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eiucomc 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

asymmeiric non-hemolyzing membranes.
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least one hernolyz.mg apent. 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 hematocnit 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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to the concentration of the analyte in the sanple. Al so provided by the
subj ect Fﬁ@r PBn are kits for practicing the subject nethods, where the
kits at | east include the subject reagent test strips. In further
describing the subject invention, the subject test strips and nethods for
their use are di scd2BXERIPTIONQF IHE S ';L revi ew of the
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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 terminoclogy 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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anal yte detection assays, which matrices may differ in terns of
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i ncor poP égﬁ samples g &eblopd, application and a location '}]or etection of the liaght-

absorbing product produced by the indicator of the signal producing system. As such, the
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 signa! 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 appl-icatjon. 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
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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
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sabl ectdgr.a col ored area being bl eached or, alternatively, by a colorless
area devel OPiditor 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-HCI. 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.
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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 p-resent in the detection region following
sample application. In certain embodiments, the amount of hemolyzing agent(s) present in

the test strip is sufficient to prévide from about 5 to 40, usually from about 8 to 30 and more
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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 phystological
sample. While in principle the subject methods may be used to determine the concentration
of an analyte in a variety of different physiclogical 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 stnip may vary, but generally
ranges from about 2ul. to 40pL, usually from about Spl. to 20ul. Because of the nature
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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.
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obtai ni ng a physi.ol ogi cal sanpl e. _For exanpl.e, where the physiol ogical
sanple is bl J@e?olf%ngmrée&arm%rw ‘F%anilrfﬁPStfaﬁ'é’P&H ngt \gaéﬁm ofor -
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detecting thqaEBHlls site a8 im PLRPMIEGHE éinbrane (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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removed| androdéifPsaingd ﬁomlmomaW&v Yok, qkwrl ed 1n JgPhg Z UNT ,
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Car bapol 910 (0.11 6m/Midisodivmceitrare trile) (obthi ned 3.75mL
: 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 34 mg
MAPHOS 60A (20% in the above solvent) 0.46 mL
(PPG/Mazer, Gurnee, lllinios)
_ themolyzing surfactant or control 0 to 50 mg
T Hemolyzing Surfactants: control=0 g = 0 %
5 N —hexadecylirimethylammonium chloride(CTAC)=7.5 mg=0.075%
N —hexadccyltrimethylammonium 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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Resul t S (produced by the peroxidase reaction), is being consumed by reactions with hemolysate
components. See Figs. 3 and 4. Figs. 3 and 4 provide the observed test response and reaction
kinetics for a control and 0.25% CTAC strip at a whole blood concentration of 390 mg/dL.

10  Figs. 5 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 resultsis 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 jong 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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effect of the CTAC surfactants as indicated by a higher absorbance at the
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hemat ocrit performance with respect to analytical error 25 results from
erythrocyte based interfering conponents. In addition, the subject
invention provides for these inproved results without requiring an
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subj ect invention represents a significant contribution to the art. 30
Al'l publications and patents cited in this specification are herein
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physi ol ogi ¥aFesepspiemberofiag analyte pxidasion signal mepducingystemsandat ri x; at | east one
renber of ailsftk ko9t dalchoRn AR haﬁagﬂ'ﬂ%g A Y apdaf, | east one

henol yzi n&i wherein said henolyzing a present 1 n an anount
suf fici el “BPHE‘HE“&’CH’@WBHSW ipfsupAiepigo bepudlysalesnncentpatineimd ysat e

concent rphydiclogitdd sanplippEtdloREil paousARL § AP cbEdad ?ﬁ,%lﬂ JRETI X N
an anount rangl ng from about 59t ou20% by vol umeag(ﬂ1 abB@ %?r%

accordi n&l WS G aim1, wherein said si ghal produci ng system corrprl ses an
enzynme that oxidizes an analyte to produce hydrogen peroxide. ;. The test

strip acgordi THe fegt ﬁ'lﬁlaaé(ﬂ'dln\gh@@mﬂu Baivkbr&ingaidl si@aPproadulidg sysié@m f ur t her
corrpr| Ses an,enzyne that converts at | east one substrate Into a

chr onpgeffmePTEEd B ERZYRe thehexidizss amaraliF inprdsgehygeeexpaexida. The test

strip according to Clainms 1, 2 or 3, wherein said analyte is glucose. 5.
The test strip according to Clainms 1, 2, 3 or 4. wherein said henol yzing
agent i s3. preSbntesi slrialacra:rrdimlguoﬂlﬁifﬂ 2;ivairdreih Gaidrsbghat rodeding ygdiem \fmldd i S

equi valent to hem)n;_/

COMPrISes an e &at converts at least one substrate into a chromogenic product in

the presence of hydrogen peroxide.
4, The tes1 strip according to Claims 1, 2 or 3, wherein said analyte s glucose.

5. The 1est stnip according 10 Claims 1, 2, 3 or 4, wherein said hemolyzing agent is
present in an amount sufficient to produce hemolysis which is equivalent 10 hemolysate
concentration in a physiological sample applied 1o said porous matrix in an amount

ranging from about 5 10 20% by volume

6. The test strip according to Claim 4, wherein said glucose oxidation based
signal producing system comprises:

a glucose oxidizing enzyme;
a peroxidase; and
an indicator that is converned to 2 chromogenic product in the presence of

hydrogen peroxide and said peroxidase.
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concentration in a physiological sanple applied to said porous matrix in
an anount ranging fromabout 5 to 20% by volune 6. The test stri R 9 AUG 2004
according to. Claim4, wherein said glucose oxidation based signal

produci ng system conprises: a glucose oxidizing enzyne; “a peroxidase; and
an indicator that is converted to a chronogenic product in the presence of
hydr ogen peroxi de and sai d peroxidase. 14 - 2 AUG 2004 7. The test strip
accor di7ng t Thanyst efrip steontisg edinyofchepresedivgdaims) wharein sdid eksst cone

henol yzi ng agent is selected fromthe group c?_nsi sting of N hex

adecy] heinobyzing agenbisiselecte ifenm the, grpen ensisEpapf:d¥re- 1 0- oct yI phenol et her,
| t hyl 2 tyl .eth . pol ther. 8. A
Pot hod ExadserBme Dy TP oridte SO EIE o bl 10 B T

sai d gﬁ%ﬂ@ths;ﬁﬂpidéyg&heri yokPathyldne b 1PRleiibNg sai d physi ol ogi cal sanpl e
S

to a test strip according to any of the preceding clains: detecting a

si gnal 8.pr oducteshethyd stadettrfiinBaahalaé eMBGBENSY & b0l safBledlaid!9 sai d
det ect %Qx@ﬁ'c%ﬂ]al .to the concentration of analyte in said physiol ogical
sanpl &¢78% “RAYEVECe conprising a test strip according to any of Clains 1

to 7. 10. Adgt fon1i5esdid pHEdiGoRIcEl Athph Rl H4e & sHANEROEdiAL \dhy 6 the
physi ol ogi céFj san%ﬁ)e}ff %séildp rﬁ%t hg?é conpri si ng: ?%1 a reg%ent ){test strip
accordi ng to any wece@ing eisinis:to 7; and (b) at |east one of (i) a neans -

for obtaini n(g) sal gelgcrtll)rljglaosligorgll g%lduge%r?)! .«'S:.id Sgﬁ'al p(‘(gdl)cin%nsy%@%l;%g standard. 15
(c) relating said detected signal 10 the concentration of analyte in said

physiological sample.
9. A device comprising a test strip according to any of Claims 1 to 7.

10. A kit for use in determining analyte concentration in a physiological sample, said
method comprising:
(a) a reagent test strip according to any of Claims 1 to 7; and
(b) at least one of:
(3) a means for obtaining said physioclogical sample; and

(i)  an analyte standard.
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