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quantitated using such assays by first oxidizing glucose with glucose oxidase to produce

20  gluconic acid and hydrogen peroxide. The resultant hydrogen peroxide, in conjunction with
a peroxidase, causes the conversion of one or more organic substrates, i.e. an indicator, into a
chromogenic product, which product is then detected and related to the glucose
concentration in the initial sample.

Hydrogen peroxide based assays, such as the glucose assay described above, are

25  subject to problems which result from the presence of erythrocyte components, e.g. catalase,
that interfere with the hydrogen peroxide based reaction and therefore alter (for example
reduce) the signal that is ultimately obtained and used to derive the analyte concentration. As
such, many different protocols have been developed which are designed to at least reduce the
potential analytical error that is introduced in the assay through the release of interfering

30  erythrocyte components via hemolysis. Such protocols include: filtration, filtration combined
with the addition of inhibitors, filtration and trapping of erythrocytes, and the use of

asymmetric non-hemolyzing membranes.
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strips include one or more members of an analyte oxidation signal producing system and at

least one hemolyzing agent. The subject reagent test strips and methods are particularly
suited for use in the detection of blood glucose concentrations. Also provided are kits that
include the subject test strips for use in practicing the subject methods.
20
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 provides a graphical representation of the effect of hemolysate on test
response.
Figs. 2a provides a graphical representation of the effect of hematocrit on test
25  response in the absence of a hemolyzing agent, while Fig. 2b provides a graphical
representation of the effect of hematocrit on test response in the presence of 0.25 % CTAC.
Figs. 3 and 4 provide graphical representations of the test response and reaction
kinetics observed at a whole blood glucose concentration of 390 mg/dL in the absence and
presence of 0.25 % CTAC.
30 Figs. 5 and 6 provide graphical representations of the test response and reaction
kinetics observed at a whole blood glucose concentration of 390 mg/dL in the absence and

presence of 0.25 % Triton X-100.
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porous matrix, one or more members of an analyte oxidation signal producing system and at

least one hemolyzing agent. In using the subject test strips for analyte concentration
determination, a physiological sample is applied to the test strip. Next, the appearance of a
20  chromogenic product of the signal producing system is detected and related to the
concentration of the analyte in the sample. Also provided by the subject invention are kits
for practicing the subject methods, where the kits at least include the subject reagent test
strips. In further describing the subject invention, the subject test strips and methods for their
use are discussed in greater detail, followed by a review of the subject kits.
25
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 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 understood that the terminology employed is for the purpose
30  of describing particular embodiments, and is not intended to be limiting. Instead, the scope

of the present invention will be established by the appended claims.
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inert porous matrix is one that is permissive of aqueous fluid flow through it and provides
20  sufficient void space for the chemical reactions of the signal producing system to take place.
A number of different porous matrices have been developed for use in various analyte
detection assays, which matrices may differ in terms of materials, pore sizes, dimensions and
the like, where representative matrices include those described in: 4,734,360; 4,900,666;
4,935,346; 5,059,394; 5,304,468: 5,306,623; 5,418,142, 5,426,032; 5,515,170, 5,526,120;

25 5,563,042 5,620,863; 5,753,429; 5,573,452; 5,780,304; 5,789,255, 5,843,691; 5,846,486,
5,968,836 and 5,972,294; the disclosures of which are herein incorporated by reference. In
principle, the nature of the porous matrix is not critical to the subject test strips and therefore
is chosen with respect to the other factors, including the nature of the instrument which is
used to read the test strip, convenience and the like. As such, the dimensions and porosity of

30  the test 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 region. Materials from which the matrix may be fabricated vary, and include

polymers, e.g. polysulfone, polyamides, cellulose or absorbent paper , and the like, where

4



principle, the nature of the porous matrix is not critical to the subject
test striwooaswivherefore is chosen with respect to the op¢eUSdiacswor s,
i ncluding the nature of the instrument which is used to read the test

strip, conveni ence and the like..As.such, th i mensi ons_and rosity of 30
The. ©estPEPEREANEGY SRy BFbiR K5 RERI PRt it Pr VR O "o MR have o

por 0si t yatehcReER Hf the Baridus WehiBelsTHRY si@Ql ﬁﬁ)dﬁ@i% stendidebdibed I Plefter
application region and smaller pores at the etection region. Mterials

from whidgikHEInatri x may be fabricated vary, and include polyners, e.g.
pol ysul f one, pol yam des, cellul ose or absorbent paper, and the |ike, where
4 WD 01/57239 PCT/USQO /02547 the material may or nmay not be functionalized
t o prsovi e Sighal Fevalang Sarennon- coval ent  attachment of the various nmenbers
of the signal_ praqoducing system described in greater, detail infra. 5 The
Si gnal Produchirigditipa e ma RPrauimetrignthe SubIRRS teb PioiRs further r%?ud@weegam%%t t est

strips fHehbet ofQgg#&g?{%ﬁg@sﬁ%@whiﬁﬁ%ﬁﬁés Qfde?ecﬁib&{}ﬂbd&crt ‘i}gféﬁfge e ?(y stem

whi ch produces a pfoduct 1 n response to e presen
anal yt e, thepreséncd e endlgtb) whiph deltiectible pnodyet cedet wsed tedénve thhamaummwiit of

anal yte present in.the assayed sanpl.e. l.n the subject test strips, the one
o or ¢ RafiEeseal im e afava el OF B subiRg 1o SRR BF oné 68 ersmehbers of
covajeentthy sighal PeStuemsal &8l ate Bdsbasfe8de § Govalbntly &afh-dvRRAflY Machéd {d, af- the
detection region) the porous matrix, and in many enbodi nents to

subst antleast hporion af(i.¢ ke geiecsion ragion) the poreas glagialang irodar engbaslmendntd s an

anal yte oxi.dation,sikgnal produci ng system By analyte oxidation signal
produciHB§§9§P@HFP8¥ﬁ§éﬁ¥&ﬁﬁﬁﬁﬂrn generating the detectable signal 15 from
whi ch the analnsermabpedintingbystdin istntdhglytaskiidioh Sigd&rjry@sbing feteandyyt e is
oxidized by a suitable enzyne to produce an oxidized formof the analyte
and a cmnaésepwéﬂtwg signalgefering Hiskem 1§ Maant thek in oasralinenthe detssiable signale

hydr Qge i i i . : tabl e
Y A0S B kDS BRPLANEH Bt IREERLE ARABL 5
detecfab@edgga?wﬁ&tpm?dhmem?ob?ﬁmbébﬁnngbamﬂﬁd?n?agpsy?ﬁemmgpge.Jthe
signal, is 20 then related to the of analyte .in the initial sanple.
Ao s tich, PrOPEUSH RYCH ol HARIEER POGHElTal Mo GBS YL B eMFateife it he.
subj ect §,85t0 SddetRS H RttabR FOHEAFdnY ofé B6iehdiZREr &smpdinas QARMe Bfer Oxi de

. 3

based signal producing systens. As indicated above, the hydrogen peroxide
based siagmaint pf dedentabigpystteprodianeg byohe signal producing system, i.e. the signal, is

20  then related to the amount of analyte in the initial sample. As such, the analyte oxidation
signal producing systems present in the subject test strips are also correctly characterized as
hydrogen peroxide based signal producing systems.

As indicated above, the hydrogen peroxide based signal producing systems include
an enzyme that oxidizes the analyte and produces a corresponding amount of hydrogen

25  peroxide, where by corresponding amount is meant that the amount of hydrogen peroxide
that is produced is proportional to the amount of analyte present in the sample. The specific
nature of this first enzyme necessarily depends on the nature of the analyte being assayed but
is generally an oxidase. As such, the first enzyme may be: glucose oxidase (where the
analyte is glucose); cholesterol oxidase (where the analyte is cholesterol); alcohol oxidase

30  (where the analyte is alcohol); lactate oxidase (where the analyte is lactate) and the like.
Other oxidizing enzymes for use with these and other analytes of interest are known to those
of skill in the art and may also be employed. In those preferred embodiments where the

reagent test strip is designed for the detection of glucose concentration, the first enzyme is

5
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Indicator compounds that are useful in the present invention include both one- and
two-component chromogenic substrates. One-component systems include aromatic amines,
aromatic alcohols, azines, and benzidines, such as tetramethyl benzidine-HC]. Suitable two-
component systems include those in which one component is MBTH, an MBTH derivative

25  (see for example those disclosed in U.S. patent application Ser. No. 08/302,575,
incorporated herein by reference), or 4-aminoantipyrine and the other component is an
aromatic amine, aromatic alcohol, conjugated amine, conjugated alcohol or aromatic or
aliphatic aldehyde. Exemplary two-component systems are 3-methyl-2-benzothiazolinone
hydrazone hydrochloride (MBTH) combined with 3-dimethylaminobenzoic acid (DMAB),

30 MBTH combined with 3,5-dichloro-2-hydroxybenzene-sulfonic acid (DCHBS); and 3-
methyl-2-benzothiazolinone hydrazone N-sulfonyl benzenesulfonate monosodium
(MBTHSB) combined with 8-anilino-1 naphthalene sulfonic acid ammonium (ANS). In
certain embodiments, the dye couple MBTHSB-ANS is preferred.

6



20 color. Indicator conpounds that are useful in the present invention
i ncl ude lwodbi/smes and two-conponent chronopgeni ¢ substr at ecT/@weAzsanponent
systens include aromati c am nes, aromatic al cohols, azines, and

benzi di nes, such as tetrapeth I.be zi i ne- HCl . U|tab e t - co onent
Systenms | nel S RBEECTOORrTE SENE| BOHGTEsEems TRASPEPOUSH ARRRIHEL | vat i ve
25 (see Jewcta%wah@ctt(lspwedm@h&&qmoké&c&h &bs&%&@@tg @rpﬁ)hh&'&%éeﬂf‘ Ser. No.

08/ 302, 575, incorporated herein by refereng@& -am noanti pyrine and the
ot her cch@pkﬂTémd)ﬂEaYdW enzrl ey et Slt,ChalﬁnThpée descohed inc Iélyesih&altsw&qsué@t ed ami ne,
conj ugat t y

twor comsater SR2 Puffos @R sy fief for BB o 853 Rt ARG posey

hydr gchlfef h}dﬁogdﬁ&ﬁ—bm@@m the Pemdxidase3- Ahﬂj&tchNB@Bh@QW@l@BO) 809 do¢DVAB) ; 30
METH conbi ned wi th 3, 5-di chl oro-2- hydroxybenzene-sul fonic acid (DCHBS); and

3- nethyl - 2- benzot hi azol i none hydrazone N-sul fonyl benzenesul fonate
rmnosodlf(ﬂwolfmﬂwt conbined with 8-anilino-1 naphthal ene sulfonic acid

et orred. 6 wsatr s Tpile iORRR BBEEes bk afp P ebbaieg
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Ohkur a: I AvEstof il rapi d and
sensiti vdg?%gétaﬂéﬂ@ggﬁg a‘fi”yg{gggéel% per 8)5?6(5'_(?%1@ ﬁg!e%gtr' g)%P%gésrg Anal ytical
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bj ect t .t t th t
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enpl oyed, where a variety of different hemplyzing agents are known to those

of sligi | lalkytpheha ;mﬂ)tglycﬁbgheseﬂgamlymcyeﬂhelnm y@-ontylpagestetheo ( Tritondr ¥s100), ncI ude

Sur  ace PROCTIENEH V?éagcsoﬂgbe@oﬁaﬁx@r orad & Ariordingebitens: Boogiphesd] uae:
sodi um  HRIERUIHIR BonBErALIETBL AR P REATIEIEso)! Rur 1 sar cosi ne or
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pol yoxy eiekyteeyleméihet hmh@ﬁ&m@bhlemr@ Brij-BBj LLGh’t()FBX)@nﬂGBé like. Other agents of
pol yoxyet hyl ene- 7. 8- oct yl phenal % her (Tri.ton(r) 114?1
pol yoxyé@tﬁfﬂsfelﬂéll@@ m@mobﬁygﬁmhemo yzing saponins, compounds of hydrophilic mono-, di,

20  or trisaccharides and aliphatic hydrocarbons having 10 to 16 carbon atoms (See e.g.
PCT/SE90/00272, the disclosure of which is herein incorporated by reference) colloidal
silica, silicic acid, hydroxyapatite crystals, and the like.

The subject test strips may include one type of hemolyzing agent, or may include two
or more different types of hemolyzing agents, e.g. a plurality of different hemolyzing agents.

25  Where the subject test strips include more than one hemolyzing agent, i.e. a plurality of
hemolyzing agents, the strips generally include from two to five different hemolyzing
agents, and usually from two to four different hemolyzing agents. The total amount of the
one or more hemolyzing agents that is included in the test strip is chosen to produce
hemolysis which is equivalent to at least about 5% hemolysate by volume in the sample

30 usually at least about 8% and in many embodiments at least about 10% hemolysate in the
sample, e.g. plasma fraction, that is ultimately present in the detection region following
sample application. In certain embodiments, the amount of hemolyzing agent(s) present in

the test strip is sufficient to provide from about 5 to 40, usually from about 8 to 30 and more



et her (Renex(r)690), pol yoxyethyl ene-9-nonyl phenol ether (Renex(r) 680); N
hexadecywo onetleyl ammoni um chloride; Brij-58; Lubrol PXpcamgkothzsabi ke.
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chosen T80 B0 & O s i SR BB SoPRRtAE foris b ST A &,
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enbodi nents at | east about, 10% henol ysate in the sanple, e.g. plasma
fr act i oRduegwgcomposifensHhatangluds eneiiqrg of Hie raeuidta ieagentssidopPiRilBwi ng

samghe apRki.53 {)I?é}lts, lir{lﬁﬁﬁ{gt &HsOvedd gé%gﬁg%‘?‘% cd R ALY a%etﬂ?@,lr%ﬁn%ngg out 5

agent (s) prese In’ the test stri Icient to provi

to 40, uspadpy)altolarh)abdtite ket Inm sBOh emblodimerts, Ah\CobhGTRBOoREIdakiS@ g. 02547
usual |y Irom about 10 t@ .50 %évi.v%. herrBJ ﬁsate in the. sagg)l e, Ig pl asma
fracti ofucpsexigase, iftheyid cpmpesiEonyintQWhich the RYTPRHMAIX I ’Q?rrs?‘goduri ng use.
The anDylpe@tyi@Ny e DeoR®Bht 15681UIHEo 800 Y/ALuduaRy F8RUIbSLE Sode/mLysat e
in the sanple€ may readily be determ ned enpirically %y those of skill in

t he art to 870rHémkcthgeancentrationsof nepexidise typecadlybinges fromabeut bP0ddmlbe P&k par ed

UST g2y £ O SIS o EAAR dos P0G ORI G TRATR. Sl ERARIRY the subject

test”stri I rse d porous I X Thnto to one or fluid
conposi he@b§zinhakert QY BfpiGlly kdtgey ROMABSUT @ dTERN/S) foltRS%eaivev)t Gsualig fragsoci at ed
with the matrix in the fi gal test strip. The fluid conpositions are
gener al Rhoutdgligo (/o dapasie (Wik 4 mare deteileddeprsrratasive pirtecalfonthesr foequi si t e
reagent Breg)ﬂﬂﬁ the Q@Bgé’d? %a{%\ém 8 PEN&L Pr%@[ﬂ%ﬁ 'i‘r?ﬁ%sﬁxp'eﬂﬁukhigf ti?f?,siﬁ)'r%‘.ent s (e.q.
or gani c cosol ven suclr as nethanol, ethano Irsopropyl alcohol” ) and the
l'i ke. I n such enbodi nents, the concentration of oxidase, e.g gl ucose
oxi dase, in the fluid conposition into which the porous matrix is inmersed
or 20 METHODS
Also provided by the subject invention are methods of using the subject test strips to

determine the concentration of an analyte in a physiological sample. A variety of different

analytes may be detected using the subject test strips, where representative analytes include

glucose, cholesterol, lactate, alcohol, and the like. In many preferred embodiments, the

25  subject methods are employed to determine the glucose concentration in a physiological

sample. While in principle the subject methods may be used to determine the 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 concentration of an analyte in

blood or blood fractions, e.g. blood derived samples, and more particularly in whole blood.

30 In practicing the subject methods, the first step is to apply a quantity of the
physiological sample to the test strip, where the test strip is described supra. The amount of
physiological sample, e.g. blood, that is applied to the test strip may vary, but generally

ranges from about 2ul. to 40uL, usually from about SuL. to 20uL. Because of the nature
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using t i i t afj o, NCI

a1 ucose TERAE Sehalfit ma} RS oMb SORIERN BhlakF EBRARLESAITHIE o
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supra. The anount of physiological sanple, e.g. blood, that is applied to
t he t esTheebovys dessribed reactipytdetpstion and selating stges as wehhaa irstrumentstfer 40L,

usual |y . t n re. [ 57 .

et Usol PO ety &8 i er aBRARUER O PGt Rior bR Ras & P5¥ac0,
concent #Z00GO6] 4,995 346)t5e0595394; 5564 AbRO3E603; 6,418)128; 3,426,035 a3l iZgd to the
test strip may be relatively small, ranging in _size fromabout 2L to 40L,
Usud |y SEPEPALDSES B2 P BRI, IWar 4281 0ot 12 DHE0 R b ber oS Beifi o,

bl ood 88 i i | . W th
he sub B RoE s B T T e B 0 1 0
65% usteédeyce rlonhatetaiion 269 the defived arbytd cmicargragippltakeatintoacafunt tie sanple to
the test strip, t.ge.sa?rﬁ)le is allowed tq@r act dWi%ag thet{néiwger.s f the

si gnal PYSHIE CAYTIRYHINh CFPEHOHTFAE S JR STV E! Pptthce BHA(PIEE Fi%esent in
an anpupfRhemoicbb@iply to the initial anmpunt present in the sanple. The
anount of detectabl € product, i.e. signal produced by the signal producing
syseém is t Bepauge pEtheipnesgnce of hemolyzing agent on the test strips employed in the

subject methods, the results that are obtained by the subject methods are substantially, if not

completely, free of analytical error that arises in configurations that lack a hemolyzing agent
on the test strip, where the analytical error is a result of the presence of erythrocyte based
interfering components, e.g. catalase, hemoglobin, glutathione peroxidase and the like. As
25  such, the subject methods are substantially, if not completely, free of the hematocrit effect
which can introduce analytical error to analyte measurements made with other detection
devices and protocols. In addition, because of the presence of the hemolyzing agent(s) on the
test strip, results are obtained in a rapid manner, where results can be obtained in less than
about 20 seconds, usually less than about 30 seconds and more usually less than about 40

30  seconds following application of the sample to the test strip.



10 and related to the ambunt of analyte in the initial sanple. In certain
enbodi nemeo/smasomat ed i nstrunents that performthe aboveorarsolorsd
detection and relation steps are enployed. The above described reaction,
detectiaon and relating steps, as well as instrunents for performng the
same, ar®Tfurther described in U S. Patent Application Serial Nos.
4,734,360, AARQQ 88&:d 1 1BS ubdP inyeniibnard Res for usOth it 0&1cing: ;

5, 418, 142: 5,426,9632; 5@515, 1@60; ‘"1V5“5,52ra,11“’26’?“5?%6"3?%%5%@?%‘5’3@63;

5, 753, 428¢th&]s5 TBe 482 of the Z8ltje@ OavenBorv8deBbhcluBe 8483068ttest skrjBthat hBlades a
5,968,836 and. b5, 972, 294: the di sclqsures qf. whic re herein incorporated
oy e dFBRDEING G§has ALHPTLAPOSE il SREC s VR PG RERRPaL | on
takeg i fﬁb@@iﬁﬁgQlﬁhﬁlsiélbgicalcs@ﬂx?}eapér SQRipld, RikkicaRe phystAoREd safplk 8bbPARe t O the
observed signal, e.g. by calibrati nfg the instrument accordingly. 20
Because subjeetHdtspnassiander veludeanleyns fagobigaims abloehsample tsueh 25 plgneenfor oyed i n
the subj.ect t hods, the results that 0 I t he j.ect methods
are substanty g}% ’1“%‘%’ ?#anﬁgg Ctucttl)oﬁlprp%n& aflxll,d tﬁ ér glée' gé Q%J}ng%i??%{ ec%’lﬁjegtfggérm?%at ari ses
i n confiigehidd 4 edtfird] BalutibeKstandagdyel gy aighgosgedtitrol sslufikiethaesdntfiisd p, where

the anal ytical error is a result of the presence of erythrocyte based

i nt er f ersfandardiizeg sRasangatign gf sluense) lacertaigembghignsnts, the kifs atspitiiedesdr oxi dase
and {t,he | i c ' &l j ot

co rrplfoet eallu;(;ﬁﬁ?t?dexglsﬁmté I?]{é E%%éﬁabr?ooe?ﬁ%@% ??Ig%itm\?/\lg |t C fﬁr(’:(g}rllllp ?%?ﬂ%ghﬁg eré{%unégﬁ 3(/) ? i cal
error tahastabybléowegsangrepplgatimdandnietahedathb detectet @odduonto tHeemoest afnd
protocols. In addition, because of the. presence of.the henolyzing agent(s)
on the 3¥axe lgt%m BmAGEAE e Biopelf i pisipi i HBeCt {§98PE Fsul 1 o
can be QiR ddlerhBoRioh R 2NN LoRQnBSSANHS pHySURLICH Rk thaR about 30
seconds and nore usually less than about 40 30 'séconds foll ow ng

appl i catinssructdns tay saprsbent bo onker mest ofsthe ppekagidg)\yhabdlivsER3CorRgdmers)SOl / 02547
KITS_Al so provigded. b e .subject invention are kits for use in practicing
theﬁgubjpé‘%stl[‘%nt lﬁég‘ﬁgl %néfﬂjgl%ets of the subject invention at |east include a
reagent test strip that includes a henolyzing agent, as described above.
The subject kits may further include a neans for 5 obtaining a

physi ol ogi cal Theapewingeaamplesans|odleragyrway ofdllysiatipppeshnetdy véaiifl e is bl ood,
t he sutﬂnﬁfahohi ts may further include a nmeans for obtaining a blood sanple,
such as a l'ance for sticking a finger, a |lance actuation neans, and the
like. I'n addition, the subject KiEXPERMWENAAIude a control solution or

standard e.g[i a glucose cgontrol solution that contains a
20 A reparation of Test Strips

The porous side of a 0.35um polysulfone membrane (reaction matrix — obtained from
U. S. Filter, San Diego, CA) was submerged in the aqueous dip shown in Table 1 until
saturated. It was removed from the dip and the excess reagent was squeezed off with a glass
rod. The strip was then hung inside an air circulating oven at 56°C for about 10 minutes to
25  dry, after which time the strip was removed and dipped into the organic dip described in
Table 2 until saturated. It was then dried again as in the previous step. The resulting strip

was fashioned into the desired shape for testing.
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standardi zed concentration of gl ucose.

al so i nc

t he amount of product produced on
and related the detected product to the amount of

Iwio ©1/6239.0 aut onat ed i nstrunent,

In certain enbodi nents,
as descri bed aboweT/iSMigabecti ng
the strip follow ng sanple application
anal yte in the sanple.

t he

kits

Finally, the kits include instructioh8bledr using the subject reagent test
strips i [II_LMLIE determmat In%ye(ﬁ’éntd” amatyte concgntTats UM[()Iﬁn puhuyau | ogi cal
Saerl e. mhmese -AStrtet U“ﬁ ay—pRe—Pt esent—oen—9gre—orf e P Ckagl ng,
a | abel ¥ psert— conta al-pners ﬂq Pt esent—in-the kilt S- e
fol | owi ng pxarml es are n@‘ﬁ@ﬁ‘éﬂ’dhv way of illust ration %amgot by waly of
limtatilon. EXPERI MENTAjsodipm Gitrater epar at i on of |Test St B#®mgThe por dus si de
of a 0.35m pol ysul fone mdvidlomitoe (reaction matrijx - obtasbeg from U S
Filter, [San Diego, CA) wagpsubnerged in the aqyeous dipishgwn in Table 1
until  SEGERAEEGbilihedom CRARVREy Y I KB i) 4N % t was
squeezed O de triren—tumn nsfrae—am—ai r
ci rcul atji ngcrgif/%el%tbb?al ('?)m d%Dut‘ N?Wb% &5 tq 25 dry?ébﬂger which tinme
the stri B—Was reppved—-and rg %! d intano fhn nrgarlp di p described in| Table 2
until satwurated I@luﬁ%\e Q"H‘Iaﬁeﬁ ZQJA/IBQ;“ nas inlthe pr (9«3|4(ﬁjmgqt ep.  The
resul ting_stri pHowaRaglish Resédase (505 W) desired shape f@rmgesting. |10 WO
01/ 57239 PRCabaiz) 102647 mglablie adetémygil@dbetainedmpyunt H2OD22mIml. Citrfic Acid
282 mg Tri sodi ufiiofi BFG@bedrdhg Cigvelddrotidpl 250 g EDTA 21 m Gantrez
(obt ai ngd Trom GAF, MNew dRbKumNgM4tyor K) 112.5 1y O ot g8 pfjobt ai ne from
CRODA, W YOT K, New 360 g YOTrK) & ucose ki dase (126 0m2345 1y
Table 2
Ingredient Amount
MeOH/EtOH/H,0 (17.5/52.5/30) 9.54 mL
MBTHSB 38.8 mg
Meta[3-methyl-2-benzothiazolinone hydrazone]N-
sulfonyl benzenesulfonate monosodium
ANS 54 mg
MAPHOS 60A (20% in the above solvent) 0.46 mL
(PPG/Mazer, Gurnee, Illinios)
themolyzing surfactant or control 0 to 50 mg
T Hemolyzing Surfactants: control=0 g =0 %
5 N —hexadecyltrimethylammonium chloride(CTAC)=7.5 mg=0.075%
N —hexadecyltrimethylammonium chloride(CTAC)=_25 mg=0.25%
Triton X-100 25 mg=0.25%
Brij 58=50 mg=0.5%
Lubrol PX=50 mg=0.5%
10 B. Testing
SureStep® strip configurations were used for testing of glucose response.
Reflectance data was collected on modified SureStep® meters. Reflectance spectral data
was acquired using Macbeth Color Eye (GretagMacbeth, New Windsor, New York). Blood
samples are as noted.
15

C.

Results

Fig. 1 shows the effect of hemolysis on the meter response. Fig. 1 demonstrates that

most of the decrease in color formation due to competing reactions is produced by hemolysis
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produced by henolysis 11 WO 01/ 57239 PCT/ USQ / 02547 )
kinetics for a control and 0.25% CTAC strip at a whole blood concentration of 390 mg/dL.

10  Figs. S and 6 provide the observed test response and reaction kinetics for a control and
0.25% Triton X-100 strip at a whole blood concentration of 390 mg/dL. Figs. 7 and 8
provide the observed test response and reaction kinetics for a control and 0.50% Brij-58 strip
at a whole blood concentration of 390 mg/dL; while Fig. 9 provides the observed test
response and reaction kinetics for a 0.50% Lubrol PX strip at a whole blood glucose

15 concentration of 390 mg/dL. Figs. 10 and 11 demonstrate the hemolyzing effect of the
CTAC surfactants as indicated by a higher absorbance at the hemoglobin’s Soret band
(around 400 nm) in the presence of CTAC. Visual confirmation of the test results is a
beneficial feature offered by the SureStep system. Figure 10 shows that hemolysis at the
range required in this invention does not cause increased blood color (red appearance) in the

20  visual range even when high hematocrit sample is applied to the strip, and therefore will not

interfere with the visual confirmation of the test results.

It is evident from the above results and discussion that the subject invention provides
for a significant improvement in hematocrit performance with respect to analytical error
25  results from erythrocyte based interfering components. In addition, the subject invention
provides for these improved results without requiring an initially large physiological sample
or a long assay time. As such, the subject invention represents a significant contribution to

the art.
30 All 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 incorporated by reference. The citation of any publication is for its disclosure
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in the rang of 0 to 8% and the response remains constant at the range of 10
to 20% wewmlsysdeos. By adding a certain anount of hei nol yzipgr/esombzsatant to
the reagent fornulation, one can ensure that bl ood sanples applied to the
strip are henolyzed.in the r e of 10 to 20% across, the range. of .

pot ent | BIOREr RETER Afte o4 Seod AgPeonpisye) 3 @nadayieiodhitdhe BiRagty inveation

cal i bratd oA ehfiddd dosantedald @eh pdbiRYtidABY Lievelof pliolavaiRarit. See Figs. 2a and
2b. Endpoint is achieved faster in t%e presence of henol ysate, since sone
of the hydrogen peroxide (produced by the peroxidase reaction), is being

consunmed by rgactions wth. henol ysate . conponents. See, Fi.gs. 3 and 4. Figs.
3 and 4 provi gloflﬁlgﬂgfé\%etg\%ﬁ 1{1\ée§1{10? E@%Sp%eﬁg Safﬁlgeﬁi glasgmeodr??al In&EY %f[s] for a
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to Figs. 5 and 6 provide the observed test response and reaction kinetics
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f 390 1 oF i .
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concent mppémdad ofai3®0 ng/ dL; while Fig. 9 provides the observed test
response and reaction kinetics for a 0.50% Lubrol PX strip at a whol e bl ood
gl ucose 15 concentration of 390 ng/dL. Figs. 10 and 11 denonstrate the
hemglyzing effect of the CTAC surfactants as indicated by a higher

absor bance at the henoglobin's Soret band (around 400 nm in the presence
of CTAC. Visual confirmation of the test results is a beneficial feature
offered by the SureStep system Figure 10 shows that henolysis at the

range required in this invention does not cause increased bl ood color (red
appearance) in the 20 visual range even when high hematocrit sanple is
applied to the strip, and therefore will not interfere with the visual
confirmation of the test results. It is evident fromthe above results and
di scussion that the subject invention provides for a significant

i nprovenent in hematocrit performance with respect to analytical error 25
results fromerythrocyte based interfering conponents. In addition, the
subj ect invention provides for these inproved results without requiring an
initially large physiological sanple or a long assay tinme. As such, the
subj ect invention represents a significant contribution to the art. 30 Al
publications and patents cited in this specification are herein

i ncorporated by reference as if each individual publication or patent were
specifically and individually indicated to be incorporated by reference.
The citation of any publication is for its disclosure 12

13



WO 01/57239 PCT/USO /02547 prior to the filing date and should not be
const r uegy@er/gnzoadm ssion that the present invention s matrisoinisyed to
ant edate such publication by virtue of prior invention. Although the
foregoing invention has been described in sone detail by way of 5

i |1 ustrati onYaalekkimedIst or purposes of clarity of understanding, it is
readily apparent to those of ordinary skill in the art in light of the

teachings of this invention that certain changes and nodifications may be
made t hér et o Awiebgemtiteststparfosn usg i detenniitneg $imi contemratiso of en edalytbé a appended
cl ai ns. ﬁO.(#S Vg 01/ 57%3? PCTI USOL./ 02547 What |s Clainmed Is: 1. A reagent
test stPhpidegicalsamply, YPRCAPAES e concentration of an analyte in a
physi ol ogi cahpgpgmlr@dtrb%ai d strip conprising: 5 a porous matrix; at |east
one nenber of an anal yte oxidation based signal producing system and at
| east one henblegstiong megdat of & anlyte exadatiogtbased ssgnebprdidueing eysGnaiiand 1, wher ei n
sai d signal Etr odtécinn s%gls%iem conprises 10 an enzyne that oxidizes an
analyte to p odtice ﬁg%ﬁl 5eﬁg6%?n xi de. 3. The test strip according to daim
2, wherein said signal producing systemfurther conprises an enzyne that
converts at | east one substrate into a chronogenic product in the presence
of hydr@gen P&e st sfaip ageprding to £laimdy whegeinysaybueial PHRJUEIHS CYKETCOMPHERST ei n
sai d, an j | ue ) ! gog to Claim1, wherein
sai go he%?@%ﬂﬁgh%g%?ﬁ%%sangp %@e}ﬁ? %?i&g%ﬁ{k%r%%ﬁf&éﬂ??l cient to produce
henol ysi s which is equival ent to henol ysate concentration in 20 a
physi ol ogi cal sanpl e applied tg_said porous. yatrix in an anount ranging
from abdut 5Theteshyoprgeardingrie ma, w@s@é}ﬁa@g&al gmuﬁmsaystﬂggurithfr
determ earﬂgr(ijéak 99%%1 S MODFERERE b bubsitEirk§ 8 ChibidgBnic GPOMIcE # thE: 25 2
gl ucose oxi dation based signal producing system and
presence of hydrogen peroxide.
15

4. The test strip according to Claim 1, wherein said analyte is glucose.

5. The test strip according to Claim 1, wherein said hemolyzing agent is present in an
amount sufficient to produce hemolysis which is equivalent to hemolysate concentration in
20  a physiological sample applied to said porous matrix in an amount ranging from about 5 to

20% by volume

6. A reagent test strip for use in determining blood glucose concentration, said test strip
comprising:
25 a glucose oxidation based signal producing system; and

at least one hemolyzing agent.

7. The test strip according to Claim 6, wherein said glucose oxidation based signal
producing system comprises:
30 a glucose oxidizing enzyme,
a peroxidase; and
an indicator that is converted to a chromogenic product in the presence of hydrogen

peroxide and said peroxidase.

14



at | east one henolyzing agent. 7. The test strip according to Caim6,
wher ei n swDd14%23g0se oxi dati on based signal produci ng syseenusarpsdrses: 30
a glucose oxidizing enzyme; a peroxidase; and an indicator that is

converted to a chronmpgenic | he presepce of hydrogen peroxide
and sai & per okisiggetr accwﬁl&ﬁ%#%w rPJSGi‘ﬂG‘%gQP?OT PmPrises ¥ d¥g CAPlS p

according to Claim7, wherein said indicator conprises a dye couple. 9.
The test strip according to Claim®6, wherein said test strip conprises an
amount df.  heHid testi stigp aggerdingstef Claimh énwhereinpriddert striperonipyisesandmaint iof

equi val henol ntrati.on i .physi ol ogi.cal .sanpl e applied
Lo sa o BBt ARy S ¥ ient 46 BRGHRT hdigs iR iR Bar o585 by wor urre
10. Fhe doaséntftioh b éiﬁﬁ}%(c%gi@l tv,aan;@é applied to Whe pBidus Stk Bl AACRSRINO¥dnding NI
enzynme i s glucose oxi dase. 11. A reagent test strip for use in

det er mi rfrmgab‘lnéc?dtog?‘l/ebxé()]&‘m@centrat| on, said test strip conprising: (a) a
porous matrix; (b) a glucose oxidation based si gnal produci ng system
conprising: 15 (i) a glucose oxidase; (ii) a peroxidase; and (iii) an

i ndi cat or0. t haThe testaoriyy secoating © @lainh 6 owbaeinisaid phudsebdxidiringehzye 8sence of
hydr ogen perOX|de and sai d peroxidase; and (c) at |east one henolyzing
agent i rBlU4GPSaRBIGASe sufficient to produce hemolysis 20 which is equival ent
to hgnol ysate concentration in a physiol ogical sanple applied to said
porous matrix in an anmount ranging fromabout 5 to 20% by vol une. 12. The
test strilp ackoeagenigestotrq) for msdib, detdmemengblead glucomticoatantratompaidses seripdy e
couple. 25 13. The test strip according to Caim1l, wherein said at |east
one hendI¥Ai8agent is selected fromthe group consisting of

N-hexadecyl t ri;yret hyhaouPmatix, chl oride, Triton X-
(b) a glucose oxidation based signal producing system comprising:
15 Q) a glucose oxidase;
(11) a peroxidase; and
(i)  anindicator that is converted to a chromogenic product in the
presence of hydrogen peroxide and said peroxidase; and
(©) at least one hemolyzing agent in an amount sufficient to produce hemolysis
20  which is equivalent to hemolysate concentration in a physiological sample applied to said

porous matrix in an amount ranging from about 5 to 20% by volume.

12. The test strip according to Claim 11, wherein said indicator comprises a dye couple.
25 13, The test strip according to Claim 11, wherein said at least one hemolyzing agent is

selected from the group consisting of: N-hexadecyltrimethylammonium chloride, Triton X-

100, Brij 58 and Lubrol PX.

14. The test strip according to Claim 13, wherein said hemolyzing agent is N-

30  hexadecyltrimethylammonium chloride.

15



100, Brij 58 and Lubrol PX. 14. The test strip according to Caim13,

wher ei n @0 gh/4vespol yzi ng agent is N 30 hexadecyl tri net hyl aormwsowmnsehl ori de.
15 WO 01/57239 PCT/USO /02547 15. A nethod of determ ning -he
concentration of an analyte in a physiol ogical sanple, said nethaod

conpri silhg:  Aanethppiof deigimaining hhsrncentegios Af 2 apabyte 1t @ physidagical sampje,

conpri Sisﬂginetl(ch)co%p%tfn us matrix; 5 (ii) at | east one nenber of an anal yte
oxi dati on signal produ€ing system and (iii) at |east one henolyzing
agent; (b) deédect iapplyimgshidphls plogidaicenipleyto adesd sgipgranprisingduci ng system and
(c) relating said iSetected signal to the concentration of analyte in said
10 physi ol ogi cal $Bnpl &POIRIS T#{EX et hod according to O ai m 15, wherein said
anal yte is glucosgg) 174 [Eag dﬁetnmeaepﬁfﬁiagge bQdsdcd sBnhPprodhi@nesyitendi d
physi ol ogi cal sanpl’e is whole 15 blood. 18. The nethod according to Caim
15, wherein said hedol yzing agent is present in an anount sufficient to
produce henvol ysis .V\:Ei ch ls te%”ih‘e’r%l)te”% taoenhg,em)l ysate concentration in a
physi ol ogi cal sa i aﬂbela S SERPE %ogou’s matri x in an anmount rangi ng
from about 5§ 2QeRGfAdY sigpdl YrRiuted byl ied siphd) pebdueigrsditag; aml C ai m 15,
wherein said detecting and relating steps are carried out by an autonated
i nstrument. £ 16 reAminEisasizdesertengnabty the goncentroon of qualyts gsaidse | n

det §5m Ehi%lg gal.%%lﬁl%.nt ration of an analyte in a physiological sanple,
Ki 0 I'Sing.

sai (a) a reagent test strip conprising: (i) a porous
mat ri x;
16.  The method according to Claim 15, wherein said analyte is glucose.
17.  The method according to Claim 15, wherein said physiological sample is whole
15  blood.

18. The method according to Claim 15, wherein said hemolyzing agent is present in an
amount sufficient to produce hemolysis which is equivalent to hemolysate concentration in a
physiological sample applied to said porous matrix in an amount ranging from about 5 to

20 20% by volume

19. The method according to Claim 15, wherein said detecting and relating steps are

carried out by an automated instrument.

25
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5 (ii) at |east one nenber of an anal yte oxidation signal producing system
and (iiiwoajiishest one henolyzing agent; and (b) at | easpchosowef2s{ri) a
means for obtaining said physiological sanple; and 10 (ii) an anal yte
standard. 21. The kit according to Claim20, wherein said analyte is

gl ucose20.22. Afiigfog e etaing tp@)c@cﬁpﬁ*ﬁtw of iR @palyts I%Aiphysﬂﬂ*?&l%il ogi cal

sanpl e The kit according to Caim 20, wherein said neans
for obtgal ﬁér’lggselﬁlt %ﬁ%m Iogi cal sanple is a lance. 24. The kit according

to d ai m 20, (apher eirengsuatitelst lsirtp dounptrisme: corrpri ses an automated 20 instrunent
for detecting a signal produced. by said signal producing system and
relating said deti&ct eBPSIYREIRMS t he ampunt of analyte in a sanple. 17

5 (1) at least one member of an analyte oxidation signal producing system;
and
(iii)  at least one hemolyzing agent; and

(b) at least one of:

(1) a means for obtaining said physiological sample; and
10 (1) an analyte standard.
21 The kit according to Claim 20, wherein said analyte is glucose.

22. The kit according to Claim 20, wherein said physiological sample is blood.

15

23. The kit according to Claim 20, wherein said means for obtaining said physiological

sample is a lance.

24, The kit according to Claim 20, wherein said kit further comprises an automated
20  instrument for detecting a signal produced by said signal producing system and relating said

detected signal to the amount of analyte in a sample.

17



