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(57) ABSTRACT

The present invention relates to a method for detecting or
quantifying Human Immunodeficiency Virus-2 (HIV-2)
nucleic acids in a biological sample, comprising: a) per-
forming a real-time polymerase chain reaction (PCR) or a
real-time reverse transcriptase polymerase chain reaction
(RT-PCR) on nucleic acids of the biological sample with: (i)
at least 4 primers respectively comprising or consisting of:
sequence SEQ ID NO: 1 or a sequence having at least
90% identity to SEQ ID NO 1, and
sequence SEQ ID NO: 2 or a sequence having at least
90% identity to SEQ ID NO: 2, and
sequence SEQ ID NO: 4 or a sequence having at least
90% identity to SEQ ID NO: 4, and
sequence SEQ ID NO: 5 or a sequence having at least
90% identity to SEQ ID NO: 5, and (ii) at least 2
labelled probes respectively comprising or consisting
of:
sequence SEQ ID NO: 3, a sequence complementary to
SEQ ID NO: 3, or a sequence having at least 90%
identity to SEQ ID NO: 3 or the complementary
thereof, and
sequence SEQ ID NO: 6, a sequence complementary to
SEQ ID NO: 6, or a sequence having at least 90%
identity to SEQ ID NO: 6 or the complementary
thereof, and b) determining therefrom the presence or
absence and/or the quantity of HIV-2 nucleic acids in
the biological sample.

12 Claims, 2 Drawing Sheets

Specification includes a Sequence Listing.
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IN VITRO METHOD FOR THE DETECTION
AND QUANTIFICATION OF HIV-2

FIELD OF THE INVENTION

The present invention relates to an in vitro method for the
detection and quantification of Human Immunodeficiency
Virus (HIV) 2.

TECHNICAL BACKGROUND

HIV-2 is characterized by less efficient transmission
through the sexual and vertical routes than HIV-1, and by a
slower natural clinical course. Nevertheless, HIV-2 infection
eventually leads to AIDS. HIV-2 infection must be distin-
guished from HIV-1 infection, as HIV-2 is naturally resistant
to non-nucleoside reverse transcriptase inhibitors, T20, and
some protease inhibitors, and as patient follow-up differs
from that of HIV-1 infection.

Compared to HIV-1, HIV-2 is characterized by lower viral
replication. In the French ANRS cohort COS of HIV-2-
infected patients (1009 patients in January 2014), 61% of
untreated patients have plasma viral loads below 250 copies/
ml (cp/mL). Likewise, in a British study, only 8% of
patients with CD4>500 cells/mm3 and 62% of patients with
CD4<300 cells/mm3 had detectable viral load, implying that
38% of patients had undetectable viral load in an assay with
a quantification limit of 100 copies/ml.

Clinical management of HIV-2 infection is hampered by
the lack of validated commercial RNA viral load assays.
In-house assays are therefore widely used, such as the assay
described by Damond et al. (2005) J. Clin. Microbiol.
43:4234-6 which is used for quantifying the viral load in the
French cohort COS of HIV-2-infected patients.

However, the ACHIEV2E international collaboration on
HIV-2 infection showed that plasma HIV-2 RNA values vary
considerably between laboratories. Besides, the high genetic
diversity of HIV-2, with 9 groups designated A to 1, of which
only groups A and B are epidemic, also represents an
obstacle to accurate viral load quantification: previous stud-
ies have thus shown that group B viruses are particularly
difficult to quantify with the current assays. In addition, the
current HIV-2 assays also suffer from low sensitivity and
accuracy.

It is therefore an object of the invention to overcome these
limitations.

SUMMARY OF THE INVENTION

The present invention arises from the unexpected identi-
fication, by the present inventors, of a combination of two
specific target sequences in HIV-2 RNA which duplex
amplification by real-time RT-PCR enables efficient detec-
tion of group B viruses and provide for a detection limit
below 40 copies/mL as well as a quantification limit below
100 copies/ml.

The present invention thus relates to a method for detect-
ing or quantifying Human Immunodeficiency Virus-2 (HIV-
2) nucleic acids in a biological sample, comprising:

a) performing a real-time polymerase chain reaction (PCR)
or a real-time reverse transcriptase polymerase chain
reaction (RT-PCR) on nucleic acids of the biological
sample with:

(1) at least 4 primers respectively comprising or consisting

of:
sequence SEQ ID NO: 1 or a sequence having at least
90% identity to SEQ ID NO: 1, and
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2
sequence SEQ ID NO: 2 or a sequence having at least
90% identity to SEQ ID NO: 2, and
sequence SEQ ID NO: 4 or a sequence having at least
90% identity to SEQ ID NO: 4, and
sequence SEQ ID NO: 5 or a sequence having at least
90% identity to SEQ ID
NO: 5, and
(i1) at least 2 labelled probes respectively comprising or
consisting of:
sequence SEQ ID NO: 3, a sequence complementary to
SEQ ID NO: 3, or a sequence having at least 90%
identity to SEQ ID NO: 3 or the complementary
thereof, and
sequence SEQ ID NO: 6, a sequence complementary to
SEQ ID NO: 6, or a sequence having at least 90%
identity to SEQ ID NO: 6 or the complementary
thereof, and
b) determining therefrom the presence or absence and/or the
quantity of HIV-2 nucleic acids in the biological sample.

In an embodiment of the invention, the above-defined
method for detecting or quantifying Human Immunodefi-
ciency Virus-2 (HIV-2) nucleic acids further comprises
determining or quantifying HIV-1 nucleic acids in a bio-
logical sample.

The present invention also relates to a kit or a mix for
detecting or quantifying HIV-2 nucleic acids, comprising:
a) at least 4 primers respectively comprising or consisting

of:

sequence SEQ ID NO: 1 or a sequence having at least

90% identity to SEQ ID NO: 1, and
sequence SEQ ID NO: 2 or a sequence having at least
90% identity to SEQ ID NO: 2, and
sequence SEQ ID NO: 4 or a sequence having at least
90% identity to SEQ ID NO: 4, and
sequence SEQ ID NO: 5 or a sequence having at least
90% identity to SEQ ID NO: 5, and
b) at least 2 labelled probes respectively comprising or
consisting of:

sequence SEQ ID NO: 3, a sequence complementary to

SEQ ID NO: 3, or a sequence having at least 90%
identity to SEQ ID NO: 3 or the complementary
thereof, and

sequence SEQ ID NO: 6, a sequence complementary to

SEQ ID NO: 6, or a sequence having at least 90%
identity to SEQ ID NO: 6 or the complementary
thereof, and

¢) optionally additional reagents for performing PCR or

RT-PCR.

In an embodiment of the invention, the above-defined kit
or mix further comprises primers and labelled probes for
detecting or quantifying HIV-1 nucleic acids.

In another embodiment of the invention, the above-
defined method for detecting or quantifying Human Immu-
nodeficiency Virus-2 (HIV-2) nucleic acids in a biological
sample, kit and mix further comprise at least one primer
comprising or consisting of sequence SEQ ID NO: 7 or a
sequence having at least 90% identity to SEQ ID NO: 7.

The present invention also relates to the use of the kit or
the mix as defined above, for detecting or quantifying HIV-2
nucleic acids of a biological sample.

The present invention also relates to a method, in par-
ticular an in vitro method for diagnosing HIV-2 infection, or
determining HIV-2 viral load, in an individual, comprising
the steps of:
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(a) performing the method for detecting or quantifying
Human Immunodeficiency Virus-2 (HIV-2) nucleic acids
in a biological sample taken from the individual as
defined above;

(b) determining therefrom whether the individual is infected
by HIV-2 or the HIV-2 viral load of the individual.

The present invention also relates to a method, in par-
ticular an in vitro method, for determining whether an
individual is liable to benefit from a treatment with antiret-
roviral therapy (ART) or from an adjustment of ART,
comprising performing the method for diagnosing HIV-2
infection, or determining HIV-2 viral load, as defined above.

The present invention also relates to nucleotide reverse
transcriptase inhibitors (NRTIs), Protease inhibitors (Pls)
and/or Integrase inhibitors for use in the prevention or
treatment of HIV-2 infection in an individual, wherein the
individual has been determined to be liable to benefit from
a treatment with ART or from an adjustment of ART as
defined above.

The present invention also relates to a probe, in particular
a labelled probe, comprising or consisting of sequence SEQ
ID NO: 3, a sequence complementary to SEQ ID NO: 3, or
a sequence having at least 90% identity to SEQ ID NO: 3 or
the complementary thereof.

The present invention also relates to a kit or a mix for
detecting or quantifying HIV-2 nucleic acids, comprising:
a) at least 2 primers respectively comprising or consisting

of:

sequence SEQ ID NO: 1 or a sequence having at least

90% identity to SEQ ID NO: 1, and
sequence SEQ ID NO: 2 or a sequence having at least
90% identity to SEQ ID NO: 2, and

b) at least one labelled probes comprising or consisting of:

sequence SEQ ID NO: 3, a sequence complementary to
SEQ ID NO: 3, or a sequence having at least 90%
identity to SEQ ID NO: 3 or the complementary
thereof, and

c) optionally additional reagents for performing PCR or
RT-PCR.

The present invention further relates to the use of the
above-defined probe, kit or mix for detecting or quantifying
HIV-2 nucleic acids of a biological sample.

DETAILED DESCRIPTION OF THE
INVENTION

HIV-2 Nucleic Acids

Human Immunodeficiency Virus 2 (HIV-2) which infec-
tion may lead to Acquired Immune Deficiency Syndrome
(AIDS) is well known to one of skill in the art. HIV-2 is a
member of the genus Lentivirus, part of the Retroviridae
family. Its replication cycle involves entry of HIV-2 single-
stranded RNA into a cell, reverse transcription to yield a
single-stranded DNA and then a double-stranded DNA
which is integrated in the host cell genome. Accordingly, as
intended herein, HIV-2 nucleic acids relate to nucleic acids
of any type which harbour the HIV-2 genome in totality or
in part. HIV-2 nucleic acids to be detected or quantified
according to the invention may thus be RNA, in particular
single stranded RNA, or DNA, in particular single stranded
or double stranded DNA.

Preferably, the above-defined method, kit or mix, or use
for detecting or quantifying Human Immunodeficiency
Virus-2 (HIV-2) nucleic acids is for detecting or quantifying
HIV-2 RNA.
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4
Real-Time PCR or RT-PCR

Real-time Polymerase Chain Reaction (PCR) and Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR) are
well-known to one of skill in the art and are also known as
quantitative PCR (qPCR) and quantitative RT-PCR (RT-
qPCR).

According to the invention, real-time PCR will be con-
ducted for detecting or quantifying HIV-2 DNA while RT-
PCR will be conducted for detecting or quantifying HIV-2
RNA.

One of skill in the in art can readily determine from a
real-time PCR or RT-PCR whether HIV-2 nucleic acids are
present, i.e. detect them, and/or quantify HIV-2 nucleic
acids. Typically, in real-time PCR or RT-PCR, a signal,
generally a fluorescent signal, which intensity is a conse-
quence of the accumulation of amplified DNA is measured
by the thermal cycler which runs the PCR or RT-PCR. If| in
the course of the PCR or RT-PCR, the intensity of the
measured signal, in particular the fluorescent signal, is
higher than a signal threshold, generally background signal
intensity, it is deduced that amplification has occurred, i.e.
that HIV-2 nucleic acids are present in the biological sample.
Conversely, if no signal intensity higher than background
signal intensity is measured in the course of PCR or RT-
PCR, it is deduced that no nucleic acids or a quantity of
nucleic acid below detection level is present in the biological
sample. Besides, the cycle of the PCR or RT-PCR at which
the signal higher than background signal intensity is mea-
sured is named the threshold cycle (CT). It is well known to
one of skill in the art that CT values are proportional to the
log,, of the starting amounts of nucleic acids in the biologi-
cal sample Accordingly, the quantity of nucleic acids pres-
ent, i.e. the nucleic acid load of the biological sample, can
be readily determined, if necessary by reference to a stan-
dard curve.

Numerous real-time PCR and RT-PCR techniques, gen-
erally differing in the signal generation system and the
labelled probes used, can be used according to the invention,
such as the so-called Tagman or Molecular Beacons assays.
However it is preferred that the real-time PCR or RT-PCR
according to the invention is of the Tagman type. Tagman
type real-time PCR or RT-PCR is well known to one of skill
in the art and has been originally described in 1991 by
Holland et al. (1991) Proc. Natl. Acad. Sci. USA 88:7276-
7280.

Briefly, TagMan probes consist of a fluorophore cova-
lently attached to the 5'-end of an oligonucleotide probe and
a quencher at the 3'-end. The probe is such that the quencher
molecule quenches the fluorescence emitted by the fluoro-
phore when excited by a thermocycler’s light source via
FRET (Fluorescence Resonance Energy Transfer). Thus, as
long as the fluorophore and the quencher are in proximity,
i.e. are attached to the probe, quenching inhibits any fluo-
rescence signals. Besides, TagMan probes are designed such
that they anneal to a target within amplified DNA region. As
the thermostable polymerase used for performing PCR or
RT-PCR extends the primer and synthesizes the nascent
strand, its 5' to 3' exonuclease activity degrades the probe
that has annealed to the template. Degradation of the probe
releases the fluorophore from it and breaks the close prox-
imity to the quencher, thus relieving the quenching effect
and allowing fluorescence of the fluorophore. Hence, fluo-
rescence detected in the quantitative PCR thermal cycler is
directly proportional to the fluorophore released and the
amount of DNA template present in the PCR.
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Preferably, the real-time PCR or RT-PCR according to the
invention comprise the following thermocycling conditions:

optionally 10 min at 50° C. for reverse transcription,

followed by

5 min at 95° C., followed by

50 cycles of 95° C. for 15 s and 60° C. for 1 min.

Advantageously, the above-defined thermocycling condi-
tions are similar to that used by the real-time RT-PCR
generic HIV-1 RNA assay described by Rouet et al. (2005)
J. Clin. Microbiol. 43:2709-17 and commercialized by Bio-
centric, which is currently used with success in many
resource-limited countries. Accordingly, the method for
detecting or quantifying Human Immunodeficiency Virus-2
(HIV-2) nucleic acids in a biological sample according to the
invention can be used on the same thermocycler, with the
same software program and even, if necessary, in the same
amplification plate, as biological samples intended for
HIV-1 nucleic acid detection or quantification.

Primers and Probes

As intended herein a primer is an oligonucleotide, pref-
erably a DNA oligonucleotide, useful to prime replication by
a DNA polymerase, in particular a thermostable DNA poly-
merase, or reverse transcription by a reverse transcriptase.
Preferably, primers according to the invention comprise no
more than 50 nucleotides, more preferably no more than 40
nucleotides, and most preferably no more than 30 nucleo-
tides.

As intended herein a probe is an oligonucleotide, prefer-
ably a DNA oligonucleotide, which can anneal to DNA
molecules amplified as a result of the PCR or the RT-PCR
according to the invention. Preferably, probes according to
the invention comprise no more than 50 nucleotides, more
preferably no more than 40 nucleotides, and most preferably
no more than 30 nucleotides. The labelled probe is such that
a detectable signal, preferably fluorescence, is emitted and
increases in intensity as a consequence of the accumulation
of amplified DNA molecules. More preferably the probes
according to the invention are labelled, in particular cova-
lently labelled, by a flurophore and by a quencher, the
fluorophore-quencher pair being such that the quencher
quenches fluorescence emission by the fluorophore. In this
frame, it is preferred that the fluorophore is attached at or
near the 5' end of the probe and that the quencher is attached
at or near the 3' end of the probe. Numerous suitable
fluorophore-quencher pairs according to the invention can
be devised by one of skill in the art. By way of example, the
fluorophore-quencher pairs 6-carboxyfluorescein (FAM)-
carboxytetramethylrhodamine (TAMRA) and 6-carboxy-
fluorescein (FAM)-Black Hole Quencher-1 (BHQ1) are suit-
able for the labelled probes according to the invention. A
particularly preferred fluorophore-quencher pair according
to the invention is 6-carboxyfluorescein (FAM)-Black Hole
Quencher-1 (BHQ1). Besides it is also preferred that the 2
labelled probes according to the invention are labelled by a
same fluorophore-quencher pair. Thus, it is particularly
preferred that the 2 labelled probes are labelled with 6-car-
boxyfluorescein (FAM) at their 5'end and with Black Hole
Quencher-1 (BHQ1) at their 3' end.

As intended herein, where a primer or a probe according
to the invention is said to “comprise” a particular sequence,
the primer or the probe may also comprise additional
sequences extending from the 5' end and/or 3' end of the
particular sequence. In contrast, where a primer or a probe
according to the invention “consists of” a particular
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6

sequence, the primer or the probe does not comprise supple-
mentary sequences in addition to the particular sequence.

Preferably, the at least 4 primers according to the inven-
tion respectively consist of sequences SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 4 and SEQ ID NO: 5, and the 2
labelled probes according to the invention respectively con-
sist of sequences SEQ ID NO: 3 and SEQ ID NO: 6.

As intended herein, a “sequence having at least 90%
identity to SEQ ID NO: X”, in particular differs from SEQ
ID NO: X by the insertion, the suppression or the substitu-
tion of at least one nucleotide. Besides, the percentage of
identity between two nucleotide sequences is defined herein
as the number of positions for which the bases are identical
when the two sequences are optimally aligned, divided by
the total number of bases of the longest of the two
sequences. Two sequences are said to be optimally aligned
when the percentage of identity is maximal. Besides, as will
be clear to one of skill in the art, it may be necessary to add
gaps in order to obtain an optimal alignment between the
two sequences.

Preferably, a sequence according to the invention having
at least 90% identity to SEQ ID NO: 1, 2,3, 4, 5, 6 or 7 has
respectively at least 95%, more preferably at least 98%
identity with SEQ ID NO: 1, 2,3, 4, 5, 6 or 7.

The primers according to the invention comprising
sequences SEQ ID NO: 1 and SEQ ID NO: 2 or sequences
having at least 90% identity to SEQ ID NO: 1 and SEQ ID
NO: 2 and the probe comprising or consisting of sequence
SEQ ID NO: 3, a sequence complementary to SEQ ID NO:
3, or a sequence having at least 90% identity to SEQ ID NO:
3 or the complementary thereof, are useful to detect a
portion of the LTR region of HIV-2 genome.

The primers according to the invention comprising
sequences SEQ ID NO: 4 and SEQ ID NO: 5 or sequences
having at least 90% identity to SEQ ID NO: 4 and SEQ ID
NO: 5 and the probe comprising or consisting of sequence
SEQ ID NO: 6, a sequence complementary to SEQ ID NO:
6, or a sequence having at least 90% identity to SEQ ID NO:
6 or the complementary thereof, are useful to detect a
portion of the Gag region of HIV-2 genome.

The primer according to the invention comprising or
consisting of sequence SEQ ID NO: 7 or a sequence having
at least 90% identity to SEQ ID NO: 7 is useful to improve
the detection and quantification of subtype B HIV-2 nucleic
acids.

As will be clear to one of skill in the art and by way of
example, the sequence complementary to a sequence 5'
TAGGTTACGGCCCGGCGGAAAGA 3' (SEQ ID NO: 6)
is 5" TCTTTCCGCCGGGCCGTAACCTA 3' (SEQ ID
NO: .9)

Besides, as will also be clear to one of skill in the art SEQ
ID NO: 3 (CTTGGCCGGYRCTGGGCAGA) is a so-called
degenerated sequence wherein Y represents C and T, and R
represents A and G.

Advantageously, the use of primers and probes according
to the invention in real-time PCR and RT-PCR (i) provide
for the specific detection and quantification of HIV-2 nucleic
acids over HIV-1 nucleic acids, (ii) lower the detection and
quantification limit of the prior art assays, and (iii) provide
for an improved detection and quantification of subtype B
HIV-2 nucleic acids.
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Biological Sample

As intended herein a “biological sample” relates to any
sample taken from a human individual liable to contain
HIV-2 nucleic acids, such as a blood sample, a plasma
sample, or a seminal sample. As will be clear to one of skill
in the art the biological sample may have been treated after
having been taken from the individual and before being
submitted to a real-time PCR or RT-PCR according to the
invention. Such treatments notably encompass centrifuga-
tion, treatment by an anticoagulant, such as EDTA, or
nucleic acid concentration, purification or extraction. Thus,
by way of example, a biological sample according to the
invention may be a nucleic acid solution extracted from a
sample, such as plasma sample, taken from a human indi-
vidual.

Kit and Mix

As intended herein in a “kit” according to the invention,
one or more of the components of the kit may be packaged
or compartmented separately from the rest of the compo-
nents.

As intended herein in a “mix” according to the invention,
all the components of the mix are in a single compartment.
Preferably, the mix according to the invention is a PCR mix
or a RT-PCR mix.

Additional reagents to the primers and probes according
to the invention can be easily devised by one of skill in the
art and notably encompass a thermostable DNA polymerase,
a reverse transcriptase, dN'TPs, salts, in particular Mn** and
Mg?* salts, and buffers.

The present invention will be further described by the
following non-limiting figures and example.

DESCRIPTION OF THE FIGURES

FIG. 1

FIG. 1 represents the standard curve of the HIV-2 RNA
real-time viral load assay according to the invention. The
cycle threshold (CT) (vertical axis) is the number of cycles
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genetic group (A, B, H or non genotypable (NA)) of the 78
detectable (0 to <40 cp/mL) or quantifiable samples
(r2=0.8812). An arbitrary value of 10 cp/ml was attributed to
samples undetectable in the current assay, and 20 cp/ml to
those detectable in the new assay (0 to <40 cp/mL).

FIGS. 3 and 4

FIGS. 3 and 4 represent Bland and Altman curves for
measuring the degree of agreement in log,, cp/ml between
the assay according to the invention and the prior art assay;
for group A (N=32) (FIG. 3) and group B (N=39) (FIG. 4)
samples detectable (0 to 40 cp/mL) and quantifiable (>40
cp/mL) with the assay according to the invention. An
arbitrary value of 10 cp/ml was attributed to samples unde-
tectable with the prior art assay, and 20 cp/ml to those
detectable with the assay according to the invention (be-
tween 0 and 40 cp/ml).

EXAMPLE

Materials and Methods
HIV-2 RNA Assay According to the Invention

The test is based on a one-step duplex Tagman PCR
approach targeting a conserved consensus region in the long
terminal repeat (LTR) region and the Gag region.

The forward and reverse primers for the LTR region are
5'-TCTTTAAGCAAGCAAGCGTGG-3' (SEQ ID NO: 1)
and 5-AGCAGGTAGAGCCTGGGTGTT-3' (SEQ ID NO:
2), respectively (Rouet et al. (2004) J. Clin. Microbiol.
42:4147-53), with an internal probe (5' FAM-CTTGGCCG-
GYRCTGGGCAGA-BHQ1 3', SEQ ID NO: 3) modified to
optimize efficiency for HIV-2 group B.

The forward and reverse primers for the Gag region are F3
5'-GCGCGAGAAACTCCGTCTTG-3' (SEQID NO: 4) and
R1 5'-TTCGCTGCCCACACAATATGTT-3' (SEQ ID NO:
5), respectively (Damond et al. (2005) J. Clin. Microbiol.
43:4234-6), and the internal HIV-2 Tagman gag probe is
S65GAG2 5' FAM-TAGGTTACGGCCCGGCGGAAAGA-
BHQ1 3' (SEQ ID NO:6) (Eurogentec, Seraing, Belgium)
(Damond et al. (2005) J. Clin. Microbiol. 43:4234-6).

TABLE 1

Primerg and probes usgsed for RT-PCR analysis

Primers &

Probes LTR

Gag

Forward
primer

Reverse
primer

Probe

5'-TCTTTAAGCAAGCAAGCGTGG-3!
(SEQ ID NO:

5'-AGCAGGTAGAGCCTGGGTGTT-3"'
(SEQ ID NO:

5'-CTTGGCCGGYRCTGGGCAGA-3"'
(SEQ ID NO:

5'-GCGCGAGAAACTCCGTCTTG-3"
1) (SEQ ID NO: 4)
5'-TTCGCTGCCCACACAATATGTT-3"'
2) (SEQ ID NO: 5)
5'-TAGGTTACGGCCCGGCGGAAAGA-3!

3) (SEQ ID NO: 6)

at which fluorescence passes a fixed limit (time to positivity)
and the input log,, HIV-2 copy equivalents/ml (horizontal
axis) represents the standardization viral load present in the
sample submitted to real-time RT-PCR. Median values and
25% and 75% interquartile ranges (box plot) of the CT are
indicated. The vertical lines show the ranges of the CT.

FIG. 2

FIG. 2 is a scatter diagram of the HIV-2 RNA load
(expressed as log,, copies/ml) as determined by the assay
according to the invention (vertical axis) vs. as determined
by the prior art assay (horizontal axis), according to the

60
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RNA was extracted from 200 pl of plasma by using the
QIAamp viral RNA mini kit (Qiagen, Courtaboeuf, France),
as in the Biocentric generic HIV-1 charge virale assay, in
laboratories A and B (Necker Hospital, Paris, and Charles
Nicolle Hospital, Rouen) or from 1 ml with the Total NA
large volume Magna Pure kit (Roche Automated System,
Meylan, France) in laboratory C (Bichat Claude Bernard
Hospital, Paris).

The reaction mix consists of a 20-ul. volume containing
the RNA extract (10 pl), primers (500 nM each), probes
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(250 nM each), and 1xPCR buffer (4X One-step mix,
Invitrogen, Cergy Pontoise, France).

The thermocycling conditions are those used for the
Biocentric HIV-1 assay: 10 min at 50° C. and 5 min at 95°
C., followed by 50 cycles of 95° C. for 15 s and 60° C. for
1 min. Amplification and data acquisition are carried out
with the TagMan ABI realtime PCR system (Applied Bio-
systems, Courtaboeuf, France). The log, , number of targets
initially present is proportional to the cycle threshold (CT)
and is determined from the standard curve.

A BIOQ HIV-2 RNA group A quantification panel
(P0182; Rijswijk, The Netherlands) was used as the external
standard. The standard, evaluated at 2.93x10° cp/ml, was
first diluted in RPMI culture medium to a theoretical con-
centration of 1 000 000 cp/ml (2 400 000 IU/ml), followed
by serial 10-fold dilution to concentrations ranging from 1
000 000 (5 log, ) to 100 cp/ml (2 log, ), and a final dilution
to 40 cp/ml (1.6 log,,).

Determination of the Analytic Performance of the Assay
According to the Invention

Specificity was determined by testing plasma samples
from 49 HIV-negative subjects and 30 HIV-1 group M-posi-
tive patients with viral loads ranging from >20 to <10 000
000 cp/mL. Nine HIV-1 group O coculture supernatants
were also tested.

Linearity was assessed using the BIOQ external standard
diluted in RPMI to 1 000 000, 100 000, 10 000, 1000, 100
and 40 cp/ml (each tested in 10 runs at Lab A).

Analytical sensitivity was determined by dilution in
RPMI of the BIOQ external standard to 100, 50, 40, 20 and
10 cp/mL (10 replicates each).

To determine within-run reproducibility, the BIOQ exter-
nal standard was tested at concentrations of 10 000 and 100
cp/mL in each of the three laboratories (10 replicates for
each dilution).

To determine between-run reproducibility, an HIV-2 posi-
tive control was prepared by serial dilution in HIV-negative
EDTA human plasma of a coculture supernatant of an H1V-2
group A isolate (Genbank accession number AY 688870,
SEQ ID NO: 8). This solution was diluted to obtain aliquots
with theoretical concentrations ranging from 10 000 to 100
000 cp/mL in the current assay. These aliquots were each
tested once in 7 separate runs with the Magna pure auto-
mated extraction system (Lab C) and in respectively 18 and
7 separate runs with Qiagen manual extraction at Lab A and
Lab B.

Statistical Analysis

MedCalc software (Ostend, Belgium) was used for data
analysis. Bland and Altman curves were used to represent
the degree of agreement between the two techniques (Bland
& Altman (1986) Lancet 1:307-10). The X-axis bore the
mean values for each sample obtained with the two tech-
niques, and the Y-axis the difference between the values
obtained with the two techniques.

Disagreement between the two techniques was defined as
a difference of more than 0.5 log,, for a given sample.
Clinical Samples

One hundred plasma samples from HIV-2-infected
patients (n=100) included in the French National HIV-2
Cohort (ANRS COO05) were selected according to the viral
genotype and the HIV-2 RNA concentration, as determined
with the technique described in Damond et al. (2005) J. Clin.
Microbiol. 43:4234-6. The HIV-2 group was determined for
89 samples, as previously described (Damond et al. (2004)
AIDS Res Hum Retroviruses 20:666-672 and Plantier et al.
(2004) J. Clin. Microbiol. 42:5866-70): 38 samples were
group A, 50 group B, and one group H. Genotyping was not
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available for the remaining 11 samples, owing to the absence
of detectable RNA and a lack of whole blood or mononu-
clear cells for viral DNA assay.

The selected samples had the following characteristics:
<100 (2 log, ) cp/ml (n=39, 9 group A and 19 group B, 11
non genotypable), 100 (2 log,,)-1000 (3 log, ) cp/ml (n=16,
5 A and 11 B), 1000 (3 log,,)-10 000 (4 log,,) (n=22, 12 A
and 10 B), 10 000 (4 log,,)-100 000 (5 log,,) (n=19, 11 A,
7 B and 1 H) and >100 000 (5 log,,) (n=4, 1 A and 3B).
Results
Analytic Performances of the Assay According to the Inven-
tion

As expected, given the wide genomic divergence between
HIV-1 and HIV-2, the HIV-2 primers did not hybridize to
HIV-1 genes: all HIV-1-positive plasma samples and all
HIV-negative samples were negative in the new assay,
giving a specificity of 100%.

The standard curve showed a strong linear relationship
between the CT values and log,, HIV-2 RNA cp/mL (FIG.
1). The median correlation coeflicient was 0.9947 (range,
0.9831 to 0.9997), and the median slope was -3.37 (range,
-3.16 to -3.62).

The analytical sensitivity of the assay was 100% at 40
cp/ml (1.6 log,, cp/mL) and 90% at 20 cp/mL (1.3 log,,
cp/mL) after Roche Magna pure automated extraction of 1
ml, and 100% at 50 cp/mL (1.7 log,, cp/mL) after manual
extraction of 200 uL.. Optimization of the assay sensitivity
after manual extraction was evaluated using 1 mL of plasma:
the sample was centrifuged at 17 000 rpm and the pellet was
resuspended in 200 pul. of RPMI medium prior to manual
extraction, with elution in 60 pL. This yielded 90% sensi-
tivity at 10 cp/mL (1 log,, cp/mL).

Within-run reproducibility was evaluated in the three labs
by using the BIOQ external standard with theoretical virus
concentrations of 10 000 and 100 cp/mL (4 and 2 log,,
cp/mL): for the 4 log,, cp/mL value we obtained a mean of
3.91 log,, cp/mL at Lab C, 4.1 log,, cp/mL at Lab A and 4.2
log;, cp/mL at Lab B, with within-run coefficients of varia-
tion of 1.61%, 0.54% and 1.10%, respectively. At the
concentration of 2 log, , cp/mL, the inventors obtained mean
values 0f 2.03 log, , cp/mL at Lab B, 2.07 log, , cp/mL at Lab
A, and 2.17 log,, cp/mL at Lab C, with within-run coeffi-
cients of variation of 10.72%, 14.32% and 7.24%, respec-
tively.

In between-run assays, the positive control with a theo-
retical concentration between 10 000 (4 log,,) and 100 000
cp/mL (5 log, ,) was evaluated at 4.61 log,, cp/mL in Lab C,
4.70 log,, cp/mL in Lab A, and 4.88 log,, cp/mL in Lab B,
with coefficients of variation of 2.28%, 6.43% and 3.03%,
respectively.

Clinical Performances

The clinical performances of the new assay were evalu-
ated in Lab C. Clinical samples of 1 ml were extracted with
the automated MagnaPure method then tested in parallel
with the ABI device for the assay according to the invention
and the Light Cycler 1.5 device for the prior art assay
described by Damond et al. (2005) J. Clin. Microbiol.
43:4234-6. The results obtained with the assay according to
the invention were categorized into four groups (Table 2):
undetectable (<40 cp/mL), detectable but not quantifiable (0
to <40 cp/mL.), quantifiable between 40 and 100 cp/mL., and
above the lower limit of quantification of the current assay
(100 cp/mL).

Of the 39 samples below the quantification limit of 100
cp/mL in the current assay, 22 samples (56%) were also
undetectable with the assay according to the invention
(Table 2), while 10 samples (26%; 3 A, 3 B and 4 non
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genotypable) were detected at values between 0 and 40
cp/mL (range: 1 to 36 cp/mL.). Three samples (7.7%; 1 B, 2
non genotypable) were quantified between 40 and 100
cp/mL (range: 56 to 79 cp/mL.), and four samples (10%; all
B) were quantified above 100 cp/mL (range: 102 to 970
cp/mL); the latter corresponded to true false-negative
samples, taking into account the 100 cp/mL cut-off of the
current assay.

These results showed that the test improved the detection
or quantification of 17/39 samples (43.6%), including eight
group B samples (Table 1).

All 61 plasma samples with values above 100 cp/mL in
the prior art assay were detectable with the test according to
the invention. One sample at 209 cp/mL (2.32 log, , cp/ml)
in the current assay gave a value of 46 cp/mL (1.69 log,,
cp/ml) in the test according to the invention (Table 1).

A scatter plot was constructed for the 78 samples that
were detectable or quantifiable with the assay according to
the invention and quantifiable with the prior art assay (FIG.
2). It showed a wider dispersion of values for quantifiable
group B samples than for quantifiable group A samples, as
well as better detection or quantification of group B and non
genotypable samples. This was confirmed by scatter equa-
tions specific for group A samples (n=32; y=0.8921x+
0.2545, r2=03569) and group B samples (n=39; y=0.7136x+
1.0484, r2=0.8067), and also by Bland-Altman
representations (FIG. 3). Homogeneous quantification (+/-
1.96 SD, range from -0.35 to 0.6) and similar values
(median difference of —-0.13) were obtained with the assay
according to the invention and the prior art assay for group
A samples. The median difference between the two assays
for group B samples was +0.18, but with greater heteroge-
neity (+/-136 SD, range -1.33 to 0.98).

The only HIV-2 group H sample gave very similar results
with the two assays (4.33 log,, and 4.34 login).

CONCLUSION

HIV-2 infection differs markedly from HIV-1 infection,
notably by its slower natural course, different therapeutic
management, and genetic diversity. Specific molecular
methods are therefore necessary for diagnosis and patient
monitoring. Current assays, mainly consisting of in-house
methods or unvalidated derivatives of commercial Kits,
suffer from major limitations in terms of their sensitivity,
accuracy, and coverage of HIV-2 genetic diversity.

The aim of this work was to develop a quantitative assay
that takes into account both the low viral load seen in most
HIV-2-infected patients and the broad genetic diversity of
HIV-2, especially group B. In addition, as most cases of
HIV-2 infection occur in West Africa, such a test must be
affordable and easy to implement in developing countries, as
previously achieved with the generic HIV-1 viral load assay
marketed by Biocentric.

The inventors improved the assay currently used to moni-
tor the French HIV-2 cohort, which is based on amplification
of the HIV-2 Gag region and has a lower limit of quantifi-
cation of 100 cp/ml (Damond et al. (2005) J. Clin. Micro-
biol. 43:4234-6). The inventors also used the same operating
conditions as those of the Biocentric HIV-1 assay kit, in
order to facilitate its use either for HIV-2 alone or jointly for
HIV-1 and HIV-2.

The new test exhibits good linearity (40 to 1 000 000
cp/ml) and within-run reproducibility (<15%). Its inter-
laboratory reproducibility was validated by evaluation at
three different sites. Both manual and automated extraction
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methods were validated, for compatibility with local prac-
tices in resource-limited countries.

Relative to the prior art assay of Damond et al. (2005) J.
Clin. Microbiol. 43:4234-6, the test according to the inven-
tion has a significantly better analytical limit of quantifica-
tion, reaching 50 cp/ml with manual extraction of 200 pl of
plasma and 40 cp/ml with automated extraction of 1 mlL.
Assuming a probit rate of 90%, the detection limit with 1 ml
of plasma would be 10 cp/ml and 20 cp/ml, respectively.
This very good analytical sensitivity matches that of recently
published in-house methods (5, 11, 29) and is compatible
with virological monitoring of HIV-2 infection, as more than
60% of untreated patients have viral loads below 250 cp/ml.
The new test was able to detect and/or quantify more than
one-third of samples that were undetectable with our current
assay, which has a quantification limit of 100 cp/ml. This
excellent sensitivity should prove useful both for patho-
physiological studies and for treatment monitoring.

The most difficult issue facing the development of HIV-2
viral load assays is the genetic diversity of this virus
(especially group B), some variants being under-quantified
or escaping detection with current tests. Three teams
recently reported improved sensitivity for HIV-2, but they
mainly used supernatants (Delarue et al. (2013) J. Clin.
Virol. 58:461-7) or a limited number of samples (Chang et
al. (2012) J. Clin. Virol. 55:128-33, Styer et al. (2013) J.
Clin. Virol. 58 Suppl 1:¢127-33) or validated detection but
not quantification (Styer et al. (2013) J. Clin. Virol. 58 Suppl
1:¢127-33), leaving questions as to their clinical perfor-
mance, especially for group B viruses.

The inventors evaluated the assay according to the inven-
tion on 100 clinical samples, 39% of which were undetect-
able with the comparative prior art assay described in
Damond et al. (2005) J. Clin. Microbiol. 43:4234-6, repre-
sentative of the molecular epidemiology of groups A and B,
plus the only one divergent sample of group H. Half the
samples corresponded to group B, and more than one-third
of them (n=19) were undetectable with the comparative
prior art assay. The inventors developed a duplex method
capable of simultaneously amplifying the LTR and Gag
regions, which unexpectedly resulted in a synergic improve-
ment of the detection of group B viruses by reducing the risk
of mismatches. The new and current HIV-2 assay methods
gave similar results for the single group H sample and for the
group A samples (although 3 additional group A samples
were detectable with the new test), whereas the new test
developed by Delarue et al gave values nearly 0.5 log,,
lower than their reference test (Delarue et al. (2013) J. Clin.
Virol. 58:461-7). Eight additional group B samples (42%)
were detected or quantified with our new test, four samples
having values of 102 to 970 cp/mL. This unexpected
improvement is due to the addition of primers in the LTR
region and to changes in the LTR probe. However, the wider
dispersion of values and the larger number of group B than
group A samples with differences exceeding 0.5 log,, rela-
tive to the current assay illustrate the greater difficulty of
group B quantification. In addition, six non-genotypable
samples were better detected or quantified with our new
assay.

Advantageously, the test according to the invention can be
used in the same operating conditions as the generic HIV-1
RNA assay currently used with success in many resource-
limited countries (Rouet et al. (2005) J. Clin. Microbiol.
43:2709-17) meaning it can be used on the same machine,
with the same software program and even, if necessary, in
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the same amplification plate, as HIV-1 samples. This will
reduce analytical costs by increasing the number of samples
per run.

The assay according to the invention has analytical per-
formances at least equal to that of other newly developed
tests (Chang et al. (2012) J. Clin. Virol. 55:128-33, Delarue
et al. (2013) J. Clin. Virol. 58:461-7 and Styer et al. (2013)
J. Clin. Virol. 58 Suppl 1:€127-33) as the performances of
these tests have not been as thoroughly evaluated as the test
according to the invention. Thus the test described by Chang
et al., adapted from the Abbott platform (Abbott Molecular,
Chicago, Il1.), was evaluated on few group B samples and
was not compared with other techniques. Styer et al. recently
compared their method with this “Abbott” technique and
observed a difference of -0.35 log10 Ul/mL, but they used
a limited panel of uncharacterized samples, ruling out any
evaluation of in terms of genetic diversity. Finally, Styer et
al. and Delarue et al. used a two-step method, whereas the
assay according to the invention is performed in a single
step.

14

In conclusion, the inventors have developed and standard-
ized an assay with better analytical sensitivity than the
technique currently used to monitor HIV-2-infected patients
in France. The assay according to the invention also has
improved clinical sensitivity and has been validated on a
broad, well-characterized sample panel, in contrast to
recently published tests. The analytical performance of this
new assay, which is easy to perform, makes it suitable for
use in resource-limited countries in which multiple HIV-2
variants circulate. In addition, the assay according to the
invention can be used on the same analytical platforms and
in the same run as tests for HIV-1, thus improving its
cost-efficiency for monitorHing patients infected with HIV-1
and/or HIV-2. This possibility of simultaneous analysis will
facilitate molecular diagnosis of mother-to-child transmis-
sion of HIV-1 and/or HIV-2, and also diagnosis and follow-
up of dual HIV-1/HIV-2 infection in the same sample.
Finally, use of this assay for virological monitoring will
provide new insights into the natural history of HIV-2
infection at different clinical stages.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 1

tctttaageca agcaagegtyg g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 2

agcaggtaga gectgggtgt t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Probe

<400> SEQUENCE: 3

cttggeeggy retgggeaga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 4

gcgegagaaa ctecgtettyg

<210> SEQ ID NO 5
<211> LENGTH: 22

21

21

20

20
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-continued

16

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 5

ttcgetgece acacaatatg tt

<210> SEQ ID NO 6

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 6

taggttacgyg cccggcggaa aga

<210> SEQ ID NO 7

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 7

tccaacagge tctetgetaa tec

<210> SEQ ID NO 8

<211> LENGTH: 297

<212> TYPE: DNA

<213> ORGANISM: Human immunodeficiency virus type 2

<400> SEQUENCE: 8

cctcaattet ctetttggag gagaccagta gtewcagcac acattgaggg ccagcecagta
gaagttttac tagatacagg ggccgacgac tcaatagtag caggggtaga gttaggaagce
aattatagtc caaaaatagt agggggaata gggggattca taaataccaa agaatataag
gatgtagaga taaaagtact aaataaaaca gtaagggcca ctataatgac aggtgaaacc
ccaatcaaca tttttggcag aaacattttg acagcattag gcatgtcatt aaatcta
<210> SEQ ID NO 9

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 9

tctttecgee gggccegtaac cta

22

23

23

60

120

180

240

297

23

The invention claimed is: 55 (ii) at least 2 labelled probes respectively consisting of:
1. A method for detecting or quantifying Human Immu- sequence SEQ ID NO: 3, and
nodeficiency Virus-2(HIV-2) nucleic acids in a biological sequence SEQ ID NO: 6, and

sample, comprising:
a) performing a real-time polymerase chain reaction
(PCR) or a real-time reverse transcriptase polymerase 60

b) determining therefrom the presence or absence and/or
the quantity of HIV-2 nucleic acids in the biological

chain reaction (RT-PCR) on nucleic acids of the bio- sample.

logical sample with: 2. The method according to claim 1, for detecting or

(1) at least 4 primers respectively consisting of: quantifying HIV-2 RNA.
sequence SEQ ID NO: 1, 3. The method according to claim 1, wherein the labelled
sequence SEQ ID NO: 2, 65 probes are labelled with 6-carboxyfluorescein (FAM) at their
sequence SEQ ID NO: 4, and 5" end and with Black Hole Quencher-1 (BHQ1) at their 3'

sequence SEQ ID NO: 5, and end.
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4. The method according to claim 1, wherein the PCR or
RT-PCR comprises

the following thermocycling conditions:

optionally 10 min at 50° C. for reverse transcription,
followed by

5 min at 95° C., followed by

50 cycles of 95° C. for 15 s and 60° C. for 1 min.

5. The method according to claim 1, further comprising
determining or quantifying HIV-1 nucleic acids in a bio-
logical sample.

6. A kit or a mix for detecting or quantifying HIV-2
nucleic acids, comprising:

a) at least 4 primers respectively consisting of:

sequence SEQ 1D NO: 1,
sequence SEQ 1D NO: 2,
sequence SEQ ID NO: 4, and
sequence SEQ ID NO: 5, and
b) at least 2 labelled probes respectively consisting of:
sequence SEQ ID NO: 3, and
sequence SEQ ID NO: 6, and

¢) optionally additional reagents for performing PCR or
RT-PCR.

7. The kit or the mix according to claim 6, wherein the
labelled probes are labelled with 6-carboxyfluorescein
(FAM) at their 5' end and with Black Hole Quencher-1
(BHQ1) at their 3' end.

8. The kit or the mix according to claim 6, further
comprising primers and labelled probes for detecting or
quantifying HIV-1 nucleic acids.

9. An in vitro method for diagnosing HIV-2 infection, or
determining HIV-2 viral load, in an individual, comprising:

(a) performing the method for detecting or quantifying

Human Immunodeficiency Virus-2 (HIV-2) nucleic
acids in a biological sample taken from the individual
as defined in claim 1;

10
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(b) determining therefrom whether the individual is
infected by HIV-2 or the HIV-2 viral load of the
individual.

10. An in vitro method for diagnosing HIV-2 infection, or
determining HIV-2 viral load, in an individual, comprising
the steps of:

(a) performing the method for detecting or quantifying
Human Immunodeficiency Virus-2 (HIV-2) nucleic
acids in a biological sample taken from the individual
as defined in claim 3;

(b) determining therefrom whether the individual is
infected by HIV-2 or the HIV-2 viral load of the
individual.

11. An in vitro method for diagnosing HIV-2 infection, or
determining HIV-2 viral load, in an individual, comprising
the steps of:

(a) performing the method for detecting or quantifying
Human Immunodeficiency Virus-2 (HIV-2) nucleic
acids in a biological sample taken from the individual
as defined in claim 4;

(b) determining therefrom whether the individual is
infected by HIV-2 or the HIV-2 viral load of the
individual.

12. An in vitro method for diagnosing HIV-2 infection, or
determining HIV-2 viral load, in an individual, comprising
the steps of:

(a) performing the method for detecting or quantifying
Human Immunodeficiency Virus-2 (HIV-2) nucleic
acids in a biological sample taken from the individual
as defined in claim 5;

(b) determining therefrom whether the individual is
infected by HIV-2 or the HIV-2 viral load of the
individual.



