16 February 2006 WO 03/020967 1 PCT/ EP02/ 09496 A nethod for th

determ nation of nultiple analytes This invention is directed{Q§%W%W%88@5for
tthe determ nation of nultiple analytes using 5 analyte specific binding
partners wherein the binding partners are |abeled with less different |abels
than different binding partners used. Additionally, this invention is
directed to conpositions of matter containing these diff | abel ed

bi ndi ng par YA&#%20%3nd t he use of such conpositions for "Fﬁ@gé}é’%‘é?m nation of
mul tiple analytes as well as suitabl'e kits. 10 Background of the invention
The determ nation of an analyte in a sanple has aquired especial inportance
particularly in the field of health care, nutriation and ecol ogy. Depending
on the analyte different nmethods for determ nation can be used. Snall

nol ecul es li ke nmetal ions, sugar nononers, amno acids often are determ ned
by their chem cal or physical properties. 15 Anal ytes having a higher

nol ecul ar weight |ike proteins and nucleic acid polyners can also be

determ ned using binding partners having a specific affinity to them Useful
pairs of binding partners are antibody - antigen, substrate - enzyne,

nucl eic and - ,conpl [y nucl ei i ar - lectin. In case it is
intended to dé‘t%er n%dﬁfgptgég%égl aﬁlggof)?‘gﬁ%]?%m?%‘g whi ch one knows that it

exhi bits antigenic properties a specific antibody can 20 be used for the
determ nation. For the determ nation of a specific nucleic acid sequence a
nucl ei c acid probe havi.ng a conpl enent ary, sequence_.can pbe uysed.. Such bi ndi ng
assays and s HHF’&‘“SH%‘%E?&%‘?E’QB?%’%&'aielgﬁ%ﬂﬁmft‘r?nt"f‘l‘é“aﬂ&?]?a CSAFBEful |y

expl ai ned Bn tiwdyt¢ speefichindiag parmere wherein ¢hedinpling pSeindoy ayolabadd weith less 1985,

Mol ecul ar O ORjfREnt lakeldBRAIiRL &t ¥in¥RP Pattners usQl ASdHidnal, A iRRRtidaRor atory, Cold
Spring Harbor Yor k;

... New Yo Nucl eic Acrd 25 Hybridi zat] B.D. Haines and S.J.
o ol b eds. SRS P Om BE RGP HADE e LG G OT RSPy as,
Inc.). I n ordend theugldf gwh térepaditioaddi thadadrmirhBorsgfewiltiplcangiyrelasigelipar t ner -
anal yte conpl gx@slefidis.1 S very common to | abel the binding partners, whereby
t hese | abel s can be detected directly or indirectly using additional
reagent s villi c Badkgfotind of thbmsentibabel s (for exanple 30 using biotin as a | abel,
whi ch can be detected using a avidin - horseraddi ch peroxidase 16 February
2006 WO 03/ 023b%detminatipnofaggrdge in a sample has aquired especial importance

particularly in the field of health care, nutriation and ecology. Depending on the analyte

different methods for determination can be used. Small molecules like metal ions, sugar
monomers, amino acids often are determined by their chemical or physical properties.

15  Analytes having a higher molecular weight like proteins and nucleic acid polymers can
also be determined using binding partners having a specific affinity to them. Useful
pairs of binding partners are antibody - antigen, substrate — enzyme, nucleic acid —
complementary nucleic acid, sugar - lectin. In case it is intended to determine a specific
protein for which one knows that it exhibits antigenic properties a specific antibody can

20 beused for the determination. For the determination of a specific nucleic acid sequence
a nucleic acid probe having a complementary sequence can be used. Such binding assays
and suitable protocols are well known in the art and are fully explained in the literature,
see for example Sambrook et al., 1985, Molecular Cloning — A Laboratory Manual,
Coldspring Harbor Laboratory, Cold Spring Harbor, New York; Nucleic Acid

25  Hybridization (B.D. Hames and S.J. Higgins, eds. 1984) and a series Methods in
Enzymology (Academic Press, Inc.).

In order to allow the detection of the specific binding partner — analyte complexes it is
very common to label the binding partners, whereby these labels can be detected
directly or indirectly using additional reagents which bind to these labels (for example

30  using biotin as a label, which can be detected using a avidin — horseraddich peroxidase



2 conjugate and a suitable enzyne - substrate reaction for detection).
Suitable | abels are known in the art. For many cases, especi éﬂ:?bli“ﬁryﬂ"?@

di agnostic field it is necessary to determne two or nore analytes in order
to get a conplete picture about a distinct situation. For exanple 5

regardi ng a patient who m ght have a Chlanydia trachomatis infection, a
doctor normally will not only check for a Chlanydia trachomatis but al so
for a Nei ss&a&0209&norrhoeae i nfection. Al so when est ab?¢TE0HY4M0he HLA
pattern of a patient one need to det&rnine the alleles of several different
HLA | oci. When conducting a nmultiple anal yte binding assay one has to pay
attention to the labels 10 used. In a first case the sane |abel is used for
all different binding partners. In this case two alternative formats have to
be differenti aéhatelahd ablitable Betiyng- substedtd rasion foe detenidnlc eitiblelabgetdaer in one
reaction a polsd](;wnvlgtﬁee |t does only show that there is at | east one analyte
present in the sanple, but not which one it is. As an alternative one can
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acid anplifi cdttlemnnemé)alletesoﬁsd\eraldlfferentll-ﬁx&lme di screte detection of several
analytes within only one binding and/ ~or detection reaction the different

speci fic bi ndiWhsngerduaiines ‘E‘&%Plb@4Y§t?€}d€}$ agsay Pfts hagfePpiatiention taphsilabelswhi ch can
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detection signals properly.
20  In order to allow the discrete detection of several analytes within only one binding and/

or detection reaction the different specific binding partners can be labeled using
different labels, which can be separately detected. Such labels and useable detection
methods are well known in the art. For example one can use labels which can be
detected by its optical emission spectrum, whereby each of the label has a different

25  emission spectrum. Although, it has to be noted that such assays are in reality limited to
the determination of only a few analytes, because there is not an unlimited number of
suitable labels which are detectable separately with high sensitivity, and sufficiently
stable. In case of suitable rare earth labels, expensive and highly sophisticated detectors
for time-resolved fluorimetry are necessary . These limitations are of special importance

30  with regard to homogeneous detection methods. Such formats normally suffer from a
higher signal background due to missing washing steps to eliminate binding partners
which are not specifically bound to an analyte, which makes it difficult to interprete the
multiple detection signals properly.
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conjunction with detectors featuring a plurality of optical cR&kgRMaNZEIP0
been used by many investigators. For instance, Vet et al. (PNAS 96,

6394- 6399 (1999)) wuse nethodol ogy, in which 4 specific probes (Ml ecul ar
Beacons) conplenmentary to 4 different targets are |labelled with 4 different
reporter dyes, 1 dye each. The entire 5 fluorescence spectrum of each dye is
stored in t RO GO er and used to interpret conpl ex nbFVFRIFEG esul ts.
This entails need for quite sophisticated software in order to cope with
the demand to be able to resolve co-infections via spectral contribution
anal ysis. This includes normalisation of fluorescent signals fromdifferent
dyes individually for each particular dye (optical channel) on maxi nmum
gain, i.e. 10 Mudtilstmlling &t ¢onjunctionchithietettos feetiring e plyrabityt df opticelcbenelhas nent to
the corresponglig, .k @?nea?lg hggﬂlg%t?@qropﬁ&aﬁieew&E@mkpmﬁ 96 804 GBRNAGoS) ON 2

reference dye in ord ) ) e_éo anal yse _signal _distribution on a
conmon basi s. "t ReRodelegrin which 4 spegifiePrabrs é%ﬂ@%klﬁ‘i Bggcony) compjementary {9 4 \ cr obi ol .
3713, 490- 496 d(ffenOfaigets pretlabelBeddvifhf4ct fEandnt sepbradd dlydscdybedcaCile atitirBeacons for  up

to 3 targets i SF I 7, 1-9
(1999); g 5 gfﬁ égfegc?%g%{ ecgﬂﬁ&??}g%ﬁﬁrsg%%dgk& 8%8’5‘1’%%{3318?‘ %M%{r}‘?egé'é‘;y). I n order
to increase tﬁ@nalmelpp@ regls) Thisegtagencad fon grite SﬁP}tlﬁl‘:&e‘H‘iOEWPrﬁéﬁOfﬁﬁfrfﬁer of

| abel s al so copdiithahd dtanato beabR kSrefove co-alfetivmgindbednan@htiutidt t ners can be
used. In additian.tq.. bindi . havi ng. I Std bel attached

al so bi ndi ng 63%.5%15&3@%5 ‘gﬁlégédggfgp %#1@1?‘:5@5?1?&8%%5?{%5&%1? Lfte{_l\%d%s? nore | abel s
usi ng the samendiyidilipfor pagh ppréicarsiye (Optigsl danneh opjaxprmgaigyi-e - | abel ed

“bi ndi ng part nebsmalisiiion 9f hafineb ¥Rt gowthduiveeyeRiend t3/@el cSrrdsp&iinty platdaupns of
l'abel's are possibl e, By Wi Cg%ffclzh%r?neﬁogllafr;feerg%gtd ANal it 85, SAM oG aggt ected.  An
in-situ- hybri qr Zatt on“rethod US| ng a Si mrfaryprl hcl ple T s deseri bed by T.
Ried et al., Pigoddistghution onpngepsmadiasit Sther grgmplegimclugeyosepiggnet a3 (1992). A
simlar met hodlihowicelsBiorramiaNasoi408 (1099); up t6lb tifferea labdllbEmolEaiM: BLLE®s fv I US types

in a sanple usi and a su uen r h i di [\on assay are
described b §$E‘|‘9%FﬁflsPé’ias?aa?'fa,ngi%g‘ilvtetlt%if VE?@@%%’%&%%@%%)’?ZS& p. 156 -
161 (1997)15 Folifferdntlylapaliedprobes for| 2 targeitiper assav)-des are 5' -ternminal ly nodifi ed
by a plurality of, chel ator, noieties. .The jndividual. chelate upits are
sUbsequent |y 17 PIASEES ReFsest (7 PR abelEt et AR IE TR sy eimbenpabsk (1 i on, or
a precisely adjsastmitnations efdabelofor lapeling of Bnding partaens t4m ewsed. InEhdision fon case of >
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single — labeled binding partners. Using for example 3 different labels 7 combinations of

labels are possible by which also 7 different analytes can be detected. An in-situ-
hybridization method using a similar principle is described by T. Ried et al., Proc. Natl.
Acad. Sci USA, Vol. 89, pp. 1388 — 1392 (1992). A similar method for determination of
7 different Human Papilloma Virus types in a sample using PCR and a subsequent

25  probe hybridization assay are described by Samiotaki et al., Analytical Biochemistry Vol.
253, p. 156 — 161 (1997). For this purpose, oligonucleotides are 5’-terminally modified
by a plurality of chelator moieties. The individual chelate units are subsequently filled
with either one and the same sort of rare earth ion, or a precisely adjusted mixture of up
to 3 rare earth ions. Thus, in case of > 1 sort of ion being fixed by complexation,

30 multiple fluorescent rare earth chelates (“dye mixtures”) are coupled to one and the
same probe molecule. Such probes are not easy to synthesise, and poorly applicable (if

at all) in homogeneous amplification/detection formats.

There are a number of other technological approaches to combinatorial labelling.
Ballard et al. (US 5,759,781), Speicher et al. (Nat. Genetics 12,368-375 (1996)) and Ried



at all) in honogeneous anplification/detection formats. There are a nunber
of other technological approaches to conbinatorial |abelling. 16&gbruant2Qoo
al. (US 5,759, 781), Speicher et al. (Nat. Genetics 12,368-375 (1996)) and
Ri ed 16 February 2006 WD 03/ 020967 PCT/ EP02/ 09496 4 et al. (PNAS
89, 1388-1392 (1992)) have devel oped assay formats, in which each specific
probe is known by its |abelling signature, as all copies of a given probe
carry | or r¥Wee02e%%tinct fluorophors in a conbinatori aPCVERORPHHE Label Iing
i s done by means of nick translationd, which is |ess precise in terns of
nunber of |abels incorporated per probe 5 nolecule than chemcal
ol i gonucl eoti de synthesis, i.e. the nethods doesn't lend itself well to
accurately analysing discrete distributions. Therefore an expert woul d not
use such prokesd. (PNASBSE 18881382 {1492)hipve dévelapad@ssaydethais sy wibisipech spedific not i n
honbgeneous |i £ i : - . I ri bed by
Tong et al. (%apgt%e Hsé#lg?}ékﬁﬁs&%g@g%gmt%ggs _7%851%%%)@?%%?53& ﬁga}\[}?s c;arqxgor?ignci pally
di fferent desidisting faoreprss B cappinptertitishion Labeding isflpae biymeans efic| ed
5' -term nal pefanPdtRBE wiith &Qesh Precivd ih Fermpafa@mbertflabeld incqrpaaied pdryprébd] ust ed
nunber i nterspersed..  The .oli.gon | i e | | fil er: e |last dye
or spacer tsovvan‘r?o S ul?hé?‘ " c%&n@arl]!gjlgg%?ﬁ%%%ﬁ?{ @g&?ﬁe.%%ée%oﬁ?%ﬁgﬁ I%I?fl?gfent pr obe
types as with “BHId aseufately apglysing discrgis disksibytions Hherafasparpgpertiwenld notase
el ect r ophor et isGchPabélieb inf icleR Beld hraplificRfonadiidds, iefeEiflyinbyind®magdnkous The 15 | atter
affects the fl uo:irﬁ%gen%egli gnature of the particular probe. Probes are
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excited at a B8 °%vef’ength, and the recorded signal is resolved by the

position in thg.capitd @FRT prebes abscARBY PaAmIaMNE:. BiotN e 9,956-bie conpl ete
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as a consequencd- Spuspthete safRixEeyt ditfszent prohe tHpes & Hb&g?ré}ﬁé conifFagur ati on or
- consti t uti orfunctidings thedsefor dertrophdétivanabiitp and foeresonande ntersiteastweiThene | abel
per bi ndi ngy pafepafeciBlefablekentiBRltireI0HR pﬂhéﬁggﬁv&%@&s arodfcfledtat i ple
| abel ed bi ndi ng partners re t her . demandi ng ﬁ nd _c_ostno%% |£]§%ynt hesi s
and steric hi fABFCRY BT nddbiieeorded 8pE Bars RGO BT 4R t he
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normalised signals per se, nor dynamically along the reaction coordinate, no “same
sequence / different label” oligonucleotide design, and no signal generation as a

consequence of a biochemical reaction altering probe configuration or ~ constitution.

The labeling of binding partners with more than one label per binding partner molecule
bears some disadvantages. Such multiple labeled binding partners are rather demanding

25  (and costly) in synthesis and steric hindering of the labels can occur which might
decrease the efficiency of the binding of the binding partner to ist analyte or the
detection of the attached labels. Also interactions between the labels attached to the
binding partner might occur, which could lead to wrong results. This could be relevant
for example when using optical labels. It is certainly of especial importance when

30  conducting homogeneous detection methods using fluorescence energy transfer labels
as for example used in TagMan assays (US 5210015, EP 0543942).

Therefore, it is an object of the present invention to improve the methods for
determination of multiple analytes avoiding all or a part of the disadvantages of the

known methods.



for exanple when using optical labels. It is certainly of especial
i nportance when 30 conducting hormpgeneous detection met hods udfhgbruary 2006
fl'uorescence energy transfer labels as for exanple used in TagMan assays
(US 5210015, EP 0543942). Therefore, it is an object of the present
invention to inprove the nethods for determ nation of multiple anal ytes
avoiding all or a part of the disadvantages of the known nethods. 16
February 208 S99/ 020967 5 PCT/ EP02[ 09496 Summary of THEHVENti on The
mai n aspect of the present invention is related to a nethod for
determ nation of multiple analytes using | ess |abels than anal ytes
determ ned. This is achieved by |abelling the whole ensenble of specific
probe nol ecul es for sonme targets with a particular dye 5 each, while for
ot her t ar get sSwommayyaf thedifventips ensenbl e of specific probes is labelled with a
iven dye, while another .part of the ensenble is |lahelled with g different
gy e (same s elqr B‘é?i‘&‘é ajpegfi °1f$’§ PERT IR &) relbtff}'ﬁ?él '%e&ol%%%rs‘ie%ﬁm‘&atﬁ?rﬁafu re).
Pref erably by npétifleomalywgusidgdesolgessebansanglgios detarmined Thisds achiewt by lahelling
anpl i ficati onyaSaaksnlehdle B4RAR HrobmblERIePfor so}gMS%:get?@ftK? b ihe resul ting
I,
datre

signal for all kind of relevant noi se, and ing t si.gqnal from
different Pab& ‘G}Hle§°rr°§feé?aéﬂ‘ﬂfén?j€féf9ff}§re§§§f“£g CH%‘E‘F&EE@%I%d %he

di stribution givepdyecdsleenbthdrgmabf thodnsentileis labelledwithuh differetadynbhmelet ect or.  For
thi s purpose I i f 1 LS f determ ni ng
ffﬁqgﬁ&% Pgﬁ@g&rﬁabgl olf ﬁ-pﬁleéud@f 8 alRGehre) meeﬁsﬁgg gé?-fomﬁ-@

3 anal ytes on ent detectable | abels are ssary.. A first

| abel is attabh@geenepus (Plutigr-phaspdragmsamphiirtingsnrs(fe ""Fagfpletbdéy st anal yte.
15 A second | abel), icsrearidg atetiesdlting signab foe alliindofirelévaty rpse tanéhorgatidng the for the
-second anal.yte.: A i f i i ndi ecific for the
third analai)(/)t e%ﬂ%ﬁggﬁiéﬁ%g%\gg%t&al%%%#sewzgs’gﬁ%g&g%gﬁdeg%%ﬁgé t;ﬁég the first and
second bi ndi ndisgiutipreipresesed sigaal collsgied inarpplH ichanmelidgiscton Fordhis pr@Pitg part ner
is coupl ed W tcbmbifgtionk bRibelsakaked. | N case of three analytes preferably one
hal f of the third binding partner is |abeled this way. Another 20 part of
the third bi ndongapple when detesmining analyteonliero differsniretegislle labelireh woul d be in
case of threeeanalyyA Btk eftahidtoh it biadms pirtagr Padiflc fof thé fet dnlilyfed bi ndi ng
partner. Ther foredlg ch tbihn i(n e:.%acrlgﬁﬁfn sg)rf%ir;‘icclﬁftgrr 'gpgcg d%nallﬁélte cont ai ns
a first |abel 2oF-Rdlaleisaiarhsd i = ecpast Qinding BEeL specfifor e srsonsaPE¥Sr nol ecul es
each | abel ed kPt labehing of thathird bipding pstnef wecifiy for thethird khatige thebamie kind dur  anal ysi s
for resol vi ng 145k bi Hab Been EQPUA tSthD BREMQE oS BRdhg SHeEYs afeiutdd. One

amount of the third binding partner is coupled with the first label. In case of three
analytes preferably one half of the third binding partner is labeled this way. Another
20  part of the third binding partner is coupled to the second label, which would be in case

of three analytes preferably the remaining half of the third binding partner. Therefore
each binding partner specific for this analyte contains a first label or a second label. This
results in binding partner molecules each labeled with only one label, preferably
enabling multi-colour analysis for resolving multiplex results based on signal generation
25  which is derived from a biochemical reaction and thus provides means for kinetic
response recording, while maintaining simple probe designs and state-of-the art
instrumentation for detection. In contrast thereto probes are described in the literature
that have bound multiple labels to one probe molecule (Samiotaki, M. et al., Analytical
Biochemistry 253, 156 — 161 (1997)). Such probes are more difficult to synthesize

30  compared with the binding partners according to the present invention.

Different detection efficiencies which may occur for the different labels attached to the
third binding partner, can be compensated for in 2 ways. In case a first label has a
higher signal output compared to a second label, one can adjust this difference either

chemically by mixing the third bindiﬂg partner coupled to the first label with the third
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Proc. Natl. Adsuknc@uepass flugropb&es andgomhiogiony Oﬁ/ﬂupmmh@aﬂhkebblsm%ra‘tcjr exanple in

homogeneous dgherbdQByassasu anlaeprbb%ﬁam@@ant@épmdﬁbq19679%%Matl on of
| ow concentra ed(g cl eic, ac anal Xs&% 15 1t I%g?hﬁé' e no that al so an

i ncreased nunBeFeHPT SRRPLILL iRy ’rﬁ‘é’ét °éven nor e

| abel s whi ch daﬂnmtlgmqﬂdomeqilc‘mhrateﬂeuéamldmylyfas shown for the two | abels.
When usi n t hree els up to seven agnal ytes be determ ned Using four
different abletwéouga)m%éﬂyﬁ%}fw%a@é Iyt er&fé'ga?%edw bedetermagdgsiAgul ar as

wel | as in dutree or tvweh plorclaliels whivt cauidpmpinediattiee seneayna shovmSor thé twappl i ed

si ngul ar or 'BbeWhef?QmEEtHéElaQ@ssuf%Qs&%%ﬂg%fn egmmp@u%ﬁgm&ageous froma

racti cal poi Vi ew) tes can De differentiates
\F/)\/I th a set pof enentlabels ¢ even 15 ana ytes can be detected if apphed smgular as well asin dual,

triplicate and quadruplicate combinations. If applied singular or in dual combinations
20  only (which might be advantageous from a practical point of view), up to 10 different
analytes can be differentiates with a set of 4 labels.

Therefore the present invention is related to a method for the determination of at least 3

analytes comprising the steps:

a) Providing a mixture of a sample containing said at least 3 analytes or
25 suspected of containing one or more of said analytes and at least 3
different binding partners under conditions allowing the specific binding

of said binding partners to said analytes, wherein

- a first of said at least 3 binding partners is specific for a first of said at

least 3 analytes and is coupled to a first label,

30 - a second of said at least 3 binding partners is specific for a second of
said atleast 3 analytes and is coupled to a second label, which label is
separately detectable from the label coupled to said first binding partner,

and



25 Therefore the present invention is related to a nethod for the

determ nation of at |east 3 analytes conprising the steps: a§65l’rbc§%rﬂ?ﬂ%6a
m xture of a sanple containing said at |east 3 analytes or suspected of
contai ning one or nore of said analytes and at |east 3 different binding
partners under conditions allow ng the specific binding of said binding
partners to said analytes, wherein - a first of said at |east 3 binding
partners i sWaBEIPGc for a first of said at |east 3 arfdTRPEX#4d i s coupl ed
to a first label, 30 - a second of sald at |east 3 bindi ng partners is
specific for a second of said at |east 3 analytes and is coupled to a
second | abel, which label is separately detectable fromthe | abel coupled
to said first binding partner, and 16 February 2006 c\ép 0%182 967 7

PCT/ EP02/ 09496 5 10b) cJ thirdpfsaid stleasip binding paptngraspeqificors oy ﬁg‘aﬁéﬁ ners
specific for a third ofeasg3iadalgtts wHemshgi fi3t avahydfesid Wielbéilinggpaftnerdd anount of
said third binding partner i I t pled to said
first binding partner §%‘%le§t§g€§%ﬂa3%ﬁﬁ _u%{aqgga?%s%?l?&cﬁgoﬁﬁagr%égaart ner is
coupl ed to the sanme | alsepnd gaounkef said dhirddbindinghepgeriasorpled togheramaiadelf i r st
amount of gaid third biage fgoREbiAdigy partheri@ll coupl ed to the same |abel as
coupled to the second bi.ndi artner, .and.sai d _second.anp f said third
bi ndi ng partner is not saé%grpsngnacplin%o{]sﬁlg ﬂ’slrrezllﬁbén Hégopeafmgés %Oéﬁoquegtto Ehgsatnllﬁee first

bi ndi ng partner, Det ectdbelgs rovpleditqythaecond:bindingHagtgeriand paichsetopd amgpntsaj d fir st
and second | abel, Det epia tiFd biAGing Patniét BRoRLESEND, thelamlabl 82d¥RpIed USi Ng sai d
signal intensities detected jn,ste bl). Preferred anal ytes are nucleic acid
anal yt es whi ch can be é%ﬁ?ésmthlggmﬁggﬁ‘ﬁ’sequence specific probes. Such

‘nucleic aci@d anal y{es ¢Rp. G0 HaAlRhdidd flichieli&isad ant i stehagoane

c) Determining the analytes present in said sample using said signal

intensities detected in step b).

Preferred analytes are nucleic acid analytes which can be determined using sequence
specific probes. Such nucleic acid analytes can also be amplified nucleic acids using one

15  of several nucleic acid amplification method known in the art, like LCR (U.S. Patent
Nos. 5,185,243, 5,679,524 and 5,573,907; EP 0 320 308 Bl; WO 90/01069; WO 89/12696;
and WO 89/09835), cycling probe technology (U.S. Patent Nos. 5,011,769, 5,403,711,
5,660,988, and 4,876,187, and PCT published applications WO 95/05480, WO 95/1416,
and WO 95/00667), Invader TM technology (U.S. Patent Nos. 5,846,717; 5,614, 402;

20 5,719,028; 5,541,311; and 5,843,669), Q-Beta replicase technology (U.S. Patent No.
4,786,600) , NASBA (U.S. Patent No. 5,409,818; EP-0 329 822), TMA (U.S. Patent Nos.
5,399,491, 5,888,779, 5,705,365, 5,710,029), SDA (U.S. Patent Nos. 5, 455,166 and
5,130,238) and PCR (US-A-4,683,202), whereas the PCR method is most preferred.

The invention is also related to a composition of matter comprising
25 - a first binding partner specific for a first analyte coupled to a first label,

- a second binding partner specific for a second analyte coupled to a second
label, which label is separately detectable from the label coupled to said first
binding partner, and

- a third binding partner specific for a third analyte whereby a first amount of

30 - said third binding partner is coupled to the same label as coupled to said first
binding partner and a second amount of said third binding partner is coupled to
the same label as the second binding partner and

said first amount of said third binding partner is not coupled to the same label as



15 of several nucleic acid anplification nmethod known in the art, lik

(U.S. Patent Nos. 5,185,243, 5,679,524 and 5,573,907; EP 0O 3E@F§EW§Q¢6C\'7\D
90/ 01069; WD 89/12696; and WO 89/09835), cycling probe technology (U.S.
Patent Nos. 5,011,769, 5,403,711, 5,660,988, and 4,876,187, and PCT

publ i shed applications WO 95/05480, WO 95/1416, and WD 95/00667), | nvader
TM technology (U. S. Patent Nos. 5,846, 717; 5,614,402; 20 5,719, 028;

5,541, 311; MOP3M0813, 669), Q Beta replicase technol ogy W@?Z/‘%&Gent No.
4,786,600) , NASBA (U.S. Patent No. 5% 409, 818; EP-0 329 822), TMA (U.S.
Patent Nos. 5,399,491, 5,888,779, 5,705,365, 5,710,029), SDA (U.S. Patent
Nos. 5, 455,166 and 5, 130,238) and PCR (US- A-4, 683,202), whereas the PCR
nmet hod i s nost prefer .. The inveption is als el.at t @ a .composition of
matter conprising %pfe&‘g? e ?e§?nd&lrhdq| éﬁf’o%ra %sea%&)sgéoengimf"lggmfo gsraldat'&fﬂlgrfst anal yte
coupl ed to a fi rstbindipgbartner ig natecouplef toithebameylabr pg qouplediodld fritbinding a second
anal yte coupl ed topgmsecond |abel, which label is separately detectable
fromthe | abel coupled to said first binding partner, and - a third binding
part ner speci fang it§ @ fét thehdetetminmdh\of & leakrakiredanalited ioSdamplepunt of 30 sai d
third binding partner is coupled to the sanme | abel as coupled to said first
bi ndi ng pard nefurtBdthor thciaantominpalindd tokitssfant ditetrhinattbnloif mdéastgthrpaaniyes. | s coupl ed
to the sane | abel as the second binding partner and said first anmount of
sai d third bi riiehdesgriptionef the drapisigs coupl ed to the sane | abel as 16 February
2006 WO 03/020967 8 PCT/ EP02/ 09496 coupled to the second bindi ng partner and
sai d second anb&rdtshesrs apepsible fats procepiingdrhirge derah aupmated mpltirke arabited t o t he sane

| abel as coupl gdrhiRaddR@sshy fisdlg i eHrBflati AMAHORS des@BEd. ISbSalsb3Rarh R 2.1 NE
;determ nation of at least three analytes in a sanple. 5 Furthernore the

invention is rpdtileddestptiontos tHeivestidner mi nati on of at |east three anal ytes.
Brief description of the drawings Fig. 1 shows a possible data grocessi ng
schene for l&n 4nsveraccendingip thepresend inyenion aregaaldesrifhich o be detesmipedey ng t he

det er m nat i on WRLiROASyHeSFh iDeE art. 30ese AlePoef@ N PntdoRents IPedndilds @ descri ption
of the invention,10..Anal.ytes. accor di to t.he pr ni .inventi re anal ytes
whi ch can be dré’?décraﬁﬁl lﬁneogu%)?r o%fr%%f?o Cagag%l A lﬁ’n%vanar%?‘ﬁartyhlggr 5%93 Qﬁ)gg}é are
preferably conemperanss sa¢h as antigerss arftihpdies, cells or nucleic acids. Such assays can be used

for example for determination of infectious agents like bacteria e.g. chlamydia, neisseria
15 and mycobacteria and viruses like HBV, HCV and HIV. Depending on the aim of an

assay one can determine the amount of an analyte present in a sample as well as the

configuration of an analyte, for example a nucleic acid analyte can be analysed for its

allelic form or whether a patient carries a mutated form.

A sample according to the present invention contains the analyte to be determined.

20  With regard to medical diagnostics samples derived from human or animal are
preferred, e.g. whole blood, tissue sections, urine, sputum, serum, plasma, buffy coat
and smears can be used. Depending on the analyte and the sample it might be necessary
to pre-process the sample in order to allow determination of the analyte, for example
for most samples nucleic acids need to be extracted in a first step. Such pre-processed

25  samples are also samples according to the present invention.

According to the present invention at least three analytes are determined. This could be
for example a pattern of infectious agents in a patient, like the viruses HIV, HBV and
HCV, which have to be tested for each blood sample in blood banks. Another example
could be the determination of the histocompatibility locus antigene pattern, which

30 consists of several loci and distinct allelic forms.

The analytes are bound by specific binding partners. Depending on the analyte one has

to choose specific binding partners. Analytes having antigenic properties can be bound



medi cal dignostics or other biological analytics, i.e. in particularly

i ngredi ents of body conponents such as antigens, antibodies, 16 Epbraary2006
nucl ei ¢ acids. Such assays can be used for exanple for det ermi nation of

i nfectious agents |ike bacteria e.g. chlanydia, neisseria 15 and
nycobacteria and viruses |ike HBV, HCV and H V. Depending on the aimof an
assay one can determ ne the anount of an analyte present in a sanple as well
as the confiogapabizon of an anal yte, for exanpl e a nuclRGTEPEPHOanal yte can
be analysed for its allelic formor Whether a patient carries a nutated
form A sanple according to the present invention contains the analyte to be
determned. 20 Wth regard to nedical diagnostics sanples derived from
human or animal are preferred, e,g. whole blood, tissue sections, urine,
sput um ser umbysing fscifipantipgdiesontibodisein & supnlecan be deermined 4y uiegsBadi ng on t he
anal yte and t hgecsRAptig@ni 4s bmdgigtpahﬁernmasaae ycid dralyprsBoyM BeR&sminkdoseanpl e in

tar e & ads e AnTHBRA PR fhed Mo ANRLVD Guarl B PR S ppeaﬁ{ﬁr@ét sanpl es

nucl ei ¢ adds need’ to be- ex seguetn I'rs ocessed 25
sanpl es are al&lahgémiféélrd@tg@m#lﬁﬁgsﬁbétffttheef&m%frﬁvgﬁfn\kéh@ prgnowadadhedi ng t o

the presents i n¥eRhicPMight allFR kel 86 dabdedl hRthoas. € determ ned. This could be
for exanple a pattern of infectious agents in a patient, |like the viruses

H VvV, HBV and A\eionkidahaljtaisasially broughe stedailable ferachy mbqwdlg:ﬂ&rvp\gmah n bl ood
banks. Anot herg, @xaui Sne &f@wl&as hﬁ%ﬁ@rﬁ@&&ﬁﬂ%&%a&aﬂgé cHahig JRpigt oconpat i bi ity

| ocus anti gene ttern sists of several | oc di stinct
allelic forms. l%ﬂ’é‘e)ah‘?f“%é%‘ﬁ‘é?}@n &H“Watgrﬁé@?e?‘f’él tpingl: né"a& ers.
Dependi ng on tphgsiélogitay grewingeorditions,uee af Haagents geoirdpicsabs asrd-nzyglepéfo:t ners.

~Anal yt es hgd’ﬂ']%@%g&gegée %H[S;yﬁﬁr&wr}’e%r £ B RO RS e}%ﬂﬁ%}{e% 2006 VO

03/ 020967 usi ng specific antlb Antibodies in a
sanpl e can be WEReicEasRITYAEs Whichgreab] %0 bapsbuckeic acid Hedeg RseifiaOngitipfh ng
partners. |f aSuithtd¢ girticldahdipratvadlyire dstribed th WO sdal &n ahdwid @rey29ican use a
nucl ei ¢ aci d sequence being conplenentary to the analyte as speC|f|c pr obe.

Further speci fitts impertniig chesse saqtiop eonslitioat whiclopromete e specific bindipgrof the| ectin are

knO}Nn in the 5buacﬁﬁg pa\fdﬂaetbdﬂgmyteabvﬁﬁh bpwyarf s#eﬂﬁ&ﬁlﬁdﬂ?&ﬁf pleR@GcsiRt hods. A
nucl ei ¢ ac t.e.i intqQ ava Qr rocessi ng
the origi n%ﬁd ?erflmlzeﬁ't on varglg%armersqﬂmclfea %ﬁeae e sm}s{’eg for exanpl e
change of pH (ompkeﬂnitsd@)imgr%mmﬁgaseddg@gr%mé ﬁarnbégdwa%lmﬁ@mrae
(freezi ng/ t hawuighle préfdadigRe Rfownhiethe pRYSi 0l ogi cal growi ng conditions, use of
detergents, chaotropic salts or enzynes (for

A specific nucleic acid binding partner, also called probe, for determination of a nucleic

acid analyte or an amplified nucleic acid analyte preferably is an oligonucleotide, but

20  also analogues having for example a peptide-backbone instead of the natural phosphate-
sugar backbone (PNA, WO 92/20702) can be used. In order to allow a specific binding
of the probe to the analyte the probes are preferably longer than 10 nucleotides, even
more preferred have a length of 10 to 40 nucleotides. It is further required that the

~ probe is sufficiently complementary to the analyte sequence. Therefore probes are

25  preferably at least 80 % complementary, more preferred are at least 90 %
complementary. In the most preferred case the probes are fully complementary to the
analyte. The exact determination of complementarity and homology can be determined
by using computer programs such as FastA (Pearson and Lipman, Proc. Natl. Acad. Sci.
USA Vol. 85, pp. 2444 — 2448 (88)).

30  Depending on the initial concentration of a nucleic acid analyte it might be necessary to
amplify the analyte in order to allow its determination. For this purpose several
amplification methods are known in the art (as referenced above). Especially when
using primer based amplification methods a specific amplification of a nucleic acid

analyte is possible. In combination with a probe binding assay an increased specificity of



10 exanpl e proteases or |ipases), alone or in conbination. Fo anmpl e
can usgp nagnetic gl ass paPticIés whi ch are able to bind nucl ﬁeéggﬁagﬁger
specific conditions. Suitable particles and protocols are described in WO
96/ 41811 and WD 01137291. It is inportant to choose reaction conditions

whi ch pronote the specific binding of the binding partners to the anal ytes
which allows that the specific binding conplexes occur 15 but minimze the
bi ndi ng of whesf®di ng partners to unrel ated reaction éﬁﬁmgﬁWBf@ conponent s
| eadi ng to an increased background sﬂ&nal. Such reaction conditions and

sui tabl e protocols. are known in the art. A specific nucleic acid binding
partner, also called probe, for determ nation of a nucleic acid analyte or

an anplified nucleic acid anal yt referably.is i gonucl eat i de, but 20
al so anal ogueé® Ffé‘i)’icﬁ’g“?‘lﬂ’edgﬁégﬁ%‘ﬁ@ af)"e]ﬁ’t"lwaé‘{tﬁé&rﬁ’g%ﬁ]gé#’g"g‘fcg‘é‘ﬁﬁg'?ell he natural
phosphat e- sugtimetacédiare alldPhe dANOLOR 420 ABRYte. Adno stoh nurtlends canrbeor der to al | ow

a specific bi ndiidg .Qbcdt38 HlePRSert Bvidionanal yte the probes are preferably
| onger than 1 nuc?eotl s, even nore preferred have a length of 10 to 40

nucl eoti des. Iatpriner héebiditprto R GEsdn® thvédih iddifoledale@iyble Sf isditfgfektendudtok Y
conplenentary ta.ihe an te se nce. Jh f re 2 referably at
| east 80 %gcor%q%g{?% H_’t'egerras{l%ﬁfoe P@’?%%’J’E?Oé? Il)'rgf. raggi'gy g% &Yfg‘é{%? %Sfﬁgwgta%cg ﬁg‘f enentary.
In the nost prateicosigingwla hybridijsd theaucsicaci timpfate dhshasipekEk y to the
anal yte. The exafololdp! efthélaible@blyRbraSco IR T BRAAS bl T PG hAFDNGY can be
det er m ned b%’ férsn'%g con?ért e({/ Fro rans .such as .Fast A gl?e rson nd Li pman,
Proc. Natl. APSHmesssare prejeyeq,fhese gdend primes by sdding monoggleotideiniisliom, i g on
the initial comnedssoxmtibgmciopsidetriphedpbites tathed-QRaleynigaliend ofisgih pritpersnecessary to
canplify the anglk ¥eulildhgl M8 bask SeqédcO¥f a gridned BlREMAINF theQBquirk®épetiféisy PUr pose
sever al anpllfhfatlo met hods gr kgomn i.n th ar% ﬁa%ﬂgﬁger nc above) .
Especi al |y wh@hthe gepifisation sgsfon hrekred ppmeslengthsifonpe argﬁ%‘i ic
anpl i fication tof0, mostpcdfera fmoi I to dhbdsytoataimngrobwiilssgdectddfraporbi nation with a
8% ?ggog% gdl1 gg S?C&T?%)gé&?%ééQﬁ&/@ﬁﬁﬁféie%@@%aﬁdg%&%m@xfs. I%%erl%%@fu‘i’ﬁ&y?%gges WO y

n_as can achi eved. so met hods are known
o Che art 1 Hecetaeseo Raion Btk PRRRE Rt ootk 5P §8F PEBC A B ¢ he
det ecti on 16f dor azphifisatien, fol esonpesetiensing BAR oczamplifing mudtiplé faegdt meleer di ng to t he

present i nventyi@hin ofe RAIR! prefe@y Hoifets b uBeB%th%éﬁBihybH&i%&Bie% oter,a Mol ecul e
capabl e of bei ng ext ended o

preferably by P54l P&g'émr ?h‘?aB?m?e:ﬁé’!Pzg’(?EJtE{ng{C%Hslexut‘%c"%lpymrg%a}y e

bases.
Labels are generally known to those skilled in the art as being a group which is

20  detectable or can be made detectable for determination the presence of an analyte. Well-
known labels are fluorescent labels, like fluoresceine and lanthanide chelates, electro-
chemiluminescent labels, like ruthenium complexes, or moieties that can be recognized
by another molecular entity, like haptens which can be recognized by an antibody raised
against this hapten or moieties that can be immobilized, like biotin which can be bound

25  for example to stréptavidin coated solid phases, like beads or tubes. Most preferred
labels especially with regard to homogenous formats are chromophores. Such
chromophores can be used alone or in combination with another chromophore or for

example with a non-fluorescent quencher.

In case homogeneous detection formats are used, especially for determination of nucleic
30  acid analytes several formats are known in the art. Method like the TagMan assay (US
Nos. 5,210,015 and 5,487,972) and the kissing probe- assay are based on fluorescent
energy transfer of fluorescent dyes (FET, Styer and Haughland Proc, Natl. Acad. Sci.
USA Vol. 98, pp. 719- (67)). When brought in close proximity with each other a first

fluorophor can interact with a second fluophor or a non-fluorescent quencher. For



caryotic origin, when hybridized to a nucleic acid tenpl ate. usi CR
met hodol ogy t hernost abl e pol ynerases |ike T. aquaticus or T. wg%wgﬁﬁ

DNA- pol ynerase are preferred. These extend prinmers by addi ng nononucl eoti de
units from nonodesoxyri bonucl eosi detri phosphates to the 3'-O4term nal end
of said priners. 10 The overall length and base sequence of a primer is
dictated by the required specificity of the anplification reaction.
Preferred pwonmmeodeengt hs for performng PCR are from 1FCTEB2A npst
preferred from 15 to 30 base contai nilhg subunits, selected from
nmononudeot i des and/ or nucleic acid anal og nononers. In general priners of
that length are also useful for other anplification nethods. If nore than
one prinmer is used 15 for anplification, for exanple when _using PCR or

anpl i fyi ng nukxamplesthe slegiromagnetic gmission prgebratipnaleacitationeefia st dvprese@t 4 v pri mer s
are used whi cBarGiadutekestyatd iflia ZRoiDflR2G Eenbdya Dependiggraubefotde ysedonaot cont ai n
any stretch of re th 5.cansecut . o | . bel s are
general ly knoWit To™¢ nggetgﬁgla Fcé??%fl%h%fﬁgmla{?n cgg?e g%?ﬁéorgﬁgnﬁgiepor'z i'th is 20
det ect abl e or creasingightraeissionof the sespdilomscegiedye pyd mepnifeihe iyesenseeSahce of an
anal yte. V&l | apdRoWanbalagbs otfleoréstdn0aRs eath chitReb&, fol thi Buipbsspirescei ne and

| ant hani de chel ates,, el eﬁt I Q5 chefn' Lculrg nes E’E‘tf IbFabfl_z){Pﬁg(%ske ru heni um

conpl exes, or ASTHPTREArt FERles AT SR AE T PLRE PR Rtecti® entity,
| i ke hapt ens Wansfar g Peisemethincgdadicarbobyaniad Ce torhivkd withi 6sGatboxaieriresst t hi s
hapten or moi e gspAfagt can be immobilized, Iike biotin which can be bound
25 for exanple to streptavidin coated solid phases, |ike beads or tubes.
Most pr ef er r edabd iahkis sorgexpmednah bignalgdnkratigmtity, witchio mngindustedar thet s ar e

chromophorgs. el ofﬁn@ﬁa&é@?ﬂ@gﬁ@n.ﬁﬁﬁl\ﬁ%ﬁﬁg§me ﬁdn?«fkgne%s fofin At OLREBEY, T ON Wi th

anot her chronophore or exan{g e. N a non- _8r escent quencher. In case
honogeneous d@RELA BProFigpmesage usph which get g Fraenangewithrearh ot i on of
nucl eic 30 aatedetrad inlthse methedsak a fiagleddetiar dgnkindifroupghntwohiistiactt . Met hod | i ke

the Taghan as ecx(llyss or Ié@aﬁgaleﬁwg thrQaﬁorﬁ&darginéé\Zﬁi,gtgg}) f]p?tlrl}gn Lshﬁe l§15§1§ ing probe-

assay are based on fl uorescent energ%/ trans ) rescent “dyes (FET,
Styer and Haudibelalngdpitige, thewgim labehpas 4o beguyderstood jhat it gould algg meppthatmmere (67)) .
When brouglst itian@hekbel pioteculervt ddistinttlabebicdouplet @ra bindingrpattnerfnlolseilephor can
interact with a second fluophor or a non-fluorescent quencher. For 16
February 2006 DAPrrdSysenilrdabels psqdditfermodotgouoigvete papied formrasugingefthonagnet i ¢
em ssion or Visghad dfeRabbeRXBeibabthers) effecidlyflubihetérs bko WRRE QR fobythis

purpose. Fluorescent labelling is most advantageous in conjunction with homogeneous
PCR, as no chemical trigger reagent has to be added for signal generation, in contrast to

20  enzymatic or chemiluminescent labelling techniques. This allows for a closed tube
procedure, the most effective way to avoid cross-contamination with amplified material.
When determining multiple label signals it is important that the signals are
distinguishable from each other. In order to avoid such cross-talk it is preferred when
using optical labels that each label has a different emission and/ or extinction-

25  spectrum. Although when using most of the commercially available labels in multiple
analyte detection assay at least some cross-talk cannot be avoided. When determining
only a few analytes this cross-talk can be compensated by processing the measured
signals with computer programs or using more expensive spectral fluorimeters instead
of filter based fluorimeters. With regard to homogenous formats especially when using

30 fluorescence energy transfer-based methods the need of additional chromophores even
increases the possibilities of interferences. Therefore in reality the number of suitable

labels which can be used together in a multiple assay is limited.

According to the present invention at least one of the biilding partners used is coupled
with a combination of detectable labels, whereby each of these binding partner



can induce resonance in a second fluorescent dye. Depending on the format
used one can for exanple detect a decreasing |light em ssion offt Edpeudry 2606
fluorescent dye or an in- creasing light em ssion of the second fl uorescent
dye as a nmean for the presence of an 5 anal yte. Conbinations of fluorescent
dyes, which can be used for this purpose, are known in the art. Exanples
are classical dyes suitable for Forster-type Resonance Energy Transfer |ike
Pent anmet hi n-wadadisgar bocyani n (Cy5) conbi ned with 6- CarbDEBResOs €S- cein
(6-FAM . Label in this context neans & signal generating entity, which is
actually detected in the 10 method of the present invention. Wth regard to
t he honbgeneous forrmats described, pairs of fluorochronmes are used, which
get into resonance with each other and which are detected in these nethods
as a singl e deidetleois caiptpdad onlpbietategiblé Miel.dh sdritrag iprobepds desatitd by f or exarrpl e

two. {1 UOr 0CNY QR PLE (INRLNELh b IP e AL il ATpO B AOH 220 bS] -

addition, the er st oo n that
more 15 than @hternispker pligoaeddogdefDye t@if@ﬁ’i’%&f{lltﬂqﬁ@ldeﬁeﬁa@%?ﬂlséﬂuﬂ61 a bi ndi ng

partner nol ecub ﬂ)esarﬂﬁﬁ@ﬁ@h&ﬂ:uﬁhéﬂibﬁof@we&n&?o@ﬂregiﬁlé Rb&y1§ veaeRigicdddr s have to
be used for5 ?wg @ E al s otf thcg abee s. Besi de ot hers,

especi al |y | 06t P aléses%ngq(}]’oﬁgéﬁ ¥R BTEE hur pose. Fl uor escent
labelling is nﬂ%fmeal@umw}aﬁgmk &ANLARLA & bMLR R ABRGRRRRHSfa’CR  as no

chem cal trigger reagent or sig ener t| on, I n contrast

to 20 enzynat irgfed d’h‘é’FPF‘I‘tfﬁ?ﬂ’&%*d‘éﬁﬁmﬂ’&l’féf‘?lf‘ﬁ@ss’tyé&&ﬂed tblepiGaal | ows for a
cl osed tube predesigeeflalidve nost effective way to avoid cross contam nati on

with anplified material. Wien determining nultiple |abel signals it is

i nport ant thatBthq@eagmgﬁ&lnmpr@flabﬁlsechw@Hmﬂ@lwm@aewdéqrh@cptlc In order to

?vglfl f] uchyec {j Q?y}?lsis@b&dé&anﬂ%ls@&@ﬁﬁf AQELOMIBR fltetTafed ﬂggtm&ak cah@@eieil t Eat ﬁa\m
ape as a dal ere S1.0on. a or ex |nct|on ctr t oug en
LSt ng Moot of PR GO RS A e BT EPPH A T LA

det ecti on assdymaeneaadormatmehicr as sfaustandiog mmptrtaine with oégaeldo cwmcrcdlet erm ni ng
only a few analih&sic hidlys ded B A TinRlel SAMiRRIE HRGAS Aletha RNl sREESSI Ng the
nmeasured signal's with 'conputer prograns or using nore expensive spectral
fluorimeters |As§1t1dixachd abévef thiet Bbelh@sadihed indifférere t@tilsinatdhi dan begapiddt o

honogenous, { or. rre h g deggrf% i b s@ﬁﬁ? bfﬁgfgg ?arﬁgrs allbkﬁﬁ%ﬁlg gﬁ%rﬁt & EDation

transf er - base e nee I .onal es even I Nncreases
t he possi bil i tof 8% dgereptanalytes Lis ssgisualipereip dredable hewwrlééff“?qs@rtph’énﬁiﬁﬁﬁer of
sui tabl e | abehslytahichimnebdaribgondsedlart apgiedl redt as paricof AtidtbdtqrloptimBedty is |inmted.

According to th uthﬁess?rgg onié%ﬂEdla? t@&ableﬁlﬁ%f TR%Q%&?%?@%&J‘%&%H{ tners used

is coupled Wit I nat of these
bi ndi ng part nege @gn‘pgmn@épgn eygpall three channels, being normalized either chem1cally or

20  mathematically. Considered is the case that of the analytes P1 to P7 only one at a time

would be present in a sample. The labeling of the different binding partners are: type P1

—Labell (signal in channel 1, P2 ~Label 2 (signal in channel 2), P3 ~label 3(signal in

channel 3), P4 — half amount label 1, half amount label 2, P5 - half amount label 1, half

amount label 3, P6 - half amount label 2, half amount label 3 and P7 — 1/3 amount label
25 1,1/3 amount labgl 2, 1/3 amount label 3.

30



WO 03/ 020967 PCT/ EPO2/ 09496 12 nolecules is coupled to only one detectable

| abel . In contrast probes as described by Saniotaki et al (ad6febrmpnrid
above) are labeled with nmultiple |labels (e.g. 10-20 coupled 5'-term nal per
ol i gonucl eotide). Due to the proximty of the detectable |abels coupled to

t he sanme probe nolecule the risk of interference between the |abels is very
high and 5 not all types of |abels especially fluorescent dyes can be used.
The net hods weoesnesng to the present invention can be uB€HERRHM8et er m nati on
of an increased nunber of analytes it a nmultiple analyte assay and are
conpatible wth a broad range of |abels. By decreasing the nunber of |abels
necessary in a multiplex assay the need for exotic 10 |labels is avoided and
al so cheaper detectors like filter based fluorineters can be used instead
of spectral fluorineters Wi are much maEFxpensivey This further allows
for honogeneous formats, |which afe of -outstanding inportance with regard to
commercial diagnostic ass tofthe[Timted contamni nation risks and
fewer handling steps. As i ] above, three|l abel s{conbined in different
conbi nati ons can be coupl g h up to sevenidifferent specific binding
partners allow ng the dist ermnatlion oft six diffferent anal ytes.
This is visualized in the 2l ow. P|st #fds |for Parjaneter anal yt e,
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3(signal in channel 3), P4 - half | abel
hal f anount |abel 1, half | an®Bunt || al3al B® - jhal3® anount | abel 2, half
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anount | abel 3. 30 16 February 2006 WO 03/ 020967 13 PCT/ EP02/ 09496

ParaneterChanqﬁL

anount] 1, halff anount | abel 2, P5 -
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sig'nza? can be only measured in one channel a clear indication for the presence of
one of the analytes of parameter 1, 2 or 3 is given (see table). If signals occur in two
channels in a 50: 50 ratio there is a strong indication for an analyte of parameter 4, 5 or
6 as indicated in the table. A signal ratio of 33:33:33 would indicate that a P7 analyte is
present in the sample. However this reflects an idealized situation. Real signals may
deviate and often need to be normalized in order to compensate for example different

detection efficiencies of the labels, background- and cross talk-signals.

The different labels coupled to the binding partners should not change the binding
10 efficiency of a binding partner, which might also be adjustable by varying the ratios of
binding partner bound to the first label: binding partner bound to the second label. Also

different detection efficiencies can be adjusted by this way.

A 50: 50 signal ratio might also occur in case of the presence of two analytes. However

this would probably be extremely rare, since their occurrence would depend on either a
15  1:1 co-infection in terms of number of starting molecules and identical extraction /
amplification / detection efficiencies yielding a 50:50 signal distribution into 2 channels,
or on different numbers of starting molecules in conjunction with extraction /
amplification / detection efficiencies that precisely counter-balance the differences in
titer and again yield a 50:50 distribution. Thus, co-infections of 2 parameters indicated
20  bysingle labeled probe, respectively, e.g. P1 and P2, should result in an uneven

distribution of >>50: <<50: 0 or <<50: >>50: 0 and so be distinguishable from e.g. P4



P1100 P2100 P3100 P45050 P55050 P65050 P7333333 If a signal can be on
nmeasured in one channel a dear indication for the presence of 1 63%5 %ﬁ@
anal ytes of parameter 1, 2 or 3 is given (see table). If signals occur in
two channels in a 50: 50 ratio there is a strong indication for an anal yte
of parameter 4, 5 or 5 6 as indicated in the table. A signal ratio of
33:33:33 would indicate that a P7 analyte is present in the sanple. However
this refl ectwoanonseal i zed situation. Real signals may FEEFPRO¥%nd often
need to be normalized in order to comptnsate for exanple different

detection efficiencies of the | abels, background- and cross tal k-signals.
The different | abels coupled to the binding partners should not change the
bi nding 10 efficiency of a binding partner, which mght also be adjustable
by varying t hejna@itedisy @feveddistdbution pASC: 5020. Hmwendd sich réshies doiidalso Hatved :  bi ndi ng
partner bound O%tar}?%é%gqmctedamgotwo%ﬁgfor%frrflp?% NLa@gt ection efficiencies

can be adjuste m ght al so occur in case

of the presenCﬁloqaer&mrtﬁ&aie&kﬁétheﬁwmﬁb &Blre'*‘sul‘fﬁklhgoﬁlbﬁl%ﬁms)h be extremely
rare, since their occ;urrence \ADFFL‘P%’&]&B elt er a 15 1:1 co-infection

in terms of nulERTERonqfthemessr shle P gesmREe AP ERRIR f B |
anplificati®n thathiinels bicoringfif woi e moredayieblad bageazly 36igb@l teoge@issitde st ri but i on
into 2 channel Salysd Jlsu%htfahﬁmg &y 1{119?& ﬁrﬁedmex%gl@&'mgdmrp{mulcﬁ&uh@

conjunction with'’extra cati.on tection efficienc)es that
preci sely counf@#ﬂoﬁé}l%&’:@w?cﬁ@ Hthr’Igé‘?ré]PFcré%‘a‘P’ﬁ‘o pessibleanalyig dislgiaptiony MBIy a 50: 50
di stribution. mBysepresentiiffhe irme Sudfa sequpdtiabiiethéed S vérpelioaahkd a?®allows Si ngl e

| abel ed probe, . r ect | | n uneven
distribution of thSe 1neag§%1¥ct 8131895(11?%%&89 ngéw%gg’% glarﬁgtgh%l@& %gw shabl e
frome.g. P2 1@@@%@@@@9@@@@9&6@ gyercond npospg iy zrgmplogmpligiecat ed by an
even distri but mm@afssa5%th 265duéd nlieBer vt inaltks (foF Wisied in&mﬁﬁwigdolﬁbﬁ@lamf— i ved

from sanpl es co-i,n

t age for X P4 Ln order to
further decreaS® bt1 grpadtl?ercf’ mRies OHU%UQEEC ﬁﬂflez) ﬁur eméosfesfe en P‘?C(l)erlcs in

acid analytes and amplified nucleic acid analytes one could for example determme the

melting curve of the analyte-probe hybridization complexes or of the amplified nucleic
15  acid, which allows distinguishing the different analytes and coming to an unambiguous

result.

Also kits for determination of at least three analytes are subject of the present invention.

Such kits containing in one or more containers
- a first binding partner specific for a first analyte coupled to a first label,

20 - a second binding partner specific for a second analyte coupled to a second
label, which label is separately detectable from the label coupled to said first

binding partner, and

- a third binding partner specific for a third analyte, whereby a first amount of
said third binding partner is coupled to the same label as coupled to said first
25 binding partner and a second amount of said third binding partner coupled to
the same label as said second binding partner and
said first amount of said third binding partner is not coupled to the same label as
coupled to the second binding partner and said second amount of said third
binding partner is not coupled to the same label as coupled to the first binding
30 partner.

In addition such kits can also contain means for specific binding of the binding partners
to their analytes, which may include buffers, blocking reagents and other reaction

components known in the art. Kits for determination of nucleic acid analytes may also



interpretation of the nmeasured signals it is possible to arrange the
parameters in a way 5 that signals occurring in two or nore chdifebelarg2®0the
clearly assigned to one possible analyte distribution in the sanple as
explained in exanple 1. In addition one can run an additional assay
especially testing for the remai ni ng possi ble analyte distributions which
may be present in the sanple. Such a sequential nethod is very econom cal as
it allows twoadeRewsmn ne a distinct anal yte distributi onPCHEPRO2496anpl es in a
first run, whereas 10 anbi guous sanpl & can be re-evaluated in a second run
using for exanple a nultiple analyte assay with a reduced nunber of

anal ytes (for which an unanbi guous one | abel - one binding partner

combi nation should be possible). Furthernore regarding nucleic acid

anal ytes and aem{ames&tom&h nen@folr qua@@Acwt ﬁﬁ;heaao&ﬁa@dhgdsfaeaesamapl e determne
the nelting %P %f th %&ﬁ %Hﬁg£robe di zat.i on cong xes or of the
anplified nucl -4 §6Fa(‘ft‘° f Py §°[ﬁ°ﬁijlﬂasﬁ’?yﬁ§”tsﬁ ™Hf er ent

anal ytes and umﬁanﬁdmmkmmhmmmhﬂgupmsasresult Al'so kits for determ nation
of at least three analytes are subject of the present invention. Such kits
cont ai ni ng |n'Hﬁﬁ“%ﬂ“ﬁﬂ?@mébﬁ%ﬁmﬁw%éb¥ﬂ§ﬂﬁbW§¥eﬁ@ﬁ%?ng partner specific for
a first analyte coupled to a first |abel, 20 - a second bindi ng partner
specific for a second anal yte coupled to a second |abel, which | abel is
separately detectable fromthe | abel coupled to said first binding partner,
and - a third binding partner specific for a third anal yte, whereby a first
anmount of said third binding partner is coupled to the sane | abel as
coupled to said first 25 binding partner and a second anount of said third
‘binding partner coupled to the sanme | abel as said second bindi ng partner
and said first anmount of said third binding partner is not coupled to the
sane | abel as coupled to the second binding partner and said second anobunt
of said third binding partner is not coupled to the sane | abel as coupl ed
to the first binding 30 partner. In addition such kits can also contain
means for specific binding of the binding partners to their analytes, which
may i nclude buffers, blocking reagents and other reaction conponents known
inthe art. Kits for determ nation of nucleic acid analytes nay al so 16
February 2006 WO 03/ 020967 PCT/ EP02/ 09496 15 contain reaction conponents
for nucleic acid anplification nethods as descri bed



above. A PCR reaction kit could for exanple also contain a polynerase,
buffers, nucleotide triphosphates and/ or priners. The preseﬂ@fkhv%#M3Q9§ IS
exénplified by the foll owi ng exanpl es: 16 February 2006 WO 03/ 020967 16

PCT/ EP02/ 09496 Exanpl es Exanple 1 Multi-col or analysis according to the
present invention can be done using the Roche Cobas Tagman anplification/
detection technol ogy and 5' - nucl ease assay technology 5 (EP 0543942 and US
5210015) buiwepangossh "cl assi cal " quorochrone conpounds PEHBPOZMAE sj cal "
resonance energy transfer principles. A Roche Cobas Tagnman instrunment is
equi pped with up to 4 filter pairs (see al so EP 0953379, EP 0953837, US
6134000 and US 6084669). A putative indicator set could consist of 4
reporters and preferentially 1 or 2, optionally non-fluorescent, quenchers.
Candi dat e COﬁﬁﬁHﬂQ&sthat span the spectral 10 range set by the Cobas Tagnan

detector, i.e. ca. 420 nm- ca. 710 nm may include: - for quencher (Q
dyes vmth br oagmtamginded absor pti on range in the red, for instance
pol ynmet hi n-cyar ni ne dyes (e.g =5 i.e. 4 conjugated olefinic entities

bui I di ng the Mutiorier arelysis mertdmeég y the Bresqopigtiention caddieidopa ysinastheRoaiRe f | anks
symet ri cal | y dobaerhqbfan ampisihtidnAi@ettidh aatr@ro@;aml syﬁudl@ageatssasa&cﬁdwgy partl ci pate

In(r;nt Pfug(rjgj ﬁ#ﬁﬂ?ﬁ%ﬁ%%zﬁfgf{)&gﬁlﬁo g%l E%tyc og’%fc?’%?&ﬂvg I uor escent
mol ecul es | i ke'dgwisatirdsoranchenergy frinsfer E;sx;eﬂen 4 Rqwhe @ybas Tagrhkeinftajvhent is

chlorinat ed deeém}éﬁéd wiftup tb hesla IPaHS (seeRRo €Y @@533'@(@6%?@7 ats §19&ioB¥nd yPe
conpounds e of

. r ned .to tar ameters, one for
nonitoring | é.og‘lfég)éﬁé?aéﬂ'e 1?‘5&6‘?’?%‘1‘?%@?% tr°cf4ﬁeé’ﬂ’iter ddgf?frﬂ‘ie’bt&ﬁléla’fes i ncl ude:
good chem cal optiainlly nby-fliigrescait,gukncheb. ahdidatacvdnp@hisds thatt spas ¢helspacehl as
i ngredientg | r}a@%&%‘}méto'&%%ﬁmédeteﬂo@b'eE‘ca\’iﬁ@ﬂm LXPesed, he iRdRdent | ght

during synthesis, pufificatio kit manufacture; stable when exposed to
mul tipl e heatiJfgr duefdhet (T dgss @it Srdaé-bandet absofplipn rangdERse red) fdriistadd  spect r al

over| ap and ef 610N ARG Bt A0ST:o1 DebYRER: SORLEARANTLNB,FR. esonance 25

pairs; high exti’nction coe sorptivit espeC|aIIy for
reporters hi ghoesgugsif SFRFSHedIof rl}oﬁafa’&@é‘i&‘?tl‘é"é riths fagks %{WH‘eFHal%th@eﬁ) ® range
enpl oyed for TagBReR& hetérSeyBlyc Mbfetles thaPparticipate in the conjugated mesomeric m-e*

15  )-system, both preferentially as non-fluorescent nitrophenyl-derivatives

- for reporter (R) dyes fluorescent molecules like coumarine dyes, fluorescein-type dyes
like FAM or chlorinated derivatives, rhodamin-type dyes, oxazines or bodipy-type
compounds. Three of these would be assigned to target parameters, one for monitoring
IC.

20  General requirements pertinent to candidate dyes include: good chemical stability in
stock solution and also at use level as ingredients in mastermix reagents; stable when
exposed to ambient light during synthesis, purification and kit manufacture; stable
when exposed to multiple heating /cooling cycles (e.g. n = 60) in PCR; sufficient
spectral overlap and efficient energy transfer between corresponding RQ resonance

25  pairs; high extinction coefficients (i.e. absorptivity); and especially for reporters high
quantum yield in aquous solutions and in the pH range employed for Tagman-PCR
(e.g. pH 7-8,5).

The new concept allows the measuring of the distribution of crosstalk- and
background-corrected normalized signals of 3 reporter dyes and dual combinations

30  thereofacross the corresponding 3 optical channels of Cobas Tagman instead of having
a fixed assignment of a particular dye, representing a particular assay parameter, and a

corresponding channel. The principle would provide for a complete resolution (via



The new concept allows the neasuring of the distribution of crosstalk agd
background-corrected normalized signals of 3 reporter dyes and6 ggbuary 200
conbi nations 30 thereof across the corresponding 3 optical channels of Cobas
Taqman i nstead of having a fixed assignnment of a particul ar dye,
representing a particular assay paraneter, and a correspondi ng channel. The
principle would provide for a conplete resolution (via 16 February 2006 WO
03/ 020967 1WweGhedP02/ 09496 reporter R, R2, R3, R1+2, PRUER20RHE+3) of a
positive result obtained with a 6- palaneter-nultiplex assay, the maxi num
conplexity taken into consideration. Theoretically, in cases of

singl e-l abel use, 100% of the respective processed signal is found in a

gi ven channel ; in cases of dual |abel use, processed signals would be 5

di stributed eygply RGROSS, ﬁlmnresmgib oSl YeRlt Sblar@devith Y -

Di scrimnation of 05|L\5 PX (a%atl ve ooI eﬁ-&g at| ons%sdg | d be done based
on an optini i’é’amﬁ LS ) fakgnpto st %I es (ct val ues,
I. e the poi ntThQ&euJa 1r{c§§e§}af 1eq9&rlgle ﬁﬁ?ﬁ%oftﬂ@%ﬁﬁcﬁ@? Jcéswgﬁﬁ%nt si gnal

intensity rises significant ove round 1 eve sensi ng the slope
profile of siderd 1’6?/%‘?’“’(9%‘" i cpees 0 dl‘el ke ‘HF’tRf‘?CGﬁﬁeddfgnﬁlhEOWPFd of infection
(assay par amretd@kribuked-evdailynadrasd 2 @adetpoading chuhelsdbovg+ 50).ect abl e product) coul d
be done via anal ysis of channel-specific contributions to the total area
under the si giRifctiminmation of Rositive /Alegdtive prolst(donatiens) enulid bedongimbédoadnpl at eau

signal int en%pﬁaﬁize&' ﬂ%rﬁhxb?orrll@tefrhﬁmog%%Js&ﬁ@%l%@(c%tfe@k@-ttﬂe(yamft gh criteria
i ke these whigch

, ndator tor ualltat assays as
needed for bl %e(feécgf”éé‘?ﬂrﬁ ate’i‘%‘er cﬁ‘éetﬁ“f’ra‘fffle’ét signa] Y 1954 Yﬁg?verml tiplex
;assay coul d cdagkgicsied teba), ﬁ@blh@the slgpq:yrofbee;f s1g(1@quttem:duem R- reporter and Nl=
‘one of the four nucleotldes) ar anet er pr.o e RI1-(
Ni ) h- 3" - PO# + Rssolibionqf he kind of 1“%")‘?“ a“i%aYH?B!PeteS‘frr}ﬂd Oéaethogm’m g reaction nix
20 25 par amet eleteztable prodie) could' be Qorfeldia)analiRls-of C}Nn)xﬁ-sﬁecrﬁe%tnﬂlﬂoﬁbﬂo tihie 100 |

reaction mx R@tralaaqatu%ﬁer‘?ﬂle sléhﬁlﬂﬂﬁ urés %\%d )to 520;&% plégmé appmol /100
| reaction mXx par anet er - i) &
intensity. There is no ﬁrm dose response correlat1on for criteria l1ke ese which,

however, is not mandatory for qualitative assays as needed for blood screening.

15 A suitable 6-parameter (P1 to P6) multiplex assay could comprise the following probes
(Q= quencher, R=reporter and N;= one of the four nucleotides):

parameter 1 - probe = 5'-Q-(Nj)g-R1-( Nj)p-3'-PO4 + 5'-Q-(Nj)g-R2-( Nj)p-3'-POy
5 pmol each / 100 pl reaction mix
20
parameter 2 - probe = 5'-Q-(Nj)y-R1-( Ni)p-3'-POy
10pmol / 100 pl reaction mix

parameter 3 - probe = 5'-Q-(Nj).-R2-( Nj)¢-3'-PO,
25 10pmol / 100 pl reaction mix

parameter 4 - probe = 5'-Q-(Nj)e-R3-( Nj)¢3'-POy
10pmol / 100 pl reaction mix

30 parameter 5 - probe =5"-Q-(N;)x-R1-( Nj)-3'-POy + 5'-Q-(N;}x-R3-( Np)-3'-PO,
5 pmol each / 100 pl reaction mix

parameter 6 - probe = 5'-Q-~(N;)p-R2-( Nj)p~3'-PO4 + 5'-Q-(N;)n-R3-( Nj)m-3'-PO,
5 pmol each / 100 pl reaction mix
35
In other words:

in cases 2 - 4, ca. 1*6 " molecules of uniformly labelled probe (same oligonucleotide /

same reporter) would be introduced into PCR per parameter;



1012mol / 100 | reaction mx 30 paraneter 5 - probe =5 -Q(N)k-R -(N
)i-3'-P04 + 5 -Q (N, )k-R3-( Ni)1-3' -PO4 5 nnol each / 100 | A8 Febmary 2004
paraneter 6 - probe = 5 -Q(N;), R-( N)m3 -P¥ + 5 -Q(N,), R3-( N)m
3'-P04 5 pnol each / 100 | reaction mx 35 In other words: in cases 2 - 4,
ca. 1*6 12 nol ecules of uniformy | abelled probe (sanme oligonucleotide /
sane reporter) would be introduced into PCR per paraneter; 16 February 2006
WD 03/ 02096 WerGRe@P02/ 09496 18 in cases 1, 5 and 6, agBfHERVYOM 6 12

mol ecul es of | abel ed probe would be iHtroduced into PCR per paraneter, ca.1l
* 6 12 nolecules with one sort of tag, and W6 12 nolecules wth the other
sort of tag (sane oligonucleotide / different reporters), which would be
consuned statistically balanced; 5 in all case, 10 pnol of

par anet er - spegi £& 109 208, y@ﬂlcd1b@12m¢1@swfabeléaqgasedwcfmmBehﬂrcrduséﬁlﬁ)tt) anbi guous
results, and f ﬁUSI n rt @iua ‘éonbl nati ons

only, one may? é’ﬁbpa?ﬁ'éette aﬁ%l’&ggodgdfcgjsgﬁ%léoﬁ?ﬂ ?85‘2\%?/ 518 CERtrenely rare
in the case ofwithdhd qthesrt oftag (simeligemaketidsr differeds partes) byhidiweglddel abel ed

probe, reSpethbﬁ/sﬁthst?hsﬁcalll(:’@al&hcgﬁl + P4 g R3. The probability of either a 1:1
co 10 infection in ternms of numbér of starting nol ecul es and identi cal

extractions/ i4Pdaief i0Cphdl @Ppararil@drapicifioprabl woald ®aavadsble/i el di ng a 50: 50 si gnal
distribution into 2 channels, or of different nunbers of starting nol ecul es
i n conj unct i orRegardihg the risloeftambigugus resrts: arfdi foousing on the et af singudan labkls imd enci es

that precisel BﬁuQQHﬂBﬁﬁuJﬂ@Bﬂ?Qﬁe Imla?alglheftﬁﬁE&B@@&s'r&ultstwauﬂcﬁpr@l&@ly%@a' n yl eld a
50:50 distribution, is.c

u
distribution &FEgaeEaren 8’(&&38%8&00“%?%25( %I)Z%‘}g"gfg)‘%“?e & %}F gg%ieedgul t (case
1), and so b@rdﬂe&hﬂpﬂ@ﬂblﬁ,h@b]’ﬁdkmm@@gﬁ Plte protRbiR8y dfraﬁihaauadoby an even
g,: it L:’ le)gt 1) 1rcljfﬁc§1|on iy ernixs o?jnumb% of sta(rtlrgérg'xblgﬁrﬁfeg Xndzidpn%caggﬁrac nglngatpgd' béj_]é:gl
shoul d al ways ab’@h@ml@mhieted%@ afierienrigyvigldieg as30:50 pign élﬁtnbllmlun@ 2chenmmelsl s (e. g.

ca. 50: 25 ! ZBof SfFRALARbE:s epgtamygtm&é&ulés iapdjhddieaiviteBtlactibgzect i on 20

eficiencies assu d net er resented by 1
reporter and t3 Fgctah%? F% C %&éqegﬁlﬁs&ﬁf Pf)eplsefl’é%)gnﬁf %H’Cﬁﬁ'@ dff%renfeé Hal
di stribution ititeendagstrareiid 5;50disgthutiog CO@Sﬂe(eé@sélgiblYI low. Thus, an uneven

15  distribution of >(>)50 : <(<)50 : 0 or <(<)50 : >(>)50 : 0 would result (case I), and so

be distinguishable from e.g. P5 <> R1R3 indicated by an even distribution of 50 : 0 : 50.

Co-infection by 2 parameters indicated by 1:1 mixtures of 2 dual labeled probes (case
II), e.g. P1 < R1R2 and P5 <> R1R3, should always be evident due to signal distribution

into 3 channels (e.g. ca. 50 : 25 : 25, comparable extraction / amplification / detection

20  eficiencies assumed).

Co-infection by 2 parameters, one represented by 1 reporter and the other by two,
should be recognized due to signal distribution into 3 channels, = 33 : 33 : 33 (case III,
e.g. R1IR2 + R3), or yield a 75 : 25 : 0 pattern (case IV, e.g. R1IR2 + R1), again

assuming comparable extraction / amplification / detection efficiencies. For case II and
25  1II, the common feature would that there is no optical channel related to target with
essentially “zero signal”. In other words, the “zero+x” threshold to discriminate against
“true zero” will be important. In case IV, probably the most critical one, resolution does
depend on the overall efficiency of the assay, which determines whether the resulting
distribution is substanbtially different from a 50 : 50 situation, or not. Most probably,
30  additional mathematical criteria have to be taken into view in oder to resolve
ambiguities, especially of the latter kind. Advantageously, real-time Tagman-P CR offers

such “helper arithmetics”. This topic is dealt with below in some more detail.
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will be inportant. In case IV, probably the nost critical one resolution
does depenWani/028€ overal | effici enclé of the assay, whPCHERSEP4¥ni nes

whet her the resulting distribution is substanbtially different froma 50:
50 situation, or not. Myst probably, 30 additional mathematical criteria
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anbiguity, i.e event na bution_ occuring from
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HIV-1- M HI V- §5101 N2 -0 6% -2 HRW aimsly AV o0t s 83lohel | ows: P1 g HIV-1-M
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low 10 P3 HV-2 . R2 low P4 a HCV q R3 hlgh P5 g HBY q Rl /R3 high P6 HAV
g R2 / R3 nmedipym 15 | Cyfvntmr nak cormr/(RIZ) Aﬁ@hﬁ&gsngﬂf ethyghr easons and
especially with regard to a comer ci_al assa one can al so add an internal
“control, whicR2for~exafpYd-Pray 2 déect ed bQCtsCtlﬁPéf@é‘e%uﬂP"éd to a fourth
| abel (R4) 2%3Her¢@> carynfectign ofgyHIV-1-0 and HI V-2 shqy,d be very
unl i kel vy, 1bot being very rare and geographically well separated (which,
however, nay &hange ovEICVt he .yetirs) R3and the overall resdiigh would be "HV
positive" even.in case such an u cted event. On the.other hand,
co-infecti ons%of V- 1- fvand H(% riﬁl)’%-% and HCV shoul d nclﬁ?1

P6 & HAV = R2/R3 medium

15  IC (internal control) <> R4.

For safety reasons and especially with regard to a commercial assay one can also add an
internal control, which for example may be detected by a probe coupled to a fourth
label (R4).

20  Here, co-infection of HIV-1-O and HIV-2 should be very unlikely, both being very rare
and geographically well separated (which, however, may change over the years), and the

overall result would be "HIV positive" even in case of such an unexpected event.

On the other hand, co-infections of HIV-1-O and HCV or HIV-2 and HCV should not
result in an even distribution of 50 : 0 : 50 or 0 : 50 : 50, given the current amplification
25  efficiencies (low for HIV-1-O and HIV-2), and not be mistaken for HBV or HAV single
infections, respectively. Thus it is possible to use a standard four channel fluorimeter for
conducting a six-parameter assay including an internal control being separately detected,

which is for example used in 2 Roche Cobas TagMan-instrument.

Thus, this concept for complete resolution of a 6 parameter multiplex assay in terms of
30  assay parameter would necessitate moderate additional efforts compared to the present

chemical system and instrument platform. Likewise, the requirements in terms of a
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Wth regard to an assay protocol for automated test devices |like the Roche
Cobas TagMinm i dglorativet the mestirtliable@uipnoritsion scireoferitesia gi sewaasdiodBw (see al so

Figure 1). 20 ThegyaakdeaRhdtoh ¥t @k vm\%ero@ai@@leat%n%&eﬂs, ald\RuiRg bnci pal data
collecting and data {)r oces chene of an autonated assay could be as

fol | ows: data coPfERitHHH"E °é‘?e&“sér?@e°&?§r"&lu?fean (= instrunent noise) DM

:: ; Z:gz ggﬂg 25developmen ogg slofftgvar(e algontlhmtforC a%l;’ﬂl;'s?scc;[f Idl%ﬁlbugocl} ot corrected( t)) bD

normalized signals into 3 target channels that incorporates all the parameters

15 mentioned above

Example 2

With regard to an assay protocol for automated test devices like the Roche Cobas

TagMan™ instrument a suitable process scheme is given below (see also Figure 1).

20  The availability of new reagents given, the principal data collecting and data processing

scheme of an automated assay could be as follows:

- data collection: status:
1. dark mean (= instrument noise) DM already done
25 2. dark drift (= drift correction factor as f{(t)) DD already done
3. cross-talk and preset correction factors XT already done
4. signal output normalization factors for reporters NFg; additional
(= preset factors to correct for quantum yield,
micro-environmental effects, spectral sensitivity, ...)
30 5. background intensity (= chemical noise, BG already done
accumulated from for all probes contained in the mix)
6. measured total signal over time TFI already done

35  Preferablyall steps are done separately for the optical channels 1, 2, 3, and 4 on the
Cobas Tagman- instrument.



3. cross-talk and preset correction factors XT already done 4. signal

out put normalization factors for reporters NFa; additional (36Fekgagy 2006
factors to correct for quantumyield, mcro-environnental effects, spectral
sensitivity, ...) 30 5. background intensity (= chem cal noise, BG already
done accunulated fromfor all probes contained in the mx) 6. neasured
total signal over tine TFlI already done 35 Preferably all steps are done
separ at el y #werosptees7opti cal channels 1, 2, 3, and 4 on tMEERIHEWAY Taqgnan-
instrument. 16 February 2006 WO 031020967 21 PCT/ EP02/ 09496 - data
processing: 5 1) for each channel, and as a signal-over-tine graph, {TFIfg -
{ (DM* DDf(t)) + 13GF } * XT * NFR, = NFl is caluclated, i.e.
channel - specific normalized corrected fluorescence intensities 10 2) if
channels 1, 2, 3 correspond to reporter dyes, and channel 4 to |IC dye, then
NFI 4 = 100% 1 C response intensity 15 NFI 1+2+3 = 100% target response
intensity, 3)-wdhtaprdcsssing be anal yzed in terns of distribution across these
channels, i.e. x %in channel 1, y %in channel 2, and z %in channel 3. 20
The resul t 5 nglxfogsel chdnsd,rhdesta sgnalmysbamegraphe t hen conpared to the

pre-cal culated val ues given above, and the identity of the pathogen

detected is déEileed PMPPHe + BO it Nep= BEL is palpdatdds ithannel - speci fic gain
and correspondj ng.re ter S I auxili.ary. factors. 25 Thus, in other
wor ds, t h%asg}éﬂ’?g‘?lgpﬁ%’g{‘ n83?3%%ﬁ%§%)ré§‘t%sq“ﬁfe?c %Cﬁé%fr}ginﬁs target titre (i.e. it is
still a qual biat }{x?elssl?é,%ecﬂh&go ap%ort)!ﬂ&k@&dﬁ&h&n@ﬂﬁ’o@@gyerﬁ&v't as

appropriate e.g. tor screenin plications in bl ood banks), but with
respect to si gFgl= VU%RCTesPdnsPREAsTBE € - Specific probes at a given
concentration (to identify the cause for the positive result of a nultiplex
anpl i fi catlison)NFL, 20 =T108% targetuesgomsek inemsiph e anal ysi s coul d proceed as indicated

in Figure 1. To conprehend the logic of this processing algorithm let's
consider the & H@Fl}l?l‘. analyzed in terms of distribution across these channels, i.e.’x % in
Cl

annel 1;y % In channel 2, and z % in channel 3.
20  The resulting signal distribution numbers are then compared to the pre-calculated
values given above, and the identity of the pathogen detected is deduced from the
correlation of optical channel-specific gain and corresponding reporter dyes, plus

auxiliary factors.

25  Thus, in other words, the assay is not calibrated with respect to target titre (i.e. it is still
a qualitative screening assay, yielding a pos/neg result as appropriate e.g. for screening
applications in blood banks), but with respect to signal output of parameter-specific
probes at a given concentration (to identify the cause for the positive result of a

multiplex amplification).
30  Theindividual sample analysis could proceed as indicated in Figure 1.

To comprehend the logic of this processing algorithm, let’s consider the underlying

assay principles.

In 5'-nuclease technology (Tagman-PCR, the preferred embodiment for the invention
set forth here) amplification and detection reactions, respectively, are closely

35 interwoven. To this end, detection probes with 2 particular chemical modification are
added to the PCR mastermix. One of these modifications is a fluorogenic reporter
group (R, for instance a derivative of 6-carboxy-fluorescein) covalently attached to the
backbone of the probe, the other one is a dye (for instance a polymethine-cyanine
derivative) capable of absorbing the fluorescent light of the reporter and to quench it

40 (quencher, Q). The quencher is typically attached to the probe backbone at the 5'-end,
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i ntensi ty;| Ak the efld GOhERALIEH sb&h 8bibYaR oler- Gitle PRl slofroi wifdvBersi gni ficantly
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different matthemati cal operatigns. For exanp|e, cut-off approaches (average
background si‘gH&ithe highepthe Prgbsnsf $41Hps ré‘ale%'@s énJé%‘ﬁgﬁbéﬁfn;‘ grartiopeel ds a

cut - of f signaimplifitaéns/idétyctiv efficisprcnvaluve gatbe vacdatarby pesistadf diffrestan be used, or
appr oaches wheng. fhe loB&ﬁio'nQ "Fopé(xarhf;l@, Rt %%aclgrg E}a%]’g efb'affkgxtoug& sigtaf On d
derivative of the s&gl%{npgl -over-ti cur,vg (r.e, the s e_}(_ayp S‘SS of slope 20
profile) is <BHEEH pd By cpmstant farfopye! wt-effa@@fweafl '@ disgsH oach is, in
contrast to tiegativefrgnabsitie) esibehgd.apppmaches whssehrtoationofitredepémdent of the
background i nje@Rsird Yr LB derivative of the signal-over-time curve (i.e. the steepness or slope

20  profile) is sensed after curve fitting. The slope profile approach is, in contrast to the

signal threshold approach, essentially independent of the background intensity level
and, thus highly attractive for multiplex assays with cumulated background frorm all

probes present in the reaction mixture.

Based on these principles, and according to the processing scheme depicted above, one
25  would employ different means to generate the primary result (i.e. positive or negative?),

and the secondary result (i.e. which kind of infection renders the sample positive?).

Compared to performing a multiplex assay with one common label, there is potential
loss in sensitivity due to dilution of signal into several optical channels and, thus,
reduced specific signal growth curves in particular channels. Therefore, in order to
30  generate the primary result, one would optionally work with composite signal-over-
time curves. By this means, the entire specific signal yield is collected into one signal-
over-time curve which then is used to determine the threshold cycle (ct) and the
principal status of the sample (pos. / neg.). Using the slope profile approach, the
addition of background intensity would not be detrimental, and one could exploit the
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intensity is siged OUH‘Iltyofé dﬁamt PTGIPFS tggadtvathdhe samea Jabgl dihexeforss Befintersity isabel , but
al so of the sthbikulyl fahctiof 3f ME Bftical features of the label, but also of the structural features

of the probe, i.e. linear or hairpin, or (more generally) by the degree of self-comple-

20  mentarity, and of the temperature during measurements which affects conformational
equilibria of secondary structures.. So, secondary structures of unhybridized probe must
be taken into view with respect to BG intensity, and auxiliary calculations have to be

based on specific fluorescence intensities, SFI, with
25 SFI = TFl( - [(DM * DD¢(y) + BG] * XT; = AFI - BG.

Specific signal, by contrast, is generated by way of 5’-nuclease activity of the polymerase
depending on essentially perfect hybridization of probe to target, i.e. linearization of the
probe oligonucleotide and, thus, essentially independent of probe structure. This

30  pertains also to the truncated probe after having been cleaved and dissociated from the
target strand due to the concomitant drop in Tm (melting temperature). Short internal
hybrids in the residual probe oligomer should not be stable at the elevated temperatures
used for annealing / elongation in PCR. After normalization, which compensates fot

differences in quantum yield or susceptibility to solvent effects, signal distribution in
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e.g. 55 : 45, rfﬁngrmrmbléze%ﬂ@@f tssitisy hoWaysh Ehe ratioR]d R wopld beggfd / 8

(0,88), i.e. greater than the normalization factor. Thus, the double bias of “greater than

expected” on both the normalized and non-normalized level, would indicate double
20  infection. What is more, the ratio R1/ R2, e.g. traced e.g. via AUC, would most

probably not be constant throughout the entire assay due to differing signal dynamics

resulting from different amplification efficiencies, which will enhance discrimination.

- If, in case of double infection, both assays have ca. equal efficiency and start from
either substantially different or ca. equal analyte titres, a 75 : 25 : 0 NFI pattern would be
25  approximated, or even exceeded, with either a R1 + R2 or a R1 + R1R2 labelling (case I
OR case IV?). Here, discrimination between a case IV and a strongly biased case I-type
co-infection may be achieved by means of absolute specific signal intensities (R1
intensity should be much lower in a case I situation) or absolute differences of channel-
specific, optionally rectified, SFI values. Results might not completely unambiguous in

30  some cases, yet.

In addition to this, composite AFI/t curves may be analysed concerning curve shape

characteristics. In case of a mono-infection, one does expect a mono-sigmoidal curve
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i nspecti on. oura , super posi t
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limted to: intensity in 2, or in 3, optical channels related to target. The
accepted range of deviations from the reference pattern can be set
by absolute numbers, % bands relative to the respective NFI

20 value, based on precision data, or a combination of these.

Auxiliary means—  analysis of NFI and SFI ratios pertinent to particular optical

channels for common bias;

analysis of NFI or SFI ratios as a function of cycle number, i.e.

dynamically along the reaction coordinate (constant or variable);

25 relationship of NFI ratios and corresponding absolute SFI values,
or absolute SFI differences between any 2 optical channels
(optionally rectified by relating to a standard dose difference),
taking into account known assay-specific overall efficiencies
(extraction / amplification / detection) for the different infectious

30 agents under inspection;
analysis of composite AFI-over-time curve shapes (if applicable)

A putative application mode for this set of criteria is illustrated in Fig. 1 + 2.



15 Basic neans - reference NFI distribution patterns, and type of deviation,
either in situations with significant signal intensity in 2, 18Fcppary 2006
optii cal ‘channels related to target. The accepted range of devi ations from
the reference pattern can be set by absolute nunbers, % bands relative to
the respective NFlI 20 val ue, based on precision data, or a conbination of
these. Auxiliary neans - analysis of NFlI and SFI ratios pertinent to
particul ar ope @967 channel s for conmon bias; 25 30 anaPYBERD2ZBHMINFI or SFI
ratios as a function of cycle nunber, 2 e. dynarri cally along the reaction
coordi nate (constant or variable); reI ationship of NFl ratios and
correspondi ng absolute SFI values, or absolute SFI differences between any
2 optical channels (optionally rectified by relating to a standard dose
difference), taking into account known assay-specific overall efficiencies
(extraction | anplification / detection) for the different infectious
agent s under wWispBaidrgiy orderab yeniorahe wmbqroscetscandtifiotl Bucldid avid constanet shapes
(i f applicabl % f iteriais
illustrated i EA&P—L @amaﬁ’t%‘ i é %ﬁ%#&gzﬁ%%é%g’g‘dgg&%%ﬁ%oz/ 09496 26
Wiat is nore, PPWC]GTVHE‘F}‘ i ep-aastehindcpampRigndariththenatural tugetaihisipteriah  nucl ei ¢
aci d const rsuctcontr@ylQ) eeatuekd exlinique ptdbe bintink G@mn}ﬁdﬁr&ﬁé@ afabgriop pka@erith( ar nour ed)

in a modified g, tstt?omrﬁ?g;et Adibife prdbls a tifefeft %&g&tgﬁﬁp&t&gu@ﬁm lel fied with

the natural tar res uni que pr obe
bi ndi ng regi oﬁ“‘#sélf’nal?ﬁra}c@"é&cﬁ é‘&‘tlf’é@n“ﬁft"b ebemeewd frgmytergetsigpdgae as th
target - speci f i€ isknoRe fo Bzypraexdlut ﬂheﬁaetpte,nemﬁctreas :g:h&hlﬂ)n‘ﬁg hdendlifsdréngui shabl e

em ssion char act ristic can.. a‘[j d fromtarget
(signal, and ad t eesP?née’ rﬁsﬁeéwe ol gﬂﬁégeecr? sidere f?eat " functions as

a nonitori{pg agent. |If there IS no IC response, the respectlve reacti on has
to be considered invalid, and repeated. 10 Additional to the
co- ext r act ed/ -saldpionilitethe caettactdchnplifiel/ ratectedintermal coptra)(JC)asideditoteackeach  and

every speci men,h eRApREAGHS B8 Probdssel (1. ORI uMBKNAVAS aBdaR¥hEING controls or

calibrators) and indicated by R4, external positive controls will be part of the assay.
These are ,knowns“ which must be found positive, as opposed to ,unknowns®, and may

15  bedesigned as mixed control samples that give rise to signal in all target related optical
channels. Combined with the IC, utility of the entire optical system would be monitored
then in addition to the functionality of the complete extraction/amplification/detection
process. For nucleic acid-based screening applications in blood banks, for instance, a
highly sensitive, yet qualitative assay is required to identify each and every positive

20 donation, as far as technically feasible. Therefore, titres of external postitive controls

would be set in the lower range of concentration

Example 3

Based on the parameter list given in example 1 the signal distribution shown below is
25  analyzed. For each of the 6 parameters under inspection, there is a reference pattern of
signal distribution across the 3 optical channels assigned to target detection. Each

reference pattern is complemented by a concomitant accepted range, for instance

30



calibrators) and indicated by R4, external positive controls will be part of
the assay. These are "known" which nust be found positive, ad0&ppyad000
to,, unkhowns", and nay 15 be designed as nmi xed control sanples that give
rise to signal in all target related optical channels. Conbined with the
IC, utility of the entire optical systemwould be nonitored then in
addition to the functionality of the conplete

extracti on/ awnpisiofaeézat i on/ det ecti on process. For nucl ei RCTANHMMYsed
screening applications in blood banks? for instance, a highly sensitive,
yet qualitative assay is required to identify each and every positive 20
donation, as far as technically feasible. Therefore, titres of external
postitive controls would be set in the | ower range of concentration Exanple
3 Based on the panamgjer ¢ gi g in exanple 1 the signal distribution
shown bel ow i 2ty Zeg T or—eactt of the 6 paraneters under inspection,
there is a refe (B of §£gnal distribution across the 3 optica
channel s assig ar ge etection. Each reference patternis

conpl emented b

corjcom t accgpted range, for instance 30 16 February
2006 WO 03/ 020

_?o (]

|

PCT/ EFD2/ 094 Ch1Ch2Ch3 P150500 P210000 P301000 P4
. 00100 P550050 5051 NFI T eferepte pattern Chi Ch2 Ch3 Pi 10 10 9,17 P210
1,67 6,25 P37,0 0 7,92 P 2, 17 1767 10 P510 4,17 10 P65,83 10 10

NFI reference pattern

Ch1 Ch2 Ch3
P1 10 10 9,17
P2 10 1,67 6,25
P3 7,08 10 7,92
P4 417 1,67 10
P5 10 4,17 10
P6 5,83 10 10

Putative 10% / 20% off-set bands pertinent to 100% and 50% mean values, and 5 X

multiples of near zero values, which translates into the following accepted ranges for the

reference pattern

Ch1 Ch2 Ch3
P1 | 40-60 40-60 0-9
P2 | 90-100 0-2 0-6
P3 07 90100 0-8
P4 04 0-2° 90-100
P5 | 40-60 0-8 40-60
P6 0-8 40-60  40-60

5 Accepted ranges of deviation may be calculated, for example, as percent values (%),

absolute numbers, multiples of simple standard deviation, or combinations thereof,

For each sample (parameter) the signal distribution in Channel 1 (reporter R1),

Channel 2 (reporter R2) and Channel 3 (reporter R3) is given by 6 parallel simulated

data sets based on 6-fold determinations each, as shown on the table (right side). On the
10 left side the subsequent steps for evaluating the signal data are shown.

15



Putative 10%/ 20% of f-set bands pertinent to 100% and 50% nean val ues, and
5 X multiples of near zero values, which translates into the lp&ePBianmp0o
accepted ranges for the reference pattern Chl1Ch2Ch3 P140-6040-600-9

P290- 1000- 20- 6 P30- 790- 1000- 8 P40-40-290-100 P540-600- 840- 60 P60- 840-6040- 60
5 Accepted ranges of deviation maybe cal cul ated, for exanple, as percent
values (%, absolute nunbers, multiples of sinple standard deviation, or
conbi nat i onswob¥resst . For each sanple (paraneter) the ECHEMROU¥OSt ri buti on
in Channel 1 (reporter RI), Channel # (reporter R2) and Channel 3 (reporter
R3) is given by 6 parallel sinmulated data sets based on 6-fold

determ nati ons each, as shown on the table (right side). On the 10 | eft side

t he subsequent steps for eval uating the signal
February 2006 WO 03/020967 PCT/ EP02/ 09496 28 Sinul ated

data are shown. 15 16

di stributionSi nul at oF o Ch3Chi Ch2Ch 319t Blated data-set:
P149, 3348, 831, 83P15 ( 49483100g§g?¥é%§7 Bglpgg 7521100
P40, 830, 3398, 8350444100548 178700 1748493100 P 1 ,39 , 500100
nmean val ues (ar Phrjet i 2 1483 c Bﬁg toF“efeﬁ%ncéspat9ern?00
devi at ed97, 502, B20q 999490 cnhP3F2cn310880100 Pi 5, 436, 485 179622990
P3 1,42 97,00 1,58 47 52 1 100
P4 0,83 0,33 98,83 50 46 4 100
P5 48,17 1,67 50,17 48 49 3 100
P6 1,17 50,33 48,50 50 50 0 100
mean values {arithmetic) P2 98 0 2 100
According to reference pattern, deviated 97,5 0 2,5 100
99 0 1 100
Ch1 Ch2 Ch3 100 O 0 100
P1 5,25 6,12 5,17 96 2 2 100
P2 4,69 2,45 3,25 100 O 0 100
P3 2,75 5,02 3,34 P3 1 96 3 100
P4 3,51 1,55 4,81 2 96 2 100
PS5 7,92 6,75 7,92 2 97 1 100
P6 3,51 6,48 7,29 1 99 0 100
threefold standard deviation 0 99 0 100
according to reference pattern, deviated 25 95 2,5 100
. P4 0 0 100 100
Ch1 Ch2 Ch3 0 0 100 100
P1 50 50 0 3 1 96 100
P2 100 0 0 1 0 99 100
P3 0 100 0 0 0 100 100
P4 0 0 100 1 1 98 100
P5 50 0 50 P5 46 6 48 100
P6 0 50 50 50 1 49 100
NFi reference pattern 45 0 55 100
52 0 48 100
49 1 50 100
Ch1 Ch2 Ch3 47 2 51 100
P1 10,00 10,00 9,17 P6 0 50 50 100
P2 10,00 1,67 6,25 1 49 50 100
P3 7,08 10,00 7,92 1 53 46 100
P4 417 1,67 10,00 2 47 51 100
P5 10,00 8,33 10,00 3 52 45 100
P6 7,50 10,00 10,00 0 51 49 100

10% i 20%-off-set bands pertinent to 100% and 50%-mean
values, and factor 5 pertinent to 0% values i.e. accepted

ranges for reference pattern



P24, 692, 453, 2510000100 P32, 755, 023, 34P31963100 P43, 511, 554, 812962100

P57, 926, 757, 922971100 P63, 516, 487, 291990100 t hr eef ol d st andar d 6 February 2006
devi at i on0990100 according to reference pattern, deviated2,5952,5100
P400100100 Chi Ch2Ch300100100 Pi 505003196100 P2100001099100 P30100000100100
P4001001198100 PS50050P546648100 P60505050149100 NF1 reference
pattern45055100 52048100 49150100 Chi Ch2Ch347251100

Pi 10, 0010, 0080 GB3MR®E5050100 P210, 001, 676, 2514950100 P37, 8EI/ERQOAID215346100
P44, 171, 6710, 0024751100 P510, 008, 3310%0035245100 P67, 5010, 0010, 0005149100
10% 120% of f - set bands pertinent to 100% and 50% nean values, and factor 5
pertinent to 0% values i.e. accepted ranges for reference pattern 16
February 2006 WO 03/020967 PCT/ EP02/ 09496 29 Wth regard to P5 a

distri b:Jt i on QfithGhYarddd D5 thumhﬁ@pﬁrmmtﬁt ¥f 2pProRinmatkly 59:0F50 i Folind, Wi It h IbOt h
rean val ues a?vﬂh g&gtn'geglg va ue:e!c, Qr(l:]d s\é\gt'}er f)CriInf.{,t V\I;} ina &1% Ségep(?gd rgr?&g%%is w-glr}.lld?ea%ou dlead to

the result "P5-positiv", which means monoinfection with HBV.

5  Example 4

As outlined above in the course of the principal considerations given in Examples 1 and
2, 50 : 50 distributions may not always be a valid indicator of mono-infections.
Although it has to be mentioned that there are several applications where such
ambigious results do not occur, in many other cases especially for diagnostic

10  applications a further analysis often is desired. In order to allow a further analysis for
example additional curve characteristics obtained in homogeneous amplification
methods can be used. This is reflected in the scheme shown in Fig. 5, where additional
curve characteristics like absolute SFI levels of the Ry dye and NFI trace features (NFI
ratios constant / variable; early / late approximation of final distribution; bias <1 /> 1;

15  etc.) are employed to resolve the infecting parameter(s).

It is evident from these examples that resolution should be significantly enhanced by
analysing the real-time assay data dynamically along the reaction coordinate, instead of
considering end-point conditions only. Especially for the samples S4 — S6, pure end-
point analysis only would engender the risk of diagnosing mono-infections, while the

20  comprehensive set of analytical tools allows for more precise assignments. In case of
S5, for instance, the end-point NFI distribution mimicks HBV mono-infection as in
Example 3, whereas by way of analysis of NFI distributions dynamically along the
reaction coordinate, the false assignment ,,HBV mono-infection* can be rejected easily,
and replaced by the correct assignment ,,Co-Infection, HIV-1-O + HCV*, as HCV being

25  amplified efficiently and represented by R3, gives rise to specific fluorescence intensity
(SFI) much earlier than HIV-1-O, being amplified less efficiently, and represented by
R1. Thus, the R1/R3 graph falls below the 50 : 50 baseline quickly, continues with

positive bias, as R1 is produced with some delay, approximating the final distribution.
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the result "P5-positiv", which neans nonoinfection with HBV. 5 Exanple 4 As
out)ined above in the course of the principal considerations &b Vepruag 2006
Exanples 1 and 2, 50 : 50 distributions may not always be a valid indicator
of nono-infections. Although it has to be nentioned that there are several
applications where such anbigious results do not occur, in many other cases
especially for diagnostic 10 applications a further analysis often is
desired. | nWQ@#20%% allow a further analysis for exanﬁ%%mﬂﬂﬁv%ﬁonal curve
characteristics obtained in honngenedﬂs anplification nethods can be used.
This is reflected in the schene shown in Fig. 5 where additional curve
characteristics |ike absolute SFI |evels of the Ry dye and NFlI trace
features (NFI ratios constant / variable; early / |ate approxination of
final distribgijpmsbias <1 /> 1; 15 etc.) are enployed to resolve the
infecting paraneter(s). It is evident fromthese exanples that resolution

shoul d be si gBxaerimgpipldatasyihdlRepmopgyinfegiionsysi ng the real -ti me assay data
dynam cally along the reaction coordinate, instead of considering end-point

conditions only. Esggéi ally for the sanples S4 - S6, pure end-_ point

anal ysi s onl yCesmigl b@#e?“bw)ﬁ VKNG QFeefTbd] e ORsoriesi/mh avd | ons, while
the 20 conprelensh ¥sirsEonhucd RRlekkirfertl foRl8ma bduPis ubifg mﬁ%éﬁc fiscise
assignments. In case of S5 i nst ance, e end-point  NFI distribution

for th
m m cks HBV noatcls isehaelompes descriped in BEAREOY/ 1 H59. filwedmsleisyacidayerst anal ysis of

NFI distribut Lg&aﬁcéiw%mim' ahY ddcRAGh ﬁéﬁ%ger{e@@qal-%qutﬁlﬁmm §nathe false
assi gnnment "HBV nono-infection" can be rejected easily, and replaced by the

correct assi gh@PBAS TagdanMfinstiune oparitipg under Ampliynk® sersipiCd/1 Bachyy 25 anplifi ed
‘efficiently a {: i PBIYNSEEAJ I escence
intensity (S%Jc‘%{:ﬁrg%)ﬁﬁoé:&%tbﬁﬁSt%}l%/ﬁ%o%dsl%é%’ ng aﬁ’%}lf?(ﬁ; %Jg (‘Jfbggs

ef ficientlly, &Wd44)eps apbed @F,Jgmol/R00 pitkheled withedFAM (1R3 ~§P4 pin; X=md~ Bl8bel ow t he
50 : 50 baselin i ti .t Sitli 1,aS, i s produced
with some del 3’3’},5‘:”3&5 %x?%@?ﬁ{jh%@%%a%zﬁgﬁi”gg(ﬁ B e ﬁ%ﬁtebr uary 2006
WO 03/ 020967 ResultEWaE exid48bto MSBxdel@aWprsien 3.0 Bt fathendard aahlydedceording to HBV

nono-i nfections Genom c .target V subt.vpe, A i LR dose from 25 -
5000 copies / e,preé?{lg"%erinﬁ?ér '3%1&(!1;!1(%89?oﬂﬁl%%ﬁgf%ﬁgr%i%?\gl'ggwg%t%d from
pl asma sanpl espedific signarpan eibintalisddaipal ifgersities NEI tadetund N6Ityacassalahgsleer | bed i n

PCT/ EPOO/ ]1%45?e'act%|n %E()er ina g%l£§i§ca§§1{ &%’F\f\gg,c% graphs into constant / offset / variable

with positive slope / variable with negative slope, and for graphical representation of the

results as well).

Homogeneous multiplex PCR reactions were performed under standard PCR conditions

20  using primer pairs and probes specific for HIV-1M, HIV-10, HIV2, HCV and HBV.

As shown in Fig. 3, a-d, FAM and JA274 signals generated from one and the same
biochemical reaction (i.e. extraction and amplification of HBV-DNA) behave in a
coupled manner according to the concept of the present invention, i.e. swing in to the

25  50:50 distribution line as soon as SFI levels rise significantly above background. The
higher the HBV dose, the earlier this is achieved, and remains constant until the end-
point of the reaction. This is most noteworthy, since signal output as measured on the
COBAS TagMan™ is very different for FAM and JA274, resulting in a normalisation
factor NF(jaz74/pam) Of ca. 11,5 : 1. This in turn translates into enhanced analytical

30  sensitivity of reactions indicated by JA274 compared with similar reaction indicated by
FAM, i.e. at the lower end of detectable HBV doses, attaining to a 50 : 50 NFI

distribution is critical using this dye pair (,worst case model“)! Yet, upon translation of



specifically anplified and detected in honbgeneous real -tine ng‘rrgn- P gn a
COBAS TagManTm i nstrunent operating under AnpliLink(r) versi ort63'€ THAR

Mol ecul ar Systens). For the basic studies reported here, HBV specific probe
(code 10 JWL44) was applied @7,5 pnol /100 | labelled with FAM (2. Ex a 494
run, 2 EMa 518 nm, and @7,5 pnol/100 | |abelled wth JA274 (2. Ex ~ 580
nm ?,.EM~ 609 nn). Results were exported to M5 Excel gr% Version 7.0 for
further datavewsde9s1s according to the present inventi 8A/ERZHP4% 3] cul ation
of valid cycle range [SFI >> AFI-BG nd; se], of specific signal gain,

normal i sed signal intensities, NFl ratios and NFl traces along the 15
reaction coordinate, classification of NFl trace graphs into constant /
offset / variable wth positive slope / variable with negative slope, and
for graphical sreRtasHRsRY tHeRxpfimkRelly estellishdd Ny, k) these Hespgeapdbg mul ti pl ex

PCR reactions wer erfor un rd. q’lf?i % di ing priner
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establ i shed NF(I'A274/ FA,I;QIBY% ese dyes - coupl ed bé \A‘I?ﬁbOf bei ng generat ed

from a common lphedediaiqtel QY ppsitive plaspapamplesspd Nrd {0o1981tivey t h

remar kabl e prgfisth Mndi&R HheIQ cHliffectifns, ALV +FIFXAORLEIR iEx R et al data
with different co-infections (type | & type I?%_Pr.ocedures and reagent sets
were as debtr iipfegtiopogNotesfortHVel -G, titiex ats giver i dt-foldhilutions of a culture

superpatant; for all other parameters, precisely quantitated [cp/ml] and standardised

material was available.

As can be seen from the plots in Fig. 4, a-d, NFI distribution per se, and NFI traces

20  along the reaction coordinate are very different from those resulting from mono-
infections. For instance,, in Fig. 4, a, the reactions # 1-12 feature low and approximately
equivalent titres of HBV (amplifying very well; no reverse transcription step involved)
and HCV (amplifying well, yet somewhat slower than HBV, via reverse transcription-
PCR; HCV targets being not easy to access due to pronounced secondary structures).

25  Consequently, soon after the on-set of the specific reaction SFLram) and SFljjaz74) are
produced via HBYV reaction in considerable amounts, and NFI ja274/ram) ratios tend to
approach the 50.50 distribution line (=1). As cycling progresses, however, HCV reacts
with little delay, and additional SFIrawm is generated, pushing the NFI gaz74ramy ratio
below the equity line with the graph having a negative slope. Reactions # 13-24 in Fig.

30 4, afeature low dose HBV infection plus a 100-fold excess of HCV dose, resulting in a
shift of the valid cycle range towards earlier kick-off, an NFI az74/ramy ratio graph that

rushes down far below the equity line and then rises slowly with a positive slope as



dependent on the targets extracted from co-infected sanples, the probes
specific for 10 HBV, HCV, or HIV-1-O were consuned in the anplPfE AEYAPOp
detection reaction. HBV probe was enployed as a m xture of equal anounts of
FAM or JA274 | abell ed oligonucleotides, HCV probe was FAM | abelled in
total, and H V-1-O probe was JA274 |abelled in total. HBV + HCV positive

pl asma sanples and HBV +HI V-1-0O positive plasm sanples are type IV

co-i nfecti orn¥Q034a6% H V-1-0 positive is a type | co 15PFHERRPISh. Note: for
HV-1-O, titres are given in X-fold dfiutions of a culture supernatant; for
all other paraneters, precisely quantitated [cp/m] and standardi sed
materi al was available. As can be seen fromthe plots in Fig. 4, a-d, NFI
distribution per se, and NFl traces 20 along the reaction coordinate are

very differentspf,oMms bhReRed et highlddse AUVBRA0r Rfa8¢hiedTshe EupleinSt ance, , in
Fig. 4, a, the reactions # 1-12 feature_ | ow and agpr oxi mately e@w val ent

titres of HBV geagsioprySigas andSilepry, froapthe loyedossHBY sgaetion; whirhgra i nvol ved)
and HCV (anpl iy ko ofhell coomRphat sl ower than HBV, via reverse
transcription- PCR, HCV targets being not easy to access due to pronounced
secondary structures). 25 Consequently, soon after the on-set of the
specific reactypg aﬁﬁ}iﬁfﬁ%ﬁt@ﬂﬂsaﬁﬁ% i Ekathble@l(F: 250606 Wk Bdetdd qiidBNalr €action in
consi der abl e anmount's, and NFI §7A274/ FAM ratios tend to__a \Eroag‘h t he 50.50
di stribution |hanaeragdgpicteddn Fige [12the ﬁ%ﬁ@@glégael%&mo%fqonﬁ@f B&¥i's with

little delay, ARchoRddL LRAR: mIst M with A8RGIHAIALr niBERE BBVIRGINT
(7A274/ FAM) ratio below the equity line with the c%i[/"iaph havi ng a negative

sl ope. React i otese HCY ghigyleyels ¢fiSglragrng SFlgapepluylitie adgitiond SEla@\Alqnafseet i on pl us

‘a 100-fold EXClg S @forﬂ@{ogﬁéﬁdosgm dnli M dd3e BIV-310) (ulch Mvels BESFY /M) ghacycl e
range towards earflier kick-off, an NFI (JA274fFAM ratio graph that rushes

down far bé&d ovPHlreraddiisivesy littlerpdditiond! $enreralapesestigyd ¢ oactions & 7pdsi ti ve sl ope
as 16 Februar y, 2006 M0, Q340 96K iRGH-ERARE 3tk sh%?es SHtyeAREs ihspedaner at ed

fromthe high dose HCV reaction in advance of the ™coupled” generation of
SFI (pAm and Srivveliyend prelimingry maberage! deseeptemmOUE eatcrqin FrHopNFE Kasgr adual |y
i ncreases the dhatabieisBts, MisblufebRARiEAIL AV are Quitdtitie toRRAL WidREkidsn6r | teria set

forth in Exanple 2 (19._ 25-26) in an ordered sequential manner as depicted
in Fig. 1+2, tRBctipallishewsistycan briaprgvedyway pledemisel (Wof dyeH@ithca. This hol ds

true even 1or $M mBSich LRASHM LINEI LA AR In@pedde s B HRSEIEENdand | ow
dose HCV (high levels of SFI(FAK and SFI (JAZ74 us little additional

. ) pl
SFI (FAM) al oneconegtantdpysl of absolpfe gignak gepgration). matipmatisaldmpswortirgicatesty dose
H V-1-0 (hi gh $tg2%&dabtolf apphibd foAd an@iidis of primary growth and secondary NFI curves,

respectively), as well as technical means (TC block and operations software configura-

tion designed specifically for rapid cycling as with the TC profile used here; this helps
20  to smooth the primary growth curves which in turn stabilises NFI ratio trace graphs).

What is more, Fig. 4, b (reactions # 13-24) and Fig, 4, c (reactions # 1-6) show
examples of type-I co-infection, i.e. HCV plus HIV-1-O in this case, which results in a
»hon-coupled” generation of SFlram) and SFI(ja274). Consequently, the NFI ratio trace
25  graph runs, and remains, far below the equity line since HCV is amplified much better
than HIV-1-O (a consequence, inter alia, of polymorphisms affecting the primer / probe
binding sites). Moreover, also JA274 specific signal intensity generated from HIV-1-O
alone are considerably lower than those generated from HBV mono-infections, which
again is according to theory. This helps to further discriminate co-infection from mono-

30 infection.



10 SFI (JA274) plus very little additional SFI(JA274) al one,
reactions # 7-24). In a few cases, especially with the latterl ég %ﬂééog(gth
t he shapes of NFI curves inspected visually and prelimnary mathemati cal
descriptors (NFl end-point ratios, NFl trace characteristics, absolute SFI

| evel s, etc.) are quite close to those indicating nono- infection. This,
however, can be inproved by way of chem cal (use of dyes with ca. 15 simlar
eni ssi on i nMESIEEs, i.e. NFl ratios nore stable indep¥idEMY target dose
and concomtant Ievel of absolute S|3§nal generation), mathematical (nore
sophisticated statistical tools applied to the analysis of primary growth
and secondary NFl curves, respectively), as well as technical neans (TC

bl ock and operations software configura- tion designed specifically for

rapi d cycling @semily dpedkity, thhe IV @fihfettiodS8E mbRIEFickiith YiskrehiRgte ZRinkt0 snoot h t he
primary growth curves which in turn stabilises NFI rati.o tragﬂslgr?phs) What
is nmore, Fig. fﬂonoﬁnf(“‘rt’éaﬁzﬁffpﬁﬁéuy#”hf?s high ylosgsof priageters> (ggnepating pigh offdewis1- 6) show
exanpl es of tWQerolhI@pryN@lQ{S [R3)) id cothbinblOWitldtp 1ol ddsebofpdraindidizS case, which
results in a ,,non-cou qener ation of SFI(FAM and SFI (j AZ74).
Consequent |y, (g OQISaIEtFI‘baqd iopad R}, bptrin st cpss thisis gosiblegradisiogar * pel ow t he
equity line sie& stlple mdth@mRichllchiRAa MUk MhishRliinBary f8apstdl, Midla- ot czONsequence,
inter alia, of polynorphisns affecting the prinmer / probe 'binding sites).
Mor eover, al songlelpye BqﬁeGPrflbléms?g\ﬁamphfwe&@raev iptyes Bt codnestiomas V- 1- 0 al one
are_consi der aliloy Q¥ findifada vy RASR A %ﬁ@ga?m@rhmmm ér'i@ﬁ‘ﬁoshﬁfx&%tlésQns whi ch

again is according to theory. ThIS hel’)ps to further discrimnate
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to discrimnate agains mono-i nfections, especially when high doses of

paramet er B ( Jeprameapegligivis gmilamits oftepalution gie obsred AR cqufpst toiee IOt Rx] ) i s

combi ned Wi t h jN@EN6n ivIvilRTRRmEekr PAREERKRIcted), tybSEREInAREHRAYard Bk Mfimihdidd €
additional RI'), but _in nost cases, this is possible even using 5 rather

si npl e mat heneavite easilipagpingtmogoufeqtigns ipdicated /by the farme p'gt bioshamically easipled and

a, , Wworst case gy g?glefrhls@yc%n@@eﬁdenmrﬂ% 18VeNGF edd PEhi IR0k SnditAONFT3RE8t S 1N a
type IV co-inf ion ) ar anet er [indicated by Rl + R3] and paraneter

4" [i ndi cat ed kﬁ}/" erﬁ@&@swﬁﬁ'efﬁtqaég@ﬂ &Wml%gdhetivgm figantly |psr sighal itengififunt s of R3
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2-specifc probes is principally low and generated rather late during the course of 60

cycles. So, due to almost inevitable differences in either initial titre, or extraction /

elution / amplification efficiency, it is most unlikely to yield a 50:50 distribution of
20  signal throughout the reaction.



infection involving paranmeter 2 (and as expected), type |I co-infectio re
discrimnated quite easily against nono-infections indicated fegwéry

yet biochem cally coupled dye pair. This becones evident on the |evel of
end-point NFl ratios and the NFlI traces along the reaction coordinate as
well, and also the significantly |lower signal intensities 15 of the R [Ry]
dye. This is due to the fact that subst3dntial R3 intensity is generated by
paranmeter 4 even at | ow doses, while Rl intensity produced from cl eavage of
parameter 2-specifc probes is principally |low and generated rather late
during the course of 60 cycles. SEAELIAMS 3 npst i nevitable differences in
either initial titre, or extraction / elution / anplification efficiency,

it is nost,unlj Vi ehd.a 20: 50 di sirj ' j ' 1. ghout
the reacti &n. ééﬁ @e‘%&r ﬁoértégguﬁ'é" §%"%a?€+§tﬁ Eaé g%ﬁsﬁ%&%’%ﬁ%ﬁwé%
determi nation ®#¢psat | east 3 nucleic acid anal ytes conprising the steps: a)
Providing a m xture of a sanple containing said at |east 3 nucleic acid
anal ytes or suspected. of containin ne or .nore, of, sald nucl ei,c add
el vt es by pralv, Al ey of 3R he Rt e 8 tet o nukis et i 1
probes c) anpli fyiorguspested oficohiningnmiedr amvat gfiseid narlechodanaygtes eact i on
condi ti ons which pronote the specific binding of said nucleic acid sequence
speci fic prob to sai.d anplified nucleic acid anal ytes, .wherein - a first
of said at et PrRYPER %32@% asiskseayence BroPS specific for a
first of said at least 3 nucleic acid analytes and is coupled to a first
l'abel , - a secgnd Ghpl¥phglsdd nhdd@Sicid ei c aci d sequence specific probes
is specific for a second of said at least 3 nucleic acid analytes and is
coupled to a second | abel, which |abel is separately detectable fromthe
| abel coupl ed d)o shockirfg resttionu coralitionsawhich geromerec thesspecifi€ itinging o€ saidnd - a
third of said at |ReRjc 3idughéicE speifd p?@l%'%‘%ﬁd%&?ﬂﬂiﬂ& Gulkie e ARpesfic for
a third of said at, | east 3 nucleic acid anal ytes whereby a first anount of
said third nucle™*¥ 2 d sequence specific probe is coupled to the sane
| abel as coupled to said first nucleic acid sequence specific probe and a
second amount of Sl kst $ffthiiGhe 6! PhUCcIRCASH QALRP SPeciiRGrblies Gs P ora coupl ed
to the sane | abel 25 }he fec%ndc{gucl c acid sequence SRESLELC probe and
of said at Teast 3 nu. 1,

ic acid analytes and is coupled to a

- a second of said at Jeast 3 nucleic acid sequence specific probes is specific for a
second of said at least 3 nucleic acid analytes and is coupled to a second label,
which label is separately detectable from the label coupled to said first nucleic

acid sequence specific probe, and

- a third of said at least 3 nucleic acid sequence specific probes specific for a
third of said at least 3 nucleic acid analytes whereby a first amount of said third
nucleic acid sequence specific probe is coupled to the same label as coupled to
-said first nucleic acid sequence specific probe and a second amount of said
third nucleic acid sequence specific probe is coupled to the same label as the
second nucleic acid sequence specific probe and

said first amount of said third nucleic acid sequence specific probe is not
coupled to the same label as coupled to the second nucleic acid sequence
specific probe and said second amount of said third nucleic acid sequence
specific probe is not coupled to the same label as coupled to the first nucleic
acid sequence specific probe,



said first anount of said third nucleic acid sequence specifif Probe |§ got
coupled to the sane | abel as coupled to the second nucleic ac % ﬁ 8
speci fic probe and said second anount of said third nucleic aC|d sequence
specific probe is not coupled to the sane | abel as coupled to the first

nucl eic acid sequence specific probe, 16 February 2006 35 e) Detecting the
signal intensities indicative for said3first and second | abel, f)

Determ ning the nucleic acid anal ytes present in said sanple using said
signal intensities detected in step e). 2. Method of claiml| characterized
in that said nucl wer l.i f.ied using .LLCR 3. thod of any of
claims | to 2 ﬁé?f%’i"ﬂi o“ﬁ“ﬁle ‘Pﬁg?'t'?di‘%qtﬁbéﬁ' g‘*ﬁiﬁ%"ﬂ’éﬁ%’%&%’éj
honogeneously. 4. Method of claim3 characterized in that said | abel s were
det ect ed using ﬁﬂgi any. n}ghains I
to 4 characteri zegﬂ&g&’fi g%e HS“thCo ggiﬁg’eéri secong ancﬂ ’?ﬁi nucl ei c
aci d sequence spedpfepstigsdsisstedinsgepd)i fic for HIV, a second nucleic acid
sequence specific probe is specific for HCV and a third nucleic acid

o4 char att or Vet Bk SRR dafRfard f bR i Ripeg sttt patbadabeg e oo | <

specific for HV-1-M a second nucleic acid sequence specific probe is

specific far Hu¥mbdCof fhy! 6¥ AfmAUCE 2CHRAFICErRRUHE BRE sBROEbY Weld’ QfkRteldS
specific for | V-2, a‘i.\dgourt h nucleic acid sequence specific probe is
specific for °$ e nucl ei ¢ aid sequencé specific probe is specific

for HBV and a si xth nucl eic acid sequence specific probe is specific for

HAV. 7. A Kit Ktholid® cHfh 8'cHARAL:ERA iR thaRtail BBAL waerue&keug,é@g ndoRRBhcL! €S

containing i n one or Ffm)re containers - a first nucleic sequence
speci fic probe®SPE&PHE-for a first nucleic acid analyte coupled to a first

| abel, - a second nucleic aci d sequence specific probe specific for a second
nucl ei c ackd Umﬁﬂ.stxqoa &eﬁeeﬂzédqb%u\mwmabﬂ  feSonda" 2 ately
det ect abl e fro th iabeJ cou (g)é fir, t nucI ei c aci.d segue

specific probe ’r‘h"ﬂﬁ“ﬁﬁ‘t‘l” dt B’é“%‘g fIC for

a third nucl eimmdm&ngnW@byH@WammMMwa&dWMWnucl ei c
aci d sequence 5RECH Shecifi fxiesv.s coupl ed

6. Method of any of claims 1 to 4 characterized in that a first nucleic acid sequence
specific probe is specific for HIV-1-M, a second nucdleic acid sequence specific probe
is specific for HIV-1-O, a third nucleic acid sequence specific probe is specific for
HIV-2, a fourth nucleic acid sequence specific probe is specific for HCV, a fifth
nucleic acid sequence specific probe is specific for HBV and a sixth nucleic acid
sequence specific probe is specific for HAV.

7. A kit for the determination of at least 3 nucleic acid analytes containing in one or
more containers

- a first nucleic acid sequence specific probe spéciﬁc for a first nucleic acid analyte
coupled to a first label,

- a second nucleic acid sequence specific probe specific for a second nudleic acid
analyte coupled to a second label, which label is separately detectable from the label
coupled to said first nucleic acid sequence specific probe,

- a third nucleic acid sequence specific probe specific for a third nucleic acid analyte,
whereby a first amount of said third nucleic acid sequence specific probe is coupled
to the same label as coupled to said first nucleic acid sequence specific probe and a

i



to the sanme | abel as coupled to said first nucleic acid sequence pecifi%
probe and a 16 February 2006 36 second anount of said third ndéﬁ@gﬁu%X%QQ
sequence specific probe coupled to the same |abel as said second nucleic
aci d sequence specific probe, and - reagents for nucleic acid anplification.

36

second amount of said third nucleic acid sequence specific probe coupled to the same
label as said second nucleic acid sequence specific probe, and

- reagents for nucleic acid amplification.



