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The field of this invention is analytc measurement

Background of the Invention

15 Analyte measurement in physiological fluids, e.g., blood or blood derived
products, is of ever increasing importance to today’s society. Analyte detection assays
find use in a variety of applications, including clinical laboratory testing, home testing,
etc., where the results of such testing -play a prominent role in diagnosis and
management in a variety of disease conditions. Analytes of interest include alcohol,

20 formaldehyde, glucose, glutamic acid, glycerol, beta-hydroxybutyrate, L-lactate,
leucine, malic acid, pyruvic acid, steroids, etc. In response to this growing importance
of analyte measurement, a variety of analyte measurement protocols and devices for
both clinical and home use have been developed.

Many of the protocols and devices that have been developed to date employ a signal

25  producing system to identify the presence of the analyte of interest in a physiological
sample, such as blood. .

While a variety of such signal producing systems have been developed to date
for use in the measurement of a wide variety of different analytes, there continues to
be a need for the further development of such systems.

30  Relevant Literature

Patent documents of interest include: EP 0 908 453 Al; WO 94/01578 and WO
94/01544.
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS

20 Test strips and methods for their use in the measurement of an analyte in a

sample are provided. The subject test strips are characterized by at least including a
water soluble tetrazolium salt on a surface of a positively charged substrate. In many
embodiments, the water soluble tetrazolium salt is present as part of an analyte
oxidizing signal producing system, which system includes one or more of the

25  following additional components: an analyte oxidizing enzyme, €.g., an analyte
dehydrogenase or an analyte oxidase; an electron transfer agent; and an enzyme
cofactor. Also provided are systems and kits incorporating the subject test strips. The
subject test strips, systems and kits find use in the detection of a wide variety of
analytes in a sample, such as a physiological sample, e.g., blood or a fraction thereof,

30 or ISF (interstitial fluid).

Before the subject invention is described further, it is to be understood that the

invention is not limited to the particular embodiments of the invention described
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enpl oyed is for the purpose of describing particular enbodinents, and is not
intended to be limting. Instead, the scope of the present invent{ pmuamht

be establi shedbwsihe 5 appended clains. In this specificatpeRuasnchside
appended cl ai ns, singular references include the plural, unless the context
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conpositions is the presence of a positively charged 30 substrate. By
positively charged substrate is nmeant a substrate that displays one or nore,
usual Iy a | argeoppdtipbisy of, positive charges, e.g., as found on positively
charged groups or noieties, on at |east one of its surfaces. The substrate
may be fabricated froma single naterial or nay be a conposite of two or

nore different materials, 3 | MAP 2005 WO 02/ 22855 ,PCT/ US01/ 28169 wher e
these different matiet R 8V sy Ftﬁné{%}oé‘oﬁm‘ﬂpeso‘i%%‘éﬁs M¥hted to

provide fofs t herdgas h SHdPORId ¥LANARAAHARIMPI. FBRESompbsiBdal bBe at e
positively charged Substrate may be bi bul ous or non-bi bul ous. By bi bul ous
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of the substrate, typically as a member of an analyte oxidizing signal producing

system. The subject compositions are typically present as dry compositions, such as

are found in reagent test strips. In particular, the invention provides strips for assaying

20  for a particular analyte in whole blood or a derivative fraction thereof, e.g., glucose,

alcohol, glycated proteins, efc. In the broadest sense, the reagent test strips include a

positively charged substrate and an analyte oxidizing signal producing system present

on a surface of the substrate, which sysiem includes a water soluble tetrazolium salt.

The above elements of the subject compositions are now further described in

25  greater detail.
Positively Charged Substrate

A feature of the subject compositions 1s the presence of a positively charged
30 substrate. By positively charged substrate is meant a substrate that displays one or
more, usually a large plurality of, positive charges, e.g., as found on positively charged
groups or moieties, on at least one of its surfaces. The substrate may be fabricated

from a single material or may be a composite of two or more different materials,
3



5 conponents as would occur, for exanple, in materials capable of absorbing
or "inbibing" one or nore conmponents, as occurs in chromatographicl1 MR 2005
separations. Exanples of bibulous materials include, but are not limted

to: untreatwe ¢hotgzs of paper, nitrocellulose and the |ike waralkojeadgdét in
chromat ogr aphi ¢ separation of conmponents contained in |iquids which are

passed therethrough. 10 Alternatively, the positively charged substrate may
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di nrensi ons and the lik wher epresentatiye trices .i.ncl ude thase
described in (PABS BiosRRulRGsenaghe Bie SRk tesulign shigerpioeraphic Sersiehion 6T g0 077
5,806,322, 5, g fdits BofiRcBBNiqlabAlicA 48 pltsctifertFiuand, 670, 381

5,663, 054; 5,459,080, 5,459,078; 5,441,894 and 5, 212,061; the disclosures
of whi ch atte her ei mMliteroasiysty, shecpbsiieteshargedcubstiemdy e nen-bitslansdNpor osi ty

f the test 25.stri | wh .th trix. ] .hot h
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charged nenbranes can be prepared by using p03|t|ven%/ charged pol yners,
such as pol yariayea ppsitise plarges el hese supgticesaregennwadly canfipeed torprpeided lonatioar i ous

techni ques, such_as. surface.coatin i cat {pni;c_surfactan or 30
pol yme ? s. The uf(c%%ﬁp?lﬁ%ﬁl%na %peh%_ lﬁé)?%l%é %%%/’Blg i %g [ ég)tofl’nad',% (%Leg e gf fﬁ]f: r eat nent,
phot ogr af tjsng, chedrastRi dEbiiee brodattdBy ttRtdye of theysdinabpldatcifibadéne Ak SucH, he

menbrane can be prepared b?/ means _of bl endi nfg one or nore positively
charged mat er ith¢ Baltix 5 tyrierllyRaeshatAeperar s ey ﬁapwﬂulctilgwﬁﬁrégglbft apdsiti vel y

charged pol ymeg g8l Satrdibh Qi Pafiee ot the MRG0 actib s R b6 A% Posiucing

system to take place. A number of different positively charged porous matrices have
been developed for use in various analyte measurement assays, which matrices may

20 differ in terms of materials, pore sizes, dimensions and the like, where representative
matrices include those described in U.S. Patent Nos: 55,932,431; 5,874,099;
5,871,767; 5,869,077; 5,866,322; 5,834,001; 5,800,829; 5,800,828; 5,798,113;
5,670,381; 5,663,054; 5,459,080; 5,459,078; 5,441,894 and 5,212,061, the disclosures |
of which are herein incorporated by reference. The dimensions and porosity of the test

25  strip may vary greatly, where the matrix may or may not have a porosity gradient, e.g.,
with larger pores near or at the sample application region and smaller pores at the
detection regton. Positively charged membranes can be prepared by using positively
charged polymers, such as polyamide. Alternatively, such membranes can be
prepared by various techniques, such as surface coating using cationic surfactants or

30  polymers. The coating can be applied by dip coating, chemical treatment,
photografting, plasma polymerization, etc. In yet other embodiments, the membrane
can be prepared by means of blending one or more positively charged materials with

the membrane forming polymer. Examples of positively charged polymers are
4
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Specific water soluble tetrazolium corrpounds or salts that are of particul ar
i nterest incl dgeorpdaied dyacigencsd.i nmited to:

2, 2' -di benzot hi azol yl -5, 5" - bi s[ 4-di ( 2-

sul f oet hyl ) car banoyl phenyl ] -3, 3' - (3, 3' - di net hoxy-

4, 4" - bi pheny!| eSignddiPreducarlystiems S 11 MAR 2005

20 As summarized above, a feature of the subject compositions is that they
include at least one water soluble tetrazolium salt, which component is typically
present in conjunction with one or more members of an analyte oxidizing signal
producing system. Specifically, a feature of the subject compositions is the presence of
a water soluble tetrazolium salt that is capable of accepting a hydride to product a

25  water soluble, colored formazan product. Water soluble tetrazolium salts of interest
include those described in EP 0 908 453, the disclosure of which is herein incorporated
by reference. One class of water soluble tetrazolium salts of interest include those
described by formula 2 on page 2, lines 35 to 48 of EP 0 908 453. Another class of
water soluble tetrazolium salts of interest include those described by formula 1 on

30 page 3, lines 10-25 of EP 0 908 453.

Specific \'avater soluble tetrazolium compounds or salts that are of particular
interest include, but are not limited to: 2,2 -dibenzothiazolyl-5,5 -bis[4-di(2-

sulfoethyl)carbamoylphenyl]-3,3"-(3,3"-dimethoxy- 4,4 -biphenylene)ditetrazolium,
5



WO 02/ 22855 PCT/ US01/ 28169 di sodium salt (WST-5);
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oxi dase (V\/neremf’% gt??a’feﬁg? Sl_lt‘{:i’ln %ﬁf%paé%‘?cﬁ’;r &}% gt CTBE%?;{%%E ’C"\?\here t he
anal yte is;gl yepk@hents 486 asd i9pfesntiiflage, (where the analyte is gal actose);
L- ascor bat e oxi dase (vvhere the analyte is ascorbic acid); |actate oxidase

(where the anal yt e Asmeationad above the $ipnal |Pnéiuemgc$a§em(m1@r@blﬂ¢bcmmsyﬂcmm s

oxi dase. { wher ot AT 8 S0 e ing P B afod R b B ThE bR RERGSe e

anal yte is uri#geach gncraliflat BezyhdehBat idbadayleafdahydn e pPasesioh thok@iRs bf
i nclude, but are not limted to: alcohol dehydrogenase for al cohol;

f or mal dehyde diakeyest gaguee daridistdipraatfremalyte Analyte oxidizing enzymes of
20 interest include analyte oxidases and analyte dehydrogenases. Analyte oxidases of

interest include, but are not limited to: glucose oxidase (where the analyte is glucose);
cholesterol oxidase (where the analyte is cholesterol); alcohol oxidase (where the
analyte is alcohol); bilirubin oxidase (where the analyte 1s bilirubin); choline oxidase
(where the analyte is choline); formaldehyde dehydrogenase (where the analyte is
25  formaldehyde); glutamate oxidase (where the analyte is L-glutamic acid); glycerol
oxidase (where the analyte is glycerol); galactose oxidase (where the analyte is
galactose); L-ascorbate oxidase (where the analyte is ascorbic acid); lactate oxidase
(where the analyte is lactic acid); leucine oxidase (where the analyte is leucine);
malate oxidase (where the analyte is malic acid); pyruvate oxidase (where the analyte
30 is pyruvic acid); urate oxidase (where the analyte is uric acid); and the like.
Analyte dehydrogenases of interest include, but are not limited to: alcohol
dehydrogenase for alcohol; formaldehyde dehydrogenase for formaldehyde; glucose

dehydrogenase for glucose; glucose-6-phosphate dehydrogenase for glucose-6-
6



dehydr ogenase for glucose; glucose-6-phosphate dehydrogenase for glppﬁ&§7®56
11 MAR 2005 WD 02/ 22855 PCT/ US01/ 28169 phosphate; gl utamate dehydrogenasé

for gl utamgngashshss 9l ycerol dehydrogenase for glycerol; PCT/US01/28169
bet a- hydr oxygutyr at e dehydr ogenase for beta-hydroxybutyrate; hydroxysteroid
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bet a- ni cotdi naﬂ#‘ﬂ@oﬁﬂ@ﬁ?fﬁwﬂw&&?“é@)ti de phosphate (beta- NADP);

t hi oni coti nam de a i . i des-thi-on 1 i i

di nucl eot i de phos pﬁg'?%a?ﬁnﬁngdo1%%rfﬁngg}ééj%bﬁ%?hgﬁgﬁ%@%@g}sﬂgeﬂgﬁﬁ% F}gctl)‘%dl‘edag X

ni coti nam de Ienkfmettfacwatanisnapablaofineoddtiae withahebeidezing agedt in a manner
pyrrol o-qui noline quinone (PQQ . Enzyne _cqfactors of particular interest

that 15 may beSuphthat thsgnpliierqfanterps)is oxidized by the,padgmengenty shichageRc| ude:

NADH or NAD( P) ~r@an@ﬁ: Lo @&?l i d}. zd - : j.ect
signal pr oduciérérglc%r}fst e %&L{C%thg%f‘%{'/}ﬁ? nc utélte% aﬁ g‘:%%grg{)sﬁ&t%?%rﬁgélggugégiﬁl . By
el ectron twansfrenotdpeindd tiosi.eTpiasti-nRotinanide udehige dinmdlagide ¢bdthMADR betar ansf er
an electron, in the formof a. hydride ion, from_a _reduced enzy cof act or
to the vater dBUBRBIdeAtRTe myﬁ%eapgﬂalaqSPh%? Q@fﬁﬁm’aaﬁmwtw%@ﬁﬁ@nef

i nterest incl f.l i H%ﬁ ; ey N
agents. In t#@%@??’f%&ﬁa gﬁ%ﬁgﬁ o i%ag;&%%?ﬁlﬁg%&gn%@ggﬂ%r

wei ght that dotlennadenirexiinedcide;ic@midtal , Nérshenosdemideydimindedtida PhGspiade; ons

ol ecul ar et A PoToRr RS dainaae CERd A BRI HE g RSPt s
10, 000 or 20, Q08 wladnt RS B hbbEMEd sigheprédudiy %%lﬁrm&ﬁw'mﬁﬁ &m{ﬂﬁ.

ol ecul ar wei ght” el ectron transfer agent often’w not exceed abou
100, 000 dal t ons. | Anpddijion ibthetianalytesoxidibiag lagemt b swhiteisignel grhducing ststanen

transfer agent, i.s non-,pr ot ei haceous co nd ile the high nol ecul ar
wei ght el egt r&ﬁp‘{:?@'n@f’ofg‘fig%gﬁfm?réu?S ?8@%‘?%&@8&0 S ﬁﬂ?’gé'i/mﬁ?lgtaei naceous
is neant a pQloyReihd Semelecieiiean frakdfdrhictectBL i e form of a hydride ion, from

a reduced enzyme cofactor to the water soluble tetrazolium product. Electron transfer

<

20  agents of interest include both low and high molecular weight electron transfer agents.
In this specification, low molecular weight means a molecular weight that does not
exceed about 2000 daltons, usually about 1000 daltons and in many embodiments
about 500 daltons. High molecular weight means a molecular weight of at least about
5000 daltons and in many embodiments 10,000 or 20,000 daltons or higher. The

25  molecnlar weight of the high molecular weight electron transfer agent often will not
exceed about 100,000 daltons. In many embodiments, the low molecular weight
electron transfer agent is a non-proteinaceous compound while the high molecular
weight electron transfer agent 1s a proteinaceous compound. By proteinaceous is
meant a polypeptide or polymeric mimetic thereof.

30 A variety of low molecular weight non-proteinaceous electron transfer agents
are of interest. These agents include: flavins such as riboflavin (RBF), alloxazine
(ALL) and lumichrome (L.C); phenazines such as phenazine, phenazine methosulfate

(PMS), phenazine ethosulfate, methoxyphenazine methosulfate and safranine; methyl-
7



30 A variety of |ow nolecular weight non-proteinaceous el ectron transfer
agents are of interest. These agents include: flavins such as rib flﬂéjz?b
(RBF), alloxazine (ALL) and |urnichrone (LC); phenazines such as gﬂe ‘ HBe

phenazi ne ngphpswskate (PMS), phenazine ethosul fate, nethopnhienpsiige
met hosul fate and safranine; nmethyl 7 1 1 MAR 2005 WD 02/ 22855 PCT/ USOL/ 28169

1, 4-naphthol (nenadione), phenothiazines such as PT and its radical cation,
PT+, thioni n {,;BH)aphtol (merhd{oiwr), phaathiaziBey $¥8h as 87 und 1€ rédica] cativat, Btene bl ue

MB), nethylene green (M5 .and, tol uidi bl ue T ; .phenoxazj nes such as
f)he)noxazi ney( ﬁ%@ﬂ%‘l@g&; %‘@e&sd‘)( BEFE?,% > BrE Ei(géﬁ%%‘F@gFPegﬁ’ﬁé%D (BCBA),
5 benzo- a- phe i i Nﬁg%l \ ; mgég ch as 2, 6-
di chl or ophenoﬁﬂ?%g%g%gfr?gﬁqmla%g;t&an Ilﬂ i%?{g’g?),s%%%ggs I (r%h%(:%gdl er's green
and phenyl enepliehoegzire(@CiA)ebdsikidue X{BPBAY, ahd btiHiant oresy] dbic ADDBAOBA),

enbodi nents are phenazi ne conpounds, eéq%.l ,PVS, phg\azi ne ethosul f at e,
met hoxypherfazi Mazo-Rephesazaoatuen giaridaiedalas blugkdpdonberels suahas 26w nol ecul ar

i ght, 105 i . i ' bodi .
hany enboat mend SIOiRbART SRR T ER, AR Bind S s R Y BB R D o
agent is an engheifehdiBlue] sndabe Hbe. O ffartiolgiFieRet ia adusssbdeaéacier, e.g.

NAD( P) H, and concom tantly reduci %t he tetrazololiumsalt of the signal
produci ng sy sRhERRZinhcraPRrnasiscdl PMbhtphenazinescthesulipieomethonyplfeaszitthzyne is a
di aphorase, s | PORC - [ OBRAR f I.- duct ase,

| i poam de deh%?%g%%%agee%ddpﬁ%kﬁf}g&%%ﬁ?oge%g%eel,o %@?Eggag‘g%e fll&gf di aphor ases

are avai |l ajy e B6RinABYOUER]lecEOP rayser ageheihendynatsalithaitsve commercial |y
avai |l abl e di aphorases that nay be resent in_ the subject signal producing
systenms i ncl ude badPimpaRy ¢m enfs.dbe high galequdarorsightapeiemaseous gleptromn

di aphorase, pqrgif i . I 26) . 1 ggﬁ! duci ng
syst ens descrio%e gggé\}lg?%% g hera Ili/&g)ﬁﬂélggﬁ?xﬁgmﬁgmﬁgu jé’g&%b%bsi tions
as reagent conpAB(R)H)RARd chicomtyitle ialundingeht Rtrhfslolwagslnbf the clgasisirbdwaise ar e

dry conpositions. At a mnipum the suhject reagent conposjtions are ones
that include tH&cRalomanyenppdmeais; dotirarandtosicr epzymay adhiapbarase fuch as

L L S B e e S

conponent s ar eNAD®sLddhlydrbgahaseeetc. A variety of diaphorases are available and may be
employed, where representative commercially available diaphorases that may be
present in the subject signal producing systems include bacillus diaphorase,
clostridium diaphorase, vibrio diaphorase, porcine diaphorase, and the like.

20 The signal producing systems described above are generally present in the
subject compositions as reagent compositions. In many embodiments the reagent
compositions are dry compositions. At a minimum, the subject reagent compositions
are ones that include the water soluble tetrazolium salt. In many embodiments,
however, the reagent compositions further include an enzyme cofactor, an analyte

25  oxidizing enzyme and an electron transfer agent, where these components are

deseribed above.
REAGENT TEST STRIPS
30 Of particular interest in many embodiments of the subject invention are reagent

test strips that include the above described compositions and are intended for use in

measuring the presence or concentration of an analyte in a sample. In particular, the



REAGENT TEST STRIPS 30 O particular interest in many enbodi nents of the
subj ect invention are reagent test strips that include the above ddskMpbel’
conmposi ti onggakehgdk e i ntended for use in neasuring the pr 19816
concentration of an analyte in a sanple. In particular, the 8 11 I\/AR 2005
WO 02/ 22855 PCT/ US01/ 28169 i nvention provides dry strips for assaying for a
particul ar anahydrgiohproiddselrp @R forasguying foeh parivdiapaiadyit W ehele bilddcegs,

etc. In the broadest sense, the rea%ent test strip includes a p05|t|vely

charged sol i d Rththoxydniyratedelicessegiern thedrpedest scare: Hhegergrpt teiciiap meludrer e
the dry reage F@‘q’% f ds 5
necessary to [)Ero(%g{c?gg:&%lé%%gﬁgg Fah%g%qrﬁkéta ggtpctroe gﬁgggg%txﬁe anal'yte of
interest. In whstthenpdiagentcempbsitine 1ssujeaqt of aivdithé magertt kemgoyndseagent
conposi tion present on the Hg&e(:t test. strip is ong that includes {he

fol | owi ng MentéFesanio prpdgs & deigetabls siggal 1a ths presenge okihs oRAYIESH ARiexsst: Imn

el ectron tran of
t hese constltﬁéﬁ{teﬂrflgg r@&gorfgh%\%g Eﬂbh@rﬁé%eg‘g?er Hio gg gﬁﬁm oélg[()%at%@nany
enbodi nent s, tdubjesttbstestrip isemt:ﬂmtmcﬂmies ﬁmlfuﬂl@w‘mgnmﬂmamantaaalgmamﬂmlngt i's
afflxedtoasolld support. esuppgfic may be a Tea@gtlc-- -

pol ystyrene, rfPFYRS. ABHenzyrBe GRIFIgR ane trﬁ%frgqugzrcagg ‘Watsw fier suitable
materian knownek okl il wnds 308 @fde Bhddlu P chfiils RBhscfindl n gfORLCd ont o

the test pad, Tncorporated into t test pad, etc is 1 agent
conposi ti on. Tdemilsthovg nmay al so be configured in nore conplex arrangenents,

Caver . "Where one. onnARY bRURTES dHobYCUer e BB SRR g D
present on thgaﬁueae&gsémm?goﬁ ”Tl%%bﬁér@ﬁmy%%‘%ﬁ&%%@ﬁg&?ﬁ?ﬁﬁé %ywope

present on the test strip, knowh i n er est
enbodi ment s arpelydser ¢ estnektlic ghe@@r con bihguswtabensateiiad dnowedn the ad. ﬁssd@w;tﬂht

No. 5,902,731, th i scl sure 0 herein inc at e r ef.erence.
The subject tée E‘FS?% {egt?r“ tgf' t%ﬂfﬁ%ﬁfﬂ?&%‘ﬁﬁ%ﬂ‘ﬁ&%ﬁ?@% Syr*dt ocol .
One COnvenisentth@feagaﬁtebmpgmﬁ@n CIMR B may alts@@ét:oﬁﬁgenéaeﬁtm&e@oﬂ@rew on of the
strip with an aqueous conposition that includes all of the nenbers of the

reagent conpogimapgameriae.g25vhase the tes pad m@m@bﬁ%qmth@ mepposisand gestiriage t he
final reagent \festySLliRe CORMERLER] duniliie i S3LoIRAC MY RS, hIBRLSR, N the

aqueous comnpositioh, aret i*cien
the surface layer. In addition, flow paths or channels may be present on the test strip,

as is known in the art. Of interest in many embodiments are the test strip
20  configurations disclosed in U.S. Patent No. 5,902,731, the disclosure of which is
herein incorporated by reference.
The subject test strips may be fabricated employing any convenient protocol.
One convenient protocol is to contact at least the test pad portion of the strip with an
aqueous composition that includes all of the members of the reagent composition that
25  isto be associated with the test pad in the final reagent test strip. Conveniently, the test
pad may be immersed in the aqueous composition, maintained therein for a sufficient
period of time and then dried, whereby the test pad of the reagent test strip which has
associated therewith the reagent composition is produced. As stated above, the
aqueous composition will include the various members of the reagent composition to
30  be associated with the test pad of the reagent test strip, where the various members are
present in amounts sufficient to provide for the desired amounts in the reagent
composition that is produced on the test pad. As such, where the electron transfer

agent is non-proteinaceous, the concentration of electron transfer agent present in this
9



period of tinme and then dried, whereby the test pad of the reagent test
strip which has associated therew th the reagent conposition is proguagdys
As stated above, the aqueous conposition will include the various nenbers of
the reagentwpqapegktion to 30 be associated with the test pagdnahibdigs
reagent test strip, where the various nenbers are present in anmounts
sufficient to provide for the desired anounts in the reagent conposition
that i s producapheoms ddnepdsaion tpadailyAsngesdinm aband Otth 60 Shecisually fromebbers0
agent is non-proteinaceous, the concentration of electron transfer agent

present in thi® &.000angupers geunliidran pbors 80 prr,006eM I8 peter spbedipent where

conposition typical . t 50
o 10, 000 and’ B Felrtn SARGEReEh O pAOM ekt oo Y Bla e SRTAREL
where the el egdenpfretentitsthe aqg@@@stompogitiad gpivalle eaifges frbd atonc Bt W,000n of
the electron transfer agent present in the agueous conpositiaon t/ypi cally

ranges from abéuallnfomzabpgt bt 5.80Qantkmpie wpylly Hewwnaboriol 4003, B8 /aH dlkeor e
1y f . j . i | t
usually Trom aéb?xgéntx]a%n &9 t&&&ﬂgﬁéﬁ gre;g}ﬁ‘\ in 2 %ﬁﬁ%}tgé ?Bx’nggsr%ﬁ}? %a%g%?ﬁwﬁn laHGS &

present in the aqueous conposi nges rrom-a usual |y

from about 6 nivhiM t26rviMWeallpfremerbiont 6 d] en24m. Whdnagsregant, it gesmen
concentration fromabout 1.5 nMto 28 usual ly fromabout_ 3.5mMto 14

‘mM  Sinil arly, cafprorsangstin copgertratigyirem aneutdny P t¢ A5 54, usyalpiresyabent r at i on
f .ar . wh
rom about 10 .Wt@fw&l\ﬂ’&@ﬂgﬂgﬁﬂ@%ﬂ}n&r giglapg%en%gﬁ’z?&hédg%}é&% U when

present. See the experinental settion, r<a nore I'led
descri pti or of cancenteypiva S@ni aiduy @00EN @06 OF, apd epnally fighni blsous QDY Ecto 10e@TEeNt
test strips. METHODS OF ANALYTE NVEASUREMENT 15 The above d_?sc i bed, si gnal

produci ng syst WA PEERGENE ROMPEEMENGHECHAY /e ior a MarpEetpil¢tidaiePion aht hods
of detecting tﬂ%?regéxﬁa% etBI)dfoil%S’ep%Iihn%péeté&gée@ﬁ%H t‘E&%sﬁéuPﬁéret he

concentration of, an analyte 1n"a‘sa variety o nt anal ytes
may be detected using the subject nethods, where representative anal ytes

i ncl ude those 20 described abqve, e.g., alcohol, fornaldehyde, gl ucose,

gl utani c aci d,MﬁFW%W‘?NﬁbY%&HQW%%%’Etyr ate, L-lactate, leucine, malic
acid, pyruyjc acid, steroids, etc. Wile in principle, the subject nethods
may be used to determ ne the presence, and often concentration, of an

anal yte in a vari etThodbodt fitsribed sighgigrelwiigcystesmmpehgant comphsitigns and itgse,

tears, sal | va, A0 G S S SY oGP bR of, S CrRd dOlmbf ot e
the concentration of, an analyte in a sample. A variety of different analytes may be
detected using the subject methods, where representative analytes include those

20  described above, e.g., alcohol, formaldehyde, glucose, glutamic acid, glycerol, beta-
hydroxybutyrate, L-lactate, leucine, malic acid, pyruvic acid, steroids, etc. While in
principle, the subject methods may be used to determine the presence, and often
concentration, of an analyte in a variety of different physiological samples, such as
urine, tears, saliva, and the like, they are particularly suited for use in determining the

25  concentration of an analyte in blood or blood fractions, e.g., blood derived samples,
and more particularly in whole blood, ISF (interstitial fluid).

In the subject methods, the sample and the signal producing system are
combined into a reaction mixture, the reaction is allowed to proceed for a sufficient
period to time to generate a signal indicative of the presence of (and often amount of)

30 analyte in the sample, and the resultant signal is detected and related to the presence of
(and often amount of) analyte in the sample. The above steps take place on a reagent

test strip as described supra.

10



25 concentration of an analyte in blood or blood fractions, e.g., bl1°f?4€? 05
derived sanples, and nore particularly in whole blood, ISIS (inter's | glq

fluid). InWwhezsuhiect nethods, the sanple and the signal ppefegyngi&yst em
are conbined into a reaction mxture, the reaction is allowed to proceed

for a sufficient period to time to generate a signal indicative of the
presence of (and ofA &atapolithe sulfiyct3netheds iy that the detsetablersanal isamafetupeot a
resul tant signal s t %F]g r el tQ n of. . (fand often
anount of) anarh%f/lt‘*éasl}’%ﬁ? %é&ggartrp e Oﬂ@gg ove Org{h%psgﬁﬁﬁee&gp%gtgpb eanorneagent

test strip as weBshlé hed ismpdaup dOvdiedsoMiiR: 2RDRzANPrORUR 38D iIPEIMHNMIGI69 A
feature of the subject nethods is that the detectable signal Is nmade up of a
non- washabl e dpotubstiagte suicssueihthahie cannot hewadly removed fiony e sudicetmderst r i p-
The non- shapl t1d f r bl e ;: which is
{ight 1y bodnd PeceRil PRMAoE o B Al oR e R AR PLE UG

removed from terperfancéPBEsubeafe sirfadedn dadivhe\teebiingass@pdiidrotsbony st andar d
washing conditions is_nmeant the conditjons experienced by substrate surface
in anal yte detcegppaemt Zastobe rameyad femdhhenrfase mpberemplnakstanstagbwasting/ed from

by those of sKCPREPRY i dttse BBRVRY b ERELEGou SPREH i ARa bR IRa RS PR v

assays, wher e hybrdiaxivn atkaedwhdie hen-bybedided mickei¢ aiiy e rdmhevadtthan &2 sur f ace
of an array following a hybridization_ step- Such conditions are well known

to those ®f uifpge of gnapay fltowinga sybrdizaiionsiap, PuchondHions gis) et knestrieds i s
t he productio f . 3 I f L 13

char ged subst ﬁg%g ,0?\%1 [el(rﬂg e’ %gﬁ-ﬁc%%%tg{éeotfg% O%B egﬁ?rlg%gﬁsu%q%"f &8%&{\/%1% g‘é

sol ubl e f or mazen-watsbable tpot bA tipr sefate bhihe pbsitiselp chatedmibbipats, whdiethkinoat st ep
Is'to apply a quantity of the 15 physiological sanple to the test strip,
where the testWashahlgspot iymads ynidhe wigtes solwhls formagampragictohysi ol ogi cal

gener al 1y tanges. 1 BRREighE I3RbCElmbloby i st solie BalRY iy oPYl
Because ofist hehpsivlogabdantpietoghibiestcdtrip pshers theitgst stripes desedtedappe.dhei ze t hat
about 24t o 4BV ORs FRISBAPISK 16 BopPihe i Bt ey Shes
o=l o5 o, ek AR Ak v gt B by b st dagpt oo
from about 20Becansév¥theumtiat bfjthe sobjectitest istriph tetbdod@Ample size that is applied to
the test strip may be relatively small, ranging in size from about 2pL. to 40uL, usually
20 fromabout 5ul. to 20pL. Where blood is the physiological sample, blood samples of
a variety of different hematocrits may be assayed with the subject methods, where the
hematocrit may range from about 20% to 65%, usually from about 25% to 60%.
Following application of the sample to the test strip, the sample is allowed to
react with the members of the signal producing system to produce a detectable
25  product, i.e., the non-washable spot, that is present in an amount proportional to the
initial amount of the analyte of interest present in the sample. The amount of
detectable product, i.e., sighal produced by the signal producing system in the form of
the non-washable spot, is then determined and related to the amount of analyte in the
initial sample. In certain embodiments, automated instruments that perform the above
30  mentioned detection and relation steps are employed. The above described reaction,
detection and relating steps, as well as instruments for performing the same, are further
described in U.S. Patent Nos. 4,734,360; 4,900,666; 4,935,346; 5,059,394; 5,304,468,

11



Fol | owm ng application of the sanple to the test strip, the sanple i@ }hb%ﬁ?d
to react wth the nenbers of the signal producing systemto produc ‘

detect abl e 25 product, i.e., the non-washable spot, that is present in an
anount prop@btozepsk to the initial amount of the anal yte ofpcirnisef/esico
present in the sanple. The anmount of detectable product, i.e., signal

produced by the_si gnal r oduci ng systemin the formof the non-washable
spot, is then 4dP@ba:inetiSaid: ?EFaPed 3ol ¥ he: andidelon > ehit A 520 $oPhe
initial sanple st sy i t i . perform
t he above 30 W%g§¥g%%3%gf esg?? ’2§0=g§§ %2%93%%5335’%%?%8&’“%%&%%}5?%%&The above
descri bed react,p6§1836 ael £8T3,204; dndliscdbatrésnd vdtielpae hasinicbrpagatédist r unment s
for perform ng the sape, are.furthe described in U S, Patent Nos.

4.734, 360 4, oStrewse: uthsselatonsten; thedertid analytgronagniration takes pfgacsopnt the

02122855PCT{ U it 2 - 2 1L.70; 20Q;

5,563, 042; 5, 63%%%66%{3%% &’%‘F’?&%@ﬁ? g@“@%%%“%”%ﬁ%ﬁ%@a@%@% %’4%@%5%%%

5, 846, 486; 5, 90 T3tmsnO&8oiRFlyand 5, 972, 294; the discl osures of which are

herein incorporated by reference. In the relation step, the derived anal yte

concentration takes into account the 5 constant contribution of conpeting

reactions to tpggobserved signal, e.g., by calibrating the instrunent

accordingly. KI'TS 10 Al so provided by the subject invention are kits for use

in practicing the subject nethods. The kits of the subject invention at

| east include a sigpal pro ing system as . desqgri hed ahove, .where the

si gnal protuci ng sy‘gﬁg Y £s l?iﬁ‘j}%@nemeﬁ‘éﬁl%mﬂ?@dnB‘@F‘ﬁ@g@er%‘glf@ht

conposi tion ory,sepRAl Theits 6f B sublE&S Ao aPRRARGAI SILNkA BRdhcink ystEdsal 1
|1 be present 1nhth |{

enbodi ments, the signal producing system w e s I1n the

15 form of a résagérd abest, véeerd e seraldpedudiiesysteupeenpokiestsgudy] otonkiined may

further include,a .nmeans for obtai.ning a physiological. sanple. For exanple,
wher e the. physPil YPES FeeestlesmPoRton 08 Stharalth ¢ Sy SER. RISty T EIE el
include a neangrhiYf entifdaheitd ghdsibhld Pdodid SemSWiibeAfent RNBEkItPI 81 Cki ng
a finger, a lance actuation nmeans, and the like. In "addition, the subject

kits may i Hcl udenaf s seagent tegt girin, pvdeseribed supamMds sebject kits maydinthey ingudsont r ol

solution that contains.a andar.di zed,congent rat of , anal vt,e, . .certain
orbo ment o (RERs Stk MRSl AR SRR Hanfe hndRid i sigldkilT L 3
above, for defapgld BYIdJESthREOLRE 10fs rRdORlvbEr iBEIRGY & ettandfor BBtasinig Hbfoell owi ng

sanpl e application o i )
sample, such as a lance for sticking a finger, a lance actuation means, and the like. In

addition, the subject kits may include a control solution or standard, e.g. an analyte
20 control solution that contains a standardized concentration of analyte. In certain
embodiments, the kits also include an automated instrument, as described above, for
detecting the amount of product produced on the strip following sample application
and relating the detected product to the amount of analyte in the sample. Finally, the
kits include instructions for using the subject kit components in the determination of
25  an analyte concentration in a physiological sample. These instructions may be present
on one or more of the packaging, a label insert, containers present in the kits, and the

like.

The following examples are offered by way of illustration and not by way of

30 limitation.
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and relating the detected product to the amobunt of analyte in the sanple.
Finally, the kits include instructions for using the subject kit &6%%@&3
i n the det aygopadskon of 25 an anal yte concentration in a physSiosQesedl

sanpl e. These instructions may be present on one or nore of the packagi ng,
a | abel insert, containers present in the kits, and the 1like. The foll ow ng
exanpl es are offered by way of ill usEXXERINEMDOARot by way of 30
limtation. 12 WD 02/22855 EXPERI MENTAL EXAMPLE 1 5 11 MAR 2005

PCT/ US01/ 28169 A 0.8 pm nyl on nmenbrane obtained from Pall Corporation (East
H1lls, NY) was dipped into the reagentexpfmmighbi e 1, until saturated. The
excess reagent was scraped off gently with a glass rod. The resulting
menbrane wgs hung to dry in a 56 C oven for 10 minutes. Porex (0.6 nm

t hi ck) was soaked i R ' 1 : to
dry in 8 100 C overt Pener axidizhEntialpReRtoh Pulelpfiatof il IR RHBZ,
between a pol ywestdggpedtinekhd feadermof TAE & net{l shtupnddy ERfettkcdss aeagkhil wasAner i ca,

Wl mngton, DE) and the nitrite-inpregnated Porex. 15 EXAMPLE 2 The o
procedure of BX@ERH eff gepihiswita gadase gpd. pultipgmembrang iwas ugg 1 e dn 816

t of T : - ngh g ' - - t
necded, 20 Tant 31T ORLIRAAREF PORS (I ARGARE RoP el Ol RESEIRRRAHDE "
Wat er 100 nio ( ZFableNbandhtabi hamjgetohian gsail 6031C ovecoe)ensodisu Risdlly] thyEniiide17. 2,
2.2 gmSigm, St. Louis, M USA%Sde “St,&g' to 5-7 by ad?li ng % M _HCl )
Tetoni c 1307 (BAdKROBIEESERYGEBIT, PONSHISE steph (b nue Meeneg@\polissias rom Igh pssa,
Pol ystyr enesul {06 §Arfhng@AdDyThRAinE né F8B0%ePpdfed™

15 . EXAMPLE 2

The procedure of Example 1 was repeated, except that the first dip was the

reagent of Table 3, and there was no second dip, since the Porex was not needed.

20 Table 1. Reagent for a Glucose Test Pad

Components Quantity
Water 100 ml
(2-[-Morpholino]ethanesulfonic acid) sodium salt MES (MW 217.2, 22gm
Sigma, St. Louis, MO, USA) Adjust pH to 5-7 by adding 6 M HCI)
Tetonic 1307 (BASF Corporation, Mount Olive, New Jersey, USA) 1-3 gm

PSSA, Polystyrenesulfonic acid, sodium salt (MW 70,000, 2-4 gm
Polysciences, Inc., Warrington, PA, USA)

Crotein {Croda Inc., Parsippany, NJ, USA) 2-4 gm
Mannitol (MW 182, Sigma, St. Louis, MO, USA) 1-10 gm
Phenazine Methosulfate (PMS, MW 306.34, Sigma, St. Louis, MO, 30-300 mg
USA

WST-5 (MW 1331.37, Dojindo Laboratory, Japan) 0.8-4 gm
Glucose Oxidase (GO, TOYORBO) 100-1000KU

25

13



Pol ysci ences, Inc., Warrington, PA, USA) Crotein (Croda Inc., Parsippany,
NJ, USA)2-4 gm Mannitol (MN 182, Sigma, St. Louis, MO, USA)1-10 WEgﬁ] I ne
Met hosul fate (PMS, MW 306. 34, Signma, St. Louis, MO, 30-300 ng USA %
1331. 37, Dojomdessaboratory, Japan)0.8-4 gm d ucose Oxi daser(B0s01/28169
TOYOBO) 100- 1000KU 25 13 11 MAC 2005 WO 02/ 22855 Table 2. Nitrite Reagent
PCT/ US01/ 28169 Conponent sQuantity 10 nM Phosphate Buffer Saline, pH7.4, (P-3
813, Sigma, StTabledi NitmigeRepgent USA) Ethanol 30 mi Sodium Nitrite (MAG9,
Al drich Chem cals, MI|waukee, W, USA)5 gm Pol yvi nyl pyrrodi ne (MV 40, 000,
Sigma, St. LouujsmpmntySA) 2000mg 5 Table 3. Reagent for a A ucose Q’@;&iﬁ@a

Conponent s Quamiy ¥ PR EHEB Fier Galime, NPF/RNE 0] &t AT Gl 5T lM‘OaC| D) mpPar um

salt MES (MN 21,7, gm Si grra St Lour's, MO USA) Pol y(mathyl vi nyl

et her - al t - malere—anhye+der—63R20——Adrust—pH-to-—5-5—+Fby—ade At 50%46-NaOH
Triton X-305 ( @9 C‘nrnnrm‘lon Mun Adive New Jersey _USAQ 5-2 Blﬁl

Manni tol (MW 1SptiusNyre (W69, ddach Ghymiceln) Milvigukse BIgUSA Ni tri t & MG,
Al di rch Chemi ¢RdlgviniNbymedike @YI W), 008/Ligmagbh WeTis SMOMASA331. 37, Doj20A dag
Laboratory, Japan)0.8-4 gm

5 Table 3. Reagent for a Glucose Test Pad

Components Quantity
Water 100 ml
(2-[-Morpholino]ethanesulfomc acid) sodium salt MES (MW 217.2, 2.2 pgm
Sigma, St. Louis, MO, USA)

Poly(methyl vinyl ether- alt-maleic anhydride)* 6% 20 mL
Adjust pH to 5.5-7 by adding 50% NaOH

Triton X-305 (BASF Corporation, Moun Olive, New Jersey, USA) 0.5-2 gm
Mannitol (MW 182, Sigma, St. Louis, MO, USA) 1-10 gm
Sodium Nitrite (MW69, Aldirch Chemicals, Milwaukee, WI, USA 1-5 gm
WST-5 (MW 1331.37, Dojindo Laboratory, Japan) 0.8-4 gm
Magnesium Chloride (MW 203, Sigma, St. Louis, MO, USA) 3-5gm
Phenazine Ethosulfate (PES, MW 334.4, Sigma, St. Louis, MO, USA) | 100-1000 mg
Glucose Oxidase (GO, TOYOBO) 100-1000KU

* Poly(methylvinylether-alt-maleic anhydride), MW 1,080,000, Cat# 41632-0, Aldrich
Chemicals, Milwaukee, WI, USA) Weigh out Poly(methylvinylether-alt-maleic

10 anhydride) 6% in water (w/v), and heat the suspension to 95 C for 45 min. The
resulting solution is ready to use upon cooling to room temperature.

Van'-ous glucose standards were tested on the non-charged and positively
15 charged membranes. The signals were linear from 50 to 450 mg/dl glucose levels in
blood. Figure 1 shows the same dip was coated on different membrane. One is
positive charged nylon membrane, one is no positive charged polysulfone membrane.
The coated membrane was tested by 400mg/dl glucose.
Using the following protocol, 10 pL of aqueous samples compnsing 400mg/dL
20  glucose were tested on strips as described above, where the membrane of the strips
varied in terms of the positively charged nylon membrane and (po positive
charged)(non -charged)polysulfone membrane on the strip. A 10 pl aqueous sample
was applied onto a freshly prepared test strip. The strip was inserted into a

reflectometer and data acquisition was commenced. The reflectance of the reading
14



Magnesi um Chl ori de (MW 203, Sigma, St. Louis, MO, USA)3-5 gm Phenazi ne

Et hosul fate (PES, MW 334.4, Signa, St. Louis, MO, USA)100-1000 ng &8s
Oxi dase { Gwo 7526680 100- 1000KU * Pol y( et hyl vi nyl et her - al tpaBELSI128169
anhydride), MWN1, 080,000, Cat# 41632-0, Aldrich Chemcals, MIwaukee, W,
USA) Wei gh out Poly(methylvinylether-alt-naleic 10 anhydride) 6% in water
(W V), and heatrip e mosipaed iigrl Stron 95org-seerndastenyats foT fraty fiessecendsg Neat,ut i on
is ready to u?ihe o&eceouolci)%gd Q reomdenper ature. var i uahgl ucose standards
were tested omdHE WSR-S Chosttivery 1B R yEl TR RETERes. The
signal s were lkbmgater H1a0b@ifitd séthl ciité.dThefe@ 9 rbfi¢atas pldttedtydod. veliugure 1
shows the sane dip was coated on different nenbrane. One is positive

char ged nyl onS¢aofBt-ane, one is no positive charged pol ysul fone nenbrane.
The coat ed .mempy e 40 : i | oy
protocol 10 e aaSu Tatiebbol Ll A Y5BREn PSP ) ifie, B PHpE
tested on stridpglogsredEsHitibie eroMRorpoliadenyt lRferemehr ane of the strips
varied in terms of the positively charged nylon nmenbrane and (no positive
char ged) (non- char ged) pol ysul fone nenbrane on the strip. A 10 | aqueous
sanple was applie t ' SLI:]

inserted into a rg%iggglt%gﬁte%dgﬁ?@n%)ogé&gag%& cgiécﬁlis%é{{ {&ggmggsmg]eﬁﬁce%n%ﬁe

reflectance oprdvidesifepipigvebfent olerViddGbageeIhE? fibmalECBY WEAE A2GA&9 strip
was nonitored at 615 nm.at one-second intervals for forty five seconds.

Next, thd0daselupleieirazelivmdal 1 egRbinalion with a ppytivle Phegg?%ﬁcﬁasvatwhf gbjet a
personal co -V} Lil } : r i i S

bl ot tod by K B\t s hE ALk APHE, peR b o R P bl

di scussed and ankefsiabistol prodiol adoB38asBdlfic rapotter sighal from thelrsaliaswwaterablubld ch i s
herei n incorpqrated by referemﬂ%: If%i is evident fromthe above results and
di scussi on t h&rmagan BREPetcfs § i SYRIECLIPYRAUOR SERreEts @5 S EFash congption
previous reageMpetifgst strip formats. By using a water 10 soluble tetrazolium
salt in conbination wth a positively charged substrate, the subject
inventioniss the beneficiary of all of the positive attributes of

tetrazol i um conpou nd.is able to produce a npn-washabl e. r.eporter  signal
fromthe resultant 1CAng B PatFBFﬁE?ﬁWL{B}%B% ‘?ahﬂgag‘?ajﬁ ?lnﬂfg’r%%f’ﬁe%ct

i nvention reppes&Blefcdasit 8athlih&@MtuaCAMiCARIN drPRtent were specifically and
individually indicated to be incorporated by reference. The citation of any publication
is for its disclosure prior to the filing date and should not be construed as an admission

20  that the present invention is pot entitled to antedate such publication by virtue of prior

mventon.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent
25  to those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spirit or

scope of the appended claims.
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to the art. 15 Al'l publications and patents'cited in this specification are
herein incorporated by reference as if each individual publication or
patent were specifically and individually indicated to be incorpof #8diby
‘reference. The citation of any publication is for its disclosure prior to
thé filing date and should not be construed as an adni ssion 20 that the
present invention is not entitled to antedate such publication by virtue of
prior invention. Although the foregoing invention has been described in
sone ?ﬂ?'aﬁ3¥ﬁﬂﬁy of illustration: and exanple for purposes of clarity of
understanding, It is readily apparent 25 to those of ordinary skill in the

art jn light.of th e | .of this invention that certain changes and
| serrhicRh el MRt r AR PRE;

nodi na eto without departing fromthe spirit or

scope of .the appended.clains. 15 1 R 2004 \Wat .iis claiged is: 1. A
conoibplows ﬁcﬁﬁme@rche'&g% ?ﬁ%}fﬁ'ge a0 it Sopils Eirgeat ik agelyieast one
substrgeecof saidpostively £hargehb§EEr sol ubl e tetrazoliumsalt on at |east one
surface of said positively charged substrate. 2. The conposition according
to c2.dhercampesitionscaordingdo ghaim . Whergiy) said watersobible tetrazalium saligs part of ampgpalyte
anal gridizing xigoal predpcnggnstempr oduci ng system 3. The conposition according to
claim2, wherein said anal yte oxidizing signal producing systemconprises an
anal 3 The cormplasition atcording te olapo 3| whesnaetlomdiybgoxidizuigaignalprodhang systemacanprises an
anal analtesidhise.i ng si gnal produci ng system conprises an anal yte
dehydrogenase. 5. The conposition according to claim2, wherein said anal yte

OXi df, ZhPBorfip@ftitn aetardingita glaky 9] WherbinrshidemalytOsidizigsigil plodading Bystentoshfrises an
agenfnalyf dehdrog QARSI tion according to claim 2, wherein said analyte
oxi di zing signal producing systemfurther conprises an enzyme cofactor. 7.

The £ §fPESthbdsRibn3REQUHIzRS clafin 0] Fhéheid sa i HRRR 0:88iz6heANRaY bR dGeihe bystendfuringpal
pr Ociféﬁfgﬂges %ﬁe%ﬁbhﬁm?srfﬁ%%gﬁt as a reagent conposli tion. 8. A reagent t est

strip conprising: a positively charged substrate; and

6. The composition according to claim 2, wherein said analyte oxidizing signal producing system further
comprises an enzyme cofactor.

7. The composition according to claim 2, wherein said analyte oxidizing signal producing system is present as
a reagent composition.

8. A reagent test strip comprising:
a positively charged substrate; and

an analyte oxidizing signal producing system present on said positively charged substrate, wherein said analyte
oxidizing signal producing system includes a water soluble tetrazolium salt.

9. The test strip according to claim 8, wherein said positively charged substrate is bibulous.
10. The test strip according to claim 8, wherein said positively charged substrate is non-bibulous.

11. The test strip according to claim 8, wherein said water soluble tetrazolium salt accepts a hydride to produce
a water soluble formazan product.

12. The test strip according to claim 8, wherein said analyte oxidizing signal producing system comprises an
analyte oxidase.

13. The test strip according to claim 12, wherein said analyte oxidizing signal producing system further
comprises an electron transfer agent.

14. The test strip according to claim 12, wherein said analyte oxidizing signal producing system further
comptises an enzyme cofactor.

15. The test strip according to claim 8, wherein said analyte oxidizing signal producing system is a glucose
oxidizing signal producing system.

16



an anal yte oxidi zing signal producing system present on said positively
charged substrate, wherein said analytg oxidizing signal producing system
includes a water soluble tetrazoliumsalt. 9. The test strip aCfiBQi%ﬁRto
claim8, wherein said positively charged substrate is bibul ous. IRTHE t est
strip according to claim@8, wherein said positively charged substrate is
non- bi bul ous. 11. The test strip according to claim8, wherein said water

sol lrjrgégﬁ;[agl:a[ u@‘lﬁé_éﬁ%_%ﬂf{?aﬁ%ﬁ&ﬂﬁﬁﬁx%ﬁ@ﬁﬁé:o produce a water soluble

for e test rip according to claima8, wherein said

anal yte oxidi,zi ng. si gnal. produci ng system conprises an analyte oxidase. 13.

The ééfea@ﬁ itﬁtﬁtg‘@&Pgllpﬁémgo claim 12, wherein said anal yte oxidi zi ng signal

produci ng . syst mfﬂrth?r _copmprises an electron transfer agent. 14. The test

strif) apeHPEDhEA I SPaAe13 wher ei n sai d anal yte oxidi zi ng signal produci ng

system further conpris SQ%Q} ,enzg//rre cofactor.. 15 The test strip ;hcco&di.n

to clibismagalyigrxidiring signal PEOSNFne SYS BTSSP RS RabstIG aTersiR Saq siepsh pradugin

gl ucestem iosiudesz Watessoduhle tepretel sy capient aceepting ahRride dePrpauCe Wb A pRle

detection or neasurenment systemconprising: (a) a reagent test strip

conprising: (i) a positively charged substrate; and (ii) an analyte

oxi dif%"‘ﬁ@a%s al producing system present on said substrate, wherein said

signal producing systemincludes a water soluble tetrazoliumsalt capable

of atbeperegaedipRingst s o produce a water sol uble formazan; and (b) an

automated instrunment. 17. A nethod for detecting the presence or determning

t he ¢brbmethodderaietesting theresenqecoridgtesmisingmihe conggntrationeefirgcnalytriniasample, saiy

app! yiethgd sempriging:si ol ogi cal sanple to a reagent test strip conprising: (i)

a positively charged substrate; and (ii) an anal yte oxidi zi ng signal

pr od(x) apglymy s4id phpsielegias! sompleatp @ reagest testtsip edmepresing:sai d si gnal produci ng

systemincludes a water soluble tetrazoliumsalt capable of producing a

wat efi) s positiNety flatgedzabstiateodndtt, whereby a non-washabl e spot conprising said

formazan product is produced on said substrate; (b) detecting said

non- 2k akAite SRRtizin@igndl Produeinglsistem pedsantdet it |lbbstias -wiaiabhia sipnel prb@udihe

Pr €S gjifetn MEASERRrf S1hIO tethzalRintlsa@byble of Prodadiflg a MY selub R foBhazad PRidAct,
whereby a non-washable spot comprising said formazan product is produced on said substrate;

(b) detecting said non-washable spot; and

(¢) relating said detected non-washable spot to the presence or concentration of said analyte in said
physiological sample.

18. The method according to claim 17, wherein said signal producing system further comprises an analyte -
oxidase.

19. The method according to claim 18, wherein said signal producing system further comprises at least one of
an ¢electron transfer agent.

20. The method according to claim 17, wherein said sample is whole blood or a derivative thereof.

21. The method according to claim 17, wherein said detecting and relating steps are carried out by an
automated instrument.

22. A kit for use in determining the concentration of an analyte in a physiological sample, said kit comprising:
(a) a reagent test strip comprising:
(i) a positively charged substrate; and

(ii) an analyte oxidizing signal producing system present on said substrate, wherein said signal producing
system includes a water soluble tetrazolium salt capable of producing a water soluble formazan product; and

17



18. The nmethod according to claim 17, wherein said signal producing system
further conprises an analyte oxidase. 19. The nethod according to claim18,
wherein said signal producing systemfurther conprises at |east dnleMag 200%an
el ectron transfer agent. 20. The nethod according to claim17, wherein said
sanple is whole blood or a derivative thereof. 21. The nethod according to
claim 17, wherein said detecting and relating steps are carried out by an
aut ofexasdeastgee ofiment . 22. A kit for use in determ ni ng the concentration of
an anal yte in a physiological sanple, said kit conprising: (a) a reagent

t est (aamqanwnpbmgmnggﬁalrtnﬂyyswlqgwlﬁamréﬂynd:har ged substrate; and (ii) an

anal yte oxi di zi ng signal producing system present on said substrate, wherein
sai d () anablyferseahdeidng  system includes a water soluble tetrazolium salt
capabl e of producing a water soluble formazan product; and 17 1 1 MAR 2005
(b) af. TiRAstaceninglto claim 22, whash shidrmeins fomibegniagisid physidlogiogl samplesig apartceand
(i1) an analyte standard. 23. The kit according to claim22, wherein said
means 4 f-ffe 4 cabingdo SRIA 2P NWRdreinQgidGahlyiAiiRidard onfprisdds Sandifidize \@nléritration of a
accogﬁb‘ggmggﬂﬁ] aim 22, wherein said anal yte standard conprises a

standardi zed concentration of a known reagent. 25. The kit according to

cl ai r.el [R'e 'Y i : r 0L i : .

phys Eng‘f?ﬁ i\é%%:gfgnﬂrﬁé?g cﬂlarﬁn gﬁ,aﬁﬂéﬁglsgg}xﬁ%o%g?%; &ei@bﬁ)fibﬁh:ﬂﬂlgssgid%hysmioglcal sample
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