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A device and method are provided for measuring hemoglobin with a disposable sensing element, suitable for a
single use, that can be combined with a meter to give a robust, fast, and easy to use test that is amenable to field as
| 30  well as laboratory use. In particular, an electrochemical sensor is provided that utilizes a redox agent that reacts with
hemoglabin to produce an eléctrochemically detectable signal. The method of preferred embodiments measures total
hemoglobin, oxygenated plus unoxygenated, in contrast to spectrophotometric methods wherein the hemoglobin is
converted to a single form in a separate chemical step, e.g., oxidation of hemoglobin containing Fe*? to methemoglobin

containing Fe*3. Measurement of hemoglobin by the method of the preferred embodiments is not dependent upon the

35  extent of glycosylation or oxygenation of the hemoglobin present in the sample.
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30 In another aspect of this embodiment, the second electrade is mounted in opposing relationship a distance of
less than about 500 microns from the first electrode; less than about 150 microns from the first electrode; or less than
about 150 microns and greater than about 50 microns from the first electrode.
fn another aspect of this embodiment, the device includes an interface for communication with a meter. The

interface may communicate a voltage or a current. The electrochemical cell may be a thin layer electrochemical cell.
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in an aqueous sample is provided, the device including an electrochemical cell having a sensing chamber, a first
electrode, a second electrode, an aperture for admitting the sample into the sensing chamber, and a reagent contained
within the sensing chamber, and wherein the reagent is capable of being reduced by hemoglobin to generate an
electrical signal indicative of the presence or absence of hemoglobin, the method including forming an aperture
extending through a sheet of electrically resistive material, the aperture defining a side wall of the sensing chamber;

35  mounting a first layer having a first electrode to a first side of the sheet and extending over the aperture whereby to
.3
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FIG. 1 shows a plan view of an electrochemical cell.

FIG. 2 shows a cross-section view on line 10-10 of FIG. 1.
FIG. 3 shows an end-section view on line 11-11 of FIG. 1.

30 Detailed Description of the Preferred Embodiments

The following description and examples illusirate a preferred embodiment of the present invention in detail.
Those of skill in the art will recognize that there are numerous variations and modifications of this invention that are
encompassed by its scope. Accordingly, the description of a preferred embodiment should not be deemed to limit the

scope of the present invention.
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Such a thin layer electrochemical cell is prepared by first forming an aperture extending through a sheet of
30  electrically resistive material, the aperture defining a side wall of the electrochemical cell. Suitable electrically
resistive materials, which may be used in the sheet containing the aperture, or in other layers in the cell, include, for
example, materials such as polyesters, polystyrenes, polycarbonates, polyolefins, polyethylene terephthalate, mixtures
thereof, and the like. In a preferred embodiment, the aperture in the sheet is rectangular, however other shapes, e.g.,

circular, may be used as well.
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30  the same or greater than the cost of the cell to purchase and use, the cell purchase price being set by the cost of
supplying the cell to the user plus an appropriate mark up. For many applications, this requires that the cells have
relatively low materials costs and simple fabrication processes. For example, the electrode materials of the cells
should be inexpensive, such as carbon, or be used in sufficiently small amounts such that expensive materials may be
used. Screen printing carbon or silver ink is a process suitable for forming electrodes with relatively inexpensive

35  materials. However, if it is desired to use electrode materials such as platinum, palladium, gold or iridium, methods
.6
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defined astodnviepeiamedatedidnsitive to the anount of oxidized redox agent.
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counter electr Oﬂa%entag su(lztghri(enflor%eesensing, counter, and reference electrodes are compatible with the redox reagents
present in the device. Compatible materials will not react chemically with the redox reagent or any other substance
30  present in the cell. Examples of such suitable materials include, but are not limited to, platinum, palladium, carbon,
indium oxide, tin oxide, mixed indium/tin oxides, gold, silver, iridium and mixtures thereof. These materials may be
formed into electrode structures by any suitable method, for example, by sputtering, vapor coating, screen printing,
thermal evaporation or lithography. In preferred embediments, the material is sputtered or screen printed to form the

electrode structures.



the electrical circuit. This second el ectrode may al so function as a
reference electrode. Alternatively, a separate electrode may performthe
functi on vod 0z063e§ er ence el ectrode. Materials suitable forPChEseiE1s64ng,
counter, and reference el ectrodes are conpatible with the redox reagents
present in the device. Conpatible materials will not react chemcally with
the redox reagegdnififingPdiimpRt BEMmat&dl SHRRE Br usBUn Rl QSTGEHce bELtrbdd Gnchi®@| hetalifrtarg es
of such suitable materials include, but are not limted to, platinum

pal | adi um syelemsse as silveein aefaehyie ailver cljlqrdegsilyes Bromid; ok sver jodidei QR nereuRy IBORtBRLEICUEDEY ¢
silver, irlgdhdp &ﬂ%oﬁps?ﬂfa{ér ‘ﬁ% ne6a Pefdepog:{a@lﬁl‘%n\[@tfaglﬁ héthe aﬁHBtNen Prﬁjghtfuﬁ’(f domste Wit O
el ectrode Structures by any suita , for exanp uttering
vapor coat ihnglpromme genal plk-i Wahhglethods Ineluderefor exanalp sleeftolygsinin @FUltﬁmetSHbQEWWVChEﬂ"WI

Phe. el ot PRABR N btk @Fsall 3Gl B Seobisel Gl b ARG GReaofifhy bitobe™ ™
exanpl es thamiﬁ%lﬁﬂd n&taScompUninabktensf tnra prefoered enbdiiment rtiefn@taimetat salt leledtrbde oyeems are:l:satje
netal | mnetal salt as silver in contact with silver chloride,

si | ver br offidderaier %‘i’qn?f'é Ctioged’? Pareme & Pury in contact mercurous chloride

or nercuropg LMY k@tte. The metal may be deposited by any suitable method and
then brought into contact with the appropriate nmetal salt. Suitable

net hods i ncl udeSuitpéyredelogdh sl HS'"UEQU@&"FW%W@‘*“F%[’“H‘ gy and, pp-i9nig Afofeohitis gy e ancy
chem caj Sygul. qﬁﬁdbl@fbmc Rieefant SRS, ko BhRe, Sl doﬁéé?tsﬂﬁﬁ aﬂrc&VI'tmﬁthgﬁﬁrﬁoﬁiﬁm bromide.
potential control I n potentionetric neasurenen hods than do single

met al corrp&qnémrtmgsey@wbw pratealyds qnaveésdiicludeciryesip Smeteypin, pepsine papain. And Rrenesg b, & aant

el ectrode t fo

armer onet r Fu el Bl P o, RadRANRd 18 A BUE T, Wiyl gt
i ncl ude dehddigethe ﬁ;tonbb$ehesmomﬂabte framdohnc&\HaiamfiPbi[adephia)tPe:miywrlac Ireamqtenradsembaimmnt 10

D

| i pases. Suitable ents inclu npl e, sodi um dodecyl
sul fate antfP®B¥ {4 PFWF'H@?'?FJ"M A VAR B8 EF i IVSRE)WG ?I mting exanples of
pr ot eolyt i The REUGYRERRNt NCl ude trypsin, chyrmt rypS| n, pepS| n, papain, and

Pronase E, a very active enzyme havin ecificift ni on| c
surfactants sui SUiphededpypasgésanciugpthoseyuich e b’p;ﬁ'eéftq’ﬂ'%ﬂ?lh%{?"élef’ %E’EaNciﬁﬁg’ﬁ‘iﬂf gagents

i ncludi ng §ufsie ¥l u§eQH‘a %rhbrﬁ‘o‘élob'ihvlﬁ’dluh@mt%refnﬁtqmtﬂofﬂ%l& oH&bﬁt‘réyaﬁﬂe mhiolnﬁﬁl%r@mdna,
Pennsylvania. In a fyerre nbodi ment, saponins, i. | ant RgﬁayCOSI des
that foam pxrdes«vane@ranga@tee wée@c&@mwquawﬂﬂy &Bjepieyes. 150@% ¥ ORAORE Gt 2
Suitable r |1 Doréthrfed GRRTHUNE 1 fed P fdafthZio o
henogl obi nﬁﬁ@)@gﬁ%fﬁﬂ@ﬂ&@ dr"@ g;%§g%g§§§§wsﬁ?gr Eﬁe&@g Jsé |en ar?gdpyzi n%yzmg
henmogl 2bi nhemnulﬂhnudégrnchnulde are not limted, to salts of ferricyanide,

di chromat e \éafpadl um oxi des, permanganate, and el ectroactive

or ganonet aﬁ—rt",LEorrpl exes. Organl c redox reagents such as

di chl or ophenol i ogiepineakikier nanbk pewunmmnmnthaheeem 19alers bhidticalbdrie in therlearogheraiéaboek. 6t
enbodi nent e redox reagent for an zing .20 henmogl ohin i erricyani de.
The But 1 or & BT MRS PSR Fioih o s Gutieo GG aitte ot st Bt SR o
in dried f gydiid 6 thelh@oxarbBént foQ0HE SRt&bRor Gizing hehlflgloblﬁblhﬁtftfoﬂiér speSiesedis nét'fdeslrﬁ to
present in an anmount such that the resulting is suitable

adj ust Phg fetret. dhe beifes isigsentir wifeiensamogt oo i spbé@@isa"vm@atj@me P gf the spreplpat th%‘lﬁ?'rﬁ‘bbl e
for oxi di Zj,eiufig TR HsO Ridmpldtk buffars sufbiR&dr u REGde SRosnfE catbbnates aRA mediBSisoRRbIitO

acid, and alkali metal salts of citric acid. The choice of buffer will depend on the desired pH. The buffer is selected so
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Other Substances Present Within The Cell

30 In addition to redox reagents and buffers, other substances may also be present within the electrochemical
cell. Such substances include, for example, viscosity enhancers and low molecular weight polymers. Hydrophilic
substances may also be contained within the cell, such as polyethylene glycol, polyacrylic acid, dextran, and
surfactants such as those marketed by Rohm & Haas Company of Philadelphia, Pennsylvania, under the trade name
Triton™ or by ICI Americas Inc. of Wilmington, Delaware, under the trade name Tween™. Such substances may

35 enhance the fill rate of the cell, provide a more stable measurement, and inhibit evaporation in small volume samples.
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ori gi ngg | Yattabhed M&erS MipteRrred eMbodimBit, &h Mterigte foP PiRMEHnG R tell td AEMEAS RStofghd C FeImetes
operated as an anperonetric sensor. According to this 10 enbodi nent, the
reduced r e@®ispeyAlsansesureantinavisg apdis g athenfmaprinay HenBynegmerent i electronic form.

el ectrochem cal |y ﬁﬁ;hg'eﬁﬁﬂlm@rﬁ whePSreri St |saEhd & tﬁ&rreefggﬁj% typ-Egl%onEdrllrre{th hdnfBgidainf | NG
fromthis el ectrochemcal reaction 1's then used to neasure

concent r at e-onl4 gidk, waehyighl adbrioryauideiceyicantidtionof 82 mhiponsexidgsions . The mmlmunh@tectable limit in a
enbodi nent | tric or coulonetric node.
The cel I Emf red?mb%dneﬁpogtrhg%ﬁ%ggrﬁt%%ﬁ%?%J[@rlﬂ]g'ﬂatteyr’lﬁfe ectrical signal, i.e., a

vol t ageo or MemmmemmoulobueHsﬂmlﬁnkseanmecan PotéhBal Afplicaiih 8@psnmet er. I n a preferred

enbodi nent, an jnterface for c t he t pr ovi ded.
The meter may ia§ﬁ{95® ebpdimep, @E}?ﬁ%&ﬁ?"%\eﬁ Iyés @ﬁ%md 533%'? %EE)VFJ%{OW@ Pasrgpelt o
may store bfemogEas Wowd¥® Y rafidhefdglRiei heasiitefert MEyBe oﬂtﬂneﬁevl@rf i€ fhe Iy siedep @rvtred islowmin by
where ferricyanide is used as the reagent, a typical concentration of

henogl obi nusing afirgt and spepndpoigntial agpicaiicd sipp-el d a ferrocyani de concentration of 8.2
mM upon oxi dati QRyey Irrb‘ﬁlbmnfaﬁt%Eﬂs@%&nﬁéﬁa%lagdegdnﬁﬂdTabobtﬂs Red, £, Gfseidr QfferdirtRQfHtgFENT
of the method and device Is approximtely O. 20 Measuri ng Henogl obin
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enbodi nent e f ved
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slowly increase. The increase in current can be used in a number of ways: to assess the time required for full lysis and

reaction, to extrapolate the signal to longer times, or to assess the fraction of hemoglobin reacted at a given time. The
30 first method gives some quality assurance, and the second and third methods yield a shorter test.
After the first potential has been applied and current has been measured, the potential can be reversed to
+0.3 V and the reverse transient current can be measured and analyzed using electrochemical methods known in the
art, e.g., as disclosed in U.S. Application No. 08/981385 filed April 17, 1998, and U.S. 5,942,102 (both incorporated

herein by reference in their entirety), to calculate the diffusion coefficient and concentration of ferrocyanide.



using a first and second potential application step. In such an enbodi nent,
a sensor configuration as described above is used, e.g., a sensor wherein

t he bott ovo 0266828 ectrode i s pal |l adi um upon which the driPdI/Us@gandss are
deposited, and wherein the top electrode is a gold electrode. The first
potential is applied by applying a -0.3 V potential at zero tine to set the
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site of0 t husoduqe)in thedinuidnesgivne. i Sine thescursant foing a;rﬂtelelyctm@mmutlmﬂ mrthetcmenﬁbtemaraduute
such t hat f I f o t he c cal
eacti on st BRAhd GRLCH  doaloll oF GEPURESE b B RTAL Bl PO Pt T
the 15 el tenirabehetioabecary at thevemotéldte. SThaalhanteceent messsad aetbe mcmﬁb(sﬁca;mgelp%dd)ﬁ

| i near el egtroact ies concentration di ent between the chem ¢
reaction stlﬁef WL '"tlﬂréteﬁféﬁﬂ"sgg@.a c‘ﬂ‘ﬁ%"e@gﬁ%?gﬁﬁfr %t’?tB?FdB’Fte"f ﬁgheéheg‘{‘?feir"iﬁﬁ@‘i a@@
speci es | splagai nt ained at effectively zero at the el ectrode by the

el ectrgchem cal reaciﬁnogn taki ng place there. The tine course of the
magni t<fde of tM LaWEH &tk Efnéthodgfpra%ﬂfl@whwhq cherpies) encgneis jote fr9m: thenweorking) y

det er m nedRiddyis Wmﬁ&ﬂﬁzetohem?m&é"“rtiﬁ%a&fon LoBonGR bR § 1341t ﬁfrfbr@'?emofaffroﬂﬁ b8 eloctrode, The

el ectroactive speci eé at the chem cal reaction site and F usi on
coef fi ci erfeattop cesmoneniis) can eedinpebiized pwecorpesaiing th@mmzowlmewmﬁwtéat is dmedtdner dtheeised
medi um Si I he
concent r at a{?%ﬁeuét?@g?&eﬁlﬂ]t&ﬁg% ¥ HeQMtBP cuﬁlhn%lﬂg c:ﬁ]\/agffég tgtﬂged (dﬁscw t{R [ﬂ'@ S&llh 9 ('? teltrthg dhté{
the time chemislor ghsicalbprging Lltersatively\and or mureﬁfltlecaacttomammunm carodiniply e dyfed dntoethe solid

30 surface without special immobilization means. In this situation one or more of the reaction components is sufficiently

low in mobility, in the liquid matrix filling the electrochemical cell, that it does not migrate substantially from the
position where it was dried during the time period that the electrochemical current can be usefully monitored to
perform the required measurement. In this context substantial migration means that the slowest moving component
required for the chemical reaction approaches closely enough to the working electrode that Cottrell type depletion

35  kinetics begin to effect the time course of the current flowing at the electrode.
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chem cal reaction occurring at the renote site. This allows the current
nmeasured at the electrode (or charge passed if the current is integrated)
to be a wedxes2& conveni ent neasure of the rate and ext ep€T/@Rorhesschemi cal
reaction taking place. 25 An exanple of a suitable nmethod for ensuring
that the chem cal reaction is renote fromthe working electrode is to
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nmeans that the slowest noving conponent frequired for t e chem ‘f% reaction
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500 mcr onmhuandwnﬂs camaintorcontet urimfuse ta b axteltcbahdierierds, witr!me cEnt respdse 0PDOelestiede.5H0

i As
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the |iqgi dcéilﬁfmn' cOmbir@tidd fdty ingt€ Binders, iridvenipdied &idé, hie oﬂdeﬁﬁ&tﬂr@ﬁdi@ﬂimaﬁd tihi oxideLl i It the
Optionally the counter electrode can function as a comhi ne . .
count er / r et@kighglestrodgis fde Hisdas agpthoge %&FQF'@‘ tp g‘f’@?térﬁl:'@teﬁé@ﬁgﬂd@ta@%ﬂatﬁ'éls are
provi ded. L taRkLkRY chifler SITRD ShdTBRIchrohidde WOr ki ng el ectrode and counter
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microns, pref er &smylesasf reptedpls suifaiee for dlecwunisr eleginte ap GREUBORINIE e cABIGN
pref erably .ot dhidlidi%Rd ﬁlmﬁ mdllﬁg&}d& t@%e RO Shdi@R Shd 3R o) ste@ioﬁﬁnlelxpsteel
preferably at a distance betweeéen a mcrons and 1, 2, 5 nm and nost
pref er 2Bl y cipger,wielkeh chiomivmm sdwdan@sllves poamd)W|tlnemjbsmh@llmplmeﬁ@e@mé@pha@d@er|ci§0r|de silver
constructe ter t chemcally with any conponent
wth whi Cﬂro?u{ie af r|°d"ioﬁ%er il amceoﬂ{'ewe{”cygﬁér%l ng use to an extent that
interferes w thThdsRe o e ciRMical feggiprasie loodlizet hlaa bede @alt ar arckde codnfer eletchﬂle \mnmtelfnclg the
electrode is to be used as a'r]1 rgnode t hen Eﬁ]l es o swtﬁ "@tré !
platinum PaPRelfclp. IhesBof, heydemical rgypn;cap e e e %W‘FW&B ctigde ‘{5@?%

iridium lraféfeummblﬂﬁfamﬁdb dRd SNskaElflly paialel 10 £ SuoMihg deBiebiig/m and tin oxi de If the
wor Ki ngﬁel ectrode Is to be used as a cathode then in addition to

nat er i | i st ed ABrsY auitble F usg wth sastpin erpgqimgnts Jnclydes a workigy elecirode and 3 cﬂ‘l"@é §60§Qd§e|
copper, ni gltel are Gikphdef bn ANREARARITY sEXAMPI0RS stthnd BlsB4th RldRpoSddialiAB & cheRical t he

counter electrode are platinum palladium carbon, carbon |n conbi nati on
with inert risbtantsewtsre af ledsthineishtheiraactantsia sobofantially immahilizsd dnclkee SubsFate: iuse, Hp SHRFARTYERN and

tin oxide, Wl Ith’e shbefl S%l&%%\ﬁth%tl ﬁﬁlcuntalnmg a substance which is capable of reacting with the reagents to

produce at least one electroactive species. The products of the chemical reaction diffuse towards the working

30  electrode where the electroactive specie(s) are electrochemically reacted to produce a current. The magnitude of the
current or the charge passed at a particular time, or the time course of the current or charge passed can then be used
to obtain a measure of the rate or extent of the chemical reaction occurring at the reactant layer.

In another embodiment of the sensor, the reactants are disposed on the counter electrode which is disposed
on an electrically resistive substrate. In this embodiment the materials of construction of the counter electrode are

35  inert to reaction with any of the components of the reactants disposed on the electrode.
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20 copper, nickel, chromum silver and silver coated with a substantially
i nsol ubl e silver salt such as silver chloride, silver bromde, silver

i odi de, WOvme6sterrocyani de, silver ferricyanide. The sitprCDUSelMIGhem ca
reaction can be localized on a bare wall or on the counter el ectrode,
renote fromthe working electrode. The site of the chem cal reaction can

be on the same PedRBodd obthifng ¥R tikdiGernflaPidaduRkfiht Bscrif@aBove Riyee Qfphdal ty ary Ruidhle
pl ane facing and substantially parallel to the working electrode. A
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current. er su -ane gl ucos

(6o "or nerie el et R aeianh Bl dn b B8 et it HERTR S RIeP R G, o
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sl ow, taking upc@ntFade®ibriietbbieSr Hogd :ﬁﬁi[l)lés@f diffeRRTta@atoBtils, sHolE@a fadtbt@atdlif Gagion t he
haematocrit of the blood sanple, the slower the reaction. The haematocrit

of the25 bl iduwes hematperit\plgst ke 26%Ae i 3568 hapreagpoidtesl hlogd.; Fhe pikasadpve) inceach bipedysample
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In this [ayer t ermgrargrr)n%é%ﬂedscan%a?;ﬁ Xﬁr}awven §y§he ﬁlg Ufnf ectively i mobilized- on

t he counter ele ereas ni can m x nore evenly
t hroughout the liquid in the el ectrochenfabal

30  whereiis the current, F is Faraday’s constant (96486.7 C/mole), A is the electrode area, D is the diffusion coefficient

of the ferrocyanide in the sample, C is the concentration of ferrocyanide at the reaction site and L is the distance
between the reaction site and the electrode. The reaction rate, given by the rate of change of C with time is therefore
given by:

dC/dt = -(L/FAD)di/dt.
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cell. The bl ood sanple was introduced into the cell and a potential of +300
nV i medi ately applied between the working el ectrode and the counter

el ectrodevo A/odsesigh a potential of +300 nV is nost preferpedular21o6d di zi ng
20 ferrocyanide, the potential is desirably between +40 nmV and +600 nV,
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for the 20%pragiResf thnigve@Bngistiaeedharei rGoaseayenity litds not inkpaded thetctnis deentipn bejimilgthty the 82,
2.14 and 1,32 ni.Ck ' A ' [ oy of
ferrocyani§§%¥g¢%&@ﬁ§2§é§§ﬁgpgg“&ﬁﬁgﬁgJ@%ﬁa%ﬁ%@nﬁq%ﬁé&q%F@ﬂgﬁ@ﬁi&%ﬁkg%B$6
cnR/ sec f oand §0Wef tkedentiaraslenthbdiéd mal@ratidched clhitns. sanpl es, respectively. The

el ectrode area was 0.1238 cn2 and L was 125 microns. These values yield
reaction rates of 2.0, 5 1.3, and 0.99 nMsecond for the 20% 42% and 65%
haemat ocrit sanples, respectively. The method as descri bed above for
measuring the reaction of glucose in blood may be suitably nodified to
apply to other electrochem cal systens, including henoglobin, as will be
appreciated by one skilled in the art. The above description discl oses
several nethods and materials of the present invention. This invention is
susceptible to nodifications in the nethods and materials, as well as
alterations in the fabrication nmethods and 10 equi pnent. Such

nodi fications will becone apparent to those skilled in the art froma
consideration of this disclosure or practice of the invention disclosed
herein. Consequently, it is not intended that this invention be limted to
the specific enbodi nents disclosed herein, but that it cover al

nodi fications and alternatives coming within the true scope and spirit of
the invention as enbodied in the attached clains. -13 WO 02/ 06828

PCT/ US01/ 21964 WHAT IS CLAIMED I S:
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1. A device for detecting a presence or an absence of henogl obin in an
aqueous sanple, the device conprising an electrochem cal cell having a
sensi ng ohanbas28 a first el ectrode, a second el ectrode, aPCHpSItap& f or
admtting the sanple into the sensing chanber, and a reagent contai ned

wi thin the sensing chanber wherein the 5 reagent is capable of being
reduced byyhgeneelmipm.to generate an electrical signal indicative of the
presence or absence of henoglobin. 2. The device of claim1l, wherein the
el ectrocheni cal l-cel | Afeiceitssdetppiinaia preseise orchh Shsenseef hertoglaliin i en aggesusi sample, the Havigd e
experi ment e e ses
a genS| ng e[ngrls ﬁ-{r gh Iegt?o %ﬁﬁal%lu hg\,m g\%n%lgg o ('é;r[ ?i ﬂrr%t %@tr% ssEcoﬁﬂl e?eﬁlrruﬁ%ql?ap%mfo}
el ectrode arlmnm; |tlmessmma mlnuhersermnhg charhberc brel G réagmmmtaeedgmthmphe aen;ms nltamlinenghauﬂn the

platin a | adi Xi de n .o

Copper st B R gomihar i e Pipablin (e o oSl B e P oo
wher ei n thﬁhémoglaﬁn el ectrode is forned by a technique selected fromthe
group consisting of_sputterin vapor coating, screen printin t her ma
evaporation, ink jet T§dpse pirsgm u‘l"'iefeﬁértﬁﬁ?"tt,“’@'ﬂ?"‘égﬁe'h'@des'g'le@) 0 be 1'830%8%{@ ftefyse i
gravure prg,,@[eb,mgm@,nd | 'i t hography. 6. The device of claim1, wherein the
second el ectrode conprises a counter electrode. 7. The deV| ce of claimi1l,
wherein the sechnd elhedeicodielaimdrmerists firsf elegitodd compises @ prrygelediipdeh a net al
Salt- 1P, The dgvi Corluh B dinl1, MAGE R fist ArdiPLitbrihls SABBAGEb o o5
salt is selected fromthe group consistin ver 1 n contac H]

si | ver chl ondistie, of plafinure,r palladiung sarboa.cibdivmi dxitle, &in bmdergold,rlndmndeqppemsteeiemlver,rand:mmras:t
with sil Vep . Dﬁo i odide, mercury in contact with nmercurous chloride, and
mercury in 6%t act with nercurous sulfate. 9. The device of claim?7, the
el ectrocheni cal 5.cel | THedévichefrclaitlpiaie ithd Grs Beldcthidd @foﬁﬁe&ﬁ\tdt@(ﬁlﬂque selefted flofmahedi@up ce
of claim9, wherein the third el ectrode conprises a reference e|ectrode,

11, The cletPrsaesy SRlesiiyyspor cigf wiohh AIHEU. QBB RAEPRIFURE kTR0t Praind. St

referepge Q,L,ﬁ,gtgraq%,mgqgand'ﬁh@,ag,?V| ce of claim1, wherein the reagent is

selected fromthe group consisting of dichr ormat e, 25 vanadi um oxi des,

per manganat e, ef-ect r frdeviced cl@médﬁerﬁ%thafepqnéel%wwwrégsacwtemfﬁtw and

di chl or ophenol i ﬂdOphgﬂ‘aéme Jf%lalw-”@elgiﬁiﬁb& fnﬂ);I cﬁdd@&oﬁﬁlr{]ses AT iR koPtadt Wﬁhé rﬁé’?@ﬂ%ﬂt

conprises ferricyani evi ce of clalm 1 , the sensing chanber

further conpris8ng aTleuévicepf claivhiz mbdrein theveetdh infehrgact with a reateh sakiinselectedifromithe gtokie

fsenSI ng Ch%ﬂg?%g of SIPEI'I craﬁac(g%}/ﬁ S er% &a ?Wemn éﬁa ﬁ\’ep anﬁu% &ﬂi’é}( %Entécts\fnﬁeslihﬁp ted
romthe group “COnsI t hat €5, car ona

of rmel ko t i iodideomeetyry rchtaat \Mﬂnlmercm’u's alorldﬂadntl lﬁertmfy incortact mtmrcdnuslﬂfateThe devi ce Of

claim1l1, the sepsing ing a red bloo cIIIysing

agent. 17. The Uevi theH‘f‘"c'f:? éilla'% 1t EW‘?@F@F F hl'[%l%f (omprisige S EFECtiole: sef ect ed

fromthe group m)nSI Feldév@e ﬂfclalthﬂth@reln fhe thid etk Soomptioddia ifdrdhcedRit@EgENt S,

proteol ytic enzl}/‘I and_li pases, &onl n, sodi um dodecyl sulfate, cetyl
m br

trimet hyl amoni Bieidyise ﬂfﬁ'efwem'ﬁr@k P SEBIeIRSE05 POBPFBRRAITe SRR IR oS ur e

E)Iher SOf fi 18. 1oThe  fR\iks oftdiaint1, AndRinlthe WARA S RlediddGroRaRithdRp CAGIRA] & GRhoilR! €
00a. -
25  vanadium oxides, permanganate, electroactive erganometallic complexes, guinones, and dichlorophenclindophenol.

13. The device of claim 1, wherein the reagent comprises ferricyanide.

14. The device of claim 1, the sensing chamber further comprising a buffer, wherein the buffer is
contained within the sensing chamber.

15. The device of claim 14, wherein the buffer is selected from the group consisting of phosphates,

30  carbonates, alkali metal salts of mellitic acid, and alkali metal salts of citric acid.

16. The device of claim 1, the sensing chamber further comprising a red blood cell lysing agent.

17. The device of claim 16, wherein the lysing agent is selected from the group consisting of ionic
detergents, nonionic detergents, proteolytic enzymes, and lipases, saponin, sodium dodecyl sulfate, cetyl
trimethylammonium bromide, polyethoxylated octylphenol, and mixtures thereof.

35 18. The device of claim 1, wherein the sample comprises whole blood.
14-



WO 02/ 06828 PCT/ US01/ 21964 19. The device of claim 1, wherein the second

el ectrode is nounted in opposing relationship a distance of |ess than
about 506vooweases fromthe first el ectrode. 20. The devi cecoUsel/Apen 1,
wherein the second el ectrode is mounted in opposing relationship a distance
of less than about 150 mcrons fromthe first electrode. 5 21. The device
according to cl ggm 1The"&1é\ﬁ’c5ﬁf'cfélmt1hﬁhe%ﬁﬁﬁé'}€l:oﬁ|eﬁ&ioﬂe%jrﬁouht§d |ﬁ7&'ﬂ61ﬁ1§|‘élaﬂuoﬁshfﬂlaﬂi9t§dcé‘g
rel ationship a distance of | ess t han about m crons and greater th

about 50 npfdesdiien abaubiBl misensiomdhe fiest elasiradede. 22. The device of claim1l
further conpri Sbrgg a\?\lﬁa dEUicEEfchﬁt \fmf?etem(‘t@%‘édﬁa'eE&Fuheqpma{YhtEﬂn @p&m %ﬂéﬁonsh§§UistIJ3§
devi ce of cl ai ereln e'Interface communi cates voftage or a
current. 24 lesthan abtmtﬂ%mxcmﬁsfwlnalterfvrsttelecwderei n the el ectrocheni cal cell
conprisgs a thi Iay r electr che thod for de

o e ehoe or | nAl-nne bR fesg R BEEE e soontFaitie ol i
conpr|3|ngmuatowm&umgammdewm@aw@mmnmmsmmgmamoakmmﬁmmﬂhﬁniw£Mmeel| havi ng a
sensi ng chanber,_a rst electro e, a second ctrode, . an aperture for
admitting the s%pl 'i'er‘if"d?e piglimd H’é'le‘rﬁﬂmi&'ﬁ%@te’ a“&ﬁ&““&"‘t"@%‘&%l‘ﬂt YHE-ai ned

within the senspfg  GRAREEH claifBE uihbrBin thiiBtertRAGRMNichSs ARG Sautént.bEI NG
reduced by hennglobln to generate an electrical signal 1ndicative of 15

the presence or %bseﬁ@ém@$ﬁh@mﬂgW@EmﬁmdﬂW@$WﬁPH@“&ﬂm&ﬁ9@0G§W§@Wﬂm@mﬂCN
al | ow g t he sa h(ﬂteﬁt dQWdEtEUiug;Léq;rbsetn&%r &Qﬁsrgicglﬁo grﬁtfsaghul |ﬁ'5rpaqE$|5tﬁ s%l@strn{}%thod

gctlng

chanber, such t Irst an second e are substantia
cover ed; amﬂmmbUalnlng an el ectrochem cal neasurenent indlcatlve of the
presence or abs

for measuring hg@b nP Slgewr%e comgnsm? n elegtro\i?rsgmlf:a cedlhavmgia sen?nglcﬁamrg?,h a first rw% (itrglf‘ zfse(c)oar?

sanpl e coslécaddaian g;el’tmdfobddmmﬁlg the bdnple mtoh& sErSndg dhbmberciand @ reagentcomidid withinghe sensing
henogl obi n, erein he net ho rovi ding a device conpri.sing, an
o oot oohe P iaih b il b B ERLHIRRUDS 1 FSye §) e bR el dbng

el ectr gsle, thapresaiR@ortabsere dfRsmogishini t t 1 NY the sanple into the senS|ng chanber; a
reagent contained within the sensing 25 chanber and capabl e of being

reduced by he oGPk AN a0gepns saPleed bl ood cel | |ysing agent contained within
the sensing chagliff ine Blnfe td Gt HhSughidR ! aferdite QRChneS HFRbrSind harkfRe R B Hfirst and
chanber, whereby tﬁd Fygﬁn agentwconfgfned mrthln tﬁ% asenglﬁng cﬁ n% T

rel eases hmgﬁi@mdwmsgbﬁatlth@cm@@d Bidood cells, whereby the henogl obin thus
rel eased reduce I ] :
reasur oment | g deEARha londld B oo o) AR Hgensin

bl ood 2&anmngle. 27. The net hod of clai m 26, mhereln the step of obtaining an

emogl obi n i -t R SaECL i BPBE Fnifiinyt adiE PHE DB am «BreA o

first el ecton@ifify red blood cells, the red blood cells containing hemoglobin, wherein the method comprises:

providing a device comprising an electrochemical cell having a sensing chamber, a first electrode, a second
electrade, an aperture for admitting the sample into the sensing chamber; a reagent contained within the sensing
25  chamber and capable of being reduced by hemoglobin; and a red blood cell lysing agent contained within the sensing
chamber;
placing the whole blood sample in the sensing chamber, whereby the lysing agent contained within the
sensing chamber releases hemoglobin from the red blood cells, whereby the hemoglobin thus released reduces the
reagent; and
30 obtaining an electrochemical measurement indicative of the level of hemoglobin present in the whole blood
sample.
27. The method of claim 26, wherein the step of obtaining an electrochemical measurement indicative
of the presence or absence of hemoglohin in the sample comprises: '
applying a positive potential to the first electrode;

35 measuring a current generated by reaction of the reagent and hemoglohin;
15-



35 neasuring a current generated by reaction of the reagent and henogl obin;
15 WD 02/06828 PCT/ US01/21964 analyzing the current to give a result, the
result compol/edseyy a time required for substantial |ysis oPCT/80wAGe4 bl ood
cells or a derived final value for the current; calculating a percentage of
the reaction conpleted as a function of tine based on the result of the

anal yzi ng st epanafzidg@ehifchid gitdEreRitRNEskIRbomPRing 8 md r'-e-{uﬁetd.fﬁ |s@sthltifidRis of the red
measuring a transient current; and determining a diffusion coefficient and
a concent r dlpadgeis &5 desivad dppl alsgifor ther et t he reagent based on the transient

current. 28. A I I nce
or absence of hgﬁ%@?@%ﬁﬁmﬁﬁﬁgﬁﬁﬁ%ﬁﬁﬁau %ﬁ%ﬂggﬁ%ﬁ%%%@ﬁgﬁﬁgﬁﬁéQgﬁgﬂ@ﬁﬁﬂﬁﬁg an
el ectrochestezcal cell having a sensing chanber, a first el ectrode, a second
electroge, an a(ﬁ%%ﬁﬁggﬁ%&¥%ﬂﬁﬁﬁﬁgggg%he sanple into the sensing chanber,
and a reagent c W thin sing chanber, and wherein the
reagent is capabb®uiofathedisgureateded by henoglobin to generate an electrica
Sounet i o For e APt EDGERrn BRATRRS oL PSR! B bRl U
resi stive gakigdic@bnt. t he aperture defining a side 15 wall of the sensing
chanber; mounting a first layer having a first electrode to a first side of
the sheet and et endpmgthelad raquragturg glet deyigedor delpraRaiAy, PresenceiE apsase of hemqalghin in an
Sensi ngp C h@t{i’l{ébﬁf safflE tRbvtce cdr®ing bl shbtrdtfeRicd tAUSink 2SdnY chdiBerf d ik leletibofiCa Qfond he
sheet; mounting a second |ayer having a second electrode to a second side
of the sheéectredachn epettertii algiting ¢he samhle intotheesensing ehamblieand b yeagent codiriehwithin theesensingl
sensing ch N s ! i ng. r.edqi i 1

Firat ayonano el s BeRhAR e L o Rbb R Ay Sl
wher eby t hef thpeeednceandsehae pEtemogioln, the aetbdd comptisingr ovi di ng an aperture in the

PO RO I ekt SR s B S R, 1SS B8 °
cont ai ned Wit dnthe sehdig chaf¥)Si Nng chanber. -16
mounting a first layer having a first electrode to a first side of the sheet and extending over the aperture
whereby to define a first sensing chamber end wall, the first electrode facing the first side of the sheet;
mounting a second layer having a second electrode to a second side of the sheet and extending over the
aperture wherehy to define a second sensing chamber end wall in substantial overlying registration with the first layer,
20  the second electrode facing the seeond side of the sheet, whereby the sheet and layers form a strip;
providing an aperture in the strip to permit entry of sample into the sensing chamber; and
providing a reagent capable of being reduced by hemoglohin, wherein the reagent is contained within the

sensing chamber.
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