WO 20051045412 PCT/ GB20041004574 METHOD OF REDUCI NG THE EFFECT OF DI RECT

| NTERFERENCE CURRENT | N AN ELECTROCHEM CAL TEST STRIP FIELD OF THE

| NVENTI ON [ 0001] The present invention is related, in general to nethods of
T educi ng t hweo 2efsfoasti2 of interfering compounds on neasur epeRics2h@lREs7RY

anal yte neasurenent systens and, nore particularly, to a nethod of reducing

the effects %E‘i‘gﬁ@ﬁb#?&?{ﬁémﬁeﬁmlﬁﬁﬁ&fdmnmmm' ¢RI system

using an el ectrocheni ca rip having el ectrodes with uncoated regions.
BACKGROUND OF | NVENTCURRENTIN AN BFRGTBOSIENVHAC AJL FESTRTRIR cal gl ucose
measuring system may have an el evated oxidation current due to the

oxi dation of interfering conpounds comonly found in physiological fluids

such as, for exanple, acetangfEPbayr THASSIVENTION d, bilirubin, dopam ne,
gentisic acid, glutathione, |evodopa, nethyldopa, tolazimde, tolbutam de,

and uric a¢e®l] The adbepsasyntofveglion sgelatedpinegeserablp mdéthatsef oedacingehd npr oved

by reducing or el jmnating.the portion of the oxidation current generated
by interfering ngﬁﬁ&?ﬁ&g‘[}gmlﬁe‘%ﬁ’ﬁ }m‘iSHE’rIBeaSE‘WHI?PH tﬂ@nh’é’aﬁilp'@ati on current

generated from aueRbmbhe ‘t%gmlrrﬁd}gparﬁgﬁm@m&m&ﬂme&deﬁ, epLire

oxi dation current woul d dépend only on the Tlucose concentration. [0003] It
is, therefore, d&sctsablicect mterfigperme eutrérgs mccglnasy nomitetiegsysteohesingal  sensor s

in the presence of tentially interfering .conpounds such as, for exanple,
ascorbate, urat 8?3"53 o %P%%?wﬁé’ ,Ctreéﬁg‘ﬂﬁrg'})c%tﬁ F&WS- physi ol ogi cal
fluids. Exanples of analytes for such el ectrochem cal sensors nmay include
gl ucose, lactate, and fructosam ne. Although glucose will be the main

anal yte discussed, it wll bBAGKGROUND GINENCENTION in the art that the

invention set forth herein may al so be used with other anal ytes. [0004]
oxi dation d0REnt mayn BEOYEHES.IRE cffﬂcfseewﬁ glucogsyracasyingsystefnagghave

desi rabl e oxi dat r : I i edox
mediator wth tahgfégg{aéfly? @taté(?r?léd#ég?%‘gtg?ié% %ﬁddd&};&)gggfgﬂ)f 9&‘%?{"3{"5% esirabl e
oxi dati on curr esvmmailyfonad al physiotugiral Seids edchias) fer &ximple acetampibiophien, bei ng
oxi dized at the electrode _s%r,f ce and by .inter actiglr_l W I h éhe r edox
medi at or . For e)@éq%lplg,amd, bilirubin, dopamine, gentisic acid, glutathione, levodopa,

methyldopa, tolazimide, tolbutamide, and uric acid. The accuracy of glucose
meters may, therefore, be improved by reducing or eliminating the portion of
the oxidation current generated by interfering compounds. Ideally, there
should be no oxidation current generated from any of the interfering
compounds so that the entire oxidation current would depend only on the
glucose concentration.
. [0003] It is, therefore, désirablé to improve the accuracy of electrochemical

( sensors in the presence of potentially interfering compounds such as, for |
example, ascorbate, urate, and, acetaminophen, commonly found in
physiological fluids. Examples of analytes for such electrochemical sensors
may include glucose, lactate, and fructosamine. Although glucose will be the
main analyte discussed, it will be obvious to one skilled in the art that the
invention set forth herein may also be used with other analytes.

[0004] Oxidation current may be generated in several ways. In particular,
desirable oxidation current results from the interaction of the redox mediator
with the analyte of interest (e.g., glucose) while undesirable oxidation current
is generally comprised of interfering compounds being oxidized at the

electrode surface and by interaction with the redox mediator. For example,
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1 WD 20051045412 PCT/ GB2004/ 004574 sone interfering conpounds (e.qg.
acet om nophen) are oxidized at the electrode surface. Qher interfering
conpounds (e.g., ascorbic acid), are oxidized by chem cal reaction with the

redox medi ata 2003/Ms3120xi dation of the interfering conmpoupErBaRa/Bdsm0SEe
measuring system causes the nmeasured oxidation current to be dependent on
t he concentr ati oWmsfinisaiering pempeuRds (s - cATEtomARRPheR) ase pEidized abBapound.

Therefore, 1N thSeqlollaLieRd L St aBRBhia N asdibib ALAL LRI | NG compound

oxi di zes as efficrently as glucose an ein t conc ration is

hi gh rel ative t cotiflicedibycientical peucton with ilereddxiaediewms uTkiS®RIdatén ofithe gl ucose
concentration would be inproved by reducing.or elimnating the contribution
of the interf eriiflfrEERsdeURBNdID aiglIcoR TBEASERRGBSIeHhcauSss themeaqupaos]  One

known strateay pabu gl 350 dbandSs LEARSENSLORE! Boine AILSLLE | 1O

conmpounds is to USe a negative ar ge rane to cove

el ectrode. As anampinatefteng compiuhdnTherdfotd, wothe gitbativarwlsase the@sncehiticaNT" ' may
be used to repel all negatively charged chem cals. In general, nopst
interfering conpdfunigsfedng sompround oy1dizss as effigieptyaselnease and fegaterferent char ge,

thus, the negatiygly,s %Mgﬁ%@gﬁgwﬁm&n OfralBAThL %gﬁt}lﬁéﬁed

interfering conpounds Tromr el ectrode surface an

oxi di zed at t hatths ghicasecontiait@tien wotldibe iinpolvad Gy eedusing ok ehmitdiisg tieccessf ul
since sone interfering conpounds such as acetam nophen do not have a net
negative char ge,costiibuiing of thednterferng ¢amneuads ta thelgial ovidatjoreregbd nenbr ane.
Nor woul d t Bi.s=¢ €chni gque uce.t | dat | cyrrent .re tipg fromthe
interacti onwgﬁsli nterfgrrl?lr{]%&%]o%pa(t)e@ﬁg%aqéﬁdﬁe%%gﬁéo éril‘l"ecroaﬁethm‘aj |a%t8f)s. The use of a

negatively char ggtrfEEAb camipoudids i16 usdi Kedafivell ebidrpelimembiing tadser peevent
sone commonly used redox mediators, such as ferricyanide, from passing
t hr ough t he negavpskingeledindgeds ae gEeple asylienatehfveropolEaer ygBasv t h t he

o e o, [000% BRaHe R RO S0 B PA R RO HERRTESS 1oy
of the working @b&GhtedEEng Ainpin@XHidR heascarbiRkAnBakdtORavaaldgsiven nenbrane
such as cellulose acetate may be used to cover the working el ectrode to
excl ude all charge, thus, the negatively charged membrane prevents the negatively

charged interfering compounds from reaching the electrode surface and being

oxidized at that surface. However, this technique is not always successful

since some interfering compounds such as acetaminophen do not have a net

negative charge, and thus, can pass through a negatively charged membrane.

Nor would this technique reduce the oxidation current resulting from the

interaction of interfering compounds with some redox mediators. The use of a

negatively charged membrane on the working electrode could also prevent

some commonly used redox mediators, such as ferricyanide, from passing

through the negatively charged membrane to exchange electrons with the

electrode.
[0006] Another known strategy that can be used to decrease the effects of

interfering compounds is to use a size selective membrane on top of the

working electrode. As an example, a 100 Dalton exclusion membrane such as

cellulose acetate may be used to cover the working electrode to exclude all

chemicals with a molecular weight greater than 100 Daltons. In general, most

interfering compounds have a molecular weight greater than 100 Daltons, and

thus, are excluded from being oxidized at the electrode surface. However,



chem cals with a nol ecul ar wei ght greater than 100 Daltons. In general, nost
interfering conpounds have a nol ecul ar wei ght greater than 100 Dal tons, and
t hus, are excluded from bei ng oxidized at the el ectrode surface. However, 2
WO 2005/ 0454i22006/045632004/ 004574 such sel ective nmenbr anesci¥gBhdodbdssrake
the test strip nore conplicated to manufacture and increase the test tine

because the oxi dfushdelgetivesrenbraags tyrirdbyaakeths SeigtnR meresompicated tyenbr ane t o
get to the el ect ﬁut%llﬁ‘]act{u%oa% ThaDQL RRMrest hibAlHRGYsE ﬂf%toxfcg{ledb%%(gﬁ@ﬁmgto decrease
nt er edox P a

the effects of i ering compounds is to use ar of with a |ow

redox potential, diffase x@ghlies scldatvomembadnetid get30 heMleandde: 100 nV (when

nmeasured with respect to a saturated cal onel el ectrodg) ; Because t he redox
ectg

medi at or hal0087] ow r efstherbrategy that can braused fa degeeassibe of infeeferiBg ki ng

el ectrode may al [,\ve i | Nt , e he rate at
which interferi ng&ncgoﬁrlﬁgﬁiﬁgéh%lfr"le%d%%(?]gfl%(ﬁag? dtlﬁ‘év r%%oﬂ%ﬁ%ﬁg@rteﬁ%\éxgﬁ, Exanpl es
of redox nedi at opawbavibegt -B00na atd ¥EI0ymVqwheetheasupaltwith respect ficd ude osmi um

bi pyri dyl conpl exes, ferrocene derivatives, and qui none derivatives. A
di sadvant age of $atratedcalgmehglesteodeh Becapsedbsredermedigios hanglavgredox el at i vel y

| ow potential ar |, 5L . ”EXW [ e a low
wat er sol ubili ty.SOt%gg]ig%r%ﬁgﬁgéﬁl eﬁg?/m S r%?’géa)ff%%r%%%%%}gﬂg(ggﬂl}g%%%{&o decr ease
the effects of oW whicBlih Mgncduepasidbe tate AtavhHideinkrfdtdngyotp@Gids ade which is
coated with a redox nmediator. In sone instances the dummy el ectrode may

al so be coated eKidizedihy theayarking slestrades rExgaplasiof sedey medipiors 8avingd. The

pur pose of the du | e Q i i dize t,he interfaring.conpound at
t he el ectrode suf%&lyg?l ? %)Jroxcig)(t)enﬁﬁllt@f:@éég%é%e@%%%@é@%#ﬁ%&ﬁ%éﬁ by the

interfering conpaeidtivéshaddqubnonstdedivaiigs. AliesadventA5elof QSIS ifthat he dunmy
électrode is subtracted fromthe total oxidizing current nmeasured at the
wor ki ng el ect r odeedpymedigiprehavieg a relatvelydpw petentisliase eften difficalivant age of this

strategy is that tthe@ﬁgl{jnrst%letag &‘a‘t’éq%l.o_“}e‘sgt&i%rgh’iﬂﬁﬁi ncl ude an additi onal

el ectrode and el Sé’l(?t rical COI’II’IEC?I on _ ¢ mmy el ectrode) which
cannot be UfMYS] O NeasHHtBerHNdGASErategi that bl Bésisedtofecredse iy effec®edf ode is an

inefficient use of an electrode in a glucose neasurin system
interfering compounds is to use a dummy electrode which is coated with a
redox mediator. In some instances the dummy electrode may also be coated
with an inert protein or deactivated redox enzyme. The purpose of the dummy
electrode is to oxidize the interfering compound at the electrode surface and/or
to oxidize the redox mediator reduced by the interfering compound. In this
strategy, the current measured at the dummy electrode is subtracted from the
total oxidizing current measured at the working electrode to remove the
interference effect. A disadvantage of this strategy is that it requires that the
test strip include an additional electrode and electrical connection (i.e., the
dummy electrode) which cannot be used to measure glucose. The inclusion of

dummy electrode is an inefficient use of an electrode in a glucose measuring

system.



3 WD 2005/ 045412 PCT/ GB2004/ 004574 SUMVARY OF | NVENTI ON 100091 The

i nvention described hereinis directed to a nethod of reducing the effects
of interferences when using an el ectrochem cal sensor to detect analytes.

An el ect r ocWwermbesadasgensor whi ch woul d be useabl e in a netpegisea64045IsNg t O

ok e e et T oins and ot or e PMRIARYSh S NI ot Tayor i s d an0sed
th | t: : : f th
on the e eﬁbbages Suoﬂ}e 1£€ehtl{))ﬁ'n§esem 1+ W ElecAPh aldlod &%éﬁ&gl'g@% go e

first working €l ectrode y partially covers the secon
el ectrode. |n a effetiodimataedesngh¢roudiiganesl esdwoheninalesphiopp ddtdve oxi dat i on

current generated at the portion of the second rki ng el ectrode not covered
by the reagent |3R9kFes; é‘\?@“‘é’g(’?}ﬁnﬁ?ﬁl F%‘@PIY’@FSWBY%GF‘@E%%WTWF@P ering
substances on the,gi g%@ﬁ%{g&@ GREiBh ind ¥ 3 Abshiie, aM¥RNEisPihgdescri bed
herein further mc?uél s a rethod of reducing interferences in an

el ect rochem cal ssenglowgrkingelacttodeg ahd e refbreps: aéctivdas Arreapgnilaydriis st oxi dati on

current at a first working electrode, where the first working elegtrode is
covered by a re %’r‘i’?e‘{ R/ E Fleﬁ‘é%é”ﬁ pachghat thereagrnt byprrommnisiely gpyamall oh; o

second wor ki ng : L y covers the
second wor ki ng gbgﬁsﬁg@g{mgﬁg‘g@%{%ﬁ? g@?%gmgu%g%gsc@ggycgggygklﬁ% current

val ue repr esent afé¢credaf Inn methekaicortingto thd prasant mvestiong thedxadatibyt e (e. g.,
glucose). In this calculation, a ratiqg of the covered area to the_ uncovered
area of the secymantEsnriaied abihepprvaetithe ssend wskingelssodenotepyaed s of

nterferences oy PRkl SRk 8ReRHO SRk AURE AL b B ALY suldiaeB0T T oot o

current val ue ated using t oW ng equati on, (A"
| X(VE2 -WEB)} A dithe glusbeermgeaGuremeiithe corrected current density, WE, is the
uncorrected current density at the first working electrode, WE2 is the
uncor r ect ed080ent  dhisdnysptign descrbedshicedip frthst ichderr Bsthod @éredncige i s t he

coated area of t. j [ i fl ncoat ed
area of the secdﬁ%%?’ggnﬁﬂg%% r ggglcgfge?%g%ﬁl?aﬁﬁ%%ensetepesr?tg(&)%f‘ gmsn udof an
el ectrochem cal fiktoxidativazbirentiana filve wprlésgelectrode, where the first working

electrode is covered by a reagent layer; measuring a second oxidation current
at a second working electrode, where the reagent layer only partially covers
the second working electrode; and calculating a corrected oxidation current
value representative of a concentration of a pre-selected analyte (e.g.,
glucose). In this calculation, a ratio of the covered area to the uncovered area
of the second working electrode is used to remove the effects of interferences
on the oxidation current. More particularly, the corrected current value may
be calculated using the following equation,

G =WE, - {(%—]X (WE, -WE, )}

nc

where G is the corrected current density, WE) is the uncorrected current
density at the first working electrode, WE; is the uncorrected current density at
the second working electrode, 4.,y is the coated area of the second working
electrode, and A, is the uncoated area of the second working electrode 2.
[00011] In one embodiment of an electrochemical strip useable in the present

invention, the electrochemical glucose test strip includes a first and second working



I nvention, the electrochem cal glucose test strip includes a first and
second working 4 WO 2005/045412 PCT/ GB2004/ 004574 el ectrodes, where the
first working electrode is conpletely covered with a reagent |ayer and the
second wor kagzoeﬁms:tmode is only partially covered with thta/cEmngemiushaye

Thus, the second wor eI e trode ent coat d areg and an uncoated
area. The reageRlEctr 95{?% Flﬁéf’ft gk'“$gl|9 i PPlgtelyacpysre r’f‘ﬂ%“’ere%ﬁ as

gl ucose oxidase @&Clalla tﬁ@&@&mﬁ@ ec%H@@ls%IyﬂﬂalS;%@HIeﬁw1 %é *ﬁ%ééﬂ?i

The first working el ectrode w have a superposition of two oxidatio
current sources, Tbmatlfersomnglwmhmg ebnt;iOdz@hase(rcagdntfqootmdlaretaemﬂanamcmted area.

Simlarly, thes ond I ng el ectraode w| osition of three
oxi dation curren %Ef’&g‘lé\@ia ‘g ﬁ’g&gg T CXARP ‘?’f’é ﬁh’&@%ﬁrﬂx‘%ﬁt ed
portion, and intgxd §fe@8i &eaiat&r@ecmcwkﬁﬂnmerf&ﬂrwam&?wmmﬁk dctBlte  Of
t he second working el ectrode will only oxidize interferents and not oxidize

gl ucos, becausewilhbrve a wpapom&«agdthosldahom hursenas@nces;l'bm: foorh ghtcosenandr r ent

measured at the unc ted tion_of e .secon ctrode may t hen
be used to esti n&t®"{ HEM ¢ SﬁenﬁsnthP‘llaéyeﬂ’tesﬁ'?ﬂ é’qu wilheved| cul ate a
corrected oxidat ﬁpﬁ) 41t OF thiEH &@datffoﬁ AYER s&vﬂ@ese&cfrﬁ%iu%oég Mté}?&éx{t?&ﬁ%es
[00012] In an alt tive strip enbodi nent useable i'n thé nethod according

to the present 'rafagemk:oated pmrhen,ahémwnﬁarhﬁmtdhé unoated pertieas tThstuncentédmirtidles  a

first and second r ki ng el ectrodes first and second. wor

el ectrode are onPfl gl"‘i"?‘m%ﬁl\?%tﬁéj&% Hleytcﬁ‘éf? nfraierentsgndmot gxidize "r?oghl S
embodi ment both b&%uéé theke lmﬂmﬁ P1dn tmgax%a n%@&ﬁ&&ﬁoa%n@mﬁegu{e%g@

coated portion and an uncoated porti on. first wuncovered area o

first working el an¢aatmdq>oarmh df thiee seemdmbrhmg@iﬁetredbmayemenbemb@i tos:anmatelthnor ki ng
&l ectrode are dlfférent he .oxi dation c rre t nmeasure t he uncoat.ed

portion of the ffqt tmtgngareg fop,GhsH gnpal ‘?tﬁaég"%ﬁt ‘E?‘s‘ opsugent whiehy t he
interferent oxi datifRs He'dHRBE of Rlierfdigictincoat ed portion and to calcul ate a
corrected glucose cu?rent &%8001C§T e invention described herein further
includes a r@ao1eH of Ieahadtenptive sttxpreﬁboénteatsuseablam thk extthaicdeeonding/ to gensor ,

i ncl udi ng the steps of neasur.i n a fi rSteﬂg,?XI dation current at a first

wor ki ng el ect r od @S Frvention: the ?FOWF petestSHP ingludesa fstand seeqnder ed
by a reagent | ayglaifBaRstiddas wherShe ’ﬁ%t aexd &%ﬂcp@oﬁé’x{gr &8dtrodk aft cﬁﬁfﬁaﬁgallsyecon q

wor king el ectrode, where the reagent layer only partially covers
wor ki ng covered with the reagent layer. Thus, in this embodiment both the first and second

working electrode have a reagent coated portion and an uncoated portion. The first
uncovered area of the first working electrode and the second uncovered area of the
second working electrode are different. The oxidation current measured at the
uncoated portion of the first and second working electrodes are used to estimate the
interferent oxidation current for the uncoated portion and to calculate a corrected
glucose current.

[00013] The invention described herein further includes a method of reducing
interferences in an electrochemical sensor, including the steps of measuring a first
oxidation current at a first working electrode, where the first working electrode is
partially covered by a reagent layer; measuring a second oxidation current at a secon¢
working electrode, where the reagent layer only partially covers the second working
electrode; and calculating a corrected oxidation current value representative of a
concentration of a pre-selected analyte (e.g., glucose). In this calculation, a ratio of
the covered area to the uncovered area of the first and second working electrodes is

used to remove the effects of interferences on the oxidation current. More



el ectrode; and calculating a corrected oxidation current val ue
representative of a concentration of a pre-selected analyte (e.g.,
glucose). In this calculation, a ratio of the covered area to the uncovered
area of thewhieidosamd second working el ectrodes is used g@/¢EivoN®4s2E
effects of interferences _on the oxidatiqn curyent. Mre 5 W 2005/ 045412
PCT/ GB2004100457Rartigarly, thecgpested ?‘Héenﬁbaﬂ?‘é@f’%ée eaieylated using the follgving

cal cul at ed usi ngeqtu?,]gm; ollowing equation (Al | GW -+fz x(VE -V, )) 2-1)
Azov, Acovj where Is equal to A~cl ; f2 is equal to Auncz is the

uncoated area of the first ki pg S\Jectrods' A'" cz is the uncoated area
of the second wor ki ngG =eWEct : Wh s VBE, }1e coated area of said first
wor ki ng el ectrode; Arov2 is t 2 dohted area of the second wor ki ng

electrode; Gis the corrected current val uei4 WEr is the uncorrected current
density at the first working ekectrode; and2##2 is the uncorrected current

density at the Sv%ﬁqu@l mrgﬁ%gg Al .ec rigg‘ﬁ‘é‘g{g DE%%%& %\k Sed V(\{VfNGS

| HE.

[ 00014] A better under st ing of’the ures2 ’and advant ages o he present
invention wll be obtained reference to the foll gwi ng detai] ed

descri ption thatt?‘%@%“‘i"él?{‘%e@&ﬂ st I"at Ve wngaad ﬁ’i?ﬁf’g,meisgc‘\mi"t‘ﬁ Be
principles of the invenyion are utilized, and the acconpanyjng draw ngs, of
whi ch: [00015] Feélegirode;1" 14 inmthe)qopicd ersa pésaid fest vpeking elgctoides tédsthst ri p
according to an _ephodi t of the present i.nventjon: 016] ,Figure 2 is a
sinplified pl ane®8% %T%%gheasleg? v 'eE??EIS?e’\a@{S&?CdﬁeW ¢ Igrvaﬁlﬁg to the

enbodi ment of t hgEpiahe ticokrdvied badéht dbdsits bt b St worlkihg leBirddel Aed W, ng a
conductive layer and an insulation layer; [00017] Figure 3 is a sinplified

pl ane view of a itk wicorsented onrent densityatithesecppd woddnaslenirode.o t he embodi nent
of the present invention illustrated in Figure 1 wherein the positio: of a
reagent layer is illustrated with the conductive |ayer and the insulation

| ayer; [00018] Figure. 4 | BRARFDISOCREETIONN SFEDRAVSINGSW of a test strip
according to a further enbodi nent of the present invention;

[00014] A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings, of which:

[00015] Figure 1 is an exploded perspective view of a test strip according to an
embodiment of the present invention;

[00016] Figure 2 is a simplified plane view of a distal portion of a test strip according
to the embodiment of the present invention illustrated in Figure 1 including a
conductive layer and an insulation layer;

[00017] Figure 3 is a simplified plane view of a distal portion of a test strip according
to the embodiment of the present invention illustrated in Figure 1 wherein the positio:
of a reagent layer is illustrated with the conductive layer and the insulation layer;

[00018] Figure. 4 is an exploded perspective view of a test strip according to a further
embodiment of the present invention;

[00019] Figure 5 is a simplified plane view of a distal portion of a test strip according
to the embodiment of the present invention illustrated in Figure 4 including of a

conductive layer and an insulation layer; and



[00019] Figure 5is a sinplified plane view of a distal portion of a test
strip according to the enbodi nent of the present invention illustrated in
Figure 4 including of a conductive layer and an insulation |layer; and 6 WD
2005/ 0454 12weGho 39241004574 [ 00020] Figure 6 is a sinphdiceshopbasa vi ew

of a distal portion of_a test strj. clcordin t .tage e.nbogi ment .of the
present inv &?ngh il Eéﬁufeagbsgf ﬁ“ﬁptt&éﬁ? %“%Vlmgfégﬁt p?‘_@ﬁ@@ # tes} sigR acGogding
illustrated withy {1'@ eﬁmge%ﬁ,t Y€k BYesént %Wénﬁ&ﬁll}l%@cﬁh'f@@n{; AYereih 99&%&

Figure 7 is a sinplifie ne view of a distal portion of a test st
according to théayenisoidustrtet vafh theeoqglueldeerinydr and theiimsulation dayer.at ed in Fi gure

4 wh i t s illustrated with th d i I . 1.00022
Figure i o WBIRDI | ¢ PR ssiptiipta virkola o AN of « 15t wd¥ Seioripe
according to angj mgren%@ﬁ%me gfes&ﬂ%%hﬁéﬁmhs&dﬂééﬁﬂtf’i e WRARR 2 FeapBiROCN!

| ayer is illustrated wth the conductive |ayer that helps reduce an IR drop
effect. [00023] Hyguisdll@stiaedawith thpkofduetivegdhyme vi ew of a distal portion of a
test strip accaording _to yet anot{] r. enbodi ment of the present invention
wherein a r d04@3l | ayEreure? 159 sigp lgg‘l@anw?‘ﬁo HQIS%HMEPFQ/@@S&%P agioRdipg e

i nsul ation | ayer ; b .

uncoated porti on.t é%%%ﬁfbﬁ?%eﬁ%&%e Pﬁégﬁkgfwrrg iﬁ%%ragﬁgﬁé @tltlga?\éfﬂlgardﬁtes% al
portion of a testwitiithé porainctivedayry that belps redbceyant IRadvop bifect.enbodi nent of the

present invention wherein a. reagegﬁe‘iéyer s _illustrated with the .
conduct i ve 189023] and €S RisA P grsrview o2 distal soies of auest stEp rReGegding

el ectrodes that l@éﬂ’ly& Ot ERRTdR e OF {HS%ETSCI&QQ%QL% ?)hgﬂé{nea L:lB%g %14 elgng aph

showing the current at a first workin ectr a stri designed in

accordance with tlhatpted swthithe ootelotti vriagee ahdthe dnsulatién layey shch Glencas eéwo sanpl es
i'n bl ood spiked with varying | evels of uric acid. [00026] Figure 12 is a
graph show ng t havaeking glettrodes that havanpaepatepatiiet r ode at a strip desi gned

i n accordan ii4h the. (N j t ] . .
sarpl o5 i n BPAEA) ot 1 iftef R et e i P Ml ot BPh ity S5 i3
i s an expl oded pas sifibgdtianetheti enbodiment bk psdsentpnvehtivn Wherei rengenglagédd

| ance. [00028] Figure 14 is a sinplified schematic show ng a neter

i nterfacing withiBosirated widkthe gondystivedaver and thedpsulatign faver such thsrgiare ke act , and
reference contact, H;30QREM.AB tifat have an uncoated portion.

[00025} Figure 11 is a graph showing the current at a first working electrode of a strip
designed in accordance with the present invention tested with 70 mg/dL glucose
samples in blood spiked with varying levels of uric acid.

[00026] Figure 12 is a graph showing the current at a first working electrode at a strip
designed in accordance with the present invention tested with 240 mg/dL glucose

samples in blood spiked with varying levels of uric acid.

[00027] Figure 13 is an exploded perspective view of a test strip that has an integrated
lance.
[00028] Figure 14 is a simplified schematic showing a meter interfacing with a test

strip that has a first contact, second contact, and reference contact disposed on a

substrate.

DETAILED DESCRIPTION OF THE INVENTION
[00029] This invention described herein includes a test strip and method for improvin,

the selectivity of an electrochemical glucose measuring system.



substrate. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 00029] Thi s invention
descri bed herein includes a test strip and nethod for inprovin; the
selectivity of an el ectrochem cal glucose neasuring system 7 WO 2005/045412
PCT/ GB2004/ o2068/045p200301 Figure 1 is an expl oded per spagdtggrodd/emsaf a

test strip ac ding Lo a first di ment. of .the.present invention, In the
erbod nent. DOOSMe. pr eBBHE | OB AENOHE AT PHLF ISt R Sg toqidi o s st

el ectrochem cal £gg8disieht oF ti2presthi ey, BEthyeRBoliient HRAS Presél i HAGT S
concentration in bodily fluids such as blood or interstitial fluid,

i ncl udes a fir st illusrtiedip Bgeetly suddechochevaical test sioipd2vwhich mpydieased e 12,

where first  working electrode 10 .is conpl.etely coyver ith.a re nt |ayer
22 and second V\H‘reﬁ%ﬁag §ru§8$terc8ﬂcé§nﬁ§?nsm(§r'r?l) f“@y ﬁ‘é‘?ﬁ? F‘ﬁi‘laﬁ%gogyé)f é‘ge‘iﬁfl?ﬂqfué‘itg_ent
llayer 22. Thus, {Rfids€s ARt wolGikéledroat €0 bhd8l SecbA® wirkiBPEedtode Q2! RHeR Frdti ON
and an uncoated portion. Reagent |ayer 22 may include, for exanple, a redox

enzyme such as, Workiegelagtode 10 iscompdetelyxpdaekbwithd reagentdayer @ dndisesonduch as,
for exanple, ferricgyani.de. Because fer.ricyani .has a redox,.patentjal of
I LA QAT i T S T R MG
el ectrode) at a GRfEAPCIEHRIIE AT Erealdh codtdd G AMnQincsat&Psrtivn f Rédgdnt €. 9.
bl ood may generate a significant oxidation of interferents by the redox

medi ator and / olayer22 may inchide,dbrexamplie a grelos entymresugh es, dor dxample, glwgosesi r abl e
oxi dation current.., Therefore oxi,dati.on cur t .rreagﬁrgd at {i [ St

] , th .
wor ki ng el ect r od SRR B rEioX modiipr Rl &5 FiTsraBplekiaRdn Brrrin i anides:
a first, desirabhg , RUb00thRAl SLPPRAIMatB D0 34 dwheh hbRud ivial feStcPio 4! ucose

and a second, undesirable, oxidation curfrent generated by the interferents.
The oxi dati on cusatemtedcelamel eectride)lat asathonslekirody, thelintraductien df2a badily fhiido be

a superposition of i dation current . .sources:.. a fiirst, desipabl. oxidation
curront | gener at o8& aoH B EFRSEE i S0 kion 4T LRETS G drdoaghehetor
oxi dation currentygep ﬁfe?ogﬂitrlgmeb@&&rggﬁéﬁmgsa Sknitibst GRIRI S0l e BRIdbli G i fent.

wor ki ng electrod 12 an ird oxidation current generated by interferents

at t he uncover edTheeforgthexfxidation kinment sieasiredatdirgtavorking elenrode Khiwgbbe 2 on of
second working electrode 12 w onl'  oxidi z%%}n{lerf rents .and not oxidize
a

| L
gl ucose because PYRSFROSIIENQFoXIdation qurTent spjirees: 3 EH DS PIGHOB L L& ond
wor ki ng el ectr Odger;egatemﬁﬁu SRidhtkh (ﬁ’%llﬂ!%ﬁé 1A LeE6RN indeBRAIS! oREHafibn Lii@ent

uncoat ed portion of second working el ectrode 12 does not depend on
generated by the interferents. The oxidation current measured at second working
electrode 12 will also be a superposition of oxidation current sources: a first, desirabl
oxidation current generated by the oxidation of glucose, a second, undesirable
oxidation current generated by interferents at the covered portion of working electrod
12 and a third oxidation current generated by interferents at the uncovered portion of
working electrode 12. The uncoated portion of second working electrode 12 will onk
oxidize interferents and not oxidize glucose because there is no reagent on the
uncoated portion of second working electrode 12. Because the oxidation current
measured at the uncoated portion of second working electrode 12 does not depend on
glucose and the uncoated area of second working electrode 12 is known, it is possible
to calculate the interferent oxidation current for the uncoated portion of the second
working electrode 12. In tumn, using the interferent oxidation current calculated for
the uncoated portion of second working electrode 12 and knowing the area of first
working electrode 10 and the area of the coated portion of second working electrode

12, it is possible to calculate a corrected glucose current which accounts for the effect

of interfering compounds oxidized at the electrode.



gl ucose and the uncoated area of second working electrode 12 is known, it is
possible to calculate the interferent oxidation current for the uncoated
portion of the second working electrode 12. In turn, using the interferent
oxi dati on cwo mns/ossalzcul at ed for the uncoat ed portion ofpcaRcEoch/ bps7H4i ng

el ectrode 12 and know .ng the are I rst._ worKki el ectrode 10 and t he
area of thel®@83ted pofighsd Ben §’élgﬁ$ﬁﬁi RWPR‘FW@ Véq“ée‘lt"’? et 62 ageprding 9 adfarst)| o
to calculate a c |t15£C;9 Leftioh, WhdtGhy Q& A8euefif of
interfering corrp%&?n‘ggﬁlg%% zedész;l%{lpitrl he el ect rodeI%BQCV\D 21]§)t0r£5t/9(§ 1454%"I€1 Bzl be
PCTI GB2004/ 0045 7vhamjfagd@sd by E|sgm¢se)f [} qosseautl\@minbds dtepewhishdayi deavndielayers oh

test strip 62 accordin a di ment .of, t he nt in entlon Test
strip 62, pas i | | Tetepal ‘g’(f“gﬁ“ﬁé(i thelSI ?sggybﬁélﬁﬁ? ggﬁﬁy@ﬁ %é?rie‘é% of 6
consecutive pri nﬁﬁlﬂﬂlg%esﬁﬁsﬁ’m%ﬁh Tha¥ efB¥linehXof tRXGAVenfbn, ﬂ?@é?a'ybx%' HMnclud

substrate 50. The six |ayers may be deposited by, for exanple, screen
printing on subss catdacttd: layen 64 ancinbdationdayer b6, afeagent layert?; amadlteisme biyka§éer s

22 an adnes! ve 1 EpPBe 5% Sy AP Py Gt e gy Rifdneipe
Conductive | ayerﬁx@ﬂwﬁﬂé{né HESIVRE 10, M6k HdGRorkn! refe‘ctrw’é 10, néfefehecdit@dae 19, ﬁ@@cond

wor ki ng el ectrode 12 erence el ectrode 1 first ‘contact 11, second
contact 13, refecatmtl b,csndmxitcomﬁpt lémbfererrqeponlectelét amhsthpdetédtion Han $0l ati on

| ayer 16 may fur cut Si 6 further

i ncl ude first adf‘ﬁ’é‘glﬁ} ];09 ﬂﬁ‘ﬁe@?‘{}’é\{gaﬁ‘%}é "glﬂlﬁern%ﬁi“?"é' éﬁﬁgsi ve
pads 28. Hydr Opﬁl'ciélu hﬁﬁ@ﬁesﬁz@ pH@M széJnB%Hhés%'ﬂé@iQGf éﬂ@&m@&&ﬁe@ﬂ%b&s‘:ﬁ ilm
32, and second ydr o l'ic fitm34. Top layer 40 may further includes a
clear portion 36H§Idldphl|hadp.}'er 683mayﬁmthe6ﬁclu?leﬁrsthydm;iuﬁeﬁha§2,aanﬂlse@md3| de 54
and second side 56 rod sid a OX|naI ctrode
side 60 as il | ushydieRi ‘EltnF%‘bujlr én‘?yo{FEITtB%IHﬁ eé@t‘il posfjop3 6&8 P3P t he

respective | ayerﬁm%n gfstres%mprsz%s L BirdRid8 5d%5@lsécona %Qﬁa,]a algtapa@cu%apgﬂk ment
of the present ention, substrate 50 is an electrical I nsul ati ng

mat eri al such asS&;Iaadalpmxughlaeﬂsztrodemdcrﬁ@as ﬂnsﬁ&tmnlﬁlgmre ll ﬂ‘hafq.'lh)amg seetion
enbodi nent of thi abl nve rate c such as, for

exanmpl e, nylon, 11??8‘& FiéecSBec Sﬁa}'F (ﬁgeSt %592 de pol yet hyl ene,
pol ypropy! epgg32PETG m%ne%bxeﬂeﬁf ofM@bf%sm'iﬂaeﬁm@rswsuata%oqghyaéétﬁﬁalgﬁy be,
for exanple Melinex O SI328 which is manufactured by DuPont Teijin
Substrate 50 nayinshlating meletial suehnasylastic] glassperdramiy, aid thhliks Ipyirefeded o one or
both sides to |r'er8cF |err11tk0 dhesi on.

s mvention, substrate 50 may be a plastic such as, for example,

nylon, polycarbonate, polyimide, polyvinylchloride, polyethylene, polypropylene,
PETG, or polyester. More particularly the polyester may be, for example Melinex ®
ST328 which is manufactured by DuPont Teijin Films. Substrate 50 may also includ
an acrylic coating which is applied to one or both sides to improve ink adhesion.
{00033} The first layer deposited on substrate 50 is conductive layer 64 which include
first working electrode .10, second working electrode 12, reference electrode 14, and
strip detection bar 17. In accordance with the present invention, a screen mesh with
an emulsion pattern may be used to deposit a material such as, for example, a
conductive carbon ink in a defined geometry as illustrated in Figure 1. Reference
electrode 14 may also be a counter electrode, a reference/counter electrode, or a quas
reference electrode. Conductive layer 64 may be disposed on substrate 50 by using
screen printing, rotogravure printing, sputtering, evaporation, electroless plating, ink
jetting, sublimation, chemical vapor deposition, and the like. Suitable materials whic

may be used for conductive layer 64 are Au, Pd, Ir, Pt, Rh, stainless steel, doped tin



[ 00033] The first |ayer deposited on substrate 50 is conductive |ayer 64
which include first working el ectrode 10, second working el ectrode 12,
reference el ectrode 14, and strip detection bar 17. In accordance with the
present i nveidoosiesa2screen nmesh with an enul si on patt erpgrigsrobcoosed to
deposit a material such as, for _exanple, a_ conductive carbon ink in a

defi ned geomet r yoxide, tarbers apd thediken Ipraggpbodimenttlip dyyentions therqarhnadnkt lyermy

et oronce of oot AMGEE ARGt pdyefilFRR" ) ARUK B RGN oelled %,

using screen prjkidn8tndlyet 6@handte paiculaily ScappRpithitelyi 13gnicedndp Thahéight of
el ectroless plating, ink jetting, sublimation, chem cal vapor deposition,
and the |ike. Suheegndactinglayar gar vagyidepending opdhe desed msistapaelotibe gendustive 64

are An, Pd, Ir, st.ak nlk.es | 0. . 412
BCT/ CB2004] 00457 8%]‘ s TSRS of e Hater PR tbe Mine WE CRIAREARE ||
i nvention, fpbe34ar borFiishkortaty €1, sebdid ddaret 1B, hed giérediriconae 15 madbelided to
m crons, nore particularly between 5 and 25 mnmicrons, and yet even nore

particularly at gspicslly intedaop viith avmetepnEhis phewnibp giter o electrsalborrarrprnicate
| ayer can vary qeREndlenehdNGadiRs LGHa bERiSE ABGRdRN A RRNE blkEae BV ST
and the conductiVvily 0 PRE Rt er 1 ar use orprinting e conductrve layer.

[00034] First copi aedpedtive, BRE oract Q) s2dnd1B3ntadid, bed Rf@aeR coprtiast 15 may be
used to electrically interface wwth a neter. This allows the nmeter to
el ectri cal | #083uni ciesecand layer depagiedomspbeirate 69 ssdesulgiondayssiél- Insnlation

el ectrode 12, and reference el ectrode | .. Vi respective, first cantact 11,
cecond cont act - 181 dh FararERE 8l EBtA rertof sPootsGRREThst B sachin e
deposi ted on subghirges 2Ginylified plinetvieWof 2ISAI pedtion LSt 3tripen whj;%uﬁfl_ghﬂi&té S
di sposed on at |east a portion of conductive layer 64 as shown in Figure 1.
Figure 2 is a sithppositiadoffirsirieoniingelestrode i, seepnd piorking pleptrodedle and refasergp

whi ch hi ghlights h si.tion of first. rKi el ectrqde econd wor ki ng
el ectrode 12, ane&ec&@g%%m%res &de iy eaE?Ll\ﬁP Pt ‘r%%ug%'é) q%erijfg aeflulgﬂudie Yer
16. Insul ation |yt 18 Shidh'thiehavieRCl-He#B8d Structidé Bdshoh iiFigilte Mayd DaEatoat
T-shaped structure as shown in Figure and 2. Cutout 18 exposes a portion

of first worki ngl8sxpeses adertian offissiovrrkingelactiedect & second working elgetrodedetnsnce
et ade 14 g S0 RBUk Edd  RUARH, Sl Bl FOHIEE,
and a proxi mal dsthiutout &idth W Lrokdnfat alto@ WHiemtwej AditaVute@nép@pDngsd 40 t he
width of first working electrode 10 and reference el ectrode 14 as
i lustrated i n Areximal outoysileggth L5. Distal cutout width W1 corresponds to the width of first

working electrode 10 and reference electrode 14 as illustrated in Figure 2. Distal

cutout length L4 corresponds to a length which is greater than both first working

electrode 10 and reference electrode 14 together. Proximal cutout width W2 and

proximal cutout length L5 form a rectangular section which exposes the width and

length of second working electrode 12. In accordance with the present invention,

distal cutout width W1, proximal cutout width W2, distal cutout length L4 and

proximal cutout length L5 may have a respective dimension of approximately 0.7, 1.¢

3.2, and 0.43 mm. In one embodiment of the present invention, first working

electrode 10, reference electrode 14, and second working electrode 12 have a

respective length of 1.1, L2, and L3 which may be about 0.8, 1.6, and 0.4 mm. In

accordance with the present invention, electrode spacing S1 is a distance between fir:

working electrode 10 and reference electrode 14; and between reference electrode 14

and second working electrode 12 which may be about 0.4 mm.

10



cutout length L4 corresponds to a length which is greater than both first
working electrode 10 and reference el ectrode 14 together. Proxi mal cutout
width W2 and proximal cutout length 15 forma rectangul ar section which
exposes t hewwi mbswsand | ength of second working el ect rodeckiséydeser dance
with the present invention di stal gut oult) weg‘{ﬂh W, prcixi ma| ﬁut out. wi dth
Ve, distal 00939kt | enherthirdilaxerleppsitsd iomspbstigtenithis pasagent 1yt 4y Reagsat layer

respective di nensi.on: W dl YorOof Conductive Favertdithnd-i F[H&,
enbodi ment of t@%?g@éﬁﬁ%ﬁﬁgfe&hﬁgﬁ ofnl rstnwocrlk? nge el egtlé%le 1(35%?%2? ence
el ectrode 14, antosedoRiguwsikFigres ecd simpbfiéPplane ecw of neliyad pbition dfeesy sty of

the present | ehoeaOm e R gt Qe St b e e "
working el ectfogﬁsihﬁn%?gmgg{rtgﬁpﬁ ﬁh?&s%é&‘i’@ﬁﬂs?Woﬁ&%@éﬁ%@%f&@@%cﬁﬂS%nn 10

el ectrode 14 arid secon I'ng el ectrode 12 which y be about
WD 2005/ 045412 REcHCHB2 DD4¢M6040¢ dectfddod35dndthenldtionrayel 4§ .eReapepaydr@d may b

substrate 50 is a _reagent_|layer 22. Reagent |ayer_ 22 is dispgse n at | east
a portion of corBihas %e‘i’fa%F@Fta’B%legﬁ‘ﬂngﬁ ‘?i‘g?:ﬂti“ﬂﬁt?‘l‘ggﬁé ?LBea§§“t? 68,

Figures 1. Fi gugﬁus%aite'il iﬁﬁiéu??i Liid ?.dhpé]é%b\bh QBfﬁe%v%hﬁé)n,?&f\gEﬁ%dﬁI wassL

stril 62 according tot rst enbodi nent of the present ‘i nvention whic
hi ghl i ghts the moshdabont hf meagdreagdm YengthIH iy be alasp éFtmino Ih b fiethenor ki ng
el ectrode 10, second workin electrode 12, reference el ectrode 14, and

i nsul ati on | ayersmtgdimen gbthe presgutyinventipp.reagent layerie hasa seltigiently laggs widih e
havi ng a reagentya ' r i L gur e
| and 3. In one wbagg %tfég%cﬁﬁﬁea%?%ggm%}%ﬁ?i ?%dgggfr%ﬁ@ %b%gﬁ%%%té egéggg%out
1.3 nm and r eagelftandecfgtdncd dectrndelid. dooeverdredgenmlayen2Bhdsantappropristelyaitiedent
of the present invention, reagent |ayer 22 has a sufficiently Iar‘ge wi dt h

W8 and | ength LeVidticY3iamddenstibl siich thaf second wosking elegirqdeds,petcompistely caki ng
electrod 10 and,: s ¢ an
appr opr i at ol y- o S AR HeE dhGAHEs cbparf B LR woRERRERLr g s cDEs

el ectrode i s notpogiforpl Z2taat ywn aosested portidils 12e ag dhistritay 81 Figdre 3| rUmoated a
scenari o, second working el ectrqQde 12 has a coated . portion 12c and an

uncoat ed porti orRoTions 124 may bgdn theishaps of trp geptanetes whsesgacagied pertions bt hasy nay
be inth h t '
e 1n the shape %SWLWQERJ‘QH&@‘%%&&&%H%% ebdHd W&Eﬁgfeectrgﬁ’es mgﬂégg’f B

width W and a | en at corresp t o 'second wor ki ng trode

As a non-limti ngs exarinéingdxanple, didg Wdtn®id thay dabotut @3 samnin éne one
embodiment of the present invention, reagent layer 22 may include a redox enzyme
such as, for example, glucose oxidase or PQQ-glucose dehydrogenase (where PQQ is
an acronym for pyrrolo-quinoline-quinone) and a redox mediator such as, for
example, ferricyanide.

[00037] The fourth layer deposited on substrate 50 is an adhesive layer 66 which

includes a first adhesive pad 24, a second adhesive pad 26, and a third adhesive pad
28. First adhesive pad 24 and second adhesive pad 26 form the walls of a sample
receiving chamber. In one embodiment of the present invention, first adhesive pad 2
and second adhesive pad 26 may be disposed on substrate 50 such that neither of the
adhesive pads touches reagent layer 22. In another embodiments of the present
invention where the strip volume needs to be reduced, first adhesive pad 24 and/or ‘
second adhesive pad 26 may be disposed on substrate 50 such there is overlap with
reagent layer 22. In an embodiment of the present invention, adhesive layer 66 has a

height of about 70 to 110 microns. Adhesive layer 66 may include a double sided

pressure sensitive adhesive, a UV cured adhesive, heat activated adhesive,

11



enbodi nent of the present invention, reagent |layer 22 may include a redox
enzynme such as, for exanple, glucose oxidase or PQQ gl ucose dehydrogenase
(where PQQ b an acronym for pyrrol o-quinoline-quinone) and a redox nedi ator
such as, fowomeaophe, ferricyani de. [00037] The fourth |myeE¢siepassised on

substrate 50 is an adhesive |l ayer,h 66 i.ch, inc i.r.st adhesi ve pad
24, a second adHE%‘WP etﬂﬁﬁpgétlc \éhathgr "f‘ﬁn‘?&e 5’69’(@%4038 a?gllfe h‘Iﬁla’f'ts a?o‘??é‘gl ve
pad 24 and secong, ﬁﬁg%ﬁhﬁ}[ﬁlepﬂﬁleﬁ@e fa9érB6ths, WefohfiePby ?cr&%'ﬂ?inﬁn 5$Fe%édfé ng
chanber. In one errlb i men %

t he present |nvent|on first adhesive pad 2
and second adhesewstipaaihzgvesychiss, fdr@m&é@amtgﬁias@dw}dw%pslumhrpmmrmelther

of the adhesive pads tguches. reagent odi ts of

t he present invsgﬁﬁl‘é%a‘ﬁ\}ﬁﬁ?’%wpﬁg gf‘?”f“ﬂev ﬁﬁalﬁgkd@mflgﬁa gPeé?rJ% fnr st
adhesi ve pad 24ﬁﬂ%/greﬁsq%%%ﬁgﬁzﬁ§@ég#nad35§6 may be di sposed on substrate
50 such there is ovérlap wth reagent |ayer '22. In an enbodi nent of the
present i nvi@de3Ishn, adﬁ&sﬁﬁ&elayaybpomd loa substrateciOgh & hydrophitialay@06& whith 0

m crons. Adhesive | ayer_66 an oubl i ded. pressure sensitive
adhesive, a W dﬂ?légé;'a?o@fég ai%‘ @?‘*fgﬁegﬂ‘ %gléc ﬁﬂ%/@ gﬁﬁ?f‘@d%lz
PCT/ GB2004/ 00457#{%“% @ﬁlsagy&lcs@%m% thQr‘rogP*lﬁfth@%ﬁﬁé Ye%eﬂ@ﬂx%%aﬁlgert hose
skilled in the ar As @ non- |imting exanple, adhesive |ayer 66 may be
formed by scree rﬂhu‘isrdtelwujlséamﬂ ‘Yo't ef ths easple receivagh@minber gu fdrmed by gortior
exanpl e, a water sensitjve adhesive which

b lic o| r pressure
is comercially %@aﬁ?sa‘m ayer 68,3p é‘gﬁt‘égggi ‘%FE%%CIKT@S pRon-fimifipe examnle, - Unj ¢ ed
Ki ngdom ( part #A f Is a
hydrophilic | ay?&ﬁ%ﬂh&@%ﬂé%ﬁ%ﬁ}%&hﬁﬁﬁlgﬁﬁ 1563 m){%f{gp?llt]?HHg&Bth %g}:ond
hydr oph| lic fil rfogéoamglshblusstmaSeanbrrmnercﬁ]lgulntmn&d ﬁblmBMpFﬁhb hgdibplyibc nﬂBrefomr ms
the "roof' of th sanple re cha The "s f.l.oor
the sanpl e recei ?ﬁ?j"t’eﬁéﬁ‘&?ﬁ }j’é‘f%gﬂgﬂﬁ t{’}?%bﬁ‘éﬁuﬁ‘?Bﬁamlbtﬁteégﬁlé‘go\?ngg)}’étf" 66
and substrate 5Qyck @?éde%%%’cha@i%ma non-limting exanple, hydrophilic

rans

| ayer 68 nmay be an opti cal parent polyester with a hydrophilic anti-
fog coati ngf08089) as tﬁm&ath(amhﬁndllayekglepmlsttal oreshbbtratenS8 i a thipdayley 40 ehivhl i c

nature of the coating i s used i e desi of ,strjp 62 because |
facilitates fiII‘PaZ;:} @racr?mpalqné%@ngmq@ @}Se%?éilw%eddﬂgf%‘é‘i bo00391

The sixth and fipahdheshitfR PisbRInRRtSHRSH 29E 1P ciudes? fdlsteRWAichdd Whi ch
coated on one side with a pressure sensitive adhesive. Top layer 40 has an opaque
portion 38 which helps the user observe a high degree of contrast when blood is
underneath clear portion 36. This allows a user to visually confirm that the sample
receiving chamber is sufficiently filled. After strip 62 is fully laminated, it is cut
along incision line A-A’ and in the process creates sample inlet 52 as illustrated in
Figure 3.

[00040] The first test strip embodiment as illustrated in Figures 1-3 may have a
possible drawback in that reagent layer 22 may dissolve in a liquid sample and move
portion of the dissolved reagent layer over the uncoated portions 12u of second
working electrode 12. If such a scenario were to occur, uncoated portions 12u would
also measure an oxidation current that is also proportional to the glucose
concentration. This would degrade the ability to use mathematical algorithms for
removing the effect of interferent oxidation. In an alternative embodiment of the
present invention, reagent layer 22 should be designed to dissolve in such a way that
does not migrate to uncoated portions 12u. For example, reagent layer 22 may be

chemically bound to the first working electrode 10, second working electrode 12, anc
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i ncludes a clear portion 36 and opaque portion 38 as illustrated in Figure

1. In accordance with the present invention, top |layer 40 includes a

pol yester which is coated on one side with a pressure sensitive adhesive.

Top | ayer 4Wwowmes/esssnpaque portion 38 whi ch hel ps the usgir/@Bsein@asa hi gh

degree of contrast when bl o d un rneﬁig cl ear P@rtlon 36. This allows a
remanigea t

user to visual | yreEgence electn TENE P57 AamIZeS the migralipR At | v
filled. After St&gsm&arwgeﬁ%%éfzbam nated, it is cut along incision |line
A-A" and. in the process creates sanple inlet 52 as illustrated in Figure
3. [000401 Moe4f1]i rst A(fsrtthestembpdimdnbdf thre ptesery invention asillestratedd iEiijxreé. the 3 may

have a possible wback..in | ayer, 22 dissolve in.a.liquid
sanpl e and nove e‘B meft iflps 18 é%‘é‘?vé up a@‘%‘f‘clegagrmrﬁwﬁa’foﬁéw’ed

portions 12u of §eaARGbradet Md}gsoweawg@&qoagunwatea%h@ SR Hch R WEfkEngl O
occur, uncoated portions 12u woul al’so neasure an oxi dation current that
is also proporti dﬁaiodeohﬂhnseghhmimalt mwmbwmrkmgmﬂrowi@ hmui@l-shtfpgdade t he

ability to use mat hemati cal 3 It msf m)V|n t he ff ct of
el o8 103

i nterferent oxi dBROMSHY WheTSh G RPLEORS S é?ﬁS’B ?‘f?élﬂf‘ glecty REsERpsed by
i nvention, reageglinltay8as Akisthed ifirierede Sh AB&AddnRe AT ﬁ/l%sénpm%ls’l?tibnar

that does not m grate {0 uncoat ed portions 12u. For exanple, reageht Tayer
22 may be cheni lagérl Iy Ohodisgosed on Ioalyfa postionvali secorgl mrkm'grelmttrodi)lmstecfmndan

ki | ectrode 12 05/ 045412 004
Ol cot rode 14 o EGARAPRIRINLE REPHELRIEAR | Wats AIRIRES GLFEHS G Rttt o
di ssol ved reagen%or{lgly £62 A?x d%@&%&lmﬁlé idter ® ngbﬂ}%lﬁtlo% is'd egft‘%éﬁ%i

invention as illustrate ure 4, the enbodi | ustra FI gure
4 reduces, and |wodmgdeaurodedﬁo.rrWIEn@pplymgmqmdztesampllehﬂei Yo fonassenblal test

d
TN XeSnéﬁé‘?ﬁgm?gi Bt RSHA R BVt el LS R eosiedpenap O WAL
where 2 di screteg Qafédbpae}g Blers@ oMM iRy “Bﬂ&bsﬁl r}@g@%&%ﬁg@%@gygﬁ%ﬁx

cutout 108 as |I ustrat In Figure 4 I i ‘acco
i nventi on, reagethe ligaidditow, thisiabnakit sqﬂusb@rmntmbqgeat lpynrﬂmrfronfdlssebmngjan&w ki ng

el ectrode 102 to form an uncoated i .102 ted. portion 102c as
illustrated in FT“@%E?"@%“) “Bﬁ?,"’é‘&f OIEM% 813“81%112516? g‘ea{ﬁ?tﬁ% c %g‘%lggr‘ﬂl 2 inlet
52. Coated porti %uﬂa%?frén?ov%%@&?&ts dfntbiErhts ﬁ‘@ﬁ{ iﬁle REkaSir&LbXiafion @ entEN
applying liquid to sanple inlet 52 of an assenbl ed test

[00042] Figure 4 is an exploded perspective view of a test strip 162. Test strip 162 is

manufactured in a manner similar to test strip 62 except that there are geometric or
positional changes to a conductive layer 164, an insulation layer 106, and a reagent
layer 110. For the second embodiment of this invention, substrate 50, adhesive layer
66, hydrophilic layer 68, and top layer 40 are the same as the first strip embodiment.
Test strip 162 has a first side 54 and second side 56, a distal electrode side 58, and a
proximal electrode side 60. It should also be noted that the first and second test strip
embodiment of the present invention may have elements with similar structure which
are denoted with the same element number and name. If analogous elements betwee;
the respective test strip embodiments are different in structure, the elements may hav
the same name, but be denoted with a different element number. The following
sections will describe the respective layers of test strip 162 in more detail.

[00043] For the strip embodiment illustrated in Figure 4, the first layer deposited on
substrate 50 is conductive layer 164 which includes first working electrode 100,
second working electrode 102, reference electrode 104, first contact 101, second

contact 103, and reference contact 105, and strip detection bar 17. In accordance wit
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strip 162, the liquid will flow fromsanple inlet 52 to coated portion 102c
until all electrodes are covered with liquid. By positioning uncoated
portion 102u upstreamo the liquid flow, this alnbst entirely prevents
reagent | ayso Jbfodsaem di ssol ving and mgrating to uncoapetgBsdolvsag74102u.

Thi s enables the mathenmatical algorithmta,, accurately. renove the, effects of
interferents froffeMeSeREIYTANO 3 'rﬁeé’trf‘%}ﬁ “(’:‘H’rarne%?‘?lmflﬂ)ﬁélfﬂ may be paed/fo;depog

expl oded per spect infferial SY¥hQE, RBr tLhp1& td doRdikide cdBEh inklih aRlefifell gedmetry as
manuf actured in a manner simlar to test strip 62 except that there are
georetric or podlustretad in Biguregk sFirss centach AL sesond cpafpelr! 036and rgferéngs gptadton

| ayer 106, and a agent |aye 10,. For .t he.second odi ne of this

i nvention, subst }gfglgggsu%eéﬂésekybqaléw _erfaé%,m fd?%ﬁrh?ﬁ\t{%gkoévfgbég@fﬂg%d t op
| ayer 40 are thecrepRalBbcdnBumhitats to fifst Whrkaipaeitdae100, sdesnd widrking efefodtas a
first side 54 and second side 56, a distal electrode side 58, and a

proxi mal el ect r od82,snd eefe@ncd ¢lecttoda |84 alastesprstivie et contaet 10 eserondseontasti10:
second test stri 8‘& {e?&rbodi mentt tofOthe present invention nay have el enents
with simlar strg®d FHERGEARIR: denoted with the same el ement number and

name. |f angdgedqps el eHEBdcond Blyde@dpositda®n’saBRRAL 5048 iRt 458 nbBafsPRi OBt S
are different in structure, thé elenents may hay' the sane nane, but be

denoted with a diisiktiemiayet Hifeindisposedemn. at least afportianviregnductive layersl 64i dsishow
describe the respegtive,layers_of test..strip 162 i.n re detail . [,Q0 ] For
the strip enbodi ﬁ‘g“ﬁeff‘uag“é? g&?ﬂ“\?ﬁla_ﬁ(igla_ﬁ‘fv?wgfﬁidf%gﬁlpp Vé‘rOfgS"éblLﬁ'PﬁgZ on
substrate 50 is GaRAUEEHIERtS BY BsitGifofiishorkhgedasdd 1005 et Kohangtiegtdqode

100, second working electrode 102, reference el ectrode 104, first contact
101, second contl62tand 0Ferencrkelectfode d A4 withoespadtto irdalatiomthyett ¥06p det ecti on bar

17. In accor wit 13 2005/ 045412 PCT/ GB2004/.004574 t he prese
i nvention, zﬁ@ggﬁen ngéﬁﬂ\\}[\ﬁ\gtlﬁyeé R P‘bfn‘%&?@ésh“ : %Abls&gg%gegbla&eégggit a
material such as g 0hatG¥4pER! Byerd 1068 b 6n HAERPA pbitién b8 céhddefivelggtrag@met ry

as illustrated in Figure 4. %I rst contact 101, second contact 103, and
ref erence cont actnd in@latieylaper 106ed shawmindtigure 6alFignré 6 isor fivaplfied planaviewtodr .

TR CRENCE T AT RN 0 TR,

via, respective, jivehfin which Aeghlibhik thSFRADA of AR NaybP110 WiH résgé& KERRE

contact 105. 1000441 The second | ayer deposited on substrate 50 in Figure 4

i s insulation | ayerkingelectradesi@POasacond woaskeng el@trode 108, seforcack dectepde 184smd a

portion of cond u%siuiéi%oxk %%rr 1(i]66.3 Alle%%exﬁquvgl 10 may be in the shape of a rectangle having a
reagent width W13 and a reagent length L16. In one embodiment of this invention,
reagent width W13 may be about 1.3 mm and reagent length L16 may be about 3.2
mm. In a preferred embodiment of the present invention, reagent layer 110 has a
sufficient width W13 and length L.16 such that reagent layer 110 completely covers
first working electrode 100, coated portion 102c, and reference electrode 104, but
does not cover uncoated portion 102u.

[000406] Figure 7 is a simplified plane view of a distal portion of a test strip according
to the embodiment of the present invention illustrated in Figure 4 wherein a reagent
layer is illustrated with the conductive layer. In contrast to Figure 6, Figure 7 does n¢
show insulation layer 106. This helps demonstrate the conductive relationship
between uncoated portion 102u and coated portion 102¢ which was hidden undemea

the opaque character of insulation layer 106.
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in Figures 4. Figure 5is a sinplified plane view of a distal portion of
test strip 162 which highlights the position of first working el ectrode
100, second working electrod 102, and reference el ectrode 104 with respect
t o i nsul ati o 10eyers41206. [ 000451 The third | ayer depositeﬂyponﬁnhangate 50

on at °1 east 004, { o Bt g rmErdReR ik in 1SR it dEP e ADEis besREas

shown in Fi gure ffnEhginRibof the ArsbwoRing é16droak 206 s¥édM wAirkingefdcabdP it | h&n Of
test strip 162 according to the second enbodi nent of the present invéntion

whi ch hi ghl i ght srefehmlcml@ptrtpdmloéf Insulagiendayeml Qb funthey ingludesraconpoat £ 08 whichmsay
wor ki ng el ectrode 10 sec rkin eIe trod f ence el ectrod
104, and insul ati8f %{?8?8%6’6%%3 %@H’P“i‘ Rre ‘ng;’O ﬁ%m el%l’Snexp?.é:sgmB@n
rectangl e havi ngg@t wéﬁé}%eéi'écu%éildm YdcdnaRsbridng eraedde 102Nstdeteldice bRcIRNR
enbodi ment of this invention, reagent width W3 maybe about 1.3 nm and

reagent |ength L8 Wﬂuylbeardmm‘ttteg vith Irgnid.| Gutquiph08ffarthesdndndss didistaltcutsiut t he
present invention, ent la 110. ha U 3 _and l.ength
L16 such that r e‘ﬁlj]ghﬁﬂqa&’ré?ml ﬁut88%1d£}t§”?f %3\5{4 g‘ﬁo'ﬁn?‘&% %?Q?\Qﬁfbp@ﬁgmlr ode
100, coated p_Ortd&dhtl&%ﬁ‘me1H@§tﬁfe€riﬁ9‘1g%l'@§hﬁd36’eDﬂs%cut'@Uimd@Qﬂslant cover
uncoated portion 102u. [000461 Fi gure Is a sinplified plane view of a

di stal portian ocron&spcmds tosthe wpdth o Dmmat@g portiont192u.c Pistal ichiont lengthtlHg ipgreatent
i nvention illust d.in_ Figure.4 wherein r eagent et J-s i.llustrated
with the conduct ﬁﬁ a\ “‘%ﬂat%ﬁ??‘ggtla#‘b %06’69 ¢ touﬂ"% g]l?z PP ’ﬂ’i’?aﬁs how
i nsul ation Iayerc&&ﬁlengmﬁlmh%a% Rkcforl WRIcR szﬁﬁafayeﬁ;k&a@le%am

bet ween uncoat ed portion 102u and coated portion 102c which was hid

undeneai t he opaguengtihaf fist workrfg dlentnoded 0@ meferepes ele.@@de 104,\a0d 20864 pdkﬁdn_z
PCT/ GB2004/ 004571 [ 000471 For the strip enbodinment illustrated in Figure 4,
I nsul ation | ayer 6 is used t< define the width of the first working

el ectrode 1@@04 gjecondipwREdsiiiide HiBahé HdSent Rvent dlsfaf&ﬁbﬁ%@ttﬁwqﬁ}tﬁrgﬁﬁlalwf
I nsul ation Tayer 106 further incl udes a cutout ma} have a

T-shaped st ruct wetowsvidtholi,idistdlicglentlengthd.16 an@toalmalm%i@pg@dsl Samgolravieon
ol cctrode 104 vEISPEOLROBETTER PTG G608 2RO Ut t her | ncl udes.
a distal cujoppke] W dtf th ertbodhentiofFigusdld Abodtédii i 16u, fereleidealieckidliout
| ength L14 and a proximal cutout |length L15 as illustrated in Figure 5 and
6. Distal cutout 104, fitsh workihg electrode 100, and coated portion 102¢ have a respective length of
110,12, L11, and L13 which may be about 0.7, 0.7, 0.4, and 0.4 mm. Electrode
spacing S11 is a distance between uncoated portion 102u and reference electrode 104
which may be between about 0.2 to 0.75 mm, and more preferably between 0.6 to 0.7
mm. Electrode spacing S10 is a distance between reference electrode 104 and first
working electrode 100; and between coated portion 102¢ and first working electrode
100 which may be about 0.2 mm. It should be noted that electrode spacing S11 is
greater than S10 to decrease the possibility of reagent dissolving and migrating to
uncoated portion 102u. Additionally, electrode spacing S11 is greater than S10 to
decrease the possibility of reagent layer 110 being disposed on uncoated portion 102u
because of variations in the pﬁnﬁng process. The fourth through sixth layer which is
successively disposed on strip 162 in the same manner as the first strip embodiment.
The relative position and shape of the adhesive layer 66, hydrophilic layer 68, and tog
layer 40 are illustrated in Figure 4.
[00050] In the embodiment of the invention illustrated in Figure 8, the C-shape of

second working electrode 102 may be partially altered so that the order in which
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corresponds to the width of uncoated portion 102u. Distal cutout length L14
is greate than the length uncoated portion 102u. Proximal cutout width W12
and proximal cutout length L15 fornms a rectangul ar section which

appr oxi mat e mrposere the width and length of first wor kidwgceleeqéguede 100,

reference el ectrode, 104, and cqate ortion 102c. [.000481 Ln accordance
with the pr esentlquWlé’HP]iddYﬁt%Eﬁ ?cﬁrlogiﬁﬁ‘f’%‘hil 8&}!&?%@5{/139 }O"plrzbgki #\‘E‘ WOKi®out Wi dt h
W2, distal cuto QF X i 0B 108 Yt Ao ad 5¢. ave a
respective di mnﬂ%cgﬁgg?bggﬁée??@nggel y 1. 1’,an'0. 7, 2§561GBgltrt]§n51_ 6c mn%ﬂ%hfooowl In
t he enbodi nent ofltefrative orrhat, fiingt cairladg plectraderi 00GAd coated porgoc €02 watldbee 104,

first working electyode 100, .and copate ortion.102c haye a respective

Ieng'ltE Ih oI Ic_ilo, bl _,ISt?;‘}tgf,m %ﬂC{Cng%P%ﬁP%‘V%@QEH%ﬁﬂge ?m@.‘"/[,ﬁ ‘8991, and 0.3

nmm ectrode ; : ~an
SRAGIHeD 1 fod stodhddtry GRSSAIAEH MBS Tesy agaggtsgglngg%e@% ﬁgﬁg jand

reference el ect 104" which nmay be between ‘about O.
pref erabl y bet wetha electiodes afk. afrangen soEha dhe arder inpadchnliqusd &oukl wet dhes¢lacimodes

bet ween reference el ectrode 104 _and first working el ectrode.100; and

bet ween coated p¥pyld gﬁ ugepated nogiqn ﬂ)gl" 'iﬁff’l“fﬂcﬁﬁ{eéﬁr w&démt E’Gg‘“%?lﬁ‘ﬁf‘#ﬁ)} 08e
about 0.2 nmm It a i : i

than S 10 to decarnt'éalrz}is%faH %ﬁteégp@gﬁs@gllo??'t {:/Org( E%{fgg%f égl ssﬁgﬁl &?ln%dkgﬁ%f%ﬂéfﬁﬁg to
uncoat ed porti onfrdi 2efereAcktiltdtndall D4 thae tleadistaske bepreeznfgst SVorking elegtredd 0 t han

S10 to decrease the possibility of reagent |ayer 110 being di sposed on
uncoat ed porti onanlgofrenseelsefsededf4yari ati ons in the printing process. The

our R, ARl s RS P B,

t he sane manner "as the ive sitron and

shape of the adhiaiiyéndepat@ientis intbiferenehi Alfer d@jigya Spladito b st sthipyLsond@nar e
il lustrated in Figure 4. [0Q00501 In the enmbodi nent of the invention
illustrated i n Fryential i apph tothetirsbandrsecapdawpringslaetradesand acpemt 1302 maybe

partially altere eﬁ%ﬁre&ﬁ&t b&tﬂgllegi'(qm%%. %Ethweqr%c cl),rlé:lglé\égcag eg\ér ég ﬁejagent cQve

PCT/ GB2004/ 0045 I quird wou e S Wou € uncoate rfbglrfti on
102u, first wor kérdtige elettisleransdctht Gsllowind equation cal Roised tedebfidbe the Gorhpéiientoat ed
portion 102c. In the alternative format, first working el ectrode 100 and
coated portion 1G2EiNNE P e oxidgtionicwreaht from ref erence el ectrode 104 whi ch
is desirable froman IR drop perspective. In the second strip enbodi nent
(i.e. test strip 162) illustrated in Figure i

WE; =G + I (Eq )

where WE) is the current density at the first working electrode, G is the current densit
due to glucose which is independent of interferences, and L, is the current density
due to interferences at the portion of a working electrode covered with reagent.
[00052] At the second working electrode which 1s partially covered with reagent, the
following equation can be used to describe the components contributing to the

oxidation current,
WEZ =G+ Icov + Iunc (Eq 2)

where WE; is the current density at the second working electrode and I, is the
current density due to interferences at the portion of a working electrode not covered
with reagent. Alternative embodiments of the present invention can be made using
different areas of reagent coating for the first and second working electrode, but then

the equations must account for the different uncoated areas.
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the el ectrodes are arranged so that the order in which liquid would wet the
el ectrodes would be uncoated portion 102u, reference el ectrode 104, first
wor ki ng el ectrode 100 and then coated portion 102c. For test strip 162,
coat ed portwonoedsddssis farther away fromreference el ectpcqssd6khoidian t he
di stance between first working el ectrode 100 and reference el ectrode 104.

[ 000511 An 8@ t hmTeexpduaetibe effestseofprterfersnres.aineapatidngs formudated whichd gl ucose

current that is,indepgndent. of.i.n dosi ng_.a, sanpl e.onto a
Cost Cotrip. a colapiiee HEEte Rl fFEhIhE R e bRy AR BB SRR B ng
el ectrodes and ae6dtidrvdtking®lectrbdsatidatle titoated pbrtioh oF iHeadesnd Workinpldctrbad.
wor ki ng el ectrode where reagent covers the entire electrode area, the

fol | owi ng equat ilbis appiexbeated that the injederentgxidatien eusran density measmed atidhe ¢astet o

t he oxidation current.. VE, = 7. = qi.sathe current. densjity at
the first worki r]?g0 rté?nelétﬂ}eosﬁren%a&ﬂ}es%t dg\ﬁ@%[ﬁ?a\éﬁgﬁg ?%he u&ﬁ%alg?dop oé'fl%%o *whi ch

i s i ndependent  olatiBhsbl Fefee desciibel By the Sollobengcequagan, density due to
interferences at the portion of a working el ectrode covered with reagent.
1000521 At the second working el ectrode which is partially covered with
reagent, the follow ng equation can be used to describe the conponents
contributing to the pxigjﬁlfig[[ current, WE2 = G + fﬂrpi"a)’f l,,. (Eq 2) where
WE2 is the current density,at the second working electrode and |,,,,, is the
current density due to interferences at the portion of a working el ectrode
not covered wth reagent. Alternative enbodi mrents of the present invention

can be made usin di,fferent ar of reagent ating faor, the fir an
second wor ki ng e‘?léeé? fﬁtﬁ’&l}és,tﬁ%ﬁrte ?ﬁsgeﬁon({ ‘ﬁ%r%en%ueg%cfrg%escov d‘?@%ﬁeﬁﬁﬁn %‘f‘ﬁ‘f"ﬁlé%
di fferent uncoatgeh @fseésnd Wtk RRA5d b 43verGHIICRARAA/ 004574 [ 00053] To
feduce the effects of interferences, an equation is formrul ated which

descri bes t108054| at i dhslivupl beolgdethat unsogted parfiensd?u and coated pertionshBcanast ed
portion of the .second rkin | ectrode and, t he. uncoate ortion of,the
second wor ki ng SIANEAFERES lvelafe%i@n%ﬁé?s_ ﬁ”?rﬂ'@é‘&”t are ﬁ@p‘i’rﬁf’& Hé’rcé"ﬂtox’dl)'&edati on
current density jgRagrhRdbiainot BRceedeiuse R ot CoatéPwith feaddiiBayep 23 "B GHfrheNt
density neasured at the uncoated portion. This relationship is further

descri bed by t hecofatsdpovtiond 2e gamexidize glucose and interferents. Because it was

experimentally found that uncoated portions 12u oxidizes interferents in a manner

proportional to the area of coated portion 12c, it is possible to predict the proportion
of interferent current measured overall at second working electrode 12. This allows
the overall current measured at second working electrode 12 to be corrected by
subtracting the contribution of the interferent current. In an embodiment of the
present invention the ratio of 4,nc:A4cv may be between about 0.5:1 to 5:1, and is
preferably about 3:1. More details describing this mathematical algorithm for current
correction will be described in a later section.

{00055} In an alternative embodiment of the present invention, the interferent oxidatio
current density measured at the coated portion may be different than the current
density measured at the uncoated portion. This may be ascribed to a more efficient o
less efficient oxidation of interferents at the coated portion. In one scenario, the
presence of a redox mediators may enhance the oxidation of interferences relative to
the uncoated portion. In another scenario, the presence of viscosity increasing
substances such as hydroxyethyl cellulose may decrease the oxidation of interference
relative to the uncoated portion. Depending on the components included in the

reagent layer which partially coats the second working electrode, it is possible that th
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| =cAv x Inns (Eq 3a) 'Inc Awhere A, ,,, is the area of second working

el ectrode covered with reagent and A, .,, is th area of second working

el ectrode not covered with reagent. [00054] It should be noted that uncoated
portions 12wesydseaaied portions 12c may have a respecti ted as
A, and A ,,. Uncoated portions 12u can oxidize interfer eryn_ S{?f;gog%/ﬁi(ﬁg?;

gl ucose because interfesenh oxidativat cucrend densityaaepshred labijie cogied portion arayrbeanore ont ed

portion 12c can pxidi z |l ucose and interferents. . Because it ,
experimental |y f%ﬁ?ntga‘f ﬁ‘ggnﬁ%geglﬁog‘bonpor Slel(;)ertllg"lfﬁrﬁla%g? |e?8§nepﬁlt°§?% mrided i o
manner  proport i RbgditingOEqadoRB LR thé ftloaigfopay tion 12c, it is possible to
predict the proportion of interferent current neasured overall at second
wor ki ng el ectrode 12. This allows the overall current neasured at second
wor ki ng el ectrode 12 to pﬁ glorrected by subtractig%it}e contribution of the
interferent current. fer adh ’dmbodi ment of the pres l?nvention the ratio
of A,,,,Cc: A v may be between about 0.5:1 to 5:1, and is preferably about
3:1 More details describing this nmathematical algorithmfor current
correction wll {Rerdes G 4 Bffbclith RclogvbichSedipddites (hH@EB&ES of theaitedbley Nat i ve
enbodi mrent of the present invention, the interferent oxidatio current
density neasur edoxdationeficeatcy of thercbated tonencoited portiber ent t han the current
density neasured at the un%o ted portion. This may be ascribed to a nore

efficient ol000eds ef rindnembotimeahet hperent fventicn Eqvation . ehandameabgor ti on.
In one scenario, E@Eula%?& §arle aﬂfegﬁatfoﬁ%ﬁ o%q{s%t&h%gwglugammt Qisi
oxidation of interferences relative to the uncoated portion. I'n another
scenari o, the prdependeniof intsfoomicey It sionbhbisi muted thatithé thideasjustiads (Bquation 1,
hydr oxyet hyl cel ] ul gse m?% dg&r ease the oxidation of interference relative

to the uncoated pcrdidahco AN 3 SRKROTENS SHHELHE 6 deov ARd Lucre FEGUALITHE can b
reagent | ayer whj i ALl he second working electrode, it is
possi bl e t hat thfeﬁ%%%@%ﬁlbo}@%?n CT/ GB2004/ 004574 interferent oxidation
current density neasured at the coated portion nay be nore or |ess than the
uncoated portion. This behavior may be phenonenol ogically nodeled b

re-writing Equation 34 T BB hé&of ol | owi ng form Iw,, _q‘.")f x I. (Eq 3b) where f
is a correction factor which incorporates the effects of the interferent

Next, I, from Equation 3a can be substituted into Equation 4 to yield Equation 5.

A
GZWE‘]'[ACOVXIww} (Eqs)

Next, Equation 1 and Equation 2 can be combined to yield Equation 6.
I,mc = WE] — WE] (Eq 6)
Next, L from Equation 6 can be substituted into Equation 5 to yield Equation 7a.

G=WE, - {(iﬂ)X (WEz ~WE, )} (Eq 72)

me

[00057] Equation 7a outputs a corrected glucose current density G which removes the

effects of interferences requiring only the current density output of the first and secor
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oxi dation efficiency of the coated to uncoated portion. [00056) In an

enbodi nent of the present invention, Equation 1, 2, and 3a maybe

mani pul ated to derive an equation that outputs a corrected glucose current
density i RRSARAL, Of interferences. It should be not edct/oabodshessthrr ee
equations (Equation. 1, 2, .and 3 a) col I@ﬁtivel% have 3 unknomﬁ‘ns whi ch are
G lcon, and |. YeRking deptpde and gipronogign.of thecpated to Hacaatid ases ¢idhe tseend
G=Wer-lc,, (Eg4) Next, I, from Equation 3a can be substituted into Equation
4 to yield Equatworkirg eledBolBin[onic fembedinidhEaf3he present NexehtiorEpe ptaportidn 244
Equation 2 can be conbined to yield Equation 6. |unc=WE2-WE, (Eq 6) Aext

In. from Equation 6, can be sufbstityted into .Equation.5 to yield Equatjon 7a.
G v (oL SRS Poegredining She ek P B iC g read oy Psbey sin

corrected glucose current density G which renoves the effects of
i nterferences r eawiler gbodimgnt dfehepreseahinvemng, thg poerfoptinn 6f™t ey bé tratsfered
secor 18 WD 2005/045412 PCT/ GB2004/ 004574 wor ki ng el ecthode, and a

proportion of the coated to upcoated area of. t he second r.ki n | ect rode.
In one enbodi men®! ?mﬁ?éV’SF&E&FF%?‘h%%ﬁtcgﬁ’n“o’lPﬁ%wﬂP@dﬁﬁ ETCSW\‘,&&“ %%L AR pe
programred into Gtibeoae yetar,. in, for exanple, a read only nenory. In
anot her enbodi nent of the present invention, the proporti on A-w may be

transferrer [00858ic t o Inhee alternetivegmbadinertiththatpresentdndimtion Eguatiuindh 2ywnd 3 may
account for manufacturi vari.ations, in,A o.. or Aunc. 0058] .In an,
alternative enboﬂ‘f%éﬁ?seaqueﬂghep‘f‘??gﬁm PHOZHAD YR _ﬁf‘fyofﬂl © coated REFUIgR 1S 1y
be used when theginRlAf fEhGR infXHcrat bfbatfoll dufRht RASKS §thd &Ecotateg 6RARNE Y
portion is different fromthe interferent oxidation current gn5|ty of the

uncoat ed porti onsuchn cassyaalternaive comertiah Egnatami Abas denivedes iskowitbglawi on 7b is
derived as shown below G = WEB - [f x (W2 -WE, )} (Eq 7b)

G =WE, - {f x(WE, —WE,)} (Eq b)

[00059}] In another embodiment of the present invention, the corrected glucose current
Equation 7a or 7b may be used by the meter only when a certain threshold is
exceeded. For example, if WE is about 10% or greater than WE, then the meter
would use Equation 7a or 7b to correct for the current output. However, if WE; is
about 10% or less than WE|, the meter would simple take an average current value
between WE;and WE;, to improve the accuracy and precision of the measurement.
The strategy of using Equation 7a or 7b only under certain situations where it is likely
that a significant level of interferences are in the sample mitigates the risk of
overcorrecting the measured glucose current. It should be noted that when WE; is
sufficiently greater than WE, (e.g. about 20% or more), this is an indicator of having a
sufficiently high concentration of interferents. In such a case, it may be desirable to
output an error message instead of a glucose value because a very high level of
interferents may cause a breakdown in the accuracy of Equation 7a or 7b.

[00060] In the embodiment of the present invention illustrated in Figure 9 and 10, the
first and second working electrodes are partially covered with the reagent layer in suct
a way that that the uncoated portions of the first and second working electrodes are
different. This contrasts the previously described first and second test strip

19



[ 00059] I n another enbodi nent of the present invention, the corrected

gl ucose current Equation 7a or 7b may be used by the neter only when a
certain threshold is exceeded. For exanple, if WE2 is about 10% or greater
than W, , twenodsmasseter would use Equation 7a or 7b to peaycEeds/doss7at he

current output. However, if 2 1.s about 10% or |es han ,,..the nmeter
woul d si npl e t akeaEnbodinags %(Bg\é\glﬁql“éh‘f’orgﬁigtféemﬁg‘f REamp y%ﬁ?’&}%ﬁ?tﬂ hereagenve
t he accuracy an%&rreci sion of the neasurenent. The strategy of using
Equation 7a or only under .certain situations where it is likely that a
si gni fi cantjobesigl of Hipireofies sinpdified plane miewhs ashstyl pertivintdfgaese stript2®00i sk of
overcorrecting the nmeasured glucose current. It shoul d be noted that when

t
WE2 is suffici eﬁ?ﬁq’fﬁm@rt@é{?teﬁmg‘ﬁ%ﬁm?@}??@o theprerent YRR “f?ﬁfeél) a reagent layer 5,
i ndi cator of havjng ﬂggugeé& Wi&l't{?é‘&dnﬁu&i&hafe?Qﬁcﬁﬁgﬁlgﬁdrﬂg%éi‘fzobi‘&ﬁﬁftﬁérg%teg}wL”

such a case, it may esirable to output an error ssage I nstead o
gl ucose val ue begeaitiig dectriedss whighhdveaalunodated puiridorf. EFestdtsp BOG2 is muefaatured

breakdown in the accuracy of Equation _7a or 7b. [00060] In the enbodi nent of
the present i nveR@ITBHIFT fiTpiler toitest Siip 02 Feent tt Higte 1§ @ geqmeinic change topMowdéond

working el ect roagsnabf iPREhic. | NestRFH60 msmmﬁgagggﬁgﬁg@awagmv:%w%, a

way that that the uncoated portions of the first an

el ectrodes are wagehelagat22, ddtiesive taytr G hgdropialiptagerd GB) shd/togéner 4baditeftistiy and
second t est stri&w WO 2005/ 045412 PCT/ GB2004/ 004574 _enpodi ments_where the
first working el®@ectYestgrp200wpy Bedificd tokave @ guignt 004 vdghohasadumbhell jike

[ 00061] Figure 9,i Sl -1 n | i ' f t est
strip 2000 accosrhaﬁ%%l?g%gd%méeg ?n%*gg%“nﬁg{lltﬁaggf hcglkoﬁlgggdedn Fﬁ\ﬁé%tt i on

wher ei n a r eagenkorkigaslectrdde RG0S tb lintdideat fixdt sviateld pofionGO08LIA1d andirktaynesatedd
iI'nsul ation | ayer 2002 such there are twc mrkiqrbgtelectrodes whi ch_have an

uncoat ed porti orPortres2008u; anl spo warking slpchiede Q09 to include gspgoad ceatgd pertiop o

test strip 62 e ' [ . shown
o Figure | TepRt ahd RoohdGichated phBRAHAL 15 ofdE R st Aoyl crfocuify S
64, reagent | ayreductihe effdvesofistetfergnts, fast untyatedpditibn 2008mymaust 6Bye adiffetcap

| ayer 40 as test strip_ 62. Test strip 2002 was nodified to have a cutout
2004 which has atokA%s8dhan speqnd unggptedpostion 2008t rated in Figure 9. The

o 1129, 1988401 £ 8981 P e S IS MBORLFGRTEE RO

and second wor ki sigodirgcib istill §et2d0fhet @nbodimete f thegeesenidncentios tvhpreirt 4 feagent
layer 820 is illustrated with the conductive layer such there are two working electrode
which have an uncoated portion. Test strip 5000 is manufactured in a manner simila
to test strip 162 except that there is a geometric change to conductive layer 164 such
that both a first working electrode 4002 and a second working electrode 4004 have a
c-shape. Test strip 5000 has the same substrate 50, insulation layer 106, reagent layer
110, adhesive layer 66, hydrophilic layer 68, and top layer 40 as test strip 162. The
modified geometry allows first working electrode 4002 to include a first coated
portion 4002c and a first uncoated portion 4002u; and second working electrode 4004
to include a second coated portion 4004c and second uncoated portion 4004u. In
order for test strip 2000 to effectively reduce the effects of interferents, first uncoated
portion 4002u must have a different area than second uncoated portion 4004u.

[00063] Test strips 2000 and 5000 have an advantage in that they may be easier to

manufacture in regards to depositing the reagent layer with the required registration

and also any subsequently deposited layers. Furthermore, both the first and second

working electrodes will have to some extent the same chemical and electrochemical
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2006¢c and second uncoated portion 2006u. In order for test strip 2000 to
effectively reduce the effects of interferents, first uncoated portion
2008u nust have a different total area than second uncoated portion 2006u.
[ 00062] Fi gwoeodsnssaza sinplified plane view of a di stal ppwrds2004/00i578 t est

strip 5000 according to still.yet another enpodi nent of the presen
i nventi on wher ei 1te5aGioRy FHp any Hé%%e%ﬁﬁuqsgmﬁsl % PSP SPALT 34Ch a‘@b‘ﬁ‘&{]"cti ve

| ayer such t her e;aretibi\Brotds Kiviieh St Gon@seledtdidedTh oftlt 16V BRhRDate@atd; ON-
Test strip 5000 1's manutactured in a manner simlar O test strip 162

except that ther theissmearqgegomstwillocalandeth aectrodesivt to/ediffeyent extont. $isolg a t hat
both a first working el ectrode 4002. a ond rking el ectroge 4004 have
a c-shape. TestS ?‘?ﬂo%ﬁ‘mg%ﬂﬂéogzdﬁetﬁgiﬁg}wr'%Egl?ﬁ‘fmgﬁgﬂ}e%et‘i’s 3 Wer 106,
reagent | ayer 1&gﬁmggpg§hﬁgnh§¥ﬁko§§, hydrophilic |layer 68, and top |ayer
40 as test strip 162. The nodified geonetry allows first working el ectrode

4002 to include a first coated portion 4002c and a first uncoated portion
4002u; and second working el ectrode 4004 to include a second coated portion

4004c and second unco _e?@porgifpﬁf{lgow IWE) rder for K st strip 2000 to
botlh pf—g it Crer ZRL, 1

effectively reduce the erfect }azf_1 ren first u ated portion
4002u nust have a different area than second uncoated portion 4004u. [00063]
Test strips 2000 and 5090 haveq an advantage in that they may be easier to

nmanuf acture in rwgmedfﬁ%idéﬁgiﬁﬂuAgc,fm@agascdmbay’émeﬁmﬂwoﬂﬁagpl@qmdeed
regi stration and al so ‘éﬁy subsequent |y deposited | ayers. Furthernore, both

the first and second . workin | ectrpodes w | hav 0.sone extent the sane
cheri cal and el ochros HAMUBETHERTARS BOTEN RO EoEOdD o O S AcePRed arca o
interactions wt interferjing substances thus enspurin eat.,er accuracy
i the. corr ect i B Btk el R A ik RGO RFOEER ShibE Sl REHShRe | ovel
of uncoated are; 4.l héadesame reactions will occur on both electrodes but to a
different extent. f%l ng a sinple nodification to Equation 7a, the follow ng

Equation 7c can be used as the correction equation for glucose, G VE,

{V2] YE(Eg7c) ~ wherefl= = 1is an _uncoated area of the first working
el ectrode [G0064} - . ©ne adeagtage of the prasend inveption is the ability to use the first and secon

working electrode to determine that the sample receiving chamber has been
sufficiently filled with liquid. It is an advantage of this invention in that the second
working electrode not only corrects the interferent effect, but can also measure
glucose. This allows for a more accurate result because 2 glucose measurements can
be averaged together while using only one test strip.

[00065]

Example 1

[00066] Test strips were prepared according to the first embodiment of the present
invention as illustrated in Figure 1 to 3. These test strips were tested in blood having
various concentrations of interferents. To test these strips, they were electrically
connected to a potentiostat which has the means to apply a constant potential of 0.4
volts between the first working electrode and the reference electrode; and the second
working electrode and the reference electrode. A sample of blood is applied to the
sample inlet allowing the blood to wick into the sample receiving chamber and to we
first working electrode, second working electrode, and reference electrode. The

reagent layer becomes hydrated with blood and then generates ferrocyanide which
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A.c2 = is an uncoated area of the second working el ectrode, Acovl=is a
coated area o: the first working electrode, and A2 = is a coated area of

t he second working electrode. [000641 One advantage of the present
invention i avobmsaissidity to use the first and secon workpdgcBleRGbdsg@e t O
determ ne that the sanple receivjng chan%)far has been ufficiently filled
with liquid. 1t PaybeprEpesionale thy apend of gluease prgor gt t eoncentgation present
wor king el ectrod aiflby Sd3fds fof EifeRatle ApbliSftion tbHfe t |
measure gl ucose.ﬁlq}ﬁ%s Ie'l éﬁ%@%{gsmre accur ateBreea‘s?)fgllt %’gcaumsee%}@gﬁ)ﬂ%gse
measur ement s canoxidetiavefifageryatide esttheasured a$ 2 cursinh fpr dothythe fiest tand second i p.

[ 000651 Exanple 1 [.Q0066) Test strips were prepared according to the first
enmbodi ment  of th@”oﬂgé%%lﬁfm’dfanvention_ as illustrated in Figure 1 to 3. These
pest LT PS [iigd {eS! g 1 1UHBRY AR reshRRded BB GRS kitlel AR B0 tested
interferents. To test these strips, they were electrically™ connected to a
pot ent i ost at whi elitht¥@ang/Gk gheasessamplea pblpodsmlostswidin varyoigdenelsad f woic aGid4 Theol t s
between the first working el ectrode and the reference ectrode;, and the
second wor ki ng BP%EFP’G@I@“%%“HEE%F%P‘@?’S% e (@Gt(&?d‘ée‘ﬂl}’%ﬁﬂs)eswsﬁpood i s
applied to the samoleiialeh BldiOWoRotbRs PR c hidMohikentiatin. t SUmb

recei vi ng chanber an(lstl To we ! %trlgwogo&rhk?ﬁg gﬂec'tcrglge?ﬁsélcﬂgﬁﬁl'vgﬁél ng ¢

el ectrode, and r ebe¢ctadamrehtedepicidé by frimagles)erigeinis pravessed by Eayuatsorfakhatvedowi t h
bl ood and then generates_ ferrocyani de which 21 WO 2005/ 045412

PCT/ GB2004/ 00457&53%2‘;9’%@3%‘iﬁ’éﬁ“ﬁi“&ﬁé?‘dtcﬂm‘teﬂ'éat%unt of gl ucose and/ or

I nterferent W nt r ay ' I s from
t he sanpl e zspp |§at [ oiriigtgg3 %:lsgl%t%grg%e dsu'?r f{l%,gs@ﬁgggggﬁl a th‘f’]"‘g?’%flgé"r‘;?‘é’&ce;%%‘?ge S
nmeasured as a Cumidra40ney/dbglubodetsemples i blastispilexdomch vawink ilavglsaifagit meide Th

['00067] Figure 11 shows.the current regpﬁﬂn es of the first working el ectrode

tested with 70 RBIPAEe fiteRting sTpsapt4ism usetr 18 f shed (et the gerrsrting alseuitms of
uric acid. The YREQLAEHYTER A4 V4Relovala i Jtlhiosd Db RthiBhe UitlPId HERC! e
by squares) shows a Increase I n current-t I's proportional to e-uric
aci d concentr at i an, thtlon@viected tieent apthe &est edridng electiode dégpictedbly fpnaies) shogkes)

whi ch is processed by Equation 7a shows no_ effect fromthe i.ncreasing uric
aci d concentr at i 8Rinctease in current that is proportional to the uric acid concentration. However, th

corrected current (depicted by triangles) shows no effect from the increasing uric acic

concentration.

Example 2

[00069] To show that the method of comrecting the current for interferents applies to a
wide variety of interferents, strips built according to the embodiment of Figure 1 wer:
also tested with acetaminophen and gentisic acid at various concentration levels, in
addition to uric acid. For purposes of quantitating the magnitude of this effect, a
change in glucose output of greater than 10% (for glucose level > 70 mg/dL) or 7
mg/dL (for glucose level <= 70 mg/dL) was defined as a significant interference.
Table 1 shows that the uncorrected current at the first working electrode shows a
significant interferent effect at a lower interferent concentration than strips tested wit
a corrected current response using Equation 7a. This shows that the method of
correcting the current output of the first working electrode using Equation 7a is
effective in correcting for interferences. Table 1 shows that the current correction in
Equation 7a is effective for interferences with respect to acetaminophen, gentisic acic

and uric acid. Table 1 also shows the concentration range of the interferent which is
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[ 000681 Figure 12 shows the current responses of the first working el ectrode
tested wth 240 ng/dL glucose sanples in blood spiked wth varying | evels
of uric acid. Tl purpose of testing strips at 240 ng/dL glucose is to show
that the coweabs/as4rl gorithm of Equation 7a is also valli(ck/@u@n4/@457ange of

gl ucose concentrati Si.m ure he un ct ed current at
the first worki nBOI'é‘Iai.I(th?‘B’(SI nI’@é’B] 8‘1‘%‘%&6 érdé}grleai OSgﬂ PHentequEctor |
current that is Er(?agx‘aht7h@§‘é}fec59e£t@0%g/§Lgﬁio@se%ﬁ€e%&Eﬁ&IleQEl However, th

corrected current epicted by triangles) shows no effect fromthe
I ncreasing uric acic concentration. Exanple 2 [00069] To show that the

rrethod of ¢ ting the curcrent for .interfer nts de variety
mterfergIIIIogg stn%@“ﬁ# SI"OEEEBF’ERIR I5TPRE 1v§%%\ﬁ8ﬁﬁ-§t SIS'IIP g%IIIP@ 51 wen

a' so tested w thjagslam ﬁﬁwﬁhe@e%ﬁw& 56 &5 @ﬁsecbr?,&m@mapﬂﬁldqe BE ‘éﬁﬁr&ﬁ&d on

| evels, in addition to uric acid. For purposes guantitating the

magni t ude of thi andaédilsdied irdo testmEéO(szgwxmd)@emun%ufresﬁshyr 8 iecludéssn 10%

f I I I I = / dL
e 4t g as assae AP CEmaoiRe ey Bitedn itseiiofl 1550RE & Fapst Tt o0
uncor rect ed our r gffesi3t 1dyBeEH0) i 2 W1 828 sk EPRB06 BRNRr Ichiied R idlst 8 5

interferent effect at a’lower Interferent concentration than strips tested
wit a correctedanla perimalesp6hse usi ng Equation 7a. This shovvs t hat the

met hod of corr ctlng t he current out put, of e first.wor ctrode
usi ng Equat 1%07%h 3 i s Idestsirn §A, popdug Yeéeﬁrﬁbg S&Iﬂ e fifst laypr I ﬁré’atr@e
shows that the Cygr EBhduchld BGéd 09 maudelé%e&dn%&ﬁmg%m%&é@&é%vgg & workin

i nterferences w't respect t0 acetam nop gent|S| C aCI uric acid

Tabl e | al so showkctrdde wﬁmefmcwalelmtmm@w aﬁedohécontacaﬂﬂé,raeﬁnstmntachSISa 22
WD 2005/ 045412 PCT/ GB2004/ 004574 _noy mal.| 3,‘#” Ln bl o}c_z ]25 aﬂ]dltlon,
Tabl e | al so shoWEererescopiaet §19y # 8P @{lga}r 3s shewn dp Figyre; edpgterali v e
at 240 ng/ dL gl UGOIG,CONREER}VEMyePRO2 Eiﬁ%e pIoQQéﬂQxI grﬁitﬁhﬁ%@né\ﬁt&@% o * is the

expl oded perspective view of a‘test strip 800 th desi gne ance a
user's skin IayesameafoabokhaestemnglndltesgsmplSOﬂJ UI d to be expressed and

coIIectedlntotest strip.800 i anl es est strip 8 ncludes
a substrat 40832l 5 COHHHIGI‘?’I/gY‘Fr;SQ s 382%0&3 ‘Pﬁ’g SBRSF AR F‘Hiﬁgﬁteégﬁf?m& 3tighgent
| ayer 820, an wgaswfﬂc WAB%E] R 18%&}ﬁc1fm5§>ﬁadeaavre£tm$%.gar sipelt skhéthR. €Qbut

further includes dlsta end 5 and a proximal end
18 exposes a portion of second working electrode 806, first working electrode 808,

and reference electrode 810 which can be wetted with a liquid. The material used fos
insulation layer 804 and the process for printing insulation layer 804 is the same for
both test strip 62 and test strip 800. '

[00073]) Reagent layer 820 is the third layer disposed on substrate 50, first working
electrode 808 and reference electrode 810. The material used for reagent layer 820
and the process for printing reagent layer 820 is the same for both test strip 62 and te
strip 800.

{00074} Adhesive layer 830 is the fourth layer disposed on substrate 50. The material
used for adhesive layer 830 and the process for printing adhesive layer 830 is the san
for both test strip 62 and test strip 800. The purpose of adhesive layer 830 is to secw
top layer 824 to test strip 800. In an embodiment of this invention, top layer 824 ma:
be in the form of an integrated lance as shown in Figure 13. In such an embodiment,
top layer 824 may include a lance 826 which is located at distal end 58.

[00075] Lance 826, which may also be referred to as a penetration member, may be
adapted to pierce a user’s skin and draw blood into test strip 800 such that second
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1000711 In test strip 800, conductive layer 802 is the first |ayer disposed
on substrate 50. Conductive |ayer 802 includes a second working el ectrode
806, a first working electrode 808, a reference el ectrode 810, a second
contact 8l2w@2dob/pemixont act 814, a reference contact 81ﬁ(:T/GBmon,b¢p|574

detection bar 17, as shown .in Figure 13. The used ductive
| ayer 802 and th@oi]ﬁ“b‘i:‘@%‘émfiﬁgo rﬁt‘?’?fé‘ &#&Hega{‘/@ A éﬁferg’ﬁffq ﬁ 18age for
both test strip @&t&nctah@éﬁybélhahae BDQncd: 993@783.]2 the Sttt ¥t h?sva%n@%omet he

second | ayer disposed on substrate 50. Insul ation ayer 16 includes a.
cutout 18 whi ch smgmblad eeshstripcLamg¥lamaytigpeailestithuiother an inSulating mattSaksupbses

a portion of secon |ng el ectrode 80 first r ki.n C de 8 and
reference el ect r?fdga%‘f ErHJ ligonpar %&“ﬁ%‘&%?ﬁe‘\ﬁ%s}“&hgﬁa@ﬁ ﬁ%ﬁ?éﬁ“?%‘?ldused
foi insulation pgyer &Qﬁ a&fiotfliﬁt gﬁ@ﬂ%ﬁl&Pﬂe@éésmdt ngeam g?aftédlﬁnéeaééﬁ'be%”f

is the sane for bothtes strip test strip 800. 731 Reagent

| ayer 820 is t hefouhd idinkeayaionali AmpimetﬂomNostE)Hﬁmlé)Sﬁ@} a!hd Us& Patenk Applicatios
el ectrode 808 a e eI tro terl used r eagent
layer 820 and th& ﬁflﬁ%‘,@ fIBF P?’h jggﬁéi@’éhﬁ?gg é%rcfxiag‘p{enéygarre f or
both test strip %%gﬁe@éivé Sie-sbinip ,J&gt%elqnq&eo99&&&1os%qhﬁaieva%ﬂeﬁ%ﬁﬁo&a%tbﬁlaﬁ&ﬁx
fourth | ayer dispoSed on substra The material used for adhesive | ayer
830 and t he procApplidation pioi RCT B EHAMESHaed Lay.dtatdBApphcatior Noah0/14889%0t h
test strip 62 and test strip 800. The purpose of adhesive layer 830 is to
secuj top |layer 824 to test strip 800. In an enbodi nent of this invention,
top layer 8 e Filulda it 85midlfricAlohdit AULAIGH AL U0 18 n Figure
13. In suchﬁ@n rrbodl Wgﬁefl 1t op Igyeer §24 maiﬁ‘f)n agﬂéa Slﬂg)nce 6évvh| ch is

| ocated at di st awitbadesb8trip| mﬁ)ﬁkY&}lde(hnnentcﬂ"Zﬁsuwenndjntkmfolbdv&ngtmt staperred to
as a penetration me

Ki dd
bl ood into test ¥gY 5%@8@&#% géfgwglfgra%% g@%@%@iﬁhn 182,

PCT/ GB2004/ 00457 ¢ ) Kbd19esPHR5 00614 5%9631 3000 Sor 148 stkip 5906 §pg08, and
ref erence el ectroae 10 a’lreS wg t ed. eLan e 3826 |nc tlfi‘Hes a ancet ase 832

that term nates atleadt thred eletuiicab8ordcts thet fom%mﬁc&nbal%eﬁiomt@thelsacmd 826 may
be made with either, _an . in mat er i such astic and
silicon, or a coNaudeg ﬂ&cq?af”éi’?* ngSt ¥QeHng e%'?‘%ﬂenﬁ“éisé gﬂ[ggp ?f%ﬁa -4 Furt her
descriptions of patigahAkathdlca(130R, 66814 AR rfaEraohbeasa@dof ance can
be found in International Application No CI/ GBOL/ 05634 and’ U.'S.” Pat ent

Appl i cati oi 816)connect to a first voltage source 910; first contact (11, 101, or 814)and the

reference contact (15, 105, or 816)connect to a second voltage source 920.
[00077] When performing a test, first voltage source 910 applies a first potential
E1 between the second working electrode and the reference electrode; and
second voltage source 920 applies a second potential E2 between the first
working electrode and the reference electrode. In one embodiment of this
invention, first potential E1 and second potential E2 may be the same such as
for example about +0.4 V. In another embodiment of this invention, first
potential E1 and second potential E2 may be different. A sample of blood is
applied such that the second working electrode, the first working electrode, and
the reference electrode are covered with blood. This allows the second
working electrode and the first working electrode to measure a current which is
proportional to glucose and/or non-enzyme specific sources. After about 5
seconds from the sample application, meter 900 measures an oxidation current

for both the second working electrode and the first working electrode.
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No.. 10/ 143, 399. I n addi

tion,

progressi ve di e-stanpi ng technique,

| nt er nati ona

| ance 826 can be fabricated,

for exanpl e,

by a

as disclosed in the af orenenti oned

Application No. PCT/GBOLl/ 05634 and U.S. Patent Application

No. 10/ 143, 9902003/@83826] Figure 14 is a sinplified schematiar/csBmoigugsma net er
I n an enbodi nent of this invention the

900 interfacing with a test strip.
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strip 62,
or test st rldgmg
forman el
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Mbde Interferent Concentrati o where effect

is Cbncentration



n (nmg/dL) signficant of interferent Uncorrected Acetam nophen 70 11 1-2
Uncorrected Gentisic Acid 70 10 0.05-0.5 Uncorrected Uric Acid 70 5 2.6-7.2
Uncorrected Acetam nophen 240 16 1-2 Uncorrected Gentisic Acid 240 12
0.05-0.5 wnooooseedexd Uric Acid 240 8 2.6-7.2 Correct edeyebadvypaeien 70
120 1-2 g d LSi.G Acid 70 47 0.05-0.5 Corrected Uic Acid 70 33
2.6-7.2 Cypmlgé:mlﬁbphen 240 59 1-2 Corrected Gentisic Acid 240 178
0.05-0.5 Corrected Uic Acid 240 29 2.6-7.2 25 WD 2005/045412

PCT/ GB2004/ 004574 WHAT IS CLAIMED I'S: 1. A nethod of reducing interferences
i n an el ectlr dcinethiod af reslucigg interderprdes imayt eleqiogbemicalgensof comprising:r ent at a
first working electrode, said first working electrode being covered by a
reagent |ayer; neasuring a second current at a second working el ectrode,

wherein said 1 GA&HIngl AMSK cub@hi dtdl fir¥t WAKBE IR, 356 %0 wikikpng el ectrode,
said second working €l ectrode having a covered area and an uncovered area;

and cal cul at i ngleatroder eing @xvered by @veagenl lagery epr esent ati ve of a gl ucose
concentration wusing a ratio of said covered area to said uncovered area of
said second working electrode. 2. The nethod of claim 1, wherein said

cor rected cur r e, Xaliie, doBorilfidhh SleURlMbrIdIE o LAUR WAlci g where G i

the corrected current “val ue, I's the uncorrécted current nsity at said

first working elreagentdaier phiially sovetsesaidhseosndeworkihgalectredd, sadrssédnd at sai d

second working electrode, A.,,.is the coated area of said second working
el ectrode and AWqrking gleciiofediving %Ogaregﬁregép@a%gmareaawi #Y el ectrode.

calculating a corrected current value representative of a glucose concentration
using a ratio of said covered area to said uncovered area of said second

working electrode.

2. The method of claim 1, wherein said corrected current value is calculated using the
equation:

G =WE, — {(—::ﬂJX (WE, - WE, )}

une

where G is the corrected current value, WE is the uncorrected current density
at said first working electrode, WE is the uncorrected current density at said
second working electrode, 4.,y is the coated area of said second working

electrode and 4., is the uncoated area of said second working electrode.

3. A method of reducing interferences in an electrochemical sensor comprising:
measuring a first current at a first working electrode (2008), wherein a reagent layer

(22) partially covers said first working electrode, said first working electrode having a
first covered area (2008c) and a first uncovered area (2008u)
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3. \A nethod of reducing interferences in an el ectrochem cal sensor
conprising: neasuring a first current at a first working el ectrode (2008),
wherein a reagent layer (22) partially covers said first working el ectrode,
said first wardoosiguseizect rode having a first covered areadr@fB6donatd a
first uncovered area (2008u) 26 WD 2005/ 045412 PCT/ GB2004/ 004574 neasuring
a second current at a second working el ectrode (2006), wherein sai d reagent
| ayer (22) partl aI covers said s

wor ki ng el ect r o@ \9@” g0 c% §a9nr%e(§°% %&1%e trt(I)Od (23’%@ X em Ysaid

uncovered area re VY ' SPTQ Bgr Fﬁtrc\flﬁ1 Second
representative Wf)r 33?6 H’@é‘rﬁef‘% GNCES PHG %@P‘éaéf’c%@l‘ﬂ‘c%ﬁ?@r gga
area to sai d un@8Peweandrea of said first and said second working

el ectrodes. 4. The nmethod of Claim3, wherein said corrected current val ue
i s cal cul at ed usdladatirighecaepesdd caufren valis repiEdhtitivie offa gucos¢ \BbZcenttBiion udifgla 7¢)
f2 -1 where &viatiofdfsaidrelered Area to bdld uAvdveRd;ardrof saidfidhant SR ERdnd dking
said first V\Drka@&r&{egctrode Avnc2 is an uncoated area of said second
working electrode; A--' is a coated area of said first working el ectrode;
A-V2 is a coated area of said second working electrode; Gis the corrected
current value; WE, is the uncorrected current density at said first working
el ectrode; and WE2 is the uncorrected current density at said second

wor ki ng electrode 27
. The method of Claim 3, wherein said corrected current value is calculated using

the equation:

G=WE,—| 22\ (wE, B, (q 70
f 27 1
where
Acovl
ﬂ: ‘41mcl ;
Acovl
ﬂ:: AWICZ ;

A is an uncoated area of said first working electrode;

A s an uncoated area of said second working electrode;

Aot is a coated area of said first working electrode;

Aoz s a coated area of said second working electrode;
G is the corrected current value;
WE is the uncorrected current density at said first working electrode; and

WE;, is the uncorrected current density at said second working electrode.
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