept of -0.097 were obtained for this
comparison showing good agreement between the two assays
(Fig. 1). As shown in Fig. 2, Bland Altman analysis of these
results also show good agreement between results in the two
assays across the assay range.
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Fig. 2 Bland Altman plot comparing the quantitative results from 234
clinical Specimens tested in Aptima HIV-1 Dx assay and the
COBAS® AmpliPrep/COBAS® TagMan® HIV-1 Test, v2

TABLE I
DISCORDANT ANALYSIS OF SAMPLES WITH MORE THAN 1 LOG DIFFERENCE
BETWEEN ROCHE AND APTIMA RESULTS ON INITIAL TESTING

COBAS V2 Abbott Aptima initial Aptima Retest

(log ¢/mL) (log ¢/mL) result (log ¢/mL) (log ¢/mL)
4.13 3.75 2.86 4.20
3.55 2.62 231 Not Retested

Only 2 samples differed in viral load results by more than 1
log between the two assays. These two specimens were tested
in the Abbott Real Time HIV-1 assay for discordant analysis.
For one of these samples the Aptima result was lower than
both the COBAS and Abbott Real Time result. This sample
was then retested in Aptima and the retest result was within
0.5 logs of both COBAS and Abbott results. For the other
sample the Abbott result was within 0.5 log of the Aptima
result (Table I). Other investigators have reported similar
discordant rates when comparing commercially available HIV
viral load assays [13]-[18].

The 979 specimens collected at St Thomas’ Hospital
London were categorized as “Target Not Detected” (TND),
detected but less than the lower limit of quantitation for the
assay (< 20 copies/mL for COBAS and < 30 copies/mL for
Aptima) or as “Quant” (giving a quantitative result in the
assay). These results are shown in Table II. The results show
that 62% (611/979) of the specimens tested gave concordant

results (Table II) for the two assays.
TABLE II
COMPARISON OF RESULTS OF NINE HUNDRED AND SEVENTY NINE
SPECIMENS TESTED IN THE APTIMA HIV-1 DX ASSAY AND THE COBAS®
AMPLIPREP/COBAS® TAQMAN® HIV-1 TEST, v2.0

Aptima
TND <30 Quant
TND 253 151 7
COBAS <20 96 124 14
V2 Quant 15 85 234

“TND” Is “Target Not Detected”
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Fifteen specimens gave a quantitative value in the Roche
assay but reported target not detected results in the Aptima
assay. Seven specimens gave a target not detected result in the
COBAS assay but had a quantitative result in the Aptima
assay. Part of the reason for this may be that the COBAS assay
reports viral load results down to 20 copies/mL (1.30 log
copies/ml) but the Aptima assay has a lower limit of
quantitation of 30 copies/mL (1.47 log copies/mL). To address
this, the data was reanalyzed after applying a lower limit of
quantitation of 30 copies/mL to both assays (Table III). This
increased the agreement between the two assays from 62 to
65%. This also reduced the number of specimens with target
not detected results in the Aptima assay and a quantified result
in COBAS from 15 to 8. In addition, the number of specimens
that were quantified in the COBAS assay and detected in the
Aptima assay was reduced from 85 to 60. This demonstrates
that many of the quantified specimens that categorized
differently had viral loads close to the limit of quantitation of
the assays.

TABLE IIT
COMPARISON OF RESULTS OF NINE HUNDRED AND SEVENTY NINE PATIENT
PLASMA SPECIMENS TESTED IN THE APTIMA HIV-1 DX ASSAY AND THE
COBAS® AMPLIPREP/COBAS® TAQMAN® HIV-1 TEST, v2.0

Aptima
TND <30 Quant
TND 253 151 7
COBAS <30 103 149 19
V2 Quant 8 60 229

“TND” Is “Target Not Detected”

In this clinical sample set there were more specimens that
gave a detectable result in the Aptima assay compared to
COBAS (151 vs 103). Similar results have been observed by
other investigators on comparing the sensitivities of different
HIV viral load assays [19-21]. It should be noted that the
sensitivity studies documented in the package insert for the
COBAS assay were performed with the 2™ International HIV-
1 WHO standard (NIBSC code 97/650) while those for
Aptima were conducted with the 3" international HIV-1 WHO
standard (NIBSC code 10/152). A direct comparison using the
3" international standard for HIV-1 diluted to 25 and 50
IU/mL and tested in both assays show that Aptima had a
higher reactivity rate than COBAS at both concentrations
(Table IV).

Additional testing conducted with subtype panels made
from clinical specimens show that the Aptima assay detected
100% of samples at 30, 90 and 270 copies/mL (10 replicates
of each panel). The COBAS assay failed to detect 1 replicate
at 30 and 90 ¢/mL for subtype B, 4 replicates at 30 and 1
replicate at 90 c¢/mL for subtype G (Table V). Therefore the
COBAS assay was less sensitive than the Aptima assay with
both WHO standards and panels made from clinical specimens
of multiple HIV-1 subtypes.

Another possible explanation for the difference in detection
rate between the two assays is that the Aptima assay could be
reporting more false positive results. To rule this out a
specificity study was conducted by testing 600 plasma

samples from HIV-1 negative patients. The specificity of the
Aptima assay was 99.83% (Table VI). There was 1 false
positive result with “<30 c/ml detected” result on initial
testing that gave target not detected results on retesting in
Aptima. This demonstrates that the Aptima assay has good
specificity and sensitivity. The 151 clinical specimens that
gave detected results in Aptima but not in COBAS (Tables II
and III) are therefore not false positive but low level positives
from HIV-1 patients on anti-retroviral therapy.

TABLE IV
COMPARISON OF SENSITIVITY BETWEEN COBAS AND APTIMA ASSAYS WITH
3RD HIV WHO STANDARD 10/152 DILUTED TO 25 AND 50 IU/ML IN PLASMA

Concentration ~ Assay # Replicates  # Positive % Reactivity
in IU/mL tested
25 Roche 15 9 60%
Aptima 30 27 90%
50 Roche 15 12 80%
Aptima 30 30 100%
TABLE V

REACTIVITY OF HIV-1 SUBTYPE PANELS AT 30, 90 AND 270 C/ML ON TESTING
IN ROCHE AND APTIMA ASSAYS

HIV-1 Subtype Assay HIV-1 Concentration ¢/mL

30 90 270

A COBAS 100% 100% 100%
Aptima 100% 100% 100%

B COBAS 90% 90% 100%
Aptima 100% 100% 100%

C COBAS 100% 100% 100%
Aptima 100% 100% 100%

G COBAS 40% 90% 100%
Aptima 100% 100% 100%

A/IG COBAS 100% 100% 100%
Aptima 100% 100% 100%

TABLE VI

SPECIFICITY TESTING FOR THE APTIMA ASSAY WITH 600 HIV-1 NEGATIVE
PLASMA SPECIMENS TESTED WITH 2 REAGENT LOTS

Aptima Number of individual Number Aptima Specificity
Reagent lot patient plasma TND results (95% Confidence
samples tested in Aptima Interval)
1 300 299 99.67
2 300 300 100.00
Total 600 599 99.83

(99.06-99.97)

IV. CoNCLUSION

The Aptima HIV-1 Quant Dx Assay gave comparable viral
load results to the Roche COBAS AmpliPrep/COBAS
TagMan HIV-1 Test, v2.0 for most clinical samples. However
the sensitivity of the Aptima Assay was higher than the
COBAS v2.0 assay on testing clinical samples, dilutions of
NIBSC WHO standards and sensitivity panels belonging to
various HIV-1 subtypes. The Aptima assay also has good
specificity. The high sensitivity and specificity of the Aptima
assay and good agreement in quantitation results with other
commercial assays makes it a good candidate for both
diagnosis of HIV-1 infections and viral load monitoring.
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