; e3eZt : F6TZA TEST STRI PS HAVI NG A PLURALITY OF REACTION Z S
'FOR USI NG AND MANUFACTURI NG THE SAME 5 | NTRODUCTI ON FI ELD Cﬁmmmmw
The field of this invention is analyte determination, particul aflysbl ood
anal yte 10 determ nation and nore particularly bl ood gl ucose determ nation.

physi ol ogi calsarbiok SIUEP ESINGT PRIGFRLI P iR G Zoshs N et .

Such assays find MEFHODS RGR iUSINGoANEPMANEFAGTBRING TJEE SAMEnc! udi ng
clinical |aboratory testing, home testing, etc., where the results of such
testing play a pronminent role in the diagnosis and nmanagenent of a variety
of disease conditions. Analytes of interest include glucose for diabetes

managesmant chol esterol for noni torllmgbﬁ@y@gul ar conditions, and the

i ke. I n response to this growng i nal yte concentration
characterization, a variety of analyte concentration characterization
protocols 20 and devices for both clinical and hone testing have been

devel oped. One type of device tha Iélﬁ)ﬁgﬁ‘l}&)ﬁgﬁ&g{o@nal yte concentration

determnation is a test strip. O suc st strip is based on

the product i onTkd fi¢ly dF GgemvORIoMs dﬁ@det&ﬁﬁnsmthﬁ weﬂhr]ﬂsto@@tahﬂptet her eof .
Anal yte concentrations that may be determ ned using such assays include:

chol dét er@ﬂtelmlmttﬁny’@érrfilQIéQﬂmglﬂﬂﬂb@@Od e{qqamet%mwuaeu c acid. For exanpl e,
25 glucose is quantitated using such assays by first oxidizing glucose with
gl ucose oxi dase to produce gluconic acid and hydrogen peroxide in a

reaction area or zone of the tepicktROUND GIEHE BOUNTEIN hydrogen per oxi de,
in conj unction with a peroxidase, causes the canversion of one or nore
organi ¢ subst rapdyte cpn%entra%ﬁﬂ determination In physiplogieal samplgeisiof eyptgacreasingwni ch

product i K6l in the
Pt sl didoRERe R AR ShoRRg ! *E%%Z@d??ﬁr%*?%% FopheRich 3l 1
concdBt r ahclmdlnmnb:al bbmfatogpteetﬂng, bomea tdstinlg enmyehdrd e resuéts pEachitestingplags or
zones, where the relactl on, ar eas cl ude the .one .or %re testi n or reaction

reagent s hiromureyt yole i} thedigenpis ‘B"f“}ﬁgﬁ’QF‘i‘tcﬂf 2 gy o {SCWICP“®H Mppar ent

that in t)@ﬁa@’@%ﬁm&@é&mm& g'TW:IOEé fof ﬁﬁBE&Qﬂlaﬁég%ﬁ)eh?%ﬁol&tt&bpﬁ)r'rﬂonitﬁrlh ortant
to segregate the reaction areas fromeach other so as not to conta nat e

t he separardiovaseulgr cdnditicms.camditee like. mnebpqneegvethtsgr@wmgmpoxftamabf pradgteict from
other reactio rea Thi.s.is rt eaction, ar eas
e o 1 rnaffiftol SR g L Bk ot sk, coPBRRGA n%}}arﬁche@zgéwrpéga@m g
Howewer, sdeaievicks frbodf clinil irebledmensstigdase Bednadevelopede  he same reagents
present in the sane concentratlons it is ObVIOUS 1 reactlon alr ea

isolation is n@E“’e‘sYQﬁPﬁld%VécedP&R}éﬁmp'é’b’%@fanébtﬁtcameﬁﬁtl‘il%‘rf’eéﬁfa‘“ﬁﬁ“@v|1%I33t35t
accurat e, el ﬁé{)ﬁe@%cﬁ%r@é@% iDbfe Bﬁméﬁago&lﬁhsﬁ B}%&g}ﬂfaeﬁo%ﬁeta%d thd1€

met hod th een proposed o I SO ate action areas of a nmulti reaction
area testsub!;afqmpnu@tetdtlelmtlmwﬂ Anwalyte &ncPuatrations Nt nﬁy%éﬂcptﬁﬁﬂmt@u@uglgicas et.

al. The 691 pa ache e creat] on of . both non-bih (non

bsor ben 3RS PICTED SRR &lBke eitpl dnd fiCit bl KL FEFTARS: by

crushkng dif& BB tlaafRtddsiRIAch hssBRbyFirkWxediging Biicostwith gliy¥sicQRtHakd £
produce gluconic acid and hydrogen peroxide in a reaction area or zone of the test strip. 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.

30 Oftentimes, the test strip for determining anaylte concentration may be configured to
include more than one reaction areas or zones, where the reaction areas include the one or
more testing or reaction reagents necessary for analyte determination. Thus, it will be
apparent that in the above described multi reaction area test strips it is important to segregate

the reaction areas from each other so as not to contaminate the separate areas, for example
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10 everywhere except for the reaction areas, which remain bibulous. This
test strip includes an intermedi ate | ayer which |ies adjacent the menbrane
having cut outs to provide physical barriers around each reaction area. The
internedi ate | ayer barriers are needed to prevent sanple |ocated in one
reaction f Ao\ . . AT - . but
v ophi 11T B o o B R YRR RBU S o
t he 15 i nheremetdombread mgve difiiersit rémzemts ec dgiergnt abncgneations bhtheaame regetts.on ar ea
so as to prevent such contam nation and allow the required anount of sanple
to be appP¥everceveBihnlt RBE TearlIfy BeAs WRBARAYE esaBIerEigsnid Perserigpheesgleng

t he nmenbr . ; . .ty af  hi. ; I ngst a non
bi bul ous TASRFSERS 1S SBuBh R ieboiofarch AU PRSP AERAR BIRCO 7 Can
be conpl exonadiginalst dnd frovidansthatd, velabibuing régrodicible angyte dsteaninatiGPreauich, t he

20 necessity of precisely aligning the internmediate |layer with the reaction
areas of the t@8¢msthodhathasbdey proposest (94splalp praciambanens §f agnullifgagyioa area

det erm nat%%t%ﬂ‘lffg}%&?&lﬁin ﬁl.@i’f&eﬁt&%.i% o3 %u%l@g,%ri.ea?.tTH.&nG%gﬁ%tf:nct l}?aézpes

identificatio new devices a e S in thFs ’area.

i nterest theutedtibeof brzh den-dlbupome ihonodbssiberit) aied/ bibelouaaiisarbéhpatsasdn vest

t hereof which are sinple to use, accurate recise and ea?h)é and | ow cost to
t

manuf act itep W@W@mmmem!t@m&k%Ettnogtbéb%@méhw SHEtHEEPhils) thei r
manufact Ue{v%rﬁvr}féréj%ﬁggﬁof tﬁ%.rga%?igﬁ ReBaWHh ﬁfnahhﬁb&@ﬁ'& ?ﬂkrt@stt 'slf?@cipéluaés dnast

one analyte-in a 1 ol ogi cal sanpl'e are provide e sub test strips
have a plidteamedigtedfyer edidhi lies adjanas tibahemedndiavdnhydoopho bravidephysieal. The
reagent 30 conpositions present jn each reacti Oﬁ zone nm bg t he sane or

di f f er entDAgEs FERung e ,regﬁ’é’ﬁ af"é‘at{‘]"r Wﬁ%ﬁé‘eﬁﬁ T RAVETSATS B%"éif’ feprerentd
channel , Qpypiadced fIPéi xeéctifoh%relra%ﬁ R %&emgmvﬁez}%% dkforlannel s

that nerge i'nto a single channel. In use, sanple is applied to a subject

t est st rilpbulausibyhbydrophilicareas, drebydontaminatip shecathergedckien areasi s suth,ghal yt e
int sanple. Al so provjded are nethaods for, manufacturing the subject test
stri s uoPRgnealeiR R o Ay Mt nainggtn PSRt Y R P skt
hairier. dﬂnfh@ﬁihé(ﬁorkdﬁd%ll@ﬂv&h@i@wré@ﬂn&ﬁﬁ oflSEnp18 tdPbS&Ipli6d e h feadtibh Beh.

met hods. BRI EF DESCRI PTI ONS THE DRAWNGS 5 Figure 1 provides an

exenpl ar yHeweyersthisimethed of compsessingithiymembrane tpereaie aplurphits of Pibslousi gure 1A
shows an I ' - f ' L.on. ' L est i ng gent
appl i ed 1RO ok FRObIch 1B bR HESRRb AR RN RAIGELAAShEE

havi ng sidffgceive,@an be onmplex asd catly nethaiwyfattytrdigho it coraprepiai §tepind theeach
paral |l el segnent. Figure 2 provides a,bo&tom %g‘g view, in pFrti al cutaway,
of arfVexdIfSPy of BSFiSely2figning (repnigmedisnlqyPowite e 152qiepn @RS BT Be 94" &P i n
partial cut avayye Qf th&Brdad GPRIAbYit) SSnafid deferMih#3n pPorSddhS HRRd bétltnYied fa€ same
as test strip of Figure 2 except that 't includes an I nternedi ate |ayer.

Fi gur e 3 herioteresen the ideatjfiestionrof npw dspeest andanathedy in thiniarea Xfigsirtacujargntiojesic t

t est stri‘g [e)VA

e ot B P e P o B B B R 888 o

use, accurate, precise and easy and low cost to manufacture.

25

SUMMARY OF THE INVENTION
Test strips and methods for their manufacture and use in the determination of the

concentration of at least one analyte in a physiological sample are provided. The subject test
strips have a plurality of reaction zones defined by a hydrophobic barrier. The reagent

30 compositions present in each reaction zone may be the same or different. In addition, each
reaction zone may have a separate fluid channel, or two or more of the reaction zones may
have separate channels that merge into a single channel. In use, sample is applied to a

subject test strip, a signal is detected and then related to the amount of analyte in the sample.

Also provided are methods for manufacturing the subject test strips using thermal transfer
2



,15 Figure 5 provides an exenplary test strip according to the present

‘i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Test strips, and net hods
for their manufacture and use in the determ nation of the concentration of
at | east one analyte in a physiological Sanple are provided. The subject
test 20 f hObIC
barri or. TR apR Yt orhtn e RAh A, KROAR pRRAAE: e B predERB Lo,

sane or dhé%ﬁmemhnahmmaddltlon each reaction zone nmay have a separate
fluid channel, or two or nore of the reaction zones nay have separate
channel s that nerge into a single channel. In use, sanple is applied to a
subj ect test strip, a signal to the anount of
analyte in the sanple. 25 Alggﬁ%ﬂgéﬁ%ﬁgﬂgﬁgehe ﬁ?%ﬁghﬂ&ﬁﬂanufacturlng t he
subj egt test sFigufsl providgs drhetemllary teansfip matex fueotdigy/totthe prpdn investion.

hydr ophobi c barrier. Flnally kits are provided for use in practicing the
subj ect n%g%dg% stR@YsHnEXealapy BatEwof| tl?ﬁ/@ﬁ%qnbtﬂv?%tl@é?dmgﬂeﬂm i'age8t to be
under st og r i rent s
descr; bedtPPEdin bl SRR Bkt 18 Qo i Wit & tiploc A Bl el RRBST

that the dopesrdetiieddy htysmqihdslﬁc eornpcbstaudrnn ehdtepgreited espgnedt. descri bi ng
particul ar enbodi nents only, and js not .intended to be |imting, since the
scope of the plflé%‘fr%PfPWéﬁﬂ b‘b‘FP”\)thaP VSV i RRfHaLPUSRYRY. BEAn GremplisE HREBHTR ai ns.

Whergpa r [ : elveni ng
val ud0”; FIERE PLpRIdES oA IR in physP alRPRY B F ety FA ol Mg
clearly dbetimtasially lersaimses tdsestmpeﬁF(gure 1 deepipharit molidéomeintdrinedikte ddyet.hat
range and any Qt her_ stated i nt erveni ng, val ue # n that stated ran e is
enconpassed vviff)‘HP’f‘? 3 revidei f‘grﬂ‘?f‘tarﬂi’érsﬁ WE VIEYHO A GEEmPiagy Sublest tes

smal | er Qﬁggg§&ﬁpgn%aq§p ghgeptly be included in the smaller ranges |s al so
enconpassed w thin e I nvention, subject to any specifically excl uded
limit in the sFighed praviges anWK@mplﬁy tesestsp acceajdmgtmgee pr&sbmdwmnm or both of
the Limts, ﬁgg xcl. d|n e|t both of t% %f cluded limts are al so
|ncldaed int HHPYISE 85? HER AGOREP epﬁ??“ﬂ%?ﬁﬂ?%al and
scientific teans used hereln have the sanme neani ng as conmmonly under st ood

by one of ordinary skill in the art to which this invention bel ongs.
Al though any methods and naDETABED RESERIRFION OF JHEINYERHON: 0 t hose descri bed

Ilgvgﬁ[ ?Lﬂ Cf‘ﬂef‘ég,?gc ggragg lio@otg;s}ethé]f Hx% GG anti G4 1 e QL eﬁH%a@&nd&%Fé

and er|a R A e
be not ed doheénttaaonlséat least eneanahtk inm ;tHyemhqrgpmthble h@iprsvidédr The lstﬂgedtaerst f or s
"an", .and ' ,ncl ude Iural rents un ess the context clearly
di ci #Pes S&tﬂ’?é?%éé’ urfy Of reagy rb%@otﬁi)fieﬁ eﬁé’p‘/eﬂrfaﬁtoe PRjC baTicpthegPadcpt i ncl udes

a plural ido Jﬁfsttx%HQPreEé?ﬂn Sdch kR ti8Mgont Ayt Ssiffe bidiftbiaRe. $EYddiffon, el Udes

reference to one of nore devices and equival ents thereof known to t ose
skilled irmactios zane maahdvqsa)sep@natetﬂumg;llarmelb Ior tym pronere of the romsidn lzenasi ma)ar e

DT PO" 958 IR B SRR SRR B R SR R BS e
publ i cat isaBfrctiestuss adidhar iideteaee aid théh @laﬁtea e @k Yrlofht dfahlytedh 315 QsiplE
pr Or25t ° Algg provided are methods for manufacturing the subject test strips using thermal transfer
technology to apply the hydrophobic barrier. Finally, kits are provided for use in practicing
the subject methods.
Before the present invention is described, it is to be understood that this invention is
not limited to the particular embodiments described, as such may, of course, vary. It is also
30  to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

Where a range of values is provided, it is understood that each intervening value, to

the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
3



,20 filing date of the present application. Nothing hereinis to be
construed as an admi ssion that the present invention is not entitled to
ant edate such publication by virtue of prior invention. Further, the dates
of publication provided may be different fromthe actual publication dates
whi ch ”Hxh@@@ﬂ: r i RSet NARRFIRG R ¥ 1508y 5tﬂaot~mtaﬁw ifervenm o I GHATRE | 2ed,
test strips are provided that have separate, 1solated redction zones or
areas. Specddiacgd llsyncctm;mstee!s\t/tttsn thepsvameng’ﬁmerp@bt ynddbaenithis bzdeseby havi ng
a plurality of reaction zon e g drophobi ¢ areas associated with
a por ous SHAHIFS SAEePHEAY BN AT wdediimile spalenigagts léélﬁes&qqmmﬁﬁetﬂhat
Lypi cal | Y,ifias uRnRy Ao .Bie ﬂy é%fw%ll?kﬂﬂ dﬁfrﬁ’i‘t’HPt‘thta&ﬁ%%é‘ e as an
anal yte oxi atl on sig Jp roduc n% system ny conveni ent testi ng system
or si gnalthqostmddcamggns:;hsdeennemrybd:blamﬂ&edinmﬂst mgdfseaxpmelmgretthemmf those wher e

the parti, system w | | gn a variety of factors such as the
anal yt e 6‘FCLfP$ﬂdé aleta]r'?é“tc}‘b@d thed¥eptiel st em used, i.e., coI orimetric,
el ectrochem C%n]es@%@hﬁé@éthérﬁﬂs E'I‘Ijte(:ff'rﬁceh'ahgscﬁ}ﬁfm&n?sf ?&fx a@?%er}ﬁ
limtation, exenplary signal pfoducing 4 systens use

i nventi omnamnldg ascuminentiesiersbad. byAme o nidimang skil o the, arti to vetdeh tlhlsQﬂvdntloh he
por ous ect test tr| S, i ncl ude one or nore menbers of a

si gnal E%S{P&‘é? nén@?}g{ Rsthagls 6? §1sz§“8'étré’6f'%‘ﬂi"%le?frt8§%ﬁ§? dpseripesds ponse to
the phesepis, Ofn AR e lmbi)tlacqeé&%ehl Q)flﬂ{eoﬁléi%ht ﬁ@@m ftQelerive the
5 amount of analyte present in the assa sanpl e he subj ect test
strips, thehadsendmatoiads arenberdesasibed.he si gnal produm ng system are

associ at ed,

por cion of (1 1mystkBoftidtef b P ENRLF he S Jfsc Hec b Rote

matrix, aged <pe, rsﬁ@ymenh@mdeemrﬂ rter&.ebmte%@tueadohbéxahkargf ditfa&s BRHeRWiSe, MRL i X.
I n certal n ‘embodi ment s, e.g wher e gI ucose is the analyte of interest, the

si gnal 10hps ddueﬁm@lgy’%fte@mq@“aﬁesaﬁmp inglusles datur'drtysfw ltesh sioigpsiaMchg system
Che” Bt Lestaiee & WA MRS IERRY G AR BObE: SRR} b it BEBl T | <

deri ved, khh@nc'ﬂm&]oyéﬁ(lllé‘dlﬂ)théjdlrz,%tddb(yfc&thsw tabl e enzyme to produce an

oxi di zed form of the anal yte and a .correspondi % ‘[))rOpOI’tI onal arount of
hydr ogen per oxXiHbeubliepiéonsyierngigaed lisasin RiedBcqrporated hegsimbytederengerio diselese t o
generate s unds,
wher e thgh%ﬁg%ﬁ?@%ﬁﬁ%ﬁ@%ﬁag Og%?%éuscl?gg@%gtr@{ggn \ﬁuéh&ﬂhglﬂgﬁ% 18;%9”5{{;(2““ ng
system iited. Theeublicptiahs dlB(BlSSd’GHTEI’GIEhI&t[EdVIﬁ@i gohedy Eorabeit dlsélosa.mapmmto ithe t he

init such, nal xi dati.on nal oduc S

orest HTBKBreahsth TR it Nanreerinto & Fpbodli aitidyhions

are al so tKeOIBrE%E in)&eﬁﬂﬂaﬁ@%teéﬂn@l@@ t@a%té&i‘zit%%l@ﬁuﬁlﬁ:&@éﬂﬂ E')ew%§ %ﬂpﬁbﬁﬂ@éntxon
produci n% éstem; 0 As indicated above g‘n per oxi de based

si gnal wether, thy dstes oE peblicadonipre vidad may pendiffarent fmm eAgsiat wéahaareqnyia@eSand
produces o] gen peroxi de, where by
correspor@%gﬁqgﬁo%ﬁpgkg%ﬁ% {' {On egcgm)unt of hydrogen peroxide that is
produced is proportional to the anmobunt of analyte present in the sanple.
The specific nature of this first eDEWHECHScessarily depends on the nature
of the anal yte being assayed but 25 is generally an oxi dase. As such, the
firs2Senzyne weputmarigbdidest stripripagevifuhibeehavh eemlrm,ymatb@ regbtimozongs or

chol est er ol id S r he anal ole ero al, cohol OX|dase
Caher e ¢ has SHebERpE WATES st oA bty BarflGuaR ofiai bt b S oy R

| act at e) zamd defified bkeydrégHaeIC e@z@s@kswaedeuway Srofi®matte THE tdaclifiesmeand ot her
anal ytes of interest are known to those of skill in the art and nay al so be

enpl oyedincludetavgagentedsopisitiontthatimieadlythae oneeigapne mesbergof ssigngl prasdudiagi gned

oxi dase. it ot BVBRRTe 0 BB i fny Conveni ent “sour oe,

e. g,3@& nat ur alAny cofitanidni t&tlﬁ%bysféfm em@aaproeﬁcﬁﬁ-& Y stdnbl fal ibg @EedOwithPgRi ci | | um
or reconbinantly produced. The second enzx t he signal producing system
i s an enRigsentipyentientvaheje bie ptﬂﬁ@tl&lﬁﬁoosmwd d@ﬁenéﬁé agierienyroé facters sughas the

por oxi de M UAE AL ERTEE A AR et Do R RAE B ecteoo R G by i

react i onrddsorpé@pQintdi i Bke. BY vtd;e;femuple afll nbyldhiegRM, @;ernqml@@] gnbiedrodiiing
present. This second enzyne is generally a perOX|dase where suitabl e

per oxi dases i nclude: horseradi sh peroxi dade (HRP), soy peroxi dase,
reconbi nantly produced peroxi dase and synthetic anal ogs having 5

peroxi dative activity and the like. See e.g., Y. ci, F. Wang; Anal ytica
Chim ca Acta, 233 (1990), 299-302. The indicator conpound or conpounds,
e.g. substrates ~are ones that are e|ther forned or deconposed by the

o o T b1 o v .

| ect



the.testing reagent absorbs strongly. The oxidized formof the indicator
"may be a colored, faintly-colored, or colorless final product that

evi dences a change in color of the testing side of the nmenbrane. That is to
say, the testing reagent can indicate the presence of glucose in a sanple
by a col 1 Lyve by a colorless area
developi%&ﬁ%ggggﬁggﬁhrgﬁgggggpﬁ%%@%%aﬁggg%E§$%§$%¥%sefuI in the present

i nvention i nclAgenvingd abeve, Bndiditivn-te drponentmartik ohe gejéa t@ubﬁFi atkede

One- conponent systens include aromati c am nes, aromatic al cohols, azines,
and benziOlE KESOTEHEMDES of atiEaRERBGNCINESYster Waicerodusssi a darctablariedif shent

systens ipncl 0 I I . GO i : jvative 20
(Soc 1o "Epaliria gt SMENEhACTRANBN poBuddlibe BRARILASHLY
08/ 308, 5@amounnsfdnaBieprestnb iy ik Bssayed semplec e} sulsject4esasiripo,ané omydrim@eand t he

ot her conponent is an aromatic am ne, aromatic al cohol, conjugated am ne,
conj ugat eeerabeEBAOhe SIENHMEALICINE YPCH) IH KOG alcd ci IspHalent s mengpyalently

hyar oot e e TR S AP iR Ra gl A e RS s L B BBty . 25
MBTH conthags, andtih nin etibotiinene:t8 stbstmauypenaihe pstous anirix.aci d (DCHBS); and

3net hyl - 2- benzot hi azol i ngnehydrazone N-sul f,ongel benzenesul f onat e nonosodi um
( MBTHSB) conbilh&ertaip embedigiens; s Wherggherss sl anal o pl ntesest.dhasignhi um

ANS)n In. i ' - [ - red. In
yor 8P e SSish SuERIeeh B oxo ot G Bl BB Bl BSHRHE Cs et
ﬂ) det ects:g@hﬁpxpf(lmﬂng:sy%emisdﬂ%mc&mﬁh@emaﬁng‘mudetestaﬁlatsigslgmmaméx theg. in a

uor escent ac rounaq). e el oyed, such as thqQse, descriped In:
Ki yoshi ZARY&Fonsesigiian mﬂtﬁ%ﬁ%{nplmwﬁe@ﬁ% e B prddiped Rysa ?%ﬁaglﬁﬁf‘%%di sh
P i dase: . _ . .
er oxi dagg nrdddpd sh @,n&'llzé@fbﬂnhmﬁe ARPAY a0 c&%@%@%ﬁ?{g@ﬂrﬁ@na@%o‘%ﬁ}?ﬁ f

Lt
Per oxi dase. Anal ytical Biochemstry (1980) 10 Gener al or
col or i metyidwgers pearysidet Tie hydnggee peroxile liothen emplayedidn twintth getrratetiebers G of

th i I i t t det ect ab duct that i t
- an anderbiepiEaneer B awEe FitEios PoRbiie "Bhee Biniin foRbeahE! “The
amount  ofpréRicesdndRk®] 11 106l bighal theaBuril Ziyatempl. 2 AHE Sendlyis ki Blafaab tHer oduci ng

system is then determ ned and related to the anbunt of analyte in the
initial smepneof anslytrdlsdhe Helin! sampleedt wich, erBorlyEeRidgliomsigarareicHeet er s,

i.e., opt] i I d

rel ati ontsgstqglﬁ% H%%egft anrtrlnl%5 g@‘é’& aﬁ%lgsré?t%%%%b egeérgtl %Ee[%t ésﬁ%ﬁ%@?ﬁs&ﬁ%&t agrgfq 1?gn and
rel ati ng catreqily, chasicteeikdd ashyidasgen pemenride bhsed spgal producing sysensane, are further
described in U S. Patent Nos. 4,734, 3Q0;. 4,900, 666; 4,935, 346; 5, 059, 394;
5, 3040 468; 5, 3’969@2@93 aboyegt meirosern%%éezPaSsg Siggaliprpducnessysiens i Tice

5, 563, 042; J i iDpal] . ; : \ .

5. 843, 6ol BT TaRicizes Be gy and pdudsgiponearig mmn AR ot i ch
ar e her eiparoxidsowpene dyedrrbsponding amoevst is meantighatahgarmotrd dif hpdrogen pehnexidaibj ect

test strips.or rather the testi rea (o osition, my furtiher i.pclude a
conponment i Profifedt RBSiER s A AERRE D aefIER L e e chopPE i e
and may epfurOsRthisyirftWnkiBE nkdtedadtiedepesdpartaé hitgrecsfIROARNe YhhE RsERrdTRS
solids, such as red blood cells, to becone entrapped in the matrix,

ef f €83 v geneeatyan Ryidaste Assugh|thelirst ¢nging mayleoelygpsepxidapyivhereigh of t hese
two conp ' i ' : i . Cl.i above,
the opti gﬁgp&ﬁsn I E‘%’%"’ﬂ%’"‘ggtﬁ%ﬁ%g‘ﬁ &ﬁg'thgﬂrgégé ?‘ﬁt}sﬁ% ésgr%{o?egéﬁr%g‘ﬂ\cggﬁl C{X#e)‘)gﬁydr ogen
per oxi de (whetettifecanahytk Batoohol)f lactaoxidabe(Where the unalpg it haetate) dndgenikper oxi de
or by reduci ngg}_h_e oxi di zed indicator. In pri na&i‘ pl e there are several

di f f er enOthgdidigng orrysiss far ysgvithghessand gichpgasytes of; ipterest gg &npwp fhthoss
could co 8 WM i ndl t i t he

col or chgﬁglgﬁtla ﬁeegd I%ﬁgc%w&%%ée)éwﬂg?e gé?gtp S%g?oﬁg?gﬁﬁgh?{%m’ﬁe? %gr?] : gegbl d be
non- 8@ npetriptis desigred fohtht dstebsdrasttgladobe/cantdnttdtien) thb fildt eozymesis ghressared bef ore
any substanti ag col or cr}(gq?age t akes ‘Ol a(d‘?. in the indicator. O her nodes of

i nhi bi t oPXSP d1F HCatexifase My & oBtamed THOmhany COBNBRIERLIENICS, €4 ATRBIAlor s of
the pres Lay ent.i 5 i Lipees . - sui tabl e
i bi £ o0 B R G e B30 3y oy
ci nnam ¢ aci d;Th8 secodd bhygimuxyf thesigad! gedipdiag sgadhiicamaizgme Sha@ datalyeesahe aci | ;
ascorbic acid, an isqasc_oirgj,c acid. If asco[jgi C ngﬁl dis ustﬁd, _however,
ascor bi ¢ SHRYCHFIFKPIANESL Mafe BHHITCRMRRM AP afsiestalls RpJuey i the gregeicet

permit the reagent to be coated. Suitable3stabilizers are primary al cohols,
such as ethyl, nethyl, or propyl alcohol, 30 where ethyl alcohol is of
particular interest, particularly concentrated solutions; i.e., solutions
of 50% or nore ethanol. Although an anisotropic nenbrane, if used, filters
out red blood cells and holds them away fromthe testing side of the

o o o o, o o " o



5 polyvinyl sulfonic acid at a pH of between about 4.0-8.0. Such separating
conponents are present in the matrix in amunts that will vary depending
upon their charge and nol ecul ar melght t he ot her conponents inbedded in
the matrix, the matrix pH and pore size, and the residual npoisture of the
MRt i X afi ook géﬁasaldestaﬁaemeermtn%fscte@é&abw@@auaf ket Ieamtr'bg uItyIéaa%n
skilled in the For exanpl e, when pol ypropyl ene ycol enpl oyed

t he sepanapnopgltlbﬁalaommmmmm©éhgjrogeﬁl?p€+o¢1db thatospBASHE, Ty sevdod tezynielich. ) it
is usually present at. about 30% wei to and nore

pr ef er ablgff“% Tb%vﬁﬁé‘daﬁ I’I‘g‘t”essé‘ﬁé‘? %\P?rﬁg%é%?ﬁﬂﬁ‘éclﬁ ge ‘é"a‘ﬁd‘é% Eﬁrob’é‘a%ﬁﬂﬂ)ed in a
concentr fa 4 MuceH Jiabé@ﬁﬁdl% | onents may
be irrpregh%ﬁggs?o?@%&ﬁeﬁq?{%%ohgcengﬁw or cas ﬂ-&d%gn%ra e during
manuf Act pemxidaoire aovistigrandchalkee Sealetgs &, Bl Wangfmmtb)ttmblcmudlcs@maxr as3 on.
Anong sal i%)gu'@ta e 15 for separating blood conponents are citrates,

f or mat es( A 0g’tes as well as certain acids, such as am no aci ds
citric acid, &l 16l BRbA i RRHY oS85t

3,552,928, i ssueéﬁ\]gn&l %’mlgd;ll to nﬁﬁcﬁé ’Egs sr%te%nar%gﬁ/egrt]t[tggtee e(‘)‘IIP’Ql ncl udi ng
t he separfaxtmaalg)rdecmnpmnﬂ biy shet ydtogen pérosuleiinthe ma;sehceatf theperbridas t@el | s,

substantial|y reppoved fromthe bi qlggg; cal fluid, is | ess _bac round

col or atPf cp g g 6 Ve abigres HhRfedstemie w DEHHHANES & eé [Yoy the
testiipg

ennaie (RaA8Rtor By BisoRaRORE0 A FRHEIGRHH BPRRATHORNR o WRITRRE bl or

pr eser ve thehtesting eagemi al;soatncktmnglgsgfhetqmtbzect floem whitheiindic#&or mex herpkeprethe

testing r.eagent desltsa uffer to aid.in_.the separ tlon
of "t he oy ETopinEa gt oS sER nibaRERerFrighesht Shohee B cusrhipmeie ey

present iof iRGhéthbfe.athalf tb &mrﬁ\h@%g Ped3dM daf 1RO th pRdennt gmcste%@bl y at
about 0.1M Qher buffers nmay a be enpl oyed. Conpounds that” nmake the
mat ri x hyampistiyla eolesed wﬁbgmgdvbea@hfdtoro@wnw@tvelasb>sa epil¢ss ereg devalepingis
hydrﬁJ#yzed LoR oteins, may al so be enployed. Such conpounds include but are
not §to for exarrpl e bovine serum al bum n, pol ypeptides and the | ow
nol ecul ar 30 Wmdigibr @nPcRinds duedrt akdfe iR she@Predeai VSRR both Bfe- aNeW Yor k,

N. Y.). Such conpounds are used at concentrations of for exanple about 1

my/ nL t o 'HBEAMPYRRP! AHOMOZERIA SEpEaEE AneotonERaseR) Sasteeﬁatﬁudw%atmamges

pref er ! edrorfRfechbRPAhGPE BACIARTE AR B B MbAL R DAC Boluegdn the
coating for the matriXx or exanpl e ‘et ene ne tetraacetic acid

( EDTA), domphrydne slystdms ianiude thpsninaslueh due ann}mbnent(JE)MB\()“Hamm/IBdII-hded/anwpounds

aboutd 10 Ghe R xomal ot o prep st e SReEabiBaF o8 Nbeltbalstonelp 1o

st abi | i ZgndoRoritBd héeinTby reféRe) or 4-RMindadiis AR 2 d MY othaé\@nanstigesd r abl e
tendency to mgrate in‘the matrix 5 Wen such an indicator is used, an ion

pai ring ag@mthasmnmwnew alephel, eowingated tning; epniitgated alqobpl enesemitis, ort he

ol yeth I I i i r

(renicel 2 aldeBlad StBla B SHRERE Bpths HSHRI E2Rpethbliibhe | )
facili tahedmmnemgrdfdchgnﬁet(mmtdombimdlvmat 3}d1rﬁenhly1®mhmbemtdac)ﬁ @MAIBI)t uents.
V\hen the reseng_g’ of. an anal yte is indi %at ed by color formti onﬁ((ﬂ’e g.,

VBTHSB ied Y 1dhe 2 -G\ oree - by berreps ﬁ@lm%a%éDQHIBéI #fd-enhance
the Cont bty Wb dhz bR Gz R eﬂgcﬁ&'zoaet\f ﬂ%l @ngﬂ{&'rsglf ale RGBT al so be

enpl oyed 1 n"the ractlce 0 I's I nventiodn an y be 1nc in the
f or nul at (MtBTdiSB)Inembetﬁd wigh Beagdi@ni! rfaphthelese stdfmm«amcpammodﬂmh (ARS)cbur se)

that they are conpati bI th t reagent conpositions.
Potent|a¥?r)t/a”éﬁtng§&“@"§5 ngﬁﬁf"bp %M@ﬁ%tﬁm egﬁ ‘orof orm acet one,

al cohol's et hyd en&uhlefibodinentt, Sk rcﬁmemg%weh@mm ?‘Itoﬁﬁécsa ﬂ@&afceml triles,
and mixtures thereof. In the praétice of resent invention, 70% et hanol
in wer dctsctetble;pmctuctwrdctectablemestfluoﬁescemteuwm]cemgtleetﬂ\@tasi:qm have a
pluralit t|o zones defined b dr.ophohi.c areas er ti‘o_n
zones maé ‘ﬁ‘e’?‘ﬁ’ CSP’p YefheHE S th ec%“t‘t‘?@ "&b’#%&%%@% hﬁ h" zones
20 may bﬁeaﬁﬂﬁdrg&ttnﬁds%@nﬁt@@f&%@s@ﬁdisﬁmeﬁfk@d‘settlﬂﬁdtaﬁé%érl%ﬁlv%)ﬁ%a?%l' n a
reaction zone, i.e., the concentration of one or nore conponents of the

testing by@pgcm petltvedcwprtath@fPetcemtatsmgAsq}sttcelthhemrseaét9&9&1%ri@9 lii3e., the
anal yte to be ete m hed {’one reacti.on are(?§ %l‘h ﬁ‘arﬁrmn the
presence and/ o¥"¢8 %efﬂ’t?%t ‘l“i‘i‘ﬁmc‘if“ss&%%t%ﬁse‘g‘p iPrRUPWRT T 1eprh W RLhg Msmbers
determned in other reaction areas), and fhe |like. The subject test strips
generally include at |l east two reaction 25 zones, where the nunber of
reaction zones in the test strips according to the subject invention
generally ranges fromabout 2 to 25, usually fromabout 2 to 15 and nore
usually from about 2 to 10. V\hl I e the reactl on zones nay, |n general be
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chronogeni ¢ product produced by the signal producing system i.e., the

i ndicator. The inert porous matrix is configured to provide a |location for

t he physiol ogical sanple, e.g., blood, application and a |ocation for the

detection of the light-absorbi::g product produced by the indicator of the

signal _pr geCiAasySheRe ARiehtEibrodull s UPREGLRIL AN MRS bieskR iRAF ahlBehy 1S 5
1% Fl o d e

perm ssive of dqueous through it a provi sutficrent void
space f or ptdpertinentockd inftesamioompresenttihehessagnydd. Tihe adhoantg deyestadla producgke
pl ace. A nunber of different porous matrices have been devel oped for use in

various ahal §igeal geadiieed byithgstEaplprodipeingrs yagis iciBen aggrmingdand relqtedde fg of

et e BBl ShA88 0 HTRRRL A LR cc MR R BSRER B ) o
10 4, B35, dkters, 300ptidD Aietdrs, 30 pdib&'m the 306y HRBntidmed I&eciiba; anl rdldGoDIEps are
5,515, 170; 5,526, 120; 5,563,042; 5,620,863; 5,6 753,429; 5,573,452;

5, 780, 304employgd Thsgboys deseriteey reaction glstestien and tsipsing 36pw 98 Wsllgm Msprgmentshe

di scl osur i h AT - t r ) i hcil pl e,
the. nat ur Bt SEHpAENE SBlsfhe e BEEPAL 7 638, Pief 3t E1SEa0d A AHRR B T o
and t her e#988,346; SOE553; Bi30W,468306L62805 Al B@42 f /4260032, 5508176t 3)826,129; nat ur e
of the instrunment which is used 15 to read the test strip, conveni ence and
the |ike. SA8386&,0308035 1A Ss Rrtd 2por/ 8850 BT8RO At s.PR a0y
great{y. § A ] ] i i.ckness,
usual ’:O{/ f?’)grahg’gg%h%{d ?L’?%@’?%{’ltg%&gn%lé@gﬁs&Mﬂ%ﬁgﬁhgﬁq%%g%? Z)ytfgfueg%?’lc?i from
about 130 to 1Hlcemairemisodimenth)itioksubiest test seifnl aryadier thbesing feagemt ri X may or

t h ) i d t, . g. Lth lar, t th
Sanpl e apHTESHIGIRLER BRUC hepmathepbiosdhiflif ihezomparat chs deteas ton. 1 n
certain eﬁy&g%%midé ATl I%'/]@)ngﬂtfbnﬁ’liy fuhﬁemamaéafsaﬁmﬁsg'gém aﬁgﬁgvhﬁah%ée@out 6

mmto abo usual I'y Trom about 101 nm t o about nore usual ly
f r om abousolitls, suah apredidond cblis,torbegoahet emérappeat ih tf matnix, effdctivalytrgmpodag the

200ss SRR o3 TR RBY APnl T T ALY b b AL 2

the matri gea@yddrglf abricated vary, and include) 25 but are not limted to,
pol ymers, e.g. polysulfone, ;l)]ol yam des, cellul ose or absorbent paper, and
the |ike, wherAsgdpssrired ahqvsl theraptional inhipitheg casapangnidetasisang waetiandepvesni de

for coval s I - k ' .

si gnal pr@gt&/gﬁég@@%? g‘%@aﬁ&;[hggé%%qwtgégégfemi r% L(I:Ih’n%{Iﬁ? g‘? %ngrn zf(g(?{l%éngrgones
are pr eseby redocihp ehetaxsdizad indigatandn prndpleplkat hiecsabdryl differenmmodes off t he test
strip.,. That is, the trix includes, pore an one 30 reaction zone, where
the rdfact PREFRUARTEEAHETHOT @t’%fﬁhlaﬁomﬁﬁgque Wit the igdicptonand hggbys t he
reaction AgWeke AYatWHiltethe cbidr eRmpétates Qi RO IticRfor [SRoh I YR b or T NE
testing reagent systemis the sane in all the disparate reaction zones of

t he test eauld pe nen-gompdtitivadotthatisglestantigtly gl thepishibitor is comsumedibottireremt s, e. g.,

where the_strip.s,enplo t 0, Si t aneousl % ,assay_far._.a panel or

o ur a1 ¢ y>p aftaeBioE hangé ks Blade fithe flcalar, Sk mistes ot inRafiet ongraion Aearmong
the 10 #ispessidle I ﬁﬁﬁf E@BodifieAtS, inhibitotslEthewrestat indéntlodasd nénvBordpdtitaeent
reagent conpositions will be present in different reaction zones of the
test Btrip, whARENE e rRoghfrsusableinhibitornare Rexlrtydesprigpiciasiss Prpy! be as
great as ; L: ent. .r IAr est: skrd p. In
certain O%ﬂ%}ﬂ?é%ﬁ&/ﬁé)ﬁf@%ﬁgqélgagg%iﬂyg{(})rég%ﬁ?ﬁ@%yﬁgéaﬁlgSd%: dzggama in all
or subst aditimiiduyach; adcbrbidhacid;emad idoastorin edd (If ascorbit had inaed, wereones assay
for the sane analyte), but the conposition jn adjojining reaction zones may
i ncrease ¥FOQEC %’édhzﬁ%moi‘{él,oniaﬂgBWH‘itlﬁSttg-‘rd‘%%*rIE@Fﬁngtli’%W.‘t the redgt i bed, in
t he react/ Z QN .1 i : j a Lt er est
i R e A T s R e
conc &bt r avhan ethyl hlaolye ieofpagiculao ierestcparécil iy Coroetiatat sollweiomk; i(d.f used) in
that parti iular ?1] %eacti_on zone. Thus, each succeeding reaction zone, if
made of ifPCHERSP 80 A5 IRAE CBANSlnnhi bitor, requires a greater glucose
concentrati on Afnddp® RAMRbEOSIE mc@ibSMedif 48LL FHIRR! it RIIUIMSE celiShhd hol?é’fhten]er :
one or nore of the Teaction areas may include a control solution for

veri f yi ngawdydromtlegesting sode afiilee metsix, opfemnallye sépratingcemponam neyrbe astd, an
zones may be.adgpéed i, serve as a tiner to indi ce}te t hat ,enoqqh.t- me has
el apsed fHFHNED £RRYS 86 SPAHEURE coppPrERLRhC Ul harapadle REPTRAUiDE & riliveleh of
the reaction zones (see for exanple, U.S. Patent No. 5843,691, the

di scl osure of which is herein incorporated by reference). Regardl ess of
whet her the reaction zones are the sane or different, as described above,
the matrix al so i ncludes a hydrophobi c conposition or barrier, where such a
hydr ophobi ¢ conposition is positioned on the matrix to define the reaction

______ o v ~ o M Y " . o o ~



25 reaction zones, includes the hydrophobic conposition. The hydrophobic
area may be a | ayer or coating of hydrophobic conposition on the surface of
the matrix or may be integrated throughout the matrix in the area of the
hydr ophobi ¢ conposition. A variety of hydrophobic conpositions may be used
to creat ec]teQzec&%ﬂéﬁﬁhf?@h@nﬁ’(&@c@rﬂmhﬁﬁ BRbIobY ceN) 828 vitidid ABLE bi%@?%lﬁ%ﬂehhpns
won't adversély interfere wth the afalyte 30 dété&’m nation réaction Inh the
reacti on zaangsod Eedls mh&mmndtax SepmaengmpwmetsHydmseptndmmstmﬂnmmnbm onfude

i ncl ude, but are not |i m o, dr ophabi uch s co rcially

avai | abI e bpiate BRHERIted ‘iOrPIQ yei hnalsrféotpgm (erﬁ'li’h %E C)Lat“g]?“%f Tokyo
Japan. ayer or
conting, PSSPREyRIPEORITR T RR Sifch kel roﬁL%“; RSETRIE) ARk Fd 2y

f r om aboupolyvimyl sufcaloautd 2@ le‘lmf heswiednl ngoat14 0-8f(. Gnm}ampmtauﬁg pompaneattaud 15 nm

and nore usual |y from about nmto out, 11 mmlIn ny . enbodi nents, the
hydr ophobPEsens %8@. R3tEH lwm@uwhawlﬁmrx Hepeading ypen their chiveerad Secale of

the matri

areater oueiin e S ERipnE A B Sl EIMEORN, Momiir pIPEIRECEORIAE,

strip of tdsgluprmesnire bfthe mMatrdnafterclryingsSuah patatmeterd &y esadilp deteanippile by the
matri x. The bhottom | ayer_ may b of a terial that js sufficiently rigidto

be i nser t 8¢ skitles infhe prbRor ewn@ BUYhRRAPTORYIERE EYCSH 1SIEmkoNed as the seRaTpting
e”bOdfldTenEémpMyﬁt &ngpj]sﬁé 4ﬁ6 DR RS nwmﬁoteesmoben@; ?ﬁaﬁgpfeeémaumuaé
pol yol ef i ns ene or pol ypropy ene, ene or

pol yest er 30%swa ghtae vBiulm® (M\GZandamanel pmd:ﬂeelbfyr &W%ON/SI\JOtlﬁr sepPeating ciiporknes

t hi ck f h a bot | | bout 0.05 mMmto 0.2
m L cortteaIFD BhBaHEHd coR i GLE Shoul HaOROTRomhe BYERer seRARBRN 1 ¢ o
facilitat gy sasihne hiyPhsSirégnaied ®r imBddde@asthe @6 o 28CH thmeMBranB QuARE I i X

is hydrophilic to fdcilitate sanple advancenent to the reaction zones.
However , meu@u&uiaéemmerrsghlbhes@us can algo ¢ffegt blohd beparativs. Amenpsalissrititiy er

typic Iy has _aone thr ied to a
ot Por SRR ARG o BT E PR S pro e bR e e PR T eas 2B Sdhes

t her eof . é@h@ramh@a@a@emmm phy@asdid raadehdliencidqSee, ieg. A3 SORAaNed Wi th its
own sanpl e hole e in other_enbodi nents, one sanp I'e hole is used to
appl y san%ﬁézi?agéé%lﬁd J ¥aetlPdh 0 HhL Heftelt)wén BéaNEeE p&y@wdﬂg the pRPRENgG

opaque) 1 bpp S RlindTHifh &FiA0SAG R1Hba PloBHeMS Sl:ABIRAdIE) Fnl gEat ed an
appropriate distance fromthe sanple he appeariance of sanple in the
Wi ndovvs) bmltﬁglcraﬂrﬂngi thead is dgbe Garkigeound wploe atths tdseste tappbdueda tlanghén strip. The

botta ude .vent h Ies in alignment with the assay areas
to f %/‘ﬁ “Pf{lpfc?‘ﬁﬁe‘lWet §ESINE 8BS uniformy. In certain embodi nents of

the SUbJ ect | npemdrcemports iy Bibcad®] inAYBE mERix PnlanRBSENbratidIfie such
an internedi ate layer is positioned between the bottomlayer and the matrix
and, opti rmdablyty af éhmm&e@mp@amwr@ﬁrwenbfwmfowty andintegitty ohibdineatex.| ayer
may have I K i IS
typi cal | yIél r'?xh ngfre tg tm cnt aﬁsﬁﬁ@% Qalgs a‘é?fo}r/&{?%; Itcgi&uee . s%}»aratl &
enbodi menthe dyBén tH&trﬂHtﬁECBLﬁh euffay emayfwﬁtaouior Gxﬁrﬁplé hudtratg,prekent ﬂﬂ&oﬁﬂﬂﬁlae to
each of the reaction zones. esin@i} nterrred(stel er align with
the 3 reHem @ﬁu&%ﬂwtgab%&to%a?éﬂ refgrap i 2pH - iN- Qibesbufirrs may glso be
surroundegmﬁ Lhe wall's of the internediate |ayer. In another enbodi ment
enpl oying a lyntermadl ate layer, the internedi ate | ayer has an el ongated
sl ot that gui d@smpbendsampInmkamhmsmuh-@/drcmhrhcmrsumpammisttlmttchmaat«aact| on

zones. To conplete the t stri an o nal r er | e
o ovi ded StOBRersugpas hydgrethangbiss BoehraPremalyed Ruck EStorsdt ot ne
matrix, V‘Q‘érn%t BHERI %o fo?@xdxﬁ‘p'lé boViRY sé}%ealm%xﬁs?dﬂ%eﬁhd@é dr@MhdMdwWmblguiaeact i on

zones. The hol es make the col or changes visib al so permt oxygen to
r eacBQt heweight piotein awilkeble aF RzotaipHA (GRED Ardic. blewof ok, NeX.&riugh compourids
sufficiently rigid to be inserted into t ter with und bendi n

i nki no. 16 arih Sreshuatpian fe Semplpbf rER R MhaEE Tndfeeart such
as pol yol efdigss, atud36 mpAhy & pr¥tepg. or pol ypropyl ene, polystyrene or

pol yesters, where the thickness of such a bottom | ayer generally ranges
from about 0. 09themstabilide2 andrpreFdreatives maytatsopberiagiudedrin tiwrcoiating fateheamatrix.
adhesi ve {,or mai g,.the test strl g s in a proper

cont T gur are e hieR e e il 4 @E?@e J4E 4raBing SENAEIS i e
bottom | ayer and the matrix and/or the tPix and the top layer. O course)
adhesive w ||



be limted to non reaction zones so as not to interfere with the anal yte
measuring reactions. Referring now to the draw ngs, where |ike nunerals
represent |like features or conponents. Figure 1 shows an exenplary matrix 2
according to the present invention. The matrix 2 i ncludes a sanple side 12,
to which i-QlQgi | i

where thdanalyra aeacebolig iy bR ARt S e P Rag b ERe e 1

or by opt(.Camgimasuaboug | Gregsl.. zemgng th@murpmés Gf&BSpthBﬂgatﬂR&ﬁlSto%]pr rreasures
| i ght absorption. As nmentioned above, matrix 2 typically includes pores
(not showAPIliagbe Btk pores may have a gradient such that pore sizes are
rel atively lar I I I ting
side 14 is appgr%g%égﬁqh. nra?qaa)g%’“hf\}}@e?agla\}\%ﬁgﬁg?g%g%ﬁ%sz‘h@%éngvﬁ}%&ﬁ Fi gure
1, eash d&hemadhby indibatolriopieabircionaialrgyagesis eskiieé o prgvertayctsmaeiieg, Where
t he reactjon zones may contain the sanme or dlfferent testing reagents, as
descri bedCaB¥ABPIeHBE P@Wﬁ%\eée glyeol slsti gt vep sommerciallyeaveidatie &rﬁ@m%r{ﬁé each

succeedi Q@Ieﬁfeﬁ‘%l:%n%&?&epbfé g‘&{tﬁufaﬂp 1,04 fﬁpiror El{éﬁ% hitg fa@ﬁﬁ‘ﬂé it p%?r
and/ or oné or horé may 1 ncl Ude & eon Ion a or one or e may be
adapt ed tbatv%:nrt’ﬁaﬁﬂroammmamahymmndlsﬁbﬂmmtsthan t he anal yte bei ng neasured

in one or nore_other reactiqgn zones. Accordi nglly testin a ents may be
%

applied to t heVbeit thedreseres oban pralytedt indicatsd birgglop oraEPn HSB-o t he
areagoof Alg, E&?&&M@mﬁ?ﬂﬁ&ddeﬁ% bﬁ%‘}ﬂéﬂ) hec fo?@nd“@ﬁhrah&% fﬁ@éoﬁ’tf‘ s?{vﬁ pfpated into
the testing reagents or e reagen Be Spotte I cular areas of
t he t est umtoloped surroard.t ai n enbodl ment s of the subj ect |nvent| on, the

testing reage composi tion 30 be a Iled in such as
baral o1 Seqmieang soents iy AR 42 ardfihoh (v a0t s ImerSGRAYY ok PRl o
reaction 1K&G§edﬁﬁ¥h%u’ngﬁﬁb§6‘f thé‘ té%ﬁﬁ rédfert B& tR@FAtr] € br NI BE SourB bk
reaction zone defined by a hydrophobi c barrier (shomn in gray shadi ng),

i.e., a hw'rasph@mpaﬂhi@wﬁbﬁetmamx agdg testingureagent Epmpesitians, PReytallyiseiablof

the. 18agaee il B DERAERPRIGH AR, ST PR S Bl f8fcaaove

t he matripgtralea deherh lada§mﬁ11&¥dﬁd)ﬂﬁ'ﬂbte§ LIEREFIORIthé Practi@SofdRS frebdaethvamdne and
shown asg%ray shading in the Figures. Thus) as seen in Figure 1, the

hydr ophot/0& ethasd én wiatshisiof ppéisilar tw@estor | ocat ed around the reaction zones
b
sanpl e siagkas o:he tdmetmratanex mag bb teaamealr diffezarsy here draliffarehteinredclibx zenes e pt

ther actio In certain errbwd ment.s, the hydrophobic COITpOSItIOI’lIS
posi £9 on ey, uPﬁQt‘? the cqueeiration eth %B%Sysmw RIRECUORZOPEiISn F an area
on the ”%Bﬁée’ﬁtrﬁ%n S€brie\R M8 cSRpBeRts 0P tﬂe"t@stfn?%?itérﬁ Nthé @;ﬂﬁ%f tdsfin® k&I Wor ds,

a sanple or fluid channel may be created hydr ophobi ¢ conposition so
10 that sasptienzayebe. dheanytedobe detsemined Ceriedn mase espcidon ares may dtarmine
certain her t Y, bi may not
be substan ?‘SQ g’\%g&;&p g’é@géhg?% St&rlf}gregtxfgerg{a n?q fes Fl E{%@B ‘?1 Ogﬁe but

i nst ead rirmcuemhr;eaheandnhamasrhbmduaéselsmpa@;amﬂmmélb&e hlags LSreAGRRS t 0
define the reaction zones gure 2 is a bottomplan_ view, in partial

cut aday, zeneSawhes‘ééhimwyertOésqacwmeemﬁ@eéqﬁbs&pa@aqcra@%wh@s%% 12 of the
matrix 2. 7 I tom

| ayer 30. ﬁ%tlgﬁgcrlﬂgﬁ g\g#eaﬂpébduﬁi?%?s &@uﬁf}fﬁ%ﬁglg&?%tbqgﬁgmo%ngs ugg so be
i ncl uded from dbt Res 1 0.1y hde the redctibh eormstmayxmt genera o atrahded imahy tonvementt he
absor bent | ayers. tional absor tl}oa %?/%rs 16 and 18 are typicall qy

poSi ti oné‘Efm&Fr hibe &esy gy Inrpany FRodymg BY, Bferangsdda agay st ‘bi YKiNEAI 1OF | ui d.
Figure 235848 48 tl‘f%%%%f !hb@es@ﬁt?igsasosrhoélﬁ?ﬁﬁ gﬁ&tz ﬁﬁ‘Y&ﬁ}Qr agschﬁﬂg%()b' c
conposi tion, represented five réaction zonés 20-24 and a r T, where
tinmes0T |ssbjsubavwmnahe yamdm cempencass dnideconfigmratiaisof tlusmbhjeichtekt s8ipsPatlent No.
5, 843, 691) t.he, di sl{?l osur e, of V\lﬂl ch is incorporated by reference. Bottom

| ayer 30 AP 9eSETR7H4R B€AhH¥ahol e S, herein shown positioned in the center
of the bOttOmﬁh@meByhe%%ng%&aﬁ'uﬁé&ﬂﬁgc}ﬁh M}?’Elﬁlt?ssen‘iﬁb Jed ip@iEp! € i1s
introduced through sample hole S and directed to"the reaction 25 zones and
opt i onal subjewrtestwiriph isanyinert perogs hatrigwhisk prdyedes laysupnzmt fom dlic whioos Inemberdsayer s
16 and 18, As.described above), nore an one may be present,

e gt heF gD iodae PR AT e Red blBt: PLSel Fole SRS MRt | bned above,
sanpl e advancenment may be facilitated by & hydrophilic surface of the
bottom | ayer. As described above, sanple may be advanced either by noving
al ong a channel such 30 as a hydrophilic channel (not shown) of the matrix
or otherwi se, and may be facilitated by a hydrophilic surface of the bottom
Iayer- (|f a Iarge sarrpl e 5| ze is not a concern, the capl I | ary channel may

L Y 1 . e Y b1 . o o



nore of the channels may nerge into a single channel prior to exit fromthe
‘test strip, such that fluid can be introduced to two or nore different
reaction zones froma single sanple entry hole of port. In other words, a
singl e channel may branch into two or nore subchannels that enter different
reaction 4 L ge)

absence o? Eyglfcgrf) Bf@%g%%go P}%P‘l Sb%ﬁlzla gﬂ[}&ﬁ §%cleﬁc§w{nwfogglégb§gves in
the matr |pmouls mzmmhercombglded tcslampﬂdearlmymbrefcmdmmmldgmzme:ﬁnple ap[igosdact i on
zones by one aor nore |.ayer surface bottom | ayer

sur f ace) appﬂs&atlpe am%h@bq*m foe: thediﬂe%m of the, light- 414%9&(@ rﬁaapé ¢ progipesd bygheoves in
th t t l. I
the mat r A RS HEIAERQLin A ACTAME Inclnab A RAL if SneGRBICT! S T

10 adsli t ipefmiedivaoiugdeatobi clos/ubmngm and Etogltfee sefﬁc&hov&daphetfbxqm pl an vi ew,
in partial cutaway, of another exenplary test strip which is substantially
t he sarrecﬁ%mltcé]sﬁea%ltoﬂﬁ pf the signd pyodusing, syeﬁeéattaherpé%cet Adwumber oldiffeisni n Fi gur e
2A inclu m | ayer

30 and t ROsa oS HEGERh el oo oAl SRR BIER ity BIAC: chos. 1o

accomodaiarided enal/iffeda téran oimaanpbxasrzhammbnsﬁs}@ anbieftilgyiviles the sanple
to each reaction zone, In this particul ar enbodi nent, the matrix 2 has

hydr ophoBfRiCsBIHYRMRIrsS skide |“Eﬂ$ééesicﬁb%dn'é‘ WhAaP#ent Mg 4, Rdvid0et, 20486410t ed
abov t hi 'y r i . Still
furt E%r Qt%é%é‘ 55? gé:geﬁ%? Sf e 4€§t %fggr(g @;’/gm?ghzhy%@@??rﬁsﬂﬁppy% shown)
al so to BasBlMLAS, éZ(S&ﬁﬁ)lSﬁSédkzanﬁgém&z 5,782030803, ﬂSﬂﬂSfm‘o’e&%;ﬁ@lnﬁ&M 486; her

i ncl ude e _Qr. nor i,onal clear w.n not ,.shown) so, t ha

i vi cuai AR 2 b e iiie dRPPRETHO 0] HDI NGERR Btereige e
react | onprARGR, th'élnqea&@oﬁthb§oeasﬁﬁrﬁa19%t éﬂt?cgme%@mbégﬂeép&ﬁggMﬂtgér@wr@.f an

exenpl ary subject test str such as test strip 3 Fi gur epi cting
parts of itd¢hosen withotspent tczo&hesfamrs intluding tﬁ@natasa of3hemetnuméntovtyth ibasedom

et vota B BRok SR pish e RAIREDe AT o6 ReBiRe o7 PapaP Sighend

matrix 2ma-ﬁ|ib€rrﬁ¥‘ Wﬁx@r(‘g@cz@fy PRt A & Aweix &Qesfsalﬁ?dn%obhﬂ)micﬂ‘ér?& i ckess,
hydrophilic to facilitate sanple advancement to the reaction zones.

As
nent i onedsEablyvOm phaut 145 to 153aniceras ipickaessfangd mpase upuadly fioasmabayh 630 ®0l4021 and
22 def

assogi :a'? gﬂc@{% ﬁ tp f%]gﬁéngg?r) ﬁo?@%iﬁh@ﬁa@gﬁ %%ﬁﬁ?}g&gglﬁg%gp{)l 0%1y %Q?Ifﬂhtés t he

react i onezowdth lagatpordsateat breat nlmmpanpbmmnaegaoﬂnynﬂ apdlier iporeaathe ncl ude

testing reagent and el sewher n the tr|x dro hoblc Vent holes 13
and 4%t QEtieg Ctr‘arf’%'ogall‘iﬁFEalflleH% gh’ﬂ“ﬂtst the lengdh é‘?’F i YPIRAHY Fge T @Bove. The
test stripout 6 himfb 6618 63 rﬁfhseuhﬂﬁrb&q%omo AfAb 2BHR%0 hAV#RH nékﬁe uiigye such
an upper layer may further I nclude one or nore holes such as hole 42, where
such hol éomigout 10 men ipmbairt 40 mireandghe widsh of tha eratfip typidadyiranges froml &bDUfcfhange

in the h i reacti one d al so t ox gen needed.for .t he
col of - cniiB i ipork 2R S S0l R d i S R m e PO EHET 0Bt 9ol e
upper | ayeim46 absut U Benth ElhicAglsFrofewhich tiematgik thay barassi atddearAdine Sickde| S
p05|t|oned so as_not to interfere with the reaction_in the reaction zones.

As ndt edbalrs aot lijaitedto; pRlymesdestPobrsBlience Bolygmidss aeHylopmer sbsoryeritPapend t he
anal yte t

Rcoonpl | Sh Ry RherB e AR, drimdihol P CAERNMLE G YR e

met er suchnasvaacmhmaahmrofahwnmcmsnﬂ&iﬂdﬂ]ﬁtﬁ}:mgﬂ{phﬁnu&rgcsyﬂemw ded by the
subj ect invention are nmethods, of dﬁérgrm ning the presence and/ or

concent r at i onA§fesERIbgd apaMeea Plyrality aQS’IO“éﬁ&‘TSﬁ‘%Eres?qﬁ Of ”ﬂfh‘f%‘l sHIidc al

sanpl e.  {yatdeeirta®y tdihdfk %Ftheft‘é},@ét}égeﬁhd?w t &‘?ﬁé}@&s F'%ah%ﬁeSUbl ect
met hods, wher'e representative analytes inclu ucose esterol

| act20 e, rakgahzdne, whete theerehdtion.zohes manye tbﬂbmde maahffsrdnhe €S ubhemtwasref tlheds are
enpl oyed to.determ ne t eﬂ'l ucose acent raf on in,a physiol o% i cal

sanpl e. VRFH ?Webmaﬁgf%l CFH@:’“SCH%P IGENtRRT ed’é“’ﬁ%ﬂpnb eI ¢ P eRi er m ne
the pr esgyrb@é?n anglé %m&fﬂ%ﬁﬂ& Hﬁghﬁh@ r&fctigh z&fé@'oﬂrﬁ thd? Sﬁ‘]p\,/@.g' & )ﬁuﬁf udigdier ent
physi ol odi cal sanples, such as urine, tears, saliva, "an 't ke, they are
parti cul stripy. I wittee dmbodimests, ¢. 8. giere g Hiipop etxir[doyﬁdesenmdtzmnmis@rassay for a

concentration of te in interstitial fluid, b or bl

fracti onB2nG HleHﬁ'& 1k %na‘f}%f rept zg}ai)ges e FFRGFY compasition will gggqrﬁ”&“&ﬁ’tel cing the
subj ect nmethods, the first step is to intlloduce a quantity of physiol ogi cal
fluid to at Ieast one of the reaction zones of the test strip, where the
test strip is described above. Accordingly, the sanple is not absorbed or
not substantially absorbed by the hydrophobic conposition, i.e., the areas
of the ITB.tI’I X haV| ng hydr ophob| c corrp05| t| on, and |s |nstead di rect ed ‘to or

o o o ~r—- * o



30 The anmount of physiological sanmple, e.g.) blood, that is introduced into
the test strip may vary, but generally ranges fromabout 5 ul to about 25
p,!, usually fromabout 10 ul to about 15 ul and the anobunt of sanple

i ntroduced to each reaction area also nmay vary, but generally ranges from

about 1 '"Hisﬁaﬂlt@pé%elri(gﬁzdhgs.ﬂﬁ‘émel' %/ofcfspﬁpl@:@f’t"&to difftent R:agé?]?%m oditiond RGBS

sanpl e may ‘be i ntroduced into the reaction area using any conveni ent

pr ot ocol ,predear @ differesampdtenmayedd thajesstrgy whetotht hemberaftdifferemresgenal | owed
to wick into the reactbi on area,_ and the || ge_, as may be convenient.

Fol | owi ngFOHH9FIORE MaH DEAS Ersal asdhgnambes of didicoite IGEtipmEIcs RBEIShSHBNES, t he
sanpl e i | BAGLs W JH%UQ T ' I i ngpsystem
to producszcgﬁgmgﬁgﬁ%ce%rg)gpe pr% uegr{aa%eﬂgct i's glro 23“25 tﬁe{}ﬁe gdr{gé;ﬁloalljln r%gt'i;’sg%n@rg{] onal
to thé i nilltthakeaariouninepKiesaht rdactidn@nssaspdyefor Tesamenualltedfbudgkect abl e

product, i.e., signal produced by the signal producing system 1is then

det er mi nS@MPELOR [IH AR NNE KEARIORFSNGHMYE INgigaie\ar dleprgasersEepmises Indnhigieil e, The
detectio t e0S . aC, i j I

obser vat 1 SC PRORHA BsEh B AP B AEERERGY RLRRe RigB ek BN e bpalyenyy oy
Appl i cat iafrintbiest, e4;,, §Bk086 0 prbdO&la debérable BB8GAAEDVIded Rt $:i84lucbse304, 4G8;
5,306, 623; 5,418, 142; 5,426,032; 5,515,170;,5,52G 120; 5,563, 042;

5, 620, 8GFoneENRHOR frdarss engughig sversomp giedphibiter lprd (Hsed) in Hubpastiqular

S 84@048%3‘«31'0§ Fn e S&ded?r%?l"eacttigﬁ 2fhe G A5 &?\B&Eas%iﬁﬁoﬁfseofher ein

i ncorporated by reference. In certain enbodi nents ere the reaction zones
of the t dashibgor, rgamiras @ greated gfuoosekdncehinfrhtoreintthasseple fo aduss 2detesabied each

used reaction e be separated fromthe remainder of the test strip,
6., cutPragty SHCHHe o8 pi HoreRFISRTGh A4 By A CBUALEISIMAE next
reaction z@hgng faiifePROUIIRE test. YEd MFHEASRDrinioE r&Hei6S z6hed Afhy Be aM}REELLCUL S
52 are made to the strip to renmove each used reaction zone prior to use of

t he next seeaasiadimerdeindicaee thERHOmEh ORe hpnlmsert (rEhaesingreagentied reagt with

e 38 o R B T Bl TR o PR U 35h K5, IS, PR Rt e s
reacti on @@neare/dt wiiclaisehetdih intethobitedbydiefepdieb).c barriers or areas. That is,

hydr ophobi ¢ areas, as descri bed above, surround the reaction zones of the
test strip. THRegardless of whpber the rrastien eepare thesampser didferanigas dsscrihedosi ti ng
or applyi I gg)cplﬁj i : : b Gl on the test
strip nntar%lg‘{(‘?’l t%@%@?ﬁ%ﬁﬁgﬁ%t ri )Eltr #@gblgggﬁlpésgg%ﬁfﬂ%agﬁ%g%gregﬁ Wil not be
r epeat ed hydrophobicicempusigomfs pokitiosedgrethe nrmaiheddefing thdreaatma zofiesathahistoral

head, to deposit the hydrophobi it surf f the matrix i
or ca80i neRRG PearTis op B BRRR RO SE R Aed DA AoR Pt aegpn e |

hydr opholy£irig QRPSsUntEPBy & H?d}o?&bﬂf&nﬁfosi'ﬁ% Yhi@AGEteNa BirigQNEsa and/ or
channel s for introducing sanple to the reaction zones.
hydrophobic barrier or area around each reaction zone. More specifically, the reaction zones
are hydrophilic and bibulous, where the areas of the matrix surrounding the reaction zones
are hydrophobic. In many embodiments, the entire surface of the matrix, excluding the
25  reaction zones, includes the hydrophobic composition. The hydrophobic area may be a layer
or coating of hydrophobic composition on the surface of the matrix or may be integrated
throughout the matrix in the area of the hydrophobic composition.
A variety of hydrophobic compositions may be used to create the hydrophobic area
on the matrix, where suitable compositions won’t adversely interfere with the analyte
30  determination reaction in the reaction zones. For example, representative hydrophobic
compositions include, but are not limited to, hydrophobic inks such as commercially
available hydrophobic ink available by Alps Electric Co., Ltd., of Tokyo, Japan. In those
embodiments where the hydrophobic composition is a layer or coating, typically, the

thickness of the hydrophobic composition ranges from about I mm to about 20 mm, usually
11



I'n certain enbodi nents of the subject nethods, thernal transfer technol ogy
using, for exanple thermal transfer printers, is used to transfer a

hydr ophobi ¢ conposition, e.g., hydrophobic ink) onto a matrix in a
predeterm ned pattern, i.e., to create reaction zones on the matrix, where
t her mal ' I i r ' | Rt i ng and
17 "ocdR Rk a6 lb bSR3 b APy hRy Boln BpuPRKFRHRIEL BRL 0,
t ransf er punyreheoslimatns,ehd hydrophobicdempbsitieastil] bbend whichw deposiwdnentat s:  (a)
a thermal head, (b) an ink ribbon, (c) a transfer_ neans such as an

i nt er medisatfacetafdhes makix psymohesial gars-igechnglogy; asevillbe)degeribed in ereatpr easailir e
roll er or hﬂ$ i ke, and (d) one or nore heaters. Thernmal transfer printers
and 5 negﬁo s far their manufacture and use axe described in a nunber of
diffesent U SiInBadi€bh So ther€dgasti-oogtairihSmalttd, et suiNo6E thd phedént2dentidn 568, 210,
4,725,853, 4,743,920, 4,770,554, 4,772,144, 4,780,729, 4,831, 387,

4, 887, 9230cladey adhattiom layergbat sympprts ghegpatrigeThasbottes Byer manbsofgpaedal thite

di scl osur.es pf. i Gh. aereln | - f Thermal transfer
or i nt or s ot PegY Fgie e Mk i AE ERR R indoR sEAGRE Fr hREE TR0 "R
t he fol | @mbaginedity, ales Qippsit o Bottohh Metnber iImhada @@ chavdrial suckipk palybjefiiges.a | ine
head rangi ng from about 200 dpi to about 600 dpi. The ribbon generally

i ncl udes PRlYPHY leme s PRYPORYleae tINNERFES O PAlY§HeR. Tuchas Hbm 03 avpilablsfsom o

about 5 mher e I hkm such
as aﬁ?ayer 6gn§g§§g§'§%?ZWé%§%a aggﬁwgﬂ%&§%¥§§ €w§®§ﬁy e%gﬁgﬁgﬁﬁk%g%osition
| ayer. Anwvans 012ymnaf, iyettadpdsinidimentsyp ewifdce ofi therbayiohdaygs Bhydiophifie tsubj ect 15
nmet hods to ¢create the hydrophobic area_on_the trix, where suitable
conposi t iffiliafeAMple TApEPTR G # ot e plstag f%ﬂtgnggaﬁ'éw% Bycephakiciodagitats
reaction ] qﬁgmﬁk ESRR i r ophobi c
conposi t is%ﬁg%?ﬁg{rﬁ%@%ﬁtggglﬁg?%ﬁ%g &{els'm te ﬁgﬁésﬁ%r oph% |tcn\é?c%1 S such as
conmrer ci alytipplitiai | abl e hydr ophobi ¢ i nks manufactured by Al ps Electric Co.,

Ltd., _of Tok apan.. The hydr ophobi ¢ conpositjon Jayer will typjcall
mevel5 0 oh! e RRBO P Ak AT RRL S OO et SSih Al o
about 3 npEphd Bkt drBafpledidh FTRREmBSend )i fi BT RRAHE réaction Zdhedhekof I MM

and may be of any color or plurality of colors, but wll t¥pically'be
nmonochr osertdic egbodiscts, each(reacsion zanecis |agyocigfes With ts ewnsaraple heleaybere isuch as

ono ' _ VISPl iBuch ;
el o opieh kB, BB, aPSRENo Y08 ME ok, FATRORL LR R ARSI S "o ome

or nore beabinngyeeicgmetdlylopaduenthed efie dhRorarEgsrdnt indow sdttiohs mapber neans.
The one or nore heatingﬂflenent i s usual ly capable of attaining

t enpe? at dp@tedan appropsiats distapgdTomthe symple hole, She appearancgipf sfmplodr Bi§d snor e

usual | y 3y wéﬁ@ﬁ%ﬁ,{%&g@g@%@&mym Hedn aﬁﬁieaﬁﬁegtt@y TheaEARY

el enent y be as t 70C or higher. A t herma

t r ansf er npayiatognslude zerdhales abhlignasnhwith ithe dsyay @Beaswh Eacditga dillinipthe ey i ncl ude
t he MD10QOQ t her I)printer (avail able from Al ps Electric Co., Ltd., Tokyo,
Japan). PRYSMRMPIRDhG the subject methods to deposit a hydrophobic

conposi ti on Om BerfaifMBinbbdiniétistd ik subREMMAVeritioANS] aterPedialc@iyer tap®Wer source
is turned on and a current flows through the 18 heaters to heat the

i nt e2hredipeasentt whprsfseeh ppintesmediatetlpyer i pasitioned befweer thebopmdayep prdideer ni ned

pul ses ar { ! 1 LK r.i.nt head
Po i nor onuyt Rad ERubRh) [ AhERt |l pERER, PEEkE MoEIR el min ™ | 220
transf er adgRang cxniee likelon batk sicies tThe lintednddintbRyeres bipidalied tedrmabltic sheet, sanme

tenperature, where such tenperature usually 5 ranges from40 C to about 70

Y :

C, usual Pyuallygrpodyssier skrst.dn oge eBbefimeictngdaterrediate layst has cpt-aws fisberides C t o
about 58 r I [ L] 0y i ts al i gned
W th a sl to G U RNBE ok ATRER A RlepRaRat I SRR SRR B
The B3Mher nectibreachds $o iz ssahdeantion lzene is substantially surrounded by the walls of the

intermediate layer. In another embodiment employing an intermediate layer, the intermediate

layer has an elongated slot that guides the sample across the matrix surface to the reaction

zones.

To complete the test strip, an optional top or upper layer may be provided, i.e., a
12



intermedi ate transfer roller wwth the ink ribbon therebetween. At about the
sane tinme, the 10 drumis pressed on the internediate transfer roller. At
this time, the pressure of the thermal head is about 150 g/cnR2 to about 200
g/cn? and the pressure of the drumis about 1 Kg/cnR to about 10 Kg/cnR.
After pr MaloRy | ! [ tr r [ tated by
a not or gﬁl%giy'{%hoggg%%g&? ﬂﬁ%EQﬁ ?@Hﬁgéf@ghoh?% V\(/:l%rrpesp%lg!:1lgl itgan}a%rb%%ynﬁqqg noved

by the f rtotdsivaiiah ali @ with iz baitior @bndsHEhd Msley mBicH @k Solbr @RaEey vikiblelaad arpd t he
ink ribbon. The drumis also rotated by the frictional force between the

dr um and PERBitioxYgantedeashdhe RytEn zanesn The BrRealayexMen be ebemaesial thaist he

¥ bbon T 2L BB ARG MR D RIS BRI

Pr edeser mnitedirpénts) tha@ippot Sesnbr & gl Jfeshtérinl bid Ralyonrging esrent s of the
thermal head 20 in parallel with the rotation of each of the parts, and the
hydr opholfiodyegtofgnsirpbyprapylenperal yshiseng arpolyestersawhere therthisknessofsudha virt ue
of the hea n ted fr ti ements in accordance with
the pri n?olohﬁg@faggnr%epg%%?é?%%ng{r)l%}]tttlag)asﬁg etHbgzdI% ydr ophobi ¢ conposition is

further rotat erhewbitlseipmayfuaihei inglude aehdireive forsRithtaild @6 tét &tig on the
transfer means by virtue of the heat of the transfer nmeans. 25 The nelted

and t r ansPEeBeNthifd: Bisheroafiswaiers iFer example.ap adhesivermaty kedpasisianpe betaeen x

hel d t j i | h t
e 0B 0 IR, et L et e O i 1
i nt er medibatlEnitedansion redctibh etneasdl ad it tol fmierferdivithrthd fralywy theaqufiaRir€actions.

conposition has been transferred to the matrix in a 30 predeterm ned
pattern, i.e. Refpaingmepiiadhe gavines wheaelikopimeralssenipieahliksofepiyresivay e

hydr ophohj g 5 ' ' ' - t

nydr ophob? PPEAMRETiglrol shbyPan cRDIAF ralet)2 QeorBhg | S pRAERIAIII. IR
rel ease mass drinclads asamphadide ¥, thehichghe plastolagicat Gnwlsis dpygliedeahdoytesting

deposLt ed, rophobjc c osition, is separated frogmthe dru 9 As
Gonors begidat i SRERahS nodTR St Eret B oY RRORY Ciomes feiusorica ol By o
predet er gp[l@@l m@ﬁﬁﬁgynemspe.g.hsptmt mbXsurifg A WHich thedsut s i MR GLBsIPHRG. AR

operatively associated with'the thermal printer, where the pattern wll at
| east i nenangienedahaveonatrigrieypigaldy inelides pases (et shownbiwhere sushiparassnayhaie as

channel s, i nd- t j Li,.9n i |l .known in
the art gfgqg(ﬁ?ﬁtgﬁ ¢ cgﬁl\s (%F ?%%\gﬁg S?I%%Bnlg%nngaﬁggﬁne@? %@%&gﬁggﬁsﬁgasre A" ot her
wor ds, t kizehy tsapg elde 44 ¢oappesacheddn, e. g.; hydrophobic ink, is deposited
onto_the surface of the matrix in a pattern, such that there are specific
areadlor preddt ¥ eReE 2onenel-Shareisaowm i Figutenla cachslefiped hyg Bydrpahadithobi ¢

BT L R R S A
different testing reagents, as described above. For example, as noted above, in certain
embodiments each succeeding reaction zone has more inhibitor than the preceding segment,
and/or one or more may include a control solution and/or one or more may be adapted to

25  measure an analyte different than the analyte being measured in one or more other reaction
zones. Accordingly, testing reagents may be applied to the entire area of the matrix or may
be applied solely to the areas of the reaction zones. For example, the matrix may be dip
coated into the testing reagents or the reagents may be spotted in particular areas of the test
strip. In certain embodiments of the subject invention, the testing reagent composition may

30  be applied in parallel segments, such as parallel segments a, b, ¢, d and e shown in Figure
1A. As such, a single reaction zone may be located in each of the parallel segments, each
reaction zone defined by a hydrophobic barrier (shown in gray shading), i.e., a hydrophobic

composition, as shown in Figure 1B.

Regardless of whether the testing reagents encompass the entire matrix or whether
13
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and 18. As described above, more than one sample hole may be present, e.g., there may one

sample hole for each reaction zone. As mentioned above, sample advancement may be

facilitated by a hydrophilic surface of the bottom layer.

As described above, sample may be advanced either by moving along a channel such

30 as a hydrophilic channel (not shown) of the matrix or otherwise, and may be facilitated by a

hydrophilic surface of the bottom layer (if a large sample size is not a concern, the capillary

channel may be omitted). In certain embodiments of the invention, each reaction zone has its

own distinct channel. As such, the number of different channels in these embodiments equals

the number of different reaction zones of the test strip. In yet other embodiments, two or
14



present invention is not entitled to antedate such publication by virtue of
‘prior invention. Al though the foregoing invention has been described in
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Figure 2A includes an intermediate layer 500 positioned between the bottom layer 30 and
the matrix 2. The intermediate layer 500 has cut-outs for notches to accommodate the

15 reaction zones and a channel 502 which guides the sample to each reaction zone. In this
particular embodiment, the matrix 2 has hydrophobic composition positioned in the channel
502, however, as noted above, this area of the matrix may be absent hydrophobic
composition. Still further, the surface of the bottom layer 12 may be hydrophilic (not shown)
also to facilitate sample advancement. .

20 Bottom layer 30 may further include one or more optional clear windows (not
shown) so that an individual may confirm that sufficient volume has been applied to the
reaction zones.

Figure 3 is an enlarged fragmentary perspective view of an exemplary subject test
strip, such as test strip 3 of Figure 2, depicting parts of three reaction zones 20, 21 and 22, as

25  seen through bottom layer 30, and separated by fingers of intermediate layer 500. Optional
adhesive layers 500a join intermediate layer 500 to bottom layer 30 and matrix 2. The
surface of bottom layer 30 facing the matrix may be hydrophilic to facilitate sample
advancement to the reaction zones. As mentioned above, matrix 2 includes parts of three
reaction zones 20, 21 and 22 defined by a hydrophobic composition (shown as gray shading)

30  associated with the matrix. As shown, a hydrophobic composition defines the reaction zones
such that the reaction zones are hydrophilic and include testing reagent and elsewhere on the
matrix is hydrophobic. Vent holes 13 and 17 facilitate sample flow into the test strip, as
mentioned above. The test strip 3 in Figure 3 also includes optional upper layer 40, where

such an upper layer may further include one or more holes such as hole 42, where such holes
15



30 8. The test strip according to clains 1 to 7, wherein each of said
reaction zones has its own fluid channel to provide for fluid comrunication
bet ween said reaction zone and the external environnent. 35 9. The test
strip according to clains 1 to 7, wherein at |east two of said reaction
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subJect methods are employeéf to determine the glucose concentration in a physiological

15  sample. While in principle, the subject methods may be used to determine the presence
and/or 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
presence and/or concentration of an analyte in interstitial fluid, blood or blood fractions, and
more particularly in whole blood. .

20 In practicing the subject methods, the first step is to introduce a quantity of
physiological fluid to at least one of the reaction zones of the test strip, where the test strip is
described above. Accordingly, the sample is not absorbed or not substantially absorbed by
the hydrophobic composition, i.e., the areas of the matrix having hydrophobic composition,
and is instead directed to or absorbed by the reaction area(s). In many embodiments, sample

25  is applied to all the reaction zones of the test strip at the same time. However, for multi-use
test strips, i.e., strips that can be used multiple times, sample may be applied to each of the
reaction zones at different times. Sample may be advanced or transferred by the hydrophilic
surface of the bottom layer and/or one or more channels, where such channels do not include
hydrophobic composition.

30 The amount of physiological sample, e.g., blood, that is introduced into the test strip
may vary, but generally ranges from about 5 ul to about 25 ul, usually from about 10 ul to

about 15 pl and the amount of sample introduced to each reaction area also may vary, but

generally ranges from about 1 ul to about 5 ul, usually from about 2 ul to about 3 ul. The
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ze& 53 ) :;;o’illi:) es Pﬁr%%l?o%%%%(‘égggsiﬁln g or applying a hydrophobic composition, e.g., a hydrophobic
ink, on the test strip matrix, where such a matrix has been described above and will not be
repeated here. A feature of the subject methods is the use of a thermal head to deposit the
hydrophobic composition on a surface of the matrix in a predefined pattern, where such a
pattern includes areas void of the hydrophobic composition such as one or more reaction
30  zones and/or channels for introducing sample to the reaction zones.

In certain embodiments of the subject methods, thermal transfer technology using,

for example thermal transfer printers, is used to transfer a hydrophobic composition, e.g.,

hydrophobic ink, onto a matrix in a predetermined pattern, i.e., to create reaction zones on

the matrix, where thermal transfer printers are known in the art of conventional printing and
17
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Thermal transfer printers suitable for use with the subject invention will generally
10 have the following characteristics. The thermal head will typically have a line head ranging
from about 200 dpi to about 600 dpi. The ribbon generally includes a PET film having a
thickness ranging from about 3 microns to about 5 microns as a base film and two layers
formed on the base film such as a layer of wax as a release layer and a layer of hydrophobic
composition layer. A variety of hydrophobic compositions may be used in the subject
15  methods to create the hydrophobic area on the matrix, where suitable compositions won’t
adversely interfere with the analyte determination reaction in the reaction zones. For
example, representative hydrophobic compositions include, but are not limited to,
hydrophobic inks such as commercially available hydrophobic inks manufactured by Alps
Electric Co., Ltd., of Tokyo, Japan. The hydrophobic composition layer will typically have a
20  thickness ranging from about 1 mm to about 20 mm, usually from about 3 mm to about 15
mm and more usually from about 5 mm to about 11 mm and may be of any color or plurality
of colors, but will typically be monochromatic or metallic (i.e., a color dye with a metallic
agent such as aluminum).
In the thermal head, hydrophobic composition from the ribbon is melted by the heat
25  generated when a signal is selectively applied to one or more heating elements to transfer the
composition to the transfer means. The one or more heating element is usually capable of
attaining temperatures of at least about 40°C, usually at least about 50°C and more usually
about 55°C, where the temperature is achievable by the heating element may be as high as
about 70°C or higher. A variety of thermal transfer printers are available commercially,
30  where such devices include the MD1000 thermal printer (available from Alps Electric Co.,
Ltd., Tokyo, Japan).
In practicing the subject methods to deposit a hydrophobic composition onto a matrix

using a thermal transfer printer, a power source is turned on and a current flows through the
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matrix upon which the hydrophobic ink is to be applied. The thermal head is pressed on the
intermediate transfer roller with the ink ribbon therebetween. At about the same time, the

10  drum is pressed on the intermediate transfer roller. At this time, the pressure of the thermal
head is about 150 g/cm? to about 200 g/cm® and the pressure of the drum is about 1 Kg/cm®
to about 10 Kg/em®.

After pressing is completed, the intermediate transfer roller is rotated by a motor and,
at the same time, the hydrophobic composition ribbon is moved by the frictional force

15 between the intermediate transfer roller and the ink ribbon. The drum is also rotated by the
frictional force between the drum and the intermediate roller with the matrix therebetween,
or the frictional force generated from the drum. The hydrophabic composition ribbon is
separately wound by a motor during the printing operation.

Predetermined printing pulses are applied to the heating elements of the thermal head

20  in parallel with the rotation of each of the parts, and the hydrophobic composition of the
ribbon is melted and transferred by virtue of the heat generated from each of the heating
elements in accordance with the printing signal. The melted and transferred hydrophobic
composition is further rotated while maintaining a melted or semi-melted state on the
transfer means by virtue of the heat of the transfer means.

25 The melted and transferred hydrophobic composition is re-transferred to the matrix
held between the intermediate transfer roller and the drum by the contact therebetween under
pressure, and the heating and insulation effect of the intermediate transfer roller and the
drum.

After the hydrophobic composition has been transferred to the matrix in a

30 predetermined pattern, i.e., transferred to form reaction areas which do not have hydrophobic
composition (i.e., are defined by barriers created by the hydrophobic composition), the
thermal head and drum move in directions to release pressure and the matrix, having reaction

zones defined by the deposited hydrophobic composition, is separated from the drum.

19
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surface of the matrix in a pattern, such that there are specific areas or predetermined areas on

the matrix that do not have hydrophobic composition such as areas of the reaction zones, as

described above. That is, the boundaries of the reaction zones are formed or are defined by
10  the hydrophobic composition deposited onto the surface of the matrix.

In certain embodiments of the subject methods, the hydrophobic composition is
deposited over a matrix having testing reagent throughout. For example, the entire matrix
may include testing reagent, but hydrophobic composition may be deposited over a portion
of the testing reagent to define a smaller, particular area of testing agent, i.e., a reaction zone.

15  In other embodiments, the area over which the hydrophobic composition is deposited will
not include testing reagent. In such embodiments, testing reagent may be applied to the
matrix before or after the hydrophobic composition is deposited onto the matrix, and may
even be deposited at the same time, for example by the above described thermal transfer
methods of application.

20
KITS

Also provided by the subject invention are kits for use in practicing the subject
methods. The kits of the subject invention at least include a subject test strip, as described
above. The subject kits may also include a plurality of such subject test strips. The subject

25  kits may further include a means for obtaining a physiological sample. For example, where
the physiological sample is blood, the subject kits may further include a means for obtaining
a blood sample, such as a lance for sticking a finger, a lance actuation means, and the like. In
addition, the subject kits may include a c'ontrol solution, e.g., a glucose control solution that
contains a standardized concentration of glucose. In certain embodiments, the subject kits, a

30  meter instrument, as described above, for detecting a signal of a signal producing system
following sample application and relating the detected signal to the amount of analyte in the
sample. Finally, the kits may further include instructions for using the subject test strips for
determining the presence and/or concentration of at least one analyte in a physiological

sample. The instructions may be printed on a substrate, such as paper or plastic, efc. As such,
20
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It is evident from the above description and discussion that the above described
invention provides test strips having a plurality of reaction zones, where contamination of
the reaction zones is substantially minimized or eliminated. The above described invention

10  provides a number of advantages, including ease of use, precision, accuracy, reproducibility,
and ease and low cost of manufacture. As such, the subject invention represents a significant
contribution to the art.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually

15 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 that the
present invention is not entitled to antedate such publication by virtue of prior invention.

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 to

20  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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1. A test strip for determining the concentration of at least one analyte in

5 aphysiological sample, said test strip comprising:
(a) a plurality of reaction zones, wherein each of said reaction
zones is defined by a hydrophobic barrier; and
(b) a reagent composition present in each of said reaction zones,

10 2. The test strip according to claim 1, wherein said hydrophobic barrier
comprises hydrophobic ink.

3. The test strip according to claims 1 or 2, wherein each of said reaction
zones comprise the same reagent composition.

15
4, The test strip according to claims 1 or 2, wherein at least two of said

reaction zones comprise different reagent compositions.

5. The test strip according to claims 1 to 4, wherein at least two of said
20  reaction zones are capable of assaying for the same analyte, wherein said at least two of said
reaction zones comprise different concentrations of at least one component of a testing

reagent composition.

6. The test strip according to claims 1 to 5, wherein at least one of said
25 reagent compositions comprises at least one member of an analyte oxidation based signal

producing system.

7. The test strip according to claims 1 to 6, wherein said test strip is

present in a meter.

30
8. The test strip according to claims 1 to 7, wherein each of said reaction
zones has its own fluid channel to provide for fluid communication between said reaction
zone and the external environment.
35 9. The test strip according to claims 1 to 7, wherein at least two of said

reaction zones have fluid channels that merge to produce a single channel to provide for
fluid communication between said reaction zones and the external environment of said test

strip.

22
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(c) relating said detected signal to the amount of said at least one analyte

in said physiological sample.
10
11. A method for manufacturing a plurality of reaction zones of a test strip, said
method comprising:
(a) positioning a thermal head in alignment with a test strip matrix;
(b) actuating said thermal head in a manner sufficient to transfer a
15  volume of hydrophobic composition onto said matrix;
whereby said hydrophobic composition is deposited on said matrix to
produce a test strip comprising a plurality of reaction zones, wherein each of said reaction
zones is defined by said hydrophobic composition.

20 12. A kit for determining the concentration of at least one analyte in a
physiological sample, said kit comprising:
(a) at least one test strip according to claims 1 to 9; and
(b) instructions for using said test strip for determining the
concentration of at least one analyte in a physiological sample
25
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