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(H V-1) DETECTI ON METHOD AND KI T THEREFOR FI ELD OF THE | NVENTI ON 5The
present iwoeniiom2wel ates to priner(s), probes as well asTssRiwaiRs7 and
kit(s) using such prinmer(s) and/or probes for the detection of the presence
of human i mMmunodeficiency virus type 1 (H V-1). BACKGROUND TO THE | NVENTI ON
10 HV is one of the nost serious infectjous diseases in the world and is a
gl obal pandemic with the nost recent worll d Heal th Organi zations' report in
Novenber 2009 estimating 33.4 mllion infections worldw de and about 2
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Decenber 2007, an average of 3 mllion people living with HV-1 in these
countri es WELD OFSTHE INVENTION etroviral therapy, only 31%of all who needed
it. Wt h t he annual increase i n HI V-1 20cases and the slow i ncrease in the
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early. H V-1 vir detecti i the only means of diagnosing early

not her - t o- HH’F‘FBO‘fl%fﬁ'ﬁE?M‘Q"éﬁsg ?("\?/I] ﬁs H V-1 viral quantitation (i.e. viral
| oad) is the nost sensitive prognostic marker 25 of long-termresponse to
treat nent r been able to replace the viral | oad
for noni to%@%ﬁ’gﬁ?e’ﬁ@%ﬂ%& rol ogi ¢ suppression to undetectabl e
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trial s andHiVds lomg gotle mostrasods afddtivns disdaded iimalse WArklohogiis a5 glppaESSi Oon

m nim ses E)Qr?dern'lng l\swtﬂfthg ?nvoes O&gﬁp \tNo?I]Zi He ?thsér%ralglga&o%sl re%ort in rP\}ovember 2009

estimating 33.4 million infections worldwide and about 2 million deaths in 2008. The
WHO has also listed “combat HIV/AIDS” as the 6th millennium development goal
156 (hitp://wmww.who.int/mdg/en/).

This global pandemic has been met by an unprecedented effort to make available
treatments, especially to low and middle-income developing countries. By December
2007, an average of 3 million people living with HIV-1 in these countries was receiving
anti-retroviral therapy, only 31% of all who needed it. With the annual increase in HIV-1
20 cases and the slow increase in the number of people getting tested, it is expected that

an estimated 7 million individuals in developing countries will be on therapy by 2010.

Early detection of HIV-1 infection is important so that treatment can begin early. HIV-1
viral detection is also the only means of diagnosing early mother-to-child transmission
of virus. HIV-1 viral quantitation (i.e. viral load) is the most sensitive prognostic marker
25 of long-term response to treatment as no surrogate marker has been able to replace

the viral load for monitoring treatment response. Virologic suppression to undetectable
levels is in most cases, the\\pgir'nary endpoint for many randomised treatment trials and
the key goal in many‘treatmént guidelines. Virologic suppression minimises the risk of
development of resistance to treatment.

30 Since the majority of. H‘IV;]?- infected persons reside in developing countries where

access to viral load monitoring is limited due to the need for extensive laboratory
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financial costs, alot of HV-1 infected people live with the infection

wi t hout swekbnigposneat nent for they have no i dea of thei pcirrsiGeeioomns?

Real -time PCR assays also require refrigeration for reagents, nultiple
roons to prevent contam nation and many expensive instrunents for the

vari ous processes which further hanper access to viral |oad nonitoring. For
exanpl e, the cost per assay is approxi n@tely US$150 and the costs of

genot ypi ng about US$550 per sanple. The average frequency of viral | oad
nmonitoring is 0.7 viral |oads per patient per year, a gross
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viral hoadyitashihie foMiktBral SBh&aras f ordable kit. WO o
2011/ 005220PCT/ SG2010/ 000257 3 sel ected fromthe group consisting of: SEQ

ID NO1 to_SE DNQ3 fra s), derivative(s), nutation(s), and
conpl enent §W%‘éﬁ‘6é?rcy('§)m¥ﬁg&@§ The ol i gonucl eoti de may be capabl e of

bi nding to and/or being anplified fromH V-1. According to anot her aspect,

the present invention provide a ai.r of ol igonugleoti
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| east 2He fnfgction beleVFEralﬁwm’pﬂlséaﬁg,coﬁd]t‘msShsswméthﬁrewitH yTldseoprimers

consi sting of the nucleotide sequence

fragnment (s) -
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facilities thereby increasing access to viral load testing with a more affordable kit.

30 According to a first aspect, the present invention provides an isolated oligonucleotide

comprising, consisting essentially of, or consisting of at least one nucleotide sequence



20sequence of SEQ ID NO 2 fragnent(s), derivative(s), nmutation(s), or

conpl enentary sequence(s) thereof. According to one aspect, the present

i nvent i orwprouimeroat | east one nmethod of detecting theprprasenomoas? H V- 1
in a biological sanple, the nmethod conprising the 25steps of: (a)
providing at |east one biological sanple; (b) contacting at | east
one ol i gonucl eotide, pair of oligonucleotides or set of oligonucleotides
according to any aspect of the present ihvention, with at |east one nucleic
acid in the biological sanple, and/or with at | east one nucl eic acid
extracted, 30purified and/or anmplified fromthe biol ogical sanple; and
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wher ei n sai rises carrylng out a polynerase chaln reaction
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deri vat & vepfdonueBHfidds Qﬁﬁﬁr)smgfrat G450 | SHER RSN ﬁr@rﬁé&eaﬁﬂa‘ﬂlebﬁe&%’freverse
According to anot her aspect present_invention provides at |east one
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NO:2, fragment(s), derivative(s), mutation(s), or complementary sequence(s) thereof.
10 |

According to another aspect, the present invention provides at least one set of

oligonucleotides comprising a pair of oligonucleotides according to any aspect of the

- present invention and at least one probe.

15  According to a further aspect, the present invention provides at least one amplicon"
amplified from HIV-1 using at least one forward primer comprising, consisting.
essentially of or consisting of the nucleotide sequence of SEQ ID NO:1, fragment(s),
derivative(s), mutation(s), or complementary sequence(s) thereof and"at least one
reverse primer comprising, consisting essentially of or consisting of the nucleotide

20 sequence of SEQ ID NO:2 fragment(s), derivative(s), mutation(s), or complementary

sequence(s) thereof.

According to one aspect, the present invention provides at least one method of
detecting the presence of HIV-1 in a biological sample, the method comprising the
25  steps of:

(a) providing at least one biological sample;

(b) contacting at least one oligonucleotide, pair of oligonucleotides or set of
oligonucleotides according to any aspect of the present invention, with at least one
nucleic acid in the biological sample, and/or with at least one nucleic acid extracted,

30 purified and/or amplified from the biological sample; and

(c) detecting any binding resulting from the contacting in step (b) whereby

the HIV-1 is present when binding is detected.



primers, fragnments and/or derivatives thereof useful in a nethod of PCR
capabl e of detecting HIV-1 DNA in patient specinens. This test may be used
t o exam rwothe/d5228peci nens from patients with H V-1. TireTscomrso2sny be
sensitive and specific. Further, at |east one |IC nol ecule may be incl uded
In each reaction to nonitor the PCR performance. |1Cs may be considered to
be an inportant feature as inhibition rates can be as high as 3. 7% in

| ar ge-scal e val idations. 20 The ol i gonud eotides according to any aspect of
the present invention may be used in an in-house assay suitable for
clinical use in patient nonitoring. It may be conparable to current

commer ci al Ll @b S i d%ﬁ@ﬂi' bi | £t les. In
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credi t?%ar -g#fge 'rJéaC?- el rrengéer&i%%%uetﬁlgﬁgi telgéed?'prot ocol described here was
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The tol@l ©wWeRtosf all the reagents was | ess than US$10 per reaction. Al so,
It may have a lower |imt of detection 5ranging from 50copies/mto

400copi es/mL thus making it a sensitive assay for detection of HV-1. As

wi || be apPessding fipofn RaRicUfas | aspRicth gheresarne provisied higlly cvansitive mnddspraifics of

the pr ese”brirh@ﬁé,eﬂbgrﬂ@n@é;%rfd%_rrivét&eg%ér'@a% ustt® iAfa Tedhdd bMPER GRS ofPT Obes
for the sensitive 10and specific the detection of H V-1 where desired. This

and ot her f?%‘?‘éli"@d”%?/d?h‘%d@@%ﬂﬁmtl Sﬂﬁéi"é&fﬁarT@ffﬂ tesh may; be é'_ée‘ﬂ)éq’ @éfﬁ@iﬂer B the -
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of a list of nutations in the reverse transcriptase gene of H V-
rurther, at least one IC molecule may be included in each reaction to monitor the PCR -
performance. ICs may be considered to be an important feature as inhibition rates can

‘be as high as 3.7% in large-scale validations.

20 The oligonucleotides according to any aspect of the present invention may be used in
an in-house assay suitable for clinical use in patient monitoring. It may be comparable
to current commercially available assays in quantitating over 300 patient samples. In
particular, the oligonucleotides according to any aspect of the present invention may be
comparable clinical performance with recently large-scale evaluated in-house assays

25 currently in clinical use.

The Sing-IH has been applied on a prototype portable platform. A prototype device
using this real-time RT-PCR assay was presented at the 2009 International AIDS
Society meeting in South Africa (Ng et al., 2009). In brief, the portable, credit-card-
sized real-time device using the protocol described here was demonstrated to

30 accurately quantify HIV-1 cDNA with an r2 value of 1.00 compared to the benchtop size
Stratagene Mx 3000P real-time PCR system (Strategene, La Jolla, USA).



associated with resistance to reverse transcriptase inhibitors (Johnson et
al., 2009). Figure 2 A-Cis atable of a list of nutations in the (A

pr ot ease woeneliasidh V- 1 associ ated with resistance to precesseoionndasit ors;
(B) envel ope gene of HI V-1 associated with resistance to entry inhibitors;
(C integrase gene of H V-1 associated 20with resistance to integrase

i nhibitors (Johnson et alL, 2009). Figure 3 is a H V-1 standard curve

showi ng the |inear relationship bet ween 5t he cycle nunber (Ct) and the
serially diluted plasm d standards (101-108 copies) using the in-house
assay of the present invention. Figure 4 is a graph of Probit
regressi on i

assal\/tjotte;jrﬁ%I ggms%g\%y HLdg‘H&)é%fngfgﬁ#e:a gr?%gb rTe‘rﬁbelér\r/bej }I%P%%%'%éble assFy 1 gure 5A
and B are Blcm@eﬂcsmrf' prejieklegronjigring of; (rsReNsEalo; tOerapu»slumastlw!ﬁr it mayikeal

pl asma sa a [ I r ¢S t he
D tase ggésﬁ;éll ?1 gg'icﬁ\g Whdre! %%@ le_ﬂlO_EGb?é%nﬁa?é‘o’ﬂﬁe( %_tgfig?& o Qﬂtr@‘
shows a corq@aentgdvasdesaﬂhén|Uf$$ﬁemgér%?§§@ty(ﬁl$q) Itanavma)@oatoméhmlttof ﬁeteﬂroml
test ( )¢ y/ are
hi st og'r%;—rrrs 4”97% f)om I ogl 5’17& ?'}]IQQQ%&%D%&%QW kﬁ)’? qiasi;?\%ngﬁgggiys@é%@acﬁbﬁand
ART assaysoﬁﬁM‘i -ed out in Exanple 1. G aph A shows the conparison between
the in-house and CIM (n=118). G aph B shows the conpari son between the

i n-house and ART (n=97). Figure 7 is a graph of Probit regression show ng
the linmt 68 Wbtke@pparenbiromhthe follpwingedesssiption dyefesigd| embadimpaty efhthegso,
conf | dencepiedbiNintioh BRI fof BRRpAma} use &wﬁ@pﬁﬁe@%dfér%&e@f&nﬂe SbAdiie Pl ots

of valid quantltatlve results clinical | asma sa les carried out in
Exanpl 80 2. any sperifis teﬁmcamékﬂ\éb where ﬂﬁ%reidn -Thisudrd abshaielqted advantagps| H)
with the Cfita MWtd‘ﬁk\ffe@l ﬂe%%ns@r%nﬂt%e)deséﬁﬁehb&oﬁhom conparison 10of the

i n-house assay (i.e. Sing-l| Abbott Real tine H V-1 test (n=108).
Figure 9A and B are hi stograms of the l ogic, viral |oad values for the

i n-house, SRIMSDESCKIPTIONORE THEFIBURES Real -Tinme H V-1 assays carried out
in Exanple 2. Graph A shows the conpari son between Sing-H and COBAS TagMan

H V-1 (n=119). Graph B shows the conparison bet ween Sing-I1H and Abbott
Real - Tigre  Hg\rel 1 (93al@8lk- ofl® list of mutations in the reverse transcriptase gene of HIV-1

associated with resistance to reverse transcriptase inhibitors (Johnson et al., 2009).

Figure 2 A-C is a table of a list of mutations in the (A) protease gene of HIV-1

associated with resistance to protease inhibitors; (B) envelope gene of HIV-1

associated with resistance to entry inhibitors; (C) integrase gene of HIV-1 associated
20 with resistance to integrase inhibitors (Johnson et al., 2009).

Figure 3 is a HIV-1 standard curve showing the linear relationship between the cycle
number (Ct) and the serially diluted plasmid standards (10'-10® copies) using the in-

house assay of the present invention.

Figure 4 is a graph of Probit regression showing the limit of detection for the in-house
25  assay_(dotted._lines_show_the_ 95%_confidence.interval) from Example_1.

Figure 5A and B are Bland-Altman plots of valid quantitative results for clinical plasma
samples carried out in Example 1. Graph A shows a comparison of the in-house assay
(IH) and COBAS TaqMan HIV-1 test (CTM) (n=118). Graph B shows a comparison of
the in-house assay(IH) and Abbott Real time HIV-1 test (ART) (n=97).



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bi bl i ogr aphi c
references nentioned in the present specification are for conveni ence

i sted i rwoheifmszmof a |ist of references and added at pcmsGeo/ 00625t he
exanpl es. The 20whol e content of such bibliographic references is herein

i ncorporated by reference. Definitions The term "biol ogi cal sanple” is
herein defined as a sanple of any tissue and/or fluid 25 fromat | east one
ani mal and/or plant. Biological sanples®may be animal, including human,
fluid, solid (e.g., stool) or tissue, as well as liquid and solid food and
feed products and ingredients such as dairy itens, vegetables, neat and
meat by- pr egued 6. SRH1BYER stodth OB itlogh ARl RBd rvawegeo.odabamsasef semyal | of

the various fTamlies of donestic aninmalS, as wel feral or wld aninals,
i ncl udi ng, CBM aRtART @ssays cayried i indaa@mple d- @a%g‘msa%% the) Campafisarh,

| agonor phs pedyRER M in-tuse aﬁB‘@fl\ﬁ@r@ﬁﬁB&"Gé?mﬁ Sowsthb Ldmpanydn 9&%8& ?He
materi al such as surface natter, soil air and industri al

2011/ 00522 wpse@d A6IT0M6987 7 sanpl es, as wel|l as sanpl es obt ai ned from
food and dairy processing instrunents, apparatus, equipnment, utensils,

di sposadl eFgufk ¥ a GraghOsrtbBit éas.sionmm NNESF dIECtiBAtor the HEh6@uRst I ued
as limtingthe saﬁle t pes a icable to the met hods di scl osed herein. In

particul ar assaaytggg; ineas %‘&Fﬁﬂ Yrggnfigience '“éﬁWa'l fromFeamg &r fluid 5 from at

| east a human being. The term "conpl enentary” is used herein in reference

to pol ynuckggtd 8&andiB &re, Bland-ARMARA PRt bf \FdliﬂkF:@hiltdﬁfe 40ifs RS chrfical plasma
ol i gonucl eotide or a tar ?’hé nucl ei c_aci ated b base-pairin

rul es. For S¥RBIRpIcarried gut X%'B&'Ge?né%fap% %51‘303"”" P%° Higdndouse 2558Y10 to
the sequenge. Sihg=IM) Witivife COBASETAMEERIVOT te30(2180E Braph B)Shbﬁ&‘bﬁmbamdﬁ eic

Pybr G T singifis Rpoit Rediras b Eledd fdbl oy

importance in anplification reactions, as well as detection nethods that
depend upoRighien@iA agd lB&imﬁﬁstogjrumls&if mealog{dsmall Icaqbaal'ués fdraine intho&ise, COBAS

"conpl ementary s nc onucl eot gned
it 15t nasater BT GER Bl T g Py e Bseibd 6t SrStine StaBhal
pai-red w t shdwsetha' compdn@dn béteeert Seg-iH and QOBASt TagMemaiivel (resldOFiGatploB.
Certai n bases t commmon ound.in t r nucl et.c ' s, m e included
in the nucfst?e 5‘6.‘:82‘%”%6?/%‘9 Fheg! ﬁ@%ﬂ%hﬁaﬂ'mﬁaﬁl S g’%p@b inosine and
7-deazaguani ne. Conpl enentarity need not be perfect; stable dupl exes may
cont ai t6-m smat ched base pairs or unmatched bases. Those skilled in 20 the

art of nuc Gﬁn.:. Mﬁﬁ@"ty enpirically
consi deri ngggﬁlnu BEb?)?avarl a es |ﬁ§F?§| ng, ?@r exanple, the length of the

ol i gonucl eotide, base conposi tion and sequence of the oligonucleotide,

loni ¢ st reBE% %beémc r@@k&%@&%ﬁt.oﬂ%& thehgl%sgﬁks e%ﬁiicééon %(%efo‘? c%mf/érﬁé{cg
ol i gonucl eot' nt 0 a region a target nucleic acid and a
second ol i ligtediir tmtfptne dﬁashswfrmfemne‘aayd addehat thenend 6f thegéxamples. The
t f H H :l . H . n t
ucl oD achAOl SRRBALE LR B PIe CreRHEts B e e e ey e & ent. of
t he conpl enentarity.

Definitions

The term “biological sample” is herein defined as a sample of any tissue and/or fluid
25 from at least one animal and/or plant. Biological samples may be animal, including
human, fluid, solid (e.g., stool) or tissue, as well as liquid and solid food and feed
products and ingredients such as dairy items, vegetables, meat and meat by-products,
and waste. Biological samples may be obtained from all of the various families of
domestic animals, as well as feral or wild animals, including, but not limited to, such
30 animals as ungulates, bear, fish, lagomorphs, rodents, etc. Environmental samples

include environmental materiali such as surface matter, soil, water, air and industrial



The term "conprising” is herein defined as "including principally, but not
necessarily 30 solely". Furthernore, the term"conprising"” wll be

aut omat i cabl2giwestoby the person skilled in the art as iPoTiSedorngo002s7
"consisting of". The variations of the word "conprising”, such as
"conprise" and "conprises", have correspondingly varied nmeanings. WO
2011/ 005220PCT/ SG2010/ 000257 8 The term_ ' derivative," is herein defined as
the chem cal nodification of the oIigonJEIeotides of the present invention,
or of a pol ynucl eotide sequence conplenentary to the oligonucl eotides.

Chem cal nodifications of a polynucl eotide sequence can include, for

exanpl e, r gamprREMaSs wellf asMé'thl@Qrwan&ﬂfréhkwod a¥ely YairyOproeessid) thsBuMERts, The
term"fragnent” 1s herein defined as an inconplete or isolated portion of

the ful | sERBRIANS. BIURMEY; igBFISe Hiseesanie 3¢ ran- @aﬁﬁﬁaP?égem%J hgss exXAmmeshdi ng

site(s) thate sRbfterse EBﬁ’stﬁ@GU@.{\(ﬁmltht thet Bﬁnﬁlbafyaéé eerppﬁéabres téHe frHabaHPN Of
the oli gonlécl eot i de. rl particular, 10Q it Y orter by at |east . one

nucl eot i de d5FIo884 Rgreiniln Pagisular, 2 bﬁ%‘?ﬁ"l’%lﬂaﬁ‘rpe Fﬁ'é qer%lfg’i‘l%yn?ss(':@rﬂﬂd/%reﬂé"q he

bi ndi ngs si frefrsat 1édsdh hamallbeinghe ol i gonucl eotide to bind HV-1. In
particular, the fragnent of the forward prinmer may conprise at |east 10,

12, 15, 18 or 19 consecutive nucleotides of SEQ ID NO 1 and/or the reverse

pri ner rrayTﬁ@nferm S'%oﬁbleh%ﬁry“l% uded héhein 38, refbPencéOto 33!ynt%le&|4de§o(ﬂéefé~'t ive
nucl eot i des of in 15particular, the fragnent of

primer may SEIHEACE g&ﬁ%‘i'eclt@eﬁ ﬁE‘I’ha%? AR lagnycleatids o a targetinuclefo ?Q'H)é'?ﬁéﬁd %nt r ol
(10 nolec tH@baseSpd’rﬁfg&lulésdE&l é)@fﬁhp?é? fbhﬁelsaqueﬁdeo'stA@srca’ & 'isegomplementary

ol i on de nol ecu i C co a lified b ri mer, set for
V25 HELGE e sieBes i e AR T SERER, shasrHaentiriy Hanpsar, npicic el | o
may be (T ?Eﬂlﬁand% ﬁéfsest@ﬂrcraaa@tfea@ omtné @fﬁ%uetney tma@ lstrtélﬁgth hf Ryﬁrl’cflich"tﬁﬁlrb‘eﬁ/v?én PCR
to avoi al se. negat.i ve resul 0 detec 'S nol ecul e ma
be speci fi 8Y% ‘B'Ctaﬁ ?t?ﬂng?lﬁ?‘ anftpa(gtfcu! '@pﬂ’?ﬁ'@Ed" @mpﬁﬁnﬁagop FeAtiPRs. 35wl ma y
be artifi chéldelectes npttesdisatnat a@enaqlpoﬁqmu'ng bew&burrmcle‘ﬂﬁ@ma@r!mpamwutﬁrl On
is herein ﬂﬁggned as chan& i n %he nuclqlc a q ence of 28 $Pgth
of nucl eot MFeEOTR! SERAVENCE] RS R ALY t9°W‘? o 5’% ¢havhen ﬂ'!ﬁ“ Yl

mut at i ORs, eramadlem baﬂls)éqpaidétsuwttbétl the ' ehd ofibaé lséqmame is gaired Wan tiengdy or -
|nsert|0n a

L hoctt ot cRAg ot niistlest R SonBhhrebel apsggafion, L 368 N8t COEIORY. M s et as
- probes. Anataral nnqu: actdlaenayi begiadudédintthel a(agic acice diticloged Beteireamd inslaté,

e o B TRER Faat h B BraL e hea 5 R BB oo
and deri vatiupla(es) mayeostalin mistatctiedgbdse pdis qﬁrm@thémbafe‘si Thosegkikddsin
et 88 oo eBkB e REPRna B b FRRA B G SIS et A S !
a number of variables including, for example, the length of the oligonucleotide, base
combosition and sequence of the oligonucleotide, ionic strength and incidence of
mismatched base pairs. Where a first oligonucleotide is complementary to a region of a
target nucleic acid and a second oligonucleotide has complementary to the same
25 region (or a portion of this region) a "region of overlap” exists along the target nucleic
acid. The degree of overlap may vary depending upon the extent of the
complementarity.

The term "comprising” is herein defined as "including principally, but not necessarily

30 solely". Furthermore, the term “comprising” will be automatically read by the person
skilled in the art as including "consisting of". The variations of the word "comprising",
such as "comprise" and "comprises", have correspondingly varied meanings.



WO 2011/ 005220PCT/ SG2010/ 000257 9 The term "nucleic acid in the biol ogical
sanple” refers to any sanple that contains 5 nucleic acids (RNA or DNA). In
particul awp 28oums2e of nucl ei ¢ aci ds are biol ogi cal sampcesGowliooeisng, but
not limted to blood, saliva, cerebral spinal fluid, pleural fluid, mlk,

| ynph, sputum and senen. According to one aspect, the present invention
provi des at | east one isolated 10 oligonucl eotide conprising or consisting
of at |east one nucl eoti de sequence of $EQ ID NO1 or SEQ ID NO: 2,

fragnent (s), derivative(s), nutation(s) or conplenmentary sequence(s)

t hereof . The oligonucl eoti de may be capabl e of binding to and/or being

anplified f'l'h@”lé‘“nv*'&env-gt]@e Hijy- ﬂler'é”ﬁly REn&d & OHB bherhidhl hﬁddlﬁiﬂaﬂbrde& iR O
subtype A-K, or roup N, O or P. 15 The HI V-1 genotype nma nprise a

dr ug- r esi stSﬁ"U§leP °f hdher pigsertsiinyentien rRly e af CRPM‘UPIRW!CY% seavence

transcript ééﬁﬁle%\ﬁ?dﬁﬂé th@' SigBRRFeoREL. %hérﬂfeﬁgmﬁcm &f atpo¥mliciebiide
parti cul ar resistant strain of H V-1 be resistant to one or

more drugs S%‘J%‘é@é@"f neltle hior (xamples GPRIAGIMSY fo hydamby an akyz apdy P |
darunavir, odglAyblgi ne, 20 didanosine, efavirenz, entricitabine,
enfuvirtide, etravirine, fosanprenavir, indinavir, |am vudine, |opinavir,
nel finavir, nevirapine, raltegravir, ritonavir, saquinavir, stavudine,

tenofovir, Théﬁérﬁf‘“ﬂ%'g'n{ent aemezé.ﬁ%ﬁﬁédﬁss aft .n&ﬁnalét@arl .Q&atteaqaonm‘n SFthatriipns  of
di fferent genes of is found in Figures 1 and 2. The resi st ant

strain of FF“IPeI‘CPrﬂI/aB@"@OWIQOF'd%iWU!&hr@m%ﬁ%thes@qt'&?/ﬁ"\%‘igcsﬁeﬁ R EORIEE st ant

to a plurakid seqibntl WS RCERFLQENSES Bh Iﬂﬂ\cﬁén of %Fbl@@ﬁ@dléitﬂdgglnCHartlcular
atazanavir, darunavir, fosamprenavir, indinavir, |opinavir, nelfinavir,

Saqui n&9i r it maybarshprter & ptrlpass g pucleptide Ar; Qjﬂ'ﬁ&cﬁ%tM@f@ nRasticuaigthes any

aspect of ?rasmeﬁ isey&@mﬁaln (?)'tﬂﬂrér%bTé'ﬂagoLg&WJdboﬂﬂéthBmM\‘?-1 In
of -t hese-nut ati ons The ol i gonucl eoti de sequence may be between 13 and 35

| inked nucPadeylgedhe ﬂagféﬁ@tt?f the) f%{Wardrﬂif“%'dﬁﬁY pg@paﬁe pigast HhdZsdukhee
identity taggbfddchhivdnuelectfbd bRl IQ ND: 1 aREor BheVeverse Prifriet hag@orpris®at Wi | |

appreciate that a _given priner _need not hybridize w th 100%00%0 enentarity

in order tleagtiQdei VoIlP. g7t 2ne %ﬁ%@%@tg’ewcﬁoﬁﬁﬁﬂf%{%w M?I'%l’"c aci d
strand{sn 8amama} e Fadn@ of SR rinfdh mafy LR atM@dst MBYiuBESldediiF RnglhO -
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The term “internal control (IC) molecule™ is herein defined as the in vitro transcribed
.. oligonucleotide molecule which is co-amplified by the same primer set for HIV-1-used
in the method of the present invention. In particular, the IC may be mixed in the
20 reaction mixture to monitor the performance of PCR to avoid false negative results. The
probe to detect this IC molecule may be specific to the interior part of this molecule.
This interior part may be artificially designed and may not occur in nature.

The term “mutation” is herein defined as a change in the nucleic acid sequence of a
25 length of nucleotides. A person skilled in the art will appreciate that small mutations,
particularly point mutations of substitution, deletion and/or insertion has little impact on
the-stretch-of-nucleotides,—particularly-when-the-nucleic-acids--are-used-as-probes.
Accordingly, the oligonucleotide(s) according to the present invention encompasses
mutation(s) of substitution(s), deletion(s) and/or insertion(s) of at least one nucleotide.
30 Further, the oligonucleotide(s) and derivative(s) thereof according to the present
invention may also function as probe(s) and hence, any oligonucleotide(s) referred to

herein also encompasses their mutations and derivatives.



over one or nore segnents such that intervening or adjacent segnents are
not involved in the hybridization event, (e.g., for exanple, a | oop
struct ur ewonon/dsi2zopi n structure). In particular, the sequsceelombozrshe

ol i gonucl eoti de may have 80% 85% 90% 95% or 98% sequence identity to SEQ
IDNO 1, SEQID NO 2 or SEQID NGO 3. 5 An extent of variation of 70%to
100% or any range there within, of the sequence identity is possible
relative to the specific primer sequencé disclosed. Determination of
sequence identity is described in the follow ng exanple: a priner 20

nucl eotides in length which is identical to another 20 nucleotides in

| ength prinmer having two non- 10 identical residues has 18 of 20 identical
residues (18/20 = 0.9 or 90% sequence identity). In another exanple, a
primer 15 nucleotides in length having all residues identical to a 15

nucl eoti des segnent of prinmer 20 nucl eobases in | ength woul d have 15/20-=
0.75 or 75% sequence identity with the 20 nucl eotides priner. 15Percent

homol ogy, 3Bg et anyckisEcdyinghe Rivlpgicakesample' [efers 4 any cmRle dhatcepntains f or

exanpl eg thﬁcl@épadiﬁsoaiiﬁm &r%ﬁlﬁ?”ﬁw' BariBGI4E 'YoRircdd8 Y SlicleiE AciR08re Vi%fo@lc@ﬂ 8
for UNI X, Genetics Conputer G0 Uni versity Research Park, Madison W),

usi ng def aGPMPlestincluding, Rybineh "iﬁ'ﬁ@% ta jploog| gelivRt perebral spinghuiddpiowk fivdn

known i n t Kk ayph Aptfinh hedls@geson is able to calculate percent sequence
identity or per cent sequence 20 honol ogy and able to determ ne, w thout

undue experinmentation, the effects of variation of primer sequence identity

on the funapt&ingf td Qﬁnepééﬁ&f tHe 'pPésehP'nﬁvénﬂorPHerhBQs Sé&”le'&@ts'o‘ﬁeofso%ted
conpl enentary strand of nucleic acid roduction of an anplification

produciQ 28lganyrlaptls @qsnvaﬁmfgrcoagmofaﬁ smr@s@meqﬂﬁeéﬁw%weﬁf SEIEs at

| east one p@y:A &fsel mmolzeor}agiﬁént@waéﬂ.@hms)atmb@asﬁ(sprtﬁ ésmpimentary Ter
and at | east one reverse EI’I mer "wherein the fo

pri mer _conppaussse(st Siesedt Sbe oligrnuciectide gravde E%‘???i'% P& bigdingpte) and/qudseing

fragment (s hmpfRId frcth INN1Srhe IAIVAL n@ b8)of gPeL MOTPhENBINIdaa Ynts %GH@PG ACR)
t hereof and the reverse rlner conpri ses, consi sts essentially o

consi sts off GEPYAN3ONDFP2, fragment (s), derivative(s), mutation(s), and

conpl epgntary sequence(s) t hereof .. WD 2011/ 005220PCT/ SG2010/ 000257 11

pr esent |nvent|on and at | east one probe. The rob% nprise, consists
oS B 58S

essent i al | yNeHIG 9eHRYPE Maysomgsee |aLS"NEJ'%S'Sfﬁ"Hé B0 geistanEe M bR t h a
f1 uor-escentoudidén tHe réveraadraasc@m%& eheispef Frdfé@%@lﬁrﬂﬁorm’ﬁte@'ahégeﬁéof Bheled .

]E ::x(l\)/; esﬁgg‘ﬁbggﬁgggy th %Lgd%?ttéﬁ%?t%rg gf] H}V(-i]_':@néyt be resnstan? tg %Emg (%);W;olrleJ %r”f:gsscm n‘
tetrachl or seleétad bmnyftheuyrw ebrﬁblstiﬁgdonaBBcaW‘- 5ta(z@ps5~)|r cﬁtammhresiemnralh@
31-1 abgé(ed fl uoresc re not

d[g #I m t
o o RS ARV P G ARRASTTNG sy SUBVHDS o o EIEVE. ipdinay,
(BHQ 1, 2, 3Dam|\llﬂi|n'31¢bmidvﬂoﬁlelﬂrha§ﬂrt h@\ﬁra@mpra&eg@vtrmtanawasp@@ham stahadipg,esent

i ti d t ho t h det t h
el i cal - ofPrgred tiparauk, AL eNiiine: A noRdinainen i o muline f AlreBboSissect ed
from but askeHNGT isl fbmd mdﬁgmesbh @pd 2. srefeturug rﬂsmam,strahwfwrw 1Uhaybe ashde! |

i ur 4, “or cAuBniepRiant s Wit ek e BERIert o AU RL G iy ebted TaBE et o

swabs, 281as gloupsphsistingsof: maﬁaiiavwaﬁnunafviruiodSmptehhactumhafwrpmsptdaenr ermlﬁnaenye
nmout h, res |rator .ai rwa i

|na i ssue o lLui d br al ui
T gen nat SaaaofiaaAR d BB0AR: Jne g Risried Afardingds sk apit Slire
| ynphoi d t pizsastiny@ntic® hiag|birid te 3¢ 1-wifpene- dsxepm@cbmﬁswnﬁtamts and the |ike.

The oligonucleotide sequence may be between 13 and 35 linked nucleotides in length
30 and may comprise at least 70% sequence identity to SEQ ID NO:1, SEQ ID NO:2 or
SEQ ID NO:3. A skilled person will appreciate that a given primer need not hybridize
with 100% complementarity in order to effectively prime the synthesis of a

complementary nucleic acid strand in an amplification reaction. A primer may hybridize



20 According to a further aspect, the present invention provides at |east
one anplicon anplified fromH V-1 using at | east one forward priner
conpri si /g 200m®ERDI Ng essentially of or consisting of trhe/Scacilomoizste
sequence of SEQ ID NO 1 and at | east one reverse prinmer conprising,
consisting essentially of or consisting of the nucleotide 25 sequence of
SEQ ID NGO 2. A probe according to any aﬁﬁect of the present invention may
be capabl e of binding to the anplicon. particul ar, the probe conprises,
consi sts

essential |l y- of or-consi sts-of -t he-nucl eoti de- sequence- of - SEQ 1D- NO 3-

Accor di ng b@eroBfe &FNAble sédifflems aRRATthaN HEW/EMIAg Broxdjdest eghRA! afN@ofTet hod
of 30detecti ng theryger esence of HV-1 in a biol ogl cal sanmpl t he nmet hod

€, 2L
conpri si nginvAked iy e Hybridizatigh sYenth 1§ 9atfor EX3TPIEHAE IBPRISHYFIE o5 ankAIRIn WO
2011/ 00522_9?@[{:@?.32@ pEAIBIER We dehueRds SthacligdHlicRbtideemay hanes®hi 857Ughwot i de,
pair of oligonucleotides or set og ol i 99 ucleotides according to any aspect
of the preehorSaTesrateRce WerHly it SEIONGH SEAPAG2 RS 1P b of ogi cal
sanpl e,sand/ or with at | east one nucleic acid extracted, purified and/or
anplified fromthe biological | e: and 5(c)detecting . any bindin

anp
resul ting PPEAXEMHSf Y8H? anao%osw&?ﬁ»(%) ah Qﬁﬁhﬁle\)’-"'%"’i"s fptlhéss@Ht‘gW?en
bi ndi ng i sigAtitgGs ebsibldIRIdRE e theBp¥cife ptidedsddquienbss @isddSYdNDetehBinatienbi t Yy
and quantity o V-1 1in sanpl e ongls,l ng contactin thﬁ .sgggle wth a
pair of prf ce ddantity; isgPgssnted, I tisetoflowng isxa e BEMET RRVEKIECHIES Y a
known quaniength Qﬁicﬁtifﬁénhélet?%oﬂféP)20:#&]_&5&8_6&; wf(yﬂigﬂwj[ ﬂirﬁﬂl @aw@ 'tvhmbhnn |
sequence, concurren | .aucl el C acl e - In € sanpl e
with LT plepi renpvs BED G 42095 (asiices 1 BEDLE o /A 300 bgis: | on
pol Iy n]y_cl eoldefifity). ﬂr& tametHenraxamp, tahpﬁrnler p%ir’_{ugléfoti@&fé mereagﬁho?@mgabm résifludsst .
anpl | I cat] on_ pr uc coO rlr.sin a - | Tl I anpl.l Con an a secon
Aol £ cat (8RB St Gimtess Acbraential pimet 20 mucleeRikaR B os o MEHIC Fave
mol ecul ar 26 =076 abIBY% d8GEenda identiyrwithtie 120 Viutlebtidsst prinydrng : .

15 Percent. homology, sequence identity or complementarity, can be determined by, for
-example, the Gap program (Wisconsin Sequencé Analysis Package, Version 8 ‘for
UNIX, Genetics Computer Group, University Research Park, Madison WI), using
- default settings, which uses the algorithm of Smith and Waterman known in the art. A
'skilled person is able to calculate percent sequence identity or percent sequence

20 “homology and able to determine, without undue experimentation, the effects of
variation of primer sequence identity on the function of the primer in its role in priming
synthesis of a complementary strand of nucleic acid for production of an amplification

product.

25 According to another aspect, the present invention provides at least one pair of
oligonucleotides comprising at least one forward primer and at least one reverse
primer,—wherein-the_forward--primer-comprises,-consists-essentially of or-consists-of-
SEQ ID NO:1, fragment(s), derivative(s), mutation(s), and complementary sequence(s)
thereof and the reverse primer comprises, consists essentially of or consists of SEQID

30 NO:2, fragment(s), derivative(s), mutation(s), and complementary sequence(s) thereof.

According to another aspect, the present invention provides at least one set of

oligonucleotides comprising a pair of oligonucleotides according to any aspect of the



anplicon and for the calibration anplicon wherein the 5° and 3' ends of the
H V-1 identifying anplicon and the calibration anplicon are the sequences
of the pawo20fi/psi2zoers or conpl enents thereof, and di stiPpogusicamiorngozshe Hi V-1
identifying anplicon from the calibration anplicon based on their
respective nol ecul ar masses, wherein the 20 nol ecular nmass of the H V-1
identifying anplicon indicates the identity of the H V-1, and conparison of
H V-1 identifying anplicon abundance dath and calibration anplicon
abundance data indicates the quantity of HHV-1 in the sanple. Accor di ng
to one aspect, the present invention provides at |east one nethod of

25anpl i fyi peeddhtinlertiof lafb @t Fé‘ébtdoné/kﬁ}S!’)@'T‘he%ﬁblSle ARy ke ﬁ%hﬁ@@ e§§’érﬁr¥llj‘9 out
a polynmerase chain reaction using SEQ ID NO 1 and SE NG 2. The net hod
accor di ng CbORFRPSESRIGEQD NRS-present invention may further conprise a
step of mixing an internal nolecule (1C) and a probe specific to the IC

with the 30 biological sanmple. The IC na bg rise, consists _essentially
of or consilsegrehe Makbe [AbeledWitha luasersspidysratStand B euds AherepfeExamples gt nay

conpri ss, W@lléﬁe‘?ecﬁﬁ&ﬂ@édeﬁi ayé .%y qrcua@nsutssré riot lidhliéd fBJ%Ld%\%d GrestepCce of
SEQIDNOS The use of the I'C may iInprove the efficiency he H V-1

di agnosi s K@Mbé\@g?@lqrﬁ@ g@@gquﬁcerne@-\ﬁ)QStetramro 0- carboxyfluorescern and
2011/ 00522@6Aihsi82@Y8). @Q%Veslo? tﬂ@@' |%Bére@¢rua|%§eé.ﬂldys rﬁ&/ ﬁ‘aBMdésmCaTre fAbt t he

present invention nmy fhcation for specific diagnosis
of wher ei nlifHed fyn2- F?’FPW?fﬁamﬁtWT%gg‘mﬁ Q'Wbﬁﬂ‘i’ ilagk hele dﬁ‘g’é‘?i'@é' 1.¢:3a1 DS,

Kaposi ' s sgsigQmez, 3jNon- Hodgki ns | ynphona, 5 Pneunpcystis cannii pneunoni a,
Pneunocystis jiroveci pneunonia, Candida esophagitis, Candida albicans
i nfect 1%n, Pseudononas aer ugi nosa i nfection, Staphylococcus aureus

i nfection, The bﬁ@rﬂﬁ@@ﬁd@aé&bﬂﬁ@g’\%awﬁ@@bﬂ éfithe hORHtBh MAUBERGSRd in a
i nfection, Toxo ond i nf e?tl on, Toxoplasma epcephalitis,

Aspergi | | uget Ef ﬁhSrﬁje ' T)PB'E'WO? BF‘O%ﬁh?raﬁl' i3] Op 8y [tyrgi semns, Wffd’bﬁl?us

neof or mans ciiriét Ghhples iy rmbcsyrmécﬁrrbmnbmvarumd: QiFfie@to (BISSHE NHeRdth Eflasma,
i nfection, Epstein- Barr | rus infection Cths alovirus retjnitis,

pr ogr essi vEPYHIMY | YiBRaISt uﬁ'ﬂ%né’@ 59586‘5{ H Va.c995triG SSqCHRtons | GRmen,
HI V- ass®ci: gérdmhar fure NbrieastnBik NMeadd, da@rnaa}r@eawﬁhm (GASphaffigegNsWstse Shrodtr al.

candi di asi s, aseptic nmeni ngoencephal ' rs_of the digestive tract,
oot | no. BYERnAToD AoPESnBRA HrShr s ColERET iprSyher oo SanarRa

neut r openi aespik&oryhﬁwr@ﬁsomgalqalsuéysndnmarrmebr@eﬂud cmbem&racgénghan&bn@m@er
rectal cancer Bur | 1i 0s

eni c tub rcul gs
U rue g NP GNRE, HAP RGOS ABEUS WTIRNBEL Ftis: HRAN LR SRR f us
i nfection, repyéducthgairaotiand she likeect i on, nycobacteri aI i nfection, rotavirus
i nf ect%& adenovirus infection, astrovirus infection, esophagl tis, -
chroni®di arrhea due to Sal monel | a, Shigella, Listeria, or Canpyl obacter,
or 20nephr Ap@drhmg aoch funthet bakmect, Abeqirdseny |muenamtpkmmdassatelehst drizcaipplicoant
i nvention Rrowd e? at A@aISt one krt for hfe
mplr rom HI using at least one forward primer comprising, consisting
essentially of or consisting of the nucleotide sequence of SEQ ID. NO:1 and at least
one reverse primer comprising, consisting essentially of or consisting of the nucleotide
25 sequence of SEQ ID NO:2. A probe according to any aspect of the present invention
may be capable of binding to the amplicon. In particular, the probe comprises, consists

essentially-of-or-consists-of the-nucleotide-sequence-of SEQ-ID-NO:3.

According to one aspect, the present invention provides at least one method of
30 detecting the presence of HIV-1 in a biological sample, the method comprising the
steps of:
(a) providing at least one biological sample;



detection of HIV-1, the kit conprising at |east one oligonucleotide, pair
of oligonucl eotides or set of oligonucleotides according to any aspect of

t he presew0D 22Gi/00520t i on. PCT/SG2010/000257

T _he_ol i gonucl eoti des_accordi ng_t o_anyaspect - of -t he- presenti nventi on- may- be
-used-in an in-house assay using BSL2 facilities in the absence of viral
culture facilities and the results may be conparable to reference
comer ci al assays. These in-house assay§230nay al so be nore affordable,
reliable and easy to use, thus nay be used to increase the access to
reliable nonitoring of response to therapy in HV-1 patients. WO

2011/005220PCT/ 452010586k hg /at kst bné %I@diﬂ&!ebﬁ@ pTahéb‘f oﬁd&u@f&ﬁﬁ’dé@ drlsebgf mor e

readi |y understood through reference to foll ow ng exampl es which are
provi ded bfliapayclgptidasi SOrRY %an)éﬁap%ﬁté’fﬁﬁ? Prefesh HVENYS tWéthI ?tn'ieﬁtn‘@f‘eof t he

present i nygAbitRid i th&Mdiddical Sarpia dhdIeR vithUhtakadti sHeOttIdi€ aBiRI cxtrastefnown
in the art and not specifically described wer qsl%eneral ly foll onwed as

described PWifissand{rsiempliteddiyadhe biglogical 3ample a3l ng: A Laboratory Manual ,
Col d Spgings Haidyor bafaet rﬁj %Wbln&iﬂ}_‘? ré&liting( 776K khe cé&a&%@“‘ﬁ"s‘fefggﬂu@@dwat Ion

of an in-house assay (i Sing- | usi ng the Stratagene M

system C Hh{-d48 pwamtmncnmwg sidetectadhy “was performed conparing the
results of the in- 15 house assay with: (i) results fromthe Abbott
Real Time H V-1 assay (Abbott Ml ecular In¢c, Des Plaines, USA) in 178
patient sahp¢ &ethad may P%é'ﬁ?q for detsmminig tbﬁﬂ@Qt'Wa?@MaPﬁ'tY/%H!\éé fn g RBERIE

Mol ecu! ar eQMﬁ% ¥y coritbcting @ﬁ@@&h@lérv@th aNdair bﬁ&)mér@ al;édrdmgttb%ﬂ& a§§éﬁ?|o¢t3ne
Det ecti on of H V-1 subt

was eval yat ed agai nst a 0 e panel, obtai ned
from t He NarEseptanveHion; %l'l‘?t 2 kppwiiayapify of|a %ﬁﬂ&”a@'g}?& eeégﬁ CBMEri3iRg BSC) .

calibration sequence, concurrently amplifying nucleic acid from the HIV-1 in the sample
with-the pair of primers and amplifying nucleic acid from the calibration polynucleotide

“in the sample with the pair of primers to obtain a first amplification product comprising a
HIV-1 identifying amplicon and-a second amplification product comprising a calibration

15 . ‘amplicon, obtaining molecular mass and abundance data for the HIV-1 identifving
. amplicon and for the calibration -amplicon whereiﬁthe 5' and 3' ends of the HIV-1
identifying amplicon and the calibration amplicon are the sequences of the pair of
primers or complements thereof, and distinguishing the HIV-1 identifying amplicon from

the calibration amplicon based on their respective molecular masses, wherein the

20 molecular mass of the HIV-1 identifying amplicon indicates the identity of the HIV-1,
“and comparison of HIV-1 identifying amplicon abundance data and calibration amplicon

abundance data indicates the quantity of HIV-1 in the sample.

According to one aspect, the present invention provides at least one method of
25 amplifying HIV-1 nucleic acid, wherein said method comprises carrying out a
polymerase chain reaction using SEQ ID NO:1 and SEQ ID NO:2.

The method according to any aspect of the present invention may further comprise a
step of mixing an internal molecule (IC) and a probe specific to the IC with the
30 biological sample. The IC may comprise, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO:4. The IC probe may comprise, consists essentially
of or consists of the nucleotide sequence of SEQ ID NO:5. The use of the IC may

improve the efficiency of the HIV-1 diagnosis increasing the accuracy of results.



20 Methods and Materials External standard for real time quantitation
External standard (ES) for quantitaion of viral RNA copies were synthesized
from RT- WORoampki2hi cati on of HI V-1 positive patient samplrsceewbbype AE)
using prinmers gagl83U (SEQ ID NO 1) and gagl87L (SEQ ID NGO 2), targeting
the gag region. 25 Anplicons generated by the gagl83U 187L prinmers were
verified by conventional gel electrophoresis and purified from 3% agarose
gel using Q Aquick Gel Extraction Kit (&atal og no.: 28106, Q agen,
Germany). The Gel -purified product was further anplified using HotStarTaq
Master m x kit (catalog no.: 203443, Q-agen, Germany) using priners
gagl83U/ 187L (SEQ ID NO'1 and SEQ I D NO 2 respectively). Anplicons were
30purified_using Q Aquick PCR Purification Kit (Qagen, Cermany) before
cloning it The tmﬁ heyaceording, toanyi aspeptkef the grresand waiep wgn(qydx@us,e PBER
Vector) (cg ﬁ?ﬂtl&? for As?écfé/\%%(sog’ﬁw&ﬂ/ A2 AAiARRG O AIVLY Q&%@rated

| nvi t rogen, rl sbad | owm n&ﬁ nufacturer's protoco The resultant
pl asmi ds weerditiany | 91 éﬂseaéﬁd i e AIRS.| Kaposilst e2reoma. NQ-Hedgnss sipmahema.
stored gn PﬁQ&nB%ﬁué ULHASi dSRiinonid)€ Pdééﬁfgk% S jr&VRki T Bi?ébn%héeft%ﬂ?ﬁda”g

performed on an i ed Bi osi/stemS anal yzer using Big Dye(r)
Ter m natorefwgﬂ'é,n Gandiday @lhicans qefgeliany IKGseudomenase dagrgiagsa eifeation) . The

ES was cal sp.{pw@éo&gal élﬁéud rmeétrdad s)ﬂ'éaddbyculs B%Age%@g .hf&%maixérﬁ&abaéé@ndard

(National I'nstitute of Biological Standards and Control, Potters Bar,

Uni ted Ki ngamgnni priectien; Texoplasmacaanst infections T gopasma ensepbalils Awnesgiliisd

probes wer f&l@igh IRAFHtoLPoRGioss) Qﬁﬁﬁﬁgorﬂﬂéﬁs I Srfpt6dtesds T hdyfriiafs LffectibanDS
Nat i onal Laboratory database in 200 Los Al anps National Laboratory, Los

Al-anmps 10 N. Mycobaeteriyay ayefe cmeleémjgsgmm%tsd ipfection. frpetein-Bayr wiels infentignr ved

in H V-1 VijtbtegalBviRA' fetifitts 2progdi8ive Shittifdcal [duRBErice Rl opate ot 9€dvikr
anplification and detection were derived fromthe gene sequence encodl ng

the gag rebestions HiM-aasecigieddgmentia. gentcgh genpus sigie ((YS)Jarlignapedes ofal e

chosen fr oBardifadi€r 4P MbrivhoeEEpHaftss [dMYrgers (dTahd dideaivin iracR @rBs&iren No.
K03455). Those for g%%ot rﬂ% were chosen fromthe c%%r espondi ng USA

strain (Gefesiwnect '8%ce§'§ﬁ9‘? 0.9i5Qrder8,0 5 Wasting, o SKRABBRCc e NBMIA, henq'uﬁ ORgNIde
primer s5 an%@ﬁﬁbﬂ@guwr@nawm@sr egbrvitdl Neacer, gsﬁmt amef Ot Scdnicet eBurkift'st he:
"H 'V Sequence Conpendi um 2008 " (31-Dec- 20082|
lymphoma, penicilliosis, tuberculosis, herpes virts 8 'nfectlon herpes virus simplex 1 -
'~ infection,. human papillomavirus infection, cytomegalovirus infection, mycobacterial -
infection, rotavirus infection, adenovirus infection, astrovirus: infection, esophagitis, -
~chronic diarrhea due to Salmonella, Shigella, Listeria, or Campylobacter, or -

20  nephropathy and the like.

According to another aspect, the present invention provides at least one kit for the
detection of HIV-1, the kit comprising at least one oligonucleotide, pair of
oligonucleotides or set' of oligonucleotides according to any aspect of the present

25 invention.

The oligonucleotides-according-to-any aspect-of-the-present-invention-may-be-used-in.
an in-house assay using BSL2 facilities in the absence of viral culture facilities and the
results may be comparable to reference commercial assays. These in-house assays

30 may also be more affordable, reliable and easy to use, thus may be used to increase
the access to reliable monitoring of response to therapy in HIV-1 patients.



20 were found to possibly bind with all groups including B and AE except O
and CPZ. Cenotype B and AE are predom nant in Singapore. The detection

ol i gonuclwotntenopr2obe had a reporter fluorescein dye (FAMI/SG2010/000257

car boxyfl uorescein) attached to the 5 end and BHQ 1 quencher linked to the
3" end. -The-prinmers-and-probes used-were:- 25 Forward priner sequence for
HI V-1, 357-gagl83U (gagl83U): (5'-3") CTAGCAGIGECGCCCGAACAG (SEQ ID NO 1)
Reverse priner sequence for H V-1, 292-%9187L (gagl87L):

5'-3") CCATCTCTCTCCTTCTAGCCTCCGCTAGICA (SEQ ID NG 2) WO

2011/ 005220PCT/ SG2010/ 000257 16 Probe sequence for H V-1, 354-gagl87PF

(9agl87P): lt(uEéMmﬁed et QT&%%GS@MTWFQE%MH% b $Efelenbe RN S

Internal control (1C A random sequence of a co etitive internal control
(10 was d&'P\dH’S&X?G'PI%dﬂF%b?rStpémﬁd%ﬁwy phritusdraiom Andre petdnigndediodt fr om

the bi ndi ngmiihg@f e préentinVedtidnar get ol ecul e. This conpetitive 1 C nolecule
was used to represent an in vitro transcribed 10 oli gonucl eoti de nol ecul e,

which was anplified with the primers gagl87U/ 187L (SEQ ID NO 1 and SEQ I D
NO 2 re pegw)% Amplification was carried out using FINNZYMES Phire T™M
Hot Sta | ymerase (catal og no.: F-120S, Finnzymes, Finland). This
chinmerical single st rand DNA retaining hybridization sites at both ends of

cosampl 11 SFnpaRLmPRFal booB) rdPLRAERARHY I RE AP A Aon Bt el
di | ut ed usivere denegally. followdd\ds ﬁescﬁtib@dmpﬁamoom?@Rmsel oMdedulanClamig: &f t he
were addedcriBaptipia o SHnd e PRE e SRR R 5 "Berve as &

check t®r PCR inhibition. The calibration experinments showed ' no
I nterferen arget H V-1 detection. 20 I C nol ecul e sequence;
352- gangWﬂ%

5' GTGGCGCCCGAACAGT ATCGCGT TTATGCGAGGT CGGGT GGECGEGTCGTTAG
TTTCGTTTTGGGTGACTAGCGGAGECT 3' (SEQ I D NG 4)

An evaluation of an in-house assay (i.e. Sing-1H) using the Stratagene Mx3C00 QPCR
system. Clinical evaluation of the assay was performed comparing the results of tha in-. =~
- 156 house assay with: (i) results from the Abbott RealTime HIV-1 assay_(Abbott Molecular
_Inc, Des Plaines, USA) in 178 patient samples; (ii) results from the COBAS TagMan
HIV-1 test (Roche Molecular Systems, Inc., Branchburg, NJ, USA) in 151 patient
samples. Detection of HIV-1 subtypes was evaluated against a genotype panel
obtained from the National Institute of Biological Standards and Controls (NIBSC).

20 Methods and Materials
External standard for real time quantitation

External standard (ES) for quantitaion of viral RNA copies were synthesized from RT-
PCR amplification of HIV-1 positive patient sample (subtype AE) using primers
gag183U (SEQ ID NO:1) and gag187L (SEQ ID NO:2), targeting the gag region.
25 Amplicons generated by the gag183U/187L primers were verified by conventional gel
electrophoresis and purified from 3% agarose gel using QlAquick Gel Extraction Kit
(catalog no.: 28106, Qiagen, Germany). The Gel-purified product was further amplified
using HotStarTaq Master mix kit (catalog no.. 203443, Qiagen, Germany) using
primers gag183U/187L (SEQ ID NO:1 and SEQ ID NO:2 respectively). Amplicons were
30 purified using QlAquick PCR Purification Kit (Qiagen, Germany) before cloning it with
TOPO® TA Cloning® Kit for Sequencing (pPCR® 4 TOPO® Vector) (catalog no.: 45-



Probe sequence for 1C 361-gagl87I CP2: (Texas)

5' - AGGTCGGEGTGGECEEGTCGITA-3' (BHQR) (SEQ ID NO5). 25-

VHO- NCB1Svonbaremsi2oonal - H WL- st andar ds- VWHO i nt er nat i onaCTsGandanesr eagent
(National institute of Biological Standards and Council (NCBIS)) : H V-1 RNA
2nd International Standard (N BSC code: 97/650), H V-1 RNA Working reagent
2 (NIBSC code: 99/636) and H V-1 RNA W)rkl ng Reagent 3 (NI BSC code:

05/ 158), containing 5.56 logio IUn, 41%6 [ogio IWnL, 2.56 logio | U nL
30HI V-1 respectively, were used as ref erence plasma to calibrate the
external H V-1 WD 2011/ 005220PCT/ S&2010/ 000257 17 standard plasm ds. The

exter nal Ho¥sd, IMago vdfr—ﬁ"’ SHr_bES, foRoWing SnanBSEINRF S bRIodACTHY reklitant plasmids
11 U=0. 55copi es. qenot 1st International Reference panel

(NCBI S codé’erﬁt)mmf%) a%ﬁ?%ﬁ 'Mldf'ig?éﬁl'w-oﬂ ngénoofssENACRRA, ptokgd i, -38°C for felureng, F,
G AA-GH), ag¢fup N and Group O was used to deternine the specificity of t he
i n-house assay. Commercially available H V-1 viral I oad ki ts used For
Abbott Real time H V-1 (ART) (Abbott nol ecul ar Inc. B

extracted U8fATFERONY P°’?ﬂ['®eé§g¥ %G%@%Heg%{mdembﬁ%&ﬂp &d 5#9%?}@%%3%| ch

used magnepna men}ﬂesheing@@mé@%rmamwaguentahﬂ %@—Séqlfé‘hbﬂ it apphiedd from

1m. of plasma. Anplification_was formed on an bot t mZOO I nst ument

whi ch t ar gSlesysteRe UIMntldgr §§eWP%QﬁaBWaEﬂd ppaost impoged WHGY iHH Ve1p
TagMas Hl Vinterh8fidnal Bmardvmé%hlblalhstﬁut%tcﬁ@olobl@é‘l)Stﬁﬁdﬁrﬂ@%ﬁd@ﬁ%ﬁtﬁﬁers

isolation of nuclei acid on the COBAS Anpliprep instrunment, using generic
silica bas&andued Kingde®hni que with the autonmated anplifi cati on, targeting
the gag-region of H V-1 and detection on the COBASe Taqgman(r) Anal yzer

15usi ng AMPEiMdrNBligorduclestidd dédign The dynami c range of bcth assays is
40- 107 copi es/m.. H V-patient sanples Patient sanples were obtained from

consen | V-1 infected, patients (bath freated and, ne di a sed) of the
Commnt GabiTEneyse Tt and Pibes eis SBPanad, iias Sforifipt SEEISr RO R et o
Whol e bl oodosmamhc&NaﬁU‘rel Cadratory gadbase BOPIP (Los Alamos MNatiesal Wiabbiator, hour S
of collect p obt ai ned was at -80C until use bat ch
o ocessed it ARPs WADERE Bad bR WS SndieBL aclt Brslefer Ah pouttiadh 1 tons
moni t or ed biyusAbparticiRerakhe sete ofHprimérstarslt frébeE) useddoCaBpBication and detection”
were derived from the gene sequence encoding the gag region of HIV-1 genotype B
15 and AE. Those for genotype B were chosen from the corresponding HXB2 reference
strain (GenBank accession no. K03455). Those for genotype AE were chosen from the
-corresponding USA strain (GenBank accession no. AF259955).

The sequences of the in-house primers and probes were compared with all
genotypes/groups listed in the “HIV Sequence Compendium 2008 “(31-Dec-2008) and

20 were found to possibly bind with all groups including B and AE except O and CPZ.
Genotype B and AE are predorﬁinant in Singapore. The detection oligonucleotide
probe had a reporter fluorescein dye (FAM, 6- carboxyfluorescein) attached to the 5'
end and BHQ-1 quencher linked to the 3' end.

“The-primers-and-probes-used-were:
25  Forward primer sequence for HIV-1, 357-gag183U (gag183U):
(5'-3")\CTAGCAGTGGCGCCCGAACAG (SEQ ID NO:1)

Reverse primer sequence for HIV-1, 292-gag187L (gag187L):

(5"-3')CCATCTCTCTCCTTCTAGCCTCCGCTAGTCA (SEQ ID NO:2)



TagMas HI V-1 test (CTM carried out by the M crobiol ogy Laboratory of Tan
Tock Seng 25 Hospital (Singapore), and the Ml ecul ar D agnostic Center of
Nat i onal woi2eewm®si2g Hospital (Singapore), respectively, peisGeoteysner e
tested based on manufacturers' protocols. RNA extraction WD

2011/ 005220PCT/ SG2010/ 000257 18 Viral RNA was extracted from 1nL of frozen
(-80C) plasma ultra-centrifuged at 24,000xg for 60 mnutes at 4C prior to
extraction. 800AL of supernatant was di $&arded and the remaining 2004 of

pl asma containing the viral pellet was used for RNA extraction using Q Aanp
Viral RNA mni kit (cat al og no.: 52906, Q agen, GrbH, 5Hil den, Gernmany),
foll ow ng manufacturer's protocol. Purified RNA was eluted in 504 of AVE

buf f er andp%gy&;aug,r,ce-,@pﬁ/v_li{egg‘;;éédmﬂapl(déf’ga,mp}a Chai n Reaction (RT-PCR

assay) The real-tine RT- assay was perforned using was perforned using

Super Scr i DEFTAMHITCH*@G@A'@(;C)AG@)@CT&G@T%WG -BsiEe) SEPENEYHL em Mast er
M x reagents (catalog 10 no. 11732; Invitrogen, USA) in total 25 pl

reacti on Vgteial eOnirel w;)ng 10p1 of RNA sanple, 100 copies of IC nolecule
(SEQ ID NO 4), forwar reverse priners (SEQ ID NO1 and SEQ I D NO 2

respectively) at a fi naI concentration of O. FM and both probes (SEQ ID
NO 3 and 5frapdem §3W”§§6’F}a Fﬂmaetttwemqnat%wtr@ (ICrwas fesigneddpincgrrpsate a

performed pyiqs b?éb%%ﬁ&n%@@@ﬁ@rérﬁ?ﬁbm ﬁ‘ﬁediﬁﬂm%élte] ot thd, HINSMtarg&ti Melethe.
followi ng 15 steps: reverse transcription at 55C for 30 mn and initial

denat ur at i Eh'safm@B@'t'ﬁ’Sr G mojgcyle was| SRR 19y reRIRSRMr @D Bh vifo dmpserhed; 7
and anygal bmnaéleétﬁﬁ helecdd, w‘h.amdasé&@nﬁémnrﬂﬂne%ﬁefr@ga%%mnﬁhqsembe was

repeated 48 tine | uorescence detection was read at t 65C step of each
cycle to r&'@eb?"q ﬁéQp'S’sN?lzxfése%ﬁ%?'é)sAmﬂ‘f@“&'ﬂﬁ&%s\@"t?gs‘&ti“ﬁ'égmféz ESused
for cycle Phre®hpidtatag DHA%W&é@(@afan ﬁtﬂta@@s aahyfies, Fialan@Ptrinist he
target and I C. |If necessa nual ust ment of the cycle threshol d vvas
per f or med ehymedea) $inole 8Fa"9ya@ﬂga %}aWH‘thB{PHPEQ%h%@S akibah) enagRf dhemeiackisns

M m ¢ routfopespetifi®iprifders! 98g183Y an@ajagesTEdor HACH weTB-amblified R bRifiRbte? -
negative controls to exclude contam nation. Quantification of H V-1 viral

| oad 2bByniavernegapyessits She i amles wes Gﬁ"r&e%}é?'%g SRY1b R 32 100g0piss At on

curve whenwhidh was Bided tosml &Sth\é%ﬁctﬁ)%sﬁéﬂﬁGf trlalmal aﬁ\teevscqfas@,ap Hi. g ghemi d
dilution |l evel were used generate the calibration curve of the copies.

per Al agaiilreq rerigs ef K& Wﬁf?o%ﬁdedét’ apah igaqtign @b the raahtime i - 8851 assapx oy v- 1

RNA per reggléoss 7 dhikic afor SPOR! mbibition! afhe @aRSratidH @xerifemts Nexbwid fhot he

extrapol atj on_of the generated (& val ue against the calibration
"~ interference withtarget HIV-1 detection.

20 /C molecule sequence; 352-gag1871C-C4. (5'-3")

5GTGGCGCCCGAACAGTATCGCGTTTATGCGAGGTCGGGTGGGCGGGTCGTTAG
TTTCGTTTTGGGTGACTAGCGGAGGCT 3’ (SEQ ID NO:4)

Probe sequence for IC; 361-gag187ICP2:
(Texas) 5'-AGGTCGGGTGGGCGGGTCGTTA-3'(BHQ2) (SEQ ID NO:5).
25 ‘WHO NCBIS-international HIV-1-standards™

WHO international standard reagent (National institute of Biological Standards and
Council(NCBIS)) : HIV-1 RNA 2nd International Standard (NIBSC code: 97/650), HIV-1
RNA Working reagent 2 (NIBSC code: 99/636) and HIV-1 RNA Working Reagent 3
(NIBSC code: 05/158), containing 5.56 log,o 1U/ml, 4.56 logqo lU/mL, 2.56 logse IU/mL
30 HIV-1 respectively, were used as reference plasma to calibrate the external HIV-1



30curve. Final concentration of viral RNA copies per m was cal cul ated for
each sanple WD 2011/ 005220PCT/ SG2010/ 000257 19 taking into account the
sanpl e vovorelwmeerof rom t he el uted vol une. The det er m ne#c@isGealoweo2st the | C
was used to check for PCR inhibition. A sanple with a C value of the IC
del ayed by nore than 2 cycles conpared to that of equival ent ES was
considered invalid due to PCR inhibition and repeated. Evaluation of the

i n-house assay Prelimnary eval uation ot” the Si ng-1H i nvol ved experinments
to determine the |inear dynam c range, analytical sensitivity and precision
using ES. The ability to detect clinically relevant subtypes was assessed

agai nst t hetahghrd! phsthinat TN aktefRRf eN\BAGRad aaliate8rtodive 3 JBhPerSIBAFhMBE ST
(National Institute of Biol Oﬁl cal Standards and Control, 10Hertfordshire,

Uni ted Ki ndtebi®)25cppigs1 HIY-1 aRNAqgerotynes: At fternatienal figferescedmapeliNeBISi ned

by the Abbegsde: fam6b! résnta;h.?_({Hw @Sﬁamybé@@%&p Ml m! @r D! RE, F%ﬂémes
USA) and t he COBAS Tagman test (Roche Ml ecular System's, Inc.

Br anchbur ggrq‘dﬂ’ N aRehésr 9%’ @ Was gised &%@rm'%mﬁaﬁpswf@y qfrﬁhesi”r@é‘ﬁﬁ PESaYs | ng
manuf acturer's protocol. The quantification ranges provided by the 15

nmanuf acs ur eomrRércidly avamabie HIV1 vird dzd Kits @sedbbott Real Time HI V-1 (40 to
107 copies/nil) and the COBAS TagMan HI V- 1 (48 to 107 copies/nil).

St at 1 tT M ft 1 SA
o St ot o For ARl aa tma IREH AR PEBor erdai it ks ma AN eted

st ag i sti causnﬁ@alotlabsu %L@Sp @utc]l:maitedi samltmel ﬂ%}gamon@wamtwnmdhs@i mgaag: }Ner e
use to ass rr.putir.on o 0 r or ne ViTra opserve or
o ra | oo ReEReleRhhoing) 148 b athtureoTier Gl 4 "tactebaia T A e L aAs
assays. Bl amgfifdatiomiwasl pérforimed coni aadAbitd 2120000 nestiurteng gwrienataigetdd thee

1H—ess the co | kits. The Bland-Altman analysis is a neasure
of the agWL%ﬁﬁreS@mgﬁ/?m i nst runent s- neasuri ng on-a conti nuous

scal eT-In-brief, 25 differences between the |ogio-transforned values of the
data pair s’b@BAS dnaliprepdCOBAS e paghdan tHid- 1o test Rocke tMolabulaxiSsStagmi USAN he .

nean of 1t he,dGaL o { ANSLOTIRAOabH R kD180 \RE COBAR! ARKlSep 1N TRAT
Y gHidhis At R

the logio paife rence, ref bi 'as, agr rrent
(mean 2st asio@rgengavi al:ca)rb)aswéraapplret teemqme twith fthguatﬁemaladolantphﬁiczagomsm on

W0 2911 oo sEin Bl hRE 5834V b Bfhin Bh e RCRASTrhaln HRR e, o1

15 “.using AMPLILINK 3.1.1 software The dynamlc range of bcth assays is 40-107.
_ copies/mL.

HIV-patient samples

‘Patient samples were obtained from consented HIV-1 infected patients (both treated
and newly-diagnosed) of the Communicable Disease Centre, Singapore National HIV
- 20 Reference Centre. Whole blood samples were centrifuged at 3000g for 15 minutes
within 6 hours of collection and plasma obtained was stored at -80°C until use (i.e.

batch processed with the commercial and in-house assays).

HIV-1_viral load was monitored by Abbott Real time HIV-1 test (ART)_and COBAS
TagMas HIV-1 test (CTM) carried out by the Microbiology Laboratory of Tan Tock Seng

25 Hospital (Singapore), and the Molecular Diagnostic Center of National University
Hospital (Singapore), respectively, where they were tested based on manufacturers’

protocols.

RNA extraction



Linearity of dynam c range Linearity of the dynam c range of the in-house
assay (Sing-1H was established based on the nean value of the O val ues

t hat wer ewdebewewsa2ze from 6 replicate assays per dil uti orclirseebroob@sh of the
si x assays was applied to eight 10-fold serially diluted ES plasm d from
three different lots used as targets. These values were plotted agai nst
their initial concentration of the ES plasmd in a |log scale. Coefficient
(r2) of the linear regression of the dyﬂn%m'c range from 10 copies/gl to 108
copies/4 was r2=0.999 is shown in Figure 3. This indicates that the assay
Is linear over its quantitation range. For 10 this dynam c range of

quantitati eftal RA&A WhsPektraRidd %ﬁﬂ%L} & ﬂr%zéﬂ qB0AG) Prashid uraddeniriGed at

sensitivity Analytical sensitivity o e I n-house assay was established

usi ng ser i gH080xaifor 6A minutgs atAiCapriar 4, aulrartipEBAOub HiFvpernatant wasssiseaaded
copies/m | l,C equlLy: t I V-

I nlto ernati o%g? 5%‘?3%’3’5?{5@48%& Ws%og&ig@t@n{hf @?mgﬂ% %S%J%@g&ng%\j Aand 12
copi es/ nl extsqobion i usigy QlAdrep dviralt RINA B8inp | kits (tatidlogvape $2006¢ Qiagendt GmpH| cat es
W t hin run.. with 4 individual runs bein rried. . Probit re si on
was usel ¢ Skl GeirRevl S oabutatyBE S B8 dmed fivas hed FERGY
response noflRVE bbfersareistorediat 80°€. 4, at a concentration of 61.5 copies/m,
detection probability was 95% or hi gher (95% confidence interval, 49.5-89.5

copies/ril h)eal_t'[ll;]'g %‘?%rﬁﬁai{sgblﬁiﬁﬁea%oﬁ fﬁﬁ{-b&h gsosgg}lse is 100 copies/m wth

100% det ect1 On proba eci sron ra-assay’ accuracy was assessed
with 8 replicate results for the synthetic plasm d _standards containing
known 71o_dh®reabtimeR-PCEsassdy iwaspesiorngedusing whe gedonpead using Supen8cnipé®h of

t he .cal cul AV -\ 92, | AT \ 8289 d 25
S of 0. 04Tl il CheSebtG s iga HHPERr STt MALED iR fHpefhs AT 27
quant i 1§ vheal1732adnvitreges, USA)Ha tdtal @5t loeattion volumpe contaihing dAdbot RNA
diluted to | o 4 ole] 48 ' - |

expor | mont Tuile] 360 EqfiEPLER: hopRlleISERY R NOR IR (Ve AhasiEERID o) 4
with cv of'NQZQWCé%&(HD NO: Arespedtivejyoat a final corcentiatirod RCMGaend bothquokxs7 21
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Ta’b'I‘e ?‘5 s%Lse:rr%C‘é?r‘éé ttraaﬂgc?rlrpﬂorg %ng%éorr%cg‘i{noan d initial denaturation at 95°C fof 2.5 7
- min, followed by denaturation at 95°C for 17 s and annealing at 65°C or 31 s and *
extension at 68°C for 32 s. The cycle was repeated 48 times. Fluorescence detection

wés read at the 65°C step of each cycle to reveal the positive samples.

The adaptive baseline mode was used for cycle threshold (Ct) determination for data
20 analysis for both the target and IC. If necessary, manual adjustment of the cycle
threshold was performéd to account for background fluorescence. Single
determinations, to mimic routine clinical use, were performed. Each sample run

included 2 negative controls to exclude contamination.
Quantification of HIV-1 viral load

25 Synthetic plasmid standard dilutions were employed as calibration curve when the
clinical samples were assayed. Duplicates of each plasmid dilution level were used to
generate the calibration curve of the copies per ul against the cycle number, Ct value to
determine the copies of HIV-1 RNA per reaction. Clinical samples’ viral loads were
determined with the extrapolation of the generated Ct value against the calibration

30 curve. Final concentration of viral RNA copies per mi was calculated for each sample
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taking into account the sample volume used from the eluted volume.The determined Ct
value of the IC was used to check for PCR inhibition. A sample with a Ct value of the IC
delayed by more than 2 cycles compared to that of equivalent ES was considered

invalid due to PCR inhibition and repeated.
5  Evaluation of the in-house assay

Preliminary evaluation of the Sing-IH involved experiments to determine the linear

dynamic range, analytical sensitivity and precision using ES. The ability to detect

clinically relevant subtypes was assessed against the 1st International Reference

Panel for HIV-1 RNA Genotypes (National Institute of Biological Standards and Control,
10  Hertfordshire, United Kingdom). ‘

HIV-1 viral loads in the patient samples were determined by the Abbott RealTime HIV-1
assay (Abbott Molecular Inc, Des Plaihes, USA) and the COBAS Tagman HIV-1 test
(Roche Molecular Systemis, Inc., Branchburg, NJ, USA) in two diff_arent"l'abora_tories in. s
Sihgapore using manufacturer's protocol. The. QUéhiiﬁcation ‘ranges provided 'by thé-
15 . manufacturers of the commercial assays were: Abbott RealTime HIV-1 (40 to 107
' copies/ml) and the COBAS TagMan HIV-1 (48 to 107 copies/ml). '

Statistical analysis

Microsoft™ Excel 2000 (Microsoft Corporation, USA) and Stata/IC 11.0 (StataCorpLP,
College Station, USA) were used for statistical analysis. For clinical samples,
20 comparative histograms were used to assess distribution of logso-transformed viral
loads observed for Sing-lH compared to the Abbott RealTime HIV-1 and COBAS
TagMan HIV-1 assays. Bland-Altman plots were used to determine the agreement of
the IH-assay with the commercial kits. The Bland-Altman analysis is a measure of the
-agreement—between—-two—instruments--measuring—on—a—continuous—scale—In—brief,
25 differences between the logso-transformed values of the data pairs were graphically
represented on the vertical axis against the mean of the log,o-transformed values on
thé horizontal axis. The mean of the log., paired difference, reflecting the bias, and
limits of agreement (mean + 2standard deviation) were plotted on the figures. Probit

regression analysis was used to determine the theoretical lower limit of quantitation.

30
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Results
Linearity of dynamic range

Linearity of the dynamic range of the in-house assay (Sing-IH) was established based
on the mean value of the Ct values that were determine from 6 replicate assays per
5 dilution level. Each of the six assays was applied to eight 10-fold serially diluted ES
plasmid from three different lots used as targets. These values were plotted against
their initial concentration of the ES plasmid in a log scale. Coefficient (r?) of the linear
- regression of the dynamic range from 10 copies/pl to 10°® copies/uL was r’=0.999 is
“shown in Figure 3. This indicates that the assay is linear over its quantitation range. For
10  this dynamic range of quantitation, the RT-PCR efficiency is as high as 95.6%.

Analytical sensitivity

Analytical sensitivity of the in-house assay was established using serial dilutioh of -
plasmid standard (ES plasmid) from' 1.6x10* copies/ml to 5 copies/ml which were
‘ equiva’lent to WHO HIV-1 RNA 2™ International Standard 40 000, 12 500, 4 000, 1 250,
15 400, 125, 40 and 12 copies/ml respectively. The diluted ES plasmids were tested in 4
replicates within a run, with 4 individual runs being carried out. Prcbit regression was
used to determine the projected response rate according to a dose response model. As
seen in Figure 4, at a concentration of 61.5 copies/ml, detection probability was 95% or
higher (95% confidence interval, 49.5-89.5 copies/ml). The detection limit of the in-
20 house is 100 copies/ml with 100% detection probability.

Precision

Intra-assay accuracy was assessed with 8 replicate results for the synthetic plasmid
standards_containing known_7log,,_copies/ul_tested_in_a_single_batched_experiment.
The mean of the calculated viral load was 6.92log,, copies/uL, with CV of 0.825% and

25 SD of 0.04 logq. To ensure that the in-house assay was able to accurately quantify
viral load close to the detection limit, plasmid standard is diluted to 1.0 log;, copies/pL
and assayed in 8 replicates in single experiment seating. The mean of the measured
valued was 0.5 logyo copies/pL, with CV of 2.2% and SD of 0.23 log10.



The ability to detect a range of HI V-1 subtypes was assessed by
qualitatively assaying the 1st International Reference Panel for H V-1 RNA
Genot ypeswONativoseb | nstitute of 10 Biol ogical Standardecasd2Gonnest ,
Hertfordshire, United Kingdom. Anong the genotypes in the NCBIS genotype
panel , the in-house assay was able to detect all of the genotype of group M
(A, B, C D AE F, G AAEH), and groug Nwth C readings between 33.6 to
38.5. Goup 0 was not detected fromthe banel. As this panel was not a
guantitative standard, quantitative conparisons were not perforned. 15
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ranges from-Q.,24 to 0.51 (Braun, 2007, ul ongne, 20068, Gu j,n, 2007). In
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' _Thé ability to detect a range of HIV-1 subtypes was asséssed by qUalitativer assaying -
the 1st International Reference Panel for HIV-1 RNAF.Genotyp'es-(NatibnaI Institute of
10  Biological Standards and Control, Hertfordshire, United 'Kingdom). Among the
genotypes in the NCBIS genotype panel, the in-house assay was able to detect all of
the genotype of group M (A, B, C, D, AE, F, G, AA-GH), and group N with Ct readings
between 33.6 to 38.5. Group O was not detected from the panel. As this panel was not

a quantitative standard, quantitative comparisons were not performed.
15  Evaluation of in-house assay with 329 patient samples

A random group of 329 HIV-1 positive patients’ plasma was used to compare the
performance of the in-house assay against the commercial kits, ART and CTM. Using a
cut off quantifiable level of 50 copies/ml for the commercial and in-house assay, 215
samples were quantified with viral load >50 copies/ml by both the in-house and
20 commercial assays (ART: n=97; CTM: n=118). Agreement between the assays was
assessed using a Bland-Altman model (Bland, 1999) as shown in Figure 5. The mean
difference between of the log,, viral load by the in-house and CTM; in-house and ART
were -0.48(limits of -1.61 to 1.41) and -0.22 (limits of -1.34 to 0.95) respectively.
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patients. Ride?OTMYiraaesaGusiHtitdtiohwirete thietr-viaRet iwege 0/873nadermreepb@ivelyt al s
costs about S$200 (USD134)/test. Table 2 shows the breakdown of the reagent

pati ont_ saRpne. fodisiupre Farbarc dhge wate SollshteisRoey Batetn Bt Pofiee
i n-house asﬁ@ycmmrmnlbéd eadimgndistibutiine ItSéat0olideneed lHSD&%)e wabisshift lid the -
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1€ ADlscrepancy was observed at viral reading in the 10°copies/mL, wnere-CTM showed - -
:mOre samples with such higher viral load reading as compared iz thé in-house’s
" juantitation where the samples are distributed in the 10° -10* copies/ml range. On the
', -.b.ther hand, Figure 6b demonstrated a similarity in the freqUency distribution of the HIV-
1 viral load values obtained by the in-house and ART assay. The two assays had

20 similar modal peaks at 3.4 log1o.
Sensitivity and specificity at clinically relevant 200 copies/ml cut-off

The performance of the in-house assay was evaluated against the Abbott and Roche
assays at the clinical cut-off of 200copies/ml in 178 and 151 patient samples
respectively. Against the Abbott assay as the standard, the in-house assay had a
sensitivity of 96.8% and_a specificity of 96.4%. With the Roche as standard, the.
sensitivity was 99.1% and specificity 100%. There were 3 out of 95 positive samples

above 200copies/ml by the Abbott assay which were reported as below 200copies/mL

by the in-house assay (71, 97 and 186 copies/ml). Only 1 sample of the 118 samples

reported had more than 200 copies/ml by the Roche assay was reported below
30 200copies/mi by the in-house assay (191copies/ml).
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Lower cost for In-house HIV-1 viral load assay test.

HIV patients need to have their HIV-1 viral load test done approximately every 3
months. The in-house assay had the major benefit of lowering the financial burden of
the HIV patients. Currently, commercial HIV-1 kit testing in Singapore hospitals costs
5 about S$200 (USD134)/test. Table 2 shows the breakdown of the reagent and
consumable costs of the in-house HIV-1 viral load assay to run a patient sample. With
the full license and laboratory fees, cost of the in-house assay run will be approximate
S$3$20 (i.e. USD13). This will definitely provide a cheaper option test for the patients.

Reagent cost Consumable cost Subtotal

Sample preparation/sample S$%$6.06 S$%$1.15 S$$7.21
Real time PCR/sample S$2.67 S$7.71 S$$10.38
(Inclusive of 18 plasmid standards) .

Totalcost ~ = - _ S . 8$17.59

10 _Table 2. Breakdown of the in-house HIV-1 viral load assay costing.

The in-house' assays demonstrated consistent results over a log 1 to 8 range per

- reaction, with a good lower limit of detection by Probit analysis, minimal inter-run
variation and quantification of all subtypes except group O, a limitation of the Roche

15 COBAS Amplicor (Ver 1.5) as well (Drosten C et al., 2006). The Blant-Altman analysis
also showed comparable results with the 2 SD limits being about 1 log from baseline.

The in-hoﬁse assay was accurate at the clinically relevant cut-off of 200copies/ml. The
minority of samples showing discordance at this cut-off were all detected by the in-

house albeit at lower values.
20 EXAMPLE 2

Experiments as substantially explained in Example 1 were repeated in Example 2 and

the results provided.
Analytical sensitivity

Analytical sensitivity of the in-house assay was established using serial dilution of
25 plasmid standard (ES plasmid) from 1.6x10* copies/ml to 5 copies/ml which were



10Tabl e 2. Breakdown of them house H V-1 viral |oad assay costing. The

I n-house assays denonstrated consistent results over a log 1 to 8 range per
reacti on,wei2otvmspood | ower |imt of detection by Probi tcarssky®ios)2sm ni mal
inter-run variation and quantification of all subtypes except group 0, a
limtation of the Roche 15 COBAS Anplicor (Ver 1.5) as well (Drosten C et
al ., 2006). The Bl ant-Altman anal ysi s a.gp showed conparable results with
the 2 SDlimts being about 1 |og from®baseline. The in-house assay was
accurate at the clinically relevant cut-off of 200copies/m. The mnority
of sanpl es show ng di scordance at this cut-off were all detected by the

i n- Ihousedakea@it/éleﬁtttol\/(pp-t<er|4lvatl RRA. 2"‘;ZméeEﬁgtMRb|FSt8n@faamomn?lzsa@ 4S®dlﬁ|t LE20) aljlé
expalne I N were.r eat e | e resu S rOVIe
o e 4Bt R g 18P Thl esbesumeT] S Blyes Bagasmids wees IaEnE ¢ o

VHO HI V-1 RiwhicaBs withiner raal witmalrursd @érdmmﬁbm&he@@ob.tlragfi@elon%negeis islshowh 400,

125, 40 and 12 copies/ m resgectlvelé/ The d § P sm ds were_tested
in 4 repli Ealpys/wseﬁw Bigupg, ? 1509 Wﬁ%orbe ‘ER"F ik t'P? BFpRability

r egr essg onwag a5ys o hig‘heﬁf(im d@am@hceﬁsﬁte&mmza‘e EQSJIde pies/rll. Thes BBt at i on
of 154 copies/nl, det |on§1;())rob§1]_’I ""I"‘I'?t%a swas 95% or gher (95% confi dence

interval , 14 0okthsSingl SAYOLPRY eT09¢k etestion Hr?tPﬁb(' bf the Sing-1His
200 copi es/nl with 100% det ecti on probability. Evaluation of the in-house

assay W t hEgaRafiGh iof tlie inctiglisecasshg With 32 pdtRmt samplex?29 HI V-1 patients on
active followup were evaluated in conparison wi th the COBAS TagMan HI V-1

and Abbott eaITlrre HIV US|n 10 a antlflab e IeveI of
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di f f er encesamples were quantified W|th viral load >50 copies/ml by both the in house and

~ commercial assays (COBAS TagMan HIV-1: n=119; Abbott RealTime HIV-1: n=108)).

A Bland-Altman analysis was performed -(Figure 8A and 8B). The mean difference - -
between logo-transformed values of the Sing-IH énd COBAS Tagman HIV-1 was -
15 '0.094 (95% of values between —1.18 to 0.99). Corresponding values for the Sing-IH
and Abbott RealTime HIV-1 were 0.056 (95% of values between -0.83 to 0.94).-
According to the Bland-Altman analysis, among the log10-paired differences, 69% of
values in both comparisons were within 0.5log10. 25% of the Sing-IH/ COBAS TagMan
HIV-1 values and 30% of the Sing-IH/ Abbott RealTime HIV-1 values were within the
20 interval of absolute 0.5 to 1.0log,o; 6% of the Sing-IH/ COBAS TagMan HIV-1 and 1%
of the Sing-IH/ Abbott RealTime HIV-1 showed greater than absolute 1.0log10
difference. No funneling effect was observed in both of the Bland-Altman plots. The
linear regression values of the Sing-IH/ COBAS TagMan HIV-1 and the Sing-IH/ Abbott
RealTime HIV-1 comparison were 0.79 and 0.90 respectively. Linear regression
25 analysis of log,o viral load difference against average log10 values should no significant.
correlation. For the Sing-IH/COBAS Tagman HIV-1 comparison, 95% confidence
interval of slope —0.03 to 0.17 and for the Sing-IH/ Abbott RealTime HIV-1 95%

confidence interval of slope —0.06 to 0.11.

The mean difference was evenly distributed across the range of average values,
30 thereby supporting no bias in differences between high versus low quantification

values. Regression analysis revealed no statistically significant correlation between
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100% Only 1 sangl e of the 118 sarrPI es reported as nore than 200 copies/ mn
by the Rocfgainsistie GRBAS ciagMaadHiyel.dhe 2g0sitvpi was 99. 18y and speeifitiyut®%ssay.

Only 1 sample of the 118 samples reported as more than 200 copies/ml by the Roche
assay was reported below 200 copies/ml by the in-house assay.

20 Against the Abbott RealTime HIV-1 assay as the standard, the IH-assay had a
sensitivity of 96.8% and a specificity of 96.4%. 92 samples were reported by both
assays with viral load more than 200c/mL. 4 samples were reported positive at this
cutoff by the in-house but negative by the Abbott RealTime HIV-1 and 3 samples

negative by in-house but positive by Abbott RealTime HIV-1. Assay inhibition was
25 detected in only 1 clinical sample and the repeat result was used in this analysis.

The mean difference of the logqo-transformed viral load comparing Sing-IH and
commercial assays was less than 0.5logq,. Overall, 96% of samples were within 1log,,
difference between the Sing-IH and competitor assays. At the clinically relevant cut-off
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| ogi o-transfornmed viral |oad conparing Sing-IH and conmerci al assays was

| ess than 0.510910. Overall, 96% of sanples were within 110910 difference

bet ween t hef S008odidd/MN0the OSIRGIHT Rid BREAKAt adiechitnt ©F i Kdppal dfy0.68! iR Me
cut-off WD 2011/.005220PCT/ SG2010/ 000257 26 of 200copi es/m, the Sing-IH

had excel | SANMEEFIIASERYS- of kappa of 0.95 with the commercial assays.
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conprising at |east one nucleotide sequence selected fromthé group
consi sting of: $§id¥-1)pJ WHM?@°%@095%1§6 (1244 (s), S5derivative(s) and

conpl ementary sequence(s) thereof. 2. The oligonucl eotide according to

claim lg whergi 'Schlhlﬁanoll\ﬂ ggnpeiee@tn de BRIV BRI, K. IBRLYERRK 1. Polflonge!l Anked
nucl eotides in Ieng conprises_at | east 70% sequence identity to any

one of SEQ I D NM-1C e"SEQ'-l fPadiapi.of- Siemans, ped 3. 6. "A?FtP@oIZQPEdMU"'C"-‘nter
ol i gonucl eot i de egQlstiont b theOhet ABLRASReAMAnd1 4SS H/8! fofl QUaRRHEARC BetbBfdH 8ft ed
fromthe group consisting of SEQID NO 1 to SEQ@?ID NC. 3, frzt}gmant(d!J
derivative(s), QHE]‘aBdHE‘F‘é}?Qﬁ@%?']FYS\@E}ﬁeWE@(?s)a"fj Ratis G virgp RINA oMo {CiB-
ol i gonucl eot i de nagroBibdupg7i2-my. one of clainms 1 to 3, wherein the
ol i gonucl eotide is capable of binding to and/or being anplified from human
i rmunog ficie Cﬁ Vi rus tége 1 E)—H 2/ 1). 155. A pair of oligonucl eotides
conpristyng at ‘imer and at | east one reverse priner,
wherein the forward prinmer conprises SEQID NO 1, fragnment(s),
derivative(s)11. eiV ceqlenoenCampersdigue 208§ sKuikérer@ofet asild Edse Pablighed by i mer
CBabencers) thenahelea BB hh BioplcelobtL A.aof,noscw;eAsaﬁ%to%;efow,

' NM, LA-UR 06-0680. ' : : ' '

| 12. Johnson, V.A. et al. Top HIV Med. 2009;17(5): 138-145.



206. A pair of oligonucleotides conprising at |east one forward priner and
at | east one reverse priner, wherein the forward prinmer consists of SEQ ID
NO 1, fragoenti(®}z20derivative(s), or conplenmentary sequentsGs)ioheszof and
the reverse priner consists of SEQID NO 2, fragnent(s), derivative(s), or
conpl enmentary sequence(s) thereof. 257. A set of oligonucleotides conprising
a pair of oligonucleotides according to either claim5 or 6 and at | east
one probe. WD 2011/ 005220PCT/ S&010/ 008257 29 9. An anplicon anplified from
human i mmunodeficiency virus type 1 (HV-1) using at | east one forward
primer conprising the nucl eotide sequence of SEQ ID NO 1 and at | east one
reverse prigrpimsonpri sing the nucl eoti de sequence of SEQ ID NO 2. 10. The
anplicon according to claim9, wherein at | east one probe conprising the
nucl eoti de sequence of SEQ ID NO 3 is capable of binding to the anplicon.
11. A method of detecting and/or quantitati n% the presence of hunman

i munodef i di en@ isAlated oidpgucieotid pmprising at l¢q bP%P@‘a@t?&ﬁﬁﬂlé?"C@r?@'%%od
conpri si ng thefrshethe gfoup leYrdisting Vfi SETD IBtNDERS SE®@ 1D NCRg Fagmem(d)] e;

(b) contacting at |east one oligonucleetide accordjng to any one of clains
1 to 4,2with afenvaigshnd %"&'@%E”taﬁﬁ?qf‘ﬁn‘i%@ Ber8Pogi cal sanple, and/ or
with at | east one nucleic acid extracted, purified and/or anpiified from

t he bi ol ogpcal ThReBRdchucRbtide a6dording & tiaimy 120N tHeadligohadlédtide aseyjubndedi Ny

resulting fromthe contacti I te whereby the virus i r t when
bi ndi ng s det Bcreinesh 33 Sk itked sk Risbes ighath st eirises of st e

i mmunodef i ci engeguéentelRiehiity@o any bieVofISEQ ID AIChi BEQIDNO:22FBEQ IDtN®: 3t hod
conprising the steps of: (a) providing at | east one biol ogical sanple;

20(b) contgcti a set of oligonucl eot.ides accordi.ng to ejther aone of

ol ains 7 o o Al BriSE PlacbpoBRRS sBRUMEES of GRS Bre Bl e
and/ or10v t h at sélected - foore- thed@raup consisting of SEQ ID NO:1 to SEQ ID NO:3,

aci d-extract edgpur | b S A0fetd); SPLdnliEHeital L 08 (G iR 5A! S"_"”p' e, "and

4. ' The isolated aligonudleotide according to any one of claims 1 to 3, wherein the
oligonucleotide is capable of binding to and/or being amplified from human .
immunodeficiency virus type 1 (HIV-1).

o

15 A pair of oligonucleotides comprising at least one forward primer and at least one
reverse primer, wherein the forward primer comprises SEQ ID NO:1, fragment(s),
derivative(s), or complementary sequence(s) thereof and the reverse primer
comprises SEQ ID .NO:2, fragment(s), derivative(s), or complementary

sequence(s) thereof.

20 8. A pair of oligonucleotides comprising at least one forward primer and at least one
reverse primer, wherein the forward primer consists of SEQ ID NO:1,
fragment(s), derivative(s), or complementary sequence(s) thereof and the reverse
primer consists of SEQ ID NO:2, fragment(s), derivative(s), or complementary

sequence(s) thereof.

25 7. A set of oligonucleotides comprising a pair of oligonucleotides according to either

claim 5 or 6 and at least one probe.

8. The set of oligonucleotides according to claim 7, wherein the probe comprises
the nucleotide sequence of SEQ ID NO:3.



WD 2011/ 005220PCT/ SG2010/ 000257 30 13. The nethod according to either claim
11 or 12, further conprising the step of mxing an internal nolecule (1C
and a proweepeosf2oc to the 1C with the biol ogical sanplreTsiGeern/ sisp (a).
14. The met hod according to claim 13, wherein the I C conprises the

nucl eoti de sequence of SEQ ID NO 4 and the probe specific to the IC

conpri ses the nucl eotide sequence of SE ID NO 5. 15. A nethod of

anpl i fyi ng human i nmunodefi ci ency vi r us? ype 1 (H V-1) nucleic acid,

wherein said nethod conprises carrying out a polynmerase chain reaction
using SEQID NO1 and SEQ I D NO 2. 1016. The nethod according to claim15,

wher ei n t he mMepRQEndidoh BRIplifEPérh IRifatt inlnfdodefdiéhd) Vit tﬁfé@'(#lﬁﬁ-ﬂ%éir@e
nucleic acid of SEQ ID NO 3. 17. A kit for the deteéection of

i mmunodef i ci endylegphne pRyREd primer Genmprising,theiiucleolidy peavenge of SEQa!& N@ie

ol i gonucl eot i dgndaf a8l Stk fe¥erRYpriid mprsmighBe hutiBotite se{?uencelgf seokipr for
the detection of human |nnunodef|C|ency virus type 1 , the kit

15conpri si ng aNQ2ast one pai r of oligonucl eotides accordl ng to either
claim5 or 6. 19. A kit for the detection of human i mmunodeficiency virus

type 1 4H Yol) Thé ¢nphitdn a@craadmg ith@laith 9, Gaterein Mt ISt oAk PRbbe) eOHBHGRY thHées
according to either claim?7

nucleotide sequence of S%Q ID NO:3 is capable cf binding to the amplicon.
11. A method of detecting and/or quantitating the presence: of human
immunodeficiency virus type 1 (HIV-1) in a biological sample, the method

comprising the steps of:
10 (a) providing at least one biological sample;

(b) contacting at least one oligonuclectide according to any one of claims
1 to 4, with at least one hucleic acid in the biological sample, and/or with at
least one nucleic acid extracted, ‘purified and/or ampiiﬁed from the

) biological sample; and -

15 | (c) detecting and/or quantitating any binding resulting from the contacting -«
in step (b) whereby the virus is present when binding is detected.

12. A method of detecting the presence of human immunodeficiency virus type 1
(HIV-1) in a biological sample, the method comprising the steps of:

(a) providing at least one biological sample;

20 (b) contacting a set of oligonucleotides according to either one of claims 7
or 8, with at least one nucleic acid in the biological sample, and/or with at
least—one—nucleic—acid—extracted,—purified--and/or—amplified—from—the - -

biological sample; and

(c) detecting any binding resulting from the contacting in step (b) whereby

25 the virus is present when binding is detected.
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13.

14.

15.

16.

17.

18.

15 -

19.

30

The method according to either claim 11 or 12, further comprising the step of
mixing an internal molecule (IC) and a probe specific to the IC with the biological

sample after step (a).

The method according to claim 13, wherein the IC comprises the nucleotide
sequence of SEQ ID NO:4 and the probe specific to the IC comprises the
nucleotide sequence of SEQ ID NO:5.

A method of amplifying human immunodeficiency virus type 1 (HIV-1) nucleic
acid, wherein said method comprises carrying out a polymerase chain reaction
using SEQ ID NO:1 and SEQ ID NO:2.

The method according to claim 15, wherein the method further comprises at least

one probe comprising the nucleic acid of SEQ ID NO:3.

A kit for the detection of human immunodeficiency virus type 1 (HIV-1), the kit

-comprising at least one oligonucleotide according to any one of claims 1 to 4.

A kit for the detection of human immunodeficiency virus type 1 (HIV-1), the kit

comprising at least one pair of oligonucleotides according to either claim 5 or 6. .

A kit for the detection of human immunodeficiency virus type 1 (HIV-1), the kit

comprising at least one set of oligonucleotides according to either claim 7 or 8.



