2 FEB_ 2007 METHOD OF REDUCI NG ANALYSI S TI ME OF ENDPO NT- TYPE REACTI ON
PROFI LES BACKGROUND OF THE | NVENTI ON [0001] In the field of clinical

chem stry, diagnostic anal yses often consist of chem cal reactions” i hFEhilh
an analyte is reacted to form an observable product at a rate proportional

to the anount of analyte still present in the reaction. This is referred to
‘as a first order reaction, wherein the rate of product formation is
proportional to the first order of the reactant, i.e., the analyte. First

order kinetic reactions produce an exponential concentration vs. tine
profile that is nodeled mathematically by an exponential equation wherein
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where re@®i1on preh tHeSFel@beclRAtal ShérhGiryydihdiostic aRdIPRE ok boRi® of LRSS cgnough
to be approximated by a first order kinetics exponential through nuch of

t he react i onreactipmengduels an amlyts iy waged tnformancbserveble predfuet atet fatzal | y
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reaction be carried to conpletion. The reaction may i'n sonme instances be

speeded up byfthegeasgantnce. che healytee Fperaderlanaic reactipne praduse ke expoaeatia) st
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require |l ong endpoint times. [0003] Many nedi cal diagnostic tests for
reacti ons of isfrelasad torersition tinpsind ddeaqtiograigcgaytant Thetobsesvahle rasnewsg meay bend
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associated wth the 1 . _
usually increases with increasing temperature.

[0002] Situations are frequ‘ently encountered where reaction profiles are not strictly first
order, but are close enough to be approxi'matéd by a first order kinetics expoﬁential
through much of the reaction’s time course. This is often the case with enzymatically
catalyzed reactions where the reaction rate (at a given temperature) is a function of both
enzyme and analyte (reactant) concentration. Characterization of the reaction end point

C;‘ usually requires that the reaction be carried to completion. The reaction may in some
instances be speeded up by increasing either texﬁperature or enzyme or other catalyst
.' concentration. However, in many cases a reaction must be carried out at ambient
temperature, and even with increasing the enzyme or catalyst concentration, the time
needed to reach a limiting observable response may require long endpoint times.

[0003] Many medical diagnostic tests for reactions of first order or pseudo-first order
kinetics are based on end point assays that are carried out under ambient temperature
conditions. Most such assays require that the amount of time allowed for reaction be

sufficient to obtain a reproducible value for an observable response associated with the



2 FEB 2007 end point of the reaction. Assays for the detection of chem cal
and bi ochem cal conpounds may thus take mnutes or hours to obtain a
reasonably accurate observed, response or value that is indicative &FE%@BW
reaction end point. [0004] The wait tine required to obtain a reaction
end-point for many clinical and biochem cal assays can reduce the
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facilitating nedical di agnostlc assays and reducing the time required for
t aki ng of supbrlfalslaagush lapppasepeei féquakliycony¢rseritmepatitiooof tqst meagbesmenss,hods

for determnin o.a first or |ne|cs xponent i al
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SO provi des nmet hods for approximating a first order reacti rom

measur enent sottaken at different tinme intervals. The nethods corrpri se, in

gener al , initiating a.reactio obt i st t
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poi nt value for the observable species fromthe neasurenents. The end poi nt
val ue may bein¥entionesatisfies these needs, as well as others, and generally overcomes the

deficiencies found in the background art.

SUMMARY OF THE INVENTION
[0006] The invention provides methods for facilitating medical diagnostic assays and
reducing the time required for taking of such assays. More specifically, the invention
provides methods for determining solutions to a first order reaction kinetics exponential
. from measurements taken at different time intervals that allow a computational estimate
of a reaction end point to be made. The invention also provides methods for '
approximating a first order reaction from measurements taken at different time intervals.
The methods comprise, in general terms, initiating a reaction, obtaining 4t least three
measurements, at three different time points, of a value or level associated with
observable species indicative of the reaction, and estimating an end point value for the
observable species from the measurements. The end point value may be estimated
according to the difference of an intermediate measured value, less a number equal

approximately to the square of the difference between a later measured and an earlier



according to the difference of an internedi ate neasured val ue, |ess a nunber
equal approximately to the square of the difference between a |ater B 2007
nmeasured and an earlier 2 2 FEB 7087 neasured value divided by a nun%gﬁ -
equal approximately to an integer nultiple of the |ater neasured val ue |ess
twice the internedi ate nmeasured value plus the initial neasured val ue.
[0007] By wayneaburedsalpe diviéaufmyrmnumtberldqmlta@piamiﬁiamlyetoraaanﬁe'gmmwmmi se
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speci es assogi@ted with the reaction nay conprise a nolecule or nolecul es,
or a |label or |abels associated therewith, that are detectable optically,
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speci es, conmpound or chenical that does not participate in the reaction but
whi ch i s i ndimgtdowprie a tudecubnorcrenlecules, ona dabel ewlebelmﬁsspemWrthemmthnahMre in

t he reaction., The, neasurements. of val n d| rre ts, be taken
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enbodi nents, ofjef {e%ﬁmgﬁle & T8 1R BE \éﬁ‘l'bédl@&l(n £80R 1151@'&1%:1:&1” gﬁuﬁgﬂ@ lr'@a'der BEQRY ement s.
The taking of measuréngnts may occur early or late in the reaction, or

bot h. The netdedsomdeyideurEhicebsavrhie bxsied etayravimyprisg aaletestudlepaiatyite oi reecthatr t he
reaction fromthe neasu s. [.0008 e su t, et hods ma iin_certain
enbodi nent s, %@ﬁﬁ?ﬁcggn’l%ﬁqeg%%&%&agwﬂe@ %orai%ltwﬁ?béﬁs%‘iwﬁb%oé’?ﬁ}élﬂpé’ speci es
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cond and third values A, A2, and A3 for the observabl e species, and

det er m ni ng aothenmtlcmrorémqbof rﬂagwwueﬂwemthmh@t@bsé?rhﬂmaeut@p?@utS@ values

according t %m aclﬁonggﬂyne%ﬂ;o%u%gn S, b%l tgkénoor}so%{aﬁane% at equaa oF substantlally equzal imé

intervals At. In other embodiments, differing time intervals may separate individual
measurements. The taking of measurements may occur early or late in the reaction, or
both. Tﬁe methods may further comprise determining an end point time for the reaction
from the measurements.

[0008] The subject methods may, in certain embodiments, comprise initiating a reaction
in which an observable species A is indicative of the extent of reaction is present,
measuring first, second and third values 4;, 4>, and 4; for the observable species, and
determining a final or endpoint value 4., for the observable species according to

C | according to the relationship

(AB —4 )2

4. =4, 44, —24, +4,)

-4}

The measurements of values 4, 42, and 43 may be taken at equal or substantially equal
time intervals At in many embodiments, while in certain embodiments the measurements
of values A, 4;, and A; may be made at intervals of unequal duration, and measurements

may be specifically made after selected durations. The measurements of values A, A,



The neasurenents of values Al, A2, and A3 nmay be taken at equal or
substantially equal tine intervals At in many enbodi nents, whil e in-@eFRBajo0y
enbodi nents the neasurenents of values A, A2, and A3 may be made at
intervals of unequal duration, and nmeasurenents nay be specifically nmade
after selected durations. The measurenments of values A, A2, 3 2 FEB 2007
and/ or A3 nmaynd'er Apdey be adetor atigated geveralyl at aay tiareyafter irtiafidresf thardacddd, on  of
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after a selected anount of tine has el apsed after 1nitiation of
reaction, or nafythercamicsiehut aftera mhmmi‘ angfunt pfriematbeelapsedrader mmsit;onmﬂtben

measur enent or _.nmeasu t hods of the invention may in
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for the obsepyallemepeci es during a first observation w ndow and
determining a first end point value A according to the above relationship,
measur i [@031 secondhs @teﬂmdswéltheelsv‘tﬁmp maAin Samd eadodimeecabpesevatserispeci es

during a 0 ub equ and determ ning.a second end
poi nt val ue ﬁfsé Séto eﬁ@?‘gf’r‘f ’rﬁ“ﬁg’y ?Oﬁﬁllefogf © PRFCER uBBPﬁ‘t“%hﬁ%r"Mfrom
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measuri ng anq]nt sée}?jﬁ‘% val u@sﬁl A3, A?OlnanduAB h%‘agé:‘rdt etoo s%%%brggﬁ@%!ggﬁes
during an nt meahEmo\aadecmdwtnﬂmAuesotﬁfmrm nndg; afthatobsanable podichds duaihge At e,
determ ning values of AA fromthe first, second. and nth sets of val ues,
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during which the three nmeasurenents of values Al, A2, and A3 are nade. The
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measuring values 4;, 42, and 45 of the observable species.

[0010] The measurement of a set of values 4;, A, and 4; during a reaction can be
considered as an "observation window” on the reaction of interest, during which the three
measurements of values A;, 4, and Az are made. The observation window is movable in
time with respect to the reaction initiation, and is repeatable to provide successive
estimates of the endpoint value 4., The inherent systematic error in the estimate of the

C endpoint value 4 is a constant percentage of A, . A, for any given time interval At
between individual measurements, and for any given reaction constant k. The error as a
percentage of the desired result A, becomes smaller as the “three observation window”
progresses in time, leading to more accurate estimates of A, at later times during the
reaction.

[0011] The percent error in the estimation of the endpoint value 4. thus is a function of
the time interval At between measurement of values 4;, 4;, and 43, the degree of

| completion of the reaction, and the reaction constant k. To insure that the error of the

estimate of A, is within an acceptable amount of the true or actual value, these



bet ween i ndi vi dual neasurenments, and for any given reaction constant k. The
error as a percentage of the desired result A becones snaller as th;’; 8 2007
"three observation wi ndow' progresses in tinme, |leading to nore accur eE
estimates of A at later tines during the reaction. [0011] The percent
error in the estimtion of the endpoint value A thus is a function of the
time int ervalpaﬁamﬁammwma@am@bmmsudﬂg that thegeaktipn A2 pmaded@ﬁ beytnel degtage of
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and reacti on%constant ( At h etg fg}rfglratures Pg Ztrb\ésgﬂﬁés of k), At
may be smal | mompensamfmpgrmmreummrgneatlmﬂ conevat meaumd ealtésnd of thewdsdroble

measured val ues A of, the obseryv pec V\:hl| at very | ow val ues_ of Kk,
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éﬁsom at ed vwcbﬂ1 fetibgaction. It is thus desirable in sone. enbodinents of
t"he invention to exam ne nultiple, successive estimtes of the endpoint
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of conpl etion, as t he .si Qi.Se rati
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-for which and estimate of the endpoint val ue could al so
value A to check for convergence, which gives both an indication of degree of

completion as well as the signal to noise ratio present during measurements. Also, since
the systematic error is a constant fraction of an exponential, the change of the estimate
with time is itself an exponential for which and estimate of the endpoint value could also
be projected to further reduce systematic error.
[0013] The subject methods reduce the overall assay time necessary for endpoint
determination in medical, biological and other assays. The reduced time requirement for
C-\ assays leads to greater convenience for users and more efficient use of medical laboratory
personnel and resources. The invention also allows for the estimation of an endpoint of
an exponential reaction without using logs or exponentials, such that the calculation
required for endpoint estimation can easily be carried out with low-power
microprocessors such as those available in metering or reader devices and hand held data
processors such as "personal digital assistant" or PDA devices. The invention further
allows for end point estimation without knowing the precise starting time of an assay

reaction.



be projected to further reduce systematic error. [0013] The subject nethods

reduce the overall assay tine necessary for endpoint determ nation 'QFEB 2007
medi cal, biol ogical and other assays. The reduced tinme requirenment for

assays |l eads to greater convenience for users and nore efficient use of

medi cal |aboratory personnel and resources. The invention also allows for
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carried out in the "field” or outside of clinical setti ngs by patients and
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| evel shown ghawinhéh the horizontal axis.

[0017] FIG. 2 is a graphical representation of a three point observation window in a
reaction with first order kinetics, with measured or observed analyte level shown on the
vertical axis, and with reaction time shown on the horizontal axis.

[0018] FIG. 3 is a schematic representation of a system usable for reaction end point

determination in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

C, [0019] Disclosed herein are methods for reducing assay times necessary for endpoint
determination in medical biological assays. Particularly; that invention provides methods
for estimation of the end point value of an observable feature or features of the reaction
from three measured values of the observable that are obtained prior to the reaction end
point. The invention is described primarily in terms of use with clinical or medical
diagnostic assays, and blood glucose level assays in particular. Before the subject
invention 1s described ﬁ;rther, it should be understood that the invention is not limited to
the particular embediments described below, as variations of the particular embodiments

may be made and still fall within the scope of the appended claims. It is also to be



vertical axis, and with reaction tinme shown on the horizontal axis. [0018]
FIG 3 is a schematic representation of a systemusable for reaction EEEIB 007
point determ nation in accordance with the present invention. DETAIL

DESCRI PTI ON OF THE | NVENTI ON [ 0019] Di scl osed herein are nethods for

reduci ng assay tinmes necessary for endpoint determnation in nedical
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estimation of the end pojnt valu f an.obseryabl eature or features of
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terms of use with clinical or nedical " diagnostic assays, and bl ood gl ucose
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The technical and scientific terns used herein are intended to have the
same meani ngfizs oxdsnraaation kinetesss eowhich yam pdenfisobelicasnmpblykiharactarizethbyart to
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first order wseddereihmepricests for Hlopbapgyakon bmmthasae ksebleisd manites tregmenipgf:

ond o a5k S YRL 501 5L B A% pHAFUIBL B, BRES {5t v 1 oo

are at joos¥ of exTessim€ chlltpatbredote? andglatiiatichiosiublalents thereof as used herein
means a unique number or set of numbers used for standardization of commercial lots of
diagnostic assays and/or components thereof.

[0024] The term “plasma” and grammatical equivalents thereof as used herein means
blood plasma, i.e., the acellular fluid in which blood cells are suspended.

[0025] The term “host”, “patient”, “individual” and “subj ect;’ and grammatical
equivalents thereof as used herein means a member or members of any mammalian or
non-mammalian species that may utilize or be in need of using the subject methods for

C estimation of end point values for observable features of reaction.

[0026] It should be noted that, as used in this specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to “a control mixture” includes one or
more such control mixtures, and “a coagulation test” includes one or coagulation tests,
and the like. _

[0027] ‘In chemical and biological assays or like reaction events, an analyte is typically
reacted in a manner that changes the level or value of an observable species that is

proportional to the amount of analyte still present in a reaction vessel. The observable



[ 0023] The term "calibration code" and granmati cal equival ents thereof as
used herein neans a uni que nunber or set of nunbers used for 007
standardi zati on of commercial |lots of diagnhostic assays and/or corrporzel:rll{tBs2

t hereof . [0024] The term "plasnma” and granmati cal equival ents.thereof as
used herein neans blood plasma, i.e., the acellular fluid in which blood
cel |l s are susperdedy ¢RQ2EE thhanatyee rmeelf) odtich décpasesentcbpeehitmton iddtisd theand

"subject” and grammati cal equival ents thereof as used herein ans a.
renber or moiLE G PR A GreRS TG CHeMAARS ricelsich 5 Seqta e
utilize or bggt BodkaR a@halishdtacibiie i vl resdtionEbtodmdl @five 68Lab@id HagREs end
poi nt values for observabl'e features of reaction. [0026] It shoul d"be noted

t hat, as useBor first hidsr sgaelidns) Barhapteanects nengisendeld nudnaenst, a tateethatss ngul ar
forms "a,"” "an" and the" include plural referents unl ess the content
clearty” di copaliahfe abbiH il EeRll na T B Sotiiean ol hEmERRIR 1 o

m xture” incldif@kePBesuRh chéMicel @hieibng OMe Fabofed Pi@TessdTehe RaGRAIWeATilgN
test” includes one or coagulation tests, and the |1ke. [0027] In chem cal

and bi ol ogi caky &ssapenegtal, pikkprodaesa 3 enncentesitos, (obebsarvabletspesigs)tvppsus tifrleythat
reacted in a_nanner tha%edcqg(a%ﬂges t he.l.evel,. or val ue of an observabl e species
tHe

that is prOIBISYIbF(S?PéFseP %ﬁgn%%le%ag}o%e still present in a reaction

vessel . The observable 7 2 FEB 20917=,§Gpgcig§) may conprise the anal yt 1a)
itself, which decreases in concentration during the reaction, a reaction
product that increases as the analyte is depleted, or another species that
does not actwally .participate.n the reaction,. but is indicative of reaction
progr ess. Fg’rr tlf%/‘? asls Hje\&}ﬁ-ﬁcgél&etalpgﬁ%r?n?eh aéﬁﬁ?%é’r?@%fss%q% Qﬁ”ﬁ%@g’r%abl e
@gnner at arate that is proportional to the anount of analyte remaining in
the reaction. In nonitoring the responses of such chem cal reactions, the
response or progress of the reaction dverAdtidmbe™neg.be exponential , (dnd

produce a copcentration. (of. phservabl e speci es) versus tine, that . nay be

Fepr osent ed By SRt aPo LR tic oG aoP BAR CLAAMSH I YoipR HPRtpGR. FHEC A

g 'r_t uation i nyaNHERahIG GRS ANGEL, A, BRifLAE bb ¥ YOS nsk St RELAG, moni tored,
completion, and A, being the observable response before initiation of the reaction. '

Another possible situation involving the disappearance of reactant would be:
A=Ay &* (1c)

. Equation 1a generally pertains to situations where none of the observable reaction
product exists at the beginning of the reaction, and its final concentration, detected as A,
(«' is related to the amount of analyte (starting material) being quantitated in the diagnostic
method. Equation 1b pertains to situations where a detectable starting material reacts with
the analyte to form an undetectable product. The detectable starting material is present in
excess, and the difference between the starting and final detectable responses (A and A.)
is related to the amount of analyte present. Equation lc pertains to situations where the
detectable response is the analyte itself, and the response goes to zero when the reaction
is complete. This invention is relevant to equations 1a and 1b. The parameter k is the rate
constant of the reaction and is typically variable with temperature, usually increasing

with inc¢reasing temperature. The observable response may comprise, for example, a



At =(Ao-A)ear+A~ (Ib) for the situation in which the di sappearance of a
reactant is being nonitored, where At is an observable response at ti rFE t{l[ﬂ
A. being the observable response at reaction conpletion, and Ao bei na ﬁg
observabl e response before initiation of the reaction. Another possible
situation involving the di sappearance of reactant would be: A =A0 ekt (I C
Equati on | a deteemblel oplqremstomiata wivh 8 ir¢agatti e nsactibve el prodectpbr dther alageuwdbt e
reaction product exists at the beginning of the reaction, and its final
concentrat i oﬁPecé%tpéEstEEH‘”afgeﬁEaCtl?% related to the amount of analyte (starting
mat eri afgogei ng qw&g ihgmgnﬂ RsdySudh 89NRSE li%ed iﬂ%}&bﬁ%iuc%qyﬁidnaeﬂhgmpaer tains
to situations where detectabl é starting material reacts wth the anal yte
to form an undeitent@bf themppediiclevelT hfantepegtlairethetapetticagremaire détatminstiqw afs ent
in excess, and the. di errenc bet ween the starting and final detectable

responses (AB DR vajug A | ITBINTBSIERRES AP (RFOTYRRIIGN 4P petealpr wadnetl t{uat i on
lc pertains % bl ﬁ%ée%ﬁlé%’ggxﬁﬁle{e% ob&%%&t@%&ﬁe ﬁieS?ﬁ’ D5fe Lol ARt €

itself, and e response 0 Z€ero e redction [s conplete. This

i nvention i srdaeli6yante beeda@atay bbes the Arsabliet Rinefldexprabang efthdmatfeal Remrodt e
constant- of the reaction and is typically variable with tenperature, usually

i ncreasi ng wiuationsthaksvagnd enpeataoliedor thearineaters s the equepomfeanded.w) after
conprise, for exanplg, a8 ﬁ FOEI§ 2007 ; dettect bl.e ?ol or s%gci ated with a
reagent, a r BEERTER AALS BRBEUAT il Pt G ABURE (P AL S PE LB e t ne
reaction. [00Z8p1el{BRYo bBRAIA RMonANS B¥tAnats UCH HRkvdvBO SRy SesktioRs vRRAd 3 Ucose
monitoring and ~nonitoring of therapeutic levels of anficoagulation

t her apeut i csimpatuni medaet ardhiolagicelasedys domet &lbwphishbrdeakeaetidn beHaniomeand

{nhstances it is incanvenient to actually wajt. until the reaction is
sential |y @@ﬁ%ﬂéfeeesrlelab%t%ﬂw- SRR SRLBORLIneR itdﬁéﬂempeaaﬂﬁﬁ%ﬁ%@éwthe

reaction cur - edi i ryd i J: ertj.al

rad hermat i oal TBe S TR TANE piclorl Ebn il B e ThE FXBARE T

paramet er s ofipprbgche tiorbvedis chmpidtidiallydfitetiive SRPSItM dI0sufed fofcoivaidhalof ti me
points, w thout having to wait for the reaction to reach conpletion to
obtain a reaB6aBBING de¥icehwitd limitedangnery andlong MICAERPERFEOT GYGHSI tBes- | n

[0029] This invention provides quick, easy and accurate methods for estimation of the
observable end point value 4. that may be used with numerous biological and medical
assays, as well as devices and kits for carrying out the subject methods. The methods
comprise initiating a reaction in which an observable species A is present that indicative
of the extent or progress of the reaction, measuring first, second and third values 4;, 45,
and A; for or the observable species at first, second and third time points ty, t; and t;, and

* determining a final or endpoint value 4., for the observable species from the values 4;,

A;, and 4; according to the relationship

(Aa — A1 )2 (2)

The measurements of values 4, 45, and 4; are, in many embodiments, taken at equal or
substantially equal time intervals At, wherein At is the interval between the time points of
successive measurements, 1.¢., At & t3-tz ~ tp-t;. The measurement of 4;, and hence A,

and A;, may be made or initiated generally at any time after initiation of the reaction,

9



i nportant nedi cal and biol ogi cal assays do not follow first order reaction
behavior, and reasonable estimates of A . cannot be easily obtai ned.iFEB 2537
al so possible to carry out nunerical evaluations for the paraneters n
AO, by a derivative process. This approach, however, is conputationally

i ntensive. and not well suited for conventional neasuring devices with
limted nmenoelheugh theasgremient obrabessstod., epdioedt map de pOBPAIut Tfersa setactadt | on

provi des quick, easy. and accurate nmethods r est.imatipn of .the bservabl e
end point vaf u%.gftt%? g%?japﬁggﬁ_ﬁ%rdn‘éhaﬁ?Fﬂ t??@rr?ﬁ? Oﬁiaﬁlc%@‘irg’gfi_ﬁgﬁ%“?% Veal
assays, [@soyel | aThdQuheF ARRMAybklsslebted abidinb RItHRWarttdhar SERIHBA GnvBRidd0ds -
The nmethods” conprise initiating a reaction in whi ch an observabl e species A
i s present t haty ofitiecatdtive of oftetebtent diffement tempgyrimgrsessd bénce kiefferemdt vadmes as
measuring first scclagqnd aﬁ?tht hird val,ues. A7, A2,. and A3 for or. ihe
observabl e sB’éE‘!"S‘ég "?O‘f"?'r PSSR Vg ReTeRaneT issarstd g at 3 spec %nd t3, and
det er mi ni ng pfjepaleqr VARERAIsHciNAM B etut Mhindehsn SRIBEN IR BnP PECHESIChIRM t he
values A7, A2, and A3 according to the relationship _ A (A3 -A-~2 (2) A~
2 4 A3 - 2A2resptiomThese npolyamedtireg ssadfer eadpodts )\ whilaAZnaistathirBaeptablencoraagy
enbodi nent s, . t aken_at. equal or ., substantially, equal ,tinme intervals At
wherein At | & DREN RoigF VAR det ROBTCRHE 4P AREHESH by hivipadudes fese for the
Teasur ement Symbugof ofifvafick i i redofioh brofilfes RFSHRTERioRIA Tnte AWk RERT A2,
and A3, may %e made or 1 nitiated gen ra]I y at"any tine after initiation of

t he react i ontenferateBt@O8Zrmiat £ Aovahesnetashu mengmimad forvab b esnpratur kangyf or A3
may be carried out after a selected amunt of tine has el apsed after

initiation ofmpley Cff@é}@f‘ioéﬁ,tabé%Oﬂ‘étg%frfielﬁéaflﬂ‘l‘éi?:tsﬁél?&tﬁ‘éle&ﬂbe IRPEBOF oy dhebgstie of
€ my be seleckad AREALGL Pk AHSLPAL LEULALLISRELIRRL NOLY i ST Uy

e reaction I'nt éres enpératures {an ence (ﬂnffer ent k

val ues as dTs@psaese b&l B¥vheasured (Masempanatire soier thdi@onRes tor 0thel Sel) lok,ed
out at a specific tenperature or within a sg{gci.fic tenperature range, an
adequat e anoditernafvelye thitaliashimpies of kgea bomate i upisg ebadiitredly(simadl At, @ar | i er

endoL ) ek BB RS Ao SERL SR S SRRl v A
[0031] For equation (1b), where 4; = Ay ™ plotting the log of the observable value (In
A)) vs. time yields the reaction constant k and end point value 4., as slope and intercept,
respectively; At least two measurements of A, at two different time points, would be
required for this type of analysis. Ford, = 4. (7~ ¢™), however, determination of
reaction constant k and end point value A is more complex. The effectiveness of the

algorithm of equation (2) for accurate estimation of an end point observable value 4, can

(, be seen as follows. First, consider the differential equation (3)
- dA
=—A ke™ 3
dt = ®

" For slopes of A versus t measured at two time points, t; and t; the relationship

10



amount of curvature in the reaction profile. Study of the reaction of
interest at different tenperatures to determne f At values which ar
optimal for each tenperature or k nay enploy creation of a table or- ﬁfﬁ%ﬂﬂm
rel ati onship, so that when the reaction is run, the best At can be sel ected
for processing the data streamused for end point determ nation.

Tenperature can be neasured (via erature sensor, thernmometer or other
nmeans) or, alternatively, initi a{%% f k can be made by using an
arbitrarily small At, to proces ﬁgaﬁﬁ_gﬁd_@pﬂneuinate Kk Va|U6@)USIng
equation (20) as di scussed belo %TBl]AFhJ gguation (I b), where At AO e
, plotting the log of the observ value (In A) vs. tine yields the
reaction constant k and end poi nt e A. as slope and intercept,
respectively; At |east two neasurenents of A at two different tinme points,
woul d be required for this type of analysis. For A= A~ (I - e""), however,
det er mi nat i oof efuatioe &tis achiewds tThitrelktiamsti pestbopaticy (4Y 2bale fhowrBmaRy Smply
conpl ex. The effectiveness of the algorithmof equation (2) for accurate
estimtion oPYan end poi nt observabl e value A. can be seen as follows.
First, consider the differential equation (3) dA = -A ke-k' (3) dt For
slopes of A versus t neasured at two tinme points, tl and t2, the

rel ationship 10 2FEB2007 dA dtlt| &4 - ktl - e-k(t,-t_) (4) (dAl Acoke
- kt2 dt t2 of equation (4) is achi The rel ationship of equation (4)

can be shown nore sinply by (4d!if)) M| ==kt 2,)t1) (5) [dI2 Equat(|5§)n (5)
can then be shown, in solving for |t Yyate constant k, as In\ d"
' | dr

- 2

Equation (5) can then be shown, in solving for the rate constant k, as

&,
(%J

(6)

Substituting equation (6} into equation (1) then gives

C 4=+ (7

o
1-eg™

In order to determine A, according to equation (7), a minimum of three measurements of
values for A: would be required. Both logarithmic and exponential compﬁtations would
be involved, and the solution would computationally intensive, requiring more time and
computer overhead than is convenient for the low-power microprocessors commonly

used in clinical assays.

11



.dA k =dt 12 (6) (t2 - tl Substituting equation (6) into equation (1) then
gives A, - At, (7) rl-e-"" In order to determne A according to equiiiﬁq
(7), a.minimumof three nmeasurenents of values for At woul d be requi é 007
Both | ogarithm c and exponential conputations would be involved, and the
solution would conputationally intensive, requiring nore tinme and conputer
over heaf@@3hn i s Chrweer,ehdnd gmes bhestepfurthenend rhlcohprsabe ssond dedvmivakownsed
in clinical ass FEB 2007 0032] , However, if one goes one step
further, andnbgﬁ%HP%bé %Fﬁ§“§%¥ﬁﬁﬁ FHR{STve shown in.equation (8), the
situation becomes simpler. d"A = -A kZe-kt (8) dt Dividing the second
derivative shown in equation (8) by the first derivative dA/dt, one arrives
at d2A dt A k2e-k = k (9) d4 Akg*kt ~- dt, equation (9) as a solutjon for
the rate constant k. [0033] The gzgﬁﬁ 6&kﬁlG. 1 illustrates an expod@htlal
reaction curve of neasured val ue versus time. FIG 1 is illustrative of
the situation wherein the starting time of a reaction of interest is not
known, i.e., to is unknown, as is frequently the case _in hone-use

di agnosti c abéugwatheseasyd Beriyasive Showmi quatien (B Ky the fiesh denyativRdddlis@evabl e
quantity Ad i ggéen at time td, which occurs after the unknown reaction
starting tlne 0

d*A

T4 B A kre™
dd " A ke ™
dt

=k ©)

&

equation (9} as a solution for the rate constant k.

[0033] ‘The graph of FIG. 1 illustrates an exponential reaction curve of measured value 4
versus time. FIG. 1 is llustrative of the situation wherein the starting time of a reaction
of interest is not known, i.e., #;1s unknown, as is frequently the case in home-use
diagnostic assays used by patients. The first measurement of the observable quantity 44

~ is taken at time g, which occurs after the unknown reaction starting time #;. The

relationship of equation (1) can then be expressed as
A=A, [1-e™®)=(4, -4, 1-e™)+ 4, (10)
The derivative of equation (10) may be shown as

5‘5‘-:— = A ke™ = (4, — 4, Jee ), | o

and equation (11) can be expressed as



rel ati onship of equation (1) can then be expressed as

A=ACol -e-k)=(A -Ad) (I -e"k(t-tl))+Ad (10) J The derivative of equati og F(Eéﬂ?u[ﬂ
may be shown as dA = ACoke-kt _ (A -Ad )ke-k( -t i, (11) dt and equath

(11) can be expressed as 12 2 FEB 2007 dA dt -T +Ad (12) k-T For t = td,
equation (12) can be sinplified to dA A =kt +Ad. (13) From equation (13),
it can be seen that all that is needed do cal cul ate the endpoi nt value A
are the first and second derivatives ofga single point along the reaction

curve of A versus tinme. [0034] -Réfa(,;r%mg;mdg-to FIG 2, there is shbdn

graphically a reaction curve with thr'de points Pl, P2 and P3 on the curve,
correspondi ng respectively to neasured values Al, A2, and A3 at tine points
tj, t2 and t3, with t3-t2 = t2-tj = dt. Assune, for exenplary purposes

here, that ttf@rﬁﬁf&teqah@%@ébﬁ@ém#ﬂwhﬂﬁd/@ are assigned to point P2. The
slope St of the curve of FIG 2, which is the first derivative at a point
(not shown) | ocated m dway on the curve between points P3 and P2, can be
shown as S, =A2-A" (14) At The slope @ of the curve of FIG 2, taken as the
first derivative at a point (not sho | ocated m dway on the curve between
points P2 and P3, can sinmilarly b4, 4s SZ A3- A2 (15) (13)

From equation (13), it can be seen that all that is needed to calculate the endpoint value
A., are the first and second derivatives of a single point along the reaction curve of A
C versus time.

[0034] Referring now to FIG. 2, there is shown graphically a reaction curve with three
points P, P, and P;on the curve, corresponding respectively to measured values 45, Az,
and 4; at time points #;, #; and #3, with f3-f; = f-1; = Af. Assume, for exemplary purposes
here, that the first and seéond derivative are assigned to point P,. The slope S; of the
curve of FIG. 2, which is the first derivative at a point (not shown) located midway on the

curve between points P; and P;, can be shown as

=A2_A1
! At

(14)

(: , The slope S; of the curve of FIG. 2, taken as the first derivative at a point (not shown)

located midway on the curve between points P, and Ps, can similarly be shown as

A - A
S, =22 15
S5, the average of the first derivatives assigned to £, can then be related as
S+,
§, == 5 =, (16)

13



S3, the average of the first derivatives assigned to P2, can then be rel ated
as S3- S +S2 (16) 3 2 13 2FEB7007 and S, the second derivatives asshpﬂﬁﬁﬂm7
to P2, can be shown as S=S2-S'. (17) [0035] Estimating the reaction
constant k from equation (9) above provides k (18) 3 and estimating A. from
equation (13) above yields C A 7 S3 +A2. (19) (s) Solving forA o, in
terms of the nmeasured values A3, A2 and A3 gives equation (2), which is
usabl e for charigt |zat|o reacti % oi,nts in accordance with the

i nventi on. d Secory eP?T”“ﬁﬂéﬂﬁﬁglﬁ 2| §e§ RYRE&F fashion, an

approxi mati on of k can be derived: Kk=A3-2AZ+A, (20) 2At(A3 -A ) [0036] It
shoul d be noted that there is sone error inherent in the approxination of
equation (2) due to the finite ng#ur&fﬂflaforenentioned t he sl ope

cal cul ations. [0037] Estinmation “an pggnd point value A 0 of an obsé?@%ble
gquantity A that is indicative reacti on progress or conpletion, thus may
conprise initiating a reaction |nvoIving the 14 2FEB2007 observable

speci es \ asu cond an hird v | evel.s Ai, A2, and
25 For [83Shhser v Estaniihp s ER HonBRE L O faBoR T aLibosk PEiBs: i val ue

A'for the observable

km——or (18)

and estimating A, from equation (13) above yields

L

A, =
5
&)

Solving for A in terms of the measured values 4;, 47 and 45 gives equation (2), which is

+4,. (19)

usable for characterization of reaction end points in accordance with the invention.

(4,-4,) (2)
44, -24, + 4,

;f“\

In a similar fashion, an approximation of k can be derived:

A, —24, + 4

k
2014, — 4,)

1K

(20)

[0036] It should be noted that there is some error inherent in the approximation of
equation (2) due to the finite nature of aforementioned the slope calculations.
[0037] Estimation of an end point value 4., 0f an observable quantity 4 that is indicative

of reaction progress or completion, thus may comprise initiating a reaction involving the

14



species according to according to the relationship provided in equation (2).
The three successive nmeasured values At, A2 and A3 can be consi dered; psg g7
"three observation w ndow' which can noved in tinme, providing successive
estimtes of A~ The inherent systematic error in the estimate is a constant
percentage of A, -A2 for any given values of At =1tj-t2=t2-t3) and k, so
the error as o&sgeplle apesips Aof measurins Srytegcondsadithird\valbes omgsels dnpd 4 and Asfor he

"t hree obser ' i ndow'. . pr.ogr S. N Ei t owar.ds, th eacti.on d
oi nt . 1 eadi g PR Riie 2P ERRR e b R AP OPI Ber FE B R e
reaction. Thygecied i&@oﬂﬂﬁigct@rhbcﬁﬂiugrto itige r@latibidhip provRfed M eqiARNYEPI BIR tBfce
conpletion of the reaction, and k. [0038] To insure that the error of the

estimte of Aucqessivemsaguevaiucteli 4dpand 4zeaniberonsidernd as a “threaehsevatior, one
can fix these .parameters by making sure that the reaction h pr.ogr essed
- beyond a certvﬁﬁﬁo‘ﬁegilg’ CB?%E’Hﬁ%P’egF‘SWPIBV‘dWBWSﬁﬁe ﬁ'ﬁ‘HE%PF%BF‘g‘aI DAGTERty ¢ he

estimate Of Avsem@PL bidigh Bk Alinfa® is 81 RGNt IRR ARZELY 2T K, @Mngl%l){f& values of

estimatabl e atcording to equation 20), and/or observing t erature and

applyi ng a knewny#etatl anshisp thetnaeds a jeedipeigablitie desided R3¢l ) beedisdsant K.
For typical chemcal reactions, at higher tenperatures, k increases, so At
shoul d be smamaber asghe ohprembatrsation Wigdent eros epeeintimes (towhids shereastipnesnd

t enperatures, and_henc r u f Ko S i fferences betwee
successi ve vgf)bné’ge%cﬁ?%lfo &nlg%%/ealcgégieteg?%gtg? Og‘flﬁﬁﬁa{? Si“sEte g‘ﬁ 1§4CHOR- WPBS=

~ presence of g@NgoRRnt kAT ik UTRRitRI I Gh88EereE HOEompIBSH ofthe SQQHbS aRA #f er abl y
be as large as possible at a given k, within the constraints of the

al | owab[@38}r or atlotihsiregst thedtrior of therestdmatcad Aofis leso tipinat desived frogBs8]ofSharce
@ackground noi se qfn% be an ig%ortant factor Ji.n many, sifuations that utilize

he i nvent i 048 Y2I¥fa§0s PO e RATHIBIEE Bomasiags e ‘gt chewapiRn s Promirwed of

- A to check Bgﬁoqd@&%{%@&%of%bﬁip[@ioﬁ%ﬁrtboﬁ@aﬁﬁ@hﬁﬁéﬂréﬂ‘vﬂﬁesdﬁ%%?e Qfimate
conpletion and signal to noise. In this regard, the nmethods of the

i nventi on pr ofHddeopftioriziagc¥t fenmibesthiewbsawed lobyikish isstimaphéaiadengling fol agsaticet
of val ues of _At, ,.and A3 for the observable species during. a first

observat i on \%P%&B@géhﬂogsé‘f‘é?ﬁ%ﬂ?&tﬁmf@ﬁ&&@% aplgchstm Véﬂ“lﬂ’@sbﬂkg belEtesR di ng to
the relatiopshidpsiafe HAYBLIBA cbdant T I JpRAI BhedSieANdadiRhs O niAkres of Al

A2, and A3 of the observable species during a second, subsequent
observati on winmqeoausesck theteasasi su Atshauldsecoradieetvocoprriensaty &rugreater, cuavagure,

determ ning Sh iefa{ fwer (f\e%lpierr]atgr%g, a?:l%' h%}lcevl%!wlére v&ﬁééaé’ off kr, gg:?altl I31efferences between
successive values of 4; may lead to poor signal to noise ratios in the presence of random
instrumental or other error. Thus, A7 should preferably be as large as possible at a given
k, within the constraints of the allowable error at the desired minimum degree of
completion.

C. [0039] " Since background noise may be an important factor in many situations that utilize
the invention, it may also be desirable to examine successive estimates of A, to check for
convergence, giving both an indication of degree of completion and signal to noise. In
this regard, the methods of the invention provide for such successive estimates, by
measuring a first set of values of 4;, A;, and A5 for the observable species during a first
observation window and determining a first end point value 4., according to the
relationship of eqﬁation (2), measuring a second set of values of 4, 45, and A3 of the
observable species during a second, subsequent observation window and determining a

second end point value 4., and determining a difference in end point value A4, from the
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15 2 FEB 2007 first and second endpoint val ues. The nethods may further
conprise neasuring a third set of values of Aj, A2, and A3 during a t"h?ngB'Zﬁ{JT
observati on wi ndow and determning a third end point value A n, and
measuring an nth set of values Al, A2, and A3 during an nth observation

wi ndow, determ ning an nth end point value Aa,, and determ ning val ues of

AAA from t he firétrastl second @AdpoitdWaleksarthe MdthsdisSayofurtvad ¢tespristhgeas@liacs i of a
mninmumtime interval, or an optinmumtine interval, after reaction )
initiation, PerotyRlushebA st 3 A duwg 2 thed ohtsaeaiionyndaw ged dalermimmg aiirdA3,

can thus be y | t he essiyv tiJqmate f A and
observati on gﬁ& @éﬁ/gfﬁg%%&”eﬁ%m %ﬁ{éﬁgn%%]gg?he%Fefa‘fs%%e%f%fA%%ng?lf gw{l%%ngﬁhfferent
observation \whigewon viddbw @RghliXing ShigieeddgbisahRBL a6 d Yelefhiif PalugPst ant
fraction of an exponential, the change of the estimate with tinmne is itself
an exponent iAd. ffan thehiirst) seavdd gbirid mad ethodets dfevabrd p@hea telvaingeof/A minirhd tambes o
be projected.to further. reduce s Stglmf%ei;rc error.  GENERAL THODOLOG ES
[0040] The i HUEMEL 85%%%%@%@%%8 » FI5 TPAGEPT iRty FoRel QAT WP

assays and ggAdycisignd PRudd B 45 SAHILCEh Blis SUER AR Sy od MO TRF LNt S

taken at different tife intérvals that allow a conputaational estimate of a
reacti on end sp@estive etibatayadd.., diliebserettodsd coangeése of ithe general vahes foB A,
initiating a reaction, obtaining at |east three neasurenents, at three

di fferent ti MOMpERAHiEeromiobseryaliewEdansi addiionpih sss dhs sitsteanatis sErer B
| ndi cative of,fdug KEAGH Gfhn ABGndRhI Qﬁééﬁﬁgﬁﬁﬁi@@%&ﬁé@ iMan'z;inJ i?sfelftagg

observabl e species ?t?omt e Prgasuréments. e end pol nt value may

estimat ed acegddiefidaltfor whieh aod tdtanaeoéttefendpoiniiieRdicatid aasire@dcieakale,

ess a nunber equal approximately to the square of the difference between a
-at er neasur 8theneedyee Bamasic e®asur ed val ue divided by a number equal
approximately to an integer nultiple of the |later neasured value less twce
the internedi ate neasured value plus the initial measured value. [0041] More
specifically, subject nethods resNRRONMMEBEOONOGIEALI Ng a reaction in which an

observabl e species A is indicatjve of the extent of reaction, measuring
first, H948hd andThe Hivertiomprggilenmethoss ?%rfac%@tlﬂsmdﬁ@l O138BeSigrRYS PR es,

and det er m ni @ @oihddhe 2LquFRA RS ik assays, from measurements taken at different time

intervals that allow a computational estimate of a reaction end point to be made. The
methods comprise, in general terms, initiating a reéction, obtaining at least three
measurements, at three different time points, of a value associated with observable
species indicative of the reaction, and estimating an end point value for the observable
species from the measurements. The end point value may be estimated according to the
difference of an intermediate measured value, less a number equal approxtmately to the
C‘ square of the difference between a later measured and an earlier measured value divided
by a number equal approximately to an integer multiple of the later measured value less
twice the intermediate measured value plus the initial measured value.
[0041] More specifically, subject methods'may comprise initiating a reaction in which an
observable species A is indicative of the extent of reaction, measuring first, second and
third values 4, 4, and A; for the observable species, and determining a final or endpoint

value 4. for the observable species according to according to the relationship of equation

(2) as described above
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value A. for the observabl e species according to according to the.

rel ati onship of equation (2) as described above 16 2 FEB 2007 Am = f‘fz i%ﬁ?
- A )2 (2) 4 A3 2A2 +A, The neasurenents of values A, A2, and A3 nay E
taken at equal or substantially equal tinme intervals At in many enbodi nents
as shown in the follow ng exanpl es. The neasurenents of values Al, A2,
and/or A3 nmay be nade or initiated generally at any tinme after initiation
of the reaction, or in sone enbodi nenéﬂsa,‘ asurenment of values Al, A2

and/or A3 may be carried outyjafter a |-edt)ed anount' of tine has el aﬂééed
after initiation of the reaction, gy afder. g jsel ected anount of tinme after
a previously taken neasurenent or asur énent’s. [ 0042] The nethods of the
invention are usable with any chenical, biological, physiological or other
reaction. The observabl e species associated with the reaction may conprise
a nol ecul e ofhprpleagiemaents @EV%UCFSabeﬁz:c?ﬁdHa%ﬂYsbee@kwf@Héd arisabseritialy equedt are

chen cal |y, - BReyetis aF Stk R tim SRR S BRRARLE S il o Bl e

particul ar apRaseéhesbf edudsof; 4sandick A ; nB@IHelea d¥RIr efifiated 181l 8P tEnddr
ot her detection devices having limted conputing power. The observabl e
speci es may @beRinitigonoliibe seachon. or i arme embpdipeatst meesuremenief valigedi.da, a
detectable r i on_ : t eci Q . chen cal
hat doss. noft a1 L SF itied B A FLERL AR BORRTTAER: YRS i A0 7
concentr at i otheQeactiogve!aftef a seleagedhimotintafaine e A prdidousBaake®meadhemaneei fi c
exanpl es di scussed below utilize optically detectable conmpounds. [0043] In
many inspanc%?-suél‘?f&%bsti c assay reactions which are carried out with hand
(el d dejogsp uSe #ndRkliflasHPRRLARHER aR%sBk Sl ARLABIIGH iROMILCh | S
npregnated with a color form ng reagent system specific¢ to dn anal yte of
i nterest. Typhysallogiceloybther sraetion| Ticodserveblelspstier akociated svithahel reabigon mke.
Many ot hers anal ytes co nly invplved in such diagnosiic assays wll
feadi |y suggeRtPiRermeleFue of HolaBes Uidi lnbel o fabelsipasaiiated hegewith, that are

detectable optically, electrically, spectroscopically, radiologically, chemically, or via

other technique. The methods of the invention in particular are well suited for use with
sample meters, sample readers or other detection devices having limited computing
power. The observable species may comprise a detectable analyte or reactant in the
reaction, a detectable reaction product, or a detectable species, compound or chemical
that does not participate in the reaction but which is indicative of the concentration or
level of reagent or analyte in the reaction. The specific examples discussed below utilize
optically detectable compounds.

C [0043] In many instances, diagnostic assay reactions which are carried out with hand
held devices use a solid support such as a test pad or strip which is impregnated with a
color forming reagent system specific to an analyte of interest. Typical analytes are
glucose, cholesterol, urea, and the like. Many others analytes commonly involved in
such diagnostic assays will readily suggest themselves to those skilled in the art. The
color forming reagent system may include an enzyme or other catalyst, which selectively
catalyzes a primary reaction with the analyte of interest. A product of the primary
reaction may be a dye or other compound that undergoes an optically detectable change,

siich as a change in color that is detectable at the reaction zone. In other embodiments,

17



color form ng reagent system may include an enzyne or other catalyst, which
selectively catalyzes a primary reaction with the anal yte of intere_.stz.FEﬁ\mm
product of the primary reaction nmay be a dye or other conpound t hat
undergoes an optically detectable change, such as a change in color that is
detectabl e at the reaction zone. In other enbodinents, 17 2 FEB 2007 the
product of t REe prodogrof thepihigieamipneayebe doihetmedihrtvehivhisderuthcengnes

anot her reaction, andﬁ,\ggi ch maﬁpal SO enzy{ns%_cgat al yzed, and participates in a
secondary rededqtigh andgaich giay also|spzype caglyzed ng pagigipates 1m a peopadayisagtign '

undergo a chapgeg; | MMM By deS 4 BT t [ [ 0044]
An exenpl ar ng%’l %¢%&¥Ig%m9¥1ére§£%gent gyst eﬁfﬁf}gg't]l g%at%g?%fﬁ?ﬁ%%#%ﬁq? s the
system t hat idstesble dtitles teactginrpase and cont ai ns gl ucose oxi dase, a

per oxi dase, . .and an,  oxi di zabl e.. d ucose oxidase is _an enzymne,  obtai ned
from Asi@%&ill | us Niygemglary ﬁ@ﬁ’rr‘%@i“in%ﬁ?agPﬁtagtYSﬁc@dbgﬁgle\Wlfhﬂthﬁllﬁ‘ﬁe@E@n €oxygen
to produce gluganahAG! gReirRng X85O8 onbiRLH jhde so
pr oduced, catS ?yze bygi% lpero P%?ase enzofllrre,sog;1 C qugg%%¥g%§§§l s'? ’eiﬁlg)r(a%lxi dase,
oxi di zes a dyeidiZhie dyes Blticosg oxhiasnsphneney it btoaxdddiae A pye)llueNigebbt s a

col or that W%.bghobs rved at . reaction zone. The observyabl e values in

h
such embodi MERFCEING 1A FEREHS PabRIPGaSE 2RD PEYSERES PIAdueRlureRolafto R ddyy drqgen

level of dye pEAERNThe b f&BEHE 96 pAR6ed, LA 2L4 %@g@&%&@%&fyﬁf@, dicpabl e

dyes are kno in the art for use in glucose assays cluding, for exanple,
t hose set outs horsefa@ish Patoxiddes, oFidites a4B8. Themspting cewnivpherenthpoxidieétdece.

Anot h ti | f ul i di zabl i s.the 3-pethyl-2- .
benzot hi beol FFRE hyelPa SahmeR R PbERT ST HaLs oSt 106, To O Fable Helueh indheh o
‘ (gly e system EeMBIHIANG wofa ¢hiskechprRe bblorinfRatedterRnatBng Btk fdvel b §¥?‘ present

sclosure of which is also incorporated herein by reference. Another dye
coupl e of choidereastigngend.vati ve of METH, nmeta-3-nethyl 2-b

enzot hi |t none draz NS ohyl nzenesul f onat e nonosodi um coupl ed
e Ao ConAERRRe obioTable s s eRATE the #hRishes TABERE 46
application Seluditg fold8lddls Wdse sét dugth BeP PaB Nol 3344 a6d iddeesyraRE akrsh Ber ei n
by reference. Oher suitable dyes and dye systens that allow optical

charact eri zatsfeisnes. Awether partaculgily useful oxidizable dye is the 3-methyl-2-
benzothiazolinone hydra.zone hydrochloride/8-anilino 1-naphthalenesulfonate dye system

(MBTH/ANS) described in U.S. Patent No. 6,218,571, the disclosure of which is also
incorporated herein by reference. Another dye couple 0f choice is a derivative of MBTH,
meta-3-methyl 2-benzothiazolinone hydrazone, N-sulfonyl benzenesulfonate
monosodium coupled with ANS. This combination is described in detail in U.S. patent
application Ser. No. 08/302,575, filed VSep. 8, 1994 and incorporated herein by reference.
C Other suitable dyes and dye systems that allow optical characterization of reactions will
suggest themselves to those skilled in the art. 7
[0046] The oxidizable dye may be used in a test strip and optical reader system such as
those that are commonly employed for measurement of blood glucose levels. U.S. Patent
No. 6,268,162, for example, discloses a system for measuring énalyte concentration in
bodily fluids based on reflectance readings from a porous test strip, and is incorporated
herein by reference. In this system, a bodily fluid sample is applied to the test strip, and
the strip is then inserted into an optical reader or meter. The measured values 4 in this

case are measured reflectance values from the test strip, and a reflectance value that
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suggest thenselves to those skilled in the art. [0046] The oxi di zabl e dye
may be used in a test strip and optical reader system such as those §IR8R 72007
are commonly enpl oyed for nmeasurenent of bl ood glucose levels. U S. Patent
No. 6, 268,162, for exanple, discloses a systemfor neasuring anal yte
concentration in bodily fluids based on refl ectance readings froma porous
test strip, aogedppnidnoahpomett@oendeinimasblye cadudated fem the nidahged yeleetinca
bodily fluid sanple is applied.tqQ the test strip, and the strip is then
inserted int Ba]’algy’é‘p’th%rélF'E‘r%éﬁﬁé‘Fhed?v‘Wé’P@r. The measured values Ain this

case ar gpsur ed TheLlRGhBGR oS fi AIOIR el iaboordlifbeduitipfbect ance

value that 18 2 FEB 2007 corresponds to the reaction end point may be
cal cul at ed f iventidremae albubehasedfdnedednebevablassasisn Sack essdpmey wiitize tebte

i nvention. [0047] The asurenent .of val ues for. end point estimati.on. in
accor dance WRERPERE o oAl R Ly P BETESeTa Ererdly o ghe APBFisESty s
Such assays pRYeditablok?elolS tyhils MBHi@Sink gg&aﬁal BEblch&Mcréslie DBMEOs allow

el ectrodes therein separated by a gap. plication of current across t%e

gap whi | e nonkarastenmgtipooéiiiredctidnf e exesurad vaisss Alikussloairise dessakd ows
characterization.of the reaction., The sured, val ues A thus conprijse
masured | poPERErA vt rEaS ot tr @ Tas ot GLBe BLP PN R G551 e
potential vabuerédes0Sach H8ystédh BSOURY. in BUS NP Aerd W&, @MoB %7936 iR RFudedFU. S.
Patent No. 6,193,873, the disclosure of which is incorporated herein by

reference. [0bud]is Meerdomateshhérein byapfesénse. be utilized for end point

charactgri zation bl.ood coagul ati assays, such .as prothronbin tinme or PT
asoays. MGAER aooapte Mustiw 27 AR WBle DT R PHEL R AP o PO oL ot € ¢ 0
@)t est stri pc@e%ﬂla@ibﬂ@aw?ré SIcBnb pRItA®ibin titRdR H1edssaydl BAcHMshFAhayesLieied ng of

bagul ation (via optical transm ssion or reflectance) using a strip reader.
Such as syst ewhliysapilieationsd @ blepdmapmbeton Palt e copphingahiosrboplasin,gpgetisero,

whi ch is incgkpor ' ' rence. T ' i .are
Comer ot al [y VOB Ao Rad P Yo bR LR AR ot imaEbds B8 BL it BpbeiRic.
strips, as wehb réslet hSuchogsyesnendiscigsaiphiBiabpdae Pdent Applidation FPr o p#4,840EVI CES
which is incorporated herein by reference. Test strips of this type are commercially
available from Lifescan Inc., Milpitas CA as HARMONY™ test strips, as well as the

corresponding optical reader for the strips.

DEVICES

[0049] The invention also provides devices and systems useful in diagnostic assays. The

devices may comprise, for example, a data processing device having an interface capable
C : of reading, inputting or otherwise allowing entry of measured values 4 of an observable

associated with a reaction, and a logic element or elements that is capable of employing
the entered values with the algorithm shown in equation (2) and discussed above, to
provide an end point value. The devices may additionally comprise a time keeping
element that allows determination of time intervals between the measurements of values
A, so that values may be measured at selected time intervals as described above.

[0050] The interface may comprise a user interface that allows a user to enter, via keypad
or other conventional means, the measured values 4. The interface may additionally, or

alternatively, comprise an interface that is capable of measuring the values of 4 directly.-
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[ 0049] The invention al so provides devices and systens useful in diagnostic
assays. The devices may conprise, for exanple, a data processing deviJcR 7007
having an interface capable of reading, inputting or otherw se allow ng
entry of measured val ues A of an observable associated with a reaction, and
a logic elenment or elenents that is capable of enploying the entered val ues
Wi th the al gSuch fiminsdrfave may ceqpaise, dor $2)mphs) dndiptical ssxidr flvonesuing vahiawifde an
end point valuye.. The devi ces ma addidtﬂi onal GO ri%e a tine keepijng

el enent thathQPTIB’\RE“CG ¥§PFHW§H Jrother FRmPITH-HPHY 198 fe R GehEbMenent s

of values A3kt capatiti®se Bﬁﬁggseinrﬁﬁ%%rs,e& GherShleBat et b Fi Rl BFN&l s as

descri bed above. [0050] The interface may conprise a user |nterface that

al | ows a usemegsrghvaines iviagcdiéansaavithdhe otviertiort oliveemi] iyrsamphemadsrs hivang
measur ed val ues .A. The int eria@g may additionally, or alternatively,
conprise an TUReRPHeES 2RAROL 288 Sabi e of measuring the val ues of A directly.

19 2FEB#QE]] SuchTafidei &tha &R MeFeehhFBe eﬁ@édi@d(ﬂf%rﬁwaﬁ[‘s&%ﬂﬁgﬁdr Hogipder
for neasuring values of A colorinmetrically fromtest strips or other sanples,

circuitry foEndpeistichenanterizefign fiy angprdaseowiih g inventiapalors artoequitdngeihing

| es, ther interf bl e of T d val
accor dance. wht REPREEFORETHTEne anpftsd Pk pibine Medhl maersnge et
interfaces afe%uﬁ'&iﬁfi'tl@eb@%{%ct i85kl hal, a8 infayWe dnftRd diddlih @6kt QY kiefsie MY be

enbodi ed in hardware, software, or both. - End point characterization in
accor dance wiample readensy dhe lagac Blersionetampelierconfigegadite reader input epporlésof al

characterization as noted abgve t hus the t rocessing._capabpilit

required form%sélres(ﬁ‘f)ajl%eét apéaZ}(/ﬁ'lgeq%goﬁgﬁj%lr?gFgl,la.tugﬁéﬁlﬁgﬁ.hggwg%%%yagaesr ﬁncftéllltg‘ﬁyvel y

@-rrpl e sanph@ §raaskelesd pdie edthehtn@lbes hedor@XA IR infftcdQRdaseiel 6diuk® TRAd or
put a plurality of neasured values, apply the algorithmof equation (2)

to the neasulosi ey fedhier bepndigtisdtio selReivgly Wbe shemeapong el sglvenlienen val ues
cont 1 gurad 187005 AR LB S TRARFE XAt on L AREE MR GERIEL T . ang
conpar e succeadiede end point estimation values until convergence is
reached. [0052] Referring nowto FIG .3, a device or system 10 usable for
react i oif98¥dpoi ntReferring now to FIG. 3, a device or system 10 usable for reaction endpoint

determination in accordance with the invention shown. The system 10 may comprise a

hand held computer such as a personal digital assistant or “PDA”. In other embodiments,

data processing device may comprise a minicomputer, a microcomputer, a PC such as an

INTEL® based processing computer or clone thereof, an APPLE® computer or clone

thereof, a SUN® workstation, or other like computer. The system 10 includes a user

interface element, shown in this embodiment as keypad 12, that is operatively coupled to
C a central processing unit or CPU 14.

[0053] CPU 14 is operatively coupled to components of system. 10 via an address and

data bus 16 and a control/status signal interface 18. Theée components include, inter alia,

a system memory 20 which may comprise various memory elements (not shown) such as

a DRAM primary or main memory, one or more SRAM buffers, and one or more read

only memory elements in the form of ROM, PROM, EPROM, EEPROM or the like.

System 10 also includes a sample reader 22 that is capable of measuring or detecting

analyte levels in a sample. The system 10 may additionally include a display element 24

such as a CRT, LCD or other type of display, and an interface adapter 26 that allows the
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determ nation in accordance with the invention shown. The system 10 may
conprise a hand held conputer such as a personal digital assistant - Of FEB 2007
"PDA". In other enbodi nents, data processing device nmay conprise a

m ni conputer, a mcroconputer, a PC such as an |INTEL(r) based processing
conputer or clone thereof, an APPLE(r) conputer or clone thereof, a SUN(r)
wor kst at i on, spsterathes idtedfeecainpettemal dde psisdseny) nple edadeis or athes external

interface elenment, shown in_this enbodi pent as keypad 12, that_is
operatively EBUHFEEOL O -al%@ﬁ%%@m}%ﬁg@y a%ﬁaetfm SEbGFR, REcH8aFClPU 14
i s operativelysE QR SETIRRMETIO FEREWIRE® SY S PIEE Yadk RbkAddr 888 c@pdi4 dat a

bus 16 and a control/status signal interface 18. These conponents include,
inter alia, meosyglemampiorepd@@ivdisphyfdyand aiprficadupter 26 maybrassocat@ient s
(not shown) such as rimary .ar main nenqry, one or nore SRA

U f ers. - and TBRAEIE oGP HAEA ot SRTY e APy e ERE A Phatdat e eeied Rsgron
PROV EPROM 1+ EERECM 011 dabEodsl #Pand c%ﬁ%mé&sﬁg%ﬂeff&fé me@sﬁjﬁ ?@Hiaﬁgf)gﬁaﬁ_@r 622

that is capable of neasuring or detecting analyte levels in a sa
system 10 nayaramdiadidisioahl opnipookntd éalse thtspbay) sickre athagiidisls dove, doppy ARIE, LCD

ther t .of di . and i nt erf ter 26 that all the 20 2
PEs 2007 | vy Sugm K RiT e AR BBoll R RbR RS bt sor s sampl e
~readers ;darsqtpt her g §t@mﬁém§§\2doqg% ééﬁ@%&gf&@mﬁnaédﬂﬁa@feﬂ%‘éﬁmﬁgl@%ﬁ% 208 may be

inthe formof a GPIB, RS-237 SCSI, ETHERNET, EWIRE(r) or
ot her | EEE 1Sgtwirmni(eotfsheen) spieblefor the opentiom plthe Garisemipirdwarsagapogents,di spl ay

24 and interf dapter. 26 iAt h th t
shown) 11 5 SHIER PRHATLRMElCR AT Re S Ao Ly e EaferiattRideah

ga;t a bus 16 ahdrdieitisQidnal RERSEENS. MEEH 206)1sb8nclPY&! RPed QroBYmERIEPIS SRt
arious additional conponents (also not shown) such as a hard disk drive,

fl oppy di sk iscepshde ofinputtioD od oiheswisg aeepting etheast toas measuseraenth at dwes e

el enents. [0 St em:. y. Ll |y t,ai n:a..sui I

operating sygﬁé‘%ﬁnﬁ%e p?ﬁ?%agaﬁ%ﬁ%é%a&% ﬁé%ﬁ@é%&%@%%ﬂ r&g%&w%géﬁ%g?eg%og? t he
vari ous har dwatgor; and elaedtl rograntmhial 3 ankat apipable WE et gath énedl prRareAluedOr and
CPU 14 via the address/data busl 6 and control/status signal interface 18.

Memory 20 al 86 abserefde &gt e serapiisBeaints Agscpbed phave.

KiTs
[0055] Also provided are kits for use in practicing the subject methods. The kits of the

subject invention may comprise, for example, test strips or other sample holders

containing an analyte or analytes, and a sample reader or meter for reading the test strips

that contains logic configured to read or input a plurality of measured values from the test
C strips, apply the algorithm of equation (2) to the measured values, and output one or more

end point estimation values according to the inputted measured values. The kits may

further comprise printed instructions for application of a bodily fluid to the test strips, and

use of the reader or meter for measuring values from the test strips.

EXAMPLES
[0056] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the present

im}ention, and are not intended to limit the scope of what the inventors regard as their
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is capable of inputting or otherw se accepting at |east three neasurenents,
at three different tinme points, of a value associated with an obser_vzaﬁ}sgem?
i ndi.cative of progress of a reaction, and stored programr ng 30 that
capabl e of determ ning an end point value for " the observable fromthe
measurenents as descri bed above. KITS [0055] Also provided are kits for use
i n practi ci nipvehgors ndy are thayetteodis] toThprekant thaotheteliperimeny elow are @t tor tre oy
conprise, for exanple, test strips,or other sanple holders containing an
anal yte or afSPSITALs B rﬁleg'agn:ﬁlogtsrh@‘é% qendpaci’%‘g?gpsu%pcqué%iw&m tRe Byt
strips that ;6RBbAIBS hRGbfheCRPEiAbiBetds hRPGvItidnd REGu1A bR bt di¥oP T
nmeasured values fromthe test “strips, apply the algorithmof equation (2)
to the neasutiatesy aldieted ethervoss, perts engans byweight endepdamyeight is vetiglvaveragaies
according to the gﬁgytt q:neasgged val ues. ~The kéts Yy further -conprise
printed inst FREEPERS FEt SEBFARLPIOR BB hOUHEH S POT 8 TP RAHOELFAst 1 i ps,
and use of hhesspRadter or neter for neasuring values fromthe test strips.
EXAVPLES [0056] The foll ow ng exanples are put forth so as to provide those
of ordinary skill in the art with a conplete disclosure and description of
how t o nmake %nd use .t present . nvent | aana e npk..inte ge? to limt
the scope of SHHAE e Aivertor e 1e A G S 595569 i nventi on
nor are theymMdakeBgieskst 0 represent that the experinents below are all or the
only experinentsg%erforned. Ef forts have been nmade to ensure accuracy with

respect [46§7hunber $heddlpving exanple depenstrtestae uwafloes oftle metiodiof diespreisoul d
be account edinfvorfion rllldStSeﬁ irﬂ%élﬁggg glu%{é%x‘!}%l? §r suBlaerc#sSan%ra o c%'iﬁ %ré%%hé"’%%e%} '
nmol ecul ar vvmgi‘;ﬁ1 i's vvmgr{l average~ nolecul ar weight, terrperaﬁure is1n

gegr ees Cent h@hptges ge'nﬁ fOIRSBREsE nees@iry @ olgiarrepratiudisle heduls withxampémiohal End
oi nt Determ nation For Colorinetric Bl ood Gucose Level Measurenents
[0057] The fé&td pRiphepebRiipetBodenonst rates the useful ness of the method of

Lhe T SRRy T VR LA, b0l 1o SLILAL ML OS5 50 al SFL BloBieihl S 2N

al so co t heoveéera
assay time needed using the algorithm of the present invention with a conventional

method of determining a subjects glucose levels. SureStep® is a blood glucose measuring
system commercially available from Lifescan, Inc. of Milpitas CA. It comprises a
handheld reflectance meter and a reagent strip utilizing an enzymatically catalyzed
colorimetric chemistry (dérivatives of MBTH and ANS, catalyzed by glucose oxidase
and peroxidase). The chemistry is dispersed in a porous polysulfone membrane matrix,
which absorbs the blood sample when the strip is used. The meter illuminates the reaction
matrix with LED’s having peak wavelengths of 660 and 940 nm. The 660 nm LED is

C used for detecting the product of the colorimetric reaction, which is proportional to the
amount of glucose in the sample.

[0059] The meter takes reflectance measurements at one second intervals of the strip,

then converts the reflectance values to the quantity K/S:

K (1-R)
5 (21)

“ TR
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assay tinmes (end point tines) necessary to obtain reproducible results with
conventional end point analysis nethods. [0058] In this exanple, the2F i
gl ucose nonitor "SureStep " was utilized to conpare the assay tine neetgfgo2
using the algorithmof the present invention with a conventional nethod of
determ ning a subjects glucose levels. SureStep is a blood glucose neasuring
syst em conmemdis R ys ag@intigbprepbrtomiltbftesean of bmountaff [ight pidttesed@om the '

conpri ses a handhel d.refl ance neter .and a reagent strip utilizi an
engg/)mat i cal | {F%ﬁ‘?%’%ﬁé’ﬂ&v&@ﬁ?}?’ itﬁ(%???‘ént&ﬁz‘ﬁg‘s‘_ﬁll%ag‘é‘g itva '%E%XWTE?Q%HS
ANS, cat al yzgedubmitgWHEASR aﬁﬁﬂo%ﬁﬁﬁely%ﬁ‘@pd%ﬁ&% kJIRgehe ab\%ﬁ&?&%ﬁi&%& dchSsa

di spersed in a porous polysul fone nmenbrane matri X, s the bl ood
sanpl e when ty® iswdight saittesegimafhesuchaen pptdus mendtres:. lhe nieterctallects theadnei x

ith LED' s havi k | hs. of, 660 and, .940 The, 660 LED i

Used for det SEPPRGDY A MLTRIE oMol e FERTONP delf EomULeATRS b aBes

propor tional otOsdchfd atdRMBIF&feath §68%Rd lnddie tﬁ@ﬂB}fJ@(chBQQesﬁﬂ K/A%er gﬁ& Gineh akes
en

refl ectance neasurenents at one second intervals of the Strip, "t
converts t heisrcehipgitadahatedaltheshange befevequ thret durenidKS valug¢ dadjlte op@ Dptair8@d IR 22

2 FEB 2007 where R s uantity.proportional. to,the,ratio.of anou f

i ght scat t erSaney B QL 0e feaIdREn K oG PaIBk W5 oHE SIoRRiALAES BR | oGt

i 11 unmi nati ngsdchbadd<tiR drndipkmOWtohsidéiee tahidDecR raldRat | GiicWeY i§ RalcSlated from the
appr oxi rratel¥ proportional to a |ight absorbing species (such as a dye) in

a |ight scatiiesliid§ vehterdogomlingiodke BllewingsIugdonr ane. The neter collects the
one second 660 nm K/ S data (x/5660) and processes it in 5 second w ndows
whi ch advance one second at a tine. For each 5 second wi ndow, the sl ope

change in K/'S per [ t . ed_ h hange bet t he
g‘u ge i P gg;ntg,ge.. LI 70 bSk98MPULER,. KRS! @.'27‘(.2/%’ g ey

rrent K/'S val ue the one obtain€d 5 secofflis earlier. *hen the Yeaction
slows to the point where the slope is less than 1%5 seconds, the endpoint
19 oM 1O A axaple, the K0S data ealoniated From the 660 am reflociante were
gathered at 1 second intervals for SureStep® at a range of temperatures between 15 and
35°C. Strips from seven production lots were employed, developed with spiked
(contrived glucose level) whole blood at approximately normal hematocrit. Four blood
samples were used for each temperature. The criteria employed for declaration of 2
- projected endpoint were (1) that the reaction be greater than 50% complete and (2) three
successive K/S estimates have a range of not more than 2% of the average K/S. - If these
criteria were not satisfied before the normal SureStep® endpoint (1% change in 5
seconds) was achieved, the SureStep® endpoint was used. Glucose was calculated
according to the SureStep® relationship between K/S and glucose. SureStep® endpoint
values were compared with the results of the new algorithm. At each temperature, the
optimum At was determined based on a combination of the root means squared (RMS)
difference between SureStep® and this algorithm, and the observed reduction in average
endpoint time. The data in Table 1 demonstrates the improvement in endpoint times, and

the small magnitude of the typical disagreement between the results of the two

algorithms.
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final K/'S value according to the foll ow ng equation: glucose = -10 + 70.9 -
K/ 5660 - 2.86 - K 156602 -.. 0.277 K/ S62 (22) [0060] In this exarrpzi Hlﬁ
K/'S data cal culated fromthe 660 nmrefl ectance were gathered at (li.ﬁoz
intervals for SureStep(r) at a range of tenperatures between 15 and 35C.
Strips from seven production |ots were enpl oyed, devel oped wth spiked
(contrived glucose | evel) whol e bl ood’lABLEdproxi mately normal hematocrit.

Four bl cod cnnrhl es—were used for each-t W‘hDI"QfIII"D The criteria nn‘h| n\lnrl

for dec| AFMPREBRUIEE| a Alpr of eétvédAéﬁarﬂﬁré‘Flﬁt Je éf§aYtTF§te the rRMSteron (e
t th 0% t
fange of not Cﬁorecgﬁﬁ oh SRSy 56, | ERRLR 56 PRLLIRNEA IRSeE,

satisfied befopre the pornml Sure$tep endpoi nt (ﬂé’/qchange in 5 segonds) was
achi evefl, the SureStep(r)| endpoint was uded. G ucQse was| cal cul ated
accordi hg to2G he Surestep(r) r el24tli onshl p bet we@af)K/S and gl ucosle? SureStgep

endpoi n pa-%ed—g“. the—-festts the—ARewalgori-t+hm—At
each t epper re, the o opti rmu {-%as deter ni ne]dsvf)ased an a cor‘rt% hati on of
the roor—TeE squaregd (RVB) dijgference jbetwe urestgp(r)y—an hi—s :
al gorithm Zér?; t he obgerved redurgtzfon inlaver aglcrab'?endpm nt ti m&*ql 6rhe data in
Tabl e 1| dengfstratles the |i nprovéaaeint in endpoi n8.4ti mes, fand theg @nall
magni t ude_of the tiynical idi sagreenent between the resultls of the two

algorithms. 23 2 F E B 2007 TABLE 1: Tenperature At Avg. Assay Tine Avg.

Soo T USRI gl SRRSO SRR lin Sundlbdnd YRG5
31.9 15.5 2. &mbadlnﬁmﬂs&hareéhﬂ ishbuld bedfmdarsttddby8hdse bk Dlel GO 6 arWhiat eartobe

@esent ‘invention has, been dESCI‘I bed with reference to the specific
changes may be made and equivalents may be substituted without departing from the true

spirit and scope of the invention. In addition, many modifications may be made to adapt
a particular situation, material, composition of matter, process, process step or steps, to.
the objective, spirit and scope of the present invention. All such modifications are

intended to be within the scope of the claims appended hereto.
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enbodi ments thereof, it should be understood by those skilled in the art
that various changes may be made and equival ents may be substituted %E%ﬁ]
departing fromthe true spirit and scope of the invention. In additi rﬁ
many nodi fications maybe made to adapt a particular situation, material,
conposition of matter, process, process step or steps, to. the objective,
spirit and scope of the present invention. Al such nodifications are
intended to be within the scope of the clainms appended hereto. C 24 2 FEB
2007 CLAIMS That which is clained IL%;W# A met hod for characterizing
reaction end point, conprising: (af f iating a chem cal reaction including
an obser vaiHaewhichiééigiatede of extent of reaction, (b) obtaining at |east
three neasurenents, at three different tine points, of a value associated
wi th an observabl e indicative of progress of said reaction neasuring first,
second and; thir | . [ vable, at tinmes tl1, t2
and t,3 (rjléspeé??é&og%%dgﬁgcﬁagwgq%cﬁe&n %ﬁ%"?@a&"ﬁ%@% s supstantially equal
- to the tinme int(@riuaiatifg 3 chdn?iyal reavdof ocludatgemmibeermgplaA iadidgiverdf exehtue A. f or
sai d observabl e according to the (A3 - A)z relationship A~ A2 - 4(A3
-2A2+ A, ZP9RB nmethod of claim 1, wherein the chemical reaction conprises

reaction wth gp)oahfsaafhe thé@medurehients Bl ARE dferedtaind JointéhsifaiaRiesai d

observabl e conprises an optically detectable species associated with said
cheni cal rasspsiateshivityan qhssrvsbletindicasive of niogtess ofvaid ishiioganaseingdinGbl e

compri ses sg&)n laﬁﬁttlii-bc@fhlle\é A 9&E eflables: s%ﬂeo%s&%alﬂg,%?ﬁhm%é £y Whd EL said chem cal
reaction. 5. system for chafact efi zing a reaction end’ foI nt> conprising:
respectively wherein the time interval t;—t; is substantially equal to the time interval (t;—
tp); and
(c) determining an endpoint value A, for said observable according to the
(As — 4 )2
44, =24, + 4,)

relationship 4o = 4, —

2. The method of claim 1, wherein the chemical reaction comprises re\actib_n with an

oxidizable dye.

3. The method of claim 1, wherein said observable comprises an optically detectable

species associated with said chemical reaction.

4. The method of claim 1, wherein said observable comprises an electrically

detectable species associated with said chemical reaction.

5. A system for characterizing a reaction end point, comprising:

(a) stored programming capable of inputting first, second and third values A;, Az,
and A; measured at times t;, t; and t;3 respectively, for an observable associated with a
chemical reaction and the time intervals t5-t; and t3-t; are substantially equal; and

(b} stored programming capable of determining an endpoint value A, for said

observable from said measurements according to the relationship
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(a) stored progranmm ng capable of inputting first, second and third val ues
Al, A2, and A3 neasured at tines ti, t2 and t3 respectively, for an ZFggzwy
observabl e associated with a chemical reaction and the tine intervals

and t3-t2 are substantially equal; and (b) stored progranm ng capabl e of
determ ni ng an endpoint value A for said observable fromsaid nmeasurenents
according to the relationship 25 2 FEB 2007 - (A3-A z A Az 4(A3 - 2A2 +
A, 6. The systemof claim6, wherein the chem cal reaction conprises
reaction with an oxidizable dye. 7. The systen1 f, claim6, wherein said
observabl e conprises an opticajly, detecta gkies associated with said
chem cal reaction. 8. The sys N) %I Q% engdf ai d observabl e

i ndi cative of progress conprises an ele tica gt’ect abl e speci es

associ ated with said chem cal reaction.

6. The system of claim 6, wherein the chemical reaction comprises reaction with an

oxidizable dye.

7. The system of claim 6, wherein said observable comprises an optically detectable

species associated with said chemical reaction.

8. The system of claim 6, wherein said observable indicative of progress comprises

an electrically detectable species associated with said chemical reaction.
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