WD 03/ 020967 PCT/ EP02/09496 1 A nethod for the determ nation of nultiple
anal ytes This invention is directed to nethods for the determ nation of

mul ti pl e woaBye®ms7 using 5 anal yte specific binding partnecCI/Eeazomdan t he

bi nding partners are |abeled with les3 different |abels than different

bi ndi ng partners used. Additionally, this invention is directed to
conpositions of matter containing these differently |abel ed bindi ng
partners and the use of such conpositions for the determ nation of nmultiple
anal ytes as well as suitable 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. Dependi ng
on the analyte different nmethods for determ nation can be used. Snall

nol ecul es like netal ions, sugar nononers, am no acids often are

determ ned by their chem cal or physical properties. 15 Analytes having a
hi gher nol ecul ar weight |ike proteins and nucleic acid polyners can also
be det er m nAdnethbd forthadetegmpratibaef muliteple Baalpespeci fic affinity to them
Useful pairs of binding partners are anti body - antigen, substrate -
enzyme, nucleic acid - conplenentary nucleic acid, sugar - lectin. In case
it is intended to determne a specific protein for whi ch one knows that it
exhibits an%hgenlc properties a specific antibody can 20 be used for the
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Press, Inc.juitablel@sder to all ow the detection of the specific binding
partner - analyte conplexes it is very common to |abel the binding
partners) vWBaikeRyundsske iInkb@icn can be detected directly or indirectly
usi ng additional reagents which bind to these | abels (for exanple 30 using
bi otin as aThaf&trminkiichotarad aﬁltaegah@% hb%'a@&ré’d @s‘ySlséi'él@m ohgi&er addi ch

per oxi dase WD._.0 209 7 P PQ2/ 09496 conjugate and a_suitable enzynme -
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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



known in the art. For many cases, especially in the diagnostic field it is
necessary to determne two or nore analytes in order to get a conplete

pi cture aWowd/o209d1 stinct situation. For exanple 5 regardiPag/ERopedsp@ent who
m ght have a Chlanmydia trachomati s inf2ection, a doctor normally will not
only check for a Chlanydia trachomatis but also for a Neisseria
gonorrhoeae infection. Al so when establishing the HLA pattern of a patient
one need to determne the alleles of several different HLA | oci. Wen
conducting a nultiple anal yte binding assay one has to pay attention to the
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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 proiaerly.



3 Multilabelling in conjunction with detectors featuring a plurality of
opti cal channels has been used by many investigators. For instance, Vet et
al . (PNASVO®3/080887- 6399 (1999)) wuse net hodol ogy, in whi cirCA/EPPEEI4Pé C
probes (Ml ecul ar Beacons) conplenentary to 4 different targets are

| abel led with 4 different reporter dyes, 1 dye each. The entire 5
fluorescence spectrum of each dye is stored in the conputer and used to
interpret conplex nmultiplex results. This entails need for quite
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sqiqf . -l abels are ssi bl which also. 7 different, anal ytes
can be det ecg%%.alsf&hbu?lr?%sqnt%Eo%léglrli%a?lszg%tg%rnexﬁ@? Eeéycz%qeﬂﬁsegkgﬁoﬂiepﬁlr apri nci pl e
i s descri bedlilpyMiErotRbled7/81 4%+496 (PP990; upNat 3 diffesndg labsitéd MSkculwoBeac88s fopp.
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ruman Papt | ol Orsstebd e o Beafist € (Pl B 2L bbeihne 5 pr obe
hybri di Zat i diffecagpiabaliel mlebesfob2 thrits Sardsaypki et al ., Anal yti cal
Bi ochem stry Vol. 253, p. 156 - 161 (1997). For this purpose,
ol i gonuc! eoln aidsr tariecrBasettler mumbéd of anmdlgics detelctalidy wathpd distadck hymbér cfishebdt or

noi eties. The. I ndi.vi | ch uni ts.are.subsequenthy filJled, . with either
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comploxa | iy SV WL ERER D BRI Bl PRl 13,
t o syntHesi segle atdbeled indingppitnaallseg fof exaatplab djfferent haed Jetoadisations of
anplificati Bgélggrte%%gsllﬂg b{/ QiS50 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



There are a nunber of other technol ogi cal approaches to conbi natori al

| abelling. Ballard et al. (US 5,759,781), Speicher et al. (Nat. Cenetics
12, 368- 3A80(0382B¥%) and Ri ed WO 03/ 020967 PCT/ EP02/ 09496 2Ca&EPaL/0940°NAS 89,
1388-1392 (1992)) have devel oped assay formats, in which each specific
probe is known by its labelling signature, as all copies of a given probe
carry 1 or nore distinct fluorophors in a conbinatorial fashion. Labelling
is done by neans of nick translations, which is |less precise in terns of
nunber of | abels incorporated robe 5 nol ecul e than chem cal
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exarrpl e when us I mport ance
when 20 normahsed s1gnals per se, nor dynammally along the reactlon coordlnate, 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.



30 conducting honbgeneous detection nethods using fluorescence energy
transfer |abels as for exanple used in TagMan assays (US 5210015, EP
0543942) .wOhewaMere, it is an object of the present invenPCIEPIDOMIPr OVe
the nethods for determ nation of nultiple analytes avoiding all or a part
of the di sadvantages of the known met hods. WO 03/020967 PCT/ EP02/ 09496 5
Summary of the invention The main aspect of the present invention is
related to a nethod for determ nation of nultiple analytes using |ess

| abel s than_anal ytes deternmined. This is achieved by labelling the whole
ensenbl e of‘§B%ETY?€&£P368UH%Iecules for sone targets with a particular dye

5 each, whi for other .targets one part he ense Ie of specific probes
is |abell ede %’ﬁlﬁaﬁspgwéﬂledy%senm‘wfél%fﬁ%tﬁé bt metiodinpdetprauipsiion ok
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nor mal i si ng the 10 signal fromdifferent |abels on a reference dye, targets

can be dedudiEen freonpil ﬁ@lotbffrg{aﬂ Qfﬁb‘? gisemplegs pbelledeithsy éﬁ%renéém Gewed in a

mul ti - channgl,8e¢ el Bdrentfiftel bl sggoaua%@@é,@n a&%ﬁé@hﬂé?@r%ﬁbg/f pbel iy e used.
For exanpl e when det erm ni ng anal ytes onu%@tmo di fferent "detectdbl e

| abel s are h%emaw(somﬂpnr@@sq agrditimesaraplificeiar agsaysd fariexamplsibiydiGigomar t ner
specific fOTMA')echHcﬁh Méﬂﬂ@n 51%1"15&1 ﬁn’%ﬁWOf} ﬁR%nt n%ls@tatrﬁ@%‘?gxaglﬁn tecond

blndlng artner speC| for the Second anal yte. Ing o e third

bi ndi nglGar figresal §Héé1|fﬁere@t fabels opa referange dyrataggass @aimé?es;&dBC% fremdlie | abel s as
has been CO&E@ﬂrﬁQltlBH of ??ocfeéséc? LicRdomerng al?l'n!ﬁq' d?lgnlﬁ)%rdhﬁgtro T ﬁnF ggﬂmsé}'e

anount of the third ndi n rtner I's coupled wt irst
case of thr@émﬂammﬂﬁQﬂﬂ%#@¢%¢%64y one half of the third binding partner is

| abel ed this way. Another 20 part of the third binding partner is coupled
to the secodr Famele whes datermining Swaalyies ealyawogtkitferpteistesibiefakels ase of er abl y

the remaini H&eﬂ@*yf AQirsttlQ%l {shittachRith dichg bﬁﬂlh@?ﬁﬂﬂ&@?&&ﬁ%?theqﬂmng X?éj' ng

partner_ specific faor_ this analyte contains irst or a seco | abel .
This  rEsul fseqondbabeliisatiagheditnasearpt dinding patid spesifis ferjﬂwsmndramylme

| abel , pref P&ﬁ%éﬁn f ﬁQlthﬁ‘g biﬂdlﬁ zﬁﬂie? elcﬁ'f&éﬂ)y Be$hik @ Enzﬂ oV BG %H pl ex

results based on SI% eneratlon is derived ron1a enm ca
reaction an@belpashas 6%%@%8%3 ﬁI@Faﬂd seenebindimgperiserseecwediGoe  whil e

mei nt ai ni NGy SbawH & thY BRA HESHY PertARds Sdplrwikh HRFir@MIbel. 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 bindiﬁg partner coupled to the first label with the third



instrunentation for detection. In contrast thereto probes are described in
the literature that have bound nultiple | abels to one probe nol ecul e

(Sam ot akwp oo2m67 al ., Anal ytical Biochem stry 253, 156 PCIGPF/(RY)) .
Such probes are nore difficult to synthesize 30 conpared with the binding
partners according to the present invention. Different detection
efficiencies which may occur for the different |abels attached to the
third binding partner, can be conpensated for in 2 ways. In case a first
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three or even nore ' s which can be conbinéd in th e same way as shown

for the twcfletfrrﬁbléﬂtém qﬂvh@ﬁcweaga&eﬁm@élexcam@ahﬁm o seven anal ytes may be
determ ned. Using four different |abels even 15 anal ytes can be detected
i f applided &p be nefed kat plsa an increpsed numper gfjapalyics mak fe dasaninsdiveiage

combi nat i oNgreeld eARIhbRABANGMLR EarPbe éditHA irCROIIRAYLPAShAAn I the (b Ch
m ght be advantageous froma practical point of view, up to 10 different

anal yt es cadpbde emflérrértbreatlaé@ls\mpttﬁ sgvegapalgtes may g de rmlmérféflég urhe

present i nvgptlAabds &rhab %Qalﬂr@s Barl B R 1d0F ab IR A I8 BIRFLNRI Afn ALaat | east
3 analytes conprising the steps:
triplicate and quadruplicate combmatlons 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 at least 3 analytes and is coupled to a second label, which label is
separately detectable from the label coupled to said first binding partner,

and



a) Providing a mxture of a sanple containing said at |east 3 anal ytes or

25 suspected of containing one or nore of said analytes and at |east 3

di ff er entwbionai2aeg7 part ners under conditions all ow ng the ®peapPbr/e4bé ndi ng

of said binding partners to said anal ytes, wherein - a first of said at

| east 3 binding partners is specific for a first of said at |east 3

anal ytes and is coupled to a first |label, 30 - a second of said at |east 3
bi nding partners is specific for a second of said at |east 3 anal ytes and

is coupled to a second_l,abel i.ch label..is separat.ely defectable from
the | abel coupled to "s%.haf?e?fr%ﬁ]%ﬁ?%a‘i%@‘DSH}&R%W Ssgﬁﬂgﬁ\érﬁgﬁﬁgﬁg%a at

PCT/ EP02/ 09496 7 - alehtidrathalytessidietebata firetashouhtloif sedd ﬂgrcbbiﬁlﬂhgrlﬁrﬁlfﬁﬁﬁi fidC
for a third of said at |l east,3 anal yt.es wher a, first amount of sai
third binding part nercrIEERinF siie bR AHTRE el alBbdi e et o
first binding partnersaofdamosateisdidahiid bindihg paittertihédugldd todha@nipdsbdier is

coupl ed #o t he sane labtﬁl 5 3) dﬁhe sgé:onddbi ndi ng partner and said first
anount of said third Bf ﬂﬁ?fﬁng MHRe PRSP % coupl ed to the same | abel as

coupl ed to the secondsdid ﬁfﬁtﬁ@oﬁﬁf@ﬂﬁfdt&ﬁdb‘i@igg 2606 ds ﬁdilﬂlid)l gbled% tkﬁeashh 'gxet hird
bi nding partner is noj,coupled to the sane, el as coypl. tqQq the first
bi ndi ng partner, 10 bgab%eatsée'tlfiﬂﬁé)toﬂt]i‘@s%ﬁ"@ﬁ%@‘ﬁ%@ﬁé‘?etriaé si‘ﬁé?@&&%%r sai d
first and second | abebfsaidthiddeiigdifl DafgertibBobdvabpledas iy Qsfihbel B &ripthdsanpl e
using said signal inte sitiE‘HPetected in step b). Preferred anal ytes are
nucl ei ¢ aci d anal yt est%\ﬁgf EStOMAIBEPYLIEr mi ned usi ng sequence specific
probes. . Such nucleic acid.angl ytes can al so be anplif.ied nugleic i ds

usi ng oﬁ@ 15 of Lgeveﬁﬁfecﬁﬁ%ﬁ’éistgnalc‘in@né‘ﬁ‘ﬁ? i“ﬁ“@&f'%ﬁ S‘Hét%ﬁﬁ&n ﬁ%ﬁ?ﬁdﬁ%eﬁhe
art, like LCR (U S. Patent  Nos, 5,185,6 243, §,679,524 and 5,573,907, EP O
320 308 BI; WO 96/ 010@@’5“%%%7% fes PLGS AR S 3/36@8%6355}“8&9’?‘18%?6}pr obe
technol ogy (U. S. Pat efited¥ises doteOttd i &8p bR, 403, 711, 5, 660, 988, and

4,876, 187, and PCT published applications WO 95/05480, WO 95/1416, and WO

95/ 00667), Prefadef anbMtéserbnotiegyciddndytePahehtcahlde deferBifed tbifg séqufehde 402;
20 5 s g gt S and & S oD SR ten s Ll (Vs
TMA (U. & Pat ssvbraNescleic acid amplification method known in the art, like LCR (U.S. Patent
Nos. 5,185,243, 5,679,524 andA5,573,9O7; EP 0320 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



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 nethod is
nost pr efworaa2096The i nvention is also related to a conpo®CTiEM2/@f496rat t er
conprising 25 - a first binding partnér specific for a first anal yte
coupled to a first |label, - a second binding 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
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anount of said third binding partner is not coupled to the sane | abel as WO

03/ 020967 Pg{éEg’gggggﬂ%%etegm(}%ﬁ%?@laglga&?ﬁ%(?%%gg%soigiags%%%epartner and said

second anount saird thir ng par d to the sane

| abel as.coypled to the first.bindi .partpner. .and its use for the

det er ni nat i E}ﬁngﬁ‘ eﬁ’@é@‘fenﬁlﬁ}lésere%geé{]@tl%‘g? g e&“@%ﬂ?ﬂf’%."%?ﬁt IRt thaes amshves: he

i nvention iiirfl ated.to Fi ts, for determnation of at |east three anal ytes.
Bri ef descripf descgptione HeSMHEES Fig. 1 shows a possible data processing
schene for an automated nultiple anal yte determ nation assay using the
det er mi nat i 61 reRAYE & PaEdRle dae prooseungicheme feras astomatedaultinlesnalige cr i pti on

anal ytes whickomanipt 8y b AEGRLORIRL Sk IRUESERL SO PR e these

are preferalpy, ifé?%@?&ﬁx@foﬁoﬁheﬁ%@? €5 for medical dignostics or other
bi ol ogi cal anal ytics, “i.e. in'particularly ingredients of body conponents

such asygnti ' j - nucl ej | ds; Such.assays.gan be
used f(lﬁ eggrg.! e a?'g)% H%gs !()ar%n%pr{gﬁ%ﬁwgém{hn?crg%b?lgﬁgwgﬁgﬁ? %8 é%@r%%‘&il gYi ae.g.
chl anydi a, h#i ssays kowndn theeob Tbeerarap@iwably corspsndnitka skyles MGV and HI V.
Dependi ng o y : . determ ne the anount  of.,a

anal yte pr e;%etr(llt&%} %ggbsg%?rpgf%thgiﬁ%g%ggasn%ﬁlég Gf1‘5'01 Ategut: gatrsfolr?gﬁ ety %@85% e,
for exanpl ecempordrds snches dntageab, antibodins, bdlsamaluylsracidsrSuch assagl daglbe @sdédor m or

whet her a palig Il [ g f e_accordj t.0 the present
i nvention contea?ﬂr}g fetafhe %tgra ??%&?{))ﬁ gecﬁé seagr%lh t?l g'ggtadena & Chﬂ%ydla’ neissetia
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 Withregard 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
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i ncreased backgr gna reaction conditions and suitable
0 L0%0 5, A BHIPHILR 05 A pBRASR L ke A5t B Relr
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



acid analyte or an anplified nucleic acid analyte preferably is an

ol i gonucl eoti de, but 20 al so anal ogues having for exanple a
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general priggrgs of that length are also useful for other anplification
net hods. If nore than one prinmer is used 15 for anpllflcatlon for exanple

when using PRk, géﬁ@fajllfyﬂmggn WidsPLgndARIEE 2P HET bethg 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 streptavidin 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



acids in one reaction, preferably prinmers are used which cannot hybridize
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means a signal generating entity, which is actually detected in the 10
met hod of t Pepgndingon thedstein ised difitt ¢t deegarchdve td beuded fagasaotisg botheat s

each oher SRALgy S 1SS QRIGREES <ff el Aol Sy R BFaRet et on
si gnal . Al t hetpgbe. Flwwreicetilatetling 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 bi;:lding partners used is coupled

with a combination of detectable labels, whereby each of these binding partner
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age distribution of signal over all three channels, being normalized either chemically 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 labd 2, 1/3 amount label 3.

30
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If a signal 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

by single 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



deviate and often need to be normalized in order to conpensate for exanple
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y com ng b 1

different analytes an 0 an unanbi guous result.
- 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



Also kits for determnation of at |east three anal ytes are subject of the
present invention. Such kits containing in one or nore containers - a
first bi naorngopmst ner specific for a first anal yte coupl edCrEPa2/694p6t

| abel , 20 - a second binding partner &pecific for a second anal yte coupl ed
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 analyte, whereby a first anount of said third binding
partner is coupled to the sane | abel as coupled to said first 25 binding
part ner andcentgiaoerdioarronmonghtsder ruddi¢ aqid pinplfieajiopanetheds asolgpiridbddt o t he
sanme | abel ah bGES ak gqu@ﬁ of said
third blndlng\%a%?her ?@ﬂﬁg%Pg%g@ﬁﬂ &Bﬁeﬁggggﬁgﬁ€ %b§ﬁkn§ coupféd to the
second b|ndnnqaﬁahﬂnehoaﬂdksan@quuandSanDunt of said third binding
partner is not coupled to the same | abel as coupled to the first binding

30 part ner. Thapedehttinomtiondhedenpdificd hy diefollowmggkamplesins f or specific

bi ndi ng of the binding partners to their analytes, which may include
buffers, blocking reagents and other reaction conponents known in the art.
Kits for determ nation of nucleic acid anal ytes nmay al so WO 03/ 020967

PCT/ EPO2/ 09496 15 contain reaction conponents for nucleic acid
anplification nethods as described above. A PCR reaction kit could for
exanpl e al so contain a polynerase, buffers, nucleotide triphosphates and/
or prinmers. The present invention is exenplified by the follow ng exanples:
WO 03/ 020967 PCT/ EP02/ 09496 16 Exanples Exanple 1 Miulti-color analysis
according to the present invention can be done using the Roche Cobas
Taqman anplification/ detection technol ogy and 5 -nucl ease assay technol ogy
5 (EP 0543942 and US 5210015) building on "classical" fluorochrone
conpounds and "cl assical"” resonance energy transfer principles. A Roche
Cobas Tagnman instrunment is equipped with up to 4 filter pairs (see also 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 date conpounds that span the

spectral 10 range set by the Cob as Tagman detector, i.e. ca. 420 nm- ca.
710 nm maY oBozd9etle: - for quencher (Q dyes with br oad- banagrozbEes ption
range in the red, for instance polyn#thin-cyariine dyes (e.g. n =5, i.e.

4 conjugated olefinic entities building the nesomeric structure), or
rhodam n derivatives at the flanks symetrically fused to unsaturated
N-heterocyclyc noieties that participate in the conjugated nesoneric 7r-e(
15 )-system both preferentially as non-fluorescent nitrophenyl-derivatives
- for reporExampley dyes fluorescent nolecules |like coumarine dyes,
fluorescein-type dyes |ike FAMor chlorinated derivatives, rhodam n-type
dyes, oxazilesnpdel bodi py-type conpounds. Three of these would be assigned
to target parameters, one for nonitoring |IC 20 General requirenents
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found in a given channel; in cases of use, signal s
woul d B 5 ‘divsier Batharretetantially a%nc&sﬂuczreac@nmﬁpehmyh@enwmnel s (50% + 50%) .
Di scrimnation of positive / negative pools (donations) could be done based
on an opt i o3 BRPOEley Ok} diishrilneresgat mplerwas iksrrosmarine dyesoflworesceinetype dyes

val ues, i . 8ikelF2M P& dMorfated 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 thereof across the corresponding 3 optical channels of Cobas Taqman 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 reaction coordinate, where the fluorescent signal intensity rises
significantly above background |evel), sensing the slope profile of

si gnal - ovwp-0BiopmweTur ves. 10 Resol ution of the kind of inf@cwirmm/(eascay
paraneter, i.e. kind of pathogen, yielding detectable product) could be
done vi a anal ysis of channel -specific contributions to the total area
under the signal/tinme curves (AUC), or to the total nornmalized pl ateau
signal intensity. There is no firm dose-response correlation for criteria
| i ke these which, however, is not nmandatory for qualitative assays as
needed for ispeEer %brl%?eRﬁn%HZLBlASsRﬂ-lﬁél@Ifep6s1pm1aatgt ebtaipPd with aR6) nul ti pl ex
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| abel ed probe would be introduced into PCR per paraneter, ca. 1/2* 6 12
mol ecul Bs5 wWReskeludioa of dhe kiodl of axjectlandassmpﬁametemleeluudl efpathbgen, ylhldurgt her sort
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consuned statistic ance
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intensity. There is no firm dose-response correlation for criteria like these which,

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

15 Agsuitable 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-( Npp-3'-POy4 + 5'-Q-(Nj)g-R2-( Nj)p-3'-POy
5 pmol each / 100 pl reaction mix
20

parameter 2 - probe = 5'-Q-(N;),-R1-( N)p-3'-POy
10pmol / 100 pl reaction mix

parameter 3 - probe = 5'-Q-(N;)-R2-( Nj)g-3'-POy
25 10pmol / 100 pl reaction mix

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

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

parameter 6 - probe = 5"-Q-(Nj)p-R2-( Nj);y-3'-POy + 5'-Q-(Np)n-R3-( N))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;



Regardi ng the risk of anbiguous results, and focusing on the use of
singul ar | abels and dual conbinations only, one nay argue that anbi guous
resul ts wolodopwebably be extrenely rare in the case of ecTiEPIEEMPONS of 2
paraneters indicated by single | abel et8 probe, respectively, e.g. P2 <* Rl
+ P4 a R3. The probability of either a 1:1 co 10 infection in terns of
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detection efficiencies yielding a 50:50 signal distribution into 2
channels, or of different.nunbens of starting nolecules in conjunction
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subst anbt i adrhylifitatibgY @B¥ectidiPidemies tRA prbdidtf doRRter Waldhel theMpfdreREeAbl y, 30
addi tional nmathepatical_ criteria have to be taken into viewin oder to
resol ve anbirgane 1gean vigld3ex0i o9 disiripptiomas soasideredinegligiblndersinthugesnayen

real -tige TagmmuuBEBrsfigns <(@}5@ho'bb%}(@gb :%@ﬁ}sbf!%t W6l reshit (%astzg)%ﬁd ks dealt
with below in some nore detail. WO 03/020967 PCT/ EPO02/ 09496 19 The rare
occur r encesbedistarguiighableyrom ¢.g. P31 qreREREPimdicafeddbysd: evBd distrimaion-of 80 s6 r 5kbut i on
occuring fromco-infection can further m nimzed by assigning extrene
rarely foun@e-infeciibr lgs3 pabinetreintlicutedriyl 1t f mbdueanfratdisbeled solgl(ensk abel ed

robes, whi m ght he__conplement ed by cqnsiderin ogr aphi cal
gi str isbut i ;ﬁg e.g. B <:>%1R2 an%S = ltR3, Sho)l/lld aﬁwaysdbe evid%ntg c?uegto sEgnal 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. RIR2 + 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 I, 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-PCR offers

such “helper arithmetics”. This topic is dealt with below in some more detail.



5 A putative assignnent of reporters (R = Label) and assays for the
determnation of HV-1-M HV-1-O H V-2, HCV, HBV and HAV coul d be as
foll ows: WO oBox987 M R / R2 Anplification and high P2 H ¥YCIAPof4det ection
efficiency: low 10 P3 HHV-2 <* R2 oW P4 HCV <* R3 high P5 HBV R / R3
high P6 HAV R2 / R3 nmedium 15 IC (internal control) <* R4. For safety
reasons and especially with regard to a conmercial assay one can al so add
an internal control, which for exanple may be detected by a probe coupl ed
to a fourth |abel (R4). 20 Here, co-infection of H V-1-0 and HI V-2 shoul d
be very unlThetaye odsermienessiohgmbigiityriser the esient afed§r aP bignall-Idjstuibhtiors epar at ed
(whi ch, ho ; 1 - Qv ) I woul d
VX Ring B CAIERIAER AlRer HERfized gggss{ggg‘lgeéé%lﬁ{rg ryyelyARthd

be "H V positive® even In case of such an unexpect ot her

hand, co- i rénsdess eHtrieftlylamplified parahatrTytosingle IAbgled protdswisboulightbet  resul t
in an even (] l J .50, - ; r:Q.1 50 - 50, given the current
ampl i f i cati%Jr?%léﬂg%??gicg‘%séﬁ?eglsng(%g8%\r/a?%rcgﬂl‘%—‘b‘i‘?‘%‘sand H V-2), and not be

m st akenr fo [ j ti ' Th ft 1S
poss: bl e 1o faaryCslitnent BOLPHBLIR PR s RaR tof Bidderdlildn 48
si x- par ametBEV-dsMaydlVncOudilMeR, ACY BV nal Hovitodt bees fodlowepar at el y

detected, which is for exanple used in a Roche Cobas TagMan-i nstrunent.
Thus, this concept for conplete resolution of a 6 paraneter multiplex assay
in terms ofp1 30 @ssayHpananet ercwoulrd rrecessi tahglifitedss aie adgdht i onal
efforts conpared to the present chem cal system and instrunent platform

Li kewi se, tP2 reguirddBnilsOin ter ns RIf a WO 08kR0Q64tHBIETdHEPRR 09496 20
nmore sophi sticated anal.ytical software are not very demandi ng, as shown by
the coisidetations 3@1{3 2t ed béPow. 8% some detail, this vviI]%W ncl ude: -
doubl e logistic tracki for 3 prob (sane ol igonucl eotide, djfferent

fl uorescentﬁtag?) 5kII:I&gt andar |zed§%r ocedure to establish sl“é al outputs
for individenl reportgpy from singlpg tragged probes and el abgigtion of
normal i zation factors (taking into account inpact fromthe sgquence

envi ronmentPé n tdre rddp¥ctive abi gomIR%ot i des, degree of 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 a 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



purification as indicated by e.g. EMR Q ratios, wavel ength dependent
energy contents and spectral sensitivity of CTM ASICS) 10 - el aboration of
t he nost welodamioe7 out put criterion or set of criteria to PEMEPIAEI4900%
count, determnation of the variance &f distribution patterns, and setting
of acceptance range borders for expected val ues - devel opnent of a
software algorithmfor analysis of distribution of corrected nornalized
signals into 3 target channels that incorporates all the paranmeters 15
menti oned above Exanple 2 Wth regard to an assay protocol for autonated
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correction faeig)y as f(t)) DD al ready done 3. cross-talk and preset
correction factors XT already done 4. signal output normalization factors
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al ready done one separa ely for the optical

Preferably al| steps ar
channel s 1, 2pusificaion a 16ﬁ111°%‘ﬁ‘éb>’8(8b§‘§' Wéﬁﬁaﬂos, A engheAerendgptoBeigY 0967

PCT/EPOZ/0949@on%$mand@ﬁ&ﬁu@&ﬁ@ﬁﬁﬁyBBCTﬁiAﬁ%ﬁ? each channel, and as a
si gnal -over-tine graph, {TFIf(t) { (DM * (t)) + B } * XT's NFR, =

NFI is ggl ucl %Ia%gration%f th%@&'}@lllib?é)@ﬁbm &‘1t91%rp@11 éelz S RA5L f%csteﬁfg ok 161% ﬁs cence

intensities 10 2) if channels 1, 2, 3 correspond to reporter dyes,
channel 4 to.lcouglydeterrhimgtion of the varlance of dlstrlbutlon patterns, and setting of

acceptance range borders for expected values

- development of a software algorithm for analysis of distribution of corrected
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. darkdrift (= 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 Preferably all steps are done separately for the optical channels 1, 2, 3, and 4 on the
Cobas Tagman- instrument.



NFI 4 = 100% 1 C response intensity 15 NFI 1+2+3 = 100% target response
intensity, 3) which is to be analyzed in terns of distribution across these
channel s,wD.08/02006% in channel 1, y %in channel 2, and zPeéTiRronbENEl 3.
20 The resulting signal distribution dunbers are then conpared to the
pre-cal cul ated values given above, and the identity of the pathogen
detected is deduced fromthe <correlation of optical channel-specific gain
and correspondi ng 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 si @gaalprocdsping: of paraneter-specific probes at a given
concentration (to identify the cause for the positive result of a
mul tipl &x anyfot édchahimie), andQs TBgnalreiieyitidmadraglgnpl e anal ysis coul d proceed
as indicated in Figure 1. To conprehend the |ogic of this processing
al gorithm {FHI;s- €Sl 00D; (e BGIJerX Y NFy; asFdYs daluchgddpl.es. 1 n 5' -nucl ease
t echnol ogy (Tagman- PCR, the preferred enbodi nent for the invention set
forth her e)clamptl-dpeciat hormaivdd detreséd Miloregasde igfgsitieespect i vely, are
cl osel yig85 i nterwoven. To this end, detection probes with 2 particul ar
cheni cal noghiif tieahklen, AneorRastad theepditer BGR, MRS Einkdd to@ualyefthéhese
nodi fications is a fluorogenic reporter group (R for instance a
derivative RFI,6- [ENPIR YeshbhiRligeegtyn) coval ently attached to the backbone
of the probe, the other one is a dye (for instance a pol ynethi ne-cyani ne
derivatﬁwe)N@ﬁpgpkqo@%t@Q§p&gyﬁgeﬁﬂ@mﬁ%uorescent | ight of the reporter and
to quench it 40 (quencher, Q. The quencher is typically attached to the
probe backb®nghiah istth®eanalpnd,in W3 ARBRGH0RGELHSsPRRAOQARRELs, 28 Whsheas t he
reporter i scﬂagﬁatlg?mﬂmaﬁng%amiqpinscggﬁuﬁllge, spaced fromthe quencher by
a nunber of nucleotide building blocks. Probes bind to target nucleic acids
]gsensedzﬁv Agné tesHEAS ﬁgﬁil_rcmﬂv)%@drp@@nb&f, B{ié&%lgﬁ %cﬁﬁﬁe%r@cﬂ t@ﬁh@@kﬁ%ﬂﬁ@&ﬁr se or
orward) . soon as, priner has ann ed to the target an - pol ymer ase
gets bound YBugsiaepabas agfﬁ“etlg‘?f’é’éi’ 0§§15,pp’@1,0g@} oeteded sHedicsdfiom thee to t he
5' - nucl easecasdldtiint of ophicilRBa BT YPRific il d RRASHS] ding¥ebBrt&0BMs, Pliisand
synt hesi s the_progg iS cleaved as soon as the 'polynerase reaches the probe
bi ndi ng si t ¥X &GRS and quencher get separated, and the

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,



fluorescent signal becones neasurable. This process is repeated with every
cycle, and nore and nore fluorescent reporter is accumulated in solution
until reayers/ozwpt etion 10 at the end of the reaction. SoPCITEPA2/09496
signal -over-tine plot, signoidal growh curves are generated. The point on
the tine axis, where the arbitrary fluorescent intensity (AFl, also called
relative light units, RLU can be significantly distinguished from
background signal is called threshold cycle (ct). ct is a nmeasure of
analyte titre: the smaller the ct- value, the higher the nunber of starting
mol ecul es awhireas thheepiveter srlocated withinabe bbigp @quér&eaappmdffrmtth@qmdehadiw on

th t |
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Therefore, slgnaiusctnhed mraﬁolge:yele &t ot ve rpedstdy of anelwltttre ﬂﬁ&an?ﬂhﬂ’leQﬂt ionally
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t hen i slijsednplnﬁadebﬁkdl&ten’mﬁ bfﬁcieht}eshﬁﬂlfbscmhecdl?ilatecabﬁn%ehfs offlifférental h
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deduce jje pro?lfie) 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 from 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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BG i nt ensi tyin asdofalmbhd-atfyction repesinteats ahH]!ﬁnmreb@f prob&ethe@BsulfRChafib C
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* XT; =CaFIf nogc{lorgb% i */sts%%armdwrregﬁé Figafls R} %@Vﬁ@ic&%@nﬁvnm of
5' - nucl eas ethagigheut meehtlfdmnlﬂtﬂcyﬁem/alsmu&ep@mhsmr ﬁi@ta@&@ a0y 6@l This Rekd ect
hybridizatlon of. probe ta line rlzat f the . prob
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nono- i nf ect’i“% 'lzyaﬁ“r?cf:l%%g%’? 0888%3 t‘éte? ﬁ?‘éﬁfﬁbﬁﬁbil ocofithy Stmcglréféﬁté‘&?sfi c
probes | abedf thelpitbeaindlifhr (o€ &8i€pih) 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 = TFlg(y) - [(DM * DD¢(yy) + 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 for

differences in quantum yield or susceptibility to solvent effects, signal distribution in



respectively, it is very likely that the signal dynamcs (i.e. growh as a
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resul ti ng ﬁ%erﬁ%g'f’? Wg]iléaﬁff aéﬁ’fﬁ‘l‘lflftfet?at%/ eec}l%fgr@flé{ﬁ%‘?léb‘?%\% Cglﬁe Peraigdidhce

di scri nihat factor obtaided, withequantabeno initouds| of purifiet dye) prefdgiily cogsaly® hmveelca.
equal efficiepcy and start. fr.o ei t her. subst iall |fferent .or ca.
caual anal yRE0F N ageoih RrineviGBle st qegirgap Rl cftn Hetinies IGmheGhasir ed,
or even excegder Rl ¢-bligidutkbtide, Rhich dR2s abt ollilate sEhBPodtptetyl itsMgrucaasle |
OR case IV’?2. Heraﬁ,P di scrim nation between a case |V and a strongly biased
case |-typeoB8HaIPBet i on maybe achi eved by nmeans of absol ute specific

signal intensities. (R . i.nfensity shaou | o in a,case
a1 fuati on) "o STl PREREelSaRe e h  R0 S eBF T Lenesbr ghanhy
rectifikd, @Hereviabueesll reBesdles forthghissnefa aormlieédEdiynal dsfibgivaust véry 30 somne
cases, yet. . .lnh additign to this, .co ite AFL/Lt .curves n be anal ysed
concer ni ng %‘#F]Vgggﬂgb%f Sbh%tg'gét'él?’irg@g e obsgrved dnchanng] W@ihhfeé’@tsio n, one
dogstex]E)e_ctnclah-ﬁ?i_‘maliﬂeldﬁighﬂahteﬁ?ﬁ&selé&/\(at:)\?iﬁ/tﬂe?%ﬁﬁi{_19@1@/&392b@9.@9@1 /B W t[} 1
point of in ion. In.case of a.dou i nfecti on, ver,. it is nos
Picel vt et (08 Se5p 5t dhs S yeriemaear o Badnioy Conar Bratighen
nucl ei ¢ aci épeaediedrsbethtthagd@shlized 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



fromthe 2 infectious agents are not identical in ternms of ct (i.e. point
on the tine axis where the curve bends upward and rises above background
and dri ftwbesebs7in terms of 5 shape, and specific signalPCrmpenedsvsy. Thus,
a bi-signoidal curve shape nmay be genzg¥ated, wth 2 points of inflection.
So, nono- or bi-signoidal curve shapes m ght be indicative of nono- or

bi -infections present in the sanple under inspection. |In unfavourable
cases, however, superposition of 2 or nore curves may |lead to irregular
shapes with no clearcut maxi mum of slope, and with noise (i.e. the
roughness oWithHeasmirafdyflastipngnicgsd efardsaslsdniestion.homqvtrhie is pogdikdy khaty i s a

conposite c H{e\&ﬁgr%ﬂhcﬁlrv eﬁ&ﬁgd frdthlegGt d &qrﬂr%z m%rbf n%cl'%ﬁaar J[dYtaf%gé %B&r&&%d Curves

are superposed.®To sum u ere are a nu
avai | abl e t oauthie@irfectionsiageits aregtot idengicaiin tarmsmﬁlsit {i.p) pointawsthy tnnwxhst in

terms of t h@/hEQéH e bikvk B&ﬁﬁtdpé%gc% %-&Eﬁ?es aE'S‘\Le qgkérgﬂltld dadrtlﬂ?etve%,fm d Leg to: 15

Basi ¢ means - erence uti evi ati on,
either ih ssha@a,tandwsemﬁcc hglsalgmtﬁlﬁaltyaﬁhusagnagmoudaﬂ enye ‘slylple mnazf be@enérated,

opti cal Cha%ﬁ'%&ﬂS%%ﬁl%CEtge gétgl%%o T&}%l s SBLE Je%ﬂ eeo%Oflgﬁt vi.at #Cgt?;sv];r??

the reference tern can e nunb ers,
t he respect Df/ElONFi o1g-infectiens IIIaseadlrmhe pampllesmnder mm@atmmrlnammnbralbhet i on of

h A | nd S
these. uinSE@BXTVE%?r!S%He g%gﬁ"f’if)x%'ﬁ P hE %ur@ s m%%aflé ft fr&%gl ﬁé’% | gf@%or ati os

particul ar t1'ca &onmon
as a functi olnangﬁt wmycimeinm ohtlepe, and with ndysa dind. daelﬂo;aghlhemgf thheurveplsdingn

d 25 | at hi f.NFl..rat]. d
corr esphidi iAo il BhuR bARbEky s S3rizBfl RIS UR Rt B SRelfEen any
2 optical cRaendiideftiqt cwmeddrysupecpastd.ed by relating to a standard dose

difference), taking into account known assay-specific overall efficiencies
(extract i onTh sampip thecaaliecamdrnbmnémat}mn)atitdrmeahne adilhble te athi¢vefresolitivmsof 30

(1T appl 1 cabPRyt iRkl 405 e uraEIMBE L ER 4f SRR IhT el Byl e
i |l ustrat ednpplirFited tol + 2. V\D 03/ 020967 PCT/ EP02/ 09496 26 What is nore, in

order to nonitor the whole process, an artificial nucleic acid construct
15 Basic means — reference NFI distribution patterns, and

type of deviation, either in situations with significant signal
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.



may be added to all sanples, preferably packaged (arnmoured) in a nodified

virus particle, which is co-extracted and co-anplified with the natural

target. TWoOl3iomer nal 5 control (1C) features a uni que pr @oe/EPOZICN4AE 1 egi on

for an 1 C detection probe, which difters fromtarget-specific probes by a

different reporter group with distinguishable em ssion characteristics.

Thus, 1C signal can be discerned fromtarget signal, and as the ICis

known to be present in the sanple, it functions as a nonitoring agent. |If

there is no IC response, the respective reaction has to be considered

invalid, and repeated. 10 Additional to the

co-extracted/ -anplified/-detected internal control (1C), added to each and

every speci Yat sondse, iprosderdsebriifor éhe wholh puoricssoemartéisit] excleic naitl consttucol s or

calibrators i t be part

of the assaﬁja?gé;%deds}g tgaﬁ %QE%YVS\% fe%tlf%&ﬁn%&qghhw{ 1?1’1101&1? ﬁie&‘virgg opposed

to "unkn omrtlcla,ndunhys co5exbracttd gind nedngdified et the namlcﬂl ta:rgclpﬂ‘hls inthatal gi ve

rise tossig rrblnd th the

1 St 151 ol [0 G 43l o B b P B on AN Bere R PR i

addi tion toditffms ffqmmrgﬁ:tmleuﬁy puofbes byea diffepdratreporter group with d1st1ngu1shable

extraction/ t-QcLi SS For

screening app %lé{itc fi;%%létgﬁétgg ﬂﬁl& I(t)‘}“nSl%rRlli 8?neb ﬁil?lcse %erﬁlcr}gom%argﬁt Sg%nlar al%‘iﬁ%fhﬁ ve,

yet qual it atG sénawsdy be prerserqunt}mtkanqale,atefunctfqnseaa:hlcmmlmmgeggntdcﬁﬂtetre ise 20

donat i on, hn| |l e. her ef or er nal

postitive cont roﬁsggnse OF §°8 etls% eacao? & 1'IO Clpnf’l irbvfah ? ‘?ag‘i

Exanpl Based on the par aneter list given in exarrpl e 1 the si gnal

di stribution shown below is 25 anal yzed For each of the 6 pararret ers

under inspe J p Ll putl

across the §HJ(1)1§? P%%P% an%% scf{egsgfn &tt C%dnm erg ng o<n{ng d cpto eaolérence

pattern is wﬁybmntlantnbybapmmmmlteabOthaMpWﬁdamchﬂganal‘mntnoissirance 30 WO

83/ &210868 1%&%%1%@8\9%%&&% by(fm e@gna%§51f ‘§Le c%gtr%g v91llbe parjt ?the a(S)say.P 3 0 100
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



P6 0 50 50 NFI reference pattern 11 Chi Ch2 Ch3 P1 10 10 9,17 P2 10 1, 67
6,25 P3 7,08 10 7,92 P4 4,17 1,67 10 P5 10 4,17 10 P6 5,83 10 10

Put at i ve WO¥302@6%6 of f - set bands pertinent to 100% and 50%CweEen2/eabaues, and
5 X multiples of near zero values, which translates into the follow ng
accepted ranges for the reference pattern | Chi Ch2 Ch3 P1 40-60 40-60
0-9 P2 90-100 0-2 0-6 P3 0-7 90-100 0-8 P4 0-4 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 cal cul at ed,
for exanple, as percent values (%, absolute nunbers, nmultiples of sinple
standard devi atijonCheér cobhfnati @h3d t hereof. For each sanple (paraneter)
the signal di r| on Iy anne reporter Ri), Channel 2 (reporter
R2) and Chan ?bgporte '6 given by 6 parallel sinulated data sets
based on 6-f 3(cji rm nai ns eac¢h, as shown on the table (right side). On
the 10 left sI*de g subs G‘Zent steps for evaluating the signal data are
shown. 15 403/02 967 PCH/ EP02/188496 28 Sinulated distribution Sinul ated
dat a-set: ChiP&H2 @03 chi @€h2 ch350otal P1 49,33 48,83 1,83 P1 52 48 0 100
P2 98,42 0, 3%61,25 @9 48 30100 P 1,42 97,00 1,58 47 52 1 100

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 0-7  90-100 0-8
P4 0-4 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



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 nean values (arithnetic) P2 98 0 2 100 According
to referewoaspawsern, deviated 97,5 0 2,5 100 99 0 1 100PCHEPGH®™4Gh3 100 O
0 100 P1 5,25 6,12 5,17 96 2 2 100 B 4,69 2,45 3,25 100 0 0 100 P3 2,75
5,02 3,34 P31 96 3 100 P4 3,51 1,55 4,81 2 96 2 100 P5 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 2,5 95 2,5 100 P4 0 0 100
100 Chi Ch2 Ch3 0 0 100 100 P1 50 50 0 3 1 96 100 P2 100 0 O 1 O 99 100
P3 0 100 0 0 O 100 100 P4 0 O 100 1 1 98 100 P5 50 0 50 P5 46 6 48 100

50 100 Chi Ch2 Oy TEISNED ?%ﬁfﬁﬁ%ﬁmer”0859°1?5§§29'fj£%9‘3?§8”32 *

10,00 1, 67 6-25-4-49 %8100 ps 1007 07 1 03 1Ptal 67
10,00 2 47 51P10Q P4988 00 8,48880, 00 3.8 45 MY F&? 7, 96 10, Q)o 10000 0
51 49 100 P2 98,42 0,33 1,25 100
P3 1,42 97,00 1,68 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
P5 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 2,5 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% / 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



10%/ 20% of f-set bands pertinent to 100% and 50% nmean val ues, and factor 5
pertinent to 0% values i.e. accepted ranges for reference pattern WO

03/ 02096 WB@3IhEPE2/ 09496 29 Wth regard to P5 a di stri butPComEPet/ 09496

Chl : Ch2: Ch3 of approximately 50:0:50 2% found, wth both nean val ues and
scatter being within the accepted ranges. This would lead to the result
"P5-positiv'", which neans nonoinfection with HBV. 5 Exanple 4 As outlined
above in the course of the principal considerations given in Exanples 1 and
2, 50 : 50 distributions may not always be a valid indicator of

mono- i nf ectWishsegard¥a Proaidistributioasf Ch1h2ehit ofappcbximatelyt 10sr8) iaf@usiever al
application e i not. eccur n her
cases es pec“l§1 QWWFO% ean?&l(%éﬁ%g &aR%JL}emp%idlﬂtélgttgg% SR [FESY Thésnvgalgéll S 3?t en is
desired. | rnhoreshelt "Riepadifidywhichundahe moaoalfggion Wit HB¥xanpl e addi ti onal curve
characteristics obtained i n honobgeneous 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 NFl trace
feature§ (Mwmpleati os constant / variable; early / late approxi mation of
final distribution; bias <1/ > 1; 15 etc.) are enployed to resolve the

i nfecting peraniieerabsye i the coursy ofitha prificipah dohsid eragorangivasinthamplesdalndt i on
shoul d be significantly enhanced by anal )iSI ng. the real-tine assay data
dynani cal | y g?oﬁ% tsrfévqtléa%ma&m%wamm 14 indicatqr olnone-yHestigasi ng

end- poi nt %E}%hgh iﬂrh%s %HI)%meE&%% 'tl’?a[tlt eré o SEQS?IS%?%a%%n%here%gch pure end-

poi nt anal ysi's y Wwou engen er the ri's gnost ng nono-i nfections,

while the &&tﬁgﬂw@hﬁmsdovr&)tseéurgh raaidl othidr caseseoicillgifbiodiagriostic mor e preci se
assi gnrrents In case of for_instance, the end-point NFl distribution

m ni ckd OHBWPRESRHONHE @&hebﬁnaéxslﬁ oftengs desited: I ordgrde alaw pyfurthsr apalysinfirysi s of
NFI  di fal
Istri %&é@g@%dﬂmﬁ %%?{(e! %a?dc%?gtl%%%;aéfleg@gﬂg%eﬁbggl oggg 'a&ghgcano*ﬂe al s€

assi gnnment nono-1 n I on" can repl aced by

the correctmabsdsgan®sluséd Thlsié edleced in ﬂﬂe\écﬁen@ shoMaMn Fig$, Whitehatitignals
anplified efficiently and _represented b?/ ﬁng}‘]ves rise to specific
fluores cencf@rverﬁhéwgteflyth(léplagsqm@ﬁFééﬁ’we seH thendn dyg andINK] trageiferiurasd¥F i ed

| e5s  of 11 gt dnod JHRRNESEN 0% Diton BTt b5 FAL TR 00ARL: 3115 el ow

the 50 : el'ine quic tive
producead wieid)) goeBipliglayo re@dilpé meuﬁﬁulﬁgpgtrmeffef(@)al di stribution. 30

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.

30



WO 03/ 020967 PCT/ EPO2/ 09496 30 Exanple 5 Experinental data with HBV
nmono-i nfections Genom c target (HBV subtype A), varying in dose from25 -
5000 copiwe 0sma9sand 5 i nternal control constructs were ePCT&PVEM4PE om

pl asma sanpl es using magnetic glass particle technol ogy as described in
PCT/ EPOO/ 11459. El uted nucleic acids were specifically amplified and
detected i n honbgeneous real -ti ne Tagnman- PCR on a COBAS TagManTM

i nstrunment operating under AnpliLink(r) version 2.1 (Roche Ml ecul ar
Systens). For the basic studies reported here, HBV specific probe (code 10
JWL44) was Bqazmpveeﬁi @7,5 pnol /100 | | abelled with FAM ( XEX 494 nm XEM 518

rim, and pm)I/100 | |abelled with JA274 (A Ex 580 nm 2EM 609 rim.
Resul ts wer ate it IBY qBpRQ-infeations on 7.0 for further data anal ysis
according to the present invention (e.g. calculation of valid cycle range

[ SFI >> AFl-BG noi se], of specific signal gain, normalised signal

i ntensiti esGeddnlic taagetQHBwﬁleik A), 8g9hgdh dog fida 255 Jo®achpien/mpandli nat e,
classification of NFl trace graphs into constant / offset / variable wth

posi tivé slivisenal couiral gppsdrugistwers eyzadtedeiren plrsmagagpies isigs apignetid glass

tat PCR
et ons iR lsebliagl Sibioin Ko T Apod RS R I AR SYert ori e
pairs and %@&ﬁ&al hiffied an@rdetdbtéd IvhotibentBus fhiMeme MEYmANGCREYM 2 AS shown

in Fig. a-dl M and JA274 signals generated from one and the sane
bi ochemi caIC@BA@tTaqMa(nTMenstmmen’amaraimgamdelamphhnk@ vaysionf. IHBWeIBNA) behave

e swi ng VAP RES50IoRohe ists TRt R ool 8 SO HSPSEF (10cl 5 11 se

ni fijgant &g@)}l il the seard this
;Slsgalch: gved]lwwﬁwagng?%s i ?glr?p g% agaﬁéd@%lwggx%?%“ﬁg rEgiac!tSIlagon.
This is rmsﬂm)geﬁae@vstpmomnoowleajegaawﬁumm (o N8RS O, 0060%em). COBAS

TagManTM i s very fferent for FAM and JA274, resulting in a nornalisation
fact or NF(JReEPUs WANEXPOftedt. MﬁjEweIQVerlsmrﬂ § fortfurthertdetarpaplysiesceardiogémhanced

| yt I 0 t t ed
o e Cr edbt PR Retlibd 66 sl RRS BT w22 AT SRR et 6 v
doses, att ajpakifig sfg@alagaﬁo nopalNEd s1gﬂh131hfeh§1tiéd NF] katios ahd NErablgiathotth s dye

pair ( , , WOor st case ")! Yet, upon translation of WD 03/02096
PCT/ EPO2/ ogn%lon@g}ordmate classification of NFI trace 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(ja274/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



SFI into NFl using the experinentally established NF(J, 274, FAM, these dyes
- coupled by way of being generated froma common bi ochem cal reaction -
yi el d 50:W0 odioztosT buti ons wi th remarkabl e preci sion (seePargpotgs 4, b).
5 Exanple 6 Experinmental data with di8ferent co-infections (type I & type
V) Procedures and reagent sets were as described for Exanple 5, except
that here, dependent on the targets extracted fromco-infected sanples,

t he probes specific for 10 HBV, HCV, or H V- 1-O were consuned in the
anplification / detection reaction. HBV probe was enpl oyed as a m xture of
equal anountld ino NANsing thg agretineiyalyl es@blidhied dohmuolwed, ithkse dyddccoppbBdywas
FAM | abel | ' - 1-0 - I .84l 1 n. . HBV
+ HCV posi 1?‘? a\‘);e(glféjlte g{ enganp ijé_gsr}{élincﬁu l{’}{ QQEFW?%@%(Z)%H iy\%gfg%sgglﬁglbglg&ﬁ%% es
are type | Withr¢mdrkeble presisiaaCvesralsd Kig. 4 bD positive is a type | co 15
infection. Note: for HV-1-0, titres are given in X-fold dilutions of a
culture supernatant; for all other paraneters, precisely quantitated

[cp/ m ] ﬁndEﬁ,?;glgrdi sed nmaterial was available. As can be seen fromthe
plots in Fig. 4, a-dt NFl distribution per se, and NFl traces 20 along the
reaction cobxphrimventsl dete widr §iffgient eg-griectfons (lypdhb&dypeeddi)I ti ng fr om nono-

—

v

i nfections. For instnce,, in Fig. 4, a, the reactions # 1-12 feature | ow
and approximately equivalent titres of HBV (anplifying very well; no
reverse trapgesdubld £ rodoRRt dePRb 8 HescABE fd%xﬁl%ﬁfé'ﬂ,%)(@gth‘é‘?hére, yet _
somewhat slower than HBV, via reverse transcription- PCR HCV targets being

not easy t odependems oxltre taxgepreanaciodt Bdmseeinfdtadysasiplescthe pedys spebific for

Conse tl af e on-set of .the specifi.c reactjon SFEI(F,)_ and
S (o 2y B B n e LR SR i ARegaide SrwoRtasos, HANA N
(JA274] FAM oot w8 etaBldfed 95aﬁa@&ﬁ&mgﬁﬂ%&%é%fﬂzkﬁi?%zzgﬁ‘aﬂell@c? (=1). As

cycling progresses, ﬁowever, HCV reacts wth , and addi ti onal
SFI (F,J i s gevandeetiiespdENiprgbd Wwes REM laBARA4N Eoadly and HRAf-1€0 phubleovast/A@7¢qui t y

5 "o feat ur o7 ha HBP BT oo Eae b Sironles 614118 bl O PV e,
resul ting i]EFlgMa%ﬂlésé}g IWRLhfoRYE BRIV PAARRA L hBE Lihek of T an

NFI (JA274/ rati o graph that rushées down far quity line and
t hen rikKes sifepiiby. NetehfoaHpgsli-Oi tigessdre prea s ¥olBdi02086FT PEI{ukd02/ 09496 32

SFI (FAM is generated fromthe high dose HCV reactjon in advance of
the, , coupl ¥ em@@ﬁ@&%’ﬁl{ﬁfﬂ]ﬁ@aﬁﬂgﬂ\@re‘&ﬁﬂy W{‘J%‘Z‘%’&P/@lﬂ SW? stARargseddose HBV
reaction, waieR.05adHalMe.

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 SFIgam) and SFljaz74) are
produced via HBV reaction in considerable amounts, and NFI A274/FAM) Tatios tend to
approach the 50.50 distribution line (=1). As cycling progresses, however, HCV reacts
with little delay, and additional SFIram) is generated, pushing the NFI ;az74ranm 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 ga274/ram) ratio graph that

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



increases the ratio of NFI (JA274/FAM) 5 Thus, applying the criteria set
forth in Exanple 2 (p. 25-26) in an ordered sequential nanner as depicted
in Fig. Iwdowiweanal ysis would yield "Co-infection HBV +PHTEP02/09HM s hol ds
true even for nost reactions with a c&nbinati on of high dose HBV and | ow
dose HCV (high levels of SFI(FAJVI) and SFI (JA274) plus little additional
SFI (FAM al one, see Fig. 4, d) or fromof high dose HBV and | ow dose

H V-1-0 (high levels of SFI(FAM and 10 SFI (JA274) plus very little
additional SFI(JA274) alone, see Fig. 4, c; reactions # 7-24). In a few
cases, espesFlahlnyis\gendratetl éroimathediighsdtst IH{V rdaotidn inhelvaiepdshafcolypledtur ves

ratt os, N Stpen o hfebe b4 Shiad s BR Loy dom nPGerulonerbic) waatliy fo "
close to thﬁg&agég%&ﬁib%gm@g{g&&g ection. This, however, can be inproved

by way of chemcal (use Wth ca. 15 sinmlar enission intensities,
i.e. NFI ratios nore stable independent of target dose and concomtant
| evel of_ absol ute sjgnal g[enerati on),_nmat hemati cal (nore sophisticated

stati stital [EWePRPINHE Hiceeriteidn soh dorinia Brenwle? (heRbridy n 4t oidered seareatiglondar v
NFI , I . i h k
oper ;;J |r \(;ﬁ: 38 V\gsgé%}étg{‘i ?’%Elrg:%%ﬁ%éna%g’ss %SS‘%}EH g%&%?&%ﬁ?é‘%gf}(%Qﬁa%léydbycl i ng

as W th theTHEhpldefuuk@versfid nidt factidhis Svithed @Entifaticn e dbsk B W ehdRyvy
growth curves which in turn stabilises NFl ratio trace graphs). Wat is
Tore, Fig. doseBIGY dhighiciels of SFhepa e NBlRyg, ius Lide pddienal GRaeakn 11065, Show
exanpl es of ot ypenl - 11O0, 14 Vs 40 {0t hi ase i ch
results in Iélg. ;E’, 86?@%%@@ dg%n%f?‘é?"f‘ 8:1;&(%/9 8%@1(\};&;6 gﬁgh %I‘—(?](S\?gégﬁﬁ’*.m ana’\’h

Consequent | $FI 118 pislverpliitie aﬁﬂi&i@ﬁalﬁl@d}ﬁgﬁloﬁ@ R&s Fighdl o; edmeiinis.# 7-an).bel ow t he
equity line since HCV is anplified nuch better than HV-1-0 (a.
consequenceln 3 fgegases, pspecistly pothytholepn sshingabetbdlg shgpesf Nl cwsies inspeesbd

From Hve 1. oo e Pt Bhina R et SEEER ol PRBeet D RRE N R o o

nono- i nf ect glgigcterighics; AbsAUBISTI leveR O Bientfiite Qlokd ROYse iﬁﬂib@tir%&h&&o—t o further
di scrimnate co-infection fromnono- 30 infection. WD 03/020967

PCT/ EP02/ 09idestion3Tlaa hemgh ey caplesairinaeyedibypray of chemicat @ee pbdiss avith qaor e

difficult to discrimnat al st -yMDAOo-i nfectjon especi-al | y .when .hi gh
doses of pavailel Sl oRThfa e RE NEaREG S S5l IR SenshaBTEF Bree! P R
[RX]) is cogdticoptaid Vel beadsohAWsidRd @endhtidd) ambRAtichl (theRepatidagdon! y
little additional R1l), but in nost cases, this is possible even using 5

rat her si npdtatisigelHendsapplid torthe analyaisad primartigsovphahil seaeadyry NS cusigst em and

a "wor st Carse%pectively), 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, ¢ (reactions # 1-6) show
examples of type-I co-infection, i.e. HCV plus HIV-1-O in this case, which results in a
»non-coupled* generation of SFlam) and SFIa274). 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.



nodel " dye pair. Conbining 2 well anplifying targets in a type IV
co-infection, e.g. paraneter 5 [indicated by RL + R3] and paraneter 4

[ 1 ndi cat ewOlwg/0R®F7 poses nuch | ess anbiguity, as substant ipall/EawwIve of R3
intensity is added asynchronically and8 asymetrically. Yet, if the

rel ati ve abundance of parameter 4 versus paraneter 5 10 becones negligi bl e,
simlar limts of resolution are observed. In contrast to type |V co-
infection involving paranmeter 2 (and as expected), type | co-infections are
discrimnated quite easily against nono-infections indicated by the sane,
yet bi ochenGeattally spaajsinggtypd §'€ cpdifectiohisiase Mesaditffoubib daotimdmtd hgidsevel of
end-point NEI ratjpos and the NFI elllgaces al ong the reaction coordi nate as

vel |, and aP¥BOPREEPRnPRCERHY Phep Bigdrdosssg prramteisieenesiinghigh SPHevels [ Ry]

dye. This i Hﬁﬁ IS ner at ed by
par amet er 4%\%%1 gt? [Fg%@aigiegﬂ% (I% e@%@k‘%‘ﬁ%‘”%&% ugé%ra Bgﬁcl eavage of
paraneter Reespmdhf enjyrlatiesddigoral RiyiHuald todt@usssdisde pedsii€evanalkher | ate
during the course of 60 cycles, So, due to al nost inevitable differences

in eithet i Fﬁﬂfl‘?réImP]ietm%heI%%ﬁcék‘%m%% a0l this peglimina test aysgin,fand at,jwomst case

efficiency, ‘c 0_distriputi on of 20 signal
t hr oughout ﬂ]tg frz1 ?%né%ﬁ@%%g%é%}%h%ﬁlg&%@f? 3&@@6%}2 %ﬁt‘r‘?ﬁ‘i A

met hod for phendes Silidiatddsy Rf +&3] |aﬁ@§£ra§1e@9a|[mﬁﬁ>‘éte@m3]§io§'& rﬁllit‘?x 184sEPS:

a) Providing a mxture of a sanple containing said at [east 3 analytes or 5

suspect ed ofMPIHItH; 35 sHbstential amowrss of BB infensity anaddet esyrehnivally emdt 3
di fferent r. n nd|t|o al | ow t he specific binding
of said bi né i ng&%éi@ nteY%g’ %lggélliﬂ Ve a??éilfl W@Sﬁeﬁﬂ%elﬁu? P& etﬁﬁsai d at

| east 31k ndedgneaparti@bR, similapPRHitk bf:refs@mn@n hrelobberOdd. $REShtRkt th! -
anal ytes and is coupled to a first label, 10 - a second of sai at east 3

bi ndi ng par fHestioniisvalpiaeipriametas? (andeswpected), S’@Edcaﬂnfed:tmsiareailmmﬂnyated and

is coupled abe S.Se det ectabl e from
t he | abel cg&tﬁaeeaéﬁf 384 g%%t lgfmh?lﬁ’dflﬁﬁgﬁgl:’}’ gy gmﬁ Ib%éihft'lﬁicﬁ eHuPEs d at
| east 3 bi ndyew;gmpemﬁsrt&rcsmw@ﬁaéﬂt@nft&rleeeltom:ﬁ&ip%t K&t fhridt aﬂ;d?ﬁl% cflf%ra@é%a' ytes
whereby a first amount of said third binding partner is couple 15 the

sane | abel alengdgredionsogmiingtd dsrwell,lsnddisn @mgmﬁmntlarhma sigrabintbnaitiesint  of
said thisd ?f adi 'ﬂﬂ%{%’? dgfe? eIrhls 8 aGoHP tlhg ?actt %a% Abstans liBa %?elnsg}? 1stggger§t%(ci%9d

bi ndi ng" partnér "a
parameter 4 even at low doses, while R1 intensity produced from cleavage of parameter

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.



said first anount of said third binding partner is not coupled to the sane
| abel as coupled to the second binding partner and said second anount of
20 sai d tWorod/okiontli ng partner is not coupled to the sane PabgrPozes4e©upl ed
to the first binding partner, b) Det&tcting the signal intensities
indicative for said first and second | abel, c) Determ ning the anal ytes
present in said sanple using said signal intensities detected in step b),
25 characterized in that said analytes are anplified nucleic acids. 2)

Met hod of claim 1 characterized in that the different binding partners are
nucl ei ¢ aciGlaissquence specific probes. 3) Method of claim1 or 2
characterized in that said nucleic acids were anplified wusing PCR 30 4)
Met hod of dly ofA mkthiodgordthiede@rmivmtian tof i lzastl 3 ianalyfeatorspiising tieaskepswer e
detected honogeneously. WO 03/020967 PCT/ EP02/ 09496 35 5) Method of claim
4 characterized in that said | abels were detected using fluorescence

ener gy transfer a)6Prodkitingd mixtaapf ofargplaicostaihitgsabd ateasad bealytzeot i n t hat a

first of said first, secqgn nd. third_ bindi .partners i s.specific for

H YV, a Second bi narhiiEaneher L ishr e of Sl ARAME Srd AUGRES e fept g
partner is specifi bidding plBvhery inddrtchnditiohs dlowiog thelspedific Bindimghof said
characterized in that,.a first FinQiQ%JQart ers is specific for HV-1-M a
second bi ndi ng par OHEHRE RATIRCKS fq 5aid 3 PSR VITeH 2 third bi ndi ng partner is

specific for HI V-2, fouyrt.h bjndi artner i s spegific r - H a.fifth
bi ndi ng partner is-§33§v§§§ﬁﬁgkﬂﬁéggaﬁaggaﬁP%?# Bﬂ%?%6a5%§¥ﬁé?g¥§kmio
specific for HAV. 8)anAlyesrpdsd doupledad afimstiarel,conprising - a first binding

partner specific for a first analyte coupled to a first label, - a second
bi ndi ngOpar t ner speaisktéandfdafisaid as kesiBdiadiaf phenas igspedfit fora ss@ndrd sailabel ,

whi ch | abel is separatel et ect.abl e .fyom t he I upled to sai,d first
15 bi ndi ng partner ?ea #ﬁag&l’geﬂﬂ%ﬁﬁc%l’r}i trg?ga Sﬁ%ﬁ'qénlé e(isvf)lglgkil ?alhDSIdlf %e%ag%etl%i rd

anal yte whereby a fdetestablrfoemntheltibel sangled tu sat fisnbiindipgpartegends coupl ed to
the sane | abel as coupled to said first

- a third of said at least 3 binding partners specific for a third of said at least
3 analytes whereby a first amount of said third binding partner is coupled to
15 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 coupled to the second binding partner and said second amount of
20 said third binding partner is not coupled to the same label as coupled to the
first binding partner,

b) Detecting the signal intensities indicative for said first and second label,

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

detected in step b),
25 characterized in that said analytes are amplified nucleic acids.

2) Method of claim 1 characterized in that the different binding partners are

nucleic acid sequence specific probes.

3) Method of claim 1 or 2 characterized in that said nucleic acids were amplified
using PCR.

30 4) Method of any of claims 1 to 3 characterized in that said labels were detected

homogeneously.



bi ndi ng partner and a second anount of said third binding partner is
coupled to the sane | abel as the second binding partner and 20 said first
amount ofweaBa2whki rd bi nding partner is not coupled to thecsare2babel as
coupl ed to the second binding partner3and said second anount of said third
bi nding partner is not coupled to the sanme | abel as coupled to the first
binding partner, characterized in that said analytes are anplified nucleic
acids. 25 9) A kit for the determination of at |east 3 anal ytes containing

in one or nore containers - a first binding partner specific for a first
anal yte coupl ed Method dfrckaimldadbetacterized pethonwidiahels werepktdctedrussgeci fic for a

second anal yte c 0 n | abel , which | abel is separately
detectable from ?‘E@Je%ggéeﬁ en%%ﬁ?gfaglégf'o said first 30 binding partner, and -
a third bingyng ke f.ar ' i.rst
anount of gjai d ?ﬁ?écﬁfﬁaﬁgﬁﬁgﬁ%ﬂ%& &llag}it:%%ﬁﬁggé }%{oggﬁggg%%ﬁyﬁsgﬁ%ongs

coupl ed to said #id @irdlindds 020967 ispTifie6R/HI0486ecod8 bixididg pgtpeait ner and a
second unt of ' ' iyndi - sanme | abel as
sai d second bi ndiingits SPHEY Raithid RAhE k- REak Ry 118, TTES L
anplified nuclei | Ods- i ' Eurt 0] ns for
specific bi zf:h ngE/Ig?})Pdsdg?'Sf n%g%gfﬁ%s 10% %glr%%g[r%e?lsze?(f)n @gf %ﬁﬁﬁé’%ﬁ?{éy‘f%@é?d one
cont ai ner or in greifiofomidNé1£Ms ¢ beepnd bording pertrer islspycific for 611Vel @), mtBirdr 10

furt her cont ai ni 0 afSAARNLSLLAUBL B 2GS ATBLLACRLL A ec2lf O

container or in one cont’diners. e

bi ndi ng part ner sHEH, affifith tdedieg pariatri iospeoificdor HBSstnd3 sixtlabirtdérsg partreer is10
sanpl e, erein -_adi i nding partner specific for a first analyte is
coupl ed1 o a fi rssriegﬁﬁé:ésells%lA-gl'a second binding partner specific for a second

anal yte is Pupl R%Oblg’gﬁﬁ%g%?ﬁ%ttf} 902“?1!’1‘1%3.‘2' ch label is separately detectable

fromthe | abel coup to sal IF ding partner, and 15 - a third

bi ndi t e Cys ' fi t of
caid (hira bi ndi AP PREE B B HhEan AP SRR o cai o

first - 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
15 binding partner, and

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

20 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

partner,
characterized in that said analytes are amplified nucleic acids.

25 9 A kit for the determination of at least 3 analytes containing in one or more

containers
- 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
30 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



bi ndi ng partner and a second anount of said third binding partner is
coupled to the sane | abel as said second binding partner and said first
amount ofweaBa2whki rd bi nding partner is not coupled to thecsare2babel as
20 coupled to the second binding part#er and said second anount of said
third binding partner is not coupled to the sane | abel as coupled to the
first binding partner, characterized in that said analytes are anplified
nucl ei ¢ aci ds.

binding partner and a second amount of said third binding partner coupled to

the same label as said second binding partner,
characterized in that said analytes are amplified nucleic acids.

10)  Kit of claim 9 further containing means for specific binding of said binding
5 partners to said analytes in said one container or in one or more further

containers.

11)  Kitof claim 9 or 10 further containing reagents for nucleic acid amplification in

said one container or in one or more further containers.

12)  Use of at least 3 binding partners for the determination of at least 3 analytes in a

10 sample, wherein
- a first binding partner specific for a first analyte is coupled to a first label,

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

binding partner, and

15 - 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
binding partner and a second amount of said third binding partner is 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

20 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

partner,

characterized in that said analytes are amplified nucleic acids.



