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The use of nucleic acid detection for HIV type 1 (HIV-1) detection is strongly recommended in infants <18 months of age, in
whom serology is unreliable. This study evaluated the Cobas AmpliPrep/Cobas TaqMan HIV-1 Qualitative Test v2.0 (TaqMan
HIV-1 Qual Test, v2.0), a dual-target total nucleic acid real-time PCR assay. The limit of detection (LOD) of the new test in
plasma and dried blood spots (DBS) was determined with the 2nd International HIV-1 RNA WHO standard. The specificity of
the assay was tested with EDTA plasma (n � 1,301) and DBS from HIV-negative adults (n � 1,000). The sensitivity was deter-
mined using HIV-1-positive samples (n � 169 adult EDTA plasma, n � 172 adult DBS, and n � 100 infant DBS) that included
group M, subtypes A to H, CRF01_AE, CRF02_AG, and groups O and N. All positive specimens and a subset of the negative spec-
imens were also tested with the Abbott RealTime HIV-1 Qual assay (RealTime). The LOD of the TaqMan assay was 20 copies/ml
in plasma and 300 copies/ml in DBS, with specificities of 99.8% in plasma and 99.9% in DBS. The TaqMan assay results were
100% concordant with RealTime results in EDTA plasma samples and in 100 HIV-1-negative adult DBS. Among 172 HIV-1-posi-
tive DBS from adults, the TaqMan assay showed positive results for all DBS while RealTime missed five DBS with low target con-
centrations. Infant DBS results were 100% concordant. The improved sensitivity of the Cobas AmpliPrep/Cobas TaqMan HIV-1
Qualitative Test, v2.0, compared to current commercially available assays may enable earlier diagnosis and treatment in adults
and infants. The dual-target test may ensure HIV-1 detection even if a mutation is present in one of the two target regions. The
DBS sample matrix facilitates virological testing in remote areas.

Globally, 35.3 million people were living with HIV infection at
the end of 2012 (1). Sub-Saharan Africa remains the most

severely affected region, with approximately 1 in 20 adults infected
with HIV. This accounts for 71% of the people living with HIV
worldwide (1). Although access to early infant diagnosis of HIV is
improving, in 2011 only 35% of infants born to HIV-positive
mothers were tested within 2 months of birth (1). The Joint
United Nations Programme on HIV/AIDS (UNAIDS) call for ac-
tion has set new targets for 2020, the first of which is for 90% of
those infected with HIV to know their status. Improved assays like
the one evaluated in this study should assist in increasing access to
HIV diagnosis, particularly in a vulnerable pediatric population
that requires nucleic acid-based testing (2). Transmission of HIV
occurs through sexual contact, exposure to infected blood prod-
ucts (3), and vertical mother-to-child transmission (4). For many
infected infants, the progression of AIDS is rapid, and thus, early
antiretroviral therapy is crucial for survival. In a randomized, con-
trolled clinical trial in South Africa, it was demonstrated that early
HIV diagnosis and early antiretroviral therapy could reduce early
infant mortality by 76% and slow HIV progression by 75% (5).
Access to HIV testing and early confirmation of a pediatric infec-
tion are thus critical for immediate access to treatment and care
programs. Nucleic acid testing is particularly important for early
diagnosis of infants �18 months of age. In this population, sero-
logic tests are unreliable for the identification of true virologic
status, because passively transferred maternal HIV type 1 (HIV-1)
antibodies may be detectable in the HIV-exposed infant for up to
18 months of life (6) or longer in some instances (7). Thus, the
World Health Organization (WHO) strongly recommends that
HIV virological testing be used to diagnose HIV infections in in-
fants and children below 18 months of age (8). The regions that

are most severely affected by the HIV epidemic, such as sub-Saha-
ran Africa, are often faced with severe resource constraints limit-
ing access to virological testing. The difficulties of cold-chain
transfer of collected blood samples from remote areas to central-
ized laboratories and the lack of technicians with phlebotomy
skills remain significant challenges, while the costs of laboratory
equipment and the need for skilled technicians further limit the
availability of routine testing. The use of dried whole-blood spots
(DBS) addresses the sample collection and transport challenges.
The Cobas AmpliPrep/Cobas TaqMan HIV-1 Qualitative Test
v2.0 (TaqMan HIV-1 Qual Test, v2.0) is an in vitro diagnostic
(IVD), total nucleic acid amplification test for the qualitative de-
tection of HIV-1 DNA and RNA (or total nucleic acid [TNA]) in
human plasma or DBS using automated specimen processing fol-
lowed by automated amplification and detection. The assay is in-
dicated for individuals (adults or children) who are suspected to
be actively infected with HIV-1. Detection of HIV-1 TNA is indic-
ative of infection with HIV-1. In adults, the test may be used as an
aid in the diagnosis of HIV-1 infection (9). The TaqMan HIV-1
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Qualitative Test, v2.0, was developed based on the original version
(version 1.0) and shares many aspects of the sample preparation
and the general reagent complement used in the quantitative Taq-
Man HIV-1 Test, v2.0. This report presents an assessment of the
TaqMan HIV-1 Qual Test, v2.0, using the 2nd International
HIV-1 RNA WHO standard, NIBSC code 97/65041, HIV-1 sub-
type B, and clinical specimens, including group M, subtypes A H,
CRF01_AE, group O, and group N. This new assay demonstrates
improved performance in both plasma and dried blood spots.

MATERIALS AND METHODS
Qualitative assays. The Abbott RealTime HIV-1 Qual assay (Abbott Mo-
lecular, Des Plaines, IL, USA) and the TaqMan HIV-1 Qual Test v2.0
(Roche Diagnostics, Indianapolis, IN, USA) were performed according to
the manufacturer’s instructions. The preanalytical steps in the DBS work-
flow for the TaqMan HIV-1 Qual Test v2.0 are outlined in Fig. 1. Both
assays are standardized to the World Health Organization International
Standard (WHO-IS) for HIV-1 RNA (2nd International HIV-1 RNA
WHO standard, NIBSC code 97/65041, HIV-1 subtype B).

Changes made within the TaqMan HIV-1 Qual Test, v2.0. Key
changes to improve assay sensitivity include an improved sample prepa-
ration method and reagents from the TaqMan HIV-1 v2.0 Quant assay,
using the dual-target assay design. Among the modifications included to
improve the assay specificity were chemical modifications of the primer 3=
ends and an optimized software algorithm to assess cycle threshold (CT),
cutoff criteria, and minimum relative fluorescence intensity (RFI min)
(10, 11).

Sample collection and preparation. At all study sites (Luxembourg
Institute of Health, Luxembourg; the University of the Witwatersrand,
Wits Medical School Virology Laboratory, Johannesburg, South Africa;
and Roche Diagnostics International AG, Rotkreuz, Switzerland), fresh
whole blood was collected in EDTA tubes for the analytical and clinical
studies. DBS were prepared from whole-blood samples within 4 days of
the blood draw. Whole blood (70 �l) was spotted onto demarcated circles
on a DBS Whatman 903 Neonatal STD EU card (GE Healthcare, West-
borough, MA, USA) or on Munktell TFN specimen collection cards
(Munktell Filter AB, Falun, Sweden) (preperforated). The DBS cards were
dried for at least 3 h and stored at room temperature in individual Ziplock
bags containing a desiccant for up to 4 months before analysis. Within 6 h
of collection, EDTA plasma was obtained following separation by centrif-
ugation and then stored at �80°C. In South Africa, the specimen analysis

was conducted per ethics clearance certificate M121151 from the Univer-
sity of the Witwatersrand Human Ethics Committee, Johannesburg,
South Africa, as well as ethics reference no. 257/2013 from the University
of Tshwane, Faculty of Health Sciences Research Ethics Committee, Pre-
toria, South Africa.

LOD of the TaqMan HIV-1 Qual Test v2.0 assay. Limit-of-detection
(LOD) comparisons conducted with an EDTA plasma single target
(HIV-1 gag gene) as used in TaqMan HIV-1 Qualitative Test, v1.0, and
with dual targets (HIV-1 gag gene and long terminal repeat [LTR] region)
as used in TaqMan HIV-1 Qualitative Test, v2.0, have been performed at
five concentration levels (100, 50, 25, 12.5, 6.3, and 3.1 copies [cp]/ml)
using the 1st International HIV-1 RNA WHO standard, NIBSC code 97/
656, HIV-1 subtype B, diluted in HIV-1-negative human EDTA plasma.
One copy of HIV-1 RNA is equivalent to 1.7 � 0.1 IU. Probit (probability
logistic regression) analysis was performed in a research test that is similar
but not identical to the IVD test used in the remainder of this study.

The limit of detection of the TaqMan HIV-1 Qual Test, v2.0, was
determined by testing the 2nd International HIV-1 RNA WHO standard,
NIBSC code 97/65041, HIV-1 subtype B, diluted in HIV-1-negative hu-
man EDTA plasma or whole blood for DBS. One copy of HIV-1 RNA is
equivalent to 1.7 � 0.1 IU. The limit of detection was determined using
three different reagent lots. Three dilution series were analyzed for each
reagent lot. A total of approximately 126 replicates per concentration level
were tested for EDTA plasma, and a total of approximately 189 replicates
per concentration level were tested for DBS.

Specificity of the TaqMan HIV-1 Qual Test, v2.0. The specificity of
the TaqMan HIV-1 Qual Test, v2.0, was determined with two reagent lots
by analysis of HIV-1-negative EDTA plasma and DBS specimens from
routine blood donors. A total of 1,301 individual EDTA negative plasma
specimens and 1,000 negative DBS were tested. Discrepant samples were
retested in duplicate and resolved using hemi-nested PCR (hnPCR) (for
method description, see below).

Method of correlation of the performance of TaqMan HIV-1 Qual
Test v2.0 to that of Abbott RealTime HIV-1 Qual assay in EDTA plasma.
The performance of the TaqMan HIV-1 Qual Test, v2.0, was compared to
that of the Abbott RealTime HIV-1 Qual assay by analyzing 169 undiluted
confirmed HIV-1-positive and 100 confirmed HIV-1-negative clinical
EDTA plasma specimens from adults. The specimen subtypes included
HIV-1 group M subtypes A to H and were analyzed at the external site in
Luxembourg. A total of 169 positive samples that ranged between 1.0E �
02 and 5.0E � 05 copies per ml (cp/ml), including samples with contents

FIG 1 Overview of Cobas AmpliPrep/Cobas TaqMan HIV-1 Qualitative Test, v2.0, and workflow preanalytics of DBS. RT, room temperature.
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that were close to the limit of detection of the TaqMan HIV-1 Qual Test,
v2.0, were evaluated.

Method of correlation of the performance of TaqMan HIV-1 Qual
Test v2.0 to that of Abbott RealTime HIV-1 Qual assay in DBS. The
performance of the TaqMan HIV-1 Qual Test, v2.0, was compared to that
of the Abbott RealTime HIV-1 Qual assay by analysis of a total of 172
undiluted, confirmed HIV-1-positive clinical DBS specimens from adult
blood donors; 99 prospectively collected, undiluted HIV-1-positive clin-
ical early infant (age �18 months) DBS specimens; 100 DBS specimens
from healthy HIV-1-negative adult donors; and 201 specimens from HIV-
1-negative infants (age, �18 months). The HIV-1-positive specimens
comprised HIV-1 group M subtypes A to H, group O and N (group O and
N for adult DBS only), and were analyzed in Luxembourg.

hnPCR. Hemi-nested PCR (hnPCR) analysis was applied to confirm a
positive test result as an HIV-1-specific reaction. The analysis consists of
amplification of an aliquot of the primary amplicon with two master mix
(MMx) amplification primer sets. The amplification mixes did not con-
tain Uracil-N glycosylase (UNG), as this would have destroyed any poten-
tial PCR product. In the first PCR, using MMx set 1, only one region of the
complete target amplicon is amplified using the original forward primer
and a reverse primer, based on the sequence of the probe. If the result
obtained with this MMx set is positive, giving a PCR product of the same
base pair length as that seen with a confirmed positive sample, the possi-
bility remains that the initial reaction was not HIV-1 specific. To confirm
the positive result as HIV-1 specific, the primary PCR product is amplified
in a second amplification reaction with MMx set 2 using the original
reverse primer and a forward primer, based on the sequence of the probe.
If the result obtained is also positive, this acts as confirmation that the
target sequence was present in the primary PCR sample, ratifying that the
reaction was HIV-1 specific. For each viral target, two different MMx sets

are used, and HIV-1 is tested with 4 different MMx sets (HIV-1M LTR set
1 and set 2 and HIV-1M GAG set 1 and set 2).

RESULTS
Effect of dual target on limit of detection. Adding a second target
per viral genome increased the sensitivity of the assay. This was
tested by comparing the limit of detection of a single-target viral
load test to that of a dual-target viral load test, using Probit anal-
ysis (Table 1). The single-target assay reached a limit of detection
of 62.9 cp/ml (95% confidence range, 37.7 to 160.6 cp/ml),
whereas the dual-target “research” assay reached a limit of detec-
tion of 22.8 cp/ml (95% confidence range, 16.5 to 39.1).

Clinical limit of detection. The limit of detection of the Taq-
Man HIV-1 Qual Test, v2.0, was determined by testing the 2nd
International HIV-1 RNA WHO standard, NIBSC code 97/65041,
HIV-1 subtype B, diluted in HIV-1-negative human EDTA
plasma or whole blood for DBS. The evaluation was performed
according to CLSI guideline EP17-A2 (12). The combined results
for all three lots tested for EDTA plasma and DBS are shown in
Table 2 and Table 3 and demonstrate that the TaqMan HIV-1
Qual Test, v2.0, detected HIV-1 RNA at concentrations of 16.5
cp/ml (95% confidence interval, 14.3 to 19.8 cp/ml) in EDTA
plasma and 221.8 cp/ml (95% confidence interval, 195.6 to 260.5
cp/ml) in DBS, respectively, as determined by Probit analysis.

Specificity. Five of the 1,301 individual confirmed HIV-1-neg-
ative EDTA plasma specimens returned a positive HIV-1 result.
All five initially positive samples were retested with the TaqMan
HIV-1 Qual Test, v2.0, in duplicate and yielded negative results. In
addition, all five samples were tested for a specific HIV-1 signal

TABLE 2 Limit of detection in EDTA plasma of the TaqMan HIV-1
Qualitative Test, v2.0, using the 2nd International HIV-1 RNA WHO
Standard, NIBSC code 97/65041, HIV-1 subtype B, diluted in HIV-1-
negative human EDTA plasmaa

Nominal input
(HIV-1 RNA cp/ml)

No. of
replicates

No. of
positives

Positivity
rate (%)

60 126 126 100
40 186 185 99
30 126 125 99
20 126 124 98
15 59 53 90
10 126 108 86
5 125 66 53
0 126 0 0
a One copy of HIV-1 RNA is equivalent to 1.7 � 0.1 IU. Probit analysis showed a 95%
hit rate of 16.5 cp/ml (95% confidence interval, 14.3 to 19.8 cp/ml).

TABLE 1 Limit-of-detection comparison in EDTA plasma using the 1st International HIV-1 RNA WHO Standard, NIBSC code 97/656, HIV-1
subtype B, diluted in HIV-1-negative human EDTA plasmaa

Nominal input (no. of
HIV-1 RNA copies/ml)

Single target (HIV-1 gag gene)b Dual target (HIV-1 gag gene and LTR region)c

No. of replicates No. of positives Positivity rate (%) No. of replicates No. of positives Positivity rate (%)

100 21 21 100 30 30 100
50 21 20 95.2 30 30 100
25 21 16 76.2 30 29 96.7
12.5 21 14 66.7 30 25 83.3
6.3 21 5 23.8 30 13 43.3
3.1 20 7 35 30 8 26.7
a Results obtained with a single target (HIV-1 gag gene) as used in TaqMan HIV-1 Qualitative Test, v1.0, and with a dual target (HIV-1 gag gene and LTR region) as used in
TaqMan HIV-1 Qualitative Test, v2.0, are compared. One copy of HIV-1 RNA is equivalent to 1.7 � 0.1 IU.
b Probit analysis showed a 95% hit rate of 62.9 copies (cp)/ml (95% confidence interval, 37.7 to 160.6 cp/ml).
c Probit analysis showed a 95% hit rate of 22.8 cp/ml (95% confidence interval, 16.5 to 39.1 cp/ml).

TABLE 3 Limit of detection in DBS of the TaqMan HIV-1 Qualitative
Test, v2.0, using the 2nd International HIV-1 RNA WHO Standard,
NIBSC code 97/65041, HIV-1 subtype B, diluted in HIV-1-negative
whole blood for DBSa

Nominal input
(HIV-1 RNA cp/ml)

No. of
replicates

No. of
positives

Positivity
rate (%)

500 189 189 100
400 187 185 99
300 188 183 97
150 188 166 88
75 188 108 57
0 188 0 0
a One copy of HIV-1 RNA is equivalent to 1.7 � 0.1 IU. Probit analysis showed a 95%
hit rate of 221.8 cp/ml (95% confidence interval, 195.6 to 260.5 cp/ml).
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using hemi-nested PCR (hnPCR). Three samples were shown to
be HIV-1 specific via hnPCR and were excluded for specificity
analysis. Two samples could not be confirmed to be HIV-1 specific
via hnPCR. After resolution of discrepant samples, a total of 1,298
EDTA plasma samples were included, achieving a specificity of
99.9% (one-sided lower 95% confidence limit, �99.5%). Three of
the 1,000 individual confirmed HIV-1-negative DBS specimens
yielded a positive HIV-1 result. All three initially positive samples
were retested in duplicate and yielded negative results. In addi-
tion, all three samples were tested for a specific HIV-1 signal using
hemi-nested PCR (hnPCR). Two samples were shown to be
HIV-1 specific via hnPCR and were excluded for specificity anal-
ysis. One sample could not be confirmed to be HIV-1 specific via
hnPCR. After resolution of discrepant samples, a total of 998 DBS
samples were included, achieving a specificity of 99.8% (one-sided
lower 95% confidence limit, �99.5%).

Method correlation of TaqMan HIV-1 Qual Test v2.0 versus
Abbott RealTime HIV-1 Qual assay. Method correlation results
are summarized in Table 4 for the confirmed positive specimens
and in Table 5 for the confirmed negative specimens. Correlation
to the Abbott RealTime HIV-1 Qual assay in human plasma
showed 100% agreement (n � 169 positive HIV-1 clinical speci-
mens; n � 100 HIV-1-negative individual donors). Correlation
with the Abbott RealTime HIV-1 Qual assay was also tested in
both adult and infant DBS specimens. Using DBS from adults, an
agreement of 100% in HIV-1-negative (n � 100) specimens was
obtained. Of 172 confirmed HIV-1-positive DBS from adults, the
new TaqMan HIV-1 Qual Test v2.0 assay showed positive results

for all DBS while the Abbott RealTime HIV-1 Qual assay missed
five DBS with a low target concentration. The five confirmed
HIV-1-positive DBS from adults that tested positive on TaqMan
HIV-1 Qual Test v2.0 and negative on the Abbott RealTime HIV-1
Qual assay could be confirmed to be positive using nested PCR
(see Table 6). Testing of infant DBS specimens showed 100% con-
cordance (n � 100 HIV-1-positive clinical specimens; n � 200
HIV-1-negative specimens from infants).

Reliability of the TaqMan HIV-1 Qual Test v2.0 and Abbott
RealTime assays. The Roche assay demonstrated better run and
sample reliability than the Abbott RealTime comparator assay
(Table 7), where reliability was calculated as given below:

Run reliability � % �
� ��runs finished� ⁄ �runs started�� � 100 (1)

Sample reliability � % �
� ��valid samples� ⁄ �total samples�� � 100 (2)

The Roche assay requires only one spot per test, permitting
multiple testing attempts using a typical DBS card that collects
approximately 70 �l of whole blood. Taking the data together, use
of the Roche assay will significantly reduce losses to follow-up due
to testing failures. A summary of the TaqMan HIV-1 Qual Test,
v1.0, TaqMan HIV-1 Qual Test, v2.0, and RealTime Qual assays is
provided in Table 8.

DISCUSSION

Sensitivity is of paramount importance for qualitative HIV PCR
assays designed for diagnostic purposes both in infants and in the
acute infection scenario in adults. The viral loads of HIV-infected
infants may start out low at birth and increase over time (13).
Therefore, a more sensitive HIV PCR test can lead to earlier, more
accurate diagnosis (14), which can minimize the occurrence of

TABLE 4 Correlation of TaqMan HIV-1 Qual Test, v2.0, to the Abbott
RealTime HIV-1 Qual assay in confirmed HIV-1-positive EDTA plasma
and DBS samples

Sample category

Result for TaqMan
HIV-1 Qual Test,
v2.0

No. of samples with
indicated Abbott
RealTime HIV-1
Qual assay result

Positive Negative

Confirmed HIV-1-positive
EDTA plasma (n � 169)

Positive 169 0
Negative 0 0

Confirmed HIV-1-positive
adult and infant DBS
(n � 272)

Positive 267 5
Negative 0 0

TABLE 5 Correlation of TaqMan HIV-1 Qualitative Test, v2.0, to the
Abbott RealTime HIV-1 Qual assay in confirmed HIV-1-negative EDTA
plasma and DBS samples

Sample category

Result for TaqMan
HIV-1 Qual Test,
v2.0

No. of samples with
indicated Abbott
RealTime HIV-1
Qual assay result

Positive Negative

Confirmed HIV-1-negative
EDTA plasma (n � 100)

Positive 0 0
Negative 0 100

Confirmed HIV-1-negative
adult and baby DBS
(n � 300)

Positive 0 0
Negative 0 300

TABLE 6 Characterization of five noncorrelating confirmed HIV-1-
positive DBS samples that tested negative in the Abbott RealTime HIV-1
Qual assay

Sample

EDTA plasma viral
load (cp/ml) in
TaqMan HIV-1
Test, v2.0 Genotype

No. of positive results/
total no. of tests

TaqMan
HIV-1
Qual Test,
v2.0

Abbott
RealTime
HIV-1
Qual
Assay

1 1,355 C 3/3 0/3
2 1,364 C 3/3 1/3
3 1,604 C 3/3 1/3
4 1,648 C 3/3 1/3
5 1,318 C 3/3 1/3

TABLE 7 Reliability of TaqMan HIV-1 Qualitative Test, v2.0, and
Abbott RealTime HIV-1 Qual assay at South African trial site

Reliability category

% reliability (no. of valid runs or samples/
total no. of runs or samples)

TaqMan HIV-1
Qual Test, v2.0

Abbott RealTime
HIV-1 Qual

Runs 97 (37/38) 88 (30/34)
Samples 94 (486/515) 85 (486/571)
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potentially irreversible immune damage before therapy is initi-
ated, improve linkage to care, and thus reduce the loss of infected
infants to follow-up. Many individuals tested for HIV may have
had some antiretroviral exposure, reducing their DNA and RNA
viral loads. A more sensitive HIV PCR assay can help detect infec-
tions in these patients.

We have demonstrated that the TaqMan HIV-1 Qual Test ver-
sion v2.0 has increased sensitivity compared to the previously de-
termined sensitivity for the v1.0 assay (15). The Probit 95% LOD
for the v2.0 test is 16.5 cp/ml in plasma samples, compared to 514
cp/ml for the v1.0 test. The LOD for a DBS sample for the v2.0 test
is 221.8 cp/ml compared to 1,090 cp/ml for the v1.0 test. In infants
and those with acute infection, this represents a clinically relevant
improvement in performance.

The improved sensitivity is most likely attributable to an in-
crease in the total sample volume that the assay can process. The
previous test version required prelysis of plasma samples with
SPEX buffer, limiting the effective sample input volume to �100
�l (15). Since this step is no longer required, 850 �l of sample
volume can be used in the assay. In addition, the assay uses a
dual-target approach (16), which doubles the number of effective
targets per virus genome, improving the likelihood of detection.
This concept was validated in a direct comparison of the sensitiv-
ity of a single-target viral load test to that of a dual-target viral load
test (Table 1).

In conclusion, the new TaqMan HIV-1 Qual Test, v2.0, offers
improved sensitivity over the other assays evaluated in this study
(Table 8), which should facilitate the earlier diagnosis and treat-

ment of HIV-infected infants and allow further reductions in
HIV-related morbidity and mortality. Antiretroviral therapy of a
longer duration, using a greater variety of antiretrovirals, is being
used for both maternal and infant prophylaxis. This type of ther-
apy would effectively lower the viral loads in infants who do be-
come infected. Therefore, increased sensitivity is becoming in-
creasingly important in improving diagnosis of HIV infection in
infants. The reliability of the test, with the need for only one DBS
per test, should result in fewer test failures that would require
follow-up and repeated phlebotomy.
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