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In-house HIV-1 RNA real-time
RT-PCR assays: principle,
available tests and usefulness
In developing countries
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The principle of currently available licensed HIV-1 RNA assays is based on real-time technologies
that continuously monitor the fluorescence emitted by the amplification products. Besides these
assays, in-house quantitative (q) real-time reverse transcription (RT)-PCR (RT-gPCR) tests have
been developed and evaluated particularly in developing countries, for two main reasons. First,
affordable and generalized access to HIV-1 RNA viral load is urgently needed in the context of
expected universal access to prevention and antiretroviral treatment programs in these settings.
Second, since many non-B subtypes, circulating recombinant forms and unique recombinant
forms circulate in these areas, in-house HIV-1 RNA RT-qPCR assays are ideal academic tools to
thoroughly evaluate the impact of HIV-1 genetic diversity on the accuracy of HIV-1 RNA
quantification, as compared with licensed techniques. To date, at least 15 distinct in-house assays
have been designed. They differ by their chemistry and the HIV-1 target sequence (located in
gag, Pol-IN or LTR gene). Analytical performances of the tests that have been extensively evaluated
appear at least as good as (or even better than) those of approved assays, with regard to HIV-1
strain diversity. Their clinical usefulness has been clearly demonstrated for early diagnosis of
pediatric HIV-1 infection and monitoring of highly active antiretroviral therapy efficacy. The LTR-
based HIV-1 RNA RT-gPCR assay has been evaluated by several groups under the auspices of the
Agence Nationale de Recherches sur le SIDA et les hépatites virales B et C. It exists now as a

complete standardized commercial test.
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Viral load (VL) is defined as the quantification
of one specific viral nucleic acid sequence in one
specific organism compartment. Plasma HIV-1
RNA VL is directly correlated with the num-
ber of viral particles circulating in plasma, thus
reflecting the active HIV-1 replication in HIV-1-
infected subjects [1]. Because of the variability
of plasma HIV-1 RNA VL measurements and
their wide dynamic range, results are expressed
in HIV-1 RNA copies/ml of plasma with a log,,
transformation. Since 1995, many nucleic acid-
based assays have been developed for the quan-
tification of HIV-1 RNA in plasma. They use
three major technologies: reverse transcriptase
(RT)-PCR, nucleic acid sequence-based ampli-
fication (NASBA) and a signal amplification
methodology termed branched-chain DNA
(bDNA). Initial HIV-1 RNA assays were based

on end point determinations, with detection/
quantification carried out after the amplification
step by hybridization of amplified products with
specific labeled probes and subsequent detection
by enzyme immunoassay or chemiluminescence
2]. At present, all currently available PCR-based
HIV-1 RNA assays are focused on real-time
technologies continuously monitoring the fluo-
rescence emitted by the amplification products
at each PCR cycle [3]. The HIV-1 RNA quantifi-
cation is performed during the exponential phase
of PCR, thus providing a more reliable measure-
ment than conventional end point techniques.
With these newer assays, the lower detection
limit has been improved (~50 copies/ml).

In industrialized countries, numerous studies
have shown that plasma HIV-1 RNA levels are
independent predictors of disease progression in
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adults and children [45]. The determination of plasma HIV-1
RNA VL is performed routinely in various clinical situations:

* Early pediatric diagnosis [6];
* Diagnosis and evaluation of primary infection in adults [7];
* Follow-up of asymptomatic untreated HIV-1-infected subjects;

* Virological monitoring before initiation (or switch) of highly
active antiretroviral (ARV) therapy (HAART);

* Virological follow-up at 1-2 months after initiation (or switch)

of HAART and then every 3—4 months [3].

The essential goal of HAART is the complete suppression of
viral replication (<50 copies/ml).

In developing countries, where the vast majority (X95%) of
HIV-1-infected subjects lives, it is expected that by 2010, 7.1 mil-
lion people will receive ARV treatment [9]. Although access to
ARV treatment has significantly increased in the last few years,
the availability of HIV-1 RNA VL measurements remains quite
limited [10]. There are many barriers to implementation of HIV-1
RNA VL testing in resource-limited countries. These include
lack of basic essential equipment, important human resources
shortages, a limited number of training programs and inadequate
logistical support [11,12]. Another critical point is represented by
the cost of commercially available HIV-1 RNA assays (reagent
costs >US$20) that are approved by the European Commission
and the US FDA [13,14]. In addition, it is difficult to assess the
usefulness of alternative tools (such as the ultrasensitive p24 Ag
assay and the Cavidi ExaVir™ Load RT test) in these settings.
Follow-up of patients treated with HAART using US p24 Ag
levels showed different kinetics than those obtained with HIV-1
RNA concentrations [15]. The Cavidi assay is a time-consum-
ing method that does not allow the scaling-up of HIV-1 RNA
measurements necessary in developing countries [16]. Results
expressed in log  fg HIV-1 p24/ml plasma and in fg RT/ml
plasma, respectively, are less familiar to clinicians although
recent software changes are able to convert these figures to the
more conventional copies/ml.

However, there are ongoing initiatives to address the lack of
virological HIV-1 RNA monitoring in resource-constrained
settings. The latest WHO guidelines for HIV treatment in
resource-limited settings specifically recognize the urgent
need for practical, reliable and affordable tools for measuring
plasma HIV-1 RNA VL. In combination with adherence sup-
port, HIV-1 RNA VL testing strengthens treatment success. It
is the only currently available tool that enables the early detec-
tion of therapeutic failure which also delays the emergence and
spread of HIV-1 drug-resistant strains that jeopardize the suc-
cess of ARV treatment programs. It may also prevent unneces-
sary switches to expensive second-line therapies. This benefit
of low-cost HIV-1 RNA VL assays is thus potentially huge.
In this context, an increasing number of research groups have
recently developed and successfully evaluated distinct in-house
low-cost real-time PCR assays allowing accurate HIV-1 RNA
quantification in plasma.

This review focuses on these in-house assays. The principle of
quantitative (q) real-time PCR (qPCR) technologies is described,
including the numerous chemistries and open real-time PCR
machines. We then describe in more detail the main currently
available in-house plasma HIV-1 RNA real-time PCR tests, with
a special focus on the Agence Nationale de Recherches sur le
SIDA et les hépatites virales B et C (ANRS) test developed and
evaluated by our groups. An important concern discussed in this
review is related to HIV-1 genetic diversity. HIV-1 has been sub-
divided into three groups (M, N and O) [17]. Within the group
M responsible for the global AIDS pandemic, nine subtypes (A,
B, C, D, F, G, H, J and K) have been identified. Recombination
between subtypes has generated many circulating recombinant
forms (CRFs; at least 37 different CRFs have been character-
ized so far) 18] and more than 200 unique recombinant forms
(URFs). The extremely high HIV-1 genetic drift, particularly
in sub-Saharan Africa [19], impacts on the sensitivity of currently
available nucleic acid-based assays and emphasizes the need for
reliable assays which accurately quantify non-B HIV-1 subtypes/
CRFs/URFs.

Real-time reverse transcription PCR
Principles
Real-time RT-qPCR has become the method of choice for RNA
quantification. In the mid-1990s, two teams pioneered the ana-
lysis of PCR kinetics and demonstrated the possibility of simul-
taneous amplification and detection/quantification of PCR prod-
ucts, eliminating the need to run gels [20-22]. Kinetic RT-qPCR
techniques continuously collect the fluorescence signal emitted
by the amplification products at each PCR cycle (in real time;
reviewed in depth in references [23-31]), as opposed to end point
detection. They combine thermal cycling, fluorescence detection
and application-specific software to measure the cycle-by-cycle
accumulation of PCR products in a single-tube homogeneous
reaction. The fluorescent signal is proportional to the amount
of amplified products. They offer significant improvements to
the quantification of the target because the fluorescence data are
acquired during the exponential phase of the amplification where
PCR conditions are optimal and reproducible, before possible
saturation and/or inhibition of PCR when the reaction reaches the
plateau phase. RT-qPCR assays show increased sensitivity over a
wide dynamic range, as compared with traditional quantification
techniques. Their homogeneous formats are also attractive alter-
natives to conventional PCR tests because they do not require any
post-PCR processing, leading to a significant decrease of hands-on
time and risks of contamination. They are therefore ideally suit-
able for high-throughput screening applications as amplicons
remain sealed in a tube throughout the reaction, obviating the
need for several separate work areas, as required by end-point PCR
techniques. Furthermore, the use of probes labeled with distinct
reporter dyes allows the quantification of multiple target genes in
a single multiplex reaction [32].

RT-qPCR data are typically displayed as sigmoidal-shaped
amplification plots, in which the fluorescence on the y-axis is
plotted against the PCR cycle number on the x-axis (Ficure 1). The
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amplification plots can be subdivided into

four major phases, the linear ground (or 3.5
baseline) phase, early exponential phase, 3.0
log-linear (also known as exponential) phase 05
and plateau phase [28]. The linear ground '

phase is the background level in early cycles - 2.0
(usually measured between cycles three to £ 1.5
15) where there is no detectable increase in < 10-

fluorescence due to amplification products.

Linear ground phase

Plateau phase

Log-linear phase

Early exponential phase

Threshold line

The average fluorescence value detected ue

at baseline is calculated at this time and 0.0
subtracted from the fluorescence value 05 |
obtained from amplification products. At 0 2

the early exponential phase, the amount of
fluorescence has reached a threshold where
it is significantly higher (usually ten-times
the standard deviation of the baseline) than
background levels. The cycle at which this
occurs is known as a cycle threshold (C) or
crossing point. The C_serves as a tool for
calculation of the starting template amount
in each clinical sample; the more target
in the starting material, the lower the C. During the log-linear
phase, PCR reaches its optimal amplification period with the PCR
approximately doubling after every cycle in ideal reaction condi-
tions. Finally, the plateau phase is reached when one or more reac-
tion components become limiting and the fluorescence intensity
is no longer useful for data calculation.

Real-time qPCR realizes the conversion of the continuous
fluorescent signals detected into numerical value for each sam-
ple. Absolute quantification determining the absolute amount
of target (expressed as copy number with log, transformation)
is the method used for viral quantification where C values are
translated into quantitative results by constructing a standard
curve. Relative quantification (determining the ratio between the
amount of target and an endogenous reference molecule), used
for gene expression analysis [33] as well as comparative quanti-
fication using mathematical models [34.35], are not discussed in
this review.

Practically, absolute quantification uses a dilution series of at least
five different concentrations of an external standard to generate
a standard curve. C_values of the different standard dilutions are
plotted against the logarithm of input amount of standard mate-
rial, allowing the calculation of the concentration of unknown
clinical samples based on their C values (Ficure 2). The fluorescent
signal is directly proportional to the amount of accumulated PCR
product, enabling sensitive and accurate quantification of target
sequences. This method assumes an external standard and samples
have approximately equal amplification efficiencies.

When generating a standard curve by using an external stan-
dard, the hallmarks of an optimized qPCR run are based on two
capital parameters.

The slope obtained for the standard curve provides an indica-
tion of the efficiency of the real-time PCR [36,37]. Traditionally,
the PCR efficiency is calculated with the following formula:

1 T T 1 T T 1T 1T T T T T T T T T T 1T
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Cycle

Figure 1. The four phases of the PCR amplification curve. The curve can be divided
into four different phases: the linear ground, early exponential, log-linear and plateau
phases. Rn is the intensity of fluorescent emission of the reporter dye divided by the
intensity of fluorescent emission of the passive reference dye (ROX). ROX serves as an
internal reference for normalization of the fluorescence. It allows correction of well-to-
well variation due to pipetting inaccuracies and fluorescence fluctuations. ARn is
calculated as the difference in Rn values of a sample and either no template control or
background. ARn is an indicator of the magnitude of the signal generated by the PCR.

efficiency = [1077°*9] — 1. An optimal PCR efficiency (~ dou-
bling of the amount of PCR products during each cycle) is
indicated by a slope equal to -3.322. The absolute value of the
slope is the same as the ideal spacing of the fluorescent sig-
nals obtained with a tenfold serial dilution of the standard.
Slope values of standard curves must fall between -3.1 to -3.8.
Standards which give a slope differing greatly from these values
should be discarded. A slope of less than -3.322 (e.g., -3.8) is
indicative of a reaction efficiency less than 1. Generally, most
amplification reactions do not reach 100% efficiency due to
experimental limitations (suboptimal concentrations of probe/
primers, secondary structures in the probe, primers or ampli-
con, etc.). A slope of greater than -3.322 (e.g., -3.1) indicates a
PCR efficiency that appears to be higher than 100%. Typically,
it indicates miscalibrated pipettors or coamplification of non-
specific PCR products (such as primer dimers). The presence
of inhibitors in the PCR reaction can also result in an apparent
increase in efficiency. This is because samples with the highest
concentration of template also have the highest level of inhibitors,
which cause a delayed C.

The Pearson’s correlation coefficient (r) or the coefficient of
determination (R?) provides information on the linearity of the
standard curve. Its value must be greater than 0.990 (for r)
or greater than 0.980 (for R?). Nonlinear standard curves can
indicate pipeting errors leading to imprecise dilutions.

For absolute quantification, another possibility is the use of an
internal standard, added to each clinical specimen at a known
copy number and carried through the specimen preparation and
PCR amplification (Ficure 3) (38]. This competitive duplex PCR
compensates for effects of inhibition and controls the extraction,
reverse transcription and amplification processes. However, as
compared with an external standard, the use of an internal stan-
dard is more expensive because it must be added to each clinical
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specimen. Furthermore, two distinct probes (one specific to the
target and one specific to the internal standard) labeled with dif-
ferent fluorescent reporter dyes are required.

During each real-time PCR run, several types of controls
must be included. A negative control (no template control
[NTC]) checks the specificity of the technique and enables
detection of contamination. A simple method to confirm the
absence of PCR inhibitors is to dilute a sample in which inhibi-
tors are suspected. Another method to detect PCR inhibitors
is to co-amplify, in addition to the target gene, housekeeping
genes (B-actin, glyceraldehyde-3-phosphate dehydrogenase, 18S
ribosomal RNA, etc.) used as endogenous references [37]. PCR
inhibitors are represented by reagents used during the extrac-
tion step (such as ethanol) and components present in biological
samples (such as hemoglobin, heparin, IgG, urea, lipids and
lactoferrin) [39-42].

Finally, critical factors for successful RT-qPCR are repre-
sented by:

Extraction: the standard is extracted along with the clinical samples

VAVAVAVAVAVAVAN
VAVAVAVAVAVAVAN

HIV-1 RNA from clinical samples

(unknown amount)

* Template quantity, quality and optimal assay design;
* The reverse transcription step whose efficiency can be variable;

* Guidelines for data analysis (criterion of validity of the standard
curve, necessity of controls, etc.) (30]. All these technical aspects
are crucial to maximize reproducibility by quality-assessing
every component of the RT-qPCR assay [31]. The quality of
RNA templates, assay designs and protocols, data normaliza-
tion and analysis constitute essential technical steps required
to generate accurate and reproducible results.

Real-time chemistry

Numerous homogeneous fluorescent reporting chemistries have
recently been developed and new innovative ones are still in devel-
opment. They can be divided into two categories: DNA inter-
calating dyes (nonspecific chemistry) and dye-labeled sequence-
specific probes or primers [28].

VAVAVAVAVAVAVAN
TAVAVAVAVAVAVAN
TAVAVAVAVAVAVAN
TAVAVAVAVAVAVAN

HIV-1 RNA from external standard
(known amount)

Amplification/quantification: the external standard is serially tenfold diluted

1 A Singleplex PCR

1 Threshold line

Fluorescence

T
30
Cycle number

B Standard curve

Slope: -3.238
y-intercept: 37.01
Correlation coefficient: 0.991

Threshold cycle (C)

|
108
Initial copy number

Figure 2. Quantitative real-time PCR using an external standard. (A) Amplification plots. The crossing points with the threshold
line are the C, values. In black, serial dilutions of five different HIV-1 RNA concentrations of an external standard. In red, sample with
unknown HIV-1 RNA concentration. (B) Standard curve. The C, values are plotted versus the log,; of the initial number of template copies
in the standard samples. In red, the C, value equal to 30 leads to a concentration of 4.0 log, /ml.

C.: Cycle threshold.
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Extraction: the standard is co-extracted together with each clinical sample.

VAVAVAVAVAVAVAN
VAVAVAVAVAVAVAN
VAVAVAVAVAVAVAN
TAVAVAVAVAVAVAN

HIV-1 RNA from clinical samples

(unknown amount)
Amplification/quantification

A Competitive duplex PCR

Threshold line

Fluorescence

T
30
Cycle number

N\N\N\N\N\S\S\

N\N\N\N\N\N\S\
HIV-1 RNA from external standard
(known amount)

Threshold cycle (C)

Initial copy number

Figure 3. Quantitative real-time PCR using an internal standard. (A) Amplification plots. The crossing points with the threshold
line are the C, values. In black, plot amplification for the internal standard. In red, plot amplification for the clinical sample with unknown
HIV-1 RNA concentration. (B) Calculation of the HIV-1 RNA concentration in the clinical sample. The C, values are plotted versus the log,
of the initial number of template copies in the standard samples. In black, a C, value equal to 30 corresponds to the 4.0 log, ,/ml
concentration of the internal standard. In red, the C, value equal to 23 leads to a concentration of 6.0 log, /ml in the clinical sample.

C,: Cycle threshold.

DNA intercalating dyes
DNA intercalating dyes such as asymmetric cyanines (SYBR® Green,
BEBO, BOXTO, YOYO-1, etc.) emit enhanced fluorescence when
they bind to any double-stranded (ds) DNA generated during the
PCR reaction [43]. The fluorescence of the bound dye increases up
to a 1000-fold as compared with the free dye and, therefore, is well
suited for monitoring the product accumulation during PCR.
Their indiscriminate binding to any dsDNA molecules (includ-
ing undesired primer dimers) can affect the accuracy of quantifi-
cation. Accurate results will therefore be obtained only by using
a really specific PCR (ability of the test to generate the only
expected PCR product), which is determined entirely by its prim-
ers. RT-PCR product verification can be achieved by plotting
fluorescence as a function of temperature to generate a DNA melt
curve. If there are two or more peaks, it means that the ampli-
fication was not specific for a single DNA target. Furthermore,
in HIV-1 infection where an extremely wide dynamic range of
plasma HIV-1 RNA concentrations exists (from <50 HIV-1 RNA

copies/ml of plasma among treated patients to several millions of
copies/ml in untreated children), SYBR Green-based assays do
not appear sensitive and reproducible enough. Indeed, sensitivity
and reproducibility are influenced by statistic parameters such as
Poisson’s law and C_values are less reproducible when working
with very low copy numbers.

Fluorophore-labeled sequence-specific probes or primers

To date, there are two types of fluorescently labeled sequence-
specific probes: linear versus structured probes (Ficure 4). Linear
probes are easier to design than structured probes. All probes use
fluorescence resonance energy transfer (FRET) that corresponds
to energy transfer from an excited molecule (donor) to a neighbor-
ing molecule (acceptor/quencher). FRET occurs when the donor
and acceptor molecules are in close proximity (10-100 A). All
probes operate according to the same principle: a fluorescent sig-
nal is obtained when the probe hybridizes to its target sequence.
These probes are labeled by fluorescent dyes showing distinct

WWW.expert-reviews.com
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excitation and emission spectra. The wide
variety of fluorescent dyes available makes
real-time multiplex PCR possible (Cy3,
Cy3.5, Cy5, Cy5.5, Dabceyl, FAM, HEX,
JOE, NED, Rhodamine 6G, Rhodamine
Green, Rhodamine Red, ROX, TAMRA,
TET, Texas Red, VIC, etc.).

Expert Rev. Mol. Diagn.

’/ Z-sequence
e 2 Q q

© Future Science Group Ltd (2008)

Linear probes

Hybridization probes

Hybridization assays employ four or three
oligonucleotides. The 4-oligo method uses
two sequence-specific unlabeled primers and

Z-sequence
and primer
PCR stopper

R  Reporter
@® Quencher
€3 Donor fluorophore
Qg Acceptor fluorophore

/V\ " Excitation

Amplifluor® primers
©

WA/ Emission

two sequence-specific fluorescently labeled
probes, the upstream probe carrying at its
3’-end a donor fluorophore and the down-
stream probe an acceptor fluorophore at its
5’-end [44]. After denaturation, these two
probes hybridize to their target sequence in
a head-to-tail fashion. This brings the two
dyes in close proximity (1-5 nucleotides),
allowing an increase in FRET from the
donor to the acceptor fluorophore. Therefore,
fluorescence is detected during the anneal-
ing phase of PCR and is proportional to the
amount of PCR product synthesized during
the PCR reaction. The 3-oligo method is
similar but the 5 primer is labeled with a
donor fluorophore at its 3”-end, taking the
place of one probe.

C\1‘3{ Self-quenched reporter

Scorpion™ primers

Hydrolysis probes

Hydrolysis probe assays (also called
TagMan® assays) use a TagMan probe, in
addition to two sequence-specific prim-
ers. A TagMan probe contains a reporter
dye at its 5"-end and a second fluorescent
quencher dye located at its 3’-end. When
the probe is intact, it allows the quencher to
reduce the reporter fluorescence intensity
by FRET. During the combined anneal-
ing/extension phase of PCR, the TagMan
assay utilizes the dsDNA specific 5'K3’
exonuclease activity of the Taqg DNA
polymerase to hydrolyze the probe bound
to its target sequence [45.46]. This separates
the reporter and quencher dyes and releases

>
5=
=
=
©
®
o
@
g -
o
=
=
0

Hydrolysis probes
Molecular beacons

Emission

quenching of reporter fluorescence emis-
sion that is proportional to the amount of
accumulated PCR product. Most hydro-
lysis probes have a melting temperature
(Tm) of around 68-70°C, 8-10°C higher
than Tm of the primers pair. This ensures
that the probe is bound to its target before
the primer extension step.

Figure 4. Quantitative real-time PCR detection chemistries.
FRET: Fluorescent resonance energy transfer.

Hybridization probes
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Typically, the length of hydrolysis probes is around 25-35
nucleotides. However, minor groove binders (MGBs; such as 1,2-
dihydro-(3H)-pyrrolo[3,2e]indole-7-carboxylate [CDPL] can be
added to the 3’-end of these probes [47]. Consequently, MGBs lead
to increased probe stability and allow the design of shorter probes
(12-20 nucleotides) with the same Tm. They are appropriate for
the PCR amplification of sequences that possess a high degree of
variability (such as HIV-1).

Structured probes

Molecular beacons

In addition to two sequence-specific primers, molecular beacon
assays use 2 DNA hybridization probe containing a fluorophore
reporter attached to its 5-end and a quencher dye located at its
3’-end [48]. These probes form a hairpin structure (stem-and-loop
structures) in solution causing a reduction in fluorescence emission
via FRET. The loop part of the molecule is designed to anneal
specifically to a 15-30-bp region of the target sequence. The stem
(5-8 bp in length) formed by two inverted repeats serves to bring
reporter and quencher molecules in close proximity. When the
molecular beacon anneals to its complementary target sequence,
it forces the stem apart and results in the formation of a probe/
target hybrid more stable than the stem. Consequently, the reporter
and quencher are separated, generating a fluorescent signal in the
annealing step that is proportional to PCR product. Finally, molec-
ular beacons are displaced from the target during the elongation
step and return to the hairpin structure.

Scorpion™ primers

Scorpion™ primer assays use two primers. One of these primers
is a bifunctional molecule consisting of a fluorophore reporter
molecule on the 5-end, followed by a stem-and-loop structure
(complementary to target sequence), quencher dye, PCR stopper
(nonamplifiable monomer to prevent amplification of stem—loop
sequence via PCR) and a PCR primer on the 3’-end [49]. In
the absence of the target, scorpions constitute a nonfluorescent
complex (the quencher absorbs the fluorescence emitted by the
fluorophore). During annealing, the hairpin primer binds to
the template and is then extended. During subsequent denatur-
ation, it opens the hairpin loop, which binds to its internal target
sequence, whereas the reporter separates from the quencher and
the fluorophore leading to increased fluorescence. The resulting
fluorescence signal is proportional to the amount of amplified
product in the sample.

LUX™ primers

Light upon extension (LUX™) primer assays use two primers,
one of which is a self-quenched single-fluorophore-labeled primer
(20-30 bp in length) s0]. The fluorogenic primer is designed to
form a hairpin structure which quenches the fluorophore com-
pletely (this chemistry does not require a quencher dye). The other
primer is unlabeled. When the primer is incorporated during the
annealing phase of the PCR reaction, the fluorophore is no longer
quenched, allowing an increase in fluorescent signal.

Amplifluor® primers

This chemistry (also known as Sunrise and UniPrimer™) uses
three primers, including two target-specific primers and one
universal primer (UniPrimer), designed to form hairpin struc-
tures [s1]. The first target-specific primer contains a 5’-extension
sequence called the Z-sequence that is also found at the 3’-end
of the UniPrimer. When unbound, the hairpin is intact, causing
reporter quenching via FRET. When bound, the quencher and

reporter are apart allowing reporter emission.

Instrumentation

In parallel with the development of numerous chemistries, real-
time PCR instrumentation technology has also advanced very
rapidly in the last 5 years. Real-time PCR machines consist of
specialized thermal cyclers equipped with fluorescence detection
modules that monitor the fluorescence as amplification occurs.
More precisely, they include:

e A thermal cycler (heating block or heated air or a combination
of the two);

* An excitation light source to excite the fluorophores (laser or
halogen lamps or light-emitting diode);

* A photodetector (charge-coupled device cameras, photo-
multiplier tubes, or other types of photodetectors) to register
photon emissions that are proportional to the concentration of
the amplification product;

e A data-collection and data-analysis software.

At present, there are many integrated, versatile real-time
PCR platforms, which makes choosing a suitable instrument
somewhat difficult. The main differences between them are
the excitation and emission wavelengths that are available,
speed and the number of reactions that can be run in paral-
lel. Reaction containers differ as well. The most popular are
96-well microtiter plates which are widely available. There are
also 384-well plate instruments available on the market. Some
instruments use other containers such as glass capillaries and
plastic tubes.

Current trends in real-time PCR devices include the following
(for further detail, see [201] or the respective manufacturer’s website
for the most up-to-date model information):

¢ Ultracompact footprint (miniaturization) fits any laboratory
setting;

* The use of long-life light-emitting diode-based optical systems
require very minimal maintenance, which is of primary
importance in resource-limited countries;

e New machines are designed for high throughput and use
smaller volumes of reagent and sample;

* PCR reactions can be performed much faster (<30 min by using
the fastest machines);

* More user-friendly accompanying software for data acquisition
and analysis has significantly improved for most instruments;
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 The cost of instruments varies quite substantially, depending
mainly on throughputand the number of colors they can handle;
unless a sophisticated machine is required, accurate real-time
PCR reactions can be performed by using the cheapest instru-
ments (starting price: ~ US$20,000). For indication, the price
of the Nuclisens EasyQ® Analyzer as a point of reference for the
corresponding commercial bioMérieux assay is approximately

US$80,000 in Burkina Faso.

Finally, one of the main advantages of these open machines is
represented by their high flexibility allowing their use for quantifi-
cation of many viruses, most of which are prevalent in developing
countries: plasma HIV-1 RNA from strains belonging to group
M or group O, HIV-1 proviral DNA from PBMC [s52], HIV-2
[52,53), HBV [54], HCV [s5], HSV-2 [s6], HTLV-1 [57], CMV [s3],
EBV [59], HPV [60] and so forth.

In-house plasma HIV-1 RNA RT-qPCR assays:

currently available tests

To our knowledge, there are presently at least 15 distinct in-
house HIV-1 RNA RT-qPCR assays designed, developed and
described in the literature [61-78]. As summarized in Tasie 1,
they differ in chemistry as well as in choice of HIV-1 target
sequence. They also utilize distinct extraction methods and dif-
ferent standards for quantification. At present, these assays are
not approved by the European Commission or US FDA and are
utilized for research only.

Of these, four tests appear particularly attractive in terms of
test design and have recently been large-scale evaluated by testing
many genetically diverse (notably non-B) HIV-1 strains.

In South Africa, Reckwiashwili and coworkers have developed
and evaluated a LUX primer-based assay, with or without a noncom-
petitive internal control (IC) (68,69]. Viral RNA was extracted from
200 pl of plasma, by using automated (MagNA Pure LC instru-
ment, Roche) or manual (QIAamp® Viral RNA Mini Kit, Qiagen)
methods. The external standard used for quantification constituted
an in vitro transcribed RNA molecule, which incorporated 128 bp
of a conserved region of the HIV-1 gag gene. Runs were performed
on the LightCycler® instrument version 2 (Roche).

The sensitivity threshold of this technique was 400 HIV-1
RNA copies/ml. There was no PCR inhibition when using the
IC. Good specificity of the LUX assay was demonstrated on 50
seronegative patients (no false-positive results were obtained).
By testing 142 HIV-1 positive patients predominantly infected
with HIV-1 subtype C, good agreement was obtained between
the LUX assay and the COBAS Amplicor HIV-1 Monitor™ test.
The mean difference between the HIV-1 RNA VL values of the
LUX assay minus the COBAS Amplicor values was +0.03 log, /
ml. A total of 18 samples (out of 102) showed discrepant results
with a difference of more than 1.0 log, /ml (five were lower by
the LUX assay and 13 were lower by the Roche technique). In a
cohort of 55 patients treated with HAART, the LUX assay showed
similar declines in HIV-1 RNA VL as compared with the COBAS
Amplicor test. Given that subtype C largely predominates in

Table 1. In-house quantitative plasma HIV-1 RNA real-time reverse transcription PCR assays".

SYBR® Green [taly gag bDNA standard 50 cp/ml [61]
Italy gag bDNA standard 500 cp/ml (62]
Hydrolysis probes USA gag pQP1 plasmid 1 cp/ml (63]
USA gag pWISP98-85 plasmid 80 cp/reaction [64]
Thailand gag Culture supernatant 125 cp/ml [6s]
China gag Armored RNA 173 1U/ml (66]
LUX™ primers Thailand gag Synthetic HIV-1 RNA 10 cp/ml (67]
South Africa gag Synthetic HIV-1 RNA 400 cp/ml [68,69]
Scorpions™ USA Pol SG3 plasmid 1 cp/ml [70]
Hydrolysis probes Germany Pol-IN Accurun® standard 281 IU/ml [71]
Molecular beacons  Netherlands LTR Not mentioned 500 cp/ml [72]
Hydrolysis probes UK LTR WHO international standard (97/656) 680 IU/ml (73]
Germany LTR pCR 2.1 plasmid 31.9 IU/ml (74]
Ivory Coast LTR Culture supernatant 300 cp/ml [75]
France LTR Culture supernatant 300 cp/ml [76]
Argentina LTR Culture supernatant 300 cp/ml [77]
Kenya LTR Optiquant™ standard 300 cp/ml (78]

“Classification according to the amplified target gene and the chemistries used (list established in September 2008).
*All are external standards except dual-specific armored RNA described by Huang et al. [66] and used as internal control.

bDNA: Branched-chain DNA; cp: Copies; LUX™: Light upon extension.
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South Africa, this test should be further evaluated on other HIV-1
clades. According to preliminary cost estimation, the LUX assay
was approximately two- to three-times less expensive (US$22.5
per test) than the approved commercial assays currently used for
the public sector of South Africa (US$45-75).

Muller and colleagues in Germany have described an RT-qPCR
assay targeting a conserved region (160 bp) within the Po/-IN gene
(71]. This test was based on TagMan chemistry and enabled the
simultaneous quantification of HIV-1 group M, O and N. RNA
was isolated from 140 pl of plasma using the QIAamp Viral RNA
Mini Kit. As an IC reaction, endogenous glyceraldehyde-3-phos-
phate dehydrogenase transcripts were detected in a duplex con-
figuration. The test was performed utilizing the ABI Prism® 7700
Sequence Detection System (Applied Biosystems, CA, USA). The
external standard curve was generated using the FDA-approved
Accurun® 315 HIV-1 RNA-positive controls series 500 (BBI). A
calibration against the WHO International HIV-1 RNA standard
(NIBSC N° 97/656) was also performed [79). Data from quantita-
tive assays showed that 1 IU was equivalent to 0.62 HIV-1 RNA
copies/ml [s0].

The detection limit was calculated as 281 TU/ml of HIV-1
RNA. The rate of PCR inhibition was found to be as low as
0.37%. Based on the testing of 1206 confirmed HIV-1 RNA-
negative blood donor samples, assay specificity was found to be
100%. By testing 46 HIV-1 subtype reference samples from five
distinct panels (representing 36 group M isolates, nine group O
isolates and one group N strain), quantitative results obtained
with the in-house assay and the Abbott RealTime HIV-1 tech-
nique were highly correlated (R = 0.861; p < 0.001). The agree-
ment of results was lower within group O when compared with
group M. In addition, 28 clinical specimens were also found to
be positive for HIV-1 RNA by both the Abbott and the in-house
assays. HIV-1 RNA results were highly correlated (R = 0.940;
p < 0.001) with a mean difference of +0.02 log  /ml.

In Germany, Drosten ez al. have also reported an ultrasensitive
RT-qPCR technique targeting the LTR gene and using hydrolysis
probes [74]. Two probes were used in order to accurately quantify
HIV-1 strains belonging to groups M and O. An ultrasensitive
extraction of HIV-1 RNA was performed using 1.2 ml of plasma
(centrifugation for 1 h at 21,000 g). Virus pellets were then used
for HIV-1 RNA extraction by the QIAamp Viral RNA Mini
Kit. A competitive IC (called stLTRic) was used for quantifica-
tion, employing an 80-copy reaction as a working concentration.
The ABI 7000 or ABI 7700 real-time PCR machines were used
for this analysis. Additionally, a calibration against the WHO
International HIV-1 RNA standard was performed.

The detection limit was 31.9 IU of HIV-1 RNA/ml of plasma.
The IC showed inhibition in 3.7% of samples (n = 454; 40 dif-
ferent runs). By testing 33 HIV-1 subtype reference samples
(30 group M, three group O and one group N), the mean dif-
ference of HIV-1 RNA VL values obtained with the LTR assay
and the Roche Amplicor® test was +0.31 log, /ml. Comparative
testing between the LTR assay and commercially approved tech-
niques was performed on patient samples from Brazil (n = 1186),
South Africa (n = 130), India (n = 44) and Germany (n = 127).

HIV-1 RNA values obtained with the in-house real-time PCR
assay were highly correlated with values obtained with Amplicor,
Nuclisens or Versant® techniques (R = 0.9; p < 0.001 for all).
Drosten and coworkers estimated the price of their test as being less
than US$10 for reagents per sample. Large-scale feasibility studies
of this technique are ongoing in Brazil and South Africa [81].

Finally, our groups have developed and evaluated, under the
auspices of the ANRS, a RT-qPCR assay targeting a conserved
region within the LTR gene. Viral RNA extraction was performed
from 200 pl of plasma, by using a manual method (QIAamp Viral
RNA Mini Kit, Qiagen). Runs were performed by using the ABI
7000 real-time PCR instrumentation.

The first generation (G1) of this LTR-based assay was trans-
ferred to Abidjan (Ivory Coast) and assessed for 806 plasma
samples collected within four ANRS research programs [75]. The
external standard was a culture supernatant of an HIV-1 subtype
B strain quantified by the Versant® bDNA version 3.0 (kindly
provided by the Virology Laboratory at Necker Hospital, Paris,
France). By using 200 pl of plasma, the threshold of the assay was
300 copies/ml (2.48 log, /ml). The HIV-1 RNA values obtained
with this real-time PCR test were highly correlated with those
obtained by the Bayer Versant kit (n = 320; R = 0.901; p < 0.001)
and the Roche Monitor test (n = 97; R = 0.856; p < 0.001) and
homogeneously distributed according to HIV-1 genotypes (mostly
CRF02_AG). For early diagnosis of pediatric HIV-1 infection,
sensitivity (n = 57) and specificity (n = 210) of this LTR-based
assay were both 100%, when compared with the Versant results.
Following initiation of HAART, the kinetics of HIV-1 RNA lev-
els were highly comparable, with a similar proportion of adults
(n = 46) and children (n = 36) below the detection limit during
follow-up with our LTR assay and the Versant technique. The
test was performed at US$12.5 per sample (including reagents
and consumables), instead of more than US$100 per test for the
bDNA technique. The G1 assay was subsequently used in many
ANRS programs conducted in Republic of Céte d’Ivoire [82-89]
and Burkina Faso [90].

However, some HIV-1 strains from Cameroon, Thailand and
France were not detected by the G1 assay. Upon analysis of the
LTR sequences, our teams decided to use a reduced-length MGB
probe and to shorten the forward primer sequences. Thus, a second
generation assay (G2) was developed at the Virology Laboratory at
Necker Hospital and evaluated as follows on 898 specimens posi-
tive for HIV-1 RNA by commercial assays (Amplicor or Versant
test) [76]:

* 518 samples containing HIV-1 of known subtypes, including
88 from two subtype panels and 430 harboring B (n = 266)
and non-B (n = 164) group M HIV-1 subtypes from clinical

specimens;

* 380 samples from ten different countries (Argentina, Cambodia,
Cameroon, Central African Republic, France, Republic of Cote
d’Ivoire, Madagascar, Morocco, Thailand and Zimbabwe).

Overall, of 430 specimens quantified by the Amplicor test,
427 were also quantifiable by the G2 real-time PCR assay (sen-
sitivity: 99.3%). The differences between the values obtained
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using the G2 real-time PCR assay and the Amplicor test were
+0.10 and +0.23 log /ml, for B and non-B subtypes, respec-
tively. HIV-1 RNA values obtained by G2 real-time PCR were
highly correlated with those obtained by the Amplicor test for
B and non-B subtypes (R = 0.892 and 0.892, respectively) and
for samples from diverse countries (R = 0.867 and 0.893 for
G2 test vs Amplicor technique and G2 test vs Versant assay,
respectively). However, for ¥35% of specimens harboring non-B
subtypes, values produced by the real-time PCR assay and the
Amplicor test differed by at least 0.51 log  /ml (30% were lower
by the Amplicor test whereas 5% were lower by the G2 test).
Discrepant results were also obtained among samples harboring
B subtypes (14% had lower values by the Roche test vs 7% by
the G2 test).

This G2 ANRS test has now been commercialized (Generic
HIV Viral Load®) and is currently distributed by the manu-
facturer Biocentric (Bandol, France). The standard curve is
established by using the commercial Optiquant® quantification
panel HIV-1 RNA N°6 (Acrometrix Inc., CA, USA) which is
calibrated against the WHO International HIV-1 RNA stan-
dard. After ultracentrifugation of 0.5 ml plasma, the lower
detection limit of the G2 test is approximately 50 copies/ml
[UnrusLisuen patal. The first evaluation of the commercial assay
was performed in Mombasa, Kenya [78], by comparing it with the
reverse transcriptase activity assay (ExaVir™ Load v2.0, Cavidi
Tech, Uppsala, Sweden) and the ultrasensitive HIV-1 Amplicor
Monitor assay (Roche). In this study, 170 samples were analyzed
(20 from HIV-1 seronegative and 150 from HIV-1 seropositive
subjects of whom 50 received HAART). The Generic HIV Viral
Load test demonstrated a sensitivity of 100% and a specificity
of 90%. Linear regression analyses revealed good correlation
between the Roche assay and the Generic HIV Viral Load test
(R=0.935; p < 0.001). Although a high genotypic HIV-1 diver-
sity was observed in this East African area (presence of subtypes
A, C,D, G, CRF16_AD and URF), no impact of HIV-1 subtype
on the performance of the Generic HIV Viral Load could be
detected in this study, in comparison with the Cavidi assay, which
is supposed to be independent of the HIV-1 subtypes/CRFs/
URFs. The cost per Generic HIV Viral Load test was approxi-
mately US$20 but could be reduced to US$10 by reducing the
recommended reagent volume. It is currently used in sub-Saharan
Africa (Burkina Faso, Ivory Coast, Cameroon, Kenya, South
Africa) and Asia (Cambodia [91,92] and Vietnam).

Expert commentary

Overall, the analytical and clinical performances of the four
in-house plasma HIV-1 RNA RT-qPCR assays described
herein appeared at least as good as those observed with com-
mercial approved assays. The sensitivity thresholds ranged
from 31.9 IU/ml (US protocol carried out by Drosten ez al.) to
400 copies/ml. The rates of PCR inhibition were extremely low
(from 0 to 3.7%). In-house RT-qPCR assays and commercially
approved tests gave highly correlated and concordant HIV-1 RNA
quantitative results. The mean differences between the assays
were largely under 0.5 log  /ml, which is clinically acceptable.

In-house assays appeared as suitable as approved assays for early
diagnosis of pediatric HIV-1 infection and monitoring HAART
efficiency. Contrary to approved HIV-1 RNA assays utilizing
expensive closed platforms, these tests are performed by using
open real-time PCR machines with affordable starting prices.
In-house HIV-1 RNA RT-qPCR tests appeared much cheaper
than comparable approved assays (~US$10 for reagents per
sample and <US$20 including the service license payable to
Roche). Indeed, Roche Diagnostics Corporation required that
PCR royalties must be paid to them if testing is performed for
commercial purposes [93].

As with any molecular virology technique (including licensed
HIV-1 RNA assays), the disadvantages of in-house HIV-1 RNA
RT-qPCR assays are that they require skilled technicians, solid
infrastructure (air conditioned, need for refrigeration, electricity
supply, etc.) and relatively expensive instrumentation (even if the
prices of open real-time machines have significantly reduced, as
previously indicated). Laboratories must participate in external
quality assurance (EQA) programs such as ANRS (ten samples
per year), Quality Control for Molecular Diagnostics (QCMD;
ten samples per year), Virology Quality Assurance (20 samples
every 8 months) or UK National External Quality Assessment
Service (two samples per year) programs.

Given the high HIV-1 genetic diversity, it is crucial to conduct
large-scale and continuous evaluations of specimens harboring
distinct B and non-B subtypes and of different panels from
diverse geographic origins. In this respect, work performed by
Drosten and colleagues and by our groups showed that these in-
house RT-qPCR assays can be considered as accurate methods
for quantifying most clinically relevant HIV-1 strains (B and
non-B) circulating worldwide. It must be pointed out that the
different in-house RT-qPCR assays described in this review tar-
geted different conserved regions within distinct genes (gag for
the LUX assay designed by Reckwiashwili ez al., Po/-IN in the
test developed by Muller and colleagues and LTR for the assay
developed by Drosten and coworkers and by our teams). There
are two identical LTR sequences within the HIV-1 genome,
each comprising a U3, R and U5 region. They are essential
for viral transcription, integration and gene expression [94].
These functional genes are poorly recombinant and contain
highly conserved regions suitable for an accurate HIV-1 RNA
quantification [95,96].

Other important issues are the feasibility and standardization
of in-house plasma HIV-1 RNA RT-qPCR assays in resource-
constrained settings. As mentioned earlier, the G2 ANRS assay is
now currently available as a ready-made kit for distribution. The
advantages of this commercial format are numerous.

The test is now fully standardized. The same extrac-
tion procedure (QIAamp Viral RNA Mini Kit, Qiagen,
Courtaboeuf, France), the same enzyme, PCR buffer and RT
mix (SuperScript™ IIT Platinum®, One-Step qRT-PCR ki,
Invitrogen Corp., Carlsbad, CA, USA), the same primers and
MGB probe (Applied Biosystems), the same chemistry (hydro-
lysis probe), the same thermocycling profile and the same quan-
tification standard (OptiQuant® quantification panel HIV-1
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RNA N°6, Acrometrix, Benicia, CA, USA) are included in the
kit. Consequently, it maximizes reproducibility by using quali-
ty-assessed reagents. The manufacturer’s instructions included
in the kit define standard operating procedures and common
guidelines for data analysis. A reproducibly low positive (target
value: 10,000 IU/ml) control has also been included in the kit
and its value, assessed during each run, must be between 3.7 and
4.3 log, /ml. Finally, the interlaboratory comparability of quan-
titative HIV-1 RNA results obtained through the ANRS EQA
program by different laboratories using this kit has significantly
increased (UNPUBLISHED DATA).

Each batch of this kit is evaluated in the virology laboratory
at Necker Hospital (Paris, France). If results of such analytical
validation are found to be satisfactory, the batch is released for
distribution; if not, it is discarded.

Instead of purchasing separate reagents from distinct manufac-
turers, the availability of the Generic HIV Viral Load kit eased
the purchase process from developing countries. This test is easy
to use because all reagents are ready made.

Finally, we are of the opinion that this assay is not an in-house
HIV-1 RNA RT-qPCR assay anymore, but a fully-fledged HIV-1
RNA VL assay. A preapproval of the Generic HIV Viral Load
assay is being examined by WHO.

Five-year view

In developing countries where treatment and prevention of
mother-to-child transmission programs are moving on towards
universal access by 2010, expanded access to plasma HIV-1 RNA
VL measurements is definitively required for monitoring efficacy
of lifelong ARV treatment and providing early infant HIV-1
diagnosis. In this scaling-up, it should be understood by the
scientific community and governmental healthcare providers
that such technology, whether in-house or licensed, requires a
certain level of infrastructure and human resources. New inno-
vative chemistries and versatile real-time PCR machines (using
microarrays and nanotechnologies) may become available in
future in African and Asian reference laboratories [97].

As previously described by our teams, it is important to
understand for what purpose HIV-1 RNA VL measurements
are needed [13]. It could be for qualitative measurement for
pediatric diagnosis performed on plasma or dried blood spots
(DBS) or quantitative measurement in a variety of settings with
different requirements. For example, a semiquantitative model
would be more suitable for large-scale government ARV roll-
out programs where automation, throughput and cost would
be more important factors to consider than very accurate low-
limit detection. According to a public health approach, a low-
limit detection of 10,000 copies/ml has been suggested to be
acceptable in such a setting. However, this 10,000 copies/ml
threshold remains questionable at an individual level where a
lower limit of detection of less than 50 copies/ml in plasma is
quite desirable.

Although manual extraction methods are commonly utilized
in research laboratories, many automated extraction platforms
exist that can be used for in-house tests to improve turnaround

time and decrease labor, where large numbers of samples have to
be processed. Examples of automated extractors include X-tractor
Gene™ (Corbett Life Science) and QIAcube (Qiagen).

Analysis of DBS collected on filter paper has become increas-
ingly popular during recent years as an attractive alternative
to plasma and is likely to remain so for a number of reasons,
especially in developing countries. In infants, it is much easier to
obtain blood by heel, finger or toe prick than by venipuncture.
In some countries, such as South Africa, venous blood may only
be collected by registered nursing practitioners or phlebotomists,
whereas DBS may be taken by trained volunteers. DBS collec-
tion is much easier in remote rural areas and does not require
centrifugation or freezing and is also easier to store and to trans-
port to reference laboratories located in main cities. DBS is also
useful in adults for monitoring HIV-1 resistance genotyping
(98] and response to ARV treatment [99], which would facilitate
sample collection in models of home-based care and treatment
delivery currently under evaluation. Thus, DBS is an important
tool to allow expanded access to HIV-1 RNA VL measurements.
In the Africa Center Virology Laboratory (Durban, South
Africa), we have obtained very promising preliminary results
when comparing 69 HIV-1 RNA results obtained on DBS versus
plasma specimens by using the HIV Generic Charge Virale kit
(UNPUBLISHED DATA). The DBS sensitivity was under 90% (as com-
pared with plasma samples). Ou and coworkers in Cameroon
and Uganda have successfully used this approach for early infant
HIV-1 diagnosis by detecting total nucleic acid by an in-house
real-time PCR [100].

Another sample type where an open system can be used is breast
milk. Recently, the new WHO Consensus Statement on HIV
and Infant Feeding promotes exclusive breast feeding for the first
6 months of life [101]. Therefore, much research is needed and ongo-
ing to determine HIV-1 RNA VL in breast milk in order to identify
factors associated with postnatal mother-to-child transmission.

One key issue remains the impact of HIV-1 genetic diversity on
the accuracy of HIV-1 RNA VL results. Recent studies reported
an underquantification (>0.5 log, /ml) of some non-B (and
also B) HIV-1 strains by some approved assays [102,103]. Because
of the unpredictability and the extent of ongoing HIV-1 genetic
drift that occurs across the entire retroviral genome within a
same subtype or CRE, it is crucial to continuously evaluate the
accuracy of HIV-1 RNA quantification obtained with approved
assays, in comparison with in-house tests. The HIV-1 virologi-
cal imbroglio highlights that there is no perfect technique for
HIV-1 RNA quantification. Any test may underquantify or
fail to detect one given subtype and/or complex recombinant
form. Facing this challenge, in-house HIV-1 RNA RT-qPCR
assays can be considered and used as academic reference tools
in order to evaluate (and improve if necessary) the analytical
performance of approved HIV-1 RNA assays. They also allow
an independent thought from established manufacturers’ assays
in which mismatches cannot be identified since the primer and
probe sequences are not known by customers. By contrast, in the
case of HIV-1 strains underquantified or missed by any particu-
lar in-house assay, the target region sequences (in gag or pol-IN
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or LTR) can be analyzed by the researcher-users in order to
identify mismatches and then modify the probe and/or primers
sequences accordingly.

Finally, the goal of having an open versatile real-time PCR research
tool is to be flexible and adaptable to analyze a variety of viruses (not
only HIV-1 butalso HIV-2, HTLV-1, HBV, HCV, CMV, EBV, etc.)
on a variety on samples (not only plasma but also DBS, breast milk,
cerebrospinal fluid, cervicovaginal secretions, sperm, etc.) using any
desired extraction method (not only manual but also automated)
customized to the type of sample and any type of chemistry.
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Key issues

e Kinetic reverse transcriptse (RT)-quantitative (g)PCR techniques continuously monitor the fluorescence emitted by the amplification
products at each PCR cycle, as opposed to end point detection. Their homogeneous format is attractive because it eliminates the need

for post-PCR processing.

e These assays can use different attractive chemistries (SYBR® Green and specific chemistries such as hybridization probes, hydrolysis
probes, molecular beacons, Scorpions™, Sunrise™ primers and LUX™ primers). They are performed on compact versatile real-time PCR
platforms with affordable starting prices and user-friendly software. These open machines allow the quantification of many viruses

which can be prevalent in developing countries, such as HIV-1.

e To date, at least 15 distinct in-house RT-qPCR assays designed for performing plasma HIV-1 RNA quantification have been developed.
They differ in their chemistry as well as the choice of the HIV-1 target sequence (gag or Pol-IN or LTR).

e Our teams have developed and evaluated, under the auspices of the Agence Nationale de Recherches sur le SIDA et les hépatites virales
B et C (ANRS), one of these assays. It targets a conserved region within the LTR gene.

¢ The first generation (G1) of this test has been successfully evaluated in Abidjan (lvory Coast) for performing the early diagnosis of
pediatric HIV-1 infection and monitoring HAART efficacy among treated patients (adults and children).

e Given that few HIV-1 strains were underquantified with the G1 test, a second generation (G2) test was developed by using a shortened
minor groove binder (MGB) probe and by modifying the primer 5'-sequence. The G2 test was successfully evaluated on 898 specimens
harboring distinct B and non-B subtypes and from panels and samples from ten distinct countries (Argentina, Cambodia, Cameroon,
Central African Republic, France, Ivory Coast, Madagascar, Morocco, Thailand and Zimbabwe).

e The G2 ANRS test has been commercialized (Generic HIV Viral Load®, Biocentric, Bandol, France). Its first evaluation has been
successfully carried out in Mombasa (Kenya). This marketing step has promoted the assay standardization and facilitated its purchase

from developing countries.

e Overall, the analytical and clinical performances of in-house plasma HIV-1 RNA RT-gPCR assays appear at least as good as those
observed with commercially approved assays. Their feasibility is also good. They can be performed by using dried blood spots.

e Due to the continuously increasing genetic diversity of HIV-1 viruses, there is no perfect technique for plasma HIV-1 RNA quantification.
In-house HIV-1 RNA RT-gPCR assays can be considered as academic reference tools in order to evaluate (and improve if necessary) the
analytical performance of commercial HIV-1 RNA assays approved by the European Commission or US FDA. It is of crucial importance in
sub-Saharan Africa where complex recombinant HIV-1 strains emerge continuously and spread rapidly.

Expert Rev. Mol. Diagn. 7, 237-246 (2007).
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