| MPROVED ELECTROCHEM CAL TEST STRI P FOR REDUCI NG THE
EFFECT OFDI RECT AND MEDI ATED | NTERFERENCE CURRENT
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compounds so that the entire oxidation current would depend only on the
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[0003] It is, therefore, desirable 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
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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
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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 ineffici ent use of an electrode in a glucose measuring

system.

SUMMARY OF INVENTION
[0009] The present invention is directed to an electrochemical sensor or

electrochemical strip which includes a substrate, a first working electrode
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a proximal and a distal end, the distal end including

a fupacive wegioniod theskcald werkania pleeiodeo The present invention further
includes an electrochemical sensor wherein the first working electrode, the
second working electrode and the reference electrode are positioned in a
sample receiving chamber, the sample receiving chamber having a proximal
and a distal end, the distal end including a first opening which is adapted to
receive bodily fluids and the inactive region of the second working electrode
being positioned adjacent the first opening. The present invention further
includes an electrochemical sensor wherein the active region of the second

working electrode and the first working electrode are positioned proximal to

the inactive region of the second working electrode.



receive bodily fluids and the inactive region of the
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WO pooso4apeni ng. The present invention further PeDGBR@E/004598
an el ectrochem cal sensor wherein the active region of
t he second MME@DES@RIEB@HMWWINGS wor ki ng

[OOﬁléEngLogf beiat{qgu %Jldl(i))g\g g&ﬁmﬁgxgg‘nlrglg?% rz]zgﬁ:g%gg the present invention
DE%EEBE’BBQMe@%g PEALNGR HAG0AHin é d'@t%h&@ Heééﬁgﬁéﬁ APt Brih

of. the features and advantages o prese

i nvléustratve evnbddidoents hnawmeldﬂi@}pmmmss]fctbe tnyentiom are utilized, and the
fol | owi ng detalledd ription that sets forth

i | PEROMRRDY e ey ﬂgﬁg’é “in whi ch the principles of

O03E ) B ol s 05 o SETRER Ui o an

perewﬁplbrwanbudanemﬁ)f thd @stens imviepti@agcording to an
exenpl ary enbodi nent. of the present_ invention; [00013]
lﬂﬂqiﬁb ur e 1guge 4153 viaplified @lame iy of adistl partignf g test strip according

f
o USRS L 1 BN
[ n@bmﬂjcﬁge Ryéeamndueinstdatiaylayerand an insul ation |ayer;

&00014 Figure 3 is a sinplified plane view of a
[00HHEt al  Fégure Bis wmahﬁéémla@temw ate distal ngrtios affadest strip according

esent. | nvent.i r at
e gt s St PR pRER b Bl e #0651 e e
' ?6511:131@ of SPAENE ahBHE InadBvE g USRr 8666t 1VLEEEacAhelafd are
ustrated with the insulation and conductive | ayer;

[omms&]atemvgﬂrtbe msplstign gpdspiducte yeme vi ew of a

100858 0 mEAe 2 SR BEL ey Bn Pl &l Pttt Bt urip according

Fi QYR etnbodliSdi® bNihk peeRRAbinkbaibrlilubthfe ARt Fi¥erean kR the
i nactive reagent |ayer are i medi ately adjacent to

eaphsibom ef thaadiverand the usctive wdgent ldyer e inmadiaiely @djagend to each

ti l. 016 lified
ol A1 ord e oGt sl sl Bipramd sopade i | ©
[Oﬂ(ﬁ% or di 'Fggdr@S thesimphadh peRk vdw bPg aRl2 peAfonl Jf\éqeét'sﬁfb according

ustrated in Figure , "wherein the position of
ac to the eanbaddineant pfithe present wagativm llllagtemed inclfigaredr, Mézpreln the

with h.oth | trat 1 t th )
1 BTN B D Actve i ot FastiySirabei fest e oyt g it eqch ofher and
Si R A1HEAPh AR MhEHAn AdbenlabiRaEdon Of a test

strip according to the embodi nent of t he present
[0001AY ent | dingurt b isst simpBiied pldaegueve of a distl gomomhff agedtistrip according

o S e P P oL a1 MR e
and the inactive reagent layer do not touch each other and are 111ustrated with the
conductive layer;

[00018] 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 1, wherein the active
and the inactive reagent layer are immediately adjacent to each other and are
illustrated with the conductive layer;

[00019] Figure 8 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 active
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[00030} Figure 19 is a graph showing the effects of uric acid on accuracy for test strips
tested at a 240 mg/dL glucose concentration;

[00031] Figure 20 a simplified plane view of a distal portion of a test showing a
modified cutout that allows the area of a second working electrode to be increased;

[00032] Figure 21 is an exploded perspective view of a test strip according to another
exemplary embodiment of the present invention;

[00033] Figure 22 is a simplified plane view of a distal portion of a test strip according

to the embodiment of the present invention illustrated in Figure 21, wherein the
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00039] The

i nvention described herein includes a test strip to
I mprove t hgpaoqy 3 HERICRIPTION OF THE INVENTION

[00039] The invention described herein includes a test strip to improve the accuracy of
a glucose measurement in the presence of interfering compounds. Under certain
circumstances, a type of interfering compound may develop in the test strip itself
before bodily fluid such as, for example, blood is added. An example this type of
interfering compound may be a reduced mediator (e.g. ferrocyanide) which develops
from the conversion of an oxidized mediator (e.g. ferricyanide). This causes the

background signal to increase which, in turn, decreases the accuracy of the test strip
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itself before bodily fluid such as, for exanple, blood
i smaeheenenin Tteskawidibe nokidshatyp ehisfeircninstahes ha dntexdena suthpound
may be a.reduced nedigtor (e.g. ferrocyani de) which .
d eé%wegcw in Phsript ﬁE’Pc‘Bsﬁ&té‘P oppgedito izﬁln@m%‘f@%fgtor%a fest gfip in the
(eﬁﬂn155¥ﬂdd@ﬁ?ﬂhﬁe)- Thi s causes the background si gnal
to 1 ncrease Ich, in turn, decreases the accuracy of

[00046le t esTypitallyp an bridsed emelidior ik idisjvsed dn hevoiking @lectiade with the
in this circunstance_ the interfering conmpound devel ops

| nintens thad e axidizesl mediafor wil be piablent nos epifign pyep dasreduced

to trmSt L j. - j f i .

[ 155 ptali® iR dchatifh b ab QU iafhr Balet Yo dakllound sigmal to

a erdskdfpr eleetbdhreticaMsédsotshehicl e hn bhidhtidbheureont € erttlate with
medi ator will be stable and pot transition over to the

r ethgEbepopeerieerttaiion. Ipeneglifsraeyasifede g exidized mediator) tends to
TRl AL 18R 8Te (lfic RABEUAUDA- S Rlie ! Rl IGAERS Sonl Ol
el ec(i ﬁ ors I'ch use an OXlIdaltf1on c%rren?’

rochem cal sens

t otrE@¥iticHsad heweddtell Redod stit@mBres BE@N WIRth eRPoded 96 BRViftnmental
ferri_cyanide oxi di zed nediator) tends to becone

r emrxswghiclt i(ng?él%é b;lt He npelijpied to.dasie pﬁi @leéfﬁted teénperature,
" oHEV T R e el SohARBh LR B A Bedd Fad oo Rifsmepe

copdidtioans whi ch include but are not limted to, basic

pH, el evated tenperature, elevated humdity, bright .
[000#1lght cBaekintlyonlaned sk iost strarpbary ablécatintearatadndtogasmgle medical

radi ation. [0004 Recen a |lance and g test sirip :
OB s oo U e e Aot iosF £ B Futiuh Ha0f wih oh Besociated
TheRer tBnRGhdE 94HARAhSBtes d8ULERD S8F0LE TREBARYEE the situation,
along with an associatéd neter, 10 nonitor various

antesistaps canrtel desiigned @l mewte andbypesnidiangpisndicismgle-use format, semi-

situation, .test strips c b si.gped . to ni tor
eSS SR e iRe g kg e, of the afce and the test
S eiip QR HINHR S BToMRL pridedGR by AiAMSIAS HBIced FHS user to
integration of the lance and the test strip sinplifies

a ewndineteithgextrastenl af @badilyelliidrifranh iasgmplessiteedith the sulzsequent

user t.o ordi nate the extractiopn of . a bodily fl ui .
Fr Gisleta At Bt Bt o i Sl o Butishe v i lanoagind test strp
U hahustRditd il Wedite s Qsetotrﬁﬁi?at%t thi Risk bPintGnad case,
the lance and test strip nust be sterilized together
[00042) as t nmiing geiation mmayrtiesisedfo stafibet tesinstripO@BH 2Jlance. Possible
adi.ati on ma useq%to sterilize test

st SuBCES g T AR SPHE RSB o K8y nfowever, one of

lr_gﬂv\%sﬁel%]fi’éh ¢ eﬁxos?érﬁfzﬁr{goﬁtem is98PBvida dduiidiéity high intensity of
radiation such that a sufficiently high proportion of microorganisms are neutralized
for an entire package of test strips, while at the same time not adversely affecting the
reagent layer. Typically, a batch or package of test strips are exposed to an ionizing
radiation dose ranging from about 10 KGy to about 50 KGy. For the case using e-
beam sterilization, the energy of the incident e-beam source can range from about 3
MeV to about 12 MeV. The impingent ionizing radiation may often have some non-
uniformities in its intensity causing a particular portion of the package to receive more

ionizing radiation than another portion of the package. Experiments have shown that



the challenges in sterilizing a test stripis to

provide a sufficiently high intensity of radiation
waembosfaad a sufficiently high proportion of PCT/GB2004/004598

m croorgani snms are neutralized for an entire package

of bothpansid fafimtionmid eedtont vens eadiationroausecthe balkerasidysignal of the

AR N IR T T —
ﬂieQEéhgporgQa?ﬁesr tﬁ@géc%grofuh g?)f%? H 1nt§1%éset 1?1 Qlul!imﬁ)(}m re for a

For the case using ebéams I zatl on, e energ

t hetetiligdddeinth «f-t&xe aifips. 0This @awsass thap@elsfdmmda&ea@e xﬁhd‘nﬁvstmg a
to about MeV. The IITEI ngent ioni zing radiati on may

of PaticHaykatehypbsterilizad iuspsf testesdriph Intadditipnethgidegrease in precision
Caiéséxﬁgerﬁ‘at&%hhg g)'“?‘gul?&sfetc Q&nfe{au%ﬁ??x&%gggg %R&gffot%ﬁg/dﬁ% about

oni zIng Ot han anot
P aW@g@dlﬁwwusmtpsoﬂm@ shed@acédwabdiaton igrim@ely high with respect
radi ation and el ectron beamradi ati on cause the
ba@«@ﬁé@W@l@Pwﬂc@ﬂatlﬁ%f@lgéctrocherri cal sensors to

i reas t.her nor re atLve |for .
100043F 1 2 Bieofa | SRR o1 duRE pbSpBLIES ity BER IR LIS thatis

t 0désMEicdas SotPerate Fok tHO vArRdtivRh tiReds8dl backgt®inldlgotedfally caused

batch of test strips. This causes the precision to

d ebY &@;@nmémtoégmdrzgd medter touledncedanehator. Intthe pnpodighent of
cose t t he

APk eiohifiaralidih K. P fRGRO@RTEca Rest srip 800, which
c om?a BerBéd ﬁ)@ niediiRig (fucdse aﬁ@&t@@oﬂmw@ﬂwu@&%&h Bs blood or

ng/ dL) because the proportion of reduced nediator is
r efnderstyied] flubd, gcludes h ﬁrﬁsmkmg decttmielm gbagond working electrode

t t 4 1 .
cxBidbd SyeFlpetniadsill ab 4% fetsesn{RRayR disposeg on first
desioanRg elclr6RBBRAA k&Felecfte éllaetra@é sﬁmﬁaé attdyd ﬂ&ﬁg&@ﬁ% 820
background potentially caused by the conversion of

o X coinplettlyredicst forst Wonkmgedmu@dlerﬂék& aatl ot ldasttriagtially covers reference

of, the present jnve Ilustrated,in
P Berete 100 A iRy S B isopetbb o bfrkiag electrode

begysed for measuring glucose concentration in bodily
fluids such as blood or interstitial fluid, includes a

[000d#) st wir & egbadimentraddias 808ntiansetive deagenﬂdhy@ 820 may include, for
el ectr de 806?01ngd a refer ce el.ectrode 81

acﬂ Fae%%’ﬁ gierand 840 8’F§B‘3§%§df‘8r?xfﬂi“¥’ f%?m Inactive
géﬁqﬁyeggi% #13 1r{cﬁf(ﬁraerﬂgcﬁat@reﬁﬁtrn%da%tlgégn2%% SvHAQE Ar¥Specific

reag [fayer 8 conpl etely covers first working
el éntthodelBO8S mtmieszb.t Bbaast fepacyimadd hasaoedospotefiteal efice

T RN TH AT ST AT p——
e”’QPQ&ﬁF&H el@ét%éd'é' the iﬂﬁb%ﬁ&t‘xd?{bf 26bdi 15 QL N10dPHBY oBiate a
may I nc or exanp e ucose ase and a

nedigatfeantsuxidatian of fm)ﬂfrfafmm)j' the fedox mwﬂwnomd /onthetworking

I 1
;S? eg né@%ﬁ%ggg\g plg]‘;%]glplgtc\.gxég%xﬁ 1@5%3&&5 cur?el'rlltt Tlglerefore, the

oxidation current measured at first working electrode 808 will be a superposition of
oxidation current sources: a first, desirable, oxidation current generated by the
oxidation of glucose; a second, undesirable, direct oxidation of interferents at the
electrode (direct interference current); and a third, undesirable, indirect oxidation of
interferents via a mediator (mediated interference current). The oxidation current

measured at second working electrode 806 will also be a superposition of oxidation



for the analyte of interest. Because ferricyani de has

a redox potential of approxinmtely 400 V (when
wore@sisal Wit h respect to a saturated cal onel PCT/GB2004/004598

el ectrode) at a carbon el ectrode, the introduction of

a lrodedtyotilced siméagto, firkt voattingeslegerder&dBebwt the frit,fdesmatile,

oxidati.on of interferents by the redox nedi ator and

| oroXidation ek SRRt asHE RyEiedheigds Bo eRgig Prest on second
un kﬁlg RleCirOad SR IHMmbe 'i}gee&%d?a-&?&ﬁ{'&ﬁ Eneaglﬂgil at secorad working
oxi dation current neasured at first working el ectrode
80&leasirbde §0% depsnizanposi int@feraits oniddhe bridadon cendnt measured at first
sources: a first, desirabhg, oxi dati on current

ge Merking gleg?odq@Sd;@pmﬁsio& Hosg |and ggtgl;fer§m§e]é éﬁq@qssible to calculate a

undesi i ladat.] ' ts-

o7 G L LB AT I SFER s compouncs
undesdizedat Erst wodting electeod etBdBi aad setondiverkins evttsods 06a In such a
medi ator (nmediated interference current). Th

] e
oxica thesuaantrdspsityaidsteerking dectente SRSk sulirasted drqme ghe current
80 1) | S e e Ay f j |
sone ity of s Rt BoRHRCHERSI <68 Sah b BREHAREPhcose current
t helehditySE wheRsi r abl e, oxi dation current shoul d not
occur because there is no enzyne present on second
wor ki ng el ectrode 806. Because the oxidation current
measur eg, at, sec wor ki ng el ectrode 8 epends only
on integ¥eJ@%tsﬁ@gnd t he oxi dation cur&gﬁs nmeasured at
first working el ectrode 808 depends on gl ucose and
interferents, it is possible to calculate a corrected

gl odsselVEuisrtheeurpint dénsity at gt peonkiagtelacodh80%aideiEs isghe current
interfering c unds, oxidized at first working
el 8??%H%S%B§8§ﬁ§“§%§%ﬂﬂ’ fng el ectrode 806. In

[006#5¢ N 2 GR&ELalidrARIVEHRBAMAR BStHIY irRlenfibd $he MRIFdr&ift oxidation

el ectrode 808 is subtracted fromthe current density
of cutrentsiessitycht genoki mgridhe ekecvdde 80Gmay be alighthadigferdné than the

cor.rected gl.ucose current. d It -wher = - W\E .

( Edmggfer\ﬁﬂtqu‘é&%/@fl cpirent ﬁign%ﬁ’ﬂ? Eﬁ?t végr?ym sae%foﬁﬁﬁog\?ecause there is no
WOrehiyigk 614 §ebhPH8388e180rbdeB06N a0 GHEH £BisedaRBNIt¥NIA can be used to
second wor ki ng el ectrode 806. [00045] In an )

al teerrectionsucke nbroatleakings in the dvirsenit measuremantst figuation 9 shows how

i nterferent i dat.L.op current densjity_at .segond

worsRigH & wethsnatibGRe R oRRfRER e EHPE ot « han

the interferent oxidation current density at first

wor ki ng el ectrode 808 because there is no enzyne on

second WoFK¥Ig- @lxeldEr)ode 806. In such a cas@qd

constant K can be used to correct for such

non-idealities in the current measurenents. Equation 9
Sh%ré‘@‘ﬁ’a&%ﬁ& %ﬁﬁb‘&ﬁ%ﬂ).ﬂ teRsthdty 5.he previously

descri bed Equation 8. VWE - (JilL V\E) (Eq 8)
[00046] Test strip 800 includes a substrate 50, a conductive layer 802, an insulation

layer 804, inactive reagent layer 818, active reagent layer 820, an adhesive layer 830,
and a top layer 824. Test strip 800 may be manufactured by sequentially printing five
layers which are conductive layer 802, insulation layer 804, inactive reagent layer 818,
active reagent layer 820, and adhesive layer 830 onto substrate 50. Top layer 824 may
be assembled by a lamination process. Test strip 800 further includes a first side 54, a

second side 56, a distal portion 58, and a proximal portion 60.
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whereK can range from about 0.5 to about .5. [00046]
Test strip 800 includes a substrate 50, a conductive
WO 2008104802, an i nsul ation |ayer 804, inactive PEHGBR04/004598
| ayer 818, active reagent |ayer 820, an adhesive |ayer
[00083D, andin and mpbdcﬁllylemt d24e prégat invtmtion, 30Bstray 50 iscan electrically
nanuf ctured b ue tlalh%éprrntlng five_layers

m?r@ﬂ Tagipg S8 DBy 2ldsp ey At s ieayaan gulodiment of
0,
5 S EBAE YERUE iG ey ket B2

82@o]yayrbbxmtamlgnﬂni(iedpdﬂywayllchlﬂhdatpob&tmyleﬁ@@Slyp}lqgﬂene PETG, or
strip 800 further |nclﬁdes a first side 54, a secon

si gelysgier. Mogegagfcugplyit %aolwtermbs Frostamnle b&ﬂm%f@ ST328
60 e t
il QA% Tl P ARDBEBR IR B SABRIERF o pgode n

mahaiyha boating wiach Blapplid¢dto opk aﬁBoth Gies tb Gmpryve ihlh @dhesmn
In an enbodi nent of this invention, substrate 50

[OOOf}gL, ebe dhp iz dgyer §m1t¢(bqn Bsine &0 1srf‘y:p15hlct1ve layer 802 which

1§l
Do YT AER o BR LB Pnp et REMSIL AL Bue 80 rerace
pakleceodeB 10y atd@rip abieesdhar MRy nb@coﬁd@.ﬁme mnwhs pi\@bmrlﬁ%entlon a

(r) ST328 which is manufactured by DuPont Teiji
Fi Bergen lssﬁswﬁ}aﬂ@ emlsrmypaétp@dna)hhﬁ 1@5@@ ta rlepesita m@tenal such as, for

e b0Rey eyl o o kPR Ry i R BuriRa i Figure 1
dem&ﬁ@ﬂe eB8BBinhRbE dﬁEosle& ofi @kkuGte 5@ b %Mﬁ&; s8féén pnntmg,

whi ch includes first working el ectrode 8 second
vvorcmpgrgwgle pointingl spBing efappration eédc@eﬂcsgd’éatmnﬂﬁntﬂmg,

oo o Bhrd e drdene e SR OERERC S ple PSR ich may

bepy ﬁ%ﬂ ﬁ)r &)Iﬂﬁ@@@ Thyd? SURGLRI ARIPES UCP, &h, stRhle&¥*AR)] ®oped tin oxide
conductive carbon ink in a defined geonetry as

| | b@rbon,amédm 1d<eF|Ig@nembo®axmqu thisenvaytem, 882caregn ink layer may

ose bstrat by usin intin
G EbrRe vETaR gt 100 ipT e eSO bgfeet S and 25
eI ﬁﬁ&‘bﬁé QRS y&' ebh Hﬁnre {)zﬁ{‘icﬂlﬁﬂl}t étrh?ﬁrcﬁﬁﬁla‘téi@ﬁ 3 fllcrons. The height of
cheni cal’ vapor deposition i ke.” Suitable
rrat:@rduatvse lamrcﬂ(i)z ncaly vivy deperdiigom thodeiced wsistange an@@cmductmty of
]j %f a PL Fth, stainless steel, doped tin
ok IBﬂﬁn and the like h an enbodiment of this
[ooow]v e nt | Afirst At LAR AR seBdnd BHEEL $1BY all@ %G eRrdiel Witact 816 may be
between 1 and 100 m’crons, nore particularly between 5
andse@5o electrizally inderéhcy atithamateroFigs plhowvis ¢he metey tatlectrically
approxi mately m cro The [ ght of conductive | ayer
S0 afhy BB SinaoAg ctodte Beteerat bl redaste, and
Copguiehdediéoirog 81 @glapfésﬁécﬁ% '}Qﬁ'g h@&t‘ 8&@%@6@% édotdct 812, and
contact , a second contact 2, a reference
c ordferencenmmtaoe816.

>

[00050] The second layer deposited on substrate 50 is insulation layer 804. Insulation
layer 804 is disposed on at least a portion of conductive layer 802 as shown in Figures
1 and 2. Figure 2 is a simplified plane view of distal portion 58 of test strip 800
which highlights the position of first working electrode 808, second working electrode
806, and reference electrode 810 with respect to insulation layer 804. Insulation layer
804 further includes a cutout 18 which may have a rectangular shaped structure as
shown in Figure 1 and 2. Cutout 18 exposes a portions of first working electrode 808,

11



used to electrically interface with a neter. This
allows the neter to electrically communicate to first
wowrnkismg1el ect rode 808, second wor ki ng el ect r oPET/888004/004598
and reference el ectrode 810 via, respective, first
c ost@nt! v&tkingskeonde &m;mrefaaﬁce dectradefsa0arigeh caibawttted with
OO 50] .The second | ayer gsited on substrate

S0 THukd bk ORCIPgp G om o PR e Quigpé JengiL 76 Cutout width
d
a'ss"g%‘ﬁﬁ‘%ﬂ forts b ATbpDREH WhrRlna ARG 08, eRifce Hiwoae

pl 8@, anidefisstoforttingtedctiode 8Os 1H&s@£tedi asFigatd 2. phﬁeﬁpembodlment of
whi ch_highlights the %%splrtl on of first working
el dus W&@tl%gum%mﬂa REY/NEE dorn alpart @c%mnambout 1.4mm, and

ref l;e5t i on
| o oL e I A it b B P S B aply oA R 7

[00050] out hbadembByilenofahd @@&e@ﬂﬁﬁ}eﬁﬁoﬁ hapa ﬁbfkh&s;g &lé@rode 806
as shovvn in Figure 1 and 2. Cutout exposes a portions

of and fisyt wWeskiRg ﬁ@%@c&(}fﬁd@e{e gospegtivdengtli ofiok3) angl L21 which may

SN e A
V\Eﬂm@ﬂﬁv@a Cetlefit 24 Whigh 'ihld?'zrﬁﬁge%ﬁ%oﬁi 615 PMRO about 1.6 mm. In

corresponds to a width second working el ectrode
soeccor‘garnéﬁ @wa:xéh@p@@qm gienar clegtrddé¢ spasingwdl ksi axdjstance between

crEean SRR ofRirbdd et lsitofy §10; g mgn reference
r a@%éd@gmme@ﬂﬁrsﬂv&km@ dRuBROLOS whidHMaR Pl 'ﬁtoﬂ%bout 0.2 mm to

l ength L26 may range from about 0.4 nm and about
mreb¢wOebain.| n one enbodi rrent of the present
enti d worKi trode 806 and first
1000581 i g Tem SFFERE soR e, ?%%B@éw%vqn&ﬁam i pBfrst working
anel bitddadusch Wd%e‘hhf‘haﬁ%«eﬁr}g ke ;'(Iiﬂig BaRYde 806.
r?mt 0 abo%t ' rmn Referencese ectrode é;L}O ma§;806 A ratio
h aoéﬁa;t werlgng ell@QtAoanﬁOB mmcmﬂnqeﬂﬁmg)dnetbmiﬁ 80B. i2eamay cange from

ance wth the i nvention,
o1 b 3k et £ Padd GTabsiesine: Hedrovciong gackeround can be
WO frkhidde®€bPhictasifg 8RGeRRYe el gf 8&% gud%é/cﬁ'ﬁfn %‘f’@cﬁ%&@ 80&Mhe area of
bet ween reterence el ectrode 81 f1 TSt Swor k ing
el eeondkerlgog elehirede Myna}ebegecrbamd abaodifiing thegdometry of a
abo an alternative enbodi nent of

t h&4 Bpte%og)ﬁtas Sh%"%’hﬂ%%"re ~area of first working
[00091")]3Ct F 0@8uB08 sIBRYDR At 80 Fibhy EQ%H’% £0n frﬁ:?slﬁ{ HEEAN D frer it is
wor ki ng el ectrode 806. ‘A ratio of firs ng
el &dlyrlenénagigisatiestratd do Figunot kKimthegiresss ofientBAGtear s&ﬁp 800 along
ahgut about Under certain

e f
_ Rl }\T S %ﬁ&feﬁ]ddﬁ%i%\lr%éﬂmﬁal lga}? g¢reated in which a
Innaau%gmabe daﬁ%%ﬁ@ea%frg&n%%meffgg% ea of second

wor Ki ng el ectrode . e ea o0
[00054] Figures 3 to 5 are a simplified plane view of distal portion 58 of test strip 800

according to the embodiment of the present invention illustrated in Figure 1, which
show various positions of active reagent layer 820 and inactive reagent layer 818 with
respect to each other. Figures 6 to 8, which correspond to Figures 3 to 5 respectively,
do not show insulation layer 804 to help demonstrate more clearly the relationship

between the conductive layer 802, active reagent layer 820, and inactive reagent layer

818.
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second wor ki ng el ectrode 806 maybe increased by
nodi fyi ng the geonetry of a cutout 6008 as shown in
WOoe@anes420. [ 00053] Figure 2 shows that strip BODGBaWR/004598
e cut along incision line A-A after it is fully
[00058)m nat destatrip 800ustay havednaativeirepagest 1dyer BhS tdigpoped o sond

of cut.ti test_stri 800 al o incision line A-A _as

i P’Vﬁg@%\? gre %ﬂﬁg“HF ﬂ‘&tgéﬂ’ﬁ‘Pg?g?l}ﬁ ceyerssecpnd syqaking glecirode 806 as
whi i R C ' - ' t. -
DB BT RR o , AASgn ikve eagen

pl kayer &liSawngdletdlysoabrs pecond swworkiig @fectredt 8056, rbup d8&0hot touch
rding.to the enbodjnment of the present _invention

|| FelgeRekadertiode §il  aF & USRI Famt 38K Hudn gesihen cgpodiment of

of Ly e [ -

o1 BRGIVHIOE R LA 1A 98 CornPRE U6 BGH p PR electrode
coBO@apbatdedsopartiglly esveds referénce ekpaodd 816 as isdusivkedih Pigure 5.
i_nsul ation |ayer 804 to help denonstrate nore clearly

[00056k r el ok yaRpqdiment,of dhis fyeniem dupctivyreagayidayg®i 8 includes at
act i rea ' ti eagent ..l aver .
a0 TR miBUEE B s ARl it B i an iner
I epRedh of BinelivaldBertymie0 5RO rea8&R M MOTK hitg fatB&linaldee a citrate
806 such that it conpletely covers second worKking
el befferstipHgn e netyvinyl alcohel ¢ pelydinyhpyralideas-vinyl gegate] y Dow

e ' f. this,ipnventi on,. i.nactive r
g efIBE TR i) R SRULR SR NG bR slszevtes). and o
808urfded imcdipRsd silda (CABsIT TS 611 0 CHH o8 IRGin; I5kh 8 Brophilicend
illustrated in Figures 3 and 4 I n anot her enbodi nent

of hydphabir/demaion, Exavanles efoxidizgbmediptayomag @ ferricyanide,

copy I.eteIP%/ sover s second worKi nganzj: ectrode 8Q6 a_r% at ¢
| eSEHCBPY FOIpIS* G QNG el parid STHD FEmaplges; fxamples o
|| {neatprateROnhyib&EBtHi€ oPalbldR0R%] bbviadoeiadheandfles of

this invention, inactive reagent |ayer 818 i'ncludes at

| etnsetivatedostiziine eepyrhsthe apy forsud P QQ-glusosd detardirelenaser(where PQQ

ma optionaI’JE incll ude an inertggroteiP or nadctl at ed
enBy Rt RN gt amnhne spmongher apg phiegioe paidaps e game
a iithmata8titiited! FakyREinly aRo Beld¥NdtRtled 8F §8IMRYentH attenuated by
pol yvi nyl pyrrolidone-vinyl acetate, a Dow Corning DC

50bead reatimeahor by nsatmextywithgénapeinguizgogesyckiney wsal BR&GOS; inactive
He | f dified sili -0-Sil TS
Bt s RSt gobURTER R AErA 1 Ens e AR SorEat measured
dog@deBsnd \Eéfxﬁ:iﬂﬁf&éct&tie Qb TN {5t froPReti HaPloSh@BYudd8e concentration. For

ferricyanide, ferriciniumconplexes, quinone
cothid reasen, ommgkilbeinuihe ah nplyestesto Exemipyedking elepigode 806 as a

prot ein e crotein or albumn (e.g. bovine or
huﬁ’ﬂﬂ?‘.ye%ﬂg?'es of inactivated enzyme maybe the apo
[00059F M Of LI AbHEASH: SHERY HHRABHRAIRe 1A $fRefiAe deactivated enzyme in

inactive reagent layer 818 may act as a stabilizer for the mediator. The inert protein or

deactivated enzyme may shield the mediator during the drying process at elevated
temperature. In addition, the inert protein or deactivated enzyme may act as a
desiccant which helps protect the mediator from moisture that may potentially
destabilize the mediator.

[00058] Test strip 800 has active reagent layer 820 disposed on first working electrode
808 as illustrated in Figures 3 to 5. In another embodiment of this invention, active

reagent layer 820 completely covers first working electrode 808, but does not touch
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is an acronym for pyrrol o-quinoline-qui none) or apo

gl ucose oxidase (e.g. enzyne with no active site).
weewges4nmy al so be deactivated or suffici ent|BCT/GB2004/004598

attenuated by heat treatnment or by treatnent with

dereditremiendechigda 830.sIicAnod®er aimbadinBacaft3es invagidny ective reagent layer

t nER bR Br oo orke A o SQbEBRat lebmpnriglly covers
¢ RELEAAIAARL R1 0! IREEROI f ARl § 9 Bhe 91 ucose

concentrati on. I'S reasony one skilled in the art

[00059]y r ef Br arf @nb@limeat ofahik in@neds athivdeagélf 1arer 820 4i¥ides at least
el ectrode. [00057] In an enbodi ment of this invention,

t han PHéized grediatornangt anjengeiniey Actve eaggrtdayer S2Aani fagher include a

re t 8 stabi.l i.zer r the

ol e pF s PR ot «Julliie/aBet Bhagititagrae.
s hDewCdrhimgTed1 500ntifd s, Aty yethyl U ulsse{RBFo)! 250G, Hercules),
el evated tenperature h addition, the inert protein or

dedik 3 srafase moditjadesiling( Cab1o-akTH 6 Yo STabes)having ladth hpdnoghilic and
h di ator. f i st hat .
oo S Pt e Pediore Bk by foigyanice,

St fekiciBih Sdgplatds ¥idnd exe8 Y oBufh RRPISLs O Bxamples of the
first working electrode 808 as illustrated i'n Figures

3 engysie thaydrrogliease enisost, ghsoseoiehydriogenase aminigarP QQebifagor, and

reagent | r 820 conpletely cqvers.first working

ol B8RS oM Re it R HiStp it Richine. lhelfplide lfactor. Because
el ggive ecledtfyer 300 A0E MEMAETHRRALROhE bxidalisn current measured at

i nvention, active reagent |ayer 820 conpl etely covers

f i fixst waring elgcteddsR08dsipropogionaldo dlie gleaste qacentaltiby.
l.ectr.ode 810 i1 ust in, . . .
T N A O T AT -

| MREENk Ofyer S0 AneactiS@BRBENt IAXEE203 Anl i SES A crddi@tinting steps

an oxi di zed nedi ator, and an enzyne. Active reagent
| ayewldd2@eqranedftadepusit theuckpritvareaptnt dawerbofitbehe apropliate

ot Bealets) RSty its e St mgtine ot el suried top printing two
hy@ls @t etdpthts OalthalbRpes kAt s 9%1}%?%@_}@’{!?11 gﬂh@k{ﬁl may cause

a surface nodified silica (Cab-

hathe hgo bespéctivgdeagehisité miadaritgyitie sphebpantogmpioesss. Figure 3 shows
Exanpl es..of oxidi zed di ators may . be ferricyanide,

£ PRI e SRsation yhieh has EBHpYeeesent Rt 4R Hlismpsed on

c : .
e O R Y P RO WHBARR o fist worling
ardeggtode 868 anie fafeengperiasede 81 0 glnathisienothédiments maatiedicagent layer
di pyucl eoti de co-factor. .Because active reagent |ayer

0 S gt e e Tadkok larsr o Bafauenthe arca of
%@M@Qoﬂcﬁng éléé}od\é’%gF,' fi¥gt x%&ﬁ{#r Q%08 8%08%ind reference electrode 810

proporti onal” to the ucose corcentrati on.
is relatively small, it can be difficult to sequentially align and coat inactive reagent

layer 818 and active reagent layer 820, respectively, with the desired yield. It should
also be noted that relatively small electrode areas (e.g. about 0.6 mm?) are preferred
because this allows the volume of liquid sample required for a test strip to be small.
[00061] In an embodiment of this invention, inactive reagent layer 820 is printed first
and then dried at an elevated temperature. Active reagent layer 818 is then
subsequently printed followed by another drying step at an elevated temperature as
described in International Application serial number PCT/GB/03004708 which is
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[00060] It should be noted that if screen printing

were used for depositing both inactive reagent |ayer
w@1i@sasmdi@act i ve reagent | ayer 820, then two Seper/aBe004/004598

screen printing steps would be required to deposit the

r ehgreboy incerpoeigidntrefeagnee beent dBddasseaqupive peagehtlayer 818 is

el Sctr,o%g(s). |t shouléj be noted that screen printing )

i sdFRopitegbsecond, itipernosed {9 iy PRGIDIRS same%%m&s\%%b%ﬁmo drying
ONg¢ or ﬂiﬁ%ﬁ\?&feg@ﬂt la%QBSZ%)g UG EIRG I Riti82e QUi MBdiator and enzyme
printing may cause the two respective reagents to mXx
duwithin dchiee scapae taypr 8 1 bevgugerumdescertan gonditi Snssdhaymesncan degrade
enbodi nent of this invention which has inactive

r e Bghrentinged exposgredp shiyaied tIAPLaERd wor ki ng el ect r ode

“an ot ' ‘ : . . o

100082, | 20 th Ak ShERIE is AL ERRL ARAEY 10\ [abent laver 158
enbigplosred vh sedond Gldrkifig ERBGEdY 806 )ed adlihd rdagmt Myer 820udiBposed on
or overlap with active reagent |ayer 820. Because the

alr st prorksng elseiradsriRB s d erfeensudectzls, 810: s thigsmbpdignent inactive
8 : is .
L FERDIBPSR A BaROR gt 17 B BaRubptierapyoch ot

al ifsuchAtass Be ihdbAGE toagedtan@L B8 hiy fitivehBagindl 136 820Ewould
reagent |ayer 820, respectively, with the desired
yi tqugh, hut tgieslly dotnvedap withsrelyothaio ansl signifieiny estent. | Although

el ectrode areas .(e.d., ahout 0.6 .are. preferred

pe BB P e e e Nl T 4G B b ¥er 818 and

I eadtivie@BhadeR 1afer 886 hreShinhdditolyR8jas sl caltPOBEA Ihofn@mManufacturing
enbodi nent of this invention, inactive reagent | ayer

82 gatiatioprwil tceesefspms oventap torpspurdwitled centaiarfreguencytetiveen inactive

t ti I .1s.th _— i

S UBREHIARET 51 AR TR IRt K50.ohbseiite, Soh vigiatppyyill also
at calle MMM RIednEIHET ABUD BomStiHES A6t tBREh hdtive reagent layer 820.
I nt er nati onal %\ppl ication serial nunber

PCBLGBEO BROUWRIS2gehi leferi & 8 mdsallolypd tntrorch or awbtdogh active reagent

e PRl PR R B Bb 470 SRR ot G gl reduce e
St QRiADNIR m@% ddN8 HitNer FrovhiReingd, RS yleRl of AREHhME test strips
reagent |ayer 820. This hel ps stabilize both nediat or

anwaemmpneredai t hi n active reagent |ayer 818 because

100083561 o Bh Bl B AR Pebin SEHP DEIGENE (R 16885 pifh active
an &BHAdiER R Odods RbBaffedy BIRIIIRdse fleddtirEmEn AW as the enzyme from

i nacti ve reagent | ayer 818 di sposed on second wor ki ng
el ediveadageBtiByer 820 camtot ddfuseadgany sigaiferanB@Qetiis plostade allowed

on_first working.electrqode 8Q8 and.reference el.ectrode
162" the PFRITGRED (i dht o 5eants 8 [SSgitecpay Brorking clsRode 806.
acyg BN diffkRlto 82Bn@WRrkiIPERLALEE Y06 4haF ARt whiking
each other h such a case, the i1 hactive reagent |ayer

81 8leatneeakISi wanld megrmnt a higese @2@ntvaudditicouotthe bot-enzyme specific
typically not overlap with. e to an

S Iy gw'ir?qt% ahits gepldpreveny Eeﬁto%ﬁﬂ’l %86' ﬁgltnheefjfectlve y r%ducing the background
signal.

[00064] It should also be noted that if the overlap of inactive reagent layer 818 with
active reagent layer 820 were to occur on reference electrode 810 that this would not
affect the glucose measurement. In such a case, the amount of enzyme and/or
oxidized mediator on reference electrode 810 will increase, but should not affect the

glucose measurement or the background correction algorithm.
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the printing process targets the alignnent such that
i nactive reagent |ayer 818 and active reagent |ayer
wW@2®5a1116 mredi at el y adj acent to each ot her, nPCT&B2004/004598
manuf acturing variation will cause sone overlap to
[00Stur wiYteh asotiveretrdodinfang gfi hicinviaionednch magbieeupon the method of

reagent .| ayer 818 nd reagent | ayer 820.
Li r?g%@éna Ve reagsitil gﬁéaﬁl petiye depeertlarer BA@ ey shewn in Figure 5

r e3gRRle JAYGH lé§'e1t 1 SATFHE BSRed Qe R Fth:oﬂl‘lbiézﬁg cro%@l%es'ggond

| ayer 820. "Because i nactive reagent

al nworkidg ezctrodecd6aind m@ormmmﬂre&céncv elact&ﬁ@&ﬂ() |Sxy1ﬁlar§'2 fctive

and the operationof the method of the jnvention still
noRREeRJaYes SoR way e corled shdhal lhcqmiéetslawgﬁré dimgt working electrode

Gt P08 o MR AR of ol ki P eI R i d Bl apppr i

t hénvextion, alge @intingdeddevecanaagenthe |aHgnﬁﬁen$ 1&M£ﬁhrﬁ©ﬁvy@agent layer
reagent Ia er 820 does not affect the glucose

308 pudhastive sepgpdrlayea§2e mebstmsiphe ovarlgmviitit gaghe qtb%rgmmference
f t_ext
| SRk B RIRY b PR S7A T T PEAL gLl 815 nc

s eaciMtSesent R9&)320nEaySABOREL VaThkdthe aebwﬂaF o6ge 808. Blefzause the
enzyme were to diffuseto second workin ectrode 80

th éfﬁlgfh @fshoﬂmﬂmwge@e@tlamoﬁé 3308 agke reagmhbwre%\o was further

| ddj t fi
QB F R I EERb LRt GestilBegF FiRBEY e G Simchan
ef fcemﬂgwlaymreqaagehmyémO%a kkcBive ﬂaa?érﬂ fedler 8190 Gifdt vddﬂgng

shoul d al sobe noted that if the overlap of inactive

r e&lyetiedd %Qﬁeqndsmnquxk@gteiw@oqi@&@fems Yetfistheg dmpwesredt o

OO OB RS A o B B o

anyiatedh (ﬁﬁ@%ﬁlcﬁ‘{w e St FR asTRE A n Pbuk-ef €16 @ C&his
el ectrode 810 will increase, but should not affect the

gl geussethewhyuelegeal flud te muwtﬂllgr\mn irdithe doltevdng grder - second

R eGSOt Sgnos AL ABY Hisd 1Byt Eeippgiectrode 808
| ”%Et'sﬁ SCTPIR Yurp RNy RLSi Al otk b MAcH RAYES Nt |1§3)é‘?"818 (which

820 is shown in Figure 5 Inactive reagent |ayer '8
rrayortt@me oatmvnm) @psttdam of atctm@rq@gerc ddypr 82vviscls doembntam

rkin rtion af reference
of ELPP ke 1B 5Tt pRy Bt pi R ain ron &f Begtsorape
be weaghe gle&%‘d% gO@ @hd 'ﬁ?st%fﬁﬁx@tefécﬁo@@m Sf hétfveltr AB&HE 148 320,
el ectrode 808 and at |east a portion of reference
el abichoetadsEnzyme rwasbaidil wrert seobnd workingreletroiderk06; el no

O LB BESESER LA aet, LN oL LRI U LRt e

82Qoraé! BisAyRitidodild Be SR ARsWvb AP E1R1B 808 BB SE&MERFSking
electrode 806. The presence of a significant amount of enzyme o first working
electrode 808 would prevent the background signal from being reduced through the
use of the dummy electrode format.

[00067] In an embodiment of this invention, top layer 824 may be in the form of an
integrated lance 826 as shown in Figure 1. In such an embodiment, top layer 824 may
include a lance 826 which is located at distal portion 58. 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 working electrode 806, first working
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el ectrode 810 at an overlap zone 822. such a case,

i nactive reagent |ayer 818 and active reagent |ayer
W@20s510e341611 X With each other at overlap zone 8P@I/GB2004/004598

Because the |l ength of both inactive reagent |ayer 818

andleagbdde/R03; aatpefirende)ebictr8&O8 Mese vattedh eTop Tyee 824t adhered to test

d h nbod d d Fi 4, the
o PRy A S Y 0r This DS YeORLE 800 o be bl setor 2
88@&%%%9 sén%%ﬂ%%&%%sz\ly ﬁgLaﬁfé §Q6f 1héﬁh%s\(l)%l%éé? gagé &fiu {hg f;e%*mmates at

secon electro
I mdfseal @drtmh%Qﬁ@]}sehiblﬁh@Mlsﬁiﬂﬁ)On dtaack 826arha§®e@mﬂe with either an
wor ki ng el ectrode 806 (e.g umyy_el ectrode) is

| odnsplaging maggrigd alpchpa(g,p@qsg% g@gs,@ldtsg@pn,g}r,a, c&r@ggtl%matenal such as
1 e %sg;sfrégla%n@ 50'1(9 Zt.héslc:eatcslg ex?\{vhl-gp ltcg) l\%ﬁ%ﬁﬁi %t&gnductlve top layer

f oBbowiaRalseb@daised asefefitehcorldsirode &l0ewhich @beoﬁ&ﬁated with a facing
reference el ectrode 810, and then first worki

eI sdetionghipgosecond s’torlsmg clscaty &%@ng dirs vk ing cglectrode 808. Further
co ntas%rleorhs Ofgﬁ egrr%e) ac% Slfa? dER8asRY utsgl $lnte 8 1%’[6(1\[1@1"106 can be found in

I eam of Rt

82 (nteiliGiinl @,?ﬁceﬁmtm PCAVGROED563Hnd U.S 0P eRAt Abphcanon No.
possibility of enzyme being present at both second

rl Ri143,389.c bt adsiiteog brmca B2P ¢anrbetfabminatadnpr @Kemilfz; bw agoggressive

actlve rga ent Iay r h _cont al

82
dizgappine (%1&358 sclosed 1 nntéh gf éeg{l?lé‘lage ﬁaneﬂ {Application

enNGTPCWBOHO%ﬁMndQY 8! pdtbrdt Hppiestiongo. quﬁPiEf Yoip 808
then it would be possible that sone enzyne coul'd be

[00068kpt  t dn fui exmbodinekt offhepresint bvieni®98 adlrasiveslege®P0 has a height of

oo 9afo TR0 hRaSen Rimetve e DADAEy Heriis i Aane R gressure

p r %é’r%ﬁfve%hﬁe% kqre k‘ﬁ‘l@d %Hlﬂa@ﬁile haPRRRBI AR EGVE, EH%rmosettlng
through the usé of the dummy el ectrode format. 67]

h phstaivodiheeadhesivetknbwn ﬁmthem skalted indlpe droy &is aazm lmuytmg

be i n the far ate ance 826. as shown in
rr et St Suntt eloned by Paparinbing nagsire sdhsitve
in %hb’é?,ﬁ/e%ubl‘?ﬁ’sc %1%%%‘(5@ & ki'ate? b!}é&@ %Eﬁfﬁc dbpdlepbrRQUrt s&Mitive

58. Lance 826, which may also be réferred to as a

pendhesatei winclmsrrioannermally beiilablaftoat Tape Jpeeradtesal liDen "Iging, Herts,
iLn.and.draw bl o I nto test strip 800 such that

@335P$ﬁﬁb€@#ggpﬁg§e 806, first working
[00()%§¥E | ect g% onHig i Rhf6E @lﬁ@ba%k?x%ﬁﬁ@%a@ﬂgls %?éereduced by
Top l'ayer 824 is adhered To test strip 800 by

ad Isalstramng aYiest c836nt fildm firshdlodsng elettayder808 Iomarsebendcurrent from

heat s pre e sensjtive adhesive. nce 826

i néﬁ@agé’voakmgﬁkeg%m@%g@ Sanitoie o e RIHRRIELS AP gfmple inet

poer' chlsﬁlﬁs zf‘éﬁ%p{oe& th&shred bf é&o&@@or Qﬁcﬁg@e 889 and first
be made wth either an insulating material”such as

pl astrkiag epcasds 808 Bahtdececond svorking eledtradd 8Q6 detsardt hhve a

such as
glucose oxidizing enzyme disposed thereon, a magnitude of an oxidation current at

second working electrode 806 is proportional to an amount of interfering compounds
present on test strip 800 and also an amount of interfering compounds originating
from the sample. This allows a corrected current value to be calculated using a
difference between first working electrode 808 and second working electrode 806 to
reduce the effects of interfering compounds present in the sample and also for

interfering compounds that may be present on test strip 800.
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stainless steel and gold. For the case in which top

| ayer 824 is conductive, top |ayer 824 nmay al so be
was@dossia reference el ectrode 810 which i s orPEnGRR@d/004598

with a facing relationship to second worki ng el ectrode
[00030F and Figure? isposiiplifedsdhempbelshad(sg a materH9P0 interfacing with test

3 o, A o0 1S AR FiTeREeH o OB E TR A an SEeal
ApPRbireRtibP1d eondR 883406 st Workin %ﬁé%%%ez 8608, and

Application No. 10/143,399. h addition, lance
cantferchedogleadrade §10.f brpastieniqylseconidycontapt $igr adgeference contact 816

di e- st ajpi ng t echni que, .as_.disclo in the

ot SR D aTiee e DR et S 4 el ence contact 8 16
PCT RO QEEM MdedhoSrccRBbe W heARR foflh

10/ 1’%?%)9. F00068T h an 20e Whedi Ogﬁﬁh{gl?c}e%?%rgtemltage source
i n9¢heppies adutfigoientall Blyketw880schasd wotkéngytitciafde 806 und F&ference

e TRREIT o R T
adiesRkinD eRbwafd d00abATRANES LK rodelRIDIDSEL LI NG
pl astic, or other adhesive known to those skilled in

[000TIE ar t In dse ambualimbntrif this thventionp fest parthasl BleaddayesndPiential B2
maybe fornedby screen printing a pressure sensitive

ad REibgdhe e ysh ag K exarapippROut 4 OiaY e fn prpsher cbogiment of this
CSURLHTH, PSR EPOR SR ARIAR K DS ihen s or
Tr bRed isHepplied sk thatdetdragmaiingRidctrb A6 868 first[vaRiag kldotx@de 808,
met hod of this invention, the background variations

ar ang edierenes asetrede B lh@eicayered with Hloady rihénallomysggedndmarking
wWor.Ki I 308. fr S nd._current from.. .
oo R oo T R B el i s

s apfipertional REMhdogelatdPorsRMPneyhe glﬁfcifﬁQsoV&f‘deQ.hAﬁlef &bt Sseconds
current to be neasured at second working el ectrode 806
anérom the sampleRPplécatip dneteiR00gpepsuRs én e wlatier et for both second
wor Ki not . hay | ucose

oxi ng%§k§%%§ﬁg%3§§%€§§§&FﬁgFggﬁ?Eaﬁﬁggnitude of an

[00002] dat | Pipued!T0 RhAlsiBpliSQCRAEMNRY hHohanLh BRtd 00€ i@ GcirE with test
proportional to an amount of interfering conpounds

pr 8i&igrit00o An cenirasisto Figrg S oton fayendEbis sandupbiyn endised as a reference

intgrferi.ng c ouNnds Il hng.f,rom.t he sa

e AP RPEE e ek tiPRnD i B R B Bt S0. More
Ccabsgicalafy, Rigird 303h6ivd fhat ©PI8/eP824V8R thelfofid bf WRIfeA@ electrode,
el ectrode 808 and second worKing el ectrode 806 to

r e lefcefacing relpfienship with first siotkng plgctewtef®§rand serond evorking

t he, sampl&e.and,.,al so for, interferin anpounds, that, m

e clsPEQH 0608 s FRerpiet lsborr i pSrR Rog a0 & lavey 524
Si iRtcall o€ gt rRfR@IFB LbRact3IVIB D BoWRELFigaRO1 I Nt erfaci ng

wWth test strip 800. Meter 900 has at |east three

[000@Bkct ri Egurednisantesploted pérepentieaiviewadartest atrip according to another

embodiment of the present invention. The oxidation current measured at a first

T

working electrode 100 will be a superposition of oxidation current sources: a first,
desirable, oxidation current generated by the oxidation of glucose and a second,
undesirable, oxidation current generated by the interferents. The oxidation of
interferents may occur directly at first working electrode 100 and indirectly through a

mediated mechanism via a redox mediator.
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connection to second working el ectrode 806, first

wor ki ng el ectrode 808, and reference el ectrode 810. h
w@20osi0eh@r second contact 812 and reference cRPCIL/&@BR004/004598

816 connect to first voltage source 910; first contact
[00082¢ and Seafmdrenkmgabattradt 1@ barmngometriv e dhd ham agéve portion

source 920. Wien performng a test, first volta

solPeawbich l%mtqde\glﬂaacftwﬁgﬁa%%& 820 ang jan fyactiye werélﬁn é@%bWHlCh is
Lo SO BOR 15T RAELSEAS A st
E2 pbeiond©Da Will bt sinditak tofirseivedting electfifdd 180 dII’fae'ﬁﬂr soitien 102i of
electrode 8 [00071] h one enbodi nent of this

i nyeaend grerking elegtrogsn Kt widl oxprlize perfesnihandont enidizg) glpgose

an o?%e?é @% g% Mﬁ%ﬁé@ww{l&h@gg Biio Ir sfl qB%’t ‘}e{dr%lt I|;)z§1]|dlze

'S |nven’t

El irtadlersi@ts afteetBodt 8€dond wdiRingelecheddli 02 pid eidirectly #asntiea
of bl ood is applied such that second working el ectrode
8 oeledfatff@ne%nwnh‘ga aredoxrBefbatgn gBecanse the wdéﬁtm?ecmrent measured

glegglﬁla }(,j\‘,’[ef)’r 3 a{(ﬁec é/Senr g%éld é)ﬁl?éh?c%? -I(-mle E.rea o?mactlve portion

el g02iri9HBowH, at Is@obaBie % €aléulgte fitls %Bﬁtn%ﬂl&htoltﬁe interferent oxidation
proportional to glucose and/or non-enzyme specific

s ognery meagured abisoend ‘UOIé@tgﬁlQ@mﬁp df2-t Inetuga ping the interferent
U res an ent

7P Brigaitn Slteal G R Ry BRONE PouRIT SRIKePE e &Rl of first
V‘DW@HHH 8leBebdO® BAfhe DO z?dhv%{p@ﬂfoﬁ 1'0§a gt i%'tpﬁ'ﬁﬂlﬁlé it§ Qalculate a

schermtl c showing a neter 900 interfacing vi t est
st pmpecmbglumsc@mrcraswhlcba@pgms forghe cﬁ@ts fyinterfgdug ¢<smp0unds

oA a0 38 RS SRR S hnctve

su B%fﬁtl%zﬁﬁklpd\@ﬁﬁcpﬁE fgl&%@édﬂént for QHER aBd ﬁi/éﬁmkéﬁl&lhtérfh@ence
| ayer 824, in the formof a reference el ectrode, has a

faoxm@hmelatlonshlp with first morklng el ectrode 808

secqnd ,wor ki ng el ect this case,
100@8h 7or A Tt i b Heates b %@at? aywe@ﬁmse current

' n%{a@ ?s%@épeﬁ&erft of ﬁft@rﬂ%&m%@ Nhfet dédidy aas%nipie Se Y & $thip 1000, a
Figure . 73] Figure is an expl oded perspective

Vi eunstdnt goteasal is applisd 4 Gost diorgng elecinateidn aad‘sctcd)ndwvnrkmg
f 1he ent, i nventjon at.i on cu t .

e stegireds P QEER i PR e R o bIEHRIE vt Pisbwosking
S URBREROS! 10020hQE aQiedRideRMa ?éif PoNhvee H{ece‘?xﬁre é‘}etftfoﬁé larea, the
desirabl e, oxidation current generated by t
oxifalbtwing eqiatigh eaiwbeusaddo desabe t, compdesits emitnbutmg to the
oxidg?lon current generated by the interferents. The
ox PHLEHIHRCHIL nterferents may occur directly at first
wor ki ng el ectrode 0 and indirectly through a nedi ated

mechani smvia a redox nedi at or.
WE; =G + I, (Eq 1)

where WE] is the current density at the first working electrode, G is the current density
due to glucose which is independent of interferences, and 3, is the current density due
to interferences oxidized at first working electrode 100 which is covered with active

reagent 820.
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18[ 00074] Second working el ectrode 102 has a geonetric
trace that has an active portion 102a which is coated
wowak/o&até ve reagent 820 and an inactive portiPCI/GB2004/004598
which is coated with inactive reagent 818. The
[000G&] dat i @t secondenirkmgelecredenHRswiiekl isaartiailyi coeerpd mtiiharetive
102a will be sim.lar to first rki.ng el ectrode 100. .
| n5REFYSZHSPe inAstiyorPedt 81 b Aaying Soyaton ey Rsgwed tpdescribe
W e Ritlfines CORABLEIABYR: Afhlddlcufithdli ze glucose -
because ‘there I's no ehzynme present. Further, inactive
portion 102i oxidize interferents directly at second
wor ki ng_el ectrode 102 and indirectly through a
medi at effrecRahilsiibi a a redox nedi at 889 2Because t he
oxi dation current neasured at inactive portion 1021
does not depend on glucose and the area of inactive
pomhe WEDRhS cleh@itdensity at the peoditl Watkihg elediredd, &, & the Surrent
contribution to the interferent oxidation current .
me ety dug to BEEERPCRbAikhneptivp pertiondd2a.gnd Iy i the eprrent density

usij t. | r.ent. ' [ current cal cul ated for

ing@%FVg&%%%%?%%ﬁf@g%vgﬁgggéggﬁhg the area of first
[000%0) Ki ngTelredice detee ity cTisletftiencds S duatisi is fmRPAtkd SMich

102a, it is possible to calculate a corrected gl ucose

c udessribesihe edlatipnsbiprhetvden the interferdns cursend it ative pprionni@2a and

d i dized .at_the el .o ld..b .
oo TREH Berfh A %P bt G ER i rleabtRnR eyt density
10Zikadipbdat #8YE péitioh 1020k HeOR e thEQkrchPdedity Bchs@dflat the
nmedi ated interference oxidation. [00075] An al gorithm

mainactiyrepastion é0he Thsserglationshipt is dbgher dascibed by thedollowing equation,
gl ucose current that is independent of interferences.
After dosing a sanple onto test strip 1000, a constant
potential isqgapplied to first working el ectrode 100
and secdpd= kilpg el ectrode 102 and &Eg3mrent is
measured for“2zboth el ectrodes. At first working
el ectrode 100 where active reagent |ayer 820 covers
the entire electrode area, the foll owi ng equation can
bewheRd,!, & e afeh ol Sedohe wo TR A8t e @Pérbd Rithi B8vd Rabdif layer
oxi dation current, Ve = G+l (Eq ) where WE is the
cuPZ@and detesthe greatof sévond mosking\elettratly cevered mittidnacGive reagent
thglcu%{ent density due to glucose which is
in gﬁé é%nt of interferences, and/; is the current

[000981NSi Y IfABEvd Sortibh $03iRhR BEAHeMeAbRRE, Bt nbt H8LosBE&IRIit is not
el ectrode 100 which is covered wth active Teagent
82nateby b 68 imeAt Adiegodionol0Ra ngn exidize gbutesdduhiecarents.
paﬁtiall. covered w

ecause 1t was experlmentztllpy f%ﬁ;tlé ‘X]gt nactive portion 1021 oxidizes interferents in
a manner proportional to the area of active portion 102a, it is possible to predict the
proportion of interferent current measured overall at second working electrode 102.
This allows the overall current measured at second working electrode 102 (i.e. WZ;)
to be corrected by subtracting the contribution of the interferent current. In an
embodiment of the present invention the ratio of 4,;: A7, 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 the subsequent sections.

[00079] In an alternative embodiment of the present invention, I, may be different

than I;. This may be ascribed to a more efficient or less efficient oxidation of
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reagent 820 and inactive reagent 818, the foll ow ng
equation can be used to describe the conponents
w@omsisdaue i ng to the oxidation current, E = G BCT/GBR004/004598
(Eq 2) where WE is the current density at the second
wolitérfigeres eiche adive pbrtich 10Be becauseof thd presenog of eezyine. For not

interferences at the -active portion 102a, and is the

cuPel descaibpd reagong.ib 1y rossifledhatdhepregancy of prrymenyRy affect the
POLt] 1 ; . t .
kel i b B4 e S5 b 15 R pfmomenclogically
deswdtleé by rdraritiag ByuaivalBapo ied folewidgermnt er f er ent
current at active portion 102a and inactive portion
102i. It is approximated that the interferent
oxi datign cuyrrent density nmeasured at act,i\ve portion
102a i s tshe §%§E as the current densipglﬁgasured at
the inactive portion 02i. This relationship is further
descri bed by the follow ng equation, (Eq 3a) where A
| swhbR Ariea cofreion Favtorwoliikh figofogtty the effeqy of e imbrdfdtent
active reagent |layer 820 and is the area of second
wookidatgore¢fBciengdd thoawive gortionhl 02a dotinactive paient 20iayer
18. [00078] Inactive portion 02i can oxjdiz

(00080 o + bt Gubastipen o thf) RFEYSELINy et Bapgtion 1 2agd 3a may be
o . ¢ . 4 i '
ol enpulhioRAYER ol el Bph 3R, HHEBCF BRoH!cHER density
expeeperenhiadflinteffaamest hahoulddetoted thairthe threeldgBRations (Equation 1,
oxidizes interferents in a manner. proportional to_the

ar efi93a} colledivplyhaye f vakpoyns whicky Bsdedrinhze apdLipr Hawever, Lia

th 0 j ' I

o TaETE BT b et A A 15 e R Iyl e Gl

ov esmiuktivarnaterihl awg @sated erithtths emenabtine kdagag 18yee 820. OBkguation 1
102 (i.e. TKE) to be corrected by subtracting the

cofRly bygerged fo tpdoligivisg faPent current. In an

enbodi nent of the present invention the ratio of A CA
maybe between about 0.5:1 to 5:1, and is preferably

about 3Gl= el detiaki-sIgescri bi ng t h{l&g 4|t hemat i ca
algorithmfor current correction will be described in

t he subsequent sections. [00079] h an alternative

e i-on i.ff. .

t AR SopgbalsiSy BA EATRE o SR 0 Bt 1 4E13hation 5.
efficient oxidation of 20iiiterferents at the active
portion 102a because of the presence of enzynme. For

not wel |, descrijbgg reasons, it is possiblLe that the
presencé;ﬁﬁﬁéﬁ jﬁﬁxﬁé affect the el etftddde's ability

to oxidi ze neditat®®r. Fhis behavior may be
phenonenol ogi cal |y

Next, Equation 1 and Equation 2 can be combined to yield Equation 6.
I =WE; - WE; (Eq 6)

Next, I; from Equation 6 can be substituted into Equation 5 to yield Equation 7a.

G =WE, —{(%)X(n@ ~WE, )} (Eq 7a)

1
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nodel ed by re-witing Equation 3a to the follow ng

form | =/ x J (Eq 3b) where / is a correction factor
wokiosh4i4ncor porates the effects of the interfeP&nGB2004/004598

oxi dation efficiency of the active portion 102a to

I nactive portion 124G . an enbodi nent of the present

i nvention, Equation 1, , and 3a may be mani pulated to
[0008Ek | ve BAvaipnaeiostouthmeorestqsiglecase curans density §f whisheemoves the

e ——
el@&?b&al)oo%ﬁh k&ohitl WRIrXinB 3R tr§dd TINRUWEVHCHE ?r £d@ pridportion

i, h a | . However, | and can be conservative
ass

R Rk LR N gk Inone

reagent |ayer 820. Equation 1 can be rearranged t? the
following form G= W - =W - | (Eqg4) Next, from

Eq erabodimestofghepigeens irbsniion ﬂe¢r0pw1m0rEq%Fatmzqrbe®rbgrammed into a
yleld Equation 5. A G VE - aAZ. 42:(Eq 5) Next,

ation and .E at| n 2 an be conbi.ned ield
SO o S S O 2 Y ST DS A et of e
can be subsqtjltut ed |nto %Bratl og spntwl? y;ﬂel gthuat‘lmon
7 apressrip\mv21a lﬁﬂﬂ&n}roﬁquam may betrpsfares to dhie weteedia a
gl ucose current density Glwhi ch renoves the effects of

'”tai IRRRG £ S P AP 1 e g PO T EQBAons in Az or

woyking el ectrode 102 (i.e. and V\EJ), and a proportion
A of the coated to uncoated area of the second working
[00082]ect r obbean(dltemativa embhedineattoatie mesdnt dfvehtien Bogesient], 2, and 3b

o] mred i nt A
ot 186 28 ke e i et AEPRgmif FRBiYDPgFtion102a s
angikRRn BORAHE MR Fertt dxMeitiBh Sﬁﬁéﬁt dEﬁE\f(ﬁg)tf'lﬂam/% Bcg‘tlon 102i. In

proportion nay be transferre
such a case, an alternative correction Equation 7b is derived as shown below.

G=WE, - {f x (WEz —WE, )} (Eq 7b)

[00083] In another embodiment of the present invention, the corrected glﬁcose 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 WZ, 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.
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A calibration code chip which would may account for
manuf acturing variations in or A . [00082] In an
w@bdosnsaté ve enbodi ment to the present inventiPCI/GB2004/004598
Equation , , and 3b maybe used when the interferent
[00084]i dat | Bigum izl ﬂrmwsdmrexplbsled paspectiverdew@f hitest sttipZanbicgliment that

di f ferent fromthe i pterferent oxidation current
deHARHEGH O REREPHS {55 eraitona picrensh dackrquad Guseddy the
al Ecﬁfv@éidnvcﬁ &?Jli&ﬁhb%igtoﬁﬂ)‘ﬁﬁﬁ&ﬁ n?ééhdt ) { A 1@§(I) ﬁﬁﬁiﬁ@s a

bel ow. G =VE - 00083]
anaitbieate éﬁimcbrrdamnvedhyarhé4m:ﬁssﬂathnria}mﬂ Dé,mn mhrmve reagent layer
corrected gl ucos rent guat i.on

é{ﬁ B;?CWF‘efeﬁ%ﬁt“é s%h &ﬁ méﬁleélveéwagﬁ) pd éé% 2yer 85’,24 Test strip

(ifther iACTBEAIBE erld' 58 sha¥iAbLimbP ¢hOb0. 91 G0 bE NBRd that

nmeter wo use Equati on a
c omstemhp 1000 ishen@diﬁbﬁmn od)' tdspstiip SPOwe ek an adtivieseaentidoating 820
10% or less th nmet er vxguld si nmpl e take an

av@rvggS@ RAtPR ﬁ? QﬁQIaLfEStB’éQIMr?I aHY 9 4 sesprd workupg electrode

ac f ”éﬂl%

st? egy 0 %gfogg‘béﬁa?%orﬁé#g eéﬁ%ﬂ %B y under aétethsgmﬁtlme
Si slladd fonthewoeketion of 1ﬁteﬂbﬂéﬁ{sywﬁlb}aﬂev@lc@l withif it €8 Bikipl 1©0€ br are
of interferences are in the sanple mtigates the risk

f desgd inte tesbeirip 0P h Eeststaipuk 98 Wil eraploy githerrfiquatin 7a or 7b for
killé%n b &e[)k%e%%%dg?e}fe}q@ng Qor%‘nﬁoxﬁlﬁg bt @Sx%ﬁééd?/bagﬁgr?rﬁ&{ M%Htrast to

h adek iR 860! fiést SiripNt00Y hbs FhodEagsd foadon@ictie layer 164 and insulation
interferents. In such a case, it maybe desirable to

oulager 104n Sebsteate ﬁ@,gw@ére rengentdeyesfl agliversegeny dyges18, adhesive

beca ry; hi eve rfer ts use .
or S Ao o e B el R 8 b £ B s
ZZiW]tegfggwg{)oshows an expl oded perspective view of
a test strip enbodinent that is designed to conpensate

[000$5ir var Figbies 22 tp g4 iapecr smpbifiedplergviewrnd dosial portidnS58 efest strip

son of ,0 ne or_to.redu
o L0 FePpih st b ihatRbe SR ere Sy b SoR GGt g 21,
I ay8ich kRdw vafohdsositiink OPadt¥@6agbMGaycn 820 BAE Iﬂa\é@ve reagent layer
reagent |ayer 818, a active reagent |ayer 8 ,

ad&h&Wﬁb r¢spgeito g, otherd Fegures2 3 tayéy wBiz corre@émné tcr Fl;gures 22 to

sspbecip ey A0 BES e Bt B R i FSaBiygindtis cleary he
anie'leftioﬁﬁhp 8Btwken 1RSdondhdtive 1%@9 164 abiad reé’%bo n@flybV&0, and inactive

reagent coating 820 covers port| on of th a first
woreRgeng layee81§.ode 100 and a second working el ectrode

[OOO%d eTh ! stle??n}% h(iO%; g%ﬂ‘fu{:&f::l%}gesrq 65”133a (%g}go%.gg Qlta gulgs?ra&:%o
Conductive layer 164 includes a first working electrode 100, a second working
electrode 102, a reference electrode 104, a first contact 101, a second contact 103, a
reference contact 105, a strip detection bar 17, as shown in Figure 21. In contrast to
test strip 800, second working electrode 806 and first working electrode 102 has a C-
shape.

[00087] Figure 22 is a simplified plane view of first working electrode 100, second
working electrode 102, and reference electrode 104, insulation layer 106, inactive
reagent layer 818, and active reagent layer 818. Insulation layer 106 includes a cutout

108 which defines the area of second working electrode 102 to have an inactive
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allows for the correction of interferents which
develop within test strip 1000 or are dosed into test
W@ 2005/040B00. Test strip 1000 woul d enpl oy eit hePCT/GB2004/004598
Equation 7a or 7b for reducing the effect of
i npatibe i D2ignd ampotivedizorben i 0k doslgs einhodigrent) ihctive reagent layer
co ast .to test.strip 8Q0, st .strip 1000, has .
ol esdirnied o igriCRpes P@é‘fﬂ PV SeaEsh eyt R apps disposed
| ayehetRR portitdSioRat frsPRorkifPabdiRie 188.95 A refeRNEE clBdifbde 104.
active reagent [ayer 818, adhesive layer 830 and to
| alfienre824shaws tlsit indctive reagdnd idyes Hpdoeamet toatleor alerlbipwith active
bot h te?t strip 1000 and test strip 800. [00085]
Fi (fagey 1291 818-24 are a sinplified plane view of distal
rtion . [ : ' -
1000B8Y | ¥ LY = ARR Nt Hlr S PO cliinh O rengent layer
Fi 818 and2iktivebdagént $hens V&both esatposirtiowofscobndawbikites electrode 102.
reagent |ayer 820 and inactive_reagent |ayer 818 with
r eg%é @UOW%%/‘&SWCW%?@S“WW& bo geriormed wils; 4t the same time reduce
CORT Fi . res Fyel .
o ERASBEb ARt Fl S0 BRI ke EBRELLIE e st maling
cl eardtiip 166D dsashaivihan Fipupe PRiswWeARt ¢dntbeRRFIUE td Sguémially align and
164, active reagent |ayer 820, and inactive reagent
| ageat terespepoUigagtiviencagsst layer 8l g and gctivegsrasutleysrd18 so that they

| ayer 164 .i s di Spose S -\ .

| o Ehourien Reff bREERTH AR IER! Frodle (PRELOL pisPwgriane

s egloftisbdeainli ol wefkitdecddde 192 hald afeREe BEBOHE O0Lis relatively
104, a first contact 101, a second contact 103, a

retmalbnce contact 105, a strip detection bar 17, as

' Fi .2 . t [,. 1 t,strip .80
100057 g Pt B ool W B D PR P P yg 18 ever
hag1 fdispdiad 8n indBPSFdrtibh Q0ZiCarkPadtive Peapbifhyel 8 €8l dizpELRE on active

view of first working el ectrode 100, second working
el pationd 824, dizst venrking efestrede K00 hud tefagacelderiroin 04. alni this

| aye 06,. . ngctive reage | ayer,.818, apd active . .

- chgbedmayBrd et hen ERRE s A8y Bk el G beRe immediately
C Uh@3bident fofeavh bhRr. AR Suble &n {de81 AESMeQhackios %agemj!& 1B and active
el ectrode 102 to have an inactive 23portion 102i and
anreagentVayepdt wonld 10wk, butmot kibstantiblbo vezlap withreach piher.

re nt .l ayer. 818 was di sposed.on inactiye, portion
oftgh G ripeo wigendorpd BF S Rmsaceh LBLEaH s aeent layer
acg]y gndPRAive %{gém@er B8 &l iMBIdAIAEy 864 RFG R Sther, 3dnal
reference el ectrode 104. Figure 22 shows that inactive

r esngewnfactuaye vaist®ndodsansstsomenyiriap toovasht with ajcertrin frequency

aciive reagent |a 8 '6% 008§%§Tes Strd 00 .

i PP FROR TEREE P BB A TSP Le] R dnpavise,such

I e388on vl GlsoRhBseARabtRE kaEntIBRI BB td ANGEuR LB POleRgent layer

coat a portion of second working el ectrode 02.
818 at a certain frequency. Because inactive reagent layer 818 was allowed to touch
or not touch active reagent layer 818, the yield of acceptable test strips was improved.

[00090] Yet another embodiment of this invention which improves upon the method of

coating inactive reagent layer 818 and active reagent layer 818 is shown in Figure 24.
Inactive reagent layer 818 may be coated such that it completely covers inactive
portion 102i and a portion of reference electrode 104. Similarly, active reagent layer

818 may be coated such that it completely covers active portion 102a, first working

electrode 100 and at least a portion of reference electrode 104. In an embodiment of
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This allows two glucose neasurenents to be perforned
while at the sane tine reduce the effects of
whawkgsauwnd and/ or interferences. One of the ch@l/Genwano4598
with making test strip 000 as shown in Figure 22 is
t hthis inverdiam, the pdinfifg proicesstoan taegpi dimg aligninentduich thah nphctive reagent

t t ti i ti t | 818 d
by BagaRev et VG A b BGy e ik ek bgen
Ot RereNeldlecti8e SRF L BDVENE) %&%@Qﬂﬁesdéﬁl% ake ?na%ﬁvcfb fze'ééént Jayer

wor ki ng el ectrode 100, second working electrode 1
andll & efdeactive eagére dayeo 8 €S 1@4 mis withl cath vibeyatsivalldp zone 822.

[ 0Q089 n enbodi rent .of this inventian, Figure 23

S h’g%‘url*iw'g‘@?‘?’\ﬁg‘ ?@%ﬁiﬂcv‘é@r@%@ihﬂmﬁ @%&g@@%ﬁe TORAgRY ﬁwsr 818 was
> L | .

gctlvgﬂgortlgegnc%gl%m, t?}ﬂ?‘eé m?&%ﬁﬁ%@ggﬁwa%ng% ent

r edrelr @ating of ative ochgerdtddyer Bh8 tund maetideadageanlayersd Stwaseyet further

reagent | ayer 80(];\8 an? active reagent |ayer 8 are
i RERIP Rdeinyeran of A acrwgateldt her h such an i deal

se thg:] ' Vel ' r .
I000f A0, " o it A aiigt EPR i B L B Y B PR hich
W lidlpse@dhicenhb effectPAbf inotegiedttack grounil. i Tig abilig essufficiegdt s
the alignnent such that inactive reagent |ayer 818 and

actIMRENFAA friarying vels pE reguged madiaton tuahyas duTesyamide inpthe test
€ ascth %Q? F%aé)ﬁlﬂi%gaqg%l% f@&u&%ﬁ‘t‘ﬁgw‘[‘l\é’?ﬁlﬁéﬂé g)%evﬂchleggc?vu\zlgeﬁe are

sone" over ur w uency
I NgwtiaV Bactrag@tinal dfiienéeliBe aovetsidn yfoidiagbmtdibRy & the reduced
818. Likew se, such variation will al so cause inactive

r efogarduring g mamdagturing testipgand storagearpessy e hrerefayee thigallows

a gertain. f ency. a | pactive reagent .|ayer

el oot PO wBRE AL R Bl B SR Bl reagent
81RyertHeephy (Within GhtchGaa Bhikhlte bheB), hedtiseAadn@sve Rfu@yRsking

[ 00090] Yet another enbodi nent Qf this invention which

i ngsditons g el temmeratarerssyinafpaskaging gnd siedlizajien cendjeens. Because
I r.818. and act | reagent. layer 8 js. shown in . .
8 Paltof ok 57 eS8 Bipon Woee bl PREES Gl pg gvisaged
s Ughtich Ridorduls pecuRlY &inBlols £OHERedddas motBioPBid ¢difroll 2h

and a portion of reference electrode 104. Sinmlarly,
achpydaetegpe Hridtigpe r T wesmenpwt obbackerosnd humrdérds may also

co et e rsc.active, portio 02a, first ki n .

o B it s8R e A5 Jol e Vi B SRR plofdep bpifcis Moh as high

el geipenfige bdhuhiMig TRMNAGY AW siadpled4hRti8gds Ay BOHéPShed for

the printing process can target the alignment such

t hderingtest Stayes whigh aray nohpead gigreusdealdp iwithhpldageisture

| ayer 818 substantially overlap with each other on

reference el ectrode 810 at an overlap zone 822. In

such a case, inactive reagempltdyer 818 and active

reagent layer 818 nmay m x with each other at overl ap
[00092]ne 827Pest strips 800 were prepared as illustrated in Figures 1 to 3a. Test strips 800

were tested in blood which were exposed to varying levels of sterilizing radiation. To
test strips 800, they were electrically connected to a potentiostat which has the means
to apply a constant potential of +0.4 volts between first working electrode 808 and
reference electrode 810; and second working electrode 806 and the reference electrode
810. A sample of blood is applied to sample inlet 52 allowing the blood to wick into
the sample receiving chamber and to wet first working electrode 808, reference

electrode 810, and second working electrode 806. Active layer 820 becomes hydrated
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Because the | ength of both inactive reagent |ayer 818
and active reagent |ayer 818 was further increased
w@owpasads t o t he enbodi nent descri bed i n Fi gurBCR28B2G0ho04598

al i gnnent and coating of active reagent |ayer 818 and
i nwith bloed red gentgehaytes fe@b@yamde which imaythegroporpomal tthie amount
ter of mapufacturin ield, [00091] Jt is_an .
adtfhteQgR ARt o ipfe STy EhCPRIFAtioR PrFRER! M@F fapiento egiatgnactive
argydi KT8 HeG WREYSd LA 468 ff bendlic WAGHERS $rocyanid
bagﬁgrgﬁngg6 T%eﬂg/gt&?ﬂ ty to sE??i cisent tf;y coﬁ'genslate foorcyam y
v athyti wap ot pedsentofithiethactivk lapeti 848 befoseibidraigon. After about 5 seconds
ferrocyanide in the test strip itself enables a high
| v tis saampl PRRlGAtONAOSPSE ST 6. %Oﬁéa%ﬂfjef%a?yamﬁg pad/or
ar r ' ; '
o FISTRUFLR ork Bl b Phor B f Bl P e U B0 and
megeudralcl orkimgeledtde 806, and st orage process.
Therefore, this allows for corrections to be made
whi ch account for manufacturing variations such as
reagent |ayer height (w thi ch and
bat ch-t o- bat ch), heat segz:yaggﬁggi ve manufacturing

[00093]ndi t i DRGE battheoftepeEipaiuetep@pated th shoactkaighe gse @hgactive
sterilization conditions. Because the correction
acieagant ypioh 1§ 9 gstivesepgant tayer &2 higmsoyedihe pvesplh presision for test
can_.be .envi ed ir i rQor, . I .
o R s R At AR AP EH G RiA Wt i i

megimhilaCindfind? @s d@cHiBéd @Bkamphe 1 MERS Bfse tesndtrip batch is test strip 800
background currents may al so i nprove the stability of

t eand 18 refprped i agiBateht lanbhessgoendstestsirar bajeh, vdvieli isirefaged to as Batch

31 850 Sl SRS O oo Mol T BB} 815 and

st ﬂk@ﬁas%@@iﬁ@@ﬂctmtre%g%ﬁﬂla?errvi/}ﬁﬂ’( esifersSieth fiks® wiirkig elebtrode
noi sture Exanﬁl e 1 [00092] Test stri Ps 800 were

pr &}¥a seagnd svarkihg sheetzaded 06nad wgiarence tlacodns 1 OFeWhen testing Batch

tri 0 t d in bl ood which tQ.
ey e RE L ar Rl Bom ity R naiRfioghso§ 5] BEPRFwbfking
St élbRd8R06 Wl B¥ed¥B/cBlcBlaRCd EdrftddsigRANASEE hich vaas then
pot enti ostat which has the neans to apply a constant

potameited tog glocose pencentrasmmyS¥herf fepting Baselk 2.nilje enment fiogesecond

o1 BoR P ACaGE G o4 6 SREFoR Eeu Rl RS apie lhther o
S afidérgniRé a RhIQE Grhich vdRRhéLekell %o 8ABMAR ahRih8drr&Aed?dhd¥é NY
the blood to wick into the sanple receiving chanber

anebncentyationf Befire tosting with dlasd botl Baghg] andeBaiele A dast strips were

I d Ki el 06, .
- AcErR T B 3ol Rt dSe ReRC BRgBH i gases. whih
t hge maemer- 3165y, Batdhacy ankae, Bhck b eGP enaBaRI 1 L 998Gy, were
to the anpunt ‘of glucose and/or interferent

comabratedafor precisioadayriesting 2¢est staips vath blood fomeadstest case at 5
! ngl%&s\e/:econcentrations which was 20, 50, 100, 300, and 500 mg/dL.

[00094] Figures 11 to 15 show that Batch 1 test strips did not suffer from a degradation

in precision after being sterilized with 25 kGy of gamma radiation. For all five
glucose concentrations, the precision was substantially similar or better after
sterilization for Batch 1 test strips. This shows that the use of active reagent layer 820
and inactive reagent layer 818 helps compensate for background levels of ferrocyanide

produced during the sterilization process.
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| ayer 818 becones hydrated with bl ood and does not
generate additional ferrocyanide that was not present
wowdokioss4icact i ve | ayer 818 before hydrati on. APCEGB2004/004598
about 5 seconds fromthe sanple application to test
[00083) | p 8Pigurean 16 il 88hdw thad Bafohr2rtest paipisdid suffbh drom a degradation in

interferences are neasured_as a gur rent for both the

f i prseisigpakienbeing slenlizdevidnad> KRY ok &EBma ratiqr gLhis control

el ect r.od | e. : ,

L BFBERS B9 PR A TReCBbE Bl o

I eBgRBiouhdY&ucBdBnriiddf the@edeptipeaitionaBricaii2Batch 2 test strip did

i nproved the overall precision for test strips
st notihiave nctive tgaganh layan® b therbackgorndyadusiion methedequld not be

strips r es LN a sknil e [ ]

o GRateg, B e B b g B o ARG b o
angeih§ steRfifdd Realse rdatiRdy Bizh ghiddse rcomthtions vefdtestgd (300 and
batch, which is referred to as Batch 2, is also

si AP0 mg/dLg in whichghe pfed 0 steplizatign €8 PresIsiomisIngles significant. In

i ngctive yeagent, l.ayer 818 and al as_ a I.f] .
acﬁ?%‘@s?’etg% u tﬁg%/rrwﬁx&l CEGVETE og HC?Slerog?&\%%irs% gﬁcamly
el BphEQHE BOBcyafEORG K icndbe bteslizAide pERssedy bfore hydrating
reference el ec¥rode 810. en testing Batch 1, the
di fifegestnitm.in current fromfirst working el ectrode 808
and second working el ectrode 806 was used to cal cul ate
a corrected signal current which was then converted to
a glucose concentration. WghApiegsti ng Batch 2, the
current from second wor ki ng ePectrode 806 and first

[00086) ki ngAmbthet batdie oBESt shepse whinkrie teferowiepae Batah 3, was prepared in a

det erm ne val ue whi was .t hen used t.a cal cul ate _an
BB ATl e BN e i Srsonpupas Fleb g s not
bl ' iRSdtive béd . In thi
pr E0fled Pt Rl ARty BRJGE B Pl iBCVE hidghli MRES1S. In this
NexkamplbeBdtchas lttoStwerasesssd tofevahata tle Batatlacturaly lo®he presence of
Batch 1. - 25 kGé Bafch 2 - 8 k&, and tch 2 - 25
k Giterfiring copmpoyRdstrch 35 v agf G EEFIGAsEt i ng 24 t est
i pS W b t
100037, 5 Babch 12 B30 % 8hd B3 A1ERrfpERRrtcedd 6 RO (hrce
Ny ohcen{rBNOR 4 gEntipie &sd thichhvose D128, alh5¢ mgldlt.eBar each gentisic
strips did not suffer froma degradation jn eci spon
af feid CBRFGREaEeTL HYVP iERuegs FneIERliRRs, W ta%?dﬁhﬁﬁa‘f%& 7¢fnd 240
Fo ' i , sl S
o Bl FigkfesdERNT SHORGEA A 0GR BAE RFRliD) B 4
f oinsBaiifidand cliange (S0 inp&lL oFHi0%o)dibias wheatestihg theseat@b and 50
active reagent | ayer 820 and inactjive reagent | axer. .
819adl pentiissicheencenFaionh 42 R aiC_B@_éF% stitps had a significant
Ifo CIch 01 61RO il Hids WPhdnEstinl idh b3 B a 50 me/dL gentisic
acid co:ilcentration. This shows that the use of second working electrode 806 not

coated with enzyme allows for an effective correction of the glucose signal in the
presence of high concentrations of gentisic acid.

[00098] Batch 1, Batch 2, and Batch 3 test strips were tested in blood at three
concentrations of uric acid which were 0, 10, and 20 mg/dL. For each uric acid
concentration, two glucose concentrations were tested which were 70 and 240 mg/dL.
Figures 18 and 19 show that Batch 1 and Batch 3 test strips had an insignificant
change (<10 mg/dL or 10%) in bias when testing them at 10 and 20 mg/dL uric acid
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26[ 00095] Figures to show that Batch 2 test strips did

suffer froma degradation in precision after being
wat@siokiszed with 25 kGy of gamma radi ati on. ThPGT/GB2004/004598

control experiment verifies that there is a

degomdatration. iimcqitast, Bateh 2nbetripsthad aisigpifidaet dmaged 0nchg/dL or

reduction nmet hod of theﬁgresent i nvention. Because

Bai &%) in plasvhen testipedhemmbe IR aud ai2haey il anf aglg sppcepligigpn. This
SRR QU451 R TRLDOA Sl PR By o atows

a fwghadRtietotiactivnadiihe gincakistmabigi thgpkeaice of higH concentrations
because rel atively high glucose concentrations were

t egfwdc 9300 and 500 ng/dL) in which the effect of
sterilization on precision is not as significant. In
this case, the anmount of ferrocyani de generated by

gl ucose oxidase is significantly higher than
ferrocyani de generated (e.g. by sterilization
processes) before hydrating the test strip. Exanple 3
[ 00096] Anot her batch of test strips, which is
referred to as Batch 3, was prepared in a nanner
simlar to test strip 800 except that second worKking
el ectrode 806 was not coated with either active
reagent |ayer 820 or inactive reagent layer . h this
exanple, Batches 1 to 3 were tested to evaluate the
overal | accuracy in the presence of interfering
conmpounds such as uric acid and gentisic acid. [00097]
Batch , Batch 2, and Batch 3 test strips were tested
in blood at three concentrations of gentisic acid

whi ch were 0, 25, and 50 ng/dL. For each gentisic acid
concentration, two glucose concentrations were tested
whi ch were 70 and 240 ng/dL. Figures and show t hat
Batch 1 and Batch 3 test strips had an insignificant
change (<10 ng/dL or 10% in bias when testing them at
25 and 50 ng/dL gentisic acid concentration contrast,
Batch 2 test strips had a significant change (>10

ng/ dL or 10% in bias when testing themat a 25 and a
50 ngy/dL gentisic acid concentration. This shows that
the use of second working el ectrode 806 not coated
with enzyne allows for an effective correction of the
gl ucose signal in the presence of high concentrations
of gentisic acid. [00098] Batch 1, Batch 2, and Batch
3 test strips were tested in blood at three
concentrations of uric acid which were 0, 10, and 20
ng/ dL. For each uric acid concentration, two glucose
concentrations were tested which were 70 and 240

ng/ dL.
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Fi gures and 19 show that Batch 1 and Batch 3 test
strips had an insignificant change (<10 ng/dL or 10%
WO poobiosgisvhen testing themat 10 and 20 ng/ dL BPCT/CBa®MM04598

27concentration. In contrast, Batch 2 test strips had
WHAT 5 ghiAIVEEnIS:change (>1 ng/dL or 0% in bias when

testing themat a and.a 20 ng/dL uric acid
1'AE&%EEH%F@PF%E§m$ﬁF@ngﬂ%ﬁ% that the use of second

wWoy kifagatg! ectrode 806 not coated with enzyne all ows

for an effective correction of the glucose signal in

t he fiptt smeriog eletirddegtispsat emsaidisubstistepf uric aci d.

28WHAT |S CLAINED | S: .1, el ect rochem cal sensor

co?rﬁ‘i"qogﬁll Wé’%ﬁgg 6@?43%418205@?9 ?%(fS‘%}asF%th el ectrode

di g Oleglgd: substrate; a second working el ectrode

di sposed on sai d substrate; a reference el ectrode; an
achn yaive ecpent layarydesposidopomeiistiwedking ¢lectsodepwhkianysaid
el ectr ode, erein sai.d active, peagent. | ayer
coRIvErEAEFIaVRs comBIETEY PYESt SHLITR Hrers Slocats amdd an
in
el B Ty o BB s SR ol
cowAd fnastivereagend nompletdty cuyenl saich secatel warkidg electrode.
el ectrochem cal sensor according to Claim1 wherein:
said first working el ectrode, said second worKki ng
2. AR SR BAYARE dodRHRE RICRiRh Spldafe are positioned
in a sanple recelving chHanber; said sanple receiving
C gt st havking ekcirods saidlsecond warlkdhg tlkttredel andsdidireference
distal end including a first opening which is adapted
t oclegigadoase porlionedfip aisagplesergivang ehasebnd wor ki ng
el echro ' I 14] ' e PR ¥ e
op Sl s Pt P SR AR EELREERM R el Bl spid st
A ghdinluahigy iRt Spdnthd whish isudeajted ¢ ekeot hodiy Anillssaidl
reference el ectrode are positioned proximal to said
s e8af geonpd piorking elestrpdsdecingpositiongd adineest [saidh sl onseHgor
conprising: a substrate; a first working el ectrode
di sposed on said substrate; a second working el ectrode
3. AQ SE%ekbpidalSsehebr avhslingt®Claim 2 wherein said first working

electrode and said reference electrode are positioned proximal to said second working

electrode.

4. An electrochemical sensor comprising:
a substrate;
a first working electrode disposed on said substrate;
a second working electrode disposed on said substrate;
a reference electrode;
an active reagent layer disposed on said first working electrode, wherein said
active reagent layer completely covers said first working electrode;
said second working electrode having an active region and an inactive region,
said active reagent layer disposed on a active region of said second working
electrode and an inactive reagent layer disposed on said inactive region of said

second working electrode.
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a reference el ectrode; an active reagent |ayer

di sposed on said first working el ectrode, wherein said
wa@cewswes4eagent | ayer conpletely covers said fPEBHGB2004/004598

wor ki ng el ectrode; said second working el ectrode

havi ng an active region and an inactive region, said

active reagent |ayer disposed gn a active region of
3. A‘é‘&ﬁ‘?‘fﬁg%}@gﬁﬁﬁi\ﬁﬂfsﬂ ?Fgf‘)@l%%{g’r@&gn gﬁ’ﬁpeéﬁmf nactive reagent
| a . e . oqi .
wor B} 5t SPBRRE ot fid AE6h KErkiag cRengly AL RigRRGRR
acele¢itidegrd posifioaedninia ydeple reveivimg chambesi wor ki ng
el ectrode, sajid second working el ectraode and said, .
r e$ad emenle mcapinesdembehaying 3 prowERal and 2 disalend, said distal

recej ving - Said . I L Vi .
B s e R e
i nedidifhatifvearefion oF sHd esvond wakikiap elestradabeiag pbsitionaki ve
bodily fluids; and said inactive region of said second
wordinGegt widHLst 8pRMMe| ng posi ti oned adj acent said first
openi ng. 6. An el ectrochem cal sensor according to
Claimb5 wherein said active region of said second

6. Anwldcirochealied isepde acoellisgiolClairh Stwivatini safl ftiee tdgcieofyaid

positioned proximal to said inactive region of said
secor¢werkdngwlewiadlg aafl said fissiavorkimg clectrode are positioned proximal to

said inactive region of said second working electrode.
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