WD 2005/ 045413 PCT/ GB2004/ 004588 A METHOD OF REDUCI NG | NTERFERENCES | N AN
ELECTROCHEM CAL SENSOR USI NG TWO DI FFERENT APPLI ED POTENTI ALS BACKGROUND
OF | NVENTI ON [ 0001) El ectrochem cal glucose test strips, such as those used
in the Owoowsi¢xd)s U tra whole blood testing kit, whi crCT/6B20#DI4583l e from
Li feScan, 1Inc., are designed to neasure the concentration of glucose in a
bl ood sanple frompatients with di abetes. The neasurenent of glucose is

based upon t he spégd: ‘ fﬂz %ﬁ n,hl“ 'r %enzyma gl ucose
oxi dase_ € i Decn enzyme is
re- oxi di sed h‘?&éﬂ Wg%ﬁ THO *}'&#@gi prs itself

reduced during the course or the PQ TIAMS These reactions are sunmari zed
bel ow. D d ucose+Bx(0ox) > duconic acid+ GxD) GXx ?+2Fe(CN)63 °

GOX( ox) +2Fe( CN) 64 [0002] C th above is conducted with
an applied potential bet\\%{gﬁxﬁgom@?m]jﬁ | ectrical current may be
created by the electrochem cal re-oxidation of the reduced nediator ion

(ferrocyanide) at the electrode surface. Thus, since, in an ideal
envi ronnd#@01] t he aRlsgrochsmical éﬂﬁ@ﬁ@mhﬁdps,@u@eﬁswomsmgl thee chenmi cal

reacti on descry b &S ctl u uc ositioned in
t he sanpl e, M%‘ﬁc E,ﬁﬁ» WB%FEDF ﬂéﬁvs'[m%ﬁn celp‘gh’eg Va{l%@ %iffp’r]gﬁ? 4 Bner at ed
woul d be propegd Ia@@aémgned 1R ehARS QOne&iMalB of &J&qn%m&an@lé edox

medi ator, such as ferricyanide is a compound t exchanges el ectrons

bet ween a r eddemepatignts Vethcdﬂ\a'fm%g ﬂ'b@ms@summg%bmobeaﬂba@ﬂ @O th@e As the

concentration of I uc Z?té‘ 2 a) ﬁgeﬁ"l ncreaseﬁi @ u&t . reduced
nedi at or for r’rﬁ‘BF lc?Pé’ OSCREe IVP R ENG & §°§ﬁ ?’8 e u&PE&H%hl p
bet ween CUVre%acﬁ&i%ééﬂm@b@d&ﬂe@?edh@ed@%%ﬁiﬁﬂei&frefcﬁ‘;@di%y%ﬂﬁtﬁhor and

with the mediator ferricyanide, which is itself reduced during the course or the

reaction. These reactions are summarized below.

D-Glucose + GOX(OX) ————> Gluconic acid + GOx(RED)

GOX gepy + 2 Fe(CN)g3 - ——— GOX g + 2 Fe(CN)#-

[0002] ‘When the reaction set forth above is conducted with an applied
potential between two electrodes, an electrical current may be created by the
electrochemical re-oxidation of the reduced mediator ion (ferrocyanide) at the

( electrode surface. Thus, since, in an ideal environment, the amount of
ferrocyanide created during the chemical reaction described above is directly
proportional to the amount of glucose in the sample positioned between the
electrodes, the current generated would be proportional to the glucose content
of the sample. A redox mediator, such as ferricyanide is a compound that
exchanges électrons between a redox enzyme such as glucose ox1dase and an
electrode. As the concentration of glucose in the sample increases, the amount
of reduced mediator formed also increases, hence, there is a direct relationship
between current resulting from the re-oxidation of reduced mediator and
glucose concentration. In particular, the transfer of electrons across the

electrical interface results in a flow of current (2 moles of electrons for every



gl ucose concentration. In particular, the transfer of electrons across the
electrical interface results in a flow of current (2 noles of electrons for
every 1 WD 2005/045413 PCT/ GB20041004585 nol e of glucose that is oxidized).
The curremo zesodssi3ng from the i ntroduction of gl ucose REYGB10IM008$88r €, be
referred to as the gl ucose current 100031 Because it can be very inportant

to know the con tro of i n_blood,. tigularl |n people with
Di abet es, rretB’rg ﬂl Of% ﬁ“88 r%ﬁi?‘lelfé‘ffﬁﬁ“ﬁﬂ%m%rafr ‘C}H’dPEO o o1t h above
to enabl e the o pMBERE thapCtheRfort, besalRbLI0MRGhe i8S Llifdnt. Dl 0od to deternine

t he glucose concentration at any given tinme. The d ucose Current generated

I's nonitored by the neter and converted into a reading of glucose

t t t |
concont r RUOR U " BogpREF ESneVethimctit ® 3oty Copregitior 8f etofare” ot or s
work I con] URGHILAN pichlafly i SRERAIEDRVEISD rhiias hbalekiasogsanpl e _chanber

and at |east two el ectrodes | sposed within the sanple chanber in addition
to the enzyneugiag gle pgmgrp@lggetdmﬂdalgy)a teierhbleethie avapage(persgn td smplegwhi de) . In

use, the user | i, finger or other convenient sit 0,4 hduce

bl eedi ng andt‘%{f{h gl?é’gg %e‘mg?j{hg T ‘i°8°‘i“ﬁ'§“%?rﬂr‘§g£¥ﬁ%ﬁm§ T}‘et hus starting
the chem cal G1R6é CORert 8bndrattd R 106 bYARO Hetel BnRGEAQGHRM cal terms, the
function of the nmeter is tw fold. Firstly, it provides a polarizing

vol tage (appr acedimgtoé Blpceresoxcdntrationeusiagsaeproset @rzeﬁthutﬂlétrr)ﬂlateLSJIcmra(tﬁc)) t hat

pol ari zes the el ectri |nterface and .al | t t t he carbon

}(l\ﬁl’ki n? el ef:t ﬂ@ﬁ%secgﬁkglo%\gﬁﬁﬂ?@eqap;: ﬁ:{ﬁf "?‘112: ;’?n Ejhﬁ] flortrvﬁ di n
e external Gheersy B8 HctionSvitH P HH1E hdt ifthide? @ 8dmple e cathode

(reference el ectroder) The rr(r:et er ' ﬂj‘%‘It)her ef!(l)-iri')g be consi denr)gd to be a sinple

el ect r ocheni cahamshes aadattlérst tchadc@:toess dlsposvd)wehmctherwmlmmbatmhough in
practice, thir

f t h.el t d.tao f tate th
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I'n nost situaty Qse,smehbe peﬁﬂamb@ﬁngetorfoare} BorRRIA sité t&RasdedEeshgt O be a

and introduces a blood sample to the sample chamber, thus starting the

chemical reaction set forth above.

[0004] In electrochemical terms, the function of the meter is two fold. Firstly,
it provides a polarizing voltage (approximately 0.4 V in the case of OneTouch®
Ultra®) that polarizes the electrical interface and allows current flow at the
carbon working electrode surface. Secondly, it measures the current that flows
in the external circuit between the anode (working electrode) and the cathode
(reference electrode). The meter may, therefore be considered to be a simple
electrochemical system that operates in two-electrode mode although, in
practice, third and, even fourth electrodes may be used to facilitate the

measurement of glucose and/or perform other functions in the meter.

[0005] In most situations, the equation set forth above is considered to be a
sufficient approximation of the chemical reaction taking place on the test strip
and the meter reading a sufficiently accurate representation of the glucose
content of the blood sample. However, under certain circamstances and for

certain purposes, it may be advantageous to improve the accuracy of the



sufficient approximation of the chem cal reaction taking place on the test
strip and the neter reading a sufficiently accurate representation of the
gl ucose content of the bl ood sanple. However, under certain circunstances
and for oeotesnigaws poses, it nmaybe advant ageous to i nppoweBtdogo@msssur acy of
the 2 WD 2005/ 045413 PCT/ GB2004/ 004585 neasurenent. For exanple, where a

portion of th gglaé&;@qie hefle) et fosedt t he presence
of ot her chemﬁiceg#fsrérg‘fgﬁbonpoun s’i net hgportgdelllnpl eé:) gelfralzlgzllsucdagl i tional
chemical s or eknpalsrdmiiafienpthe pesence bfiethenebembenls @fcormpedndsdn & | nterf eri ng

conpounds and the resultin ditional, gurrent y be referred to as
Interfering CSYPRIAt %ﬁ a@ﬂﬂ‘ﬂﬁ]é&rﬁf’aﬁﬁﬁﬁmﬂoﬁp SATE RIS PPN g2 heni cal s

(1. . conpoungs Jiaiitolad intffileQoRBbics shd edenitfhadRioRhidaftcdinal My

generate Interfering rrents in he presence 0 ectrical field)

i ncl ude ascor balybe refeatdtoaasdniadfedmgCuraptsen  ( Tyl enol T4 or Paracetanol). One
mechani sm for generating Interfering Currents in an el ectrochem cal neter
for neasuring the concentration of an analyte in a physiological fluid

(e.g. a se ne ' - ' Welal : haterfering
corrpoundgbtgi;??reduc:E?{g)r}pfggxt dé&glr?izlg?rlé %e. 8@8&3?&1(%@@%2?6&55@“%1 urt her
nmechani sm f or phgsiaogitalrilpidsiel febloobthamayegensrateningxfeling Comradtein i nvol ves t he

oxi dation of gne or nore interferi conpounds by reduction of the mediator
(e.g. ferri cyé}%ﬁmsgencwﬁ%reémmﬁééﬂgiﬁ@g? 55proalsetiateAnd AgEHAEP®Y | ng

Currents in s HE ' e [ ' . Rl re interfering
conpounds at ﬁﬂ%rkér%mg@%ﬂopégﬁeh%g@gﬁﬁg S?rg?%‘@ltjrrengo nmeasured at the
wor ki ng el ect ICug@nts $n af eleatyehemival hétenfobmebduging the @atent@itiesfdned by

oxi dation of the analyte_and the current generated by oxidation of
interfering ceppyGHaPhysiolagesldhidie.g aebeosemetgy) ayobwss Heoxidaionel 5 resul t

o e S0 OBt T B e M S o (e
be oxidi zed afoxidase). A further mechanism for generating Interfering Currents in such a

meter involves the oxidation of one or more interfering compounds by

reduction of the mediator (e.g. ferricyanide). A further mechanism for

generating Interfering Currents in such a meter involves the oxidation of one

or more interfering compounds at the working electrode. Thus, the total

current measured at the working electrode is the superposition of the current

generated by oxidation of the analyte and the current generated by oxidation of

interfering compounds. Oxidation of interfering compounds may be a result

of interaction with the enzyme, the mediator or may occur directly at the

working electrode.

[0007] In general, potentially interfering compounds can be oxidized at the
electrode surface and/or by a redox mediator. This oxidation of the interfering
compound in a glucose measurement system causes the measured oxidation
current to be dependent on both the glucose and the interfering compound.
Therefore, if the concentration of interfering compound oxidizes as efficiently
as glucose and/or the interfering compound concentration is significantly high
relative to the glucose concentration, it may impact the measured glucose

concentration.



el ectrode surface and/or by a redox nediator. This oxidation of the
interfering conpound in a glucose neasurenent system causes the neasured
oxidation current to be dependent on both the glucose and the interfering
conpound. wghewselisaie, if the concentration of interferipgresinagadsoxi di zes
as efficiently as glucose and/or the interfering conpound concentration is
significantly high relative to the glucose concentration, it may inpact the
measured gl ucose concentration 3 WO 2005/ 045413 PCTI GB2004/ 004588 [ 00081
The co- oxgo#gpat i onThé c@ﬂﬁhﬁh@r{@a@alyal(u.goglaéos»e) with imér@eringr | Ng conpounds i s
especi ally problematic when the standard potential (i.e. the potential at
whi ch a conpoeerpeundsisiespeceatly pesblematici whearthestpnfgrdpeipighd-cithe sinilar in

magni tude to the stapdard potenti .t he ox. pedi r..hesulting in a
T oni 11 cant _pBrertn 2FRIR 8 BPhBAA; Rl BE P s RN B BheitiE 1,

oxi dation of kinglar B MESEIO® the saRsAdisotaitidl BEtheRédoxtgedthteC rbsattihg El ectri cal
current resulting fromthe oxidation of interfering conpounds at the working

el ectrode mayibesigeifieant partiop ohthedniederen¢afewrmé being Eenetateddt . 1t woul d,
t herefore, ngfagty&ncﬁﬁgeﬁﬁy%fe '@é@ﬂt?’&%d?%“g%@)gﬁ%%%%dg EFe%ic f the direct

bt

interference "curren enen concentration. Previous
met hods of  r eeka&it Rguling Elohihe akidagortbfrigrtfeling eonhfivadcs thdwokidg | ncl ude
designing test strips that prevent the interfering conpounds fromreaching
t he wor ki ng eFlseirodsamay beafesred kvasclisgst interfsranpe ertanh glt weBldgthexedarej nt er f er ence
current attributabhl o the . excl ude d 10009.1 e strate for
reduci ng the g?fl (Z‘f: gag%?usitt%feg‘rl?eeorri'ﬁ%“%%grr%ld@ﬁe%gt ‘%Sfr% gueﬁglﬁée%efegcﬁ rec'? Y
interference ecurémtdh thesméRBuichREtofanMe@abhd@initieh ageidusmehsdsd on top of
t he working el ectrode. As one exanple, a sulfonated fluoropolymer such as
NAFI ONTM may Bluging o glirgipeting dieschistatferce cagent insdude slesigning teg §tripmegat i vel y
charged chem e . ' ' S I ncl udi n
asco?bat e andﬁﬁa& g{eg%&ﬁ%v@%géne%g%%h g%%ééggécgﬁl&%ﬁgﬁg%%mgfgguded )

thus reducing or eliminating the direct interference current attributable to the

excluded compounds.

[0009] One strategy for reducing the effects of interfering compounds that
generate Direct interference current is to place a negatively charged membrane
on top of the working electrode. As one example, a sulfonated fluoropolymer
such as NAFION™ may be placed over the working electrode to repel all
negatively charged chemicals. In general, many interfering compounds,
including ascorbate and urate, have a negative charge, and thus, are excluded
from being oxidized at the working electrode when the surface of the working
electrode is covered by a negatively charged membrane. However, because
some interfering compounds, such as acetaminophen, are not negatively
charged, and thus, can pass through the negatively charged membrane, the use
of a negatively charged membrane will not eliminate the Direct interference
current. Another disadvantage of covering the working electrode with a
negatively charged membrane is that commonly used redox mediators, such as
ferricyanide, are negatively charged and cannot pass through the membrane to
exchange electrons with the electrode. A further disadvantage of using a

negatively charged membrane over the working electrode is the potential to



from bei ng oxi di zed at the working el ectrode when the surface of the working
el ectrode is covered by a negatively charged nenbrane. However, because
sonme interfering conpounds, such as acetam nophen, are not negatively

© charged, sulhdokozsaizcan pass through the negatively chargegcpmohinasss, the use
of a negatively charged nmenbrane wll not elimnate the Direct interference

t. Anot i Lant J t .Ki I d ith
negat i vel y craphle SEIPARESE ctbrafMEHARE I §F noBits B RabiS or o' such as
ferricyani de, inefe@siR@arRltésy fink. Ahﬁhﬁaohi@dadmﬁ@g@msiagaslegmvemmtge@ nenbrane to

exchange electrons with the electrode. A further disadvantage of using a
negati vel y cheecgbrnpentibmwoding cledieodasythe myreapadcomplrxity ond bxpepst ential to 4

WO 2005/ 045413, PCT/.GB2004/ 004588 sl.ow th i ffusipn of the reduced nedi at or
to the worki n&f%wgﬁﬂwéﬂ? %ﬁtsS%" Sn‘@?‘ésgﬁ?gv%ﬁ@f‘%%‘fmﬁ‘ 2CA further

di sadvant age of using a negatively charged nenbrane over the working
el ectrode is the increased conplexity and expense of manufacturing the test

strips wit0816] negatpeibenstrateay Haticandrersethto. decfeassoho effegtoefidirectt r at egy t hat

can be used tg.decrease the effects of Direct Interferin rrents is to
position a si %ée eé‘lngcﬁli'v%tsﬁsetﬁt?lpgﬁéngﬁlﬁegﬁle%}vet%?%r er%%ﬁ%&éctrode. As one
exanpl e, a 10QofGhd OectdéAS sh¢ e, KEI00 T3NG N sizb eXclddorrMbmblAge acetate may
be pl aced over the working electrode to exclude conpounds having a

mol ecul ar wei sivh ageelhdese agdiain maybepiaced aver thewerking eleotiodelioaxetudet he redox
enzyme such as gl ucqose oxidase i.S positioned, ov s} ze. excl usi on
nenbrane. 4 uﬁ%g%o‘l(‘}gfﬁ%%%‘@ﬂ%? e e@%ﬁ%gﬂh%ﬁfgﬁaﬁfm‘ikﬁshe presence of
gl ucose and o¥NB&fIment)thdRedFRANMPHRARE LRl oxidsd RPoSkiBAQSSer fRNCENt rat i on.
It should be noted that gl ucose and nost redox nedi ators have a nolecul ar

wei ght gr eat esize explusioneabreen sGlugess axidase gengratesthygeogen pirpxidglin t he si ze
ol et Ve e a5 BRSSP BBl TR, O,
general , nost codebmidtohi RGheK1ADOUORE thiad gRicoseHrl sdst RdoxvBie@torghft er than

a molecular weight greater than 100 Daltons, and thus, cannot pass through

the size selective membrane. Hydrogen peroxide, however, has a molecular

weight of 34 Daltons, and thus, can pass through the size selective membrane.

In general, most interfering compounds have a molecular weight greater than

100 Daltons, and thus, are excluded from being oxidized at the electrode

surface. Since some interfering compounds have smaller molecular weights,

and thus, can pass through the size selective membrane, the use of a size

selective membrane will not eliminate the Direct interference current. A

further disadvantage of using a size selective membrane over the working

electrode is the increased complexity and expense of manufacturing the test

strips with a size selective membrane.

[00011] Another strategy that can be used to decrease the effects of Direct
interference current is to use a redox mediator with a low redox potential, for
example, a redox potential of between about —300mV to + 100 mV (vs a
saturated calomel electrode). This allows the applied potential to the working
electrode to be relatively low which, in turn, decreases the rate at which

interfering compounds are oxidized by the working electrode. Examples of



100 Dal tons, and thus, are excluded from bei ng oxidi zed at the el ectrode
surface. Since sone interfering conpounds have smal |l er nol ecul ar wei ghts,
and thus, can pass through the size selective nenbrane, the use of a size
sel ecti ve W@R95@#913M | | not elimnate the Direct interfBEEGB0EEI458NT. A
further disadvantage of using a size selective nmenbrane over the working

electrode 1S tdxmAlAss Bhifie IRIANMoR RS REANE BEIWEBBUARGE Ur i N Lhe t est

strips with a size selective ne [ 000111 Anot her strategy that can be
used t o decr ehiwgritlyleonplaxes, ferodcen® dervhtivespdndrqugroandericativegnt is t o use a

redox nmediator., with a.low redox potential , . for exanple,_ a redox potential
of between abdlfvevergEgntmegia Orﬁbfg’lﬁlﬁﬁfﬁbﬁzilvﬁly]‘évéi’ﬂﬁeﬁ? (ff%ﬁﬁ%‘ré?g"@ﬁectrode).
This allows thesaafebiz€delr@bdyinsdbid &dtrgﬁﬁv%msgﬁble_el ectrode to be relatively

| ow which, in tdrn, decreases the rate at ich interfering conmpounds are
oxi di zed by the working el ectrode. Exanples of 5 WD 2005/ 045413

PCT/ GB20Q4/ 004588 redox di at ors havi relagiv | aw redox potenti al
i ncl ude 89;4918% bi p@PP&W Sﬁ%ﬁ%@[é?‘ Qﬁf Wag%g%e &Ff&%%@@gfntﬁf?&nﬁufnon_e
derivatives. g iﬁ@dﬁ%ﬁistB%%éd%ﬂiy%ﬁé&frﬁdé‘ﬁ‘ébﬂﬁn&iJne\bi%{h\é‘%lrc}fki!ngw potential are

often difficult "to synthesize, relatively unstable and relalively
i nsol ubl e. [ OGRtRIdeAridiclverrestmentwgy att thatluromy elvetrodemay thedder ease the effects

of interferin co unds is to use a,d ectrode i.n conjunction with
t he wor ki ng hiFC{eR diom the suet Uk A W gﬁlﬁ%%ﬁmrdaéctrode may then
be  subt r act edofp b iclis: HLEAEA bf HRATHT T AnipBEndO Tk iBAusRCL T 0de 10 or der

r

to conpensate f the effect of the interfering conpounds.” If the dunmy
el ectrode i s Ishciodeiis barerfnt. nobeoyered blyyn anzyarezormeediatonetticmthercyrrerithen t he

current measured at the.dunmy. el ectrode will be. pr rrtional to the Direct
interference &fAE atéﬂ%ld‘gﬁ%‘?@%?? W‘?EP@P&?R%?{’_(“I E)e'gg gt at the dummy

el ectrode fromublgetddichfBlt #5839 REnSihe HfetMabRed & tREBMARAE W | | reduce or
elimnate the effect of the direct oxidation of interfering conmpounds at the

electrode from the current measured at the working electrode will reduce or
eliminate the effect of the direct oxidation of interfering compounds at the
working electrode. If the dummy electrode is coated with a redox mediator
then the current measured at the dummy electrode will be a combination of
Direct interference current and interference current resulting from reduction of
the redox mediator by an interfering compound. Thus, subtracting the current
measured at the dummy electrode coated with a redox mediator from the
current measured at the working electrode will reduce or eliminate the effect
of the direct oxidation of interfering compounds and the effect of interference
resulting from reduction of the redox mediator by an interfering compound at
the working electrode. In some instances the dummy electrode may also be
coated with an inert protein or deactivated redox enzyme in order to simulate
the effect of the redox mediator and enzyme on diffusion. Because it is
preferable that test strips have a small sample chamber so that people with
diabetes do not have to express a large blood sample, it may not be
advantageous to include an extra electrode which incrementally increases the
sample chamber volume where the extra electrode is not used to measure the
analyte (e.g. glucose). Further, it may be difficult to directly correlate the

current measured at the dummy electrode to interference currents at the



wor ki ng el ectrode. If the dumy electrode is coated with a redox nedi ator
then the current neasured at the dunmmy electrode wll be a conbination of
Direct interference current and interference current resulting from

reduct i onwad 2008/s4r3edox nedi ator by an interfering conpeumdB200hoEsss
subtracting the current neasured at the dummy el ectrode coated with a redox
medi ator fro t mgg? t“gm;: i w |l reduce or
el imnate tthgpﬁ%%gl%%o?Q.t e ’:%%tgﬂ%xq at|%Y§&l§o4dg??§)eb%1‘%e)%t?§gqt\(‘:¥gnpounds and

t he effect of natdral dranstadas (erg sedok imegiatorp whichdliffér feoin e thdterisledox nedi at or

by an interferi conpqund at he king el ectrode, In sonme instances the
dummy el ect roH%er&%ﬁ)‘io‘ﬁF Vi “SSLBPEBX\D EhTeAx medrtor3nd eamvmedrtedieact i vat ed

redox enzyne %@g?%ﬁhx&%&hﬁ?!&%ﬁme@%aﬁkﬁ%ﬁo %&&%&%ﬂ%ﬁiﬁ%h@tor and

t
enzynme on dif Ion. Because’it Is preferable that “test strips have a snmall
sanpl e chanbeeffed of hidrfepieg pbepeintlh in alinalipl esodtingwiectiode system mapr ess a | ar ge

bl ood sanple, .it may not b advant ggeous to i nclude an extra el ectrode

whi ch increneﬁfcé‘faF?%Fﬁﬁﬁté% %%mﬁﬁ’é‘ty‘ggﬂﬂ’ CRERShs tets where the extra

el ectrode is not used to neasure the analyte (e.g. glucose). Further, it
maybe difficult to directly correlate the current neasured at the dummy

el ect r od¢000a3) nt er Certain ¢est strip desigrs vetick tdize nWiflii Z16 0oikidd dletirddes 16B20041004588

wor ki ng el ectrode. Finally, sipce the d el ectrogde nmaybe coated with a
material or miicaRYrgMalyte sych %Q%WSWEH?SSES‘}%CWCEH“& fYlgr" glugeset he naterial s

used to cover Iﬁegghég}g ‘is%ﬁgg%ggm%eg&&caﬁgﬁsgﬁg' Qy)ﬂéx&f enzynme), test

strips which use dummy el ectrodes as a net educing of elimnating the
ef fect of i nt eletieodenglncamnip eystrniss, it woaldytHerefpdecbevmdviantageoak ecdaveldp asyst em may

ilncrease the cost and conpl exjty of nmanyfacturing.the test strip. 100013]
Certain test &tsthed é%quﬁﬁg%ﬁ]i“&waﬁ'ﬂﬁhiefge%ﬁ’&ﬂt FingsempAgndsy MePodes 1o

measure analypeuicSHil ikl Be SRhERRAS IS abvd EmERBd B blig b L Ta(r) gl ucose

measur enent system at'e advant ageou use o r ki ng
el ect rodes. | elimimhing ihetefiost, of iinterferigadompbrendsivatlent wdizagyadimggous t o devel op
a . . - .

electrode, an intermediate membrane or a redox mediator with a low redox

potential.

SUMMARY OF INVENTION

[00014] The present invention is directed to a method of reducing the effects of
interfering compounds in the measurement of analytes and more particularly
to a method of reducing the effects of interfering compounds in a system
wherein the test strip utilizes two or more working electrodes. In one
embodiment of the present invention, a first potential is applied to a first
working electrode and a second potential, having the same polarity but a
greater magnitude than the first potential, is applied to a second working
electrode. The magnitude of the second potential may also be less than the

first potential for an embodiment where a reduction current is used to measure



met hod of reducing or elimnating the effect of interfering conpounds. More
particularly, it would be advantageous to devel op a nethod of reducing or
elimnating the effect of interfering conpounds wi thout utilizing a dumy

" el ect r odewoawos/sesnedi at e nenbrane or a redox nedi at orPGHE/GB2084/003588r edoX

potential. SUMVARY OF | NVENTI ON 100014) The present invention is directed to

a method of rgdufdiRg chiRn@itiodC s ot embodiRédt Sthe ﬁ%t%‘?ﬁﬁ%‘ Bsdde e
measur enent of anal ytes and nore gartl cularly to a nethod of reducing the

ef fects of i rieeorfdeworkingcderpodmmey beiceversdsyitinan elzpme irengeitand egdoxstri p

utilizes two or..nor rKi | ect r ode ln, o e [ t . .of the présent

i nvention, a I_Pf’?lgtf’r %8{%%??%%6ggecgépcpﬁﬁlgirftgogﬁ&ﬁ?Pﬂg%r%ﬁgteI ectrode and a
second pot entalking@e6tdde IsielesiedBudiQhatfii it YufBidienfio i@ad RiuddBgetiokude than the
first potential, is applied to a second working electrode. The magnitude of

t he second pomediatonin agiffusips hmited magrertvialg thewgecord patentiabisselettad for an
enbodi nent where a reductyon current .S used o asure 7 05/ 045413
PCT/ GB2004/ 00755KS * Pigm Ry & Sc"(’)‘ﬁ_%g??ﬂ‘?)a?fag‘?{ﬂt‘% & bl e Sthe first
wor ki ng el ect sAélftiakRebultiRGR Aot Efficiedt Gli@aioh ¥ et BRYdREorAGV&kRE W th an enzyme
reagent and redox nediator that are analyte specific. The first potential

appl i ed to theledtiodst Infisianhgdisnent of the énvietiane thecmpgntonedsured at thet i s
sufficient to.oxidihze rneduced dox iator,.in.a diffusion |imted nmanner
while the sec%ﬁgwﬁ%?%?l?cgﬁo ?flsncgugjl&‘e?ﬂ aéng]ayq 5] %/%IQ] n}%}ﬁﬂﬁ Copapound _absol ute
val ue) great egurichewhilheFagit midsured atlthesebbidworkiiy @édtioat inch@syl ting in a
more efficient oxidation of at the second working electrode. In this

embodi ment  of an dnalyitgeempatential euneentandrasrinterfering eompoand pyespotentialt  wor ki ng

el ectrode inc| ude a t rr.ent d interfering,conpound current
whil e the cur?uéﬁflgnlggyl}]?&eé’]é Iéﬁetle‘fﬁgt @%%ai’ae%%?%fglf@%flﬁgde includes an
anal yt e over pefegptitértlal Eufenthdth 26Ter 1812 cuitbiRfth b &speAdiIe Yinthnames pot enti al
current. It should be noted that the analyte current and the anal yte
concentration and that the current is a result of a reduced mediator oxidation.
In an embodiment of this invention, the relationship between the currents at

the first working electrode and second working electrode may be defined by

the following equation,

W, — YW,
4="xTy

where A;is the analyte current at the first working electrode, W; is the current
measured at the first working electrode, 7> is the current measured at the
second working electrode, X is an analyte dependent voltage effect factor and
Y is an interfering compound dependent voltage effect factor. Using the
equation set forth above, in a method according to the present invention, it is
possible to reduce the effect of oxidation currents resulting from the presence
of interfering compounds and calculate a corrected current value that is more

representative of the concentration of analyte in the sample being measured.

[00015] In one embodiment of the present invention, the concentration of
glucose in a sample placed on a test strip can be calculated by placing the

sample on a test strip having a first working electrode and second working



overpotential current both refer to a current that corresponds to the

anal yte concentration and that the current is a result of a reduced

medi at or oxidation. |In an enbodinent of this invention, the relationship
bet ween t WO 2005/04583s at the first working el ectrode amtBeBmImOd00AsEsKi ng

el ectrode may be defined by the followng equation, _ W -Y* A X-Y where

Al is the anadiydRdedhd 8 Mferdhceldf@irbads tat 1084 kid sl &ikinpQii@troé adds t he current
measured at the first worki ng electrode, W is the current neasured at the
{+]

second wor ki nigcendeworkingreeleckiodesdgingropigd avithahemirehtompsiungdgye.gep ect fact or and

Yis an interferin 0 und .d n t,val tage .ef fect. § r..Using the
equation set Wﬁ%@%\%@xinﬁdﬁcﬁg?‘ﬂaﬁﬁ dé(():?%cpg%ﬁébetcgué;a}tggn%?g%g%e i nvention, it
is possible i thedbsFerioTRlethdR HonPthe@xidiAidi ghitoSeHo RO fifst Woddnd i ng from the
presence of interfering conpounds and calculate a corrected current val ue

that is nore ¢leciynde sadhihgtsecond grorking eleeinedenheatainotendip! iagpPlede in the sanpl e

bei ng nmeasured, [0001 [ n_.one .e i t of the.present jinvention, the
concentrati oﬁgeWLe _t?‘ﬁc ségvolﬂﬁn%else%n%%lgeann%ﬂ?g %r ﬁ?%l eogi?’ até"tdrtﬁ?)_ can be
cal cul at ed bysepb@Lwoakilgd@ectDadMdEthe Pefareh@Sdleckbé. Pinhiavdrdghcd with'thé wor ki ng

el ectrode and second working 8 WD 2005/045413 PCT/ GB2004/ 004588 el ectrode
and a ref er enpieseat Bwentinde a iyt pplential is applied befwegthr ifing workisgr ode and second

working el ect fiedne ieh I (SRAELM D e FLEBheRRBONDUaelea fpedl  SrzvTe and

a redox nedia¥t Itate OXI ucosé and the

transfer of ehgabhieide shffietant foenSuct that 81 BAMRGESOfitRe difent pérfatadtiki ng
el ectrode and the second working el ectrode when a potential is applied

bet ween t he fé¢x¥idatioppfikhagfuedse it the sanpla b liided ateby Rcwredthenthade, and t he

second workin | ecty od n e.reference el ect,raode. .l.n accordance with the
oot entreS Gbhat e B Ay 51 S ERER I e Hi R ent By @RER IS0 i N

el ectrode andsdchbi p@tsiagnapphddsshweanahe sdeénd Woikingédiodt ahd thei ng sel ected to
have reference electrode, the second potential being greater in magnitude than the

first potential and, in one embodiment of the present invention, the second

potential being selected to increase the oxidation of interfering compounds at

the second working electrode. In a further embodiment of the present

invention, the following equation may be used to reduce the effect of

oxidation current resulting from the presence of interfering compounds on the

current used to calculate the concentration of glucose in the sample. In

particular, the glucose concentration may be derived using a calculated current

A;c where:

where 4;1s a glucose current, W; is the current measured at the first working
electrode, W is the current measured at the second working electrode, X is a
glucose dependent voltage effect factor and Y is an interfering compound

dependent voltage effect factor.

BRIEF DESCRIPTION OF THE DRAWINGS



a magnitude sufficient to ensure that the magnitude of the current generated
by oxidation of the glucose in the sanple is |imted only by factors other
than applied voltage (e.g. diffusion). In accordance with the present

i nvent i onwoaoos@saad potential is applied between the serarsbovsmokissg

el ectrode and the reference electrode, the second potential being greater

i n magni t ude L ﬁ:@; | rfﬁ,t]]' : t of the present
i nvention, t%ﬂ?@g@?&am%%éi%&ﬁg{e eliﬁgs‘ge ecm%@‘gcﬁ% eg;ﬁgent he oxi dati on of
interfering copaaeddrimd. A bbitersadasidnding &f thg feheed andddvantapes of thet her

enbodi ment of the present _invention, the follow equat ion may be used to
reduce the effiresent igyentigy wyll bp 8htaE‘G$B@FﬁferF’é%‘?}Ptﬂi‘%ﬁg‘P”é‘ﬂldﬁﬁge‘br esence of

| ncerfering, SREBMRAMR Rl REm BRARE cHBGER: SRLNbAEp LS ROgECNLrat] on of

gl ucose in the parti cul ar, ucose concentration nmay be
derived usi nghainvedtonl as¢ wilizedy andrtbe acAbiBpadydrgedrawing@of whith:~c- Xu- Y where Al |
is a glucose current, WL is the current neasured at the fast working

el ectrode, W2 is the current nmeasured at the second working el ectrode, XGis

a glucose defﬂgﬁ}g‘?@é mifalptl&%tp@ﬁsﬁ&%e%%&fat@é}@m‘ﬁéxﬁoo@ﬂnén‘i‘?&fukéfd ng conpound
dependent voltage effect factor. BRI EF DESCRI PTTON OF THE DRAWNGS 9 WO

2005/ 045413 Rugpes20entiph588 The novel features of the invention are set
forth with particularity in the appended clains. A better understandi ng of
the features and advantages of the present invention will be obtained by

reference to ﬁigrugrSZQ.L h OMeRQHGHR df%q?ﬁg%ﬁ_rsi i fofﬁséiﬂgie pifdesit forth

illustrative e iments, 1n whic e principles o the 1 nvention are
utilized, andntdmiomcconpanying draw ngs of which: Figure 1 is an expl oded
perspective view of a test strip enbodinment for use in the present

i nvention.

Figure 3 is a hydrodynamic voltammogram illustrating the dependence of

applied voltage with measured current.

DETAILED DESCRIPTION OF THE INVENTION

[00016] ‘While the present invention is particularly adapted to the measurement of
ghucose concentration in blood, it will be apparent to those of skill in the art that the
method described herein may be adapted to improve the selectivity of other systems
used for the electrochemical measurement of analytes in physiological fluids.
Examples of systems that may be adapted to improve selectivity using the method
according to the present invention include electrochemical sensors used to measure
the concentration of lactate, lactate, alcohol, cholesterol, amino acids, choline, and
fructosamine in physiological fluids. Examples of physiological fluids that may
contain such analytes include blood, plasma, serum, urine, and interstitial fluid. It will
further be understood that, while the method of the present invention is described in
an electrochemical system where the measured current is produced by oxidation, the
invention would be equally applicable to a system wherein the measured current is

produced by reduction.
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Figure 2 is a schematic view of a neter and strip for use in the present

I nvention. Figure 3 is a hydrodynam c voltamogramillustrating the
dependence of applied voltage with neasured current. DETAI LED DESCRI PTI ON
OF THE | NwieNiDbbsaM541000161 Wil e t he present invention i eqracBiociMoassgy adapt ed
to the nmeasurenent of glucose concentration in blood, it wll be apparent

adapt od #8 pr oy RREAERhlerlf s g FPA HOROB ROl RE g i Sl o

el ect r ochem cialelévaadichieat Meagfringsastyth disat ispapivptirlyl adgpted ForfuselindsbloodExanpl es
of systens that nmay be adaﬁt ed to inprove sel&gtivity usi ng.the nethod
accor di ng t o 8WesyesErRment stemn- oMoraRartiplarky; Be Presemdryeation ehessted Qded t o

measure the | - d I ?PRE rol, amno
acids, choli nrfeigﬂg(ﬁgﬁ Eﬁﬂggi{ﬁgggerr%e?gech?%}e%%ylglg%cf%g?ocs g}“& ul ]agr?t@%zgfﬁrr%?es of

physi ol ogi calpattialliyds whbly coreecting fortthe effestiefithadiadcy irtaféraadeedeendt! ood, pl asnm,
serum urine, and interstitial fluid. It will _further be understood that,

whi | e the metIresiyty muchysteainbemisaneasyis of Shepbdlity obthg systemip accurately
I hem : _dation,
el ectrochem %ﬁéasﬁ%%%ae%g%%%&ﬂﬁatf%ﬁﬁ H%%ﬁ;g%%ﬁ@%ﬁolb@%%ﬂ&ﬁd;\?@% li’r%’cll]ﬂféls ation

the invention woul equall'y applica Sys e neasured
current is pnedyaeik dympoaddcivhioh crehfe @htedengobbén3 TRpTdveERiza0d] 004588
[ 00017) The present invention is directed to_a nmethod for_ inproving the

sel ectivity orleshvipl thes redegse thecrreniessacinted gt e Stogking glsetrode ydhe presings | v

adapted for ugg. | i ?mtb%ﬁﬁ%5] EFhi . ticularly,
the present i nve&ﬁﬁfoﬁog&g}]?(gc@é?tﬁ] a netho f%ﬁr/c%lgrrpr(g%;r%{gl%ﬁé selectivity
of a bl ood gl geneate inesstingemeeht)and mkediize meanutrédadurentmorsrepresencative o€t | ng f or
tthe effect of the direct interference current. Selectivity in such systens
bei ng a neas e eBroseancepirtiqn, %PW%?&I@?H%%&W%@W%Q%Q t he

gl ucose concagt bR drBEAPLn R YHRHASKARY of WU Bushudes  one

1
or nore conpoun create an'interfering curren npt ovenent of
sel ectivity tdsuforeedisleacttinimiphere(iylaolT vaPadcaimolhasvabiciatid, biliamin,ode by
t he presence
P dopamine, gentisic acid, glutathione, levodopa, methyldopa, tolazimide, tolbutamide
and uric acid. Such interfering compounds may be oxidized by, for example, reacting

chemically with the redox mediator or by oxidizing at the electrode surface.

[00018] In a perfectly selective system, there would be no oxidation current generated
by any interfering compound and the entire oxidation current would be generated by
oxidation of glucose. However, if oxidation of interfering compounds and the
resulting oxidation current cannot be avoided the present invention describes a
method of removing some or all of the effect of interfering compounds by quantifying
the proportion of the overall oxidation current generated by the interfering compounds
and subtracting that quantity from the overall oxidation current. In particular, in a
method according to the present invention, using a test strip that includes first working
electrode and second working electrode, two different potentials are applied and the
oxidation current generated at each of the working electrodes is measure used to
estimate the respective oxidation current proportions for both the glucose and

interfering compounds.
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of interfering conpounds (i.e. conpounds other than glucose which oxidize to
generate interfering current) and nakes the neasured current nore
representative of the glucose concentration. In particular, the neasured
current nwp 19e5/@s541dncti on of the oxidation of interfermQYGROM@AFEES
commonly found in physiological fluids such as, for exanple, acetam nophen

(Tyl enol [ofy) Par apeha RbddinRaCHRhanariderdiid tbrm@;f)ﬂasent HRBRATNS tesORRY | S C
acid, glutathione, |evodopa, nethyl dopa, tolazimde, tolbutamde and uric
aci d. Such i nis@sddewhinly inshidpoasampleehaniher eonitaininga fiygt, wérbingelestrpdesa r eact i ng

chemcally with the redo lator _qr by oxidizi t the.electraode surface.
(00018 13 a yeriieidredlsebi SaPh pdbraite Miupud Bk BrspuofAruatr abe cur r oni
generated bysedshd workeipf ddctro@e SRINROFHEteR@IdcRBAQME £Vl AU BEe SHddsent

woul d be generated by oxidation of glucose. However, if Oxidation of

interfering cmpoamis) andd Hermcyanide (the redgx medisdar).onWhen a sample afibloed ke avoi ded
the present invention,describes.a ,.nethqgd of .renpvi sone, or. al]l of the

ef febt “of i ntBPFRIEG! HERDH AR By aSmRr FHmEES B aiEp ByOHerei e the

overal | oxi dagy gcdss i BeblddaRahple Genditid doticBci B I TGI8 QRRAINAS theNd
subtracting that quantity fromthe overall oxidation current. In particular,

in a method exdisedibyngdudionted therkesaeyanide ieebarfastanids iviedding @ eedncesliredqx t hat

i ncludes first r ki r el ectrode and,.secon rki ng el ect.r od t WO

' tor et por BeeT A a e R ARRET RO b dRieSH ufrRR Snchifls o
each of the vefkiefGus) Betm8ARSuitebITERINE B 4H8%ol Accordihp FRthE plebént I espect i ve
oxi dation current proportions goagggth the glucose and interfering

conpounds. 11inv@tpeosihedBTgu weustdpuid by LifeSenohnc) of Milgtasnbodi nent  of
d met hod accopding.to~t.he present inventi.o a.test strip i.S d which

i ncl udes a sa f@%ﬁaﬂ%ﬁ“@%ﬁfﬁ%ﬁ? A ‘ges‘f'qbl’ggén %W%hoé’a@ué’@ﬁhé’ﬂ&? 8a second
wor ki ng el ect ppgrooandind wofoermsnzea el ectrode. The first working el ectrode,
the second working el ectrode and the reference el ectrodes are covered by

gl ucose oxidase (the enzyne) and a Ferricyani de (the redox nediator). Wen
ST g 220 G0 oS00 bl i S B BRI 2,
generating gl paertial isappled tHReirg wRinig@leatbdk dndl 4 $2e6hnd potential is applied to the
second working electrode. In this embodiment, the first potential is selected to be in a
range in which the glucose current response is relatively insensitive to the applied
potential and thus the magnitude of the glucose current at the first working electrode

is limited by the amount of reduced redox mediator diffusing to the first working
electrode. It should be noted that glucose is not directly oxidized at a working

electrode, but instead is indirectly oxidized through using a redox enzyme and a redox
mediator. In the description of the present invention, the glucose current refers to an
oxidation of reduced redox mediator that correlates to the gluocose concentration. In

an embodiment of the present invention where ferri/ferrocyanide is the redox mediator
and carbon is the working electrode, the first potential may range from about 0
millivolts to about 500 millivolts, and more preferably from about 385 millivolts to
about 415 millivolts, and yet even more preferably may range from about 395 to 405
mV. A second potential is applied to a second working electrode such that the second
potential is greater than the first potential. Where the applied potential is greater than

the potential needed to oxidize the glucose. In an embodiment of the present

invention where ferri/ferrocyanide is the redox mediator and carbon is the working
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oxi di zed by reduction of the Ferricyanide to Ferrocyanide, yielding a
reduced redox nediator with a concentration proportional to the glucose
concentration. An exanple of a test strip that may be suitable for use in a
met hod acwor2esmgs41d t he present invention is the OneT8GEKB2Y04IN48S t est
strip sold by LifeScan, Inc. of Mlpitas, California. QG her suitable strips
are descri beckleatrote)ttiee mbﬁdmmd:nnpuinhy wage fom\AoutBlY Hillpadd o avooht WM 1/ 73124A2.

[ 000201 I n one,_enhodi nent o hod .acc rd|n to the presen ventlon a
first pot entrP‘é]I“ET?§ %ﬂﬁ‘?réﬁretf?fage PFFbORE ‘? ]‘éé‘? Al 1 (ifhmﬁl%

potential is applied to the second working electrode. In this enbodlnent,
the first potential is selected to be in a range in which the glucose
current j088%2ldnse iBechwdedhé gletoge cursarhdodsinobiricreatehe ingrpdseeohly pﬂnjmnﬂl'ya\htlﬁn d
thus the magni tude of the gl ucose current at th flrst e} ectrode S
limted by tHBCEARREROE ) dos 4 0kPSF EHTESE AethF sReBRd BPHiRRS ﬁ‘é“’b% shapdd bg r st

working el ecstusﬁg,g%arngggénwh@ RRoQUL BNt AR ﬂlsm@mg cFecitBc q”f{f%ug oxi di zed

at a worKking but i"nstead 1s indirect ed t using a
redox enzy rre tha ;iotantnaédbbhe sevedd atodang ¢lecttdde mjgssrten than the pofentidiat fhrecdrsint

i nventi on, e curre fers to an dati on of. .reduced, redox
ot ot or™ ha Slediong TS Hividnttiong B ERBe e Shibe HPBH WOPkRE g‘ﬁc'éqﬂmﬁynem of
the present | el t8"hﬁro§1&°a§6ﬁ bt 1B%H'éﬂﬁg’é‘<ﬁhﬁﬁmh§ I};Q%e&%% R and

carbon is the working electro the first potential may range f mabout 0
mllivolts topcdnsiat at3hdsecond wmrkixtgslec&ndb shoukl qansf eglatdsy oferporesibad etrr&85

mllivolts to _about 415 II|v n nor fera y range
from about 398 bFén%é‘ge © $C8 P%”lﬁ)‘{f%‘ﬁ%ﬁéwﬁlcg 1%lwaf%rgsug ‘@é‘@ﬁ\ﬁ wor ki ng
el ect rode suci o rtu(ﬁé‘t%tﬁ £0088o Rk B thekird HoiRRLEL IR BRI

potential . ere the appli potential 1s greatefr than the potential needed
to oxidize thmtgitmbambsecdbml mtemammnmlmmtu@ ghtcesepcrmatntange whiehis on where
ferri/ferrocyanide. is the redox t or d carbon is t wor ki ng 12 WO
2005/ 045413 DN b FBesgR Aol opEuag: e otonact e AR PSS  ange
from about 50ng M\}e\éﬁ%@aét%nm&as&%@unéﬂﬂfof H)Qirﬁ&g dvﬁﬁ%mgﬁ‘er%?efnﬁﬁﬁbl y from

about 420 mlli voI ts to about 1000 m | li vol 211 Becausé the gl ucose
current does amplied tecthe asrond working eegizode,ghérg lwﬁnnraesﬂlgbt ipiresse in the overall

current at the second working electrode as a result of an IR drop or capacitive effects.

When an IR drop (i.e. uncompensated resistance) is present in the system, a higher
applied potential causes an increase in the measured current magnitude. Examples of
IR drops may be the nominal resistance of the first working electrode, second working
electrode, the reference electrode, the physiological fluid between the working
electrode and the reference electrode. In addition, the application of a higher potential
results in the formation of a larger ionic double layer which forms at the
electrode/liquid interface, increasing the ionic capacitance and the resulting current at

either the firstworking electrode or second working electrode.

[00022] In order to determine the actual relationship between the glucose current
measured at the first working electrode and the second working electrode, it is
necessary to develop a suitable equation. It should be noted that the glucose current at
the second working electrode may also be referred to as a glucose overpotential
current. A directly proportional relationship between the glucose current and the

glucose overpotential current may be described by the following equation.
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i.ncreasing potential, the glucose current at the second working el ectrode
shoul d be substantially equal to the glucose current at the first working
el ectrode, even though the potential at the second working electrode is
greater thonsiespatential at the first el ectrode. ThesT/GBRpommasssi onal
current neasured at the second working electrode nmay be attributed to the
oxi dation of interfering conpounds. In other words, the higher potential at
t he second working el ectrode should cause a gl ucose overpotenital current

to be neasured at tXiex decoHes wor ki ng el ectrode Wi bh i s equal or
substantially equal in magnitude to the glucose current at the first
wor ki ng el ectrode because the first potential and second potential are in a

limting gl uUCQAREHE 58 Bindodd\@PeiehCTblage effdts BaRI! 1Y Eis iR ANEIE ESwddd aPP! | €d
potential. However, in practicCe, other paraneters nay have an I npact on the

measur ed cur r ¢ firsf workengaigeirede andet-e isthh glyhese cpoemat thelseeand vegginged t o t he
second morkingleég%%rode, there is often a slight increase in the overal
current at th&%E8Thd working electrode as a result of an IR drop or
capacitive effects. Wen an IR drop (i.e. unconpensated resistance) is
present in the system a higher applied potential causes an increase in the
measur ed [80023knt migan embleliméx afiffiegsesent inveRtion, opereeyi/eardoyani doisitheal

resi stance of the fijst rking. el ectr,ode,, segon ki n | ectyode, the
reference el elt &d’@?‘{lﬁtﬁﬁﬁé’f”gp&b? g/g{lmrg ?]?%maﬁvt %@{aﬂﬁégﬁﬁﬁw?f G ’gf ectrode
and the refer gRe8sEhaFbd OF8cted b R delAbort 0D 53RP LbGA I 10NN Ahis BmBbARRAt

potential results in the formation of a larger ionic double |ayer which
forms at the ofthednventien, higher potentiads doaot haverscsigmBeanyinpeet omthieghragaci t ance

and the resulting,.current. at ither the firstworki electyode or second
Wor ki ng. el ect 1BHRIOA BiSEERb hetame bRt BOHatE RSP B LG e B LT SIeh: p

bet ween the gliReatdhel@8ble JRASH rRfkf@ chirhQeddits vithRiddl Bk g&dnbagle and the
second working electrode, it is necessary to develop a suitable equation.

It shoul d be rMscauetheglutosecytentdess nolinersate with inciesingpdentiahefiiangrtahect r ode
| b f d | . tial. t.. A di tl
b opor L1 onal  Ra b RuReE tplelaty P Reads EESLENEN Brind SEREOD ieef resitte

overpotential current may be described by the foll ow ng equation. 13 WO

2005/ 045413 PCT/ GB2004/ 004588
[00024] In the embodiment of the present invention described above, glucose is

indirectly measured by oxidizing ferrocyanide at the working electrode and where the
ferrocyanide concentration is directly proportional to the glucose concentration. The
standard potential (E°) value for a particular electrochemical compound is a measure
of that compound’s ability to exchange electrons with other chemical compounds. In
the method according to the present invention, the potential at the first working
electrode is selected to be greater than the standard potential (E°) of the redox
mediator. Because the first potential is selected such that it is sufficiently greater than
the E° value of the redox couple, the oxidation rate does not increase substantially as
the applied potential increases. Thus, applying a greater potential at the second
working electrode will not increase the oxidation at the second working electrode and
any increased current measured at the higher potential electrode must be due to other

factors, such as, for example, oxidation of interfering compounds.

[00025] Figure 3 is a hydrodynamic voltammogram illustrating the dependence of

applied voltage with measured current where ferri/ferrocyanide is the redox mediator
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XGx A/ G = A2G (e4l) where XGis a glucose dependent voltage effect factor,
AlG is the glucose current at the first working el ectrode and A2G is the
gl ucose current at the second working electrode. [00023) In an enbodi nent
of the prweenssdsswienti on, where ferri/ferrocyani de i s PO®FGBedOMdsBRdi at or
and carbon is the working el ectrode, the voltage effect factor XG for

gl ucose may bmdeuBea el Workifs BettRIRN BalOda HoidorPRY oAPRYprdserdis af Radt hi S

enbodi ment of the invention, higher potentials do not have a significant
i npact on t heongleypeyineent asbierert fupngnicig measitrehd segands dftee appdyiog a weltiggaomss -

(ferrocyanide) has fas lectron transfer l.neti.cs an versi bl.e el ectron
t ransf er char%\%’f’%ﬁgse? cizgﬁe 7 a{eg%re%gre icﬁ&dee:iﬂé%'{f? B&E‘.’WS %@@gﬁg‘é‘“{"ﬁ "BPucose
current does finsktFaRiCauesibn hiuboBEFIONEVDREARY ihelapAiddsloltagsigr t ai n poi nt,
t he gl ucose current maybe said to be saturated or in a diffusion limted

regi me. [ 0002stffidienthytaseateriibbani ofdhe Ebvalveef forecyamie.i Hlwsnas ilnstoession iFigde above,
gl ucose is inpditect Jeasyred by .oxj di zing..ferrocyani de gt the working

el ectrode andgl’\féﬁ 0%%’85?%‘3%%@%#{5‘3@0@&’3}’ r'gf Gﬁﬁg?escuﬁﬁe? ?9or opor t i onal
to the gl ucosgniBE Bl theBxidditd of Ferpdtgadife RA BRI drAimitda (i ¥ ahd 8iffuSfona

particul ar el ectrochem cal conpound is a neasure of that conpound's ability
to exchange edidfetroayasideia the gtonlang elaeirdde dimitsdhgpmagrdide bfithetnimasured Grotknt

according to the present..inyvention, th tential_ at the first Ki ng
Fect rods 19 wiiis RridEmry bhEAsti anen P R b e and PaeleTRSeR ¢ ne
redox nediator. Because the first potential is selected such that it is

sufficiently greater than the E value of the redox couple, the oxidation
rate doef00026] i ncrlazsrershburenh génerdted ysthe piidatigdfiietdrfeuigwimpmhndsis netases.

Thus, | yi t tential th d Ki | de will not
ncr eace. t he SRS POHEPERHE SR8 oS A RGO P DU B PRIt eased
current nmeasugiedpotbittal MatiRGfremtYefGhted by 8kiQ5H I FerfdothniBE (tHe!RnbEyRidRET

factors, such "as, ?or exanpl e, oxidation of interfering conpounds. [00025]
Figure 3 is ahdvwniybedy generaed Gbmdhepigrantion of glucosawitithe erzydepodthence of

SURRNLIRE TR R R ORI RN
transfer kinetics than redox mediators (i.e. ferrocyanide). This difference is ascribed
to the fact that most interfering compounds undergo an inner sphere electron transfer
pathway as opposed to the faster outer sphere electron transfer pathway of
ferrocyanide. A typical inner sphere electron transfer requires a chemical reaction to
occur, such as a hydride transfer, before transferring an electron. In contrast, an outer
sphere electron transfer does not require a chemical reaction before transferring an
electron. Therefore, inner sphere electron transfer rates are typically slower than outer
sphere electron transfers because they require an additional chemical reaction step.
The oxidation of ascorbate to dehydroascorbate is an example of an inner sphere
oxidation that requires the liberation of two hydride moieties. The oxidation of
ferrocyanide to ferricyanide is an example of an outer sphere electron transfer.
Therefore, the current generated by interfering compounds generally increases when

testing at a higher potential.
[00027] A relationship between an interfering compound current at the first working

electrode and an interfering compound overpotential current at the second working

electrode can be described by the following equation,
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and carbon is the working el ectrode. Each data point on the graph represents
at |l east one experinent where a current is neasured 5 seconds after
applying a voltage across a working electrode and a reference el ectrode.
Figure 3 wbaus/ousas the current forns an onset of a pbparéemeooseyisgs at about
400 nV because the applied voltage is sufficiently greater than of the E

val ue of ferrocyanide. Thus, as illustrated in Figure 3, as the potenti al
reaches approximately 400 n¥V, the glucose current beconmes saturated because
the oxidation of fexroeyanide is diffusionggizyited (i.e. the diffusion of
ferrocyanide to the working electrode Iimts the magni tude of the neasured
current and is not limted by the electron transfer rate between

fer rocyant de e ¥ieuPlReld 88 Bhmpd 802k BRAR oot BULE 91 Ener 20 e, by

the oxidatio erirng-conpounds I's not tura y increases in

appl i ed vol t agerferitg edropsund coxredt, Bitl17pisdles intbefering esrapound ovapplenttd pot enti al
than current generated by oxidation of fgrrocyan' de (the_féerrocyani de

havi ng been d&KERrhtRFaysedhs mfretering eqnapqund yollagesilsetfagony dtdepgrdeatisRpRe and
the enzyne w [ Is . i k rl sl ower
el ectron tran]g g%ée?lg?%go?%é t dé;rjl-é{rmg 0X %néaa?ﬂ;%rg%{s{‘%(c?&g? 1?{5?}?%@1 g‘%‘%ﬁg\é’? Thi s
di f f erence i sconsérhiabé the rhaieridl @sddafot the hairking slectrodes rchkenlatign obapaticude under go
an i nner sphere electron transfer as opposed to the faster outer

pat h !
sphere el ect rlawrﬁeﬂa&g%vmwémmeﬁfvoﬁw@r ghfastprior a Ragtigpla systemy fsh stdpher e
el ectron tra LR Sn [gg%% ! erimeHG a hydride
transfer, beP%{a E'ztraniéufeerrlgll({i; n e??c(tz rngtﬁ)%‘lll%ﬁ%%%ﬁ]ggtg%ﬁan ou?%rft% sphere
el ect ron tr angftitizeithe yohiate effeqifacter for tosereritahia. r Sherhatorlhehder eertaimnsf er ri ng
an electron. Therefore, inner sphere_electron transfer rates are typically
sl ower than cHIUPSABETETRPTRITAG YHAES FEGE fagtors %&%ﬁ%@vsﬁepgqs@eﬁ@r e an
addi tional chgmheghidggction step. The oxidation of ascorbate to
dehydroascorbate 1s an”exanple of an inner sphere oxidation that requires
the liberation of two hydride noieties. The oxidation of ferrocyanide to

ferricyanide is an exanpl e. of ap outer sphere e]ectraqn transfer. Therefore,
the current generglf‘é"ﬂ ‘g@’oﬁﬁfé\tPE?‘FH’&S%FPB’GE%WB%ﬁ%‘?@ﬂWWWBQ%‘éé}& when
testing at a JhghgldRRraMd tabon s WGHkind delrald, AShiePrefifs WaRibuad | Nterfering

conmpound current at the first working ¢€lectrode and an Tnterfering conpound
over pot ent i al dependeahvoliage effect fetariticont be methematically described using the Tafel

equation for I; and I,

(o

I = a'exp(%) (eq 2a)
( IL,=a exp(%) (eq 2b)

where 7,=E, - E°, 17,=E; - E°, b’ is a constant depending of the specific electroactive
interfering compound, E; is the first potential, and E; is the second potential. The
value of E° (the standard potential of a specific interfering compound) is not

important because it is canceled out in the calculation of A77. Equations 2, 2a, 2b can

be combined and rearranged to yield the following equation,

A
Y =exp( IZ ) (eq 2¢)
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el ectrode can be described by the foll ow ng equation, 15 WD 2005/ 045413

PCT/ GB2004/ 004588 YxI 112 (eq2) where Y is an interfering conpound dependent
voltage effect factor, Il is the interfering conpound current, and 12 is

t he i nt erwerzpesg4safpound overpotential current. BecauPETIGB2004 00488 eri ng
conpound voltage effect factor Y is dependent upon a nunber of factors,

I ncl uding, the particular interfering conpound or conpounds of concern and
the material used for the working el ectrodes, calculation of a particular
interfering cvigedmdEleFenBewationdr pryédes hieathenfiatisalaelaionship dgseribing thar

system test strip,. analyte and interfering conpound or conpounds nmay
require experFleipesin bpiwed A% ¢ r‘i]iez@ffﬁl}%c‘?kﬂ%‘t’%@gg%ﬁ!s&‘ttem% argk the gecopdhose

criteria. Alternatjvely, .under certain, .circunstance roprj ate vol t age

ef fect fact or@tmi)ﬁaéﬁwvﬁmwmm Bﬁtf“g‘??é_tvﬂ@?%&teﬁgﬁﬁg‘g‘?roﬁ 4R enbodi ment
of the presenimiJaraaiiio? heARER ihfntibh,§ BhhPFn8e s dbdut NG abbRA@Y, AHadi at or and
carbon is the working electrode, the interfering conpound dependent voltage

ef f ect fact ormdtequeferdblydetvatehe@bhautilcat|l). descenbatimesiofthis mzefmwinethe equat i on
for Il and 12, 13 .=a" exp(bld (e a | Z za , exp(b’ eq .2b) where 77i =Ei
- E, 172 =E2 Integlenpg C‘?”E}g)ogmégﬁéet“g?ﬂ% J&Qﬁ@rﬁﬁeﬁ’gfa‘étf’r %P@y?éggﬁeg?lee‘il ectroactive

interfering C&%Bﬁhh@&allﬁfor'a%%%ch?c fotertin® 868PGundlor cafBinfron! oF iktBgerigcONd

potential. The  value of E (the standard potential of a specific interfering
conpound) i s seatpoundpdt shenid Heewiaddbatithe interfening edmpowsdtdependentoyoiagecul at i on of

ol | oviing. equatiiehfieiy Yo ameries patposs = 1Eos Sovs Tt bertdishia ooases
where A7T7=E] x. E# ohfeastatAOMe £10MARY dcdBonsawillRich@IMR] thé AathehaBita f1a{UnBhip

descri bing the
of a) the interfering compound current I; and the interfering compound overpotential

current I>; and b) the glucose current 4;¢ and the glucose overpotential current 4,6
will allow a glucose algorithm to be proposed which will reduce the effects of

interfering compounds for measuring glucose.

[00028] In an embodiment of the present invention, an algorithm was developed to
calculate a corrected glucose current (i.e. 4;¢ and A,¢) which is independent of
interferences. After dosing a sample onto a test strip, a first potential is applied to the
first working electrode and a second potential is applied to the second working
electrode. At the first working electrode, a first current is measured which can be

described by the following equation,

Wi=A;c+1 (eq 3)

where W; is the first current at the first working electrode. In other words, the first
current includes a superposition of the glucose current 4;¢ and the interfering
compound current I;. More specifically, the interfering compound current may be a
direct interfering current which has been described hereinabove. At the second
working electrode, a second current is measured at the second potential or

overpotential which can be described by the following equation,
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rel ati onship between Ark (i.e. the difference between the first potenti al

and the second potential) and the interfering conpound dependent voltage
effect factor Y. In an enbodinent of the present invention, Ymay range from
about 1 twoalbesaiss480, and nore preferably between aboWCTIGB20e#/00ES88| N an
enbodi mrent of this invention, the interfering conpound dependent voltage
effect factor Ymayme=dgterm ned experinenteld)y for a specific interfering
conmpound or conbination of interfering conpounds. It should be noted that
the interfering conpound dependent voltage effect factor Y for interfering

conpounds is r cose. As
the foll ovi ngwgéélgﬁ%sngggm@ﬁ%ﬁﬁ 8%‘2%?%@%%%2‘1 arrié’?ﬁ’g%%lt%?% ’ézeﬁxgt‘f’%%‘é’ﬁ‘.g% of a)
t he i nterf erioagrimnaloutrestimeasntedlat tenecont otentialy drel 4, ixthe &

overpotential current 12; and b) the glucose current A G and the gl ucose
overpotenti afoRRUpEAYerpentialcyrrent meatired 3 thesseendpatential iMpresPeaiallyposed

which will r G'EI“Q“ j, Ot ' . gﬁw'

gl ucose. [000 g?'ﬁﬁgglﬁ%é%go I n&?déglﬁ%%e?%%?@%\%%%%nﬁ a gdtl)lglgt hm was
devel oped t o Cuargdnt whichéhasbeardesaibed hgdeinabowe. disingethe pfavioaslyAlzseribed 4A2G) whi ch
i s independent of interferences. After dosing a sanple Qnto a test strip, a

first potenti%vatiens{ems i &4} which gontpin Asmkpesvas (o el 2ecli @826 9% econd
tential i . . : . i
Eleot rode, o TRRLIC chbdS SREARS lief ot SyERIh M Bundlnepfof | or ! 10

fol | ow ng equiaterfering Wmpowdll$s + 11 (eq 3) where W is the first current at
the first working electrode. In other words, the first current includes a

superposition of the glucose current AIG and the interfering conpound

current res 7 L rerd y be a
direct i ﬁ)tbeo%%\fgri ngggﬁlﬂﬁé%?{ ek%?c as%géjrilwdﬂéds?lg?(? ggﬁ@@h é-llg gg%%%béﬁt t he
second wor ki substituied tintode 4 ta give dlonfbllowingeqts. i s nmeasured at the second
potenti al or overpotential which can be described by the foll ow ng

equation, 17 WD 2005/ 045413 PCT/ GB2004/ 004588 V@=A2GH 2 ( eqd)
Wy=XgAic+ Y (eq 5)

Next, eq 3 is multiplied by interfering compound dependent voltage effect factor Y for

interfering compounds to give eq 6.
YW; =Y Ajc+ YI; (eq 6)

Eq 5 can now be subtracted from eq 6 to give the following form shown in eq 7
Wr-YW,=XgAjc-YAjs (eq7)

Eq 7 can now be rearranged to solve for the corrected glucose current 4; measured at

the first potential as shown in eq 8.

—_ 2
AIG -

W, ~YW,
—2 1 8
Y._Y (eq 8)
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where W2 is the second current at the second working el ectrode, A2Gis the
gl ucose overpotential current neasured at the second potential, and 72 is
the interfering conpound overpotential current neasured at the second

pot ent i alwoNbesmssqaecifically, the interfering conpoun®CaHGE2pol#ss al
current may be a Direct Interfering conpound Current which has been

descri bed hergj 9aPpuR a cbisbdig $1ii6osRLENER US, WhilhTehbhadhderfRBUAt i Ons (eq's 1
to 4) which contain 4 unknowns (AIG A2G h, and 72), it is now possible to

cal cul ate a colerfereness refuinsely: thercarrentagipt pHihe dinstororkisg eledeplernddnt  of

interfering cg nds, 0p2 th | rst st i he, derj.vat.i on G rom
eq | and 12 fﬁ'egggﬂ%g or%mg%ﬂecgg?«; %%’t@glﬁzg&?qcﬂfeog%ﬁn%“ﬁ 3&8358 ?qigac?oaff[gﬁﬂ- ng eq
5. V=XGAl G+Y%&hd ifteforinesinpo@st depefdditidltagh ekt Bctért ff Réfkd@gConpound
dependent voltage effect factor Y for interfering conpounds to give eq 6.
YW =YAIG + Wonfpeynd) Eq 5 can now be subtracted fromeq 6 to give the
followng formshown in eq 7 W-YW=XGAI G YA G (eq 7) EqQ 7 can now be
rearranged to solve for the corrected glucose current Al G neasured at the

first pofoepsgjal asa shirvde thétertdnfinind BlecdhnidA® eectticAlBintifacd® with ucose
2005/ 045413 PCT/ GB2004/ 004588 Eq 8 outputs a corrected glucose current Al6

whi ch r enpvestestisaiptpmeeasuge e cupgaididn Monoe &2 dojong ¢mbpdiment of He presentent

out put of the first r ki el ectrode and econd worKkin ectrode (eg W
ond vy ' gl namtih, KR Rof bf RideHafinling B EBsdiREE! Aot GRY hBRER! o
conpound depernd@biher@hbcagfent bf Bietprésdatitventioh XN and Yahyebd tisfefredROHBdS .

[ 00030] A glucose neter containing electronics is electrically interfaced
wi th a gl ucosmeter via a calibration code chip. The calibration code chip would have in its

( memory a particular set of values for X and Y which would be calibrated for a
particular lot of test strips. This would account for test strip lot-to-lot variations that

may occur in Xg and Y.

[00031] In another embodiment of the present invention, the corrected glucose current
in eq 8 may be used by the meter only when a certain threshold is exceeded. For
example, if W7, is about 10% or greater than W, then the meter would use eq-8 to
correct for the current output. However, if W, is about 10% or less than W, the
interfering compound concentration is low and thus the meter can simply take an
average current value between W; and W, to improve the accuracy and precision of the
measurement. Instead of simply averaging the current of W; and W3, a more accurate

W,
approach may be to average W; with —Xi where the glucose dependent voltage effect
G

factor X is taken into account (note Z—z approximately equals 4;¢ according to eq 1
G

and 4 when I>is low). The strategy of using eq 8 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 W, is

sufficiently greater than #; by a large amount (e.g. about 100% or more), this is an

indicator of having an unusually high concentration of interferences. In such a case, it
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test strip to nmeasure the current fromW and WA. In one enbodi nent of the
present invention, XG and Y may be programmed into the glucose neter as
read only menory. |n another enbodi ment of the present invention, XG and
Ymay be tweanefs®sssasl to the neter via a calibration co@€TEH2H04/0¥4ES
calibration code chip would have in its nenory a particular set of values
for XG and Y mi khdespabletdeitmalah birait @esshgingdeadnidlal glactsavath@bedatisd £6dry st ri ps.
This woul d account for test strip lot-to-lot variatiqns that may occur in
XG and Y. [odoglevekpfanieering compondrery @psaaireghdevarie thefpemesutf edithe
corrected glucose current in eq 8 may be used by the neter only when a
certain threshold is exceeded. For exanple, if W2 is about 10% or greater
than W, [00062) t he Tirtfellowing settiosewilddcrite a pesibleatst kkip entdimént evliictout put
However, if W2 is about 10%or |less than W,, the _interfering conpound
concent r at i orfa¥%be wkd At thepropesed algerithm E%IHCETWW“‘@&R@] shoxpdn 89é- cur rent

val ue betwee 5;{%{ wASES
nmeasur enent . r}i‘%gtggg I}slél’?dﬁlf)irl];ers vczirvggfeng t%ggﬁérre%{vﬂ%g W ﬁéﬁx}@; a nore
accurate appligaséd upon adasé subsivae AgFhdle sin layerXarewlendudilve laykr®an dependent

voltage effect ¢  factor XGis taken _into_account (note p roxi mately
equal s Aro acBBHelwdaYs 16 rPagR a2 4%%81}/‘21%“7(0@ ydr%@ %{&,y of
u5|ng eq 8 o

si gni ficant [ﬂgéet{ﬂggy %er?ég n%g%?ggém\%%&ggh ??fwjiétSF’SL %e ri sk of
overcorrecti rlgebdsmiun&ﬁsluyadommﬂm layarné,rrbagehtlayé‘rmL @H}ieavatatyembahat when W2

Is sufficiently greater than W ?f | ar ge_ anmount (e.g. about 100% or
more), this j depgyite %amﬁﬁ%‘FSHQV& gt %iﬁ%nmlﬁjgafap?rymmt PEfig8®ent rati on of

it e f er encesyd umHe g A3 tod yersd D RURBAAATA ) PATLCANIAARARES 1y

be desirable to output “an error ssage I nst gl ucose va
very hi gh | essd bade snbmmdferTheg’uhpaqsemhldétes‘agtnpm acsalmplakchivingi n t he

accuracy of eq 8, 1 00321 Theﬁélgl | ow sections w | l}Bd scribe a possible
test strip e beethet G agEFPt O%éamélgwﬁﬁlﬁc Re Py S‘Eed al gorithm of the

present invention as shown in eq 8.

[00033]) Conductive layer 50 includes reference electrode 10, first working electrode
12, second working electrode 14, a first contact 13, a second contact 15, a reference
contact 11, and a strip detection bar 17. Suitable materials which may be used for the
conductive layer are Au, Pd, Ir, Pt, Rh, stainless steel, doped tin oxide, carbon, and the
like. Preferably, the material for the conductive layer may be a carbon ink such as
those described in US5653918.

( [00034] Insulation layer 16 includes cutout 18 which exposes a portion of reference
electrode 10, first working electrode 12, and second working electrode 14 which can
be wetted by a liquid sample. As a non-limiting example, insulation layer (16 or 160)
may be Ercon E6110-116 Jet Black Insulayer Ink which may be purchased from

Ercon, Inc.

[00035] Reagent layer 22 may be disposed on a portion of conductive layer 50 and
insulation layer 16. In an embodiment of the present invention, reagent layer 22 may
include chemicals such as a redox enzyme and redox mediator which selectivity react

with glucose. During this reaction, a proportional amount of a reduced redox
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Figure 1 is an expl oded perspective view of test strip 600, which includes
six layers disposed upon a base substrate 5. These six |layers are a
conductive layer 50, an insulation |ayer 16, a reagent |ayer 22, an
adhesi ve wayes09813 a hydrophilic layer 70, and a top payeB28d/00458st strip
600 may be manufactured in a series of steps wherein the conductive |ayer

50, insulation Layer 16, re t,l,ayer 22, adhesive l.ayer .60 deposi ted
on base substPE'&°5ts erﬁfflerfq%&n)e@%gﬁﬁlcae? g%mg%sruée neﬁeﬁr%ﬁoﬁlf%ﬂﬁalg'rsé?gé%g.

Hydrophi | i ¢ | @gdse ¢6ncafifatiofRah BY dlcuditedraiyx fiepl eodresapant fopfulatdmelor isks0ck and
| am nated onto base substrate 5. The fully assenbl ed test Strlf forms a

sanpl e recei viuiigblederaysp it the pepsent ipyepenesn bg fpvnsos Uapgiends 8308.84t and can be

ARG e e e A e T N
second cont acivhith arint@paareabprefeendedrteidl, and a strip detection bar 17.

Suitable materials which nmay be used for the conductive |ayer are An, Pd,
Ir, Pt, Rh, stainless steel, doped tin oxide, carbon, and the Iike.

N e Tt e A U

cutout 18 whi givdedh&sRad 2P0Thé Side edges 6f RiseailesivepAL14 alitseddhd ddhésste WOr Ki ng
el ectrode 12, and second working el ectrode 14 which can be wetted by a

|i qui d sanpl epad®f lacaterhadijoaptitp rrgsentdatsr 2 eqchdigfing 2 wall oAy sample seceivines 0)

maybe Ercon EQ110-116 Jet .Black. | I .1 nk.whi urchased from
Ercon, Inc. 1&5’6%?& eagd%nr?f) 4 é%?te?@gp%%t bngglétlms g‘%& H%V%%{)or’% on of

conducti ve | ayshprise adtder bastdicalit @Bpdlpyi@ prdsSurelsenstivecidhesiveweiiith f t he
present invention, reagent |ayer 22 may _include chem cals such as a redox
enzyne and r eesngistallyewrilablsifrom Tanectnerigltiey LT Doa(Iting; Herty United Kingdami ng t hi s
reaction, a pgﬁ@gkkhﬁﬁal anount of a reduced redox 20 WD 20051045413

PCTI GB2004/ 00 nmedi ator can be generated that then can be neasured

el ectrochemically so that a glucose concentration can be cal cul at ed.
Exanpl es of reagent formulations or inks suitable for use in the present

i nvent i ofP0887A be f Hydrarhilic lagerydriaglndess drgiel Iydrophilig pad 32 and proximal
hydrophilic pad 34. As a non-limiting example, hydrophilic layer 70 be a polyester
having one hydrophilic surface such as an anti-fog coating which is commercially
available from 3M. It should be noted that both distal hydrophilic film 32 and
proximal hydrophilic film 34 are visibly transparent enabling a user to observe a

liquid sample filling the sample receiving chamber.

[00038] Top layer 80 includes a clear portion 36 and opaque portion 38. Top layer 80
is disposed on and adhered to hydrophilic layer 70. As a non-limiting example, top
layer 40 may be a polyester. It should be noted that the clear portion 36 substantially
overlaps proximal hydrophilic pad 32 which allows a user to visually confirm that the
sample receiving chamber is sufficiently filled. Opaque portion 38 helps the user
observe a high degree of contrast between a colored fluid such as, for example, blood

within the sample receiving chamber and the opaque section of the top film.
[00039] Figure 2 is a simplified schematic showing a meter 500 interfacing with a test

strip 600. Meter 500 has three electrical contacts that form an electrical connection to
first working electrode 12, second working electrode 14, and reference electrode 10.
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6, 046, 051; published international applications WOOL/ 67099 and WOOL/ 73124,
all of which are incorporated by reference herein. [00036] Adhesive |ayer
60 includes first adhesive pad 24, second adhesive pad 26, and third
adhesi vewmnzbho284541Bhe si de edges of first adhesive pad Pdr/aBzhoseesssd adhesi ve
pad 26 | ocated adjacent to reagent |ayer 22 each define a wall of a sanple
receiving chapheiculat forRBei6NItionBétts RiltakdSubdecdB NS fld WRRtihPAectidiR 120hesi ve
| ayer may conprise a water based acrylic copol ymer pressure sensitive
adhesi ve whi chnhestord §Awennectsvolfagnsantcg P4 tof seopndnaprbiingedesirade 14and TD i n
Tring, Herts, United Kin t 435) . [Q903 drophil i;c .l ayer 70

I ncl udes a dic&%gfonh%?cr]’g %cpt)%ﬁ?bp]g Olé)lgeg S3‘§)ﬁg%eas prcg%ﬁga gl%{%rrg%ﬁﬁnféf %lg%hé) 34. As a
non-1im ting 1ex aMMdeperfoydingpitest] vollagy ssurctl 08 6n teft® 5P airties a figst ipb@na4le
hydrophilic surface such as an anti-fog coating which is commercially

avai | abl e fr dintsiweeptirsiiwnikiag slectiodel? andaeferspeheletendall 0 apdiv e sowreg i | m 32
and proxi mal;hydrephi Lic ofi . I siLbly transparen nahl | a user to
observe a | ilé)g iagp@egsr?p e(éoﬁdiqokﬁrﬁhgﬁ?%e?vg%eﬁﬁf%mﬁ&o ‘u%\’}%ﬁ% C ‘iaerrlbearn%‘;i r%i 381 Top
| ayer 80 incldgasdel@! aarmprerofbydd3Sapplidd aRAdhe Raridibing SBctrodep2, ayer 80 is

di sposed on and adhered to hydrophilic layer 70. As a non-limting exanple,
top |ayer 4ceeayd wakingsticlreds b and referprngclpcedntl ard coveaed witlkblopdadhisor t i on

36 substanti a| I | el L c | |l ows a user
o visually Came rREEHIDRT pRHLRe MBI CH feolity Bonallfidh Bk
filled. Opaqugndu@t proportidBalhe theszliidoee wsior int@ﬂ‘&ﬁ{g/@mg)obh@boxﬁagﬁﬁ@n@feséﬁnt rast
between a colored fluid such as, for_exanple, blood wthin the sanple

recei ving chdhides sagmip- thier gha pesesendsitiom b sunple pplicelipnmatad80] Fi gure 2
i(s a sinplifi 1.c. Show i nt er [ it strip
600. Meter 5 gansg%p relggté ecgﬂreﬁ %%’?b%ﬁéiogﬁfl ﬁgieg %(fe%zga%d\é%c&flﬁoégﬁé
connecti on t Gledtdodst4.wor ki ng el ectrode 12, second working el ectrode 14, and
reference el ectrode 10. 21 WD 20051045413 PCT/ 6B2004/ 004588 I n parti cul ar
connector 101 connects voltage source 103 to first working el ectrode 12,

connect ofggdflf CONMGThSpreAbhd festABEL Frotihd sbPnd &P Aty Wb BElHQde 14 and

working electrode 12 and second working electrode 14 had the same area. It should

be noted that the present invention is not limited to test strips having equal areas. For
alternative embodiments to the previously described strips where the areas are
different, the current output for each working electrode must be normalized for area.
Because the current output is directly proportional to area, the terms within Equation 1
to Equation 8 may be in units of amperes (current) or in amperes per unit area (i.e.

current density).

[00041] It will be recognized that equivalent structures may be substituted for the
structures illustrated and described herein and that the described embodiment of the
invention is not the only structure that may be employed to implement the claimed
invention. In addition, it should be understood that every structure described above
has a function and such structure can be referred to as a means for performing that
function. While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments
are provided by way of example only. Numerous variations, changes, and

substitutions will now occur to hose skilled in the art without departing from the
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common connector 100 connects vol tage source 103 and 104 to reference

el ectrode 10. When performng a test, voltage source 103 in neter 500
applies a first potential El between first working el ectrode 12 and

ref erencev@bmsbasese 10 and vol tage source 104 appl i espcr/esommoospsst enti al E2
bet ween second working el ectrode 14 and reference electrode 10. A sanple of
bl ood is app u t1,of ng

el ectrode 14hh§%gﬁr2&%&2@&?12H§%¥¥g ek?%uﬁ%%ﬁ%%@%&g%&heeﬁ@@@ooa- %ﬁ#@
causes r eageitvehtapales@ibed beﬂvmnmebhyrdplay@ﬁnmouhm.mwnwﬁmf Hiig intxeysded de in

an anount pr. nal to t h cose a | erf rin

concentrat i off g&‘&i‘éﬁ’( pring ¢ ﬁﬁ?eesww? ongn ﬁ’&g](’g??ﬂd]t he sanpl e
appl i cation, goRkeLs HERDPE P¥dn Rir & pﬁ o kst wor ki ng
el ectrode 123and sé%%ﬁg morklngﬁhgﬁéctrggﬁgghn H& &hSB ﬁﬂ?ﬁghg§é€fously

described first and second test strip enbodlnents the flrst wor ki ng

el ectrode 12 and second working el ectrode 14 had the sane area. It should
be noted that the present invention is not limted to test strips having
equal areas. For alternative enbodinents to the previously described strips
where the areas are different, the current output for each working

el ectrode nust be nornalized for area. Because the current output is
directly proportional to area, the terns within Equation | to Equation 8
maybe in units of amperes (current) or in anperes per unit area (i.e
current density). [000411 It will be recogni zed that equival ent structures
may be substituted for the structures illustrated and described herein and
that the described enbodi nent of the invention is not the only structure
that may be enployed to inplenent the claimed invention. In addition, it
shoul d be understood that every structure described above has a function
and such structure can be referred to as a neans for perform ng that
function. Wile preferred enbodi nents of the present invention have been
shown and described herein, it will be obvious to those skilled in the art
that such enbodi nents are provided by way of exanple only. Numerous

vari ations, changes, and substitutions will now occur to hose skilled in
the art without departing fromthe 22
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WO 2005/ 045413 PCT/ GB2004/ 004588 invention. It should be understood that
various alternatives to the enbodinents of the invention described herein
maybe enployed in practicing the invention. It is intended that the

f ol | owi ngwol2aésmmsdefi ne the scope of the invention andpchats2o®tdossds and
structures wthin the scope of these clains and their equival ents be covered
thereby. WHBTISCLAIMEDIS: - - -+« « v v v v v v v v v WO 2005/ 045413 PCT/ GB2004/ 004588
WHAT IS CLAIMED IS: 1. A nethod of reducing interferences in an

el ectrochem cal sensor conprising: applying a first potential to a first

wor ki ng el ; BYE pLal to a second. working

el ect rodg', g\%}%éedr}(g(?%ﬁggﬂpc&yg 1@ g%%ﬁ%@%g{%g%g@ z%'?&ltl]se&hcraie%ef’%?r ctoﬁli)%g]tn\ég absol ute val ue
of said first potential; nmeasuring a first current, at said first working
el ectrode, which _coméri ses an analyte current and an interfering conmpound
current; meastPiyigg &fisepeteatial fo 2 Brpt Wodkingelperoslecond wor ki ng el ectrode, whi ch
conpri ses an anal yte overpotential current and an interfering conpound
overpotential current, wherein said anal yte overpotential current has a
first directapplyin®psecohdpetentit kdd seamsdworking dedtddaaierdis sddr r ent and,
wherein said interfering conpound overpotential current has a second

di rectly propteendppiential i) gheates tkan the i‘t@og%ﬁ elpgefsaiddpstipptedislbound current;
and calculating a corrected current value representative of an anal yte
concentration wusing an equation which is a function of said first current,

said second cCueistithg a fisdicOrént] &lsaidifir@ SldrlinpeRpRédd, Whith comipgitdsanshi p, and
said second directly proportional relationship. 2. The nethod of claim1,
wher ei n sai d &gbae P@Fent and an integering somppoxnd guigidy e Al i s said anal yte
current, W is said first current, W2 is said second

measuring a second current, at said second working electrode, which
comprises an analyte overpotential current and-an interfering compound
overpotential current, wherein said analyte overpotential current has a first
directly proportional relationship to said analyte current and, wherein said
interfering compound overpotential current has a second directly proportional

relationship to said interfering compound current; and

calculating a corrected current value representative of an analyte concentration
using an equation which is a function of said first current, said second current,
said first directly proportional relationship, and said second directly

proportional relationship.
2. The method of claim 1, wherein said equation is

A i/
X-Y

where A4; is said analyte current, #7; is said first current, W, is said second
current, X is an analyte voltage effect factor, and Y is an interfering compound

voltage effect factor.

3. The method of claim 1, wherein said analyte is glucose.
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current, Xis an analyte voltage effect factor, and Y is an interfering
conpound voltage effect factor. 3. The nmethod of claim1l, wherein said
anal yte is glucose. 24 WO 2005/045413 PCT/ GB2004/ 004588 4. The net hod of
claiml, wbeowsiomsssai d first potential is between about PB8&RIMIN4Est s and
about 415 mllivolts for said el ectrochem cal sensor which conprises a
carbon working el ectrode and a ferrocyani de redox nediator. 5. The net hod
of claim1, wherein said second potential is between about 420 mllivolts

and abouf. Twomethpd pf Jaim b wherein said) fiest peteptial ehatwean abenstd milliveltconpri ses  a
car bon ‘“%%a‘b“&zﬁ%%? 1@%51?{ %d%lefcﬁ[)&h%ﬁx@a[‘kga‘%omﬁ%cgﬁgn&r%%rcarp% The method of

claiml erei n-sal ering conpound current romthe

oxi dat i oofkingtdleckroas indonRrrobyeii deabdaxip&distof.r om t he group consi sting of
acet am nophen, ascorbic acid, bilirubin, dopam ne, gentisic acid,
gl ut at hi one, | evodopa, nethyl dopa, tol azimde, tol butam de, and uric acid.

7. The tﬁ‘ﬁé’m%o@(xﬁq&}r}& %égre d§9cioq bbes al l;e%%e%nyabg{lp tional

rel ationship s s sal anal yte voltage ertect factor, A is

sai d anahyltieoltsiand abdut 1amdmﬂavoltssfosmlmelacwdchelﬁlcewmmtvﬂﬁéﬂ @mpeiges ent. 8_ The
nmethod of claim 1, wherein said first _directly proportional relationshipis
Yl =I 22 gavberewerking elecirade adet feoryrgideapdain @ff/%tﬁ‘ltage effect factor, Il is
sai d interfering compound current, and 1Z is said interfering conpound
overpotential current. 25

6. The method of claim 1, wherein said interfering compound current results from the
oxidation of at least one chemical chosen from the group consisting of

acetaminophen, ascorbic acid, bilirubin, dopamine, gentisic acid, glutathione,
levodopa, methyldopa, tolazimide, tolbutamide, and uric acid.

7. The method of claim 1, wherein said first directly proportional relationship is

XxA;=A4;

where X is said analyte voltage effect factor, A;is said analyte current, and A;

is said analyte overpotential current.

8. The method of claim 1, wherein said first directly proportional relationship is
YxI 1=1

where Y is said interfering compound voltage effect factor, /; is said interfering

compound current, and / is said interfering compound overpotential current.
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