APPARATUS AND METHOD FOR ELECTROCHEM CAL DETECTI ON Field of the

I nventi on [0001] The present invention is directed to a sensor with
opposing el ectrodes and test strips using this sensor. The invention
can be used tArprrRAUUSANDAddTEODEHGESARBECORQONBEVIIOAL DETESTEYS | i ke
prothronbin tinme (PT) and thronbin potential, for exanple, in

poi nt-of -care nonitoring of anticoagul ants. Background [0002] Vari ous
patents di scuss devices and nethods of detecting el ectrochem cal
subst r at’&¢4 of e lexesfifit e, Sozefonvicz at al. (US Patent No. 4,304, 853)
descri bes the use of electrochem cal substrates to detect proteases,
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measur ed, GRLEESnAlBeMaky | oW The substrate requires DMSO to assi st
with solubility in aqueous solutions. It also discloses a 3-el ectrode
systemw th vol unes of sanple and reagents that are orders of
magni t ud&<6¥8%t%r than that required for viable point-of-care tests.

[ 0003] Ludin et al. (US 6,495, 336) disclose electrochem cal substrates
t hat car0®E]used Vorousehens i dinqusf detvivp=o Ayl methodsppic ddtéoying relegirochemical
coagul al QR ASS B o IhS1SHISHE AL BE QUL B8GR5 5 RlHIREOYETRN!
over that of Jozefonv ‘becadse it is apparently water

sol ubl e.clcThreshed@alrubstidics & dstret ioinases IngBding e esepyes frag eoapatipn system.
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use of an el ectrochem cal |n substrate, specifical

di scl osewrely it uefvl for the findipnERy pracendifioningi ofethe ﬁ&?tr%ﬁéa% §eqe%§maef0
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provides that the substrate is to be i mobilized on the worKki
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el ectrode nmaterials and fabrication process. [0005] 1 mobilization of

t he sub§?¥%@%eﬁﬁmﬁﬁémﬁ6¥ﬁlng el ectrode is inportant and/or essenti al
when using the coplanar electrodes that Frenkel at al. teach. This is
because [ti8] Ludin er al. {(US 6,495,336) disclose electrochemical substrates that can be

used for detection of thrombin, typically in a coagulation assay. The substrate provided
therein is an improvement over that of Jozefonvicz et al. because it is apparently water

soluble. They do not disclose how to use the substrate in a point-of-care device.

[0004] Frenkel er al. (US 6,352,630) discloses use of an electrochemical thrombin
substrate, specifically as disclosed by Ludin er al. (2002), in a device that appears to be
suitable for point-of-care testing. The teaching, as used herein, provides that the substrate is
to be immobilized on the working electrode via the end that is opposite the electroactive
group that is cleaved off. This requirement adds complexity and limits the electrode

materials and fabrication process.

[0005] Immobilization of the substrate on the working electrode is important and/or

essential when using the coplanar electrodes that Frenkel ef «l. teach. This is because the



relatively | arge di stance between the working and counter el ectrodes
prohi bits any neani ngful diffusion of nolecules fromone el ectrode to
the other. [0006]Simlarly, the teaching provides a Ag/ AgCl reference
el ectrode, which nay also be a counter electrode, and is desired for
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si nk or sauneRl Qffu8d Lt dfttles AoROheNtd Bl ogsighef this device is that
the relatively small anmount of el ectroactive product that is

rel ease y in the reduced form .in ope enpodi nent, can onl: be
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| ow sig %méghﬁﬁﬁﬁﬁﬁﬂﬁggﬂérw%£?§trOde design in certain enbodi nents

t he teachi ng regenera the el ectroactive group by coupling its
detection to the oxidation onﬁglucose. An advant age of certain

present [B9Bbdi merd{mkrigs of hat (He2QPReiIA Bl eber séel9st allie atiteorfdt i2Bal | y
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that preferably has a punp to nove the sanple within the cartridge to
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el ect r odietelitdpetisorisioar e tied cdresatinhyo dnotigasdlreation. (US 6, 284, 125 BI)
to neasure the concentration of a redox species. In particular, a

redox spegkes 9enELALEd HYmbho0Xisdah) on, Of.alucassARd.LLamA s the

gI ucose con entratl on was cal Cu a E%TIB %ﬂ opposing € QC'[I‘O e sensor
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sample i)lus reagent past coplanar electrodes. In contrast, in certain embodiments herein, the

opposing electrodes permit a simple strip that does not benefit from a pump as reagent can

passively diffuse throughout the smaller volume of sample.

[0009] Opposing electrode biosensors are disclosed by Hodges er al. (US 6,284,125
B1) to measure the concentration of a redox species. In particular, a redox species generated
by the oxidation of glucose and from this the glucose concentration was calculated. An

opposing electrode sensor can consist of:

1 Working and counter electrodes (and optionally a reference electrode

in any configuration) spaced by a predetermined distance and;

354



(2) The el ectrodes facing each other while Iying on different but

approxi mately parallel planes and; (3) Selecting the spacing between

the working el ectrode and the counter electrode so that reaction

products fromthe counter electrode can diffuse to the working

glh ect Ir ode. ([?;%m] Qppositegclettedty doow ark dihstMadedyirg Newdvarernpt
atelier (P | B2007/.001990) .f or. ation sensor but the

di sclosure is linited %’81%%?%63‘%%28%@%9%{%u cle (imnobility to

det ect coagul ati on and nmakes no teaching of el ectrochemn cal

substrates. [0021] CharSelestingihe spagsedezen Heov e gedors B‘éda Gecetting a

_Change in viscosity ofganseagihat iréa&ioﬁaﬁm&@tsbﬁ‘mﬂﬂﬁ@%ﬁ% cdgoddieanease
in steady state current through opposing el ectrodes. Again the

di scl osure does not r elifiess te B FaTkEIescr$heni cal substrate, instead
the change in diffusion of a redox couple is detected upon

coagul at[lo@n:mg [ 001@JN¥eng Odlectb@sspriror dsctoselesoyi bdevhdne ask @fhatelier
opposi ng_el ect rodes t et.ect .el ectrachem cal, subst rat . do
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el gct r odegnétic ipartpleef(@nabbgitnob teed melgikii@e aiemekectpothema adf
substrate on the wor ki el ectrode. Summary [0013] Enbodi nents of the
present ‘?‘?‘?W%WFIF‘E?F’IIS {‘Sém rected to an opposi ng-el ectrode sensor with a

wor ki ng el ectrode, a counter electrode, and an el ectrochemi cal
subst r at[@9llivher ei Pharher deiEos.626t8d1s descrba/tasting 2 eHBseettPBY I cal

substrat c%agu‘_HPlig% :Slaﬁglter Qe healieal s ubsthate s&ady herecQatfdinih kppsaint er

I
el ectr ode. sensors can be used as part of a test stri,&) fcc{)r
testing @@a'gd_pp.aﬁg@n the dipddogups e B relate to an electrochemical substrate, instead the

change in diffusion of a redox couple is detected upon coagulation.

[0012] None of the prior art describes the use of opposing electrodes to detect an
electrochemical substrate. Nor do they describe the unexpected discovery that when using
opposing electrodes it is preferable not to immobilize the electrochemical substrate on the

working electrode.

Summary

[0013] Embodiments of the present invention are directed to an opposing-electrode
sensor with a working electrode, a counter electrode, and an electrochemical substrate,
wherein the sensor detects cleavage of the electrochemical substrate. The electrochemical
substrate can be coated on the counter electrode. These sensors can be used as part of a test

strip for testing coagulation times in blood.

[0014] Other embodiments of the invention are directed to methods of using the
sensors and strips of the present invention. These methods can be practiced at the point of

care.

(5]



[ 0014] O her enbodi nents of the invention are directed to nethods of
usi ng the sensors and strips of the present invention. These nethods
can be practiced at the point of care. Brief Description of the
Figures [0015]FIG | illustrates in expl oded view an exenpl ary

el ectrochem cal strip in accordance with the present enbodi nents,

i ncl udi ng;apbetpn sieckizode (1), an insulating separator (2), a top

electrode (3), a cover over a fill channel (4), a fill channel (5)
and ar on ¢ r. [.001 2 il ustr at .ar.
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enbodi nents; the figure denonstrates inproved clot detection when
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t hr ombopl astin coated on vvor king el ectrode (the anode in this
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exenpl ary*e Usse be Underst
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may be use mthe sp
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enbodi nen the invention so esc ncl ude a particul ar
f eat ur e, clestrodgdeathods). or characteri stic, but not every enbodi nent
necessarily includes the particular feature, structure, or

char act eblisitol Desclptidher, repeated use of the phrase "in one

enbodi ment, " or "in an exenplary enbodi ment,” do not necessarily

refer t 0[061@? SanEExeeHE& gr‘i:bodimenls 0?81” Q/exgtn)lel%rena%/cmsed in detail below. While
specific exemplary embodiments are discussed, it should be understood that this is done for
illustration purposes only. A person skilled in the relevant art will recognize that other
components and configurations may be used without parting from the spirit and scope of the

2 L.

invention. References to “one embodiment,” “an embodiment,” “example embodiment,”
“various embodiments,” etc., may indicate that the embodiment(s) of the invention so
described may include a particular feature, structure, or characteristic, but not every
embodiment necessarily includes the particular feature, structure, or characteristic. Further,
repeated use of the phrase “in one embodiment,” or “in an exemplary embodiment,” do not

necessarily refer to the same embodiment, although they may.

[0019] The present invention is directed to a sensor having opposing electrodes (e.g.,

a working and a counter clectrode) and an electrochemical substrate. In some embodiments,



[ 0019] The present invention is directed to a sensor havi ng opposi ng
el ectrodes (e.g., a working and a counter electrode) and an

el ectrochem cal substrate. In sone enbodi nents, the electrochenical
substrate is on the counter electrode. As will be describ

fol | ow, thehdewroghemirel sibetzate feoryBie gomyer irgirery- aAsaﬁbP%df%lﬂquéo sf‘élwor

(opti ongl sy Q@ ah 88 fised Ib%/ h@ln%@xﬁﬁle@o RHeQLR8S@p EdneiRyY &Sa B strip) where a

el ectroacti ve sSpecl es of the substrate. This el ectroacti ve S e I es
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i nvent i QRieCaMhPeIMSERbMR aBWiederdsRs i ety of technol ogies, for exarrple
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moﬂwmml tinme and thronbin potentia articul arly
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el ect r odeusaicly lias warfAw -Ag henpteecinmangle. | nstead, in these enbodi rrent S,
the close proximty of the electrodes permts cycling of an
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car bon, I ndi um oxi de, m xed i ndiumtin oxide, and/or
tin oxi des clegredes [P@@ZQ]CM@D%\W elssrogpiiyersaetesspitgs agnolpils htdegpien

i nvent i Qs havg 1A .8b&Clh 86 Rt Gl asHbaluat-&uik Gha gi@aRerRerréiti @G @n the
counter electrode in sone enbodinents. The eIed%rochenlcg?%substrate

can be chakavied BYFSAlR En¥gnE° FEHlaeYEHINes S G JPREsEMEr §P8aTelr e a

cl ass of . ghziEsatiatud RaMedReRll e Mo asiun] beye haked aidiessentilg|
role in nany bi ol o |caI processes. For exanpl e, they are invol ved
with foddd 61@%@%*% - HV replication, the blood coagul ati on cascade
and the conpl enent pathmay. [ 0023] Sone proteases are specific for a
particuuamzpeptidﬂmseqm&nmetmhbk@sofhem&saﬁ@nhdsmlgebecﬁkvemhﬂmcﬂ

ei t her esaggfge'&n%mm? O Yo O5ST LARLE o Qo Clon RN A Ol RN ¥

pr ot eas as this prOV| és an insight Into t oglca
pr ocess. elcéﬂoclhlalﬁlcﬁifsu'sd(natel cai fioe tch:evedrbty ani elntynaﬂp fﬂf@@iﬂ@lﬂe a ppipaspafiptassy

ocour T1Ng. 9703y B BLLEALY JERA! MBEIhBL OtrfaS L lan Ol a1, BleCRYEAY

enzynme can Be~det ec used in present invention
provi dedidlgcad pryereesi §0ab>taenpﬂ® th@@@o’:gw@éedawdi @Péé\gésﬂoheﬁafesepk@ﬁmbond

o bonds, | o8, fh86h LACHETEAL cHlIShREAPSI ng used. [0024] A nunber

of useful pept | strates are commerci al 'y avail able for a range
[0023] Some proteases are specific for a particular peptide sequence while others are
less selective. [n either case, it can be highly desirable to detect and/or quantify protease
activity as this provides an insight into the biological process. As one of skill in the art will
appreciate, any naturally occurring or synthetically engineered protease or other -cleaving
enzyme can be detected or otherwise used in the present invention provided the enzyme is
able to recognize and cleave the desired bond or bonds in the electrochemical substrate being

used.

[0024] A number of useful peptide substrates are commercially available for a range

of proteases. Typically a protease cleaves a dye or fluorescent group from these substrates,



of proteases. Typically a protease cleaves a dye or fluorescent group
fromthese substrates, resulting in a change in color or
fluorescence. It is also possible to create substrates with

el ectroactive groups that can be detected el ectrochemcally after
cIeavagemuﬁhguamnmmg@un@mseqd@n@émmﬁ dtﬁe&wnuém@ab%@ﬁﬁﬁémﬁéﬁ@%W¥%es
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bl ood cedguhtaticofic fageadeicaspabingtest of a series of protease reactions
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viscositybog a sa 3 (%Eagur%gg%§£ %gs in inpedance, for exanple,
as foundmPRAISPLE ﬁ\f NI&e 67 66,504; and 6, 060, 323;

6, 046, 051. [0028] Coagul ation can be indirectly detected using
artlflcmaMWpeptldﬁmsubs@yéﬁ@sCﬂmbeﬂﬁwﬁﬁbhﬁfwéééﬂﬁéW@é WPt picaingls. the
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el ectrochemcally active (can be oxidized and/ or reduced at an
eIectrodﬁ%madwﬁwahn@@wé%P@bb%d“ﬁﬁoahw@J@@@%@d%éﬁﬁE§P$§éHE6FM“WﬁP¥
type of § Lﬂntrgaéh ncle§ 15 qg}%éd’aﬁaa L5298 @9&1@[}, el eGliomhespeal: SsHg7ake2;and

is the su Tertain enbodi ments herein.
6, 066 504; and 6,060,323; 6,046,051.

[0028] Coagulation can be indirectly detected using artificial peptide substrates for

thrombin in accordance with the embodiments. For example, chromogenic substrates can be



[ 0029] For the purposes of the present enbodi nents an el ectrochem cal
substrate is defined as a chem cal. conpound, which is. cleaved-by.
an- enzyne to rel ease an el ectroactive | eaving D oup. The intact
substrate has little, or different, electrochem cal activity, under

t he det eﬁdai/@iﬁayaﬁlﬁdlbhli(om},lel congétied etzgmtHend 1 e dremvinmgbgrelyagsdt AAE i s
r el eased (¥ Gaye%lgﬁe C 101 31%1106 m fl SOtll gqcblthe?su%gga%seﬁn %Qﬁrogﬁeg%égt ed
anper onet 19"¢Al 0 "t he present T nventi o

exanpl e tlm@ewgﬂ grpmpheeieeuot:lmnaﬂlytahm\@éczelb@@tlrit;dieané@st@émedAt @ltﬁ%@éodfi)

O oot 008 WP LEIEAN DY S e @, SOUMETor M@ S ERRELCE an

el ectrod&® “The Tef'erence el ectrode neasures’ the vol t age of

sol ut i oreleveashembal sghstrfiacrd iofthetshiietiof kertaiy eéllb@fbmﬁlﬁ%jbmelfr he pot ent| al

bet ween the worki ng and counter el ectrode can be adjusted so that the

vol tage peigjeen the uwuhso@& @ﬂge F@é&f BRSRIRNR G PReodrsmsat sibarddie
desired vaI ue. The magnitud he current thr ough the circuit

connect i defmadms: awb?%icﬁ@m&ﬁ‘ﬁméo‘ﬁlﬁﬁlé - QlgaR Y oRE PR L HFASE AR BICHIPAE TS

rate of Leeiichd N 8L Xt dBst@halitteher &@érblﬁle%atrbdﬂxteﬂ[cfﬂa&ﬁww utideethe
wor ki ng el ecttode. Thus, it is at the worKki ng el ect({ where the

react i orfeiFliqoafiies. compued 5 the oo l?fl)(élgs%‘/‘é”ﬁ’él jsLelepae] Yned'es: t hat

reaction at the working electrode, and not the counter el ectrode,
limts tloesogurrenin el[a@l@&‘lijvb mpeaits embedictveiad pmperenariellip ci ¢1o1d7e1irsgn§uém
does not _ have e feference eI ectr thevolt aae
bet ween ql%%‘e%e&}ﬁ&v%l?%l 3 o?r FREPTWS Brna“l t%g%r he(%t r oggde ygtﬁ be set.
The wor kdleegod setmnode hoan againg, be:m@e&r; tarche:! @@rmh@e@te@@r ddle referenghi ch

the reac ecggdeoglealtsﬂ%setﬂee olta%ea&%ﬁe &htﬁl%ﬁ nea]‘_me%u\)f\% %%f \tﬂjg V\Iongnge Ligghiodgat

whi ch t h reaction occurs inmventors have
sur pri sipeggngialf lwtwedn tlivavosingcand cohem eledirode pRiors a%@ﬁdnﬁéj’ Bppbsivagace

el ectr OSLG%VG%%@ % (}ﬁ{éﬁ? dnc0t e@tg)\égnst QIBSROYSIred lméa i rag%nﬁ@aemfanar

el ectr odes |ncIu |m ed he fol |l ow ng:
el ect r oabt cur@ntstp@egkethe eleghit éa@eﬂylgdhﬁf W@é@g ﬂm%"@fﬁ@@ﬁﬁ%“sﬁ ﬁ@te@}“éeétb?’ode

to the 3&1?9&'&6 of-l;gﬂu s s o&ﬁ%&gn at 'ﬂ{cl: s@lu’h@&bﬁ@d‘a@%f ofe \L&ﬁm% %Q’Hﬁ&ﬁ angk, it

oxi di zed forns, ectivel % the sig is is. not
possi bl eis ﬁtrthwméﬂnaﬁmtr@leé\@?lfedlel%@a%@ﬂP ’éteéﬁst‘f‘@ﬁE]éée arle syt Frdssigncfor

speci es stthat reaction at the working electrode, and not the counter electrode, limits the current.

{0031] In an embodiment, a two electrode system does not have a separate reference
clectrode. Instead the voltage between the conductors of the two remaining electrodes can be
set. The working electrode can again be defined as the electrode at which the reaction of

interest takes place. This will be the electrode at which the current-limiting reaction occurs.

[0032] The inventors have surprisingly found that electrochemical sensors having
opposing electrodes can have a number of advantages over those using co-planar electrodes,

including, but not limited to the following:

(1) Small electroactive species can easily diffuse from one opposing
electrode to the other. This can result in a recycling of the reduced and
oxidized forms, effectively amplifying the signal. This is not possible

in co-planar clectrodes as the distances are too great for species to



diffuse the required distance to the working electrode in the tine
avai lable. (2) As one of skill in the art will appreciate, any redox
reaction nmust have an oxidation and a reduction conponent. In
opposi ng el ectrode sensors the el ectroactive species of interest can
be oxidized at one el diffisedes sdirededigens tatthe Herlgetelectogetipdhe time

af orenmenti oned recycl iQg,n copl anar el ectrode sensors, extra effort
is required to ensure that the reaction at the counter el ectrode can
occur. For exar‘rpl e the counter_ el ectro& é be Ag%dA?Q or a ll arge
vol tage may be @ppl i ed's °GF 05siEh P etremt Py eapedy e Rt éage may
be required. (3) The chosgdfpbeXdndi we@ltn@pp@ﬁpmgmelmodpw@t@,s ele@rogach
ot her neans that nost of thF f)tentlal di, ff(gf nce bet}\)/ve ﬁ@

el ectrodes is account SHSPSrIGEHECVE PEIE APEES 1R eUFFoiene
interfaces and not acrkRssodehad bddudedaf the hmexsmItlwtdf@anedtmnmmyhm In
co-pl anar el ectrodes ma hav a consi der ? t XR vol t Agross
the sanple, particul arCP‘%)/a‘?ﬁf L SRR rBee Qi Sh T PRE e 8?‘?0 185" has a
| ow i onic strength inranti@niank cmunte; elédpddvemuicant tHoe exdmplpiho soumgr

el ectrodes can be easi gt an cg &15?5 0199 gruse é)efn(l)r eqéBLe% ar,

el ectrodes it can be AECEESATY PO & ther” deposi” abl at&rmet al *(or
anot her conducti ve natcexmplain)antm(ye@@a@@e@p@iﬂsmybet@amdodes that are
electrically isolated fromeach other. In contrast, it can be

advant ageous t?s yhave Q"hggggélﬁxtokx\fﬁtysdfro&)?&ﬁl Ce%\é@&deggo LR Bt iehs that
material that fo (% hi s neans, for exanple,

rnms each gtp osin
that a sinple process ok @S@Pfeé‘iial @éf&ﬁnﬁ‘?\;b%‘é{?ﬁnﬁée GSeEPdenisciserNiehe

el ectrodes and speci f igg RAtHE 8loNSoel Rrdkd) Bic CRBEWEGHNETREE aRtDhot QM hed.
The opposing el ectrode area that contacts the sanple can be defined

by the insulating spa®sk ¢hie eler-adnednidie Cétpéaélﬁ‘? glgeieedes By Jarny
opposi ng el ectrodes capnsaQibtt txhevdmwara@rmaés thé sEesik, qsamcarmpdﬂ fReNt s
of Frenkel et al. (US 6, 352, 630; ? requiring. i nmo |I|zaé1I on of an
el ect rochemi cal subst FE{Eo] r]i’e‘é{m?bé‘&el Feﬁmtﬁif:ﬁ ot &t fo8h 199 PP Hy 2

el ectrode sensors theegheginechem cal substrate can be free to
dissolve in the sanple and its ori entati onis irrelevant. This
simplifies the nuf ack ur i n recess dinent s
are rel ated to(zgﬂdew gyéanulkaﬁ&feﬁ of Og?ﬂﬁhgur a? ?‘%?C%P Y g% %l?ﬁﬁgﬂbv\g? @%ﬁp
measures protease act ibviatisees. fdFar copleamptliesirode iroai tb@rnemsmﬁ to either
coagul ation. The Stri ReGARNGCkRELRE! (Cabl: ohaAlRl Shetlifl BRALT €5
a predeterm ned voltage or current the strip a neasures
resulting current or ﬁﬁtlnfagﬁéectm@s dlmaé a@f 61%1(1&113' ﬂSﬁlateﬁefrW eag qﬂller In
appreci ate, these net 'EQrQFast ar erbéqhQMAgeonQJ hﬁ)é%%(ﬁmﬁ%@%fa&%gpt ry
or -gal vanostatic electrochem cal techniques respectively. The neter
can al so thermal |y redtd @tiec pRergdtthgt gorms Lpuprrpans plediode, THIS sy
and/or transmt the resultmpk, hhe fi8AehiRes kOSR ALAD SR baLYdss i p,
shown in FIGS. 1 and 2, can conprise two electrodes, 1 and 3, in an
opposi ng confi gur at i of%atThe csclieder GG SPEHIE BRsteF db tthe caldngion Ms oAt ed

from each other, by a; &]:uﬁé(t | TheSRP&ift @oirod® arddfthdt E&qt&@é&hé’ SHnfM can b
sonme enbodi rrents the el ectrodes can be less than 0.5m m apart and in

certain enbodi ments b&eiisd by deoBsuitpe tacss i seprares the Blodsehe
separator, 2, can have a gap in it that forns a cavity between the
el ect r odes and(gefi neysaore;thxhgrbi@hadebecran ©oidThe elecdmeaden sunfiaces

are el ectrically condyctiye and i, el golrl£aluCobash, Wb tgaleter-
immobilization of an electrochemical substrate in a specific

orientation. In opposing electrode sensors the electrochemical



[0036] I n certain enbodi nents, the surfaces are sputter coated onto a
pl astic support. Suitable coatings may be known to those skilled in
the art and may include platinum iridium carbon, mxed indiunitin
oxi de, and tin oxide but preferably palladiumor gold. [003 7] The
surfaces on each of t hebetraetaoesecaniidadvd fmethsaamﬂ@ancditsf bigameribn isThe
conductive surfaces fag h can allow a
sanple to he introduce 1%3631?3 tTltsglgémﬁefﬂhemanﬁﬁlr?]r@qg i e the reaction
chanber can be maintained at a set tenperature within the neter.

[ 0038] Dr {P%%&lagent P85 or WRicH Rodindyes ais edpiadgo detesice. iprilst wadeuraioniofiat y,
can be coapethiOnNkeastRE peiabaLev0its t RE &EANL, 1O MANG N cobhPuABh AN
enbodi nents, the el ectrochem cal substrate is not coated onto the
wor ki ng &riBEpises elegtrieadly taadnateighat gppliche pesdppImBnglevaage &) qBen o the

cl eavagesi@h ahdQeSubSHE stk ELERSES Bact! B LROSGKIIVE u%pae@msdpﬁ@«gat@
det ect abl e change in_the eI ectrocheni cal acti vi tai;/gta e place, The

r eagent ( ¥SnE§ 1%55369 ST P B O EH & FEPE IR At SV abestayp c?%?d“‘iﬂhelﬁllcéésna

coagul at icolhifBz yesRsti@ly. t Niad mbREbdnl ARt iBerinhliBred@htt VIRt 4t98) .calct1RO 33
nts the disclgsed strip consists of two el ect r odes

certain g@Odl

in an opg P bﬁ?‘ﬁs‘ﬁﬁﬁéﬁr?%‘ Ol Eeagi®et r odes can conprise pal | adi um
sputter coated onto a plastic support. An insulating separator |ayer,
0. 1mm t hid®k4] can defkeeplarthetrpepmmatin 61601 ahhe, @hecthpddeso c@riedes; Lmor e
gaps in i h nnel
can all oév&?a%gwp? Bﬁ%gegoglggﬁl gtg({negﬂlerfft’Iee g&ﬁé&rﬂ g"a%?tg %Cgl?,})hm%ated 1153111 ch?
capi | | aryh%lclm ofastif GRAIErYy of isergeivelew) [n spive eibahimerie th;sa@md)deacmi/b@r

necessar y.dof, d mnla;%tan@m &gﬁﬁ i8S 61 %é&ﬁo%?ﬂ% @%ese arc@n be

coated onto the surface of e reaction chanber reagents
can be, ﬁ exanple, contac actjvators, . tissue factors, ani mal
venons, phol | PRSCPaliors &r &0 WPVadRiPatn i dhat Bfmanp| Gayibt Setwaspe e

sur f act aslé@od@nghdc@yfipbnat ﬂe@dmsm tdnemrenf 6.These elditiode eageiRt Srd aRcti@agt
whenablogd Or@ eis |ntroduced into the reaction

chanber . “FREFIEE T VAT Ecéllcé‘gg% C&Y’iﬂb’ilfeﬁ’ﬁ%rres cl eave the el ectroactive

group fromthe substrate that is present in the reagent(s). [0041]In
a speci fi083@nbodi Iventtait hebedmgentis wdwes ont@iter @otep oun dlasiinsippdi. ng

thronmbo pﬁLﬁéﬁ lie B atiﬁ‘&qga%/so%rléﬂo&/f? fo tfo rsﬂh&ﬂ%!e@fﬁah&%ﬁ 1%§1tude platinom, iridium,

carbon, mixed indium/tin oxide, and tin oxide but preferably palladium or gold.

[0037] The surfaces on each of the electrodes can be the same or different. The
conductive surfaces face each other. A fill channel, 5, can allow a sample to be introduced
into the reaction chamber while the reaction chamber can be maintained at a set temperature

within the meter.

[0038] Dry reagent(s), which can be used to detect protease activity, can be coated
onto the surface of the reaction chamber. In certain embodiments, the electrochemical
substrate is not coated onto the working electrode. After addition of the sample (e.g., blood),
cleavage of the substrate releases an electroactive species and a detectable change in the
electrochemical activity take place. The reagent(s) may also contain components that

activate blood or plasma coagulation enzymes or that facilitate this activation.



[0042] I n a further enbodi nment, the reagents can contain conpounds,
such as dilute tluonboplastin or tissue factor, necessary for a
thronbi n generation test fromwhich paraneters |ike |ag-tine,

t hronbi n peak and endogenous thronmbin potential can be derived.

[ 0043] | noangt her @rdagdh RRBbAikB&s " 8AGRNbS GAP &QBEt@-bﬂtv&QQIB&MB&Sm an
including activators fromvenons, necessary for tests such

di | ut e FRASEHIY copiigertiopehitsrldct: ﬂ%e8t0@§%°1m18%w¥1&@a?1 SRUtEr 6?%t?drfglt%?wﬂfest.

[ 0044] | ngugnet hen Bsbadh repiatbheyEeagant shie@nas Qi’&ﬁad: thel aphiafich XAthe
and/ or thronbin_and/or an thronbin to sure ant coa | a hat
i nhi bit FErds R° YrmerRLRER Hie e AT £5n ﬁ? Bo#RTR © SRR @ﬁﬁaﬁﬂnﬂﬁm

t he reaganbSow@hpR!ts Be MAEAIInRIiRsSHRLICOMRABEN) Sy tdpdrarexdopl e, from
bovi ne plasnma) to conpensate for variability in coagulation factors

ot | P 2D L RLLARGC DT 6 AR AR RIQUR, e O (HLRD &T

t est. I n soni’c advant ageous’to coat one or
nmor e el e¢tecdaes niduintiam cgh ectcoabai:cuntwéle@m‘fﬁq&r@@ﬁdletrhmlore pizubeds)t Hdese

t | ect rod t
count er  EELT 041° 18088, NBhubleM b f1® aGHELRN! iss 0 rfa&&sgml&al | fepbe

e counter e en coating it iron EDTA
pr ovi desphaspheliuds biféers mmmﬁlde% galgligsppoyes tShléaCtﬂ%IESe end Q@Wb(qaﬁorls lﬁlieseof

embodi mn’%eSe Bl// 1'&§én(?saéa'nqggct flent @ﬁlood or plasma sample is introduced into the reaction

chamber. The activated coagulation enzymes cleave the electroactive group from the

substrate that is present in the reagent(s).

[0041] In a specific embodiment the reagents can contain compounds, including

thromboplastin, necessary for a prothombin time test.

[0042] In a further embodiment, the reagents can contain compounds, such as dilute
thromboplastin or tissue factor, necessary for a thrombin generation test from which

parameters like lag-time, thrombin peak and endogenous thrombin potential can be derived.

[0043] In another embodiment the reagents can contain compounds, including
activators from venoms, necessary for tests such as a dilute Russell viper venom time test or

an ecarin clotting time test.

[0044] In another embodiment the reagents can contain factors Xa and/or thrombin

and/or antithrombin to measure anticoagulants that inhibit factor Xa or thrombin activity.

[0045] In another embodiment the reagents may also contain plasma components (for
example, from bovine plasma) to compensate for variability in coagulation factors like factor

V and-fibrinogen. This can be analogous to an Owren PT test.

[0046] In some embodiments it is advantageous to coat one or more electrodes with
an electroactive compound that ensures the counter electrode does not limit the current. For
example, if the cathode is the counter electrode then coating it with ivon (III) EDTA provides

a reducible compound to support the detection (in this embodiment, by oxidation) of the

10



species of interest. This can be particularly advantageous if the
species of interest is not conpletely electrochem cally reversible.
[0047] I n sonme enbodinents, it has been found to be advantageous to
dry thronboplastin and the el ectrochem cal thronbin substrate on

opposi t &tk hAges T10s RuE Ve Phrtidser &RalteR6lHd BNBe hrtieeenindat it
reagents. In one exenplary enbodi nent, the el ectrochenical thr onbi n

subst ratcéln(’}?’iﬁlylf&?i%‘lﬂhF‘BW]ﬂY GVSFRYE- prol i nyl - ar gi ni n- 4- ami do- 2-

chl orophenol ) can be coated onto the counter el ectrode and

t hr orrboqb(am in cdm deecoabetmens,oitt e won kiongl &b et pdidetagdons tihi &y
exanpl e, AV, NGOt ; & otk Y Re:
the red J%rgl&:ﬁfplas? in "u}gilgthg e@:&?ocgemlcﬁghlélmélgI@gésg 1tEldp %Féﬁ&ele ngro est g etatan d
linmts tddesreuradiths Sitnea tlve tWeamngwgts gr dupories ekemldie erepdivesdt. f Gem i t
can be o p to IS 484300081 S

t he wor k?(eﬁg“é mic rodmmbfboggl] Qte 3(?&}@%{{1%{?{1 g{]% @)tewe&pect ed t hat
coating cmlme)phdmlob b he Sutgsd paipeih@ nowph:e elagirade ngd diresbapbrdén egmutedcosicdduce

faster c 9 19 I‘%Ee)%?% e?&tlggec allﬁstgxé epﬁnodlg "{’%I IQagll FQUR d£Snd ﬁtﬁ%@glbﬁhge}:] e

el ect r odé™ wever, sone enbodi nent s
opposi t eldagedt inuee reffored divamyp [Here, [ @ﬂleBSpS%m\t@ﬂtt in&eing Kateptedhand lypits the
Kineti cs, gé &l 1&% rQ@p Lhe erbifcsubst fake veagiadkd 66 1Rnmtdeas
counter el ectro cat rat her than the working el ectrode

(anode) pa$ﬁ@ﬂ¢lﬁ§tlféﬂlﬂ$w@tl‘i)@ris‘i’ﬂatvv@‘k@fg@ﬂqfie@@ embodi nents can nake
determ nation of the dot tine nore consistent. [0049] Many bi ol ogi cal

assays (@43, thrigrkhdalganesad 'be l@xp&StS@.y}ﬁi) cdafiN® khéethﬂ)&ibﬁuhﬁﬁtfamgon the
reaction rates certain. e rved tha can be

easi er t"éO”H'B%%IEFr“@Q? Hau i eieducs S'i?f ﬁEtt%eEeg“O&beﬁauéﬁg%%aé{ B Y8 rllserregff e
el ect r 0ag HioWRcSRRGIIRS: Whedetédne. s}ﬁ)ﬁ\&wesml ssmehefrfou@mgs tthe bripesitags kiag

el ectro r at her n. bei ener at t th ee,
e.g., U OF’S’faﬁﬁ’%’ Riggg %O@ﬁg‘%ﬁgﬁ IRRY ngm gﬁf,‘ﬁafgas |s gg%gﬁ%%ﬁ%g&ﬁr &%son
why in C\eei’stdaiad’lonaﬂi’[b&ﬁilnmmtestrdﬁe (calimdbeatherehar tabiverking ebegarpde (anode). The

el ectrochem cal. ates a m. t I 100591 I'n
anot her ‘&fHadt’ Thfa e R 818%\@ mﬁnesmcaéaFS get%lrr%tgte&aﬁfg&&%ﬁ# o eagent s
(e.qg., tdonddwmopl asti n) are formul ated so as not to adversely
interact, which can allow all or the reagent conponents to be coated

t oget heL[l 0@ he CI@MS“%BIO%L}Q%%&?Q@ g, TbSbvindsnalioad¥aN) agelvekabeaning
t he wor el ectrode free of reagent that can foul it. Fouling

is |less IGZFCUeP BERC a7 et FWEOCE’@‘GW df is oPsted o 1R g £asiera tmeaaT e ode

is not |t B8tkbisr LoHeh@Ally gEx@kakeld@gmﬁa‘acﬁdaepam kinb@e lsﬁﬁieﬁ Qdiefﬁmg not
be i Mmedi ately apparent and often only beco ar ent g(a % storage
u

where i tmélamwwéma clesiiede Bfhey H@Ptbéw(%d%e%qﬁaé?df af)t wo g geghp

enbodyi ngs bHg: REE£SSRL, 102 MaegU440ns. THYS an@Ratdaig vay ih hﬁtaﬁwﬁﬁoeﬁnents
el ectrode can avoid the r sk Iec

L0051 | ThenPeaE bl PEot et s e}ﬂeﬁémsﬁgﬁfff@%ﬁ‘éw ORI g fdF e

nmeans for verifying strip and/or sanple integrity. In one enbodi nent,
the strijpoftas a rleactthorenthdinizer, theshtiaichimel seéagents! ethateaentctison to

veri fy SEnrolﬂa pEfasgn are %%r{?ﬂa%ed &t gxl{olt by, adv-ggg%/ Inﬂ@lggtn%vﬁlcﬁ’% aﬁquj ijgr the

coagul at are ot herw se cient in t
reacti oneaz;jaamblepmrcatn ipbodutd tegctheaguhatduntr téateds. Hblts 11185 aee(b'lﬂ@ikgerﬁét eI y

nor mal , art}(ajel ﬁégmg S]testpoede (i,l%g {)Fﬁy%agﬁﬁ Hapda R&Y t' o Flh? |1551@sr§%k Qcon@é}ﬁl be

used tolaae nstra Integrrt ecoagu on tinme fal
W t hi n pmeidetemntrr ﬁbchdderhetalse that electxoce is not limiting the current. Fouling of the

working electrode may not be immediately apparent and often only becomes apparent after

storage where it can be a cause of shortened shelf life for a product embodying the present
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[ 0052] I n anot her enbodi nent, strip integrity may be verified by

i ncluding an el ectroactive conpound in the reagent. Such a conpound
may be different fromthe el ectrochem cal substrate, which may
perhaps only rel ease an el ectroactive group on enzynatic cl eavage.
The conmpgiidod Matus @RIt OFSths thinRr kBEREE tdnyavBRVhE Rangeodling Clieas®ingr
decrease) el ect rocheni cal activity under storage conditions (e.qg.
eIevatede%@ﬁ$erature or humdity) that may damage ot her conponents of
the strip. Exanpl es of such conpounds may i ncl ude

4- am no- @eﬂmloropheneﬁs&&emﬁdwammdeimkemmowyahbdeﬂMEndmnhéwdm@ﬁwgc
N- oxi de unds _di P n No.
US 2005/ %‘ipz%’ﬂ R T SR eeﬁ%%!é(gﬁgg MS“ §"‘S 5 ‘Q’Iscgcffﬂ@%%é’gﬁt‘mc an
be conparke@nit ahgprieceibertod waty btipnangorf mmpﬂdﬁ eﬂtftxalt}c Whefreagents a0 indfudehe
value falls t i n

nmessage ?>%¥ag&§m%n%%%§ér ?L&ﬁdﬁg'?ﬁ%ggéﬁgéﬁﬁ'gﬁ%ﬁ?f%?“@%?ﬁ&ggnmn
|ntegrltyomngabemngmmeUmambmream@memmghaﬁm@mlUﬁ@ﬁﬂdet@%ﬂ@ gﬁﬁgﬂﬁate
cleavage na r

whore onipeld PRt SR b R B kB e TR Ea
|solatedmbyﬁdﬂcdompmdﬁmmymﬁﬂmvhe el ectrodes or, in an alternative
enbodi nent, the chanbers nmay use electrically connected el ectrodes.
Where t h@O?ﬂTa”berl% SIHHL Apo@itlchiN WERSIneeE! madee &dﬂﬁe@ib@nﬁbludiﬁg eat ed
by the neter may be a conmbi nat i on oé he chanbers. ﬁ¥ {El the
bet ween @ﬁ€°¥ﬁY%Q?WP?”%nH~@Féﬁb?ﬁe ¥t PORPLPGiEYs ¢ S BE" M M°zed
by det eCélécﬂGchﬂﬁ:al RbRGhe] yvh[cﬁaﬁaﬁy @ahlef oilg ©Bkasf fre relettttecm,vleegma;g en

reacti on and/or redycin ross-reacting el ectr

| 5054] SorreeB iRy o Groma g B e 3t PleTed o T Raers
control gddicbap EEctf@hermaﬂi doBiritn gndeh etomgabbﬂldltﬁ(yls aé. getle\cttadcicmBmtmal or

bi osensor strips, su Lo those 0 ein.
El ect rod%‘“?’ié‘fyé Fiah ey C{é}ﬁ‘&g‘% ﬂtgelc(iﬁ)ﬁllp?rﬁa SSh ﬂ%ehSt?ﬁ) EE?(Bém% oéstzsﬁh‘]s gogﬁpép i a
pot ent i aina}di'nﬁﬁmzem@emmcmb;a)bhal,sﬂaxendydneibv@ewyamee ehethe oradeig N-Ghdesor
voltage CAN S TEASHr Stdln oatl 9L NS GHIEGNN! RSzt Adueeoncs

measur ed T PY COHE K S ET REAt'S, VPhe *Sens Haves
bat t ery, elganeraidhgtichapf@ch d‘dl@om emt beadongpirfef & En@eeﬂbmeé Kmyitel Bvighe

after a ?lh fg' vel ylf%he,o\;a fue X%lg%ggidgﬂgqgﬁts %%Et LNLGES Iﬁiy%lw ernhm%pﬁessave

subseque Py eact’ion. uch contro s are useful in, for
exanple,mgammfaoﬁuhare tests, based on a neter that neasures an
el ectrochem cal reaction, in a. disposable strip, which are becom ng

mor e COnygeL; Ther ﬁedg@n@ tdql%@ﬁtotr Otrif MLy ﬁl@}abe Inetﬁé sdn@Sackisn arambadeur ate
so controls'to ensure strip inte rltg % rab € Q%‘f [users,
e.qg., a pitciseHpsTalefdaHEsIor &%M{ St did the fpoqugen Where
" on- boar thamb &€ 2 tskpapat@ BEn MRIchihiRss hdievel eﬂﬁc&g:é]l},t Mol@tfed bheiscatiigtof Itlfe
that is beingﬁtested Exa | es. of on d controls

the ar ea®l&frofssi %t Mot el %ﬁ‘c}kﬁdé&“f”&dp?j FES BT S5 ecp“ﬁgﬁhcomec
(e. 9., CoagdelekwXSe thd\Baiven. shik StO:,ontUﬁBﬁH)a&cZﬁdél]tMs@Mb\ﬁetdﬁsi by the

conci se i ntroduction t . t he gp es. o oard ont
00561 B BEET Sendi Cap BrbeEnTare o, iy s JoRlh, SR bty e
t he nor eciesicatdot H@lﬂ@@h%@hﬂﬂhﬁx&@(ﬁ bpmetmng fhermttdrey teeetom’oeramtm efier For
exanple, in ‘or der of 5 eesl 9 8ng[exit¥;
the cleavage reaction an Jor by reduting the tross-reacting electrode area.

In

[0054] Some embodiments of the present are directed to an on-board control suitable
for monitoring the viability of electrochemical biosensor strips, such as, but not limited to

those disclosed herein. Electrode materials, and the coating on them, are chosen such that a
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aA strip with a single reaction chanmber that includes both control
reaction and_test reaction is conparatively easy to manufacture. b. A
strip with control and test chanbers that are separate but

el ectrically connected is nore conplicated as it requires deposition
of mul ti phatirehffentcs i$ nstdilflar@htecatimagectodesA Bltis ivpltage tchn bonterwledand

test c ha&:‘%@tﬁﬁ%‘g&gﬁ}l‘%{étetgﬂgf ilng{]ﬁ%iy ﬁgl?e%aﬁ&{ e[npblxlhe 1§9d11§é1‘ﬁsc ttl{e sgl?s } I)(neﬂy

i sol ated ca _ to nanu fure econom ca
scal e. |tehusudks y trggqui eesratepolirgs ofhopotaliiabdiffvgened é@@lﬁmnnﬁ’teerai al

in a pat eﬁﬁ\'fhy sthlQﬁﬁ HQX‘@%@EM Iﬁtpﬁergh tlfl e gul}sé( ulmq t«(%,lt Féqétﬁg sui table

control reaction chem st ry 1sin e revers er to that above. a.
A strip with separate, and electrically is olated control and test

chanber sl 1 not SysBwentEr AT HEBI! é*hém\ﬁlx%‘ﬁpl%ri’é”‘rt 85EFF 57 (N85e O @Rt ol )

i nterferinptnddds ih8eRob®mid® r@etidn88ta) disgdsabP® S, Ivihid 4B bsRBAFAhEse but
electrically connected, control and test chanbers may suffer from

el ect ri c&MIoRt dRFiErR A OB ERRERIEHES CTSRIHEF ACCHEISTO ‘if’tl??}ﬁéo FSYRSER

react i onin@@y are desirable. For end users, e.g., a patient, the most convenient control is one that
is “on-board” the strip and verifies the integrity of the same strip that is being tested.
Examples of on-board controls can be found in the area of point-of-care coagulation devices
already on the market (e.g., Coaguchek XS, INRatio). Also, US2005123441A1 provides a

concise introduction to the advantages of an on-board control.

[0056] Electrochemical biosensors typically become more complicated the more
isolated the control reaction is from the test reaction. For example, in order of increasing

complexity:

a. A strip with a single reaction chamber that includes both control reaction and test

reaction is comparatively easy to manufacture.

b. A sirip with control and test chambers that are separate but electrically connected is

more complicated as it requires deposition of multiple reagents in different areas.

c. A strip with control and test chambers that are not only separate but also electrically
isolated can be quite challenging to manufacture economically at scale. It usually requires

deposition or ablating electrode material in a pattern.

{0057] However, the difficulty in finding suitable control reaction chemistry is in the

reverse order to that above.

a. A strip with separate, and electrically isolated, control and test chambers will not have

any problems with one reaction (e.g. control) interfering with the other (e.g. test).

b. A strip with separate, but electrically connected, control and test chambers may suffer

from electrical interference between the chambers as electrons from on reaction are



i ndi stingui shable fromelectrons fromthe other but the control and
test will not interfere with each other chemically. c.A strip with a
singl e reaction chanber requires conponents that will not interfere
wi th each other chemcally or cause interfering electrical signals.

[ 0058] The prigsRAkshhily @Bini edddirodsifrosOmie otebad itisedohse! and tedi willaboethtdrforea
novel way otlas si % a.ﬁontrol-reactlon i man- el eot roehem cal sensor
as wel | as"4"G&y g 8V8nY" el ectrical signals fromthe control
reaction and test reaction frominterfering with each other.

[ 0059] US20031234%ith 2 Alngltirsastiosesmasr remviboeameboporit el witl ealcinicgrettit
utilizes N'c%ﬁlogt gtemﬂ:'ahiﬁx caﬁé%m%q etteaﬁ&ll L}@t‘;a%re reduced upon
exposure to conditions at may dangsge strip performance. The change
in on-board control can be detected optically or eIectrochenlcaILy
The el ectPsdheni cale HEtEE (T GHOROPHEHS deet BSbd 7 A S0 BIPIA4THI0

i nvol v esas@@@téé/ 4. thﬂ@%m e Bl BMoiryeBerhRalAB O s ve 1AE h Q8 S tol Jidr eV ¢ iriR el
el ectrode and then ap ying -100nV. [0060] Enbodi nents of the present

i nvent i oﬁg‘t‘?ﬁrﬁoﬁeﬂ%%ﬁt ‘é@f’éﬁﬁéﬂdoté%é"ﬁ%t@“tﬁf?e‘ infsi/Eins WE LUMPSl s only

require 1-2 sec instead of 4.5sec for sone previous devices. CQur
control @o&g not UBEOOSWM@ddiv@ésbsaagleonibwﬁtrdoetrdlmgtctidrttmtmﬁézets elsdxide

[0061] One specific e i_nvol ves an._an rd hl% o
nonitori ?tgm #é C\?Pﬁ%unlgb%m B erectr %ic eorrhe(’:(gcfsursete)[ﬁgg?dét%t%ﬁtﬂ{a%) g?frtmtbel ood

coagul at $tan. penfotnivinse. sfih@l thangeembadtmm cohteol commt el detestedt opiralleagent |
whi ch ”eét&‘do&%nﬁcah%pﬂ\’é @lp,&ttocﬁéfm Véﬂ %Qtﬂ)tnahl@t?lgd W}s&lme'a 15 r@Sif}@%BQﬂ% er

as the test reaction reag nmeasur e he si
fromt hemmjmsrétwblyrrgad@i)xoﬁ r@atms ft6 raphgGlapedssf thomworlkieg cloftradpend é%@cn by
the time, p?f{“ Ilm\}} hey occur. Specifically, the control reaction is
assessed first few seconds after adding the sanple and then

t he test reactl on_i s assessed, [0062].In this enbodi nent the control

reacti onl%8H bpe CF@Q?(E?}@H? of d(hé& Ipﬁiéent dpvegtn can be advantageous because the

inventive controls only require 1-2 sec instead of 4.5sec for some previous devices. Our

control does not risk applied voltage interfering with the test.

[0061] One specific embodiment involves an on-board control for monitoring the
viability of electrochemical sensors that detect blood coagulation. In this specific
embodiment the control reaction reagent, which measures strip viability, is contained within
the same chamber as the test reaction reagents, which measure clot time. The signal from the
control reaction is differentiated from that of the test by the time at which they occur.
Specifically, the control reaction is assessed in the first few seconds after adding the sample

and then the test reaction is assessed.

[0062] In this embodiment the control reaction can be created by coating, on one
electrode, reagent that contains a low (e.g. 0.5mM) concentration of ferricyanide and on the
other electrode reagent without ferricyanide. The difference in electrode chemistry creates a
voltage across the electrodes when the sample is added. This voltage can be measured
directly with a voltmeter or, in a preferred embodiment, the current through in an external

circuit can be recorded by an ammeter.
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el ectrode, reagent that contains a low (e.g. 0.5m\M concentration of
ferricyanide and on the other el ectrode reagent w thout ferricyanide.
The difference in electrode chemstry creates a voltage across the

el ectrodes when the sanple is added. This voltage can be neasured

di rectl yoeésth a voihd srettecheorigal voitage pmedxwga&dbyeaﬁedt mennethbdiee Cowrewtent
Egggg?[}h I’\lNéan (E}F nggl[]zglﬁ: e%tgxinlalc glilciuacee egtgvﬁly{jl gtgein %?eeg%ct%ghe%pp% be':llgtery and

met hods: diffusfanenf fedrioydnitig ﬁbmomghelacmoea(ttermalothﬁirralmretlseefthecf'@lllwmnyie
flattens E hegtl %O%Ct [ e%?f%”& t%?‘ 1@%5& SLy O%ngthgl L?glﬁ%o%tl{gfcoﬁt?cg dea%m{“haqe
from one™ef 8¢t o t'he %}1 decr eases t ferricyani

concent rddsipotrd g*reameeemmlyamdf mﬁhu:st reqrgov aintbage. T owyt ﬂqeegil@imbon‘p‘iﬁmﬁ t he
control rpe I%tUIO%nO W 3 ﬁsssd% ﬁﬁ&’ﬁ&% EJQF Qeatsh 06}1%31]6%%!11% af?% Iromﬁle g%tlrrent
reacti on gan Cll or exanp 5 consi &t of app yi ng
0.3-0.4V across the el ectrodes and neasuring the resulting

anper ot ¢ curreame epboBEpYth thegrpccaiyiv kB @anifhis SE@ﬁ’é’éﬁlﬁ lo¥tseon

of ferri &M@{%Qﬁw‘t §ub§1!el£tidl ?luﬁé}?elré’wﬂtkpﬂﬂe 8Qediibabsthd 1088t AOIASIB St @nt ihal |y
interfere with the detection of the test reaction. As one of skill in

the art W #f W&bﬁ‘)’ﬁ?ee@iaﬁ Bowgygnatierembatimeats dpRD B FRIHYS §"1nh9§’amde can be

al ternatjy&sed 0 FRNLEUBNY, dBdiSA NashiRbAM, ORHESERIdE 042 %3P aropRel] Nen
ascor bat e, ferrocyanl de, 4-am no- 2- chl orophenol can produce a battery
ef fect. Tod6s? PeRF ¥Rbodi ment, the battery effect is measured by
measuring the current without any external voltage being applied

acr oss t[IG%5$ensorIn@dnembcddmlt thlobwiteer gffect isirseapugbbbieagugngriwmswrrentt he
current wi.th a v, V e es
not causvelthsf’ﬁtbsrf an ?r% %%gl%e&p%g L&fle (%39 tngé%é(gsrfhé%ng%% fbIAAS iR

[ 0066] Engvedblegninsasofe thhemneweln@ singlly ewitag@@ppdie&hpnom@%@et @h velezaideds
sensors tott'u 1secs%§t§!tﬂ &merg%t\ﬁgqﬁitestmﬁt Ghanber can contain the
test-reactlon reagen s and the other t control -reaction reagents
Thi s approach is advantageous if the conponents gf one reaction . g.
t he contPeolr eact?@h‘)d“ﬁﬁgs Eﬁéﬁ%ﬁﬁl‘ty“?’eﬁ‘ﬁ?lb?‘tn PRudOIRET VB, Sﬁnsmfshteatt est

react i 0NgontailiNGo ChARMAEY SOMhRAber 08Nt BEteBl 8Lt fakdnit dnS Gleatiag the
provi ded the test and control reaction do not |nterfere th each

ot her el GEFHTeagon reashfss HBRICATNE 2 @nigaqors K PORIvaHCAYEBUL  f a

neutrali (%longlcaﬁﬁt:%l TectibMC bk @Bkniidu11l REhikio IfHel' @herr(eacthe st chandgr 1e. g.
on an oppos el ectrode) not h

concent r‘é?f“?ﬂb‘ﬁg %TOt(?B?fjttPgF e}eétﬁﬁa?ﬁygﬁ??alteg]a"é%v e ﬂ??afleg\%{jeo&%ﬂ [FRRAPY §jo mot

i nt er f erigiemibrt Rvithhe@ich @§ier kRaAEEAION T.’iﬁsne]bﬂodhlﬁ@d is ba’]mctuﬂm]S' ﬁmﬂmé[ﬁedﬁmsﬁf at he
ﬁg[}t :: g: i 1%? aagb %I‘é 8%%?}8%021%16? elpt er congelaréai%ﬁ onc mg(% %1%%% 8{1] ea %eta&%dﬁ
produces a battery effect or sone other eI ect rochem caI Si gnal but is
then quil6®I7y neut nainpeterippdintval, pangentalionsioh gordigerrectionieashi (kat &I°h8i ng

ef f ect C%ﬁnﬁficﬁy CWRI{" tﬁ@ltes{ @%Bh Q:Qn (bg Hed. 1 Qdligie eﬂﬁgdlﬂ}%ﬁpfhl@%ﬁhol

neutralise e nor e of physi cal effect such
preci pi t ik C(Detagls 56@2&\#@ @feasvhé4011Trehseaq§tﬂeen$latlatﬁeahﬁeg rﬁgélifanmi%‘) the

Preci pi taf,ens Qide@ﬂleq,]oieﬂ%lr QREH InYdeuéel ARAMAY G of SRR hdrtelckinanablie of
interacting wth an el ect trode.
signal but is then quickly neutralised by the neutralising agent. The neutralising effect can be

by a chemical reaction (e.g. iodine and ascorbate neutralise each other) or more of a physical
effect such as precipitation (e.g. Co® or Mn*" ions precipitate ferricyanide). Precipitation of

an electroactive compound can render it incapable of interacting with an electrode.
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[0068] I n an enbodi nent that measures bl ood or plasma coagul ation, a
nmeter can nmaintain the sensor at 37C. The el ectrical signal detected
by the neter can be interpreted to calculate the clot tinme. For
exanple, the clot time can be defined as the point where the signal,
or the r[atas]of changmﬁﬁmnmf that eaehes boti o @ilab doagulblien, ¢l @ttet ¢ame
flagebgr rnFi‘ notg% ld dosens&)b ht\/327|¥ dThe el?c 1108stx$néf<§ yed% tenl(;et?\im chhm‘}:\;ggeyjl'rlél}les% tr%])gOf
cal i br ataammadahaclassmgn%l b@nm[ae tl&eﬂ«s:anneammardeneetdeas.th{ DaBOVBtrh dre
resul ts maXl %he s tee onall gnce E%lg ?e%f axrelzgchgseg %ngs%g Eﬁ}l‘ c‘?o%%qp En bh r%g]ntteg'e
right re t'he nder rve can i ndi cat e the endogerous
t hr onbi rmmmtyerhton aihpzwcm:| omtpuﬁahw@n ﬂmluaﬂd yf thee qnep@mtbecston\iﬁkte% m@ifemlgsul t
may be reﬂ? ﬂkeelgle% Lg!n%?i%nlﬁ%dt gdﬁ)tgags{égec{%tﬂ%rsel%so? Wy egpt it can also
be stored 1n menp transhtied to another device.

[ 0070] Enbodi nent s of the present invention arc also directed to kits
having d04&hsor oPtheeistulisfay plseipseaiquisind andreepied. Saerarpieswitaie pent

steril e pPAckadRIsrea NRlet @S Lursd dah B Qfe BEARBESI0GAREBME ot tiAINGhiv ghdal
packages as wel | as nultipacks. Optionally, the kits include a neter

for inteiBdyhg rororRd-t Nes %S%"g’t‘e%‘{tF‘i‘”‘pﬁé’%?Post%%?ls%Wdﬂgo‘fn PR BEEGE 65 BHS

for using & B Hdotbe stolsilin Slefnb R an@or $HBSAMed td HOHhd]Blike.document s cited
her ei n, |nclud|ng websites, journal articles or abstracts, published

]9:; r glog::]e[g(gﬁ) nts, %J}lbsodhmenéstcﬁré ;%%sggﬁ%vee?lg onaia). ? aéllscg %%: Ic%Q% klls 1rsa.\l/'llggc,i a ggnsor
i ncor poratedstby de@flbafdemoam h&rckikits mam:b atdmln@aadageddéltha test abﬂ)sax Sensors
figures el dmft3 le%delduaﬁe kggeslan tﬁ'%s Ty t1 gckgO%ﬁ%gﬁ tll:qglts%ﬁ(cmlaqﬁetérhe
fol lowi ng I'tens are sp cal i ncorpor at e 5( IT entire

i ncl udi nfgr inkeecting efiﬂatledesc einpmwlsynspnm@mr adtragtidholor agisd Yn&d tﬁ@ﬁfelpecnc es,
if any, are herein incorporated by reference in their entireties:

U.S. Patent No. 4, 304, 853 to Jozefonvicz of at; U S. Patent No.
5,942,102 to Hodges of al.; U S. Patent No. 6, 060 323 to Jina; U S
Pat ent NBY714, 066, éMO%HGerf&ed fergn. paliding “Bsics ol 9T 6F 3?%“8 U. S.
Pat ent mbhs@e@@aolx% oh@nflO8s f&&%@ﬁ)a‘nedfeja@hcﬁﬂiﬁﬂisué\ioor Oretbhbaikidl, dro
Hodges at at; U S. Patent No. 6,352,630 to Franke] et at; U S Patent
No. 6, 495Y 886" TeFumeniRg &t cagh sntfzelss ngebromitd Noreleenen e ahonelidithall datay
at; U S.affat eptredNand @x@%@s@ﬁt&z ik t@.e Iitdﬂladooﬂn&t Pad ﬁ@ﬁlplé\})tﬂil: If@ﬁM@ﬁteN@
2005/ 0123441 {0 Unkr i i %&‘{ ABP cati ted
2003/ 01471 125G niges OréTFd fﬁ ! eﬁu‘?“élbeé‘élri“ i feRge f“f @%“’6%%‘ ipgnte

Opal sky aafi/oahssigntdte@srarmts, (i)fﬂ:ﬁiy, Ap Pleteratnc@Portiad bPCARkAB200 Thédl &8st o

enzymos 15 TG R Faradu AT R o Vel bt el S el e €

USA. 73:U.88P5ed832; 6 &D)EPQBIKQ JHaMUES. FetenalNo. 6200304 toTHea; b[Uﬁoﬂatent No
g(r)]gg lé;?teds&%gﬁot grhad%s%q”a eft ﬁcfllol E%,ég%%]ﬁ sa(gidzﬁgﬁl.&bﬁ}égtent%\% %%{gﬁpl ]]52t28
Ci r cul atHolges ¢t 42;:15S-6@nt 1[\!6)(@2]2\%@ fodirarfvel & nA;éhs.iPerentiés 618836 to Ludin
Pher eof . it W P R QA PE 0 Byt kDL R FRES h Ty B R hey
have bedntepr @s)eh¢a$dn byo. \/\%{3)@5/@123ékhrrpl Enlgigl yt algntl- S otatdng rﬁupatatlom,Ncand
dopart1 M5 TOam Fhae opie Brafic eaisphoy BRERCNs: TROECLNTE Rofnaty oM
br eadt h IatamaMJ@bEpmifcattdné\IqoP@%BIOWM%tp@hrwshmm o.; MotraiheH| indi Weleh, by
gg%ll g]:adt%%l f11%92?‘/[) accordﬂégtggyﬁ(fg %%{a}ﬁf ﬁﬁ%a 9&1'?@@{1: lg?g'gtr %ﬁ hl%C R
equi val extes. SCAWAhéécIiSE@QSBS%MOIHQHéYM{ ar@d. (@@Qﬁv\)|Tdheﬁlos©b@gyiaiﬁ@rsystem
organi zational purposes and are not intended to inpart any division
oppos G- & 6ot ode Sensor compri sing a working o ectrode. a count er
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el ectrode, and an el ectrochem cal substrate, wherein the sensor
detects cl eavage of the el ectrochem cal substrate. 9. The sensor o f
claim1l1 wherein the el ectrochem cal substrate is not immobilized on
t he working el ectrode. 3. The sensor of claim1, wherein the

el ect r ocham@adul aSlxhbz‘éIﬁxﬁcatmoE'sSaya Bulkrg 01218 afioBattd) ISAbind WWergpi L.g200g).a
pepti de bou r’ld to a awk%ﬁO ggglagg 6trohat beconmes el ectroactive once

cl eaved B¢ ﬁtfoﬂfr?ﬁﬁ“hs FYFRE sénsor of claim 1, further conprising a
meter connected to the sensor, wherein the neter determnes a

coagul atlP@R]ti me Woile fesampics lhebary prtistledy, shewn Predeseivsoitbrelereiem 4,
wher ein Q&ll%&@dlﬂ%ﬂ%l}&&% PhiPH | 1{1 1§to§d E?%Uéet skERAT IS hit thal hl@y have
coagul ation tine or a result or va dependent upon the coagul ation
time. 6.beTthereseisd by wo¥ of:mmnielonln B iWéhmééihbpir gl vAgoUs chisges indgRnsdt ed
to the SeRgOL,, WIGLE! &eienle le@w L3Rl ks ﬂmspgwaﬁ&”s&pa orf%ulklt«emm
conprising a paranmeter of thronbin géneration in the sanple tested.
7. A testhustth¢ preadh andacpar ohgebiresont le*renb@raﬁwaldc@a@alhame@ yiapyef ihs a
sanpl e Ca‘BQW deSditgd %nﬂpal??&hmlr@én%cEL!‘LQQ&II&@J‘@&%E@@&WPH R-dMhnBe WRK ey
el ectrode, counter el ectrode, and an el ectrochem cal substrate,
wher ei n fPW@@ﬁ@@TfS Wetet SRR adEYOreadips bR e Edrd BB T at 6.
8The t esfoSlAdidhalbubbdl Thd areMIRIiBERIHNE iBbAE LA ARRMNCH mEdahst oahR 1N
the sensor is not inmobilized on the working el ectrode. 9. The test
strip ofdogpmgnimuplessinesidgelly tH2&dibstrate in the sensor is a substrat e
for thronbin conprising a peptide bound to a | eaving group that
becones el ectroactive once cl eaved by thronbin.



10. The test strip of claim7, further conprising a neter connected to
the sensor, wherein the neter determ nes a coagulation tine for a
sanple being tested. | |.The test strip of claim 10, wherein the

nmet er di splays or outputs a result conprising the coagulation tine or
a result or value dependent upon the coagulation tinme. 12. The test
strip, of claim?7 , further conprising a neter connected to the

sensor, phe!f Al dybhes et er displays or outputs a result conprising a
parameter of thrombin generation in the sanple tested. 13. The test

strip of claim?7, further conprises neans for verifying strip

jintegrity. 14, dﬁpéﬁim&tzgée @E@&UE&HQISMGOQ%&&n@@&H@d@oﬁg&hﬁéﬂ on
conprising: obtaininga anpl e addi ng t he bIood

sanple to arﬂe@mﬁ?s%lﬁg‘néﬂ%ﬁ?qh@ﬁ@alsséhﬁéléﬁ ebpR it saeFoR detRsike pryase of
el ectrode, a,Counb8kntheGbiade, and an el ectrochem cal substrate,
wherein the sensor detects cleavage of the el ectrochem cal substrate'

and ' anal yzin t he sensor .to deter.

| east oneZbl oot*GFIsAT ASiym 205§%FBPF CB&@B@PW?“%*T?HSm%&ﬂ%P%Fga5 The
met hod of cleitie widtkinwbieseida t he method is performed at the point of
care. 16. The nethod of claim 14, wherein the nethod further

conprises.a ma{“h%r ext?s%p QF &Elgl I r\zﬂle}enle th% %st,t?(;chen zﬁr Sﬂat% ﬁ@ a g?otsﬁgtte %1 spl ay S

or outputs a resu a paranet er nmbi n generation in
t he sanpl e ttesmhbid. comﬁrlsnTgfepm@mwn@fo chaiirg gmup W’ié?@ﬁﬁs eheirgggitveent i s

taking an antlcoagul ankroeei cat i on.

4. The sensor of claim 1, further comprising a meter connected to the sensor,

wherein the meter determines a coagulation time for a sample being tested.

5. The sensor of claim 4, wherein the meter displays or outputs a result comprising

the coagulation time or a result or value dependent upon the coagulation time.

6. The sensor of claim 1, further comprising a meter connected to the sensor,
wherein the meter displays or outputs a result comprising a parameter of thrombin

generation in the sample tested.

7. A test strip for measuring blood or plasma coagulation time in a sample comprising
an opposing-electrode sensor comprising a working electrode, a counter electrode, and
an electrochemical substrate, wherein the sensor detects cleavage of the

electrochemical substrate.

8. The test strip of claim 7, wherein the electrochemical substrate in the sensor is

not immobilized on the working electrode.

9. The test strip of claim 7, wherein the substrate in the sensor is a substrate for
thrombin comprising a peptide bound to a leaving group that becomes electroactive

once cleaved by thrombin.
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18. The method of claim 17, wherein the anticoagulant nmedication is a
vitam n K antagoni st. 19. The nethod of claim 14, wherein the sanple
is obtained froma patient by a finger prick of the patient.

10. The test strip of claim 7, further comprising a meter connected to the sensor,

wherein the meter determines a coagulation time for a sample being tested.

11.  The test strip of claim 10, wherein the meter displays or ouipuis a result
comprising the coagulation time or a result or value dependent upon the coagulation

time.

12. The test strip of-claimz 7, further comprising a-meter connected to the sensor,
wherein the meter displays or outputs a result comprising a parameter of thrombin

generation in the sample tested.
13, The test strip of claim 7, further comprises means for verifying strip integrity.
14. A method of measuring blood or plasma coagulation comprising:
obtaining a blood sample;

adding the blood sample to an opposing-electrode sensor comprising a
working electrode, a counter electrode, and an electrochemical substrate, wherein the

sensor detects cleavage of the electrochemical substrate; and

analyzing the sample using the sensor to determine at least one blood or

plasma coagulation property of the sample.
15.  The method of claim 14, wherein the method is performed at the point of care.

16.  The method of claim 14, wherein the method further comprises a meter connected
to the sensor, wherein the meter displays or outputs a result comprising a parameter of

thrombin generation in the sample tested.

17.  The method of claim 14, wherein the patient is taking an anticoagulant medication.

18. The method of claim 17, wherein the anticoagulant medication is a vitamin K
antagonist.

19.  The method of claim 14, wherein the sample is obtained from a patient by a finger

prick of the patient.
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