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robust, fast, and easy to use test that is anenable to fi el
analysis method is Drebkin's Method. I this method, the iron in hemoglobin s oxidized with a fersicyanide to form

methemoglabin, which is converted with a cyanide to cyanmethemoglobin, which is then measured spectromatrically.
Both of these methods have the disadvantage of requiring expensive analytical instrumentation and cemplicated

25 sample preparation. Therefore, a quick, simple, and inexpensive device and method for measuring hemoglobin that
overcomes the deficiencies of prior art methods is desirable;

Summary of the lnvention

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 1o 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 electrochemically detectable signal. The method of preferred embodiments measures total
hemoglobin, oxygenated pius unoxygenated, in contrast to spectrephotometric methods wherein the hemoglobin is
converted to a single form in a separate chemical step, e.g., oxidation of hemoglobin containing Fe** to methemn'glubin
containing Fe*®. Measurement of hemnglobin by the method of the preterred embediments is not dependent upon the

35  extent of glycosylation or oxygenation of the hemoglobin present in the sample.
1.
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in another aspect of this embodiment, the sensing chamber further includes a support contained within the
sensing chamber, for example, mesh, nonwoven sheet, fibsous filler, macroporous membrane, sintered powder, or
combinations thereof. The reagent, red blood cell lysing agent, andlor buffer may be contained within or supported on
the support.

30 In anather aspect of this embediment, the second electrode is mounted in opposing relationship a distance of
less than about 500 microns from the first electrade; less than about 150 microns from the first electrode; or less than
about 150 microns and greater than abowut 50 microns from the first electrode.

In anather 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 electrachemical cell,
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25 resulf, the result including a time required for substantiat lysis of the red blood cells or a derived final value for the
current; calculating a percentage of the reaction completed as a function of time based on the result of the analyzing
step;  reversing the potential on the first electrode; measuring a transient current; and determining a diffusion
coefficient and a concentration of a reduced form of the reagent based an the transient curzent.

In @ fourth aspect, a method of manufacture of a device for detecting the presence or absence of hemoglobin

30 in an agueous sample is provided, the device including an electrochemical cell having a sensing chamber, a first
electrode, a secand 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 hemaglobin to generate an
electrical signal indicative of the presence or absence of hemoglohbin, 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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Brief Description of the Drawings

FIG. 1 shows a plan view of an electrochemical cell.
HEG. 2 shows a cross-section view on line 10-10 of FIG. 1.
FIG. 3 shows an end-section view on ling 11-11 of FIG. 1.

3b Detailed Description of the Preferred Embodiments

The following deseription and examples illustrate a preferred embodiment of the present invention in detail.
Those of skilt in the art will recopnize 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 fimit the

scope of the present invention.
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filed on Julé 14, 2Q00E entitled "ANTI OXI DANT SENSOR copending U. S.

pat ent appl i lsh1616, 433, filed on July 14, 2000, entitled

"I MVUNCSENSCR, " amhiet@ihewdi cBiGs pretdraBly difpasbifidho rRdnjdd e s inQQ:nMn@ﬁﬂeﬁtlﬁr aﬁ;@@rredf il ed
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in its enti merkiyby reldnceMAWEHIRLY). A preferred embodiment of such an electrochemicat cell is illustrated in FIGS. 1, 2,

20 and 3. The cell Nustrated in FIGS. 1, 2, and 3 includes 2 polyester core 4 having a circular aperture 8. Aperture 8
defines a cylindrical celf side wall 12. Adhered to one side of core 4 is a polyester sheet 1 having a sputter coating of
paliadium 2. The sheet is adhered hy means of an adhesive 3 to core 4 with palladium 2 adjacent core 4 and covering
apertore 8. A second polyester sheet 7 having a second sputter coating of palladium 6 is acdhered by means of contact
adhesive b 0 the other side of core 4 and covering aperture 8. There is thereby defined a celt having cyfindrical side

25  wall 12 closed on each end by pafladium metal 2, 6. The assembly is notched at 9 to provide for a solution 10 be
admitted to the cell or to be drawn in by wicking or capillary actien and to allow air to escape. The metal films 2, 6
are connected with suitable electrical connections or formations whereby potentials may be applied and currently
measured.

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 2 side wall of the electrochemical cell. Suitable electrically
resistive materials, which may be vsed in the sheet containing the aperture, or in ather layers in the cell, include, for
example, materials such as polyesters, polystyrenes, polycarbonates, polyolefins, polyethylene terephthalate, mixtures
thereof, and the like. in a preferred embediment, the aperture in the sheet is rectangular, however other shapes, e.g.,

circular, may be used as well,
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25 According to the preferred embodiments a disposable cell is one that is inexpensive enough te produce that it
is economically acceptable to be used only for a single test. Secondly, that the cel may conveniently only be used for
a single test. . Inconveniently in this context means that steps such as washing andjor reloading of reagents would

need to be taken to process the cell after & single use to render it suitable for a subsequent use.
Economically acceptable in this context means that the perceived value of the result of the test to the user is
3D  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 matesials 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, geld or indium, methods
6



electrically resistive material, extending over the aperture and formng an
end wall. The | ayer may be adhered to the sheet, for exanple, by r_reaéﬁn[]g)f
an adhesive. Suitable adhesives include, for exanple, heat activatedt

adhesi ves, pressure sensitive adhesives, heat cored adhesives, chemcally
cured adhed¥oexjestiot nelt adhesives, hot flow 5 adhesi vesscramditfes | i ke.
The el ectrode | ayer is prepared by coating (e.g., by sputter coating) a
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present in the device. Compatlhle matenals will not react chemically with the redox reagent or any other substance
30 present in the cell. Examples of such svitable materials include, but are not limited to, platinum, paliadium, carbon,
indiem oxide, tin oxide, mixed indiumjtin 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 os lithegraphy. In preferred embodiments, the material is sputtered or screen printed to form the

electrode structures.



used. Screen printing carbon or silver ink is a process suitable for
form ng el ectrodes with relatively inexpensive 35 materials. However, if it
is desired to use electrode materials such as platinum palladium. qqld s
iridium nethods .0. B 206 WO 02/ 06828 PCT/ US01/ 21964 with better naterla
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met hod iacl maRsdofHegei:di Ng a means for breaking el ectrical connections in
the cell after fhe first test ip a cell has been corrﬁl eted. The El ectrodes
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refer en(ig pgtenhl al n,.the case of an anperonetric sensor wherein the
sensi ng “el edf" 5'52:86'15‘?33% is indicative of the level of 25 henmpglobin in

t he sanpl e, TleBuffeeast one ot her el ectrode is present whi ch functions as a
counter el ectrod

el ectrode may al Emoigngl P e{)ﬂayg%p '%E"r&e' %‘P”ﬁ'ﬁ'@é‘ﬁ%lr%{’ﬁ"r’ “'ﬁ%@ f”"ﬂl’"t”@r”'ﬁ%ff“ﬁ??‘é’g g 1
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potential of the redox reagent to a ievel suitabte for oxidizing hermoglobin but not other species that it is not desired to
26 detect. The bufferis present in a sufticient amount so as to substantially maintain the pH of the sample at the desired
level during the test. Examples of buffers suitahle for use include phosphates, carbonates, alkali metal salts of mellitic
acid, and afkali metal salts of citric acid. The choice of buffer will depend on the desired pH. The huffer is selected so
as not to react with the redox reapent.

Other_Substances Present Within The Cell

k1] In addition to redox reagents and buffers, other substances may also he present within the electrochemical
cefl. Such substances include, for example, viscosity enhancers and low molecular weight polymers. Hydrophilic
substances may also be contained within the cell, such as polyethylene glyeol, polyacrylic acid, dextran, and
surfactants such as those marketed by Rehm & Haas Company of Philadelphia, Penrisylvania, 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 stabie measurement, and inhibit evaporation in small volume samples.
.g.



Materials suitable for the sensing, counter, and reference el ectrodes are
conpatible with the redox reagents present in the device. Conpatible
materials will not react chemcally with the redox reagent or any other
substance 30 present in the cell. Exanples of such suitable nmaterdihFd 2005
I ncl ude, bWO@M¢s280t |imted to, platinum palladi um cardomsoingisum oxi de,
tin oxide, mxed indiumtin oxides, gold, silver, iridiumand m xtures
thereof . These materials may be formed into el ectrode structures by any
sui t abl e netyreeh forvRSsurRKiRAFIloEn ColtyrtSprIt t er i ng, vapor coating, screen
printing, thermal evaporation or |ithograp In preferred enbodi nents,
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Pennsyl vani a. preferred enbodi nent oni pl ant gl ycosi des
that foami H“’Y/\'}éfrf}@r“‘e MEFWETEY &g visteh T ?‘@e&f“’ﬁ‘ T Ryane! "’TE%’S”T%‘“ Ifeé'EFB%“"r-f?g&gent
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nemool oni n efie AL arpens g gt Pty et BY h i Pussf. PR Fpiniy g e
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in dr| ed formiH
using a first and second putennaf application step.

In such an embodiment, a sensor configuration as described ahove is used, e.g., a sensor wherein the bottom
25  electrode is palladium, upon which the dried reagents are deposited, and wherein the top electrode is 2 gold electrode.
The first potential is applied by applying a -0.3 V potential at zero time to set the gold electrode -as the warking
electrode. As the red blood cells begin to lyse and the ferricyanide reacts with released hernoglobin, the current will
stowly increase. The increase in current can be used in a number of ways: to assess the time required for full fysis and
reaciion, to extrapolate the signal to longer times, or to assess the fraction of hemoglobin reacted at a given time. The

3D 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 1o
+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, 1988, and U.S, 5,942,102 {both incorporated

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



a buffer is used, it is present in an anmount such that the resulting pH

| evel is suitable for adjusting the oxidizing potential of the redex rty (b
reagent to a | evel suitable for oxidizing henoglobin but not other species
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sanpl e i g i nt r odOEZY e Od"%f]{’% qg'gﬁ'grbﬁdatﬁ‘gfnlt € 'a‘\mb? HEPBhreichE tay pgls @t H‘F‘s@'&l ves

the dried réagmthrespramucamﬂ:h@tamaiwbmtzms P ErRFIRhat thEche:hEh} SEG QlocliRb bt a itk t he
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reduced for rea e ca entionetric sensor,
the resul ti %Q{méu%&ge sge;c.%q% ] %8@“" 'eam%ﬁﬁ%gﬁ Eifcﬂ?dﬁf%f““"?"?f%"f"éﬁb‘)?”""trf@‘ﬁ{%’WE fixes
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el ect r ochem ol o&:ﬁ%ﬁrﬁdﬂad%@ﬂfg%e&ﬁ@& setriaxsnf‘%)Ir i mexf’ b %m t'%“@”rséﬁptpeeﬁ‘\'fm"gﬁ’g’hl ting
fromthis elrfée?l?ﬂts@mw@ais? at Gexbenicgimeaitign mthvmthmd;fédortmim:as)mfme diebr@active reaction
concent p@t i Qkhcrd| | . .
enbodi ment s’9 %cﬁg néﬂgﬁrg%?'% %hgf:hé Qhégﬁioﬁ%ﬁmeea{eﬁgﬁe%mgm%rnqmtﬁ""Femr"?B‘l"r”’a'Bem node.
The cel|'s BIMEcleyorsing seepes) aicthaplepipiep e dnrcestrsers! Siseotent vilbleflesi therrle, cose 6 the a
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enbodi ment, an interface for connecting the cel rovi ded.
The meter " the current is integrated) to be a used as a convenient measure of the rate and extent of the chemical reactmn taking

place.

25 An example of a suitable methed for ensuring that the chemical reaction is remote from the working
electrode is to immobilize one or more of the reaction components on a solid surface remote from the electrode. The
reaction compenent(s) can be immabifized by incorporating them in a polymeric matrix that is dried on or otherwise
attached to the solid surface. The reaction compenent(s) can also be tethered directly to the selid surface either by
chemicel or physical bonding. Alternatively one or more of the reaction components can simply be dried onto the 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 pericd that the electrochemical current can be usefolly menitored 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 a1 the electrode.
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may di splay the neasurenent in a visual, audio or other form or may store
the nmeasurenent in electronic form In a preferred enbodi nent where

ferri cyanl de is used as the reagent, a typical concentration of henpl @y n,
e.g., 14 g/dL, would yield a ferrocyanide concentration of 8.2 mM upon

oxi dat i on WOHR/O6H2HMi num detectable limt in a preferred Babydhided of the
nmet hod and device is approximtely 0,1 nM 20 Measuring Henogl obi n Usi ng
First and Second Potential Application Steps In a preferred enbodi nent,
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has been appimi.ed and current has been neasured the potential can be
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cal cuI ate tH oh CoefTlI Ci en ncentration o errocyani d
-3 FEB 2005 ci@nGRif8®8 W Bedy BAOGHdheidd li eide, pstenefiinlum a1 i gt ifé'ﬁ may
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henogl obi n vsteelcsltamlesspacdmgeictellwerraettthrmﬂmd cells. The ratio of the m ni num
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correction 1-imn/imax} wherein [Hb]' is the
corrected cchmméw}vatuﬂmrﬂh@frfem@mﬂgP'Bmenmva'[mlb] is the uncorrected

concentration of ReADgheBimes baoRcah & el on FBASWI G n bl foirti blectdds] reb@omitie t he
extrapol ated current resulting fromthe first potenti alt%ﬁﬁ i cation.

bt ai ni ng Otreing Bpcereser e e $ha Fhemeshsasina sore 41 %?aﬁbp'al*ﬁés SEAe &dMeor 10
I'n certain erhogy N8R famﬁgfaﬁu%@i&ﬁ.m@ﬁhmneeﬂuaqtawmgmtm@madlae rate of a chenical

reaction that yields at |east one

25 A sensor suitable for use with certain embodiments includes a working electrode and a counter electrode
which are disposed on an elecirically insulating substrate. On a second substrate is disposed a layer of chemical
reactants, where at least one of the reactants is substantially immobilized on the substrate. Inuse, the space between
walls of the sensor is filled with a liquid containing 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 speciels) 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 reaciants dispased on the electrode.
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el ectroactive product can be obtained using the sensor by ensuring that the
chem cal reaction is localized at a site renote fromthe el ectrode ysequio
el ectrochem cally react the el ectroactive product(s). The site of tlh

chem cal reaction is sufficiently renoved fromthe el ectrode such that the
mass transhEy 0206828t he el ectroactive species fromthe chemcgalsof/@agti on site
to the electrode effectively controls the current flowng at the 15
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of the react'TENCREHISFAEALed feactag ivpri fojthisveryjhe GPiipog if aroe-ARtyghy tp baysiectivgly imimebiktetqui d
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substantlalléﬁ fr wher was dried during The time period
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k: net i CZ begid more preferdify detieet hmmgg }m ggﬂgmlsa én tﬁbfcg% i;?nz;mg sletige Eonwd GG, Ia':}&r oftgbe

el ectrode.
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“el ectrode i miypsteefubstrited  enbodi nents i s de5| rably |l ess than about 1 cm
preferably |ess fer be mee 5, .10, 50, 100 200,
500 nicrons and @n%réﬁo% reg?urg gl% Sampge?f)é'ﬂemn @Bma g g’ﬁ",‘"”gfgffie' 986 @A™ 500
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was approximately the same, namely 5.4 mM for the 65% haematocrit sample, 5.5 mM for the 42% haematocrit

sample, and 6.0'mM for the 20% haematocrit sample.
The current measured can he approximately given by the eﬁuatiun:
i = -FADCIL
30 where iis 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 cencentration 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 therafore
given by:
dCidt = -{L{FADMifdt.
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5 As well as the working electrode, at |east a Counter electrode in contact
with the liquid sanple is provided to conplete the el ectrochem cal CTR 70
circuit. Optionally the counter el ectrode can function as a conbi red"t"
counter/reference electrode or a separate reference el ectrode can be
provi ded. MO e/@pwsf erred enbodi nent, the working el ectroderangdizepunt er

el ectrode are desirably spaced apart at a distance greater than about 300
m crons, preferably at a distance greater than about 500 m crons, nore
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chl oride, si i odi d silver ferrocyanide, silver
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wal | or on titepidoiindieentilacsibiiedehe sedhdtgnd.r om t he, working el ectrode. The
site of the chem cal reaction can be on the sanme plane as the working

el ectrode of nore preferably in a plane facing and substantially parall el
to the working el ectrode. 25 A sensor suitable for use with Certain

enbodi nents i ncludes a working el ectrode and a counter electrode which are
di sposed on an electrically insulating substrate. On a second substrate is
di sposed a | ayer of chemi cal reactants, where at |east one of the
reactants is substantially imobilized on the substrate. In use, the space
between walls of the sensor is filled vvith a liquid containing a
substance which is capable of reacting with the reagents to produce at

| east one el ectroactive species. The products of the chem cal reaction

di ffuse towards the working 30 el ectrode where the el ectroactive specie(s)
are electrochemcally reacted to produce a current. The magnitude of the
current or the charge passed at a particular tine, or the tine course of
the current or Charge passed can then he used to obtain a neasure of the
rate or extent of the chem cal reaction occurring at the reactant layer. In
anot her enbodi nent of the sensor the reactants are disposed on the counter
el ectrode which is disposed on an electrically resistive substrate. In
this enbodi ment the materials of construction of the counter electrode are
35 inert to reaction with any of the components of the reactants disposed
on the el ectrode, -11

k

J
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WO 02/ 06828 PCT/ US01/ 21964 The net hod of obtaining an el ectrochem cal
nmeasur enment descri bed above may be applied to any suitable electrochem cal
.system includi ng henogl obin. An exanple of the nmethod as applied to a
typical, albeit different, electrochem cal systemis neasuring gl pgpagsin
whol e bl ood using the enzyne KI D dependent glucose dehydrogenase (GDHpqqQ)
and a redox nediator. In this reaction glucose in the blood reacts with
GDHpgq to f : i:c.acid. In the 5 process, the POO in the enzyne is
reduced. Awrr% ilg%%@?éyslg'ch as potassiumferricyani de, then oxidizes the P00
in the enzyme and forns ferrocyani de. The enzyme in the oxidized formcan

then react with further glugcose. The net effect of this reactionis to
produce two fer focyarit HEVIFDHI0E QfREEIIZGN 4@unt of hespeglobipiina duid whelst ed.

Fer r ocyani foddamfble, HeArheI Bl (EmBRUShERing AA HiGod s Nie 9o tlbgRCaIR! an

el ectrode to produce a current. er sultable enzynes’ for I'S” "reaction

ar e gl ucoseontaindegskEeni@@iihin othe Nsiccepapriking andledneherdehychlldgeigse. For ot her
reactions, lactate 10 d drogenase and, gl cohol dehydrogenase may be used.

G her u t BT Ao B ot oo AFAE TR S AECRTe SIS i ¢ h
bi pyri di ne,m@mdhﬁtafwowl ﬁmiﬂnérm&ard@s@&fc?sameeé thidh 4661500 itk Frobl ﬁaed Wi th

the enzyne can be s aking up to a fewmnutes to go to conpletion.
Al so, the Hirgjistactrodes ahaperture dor adnuftingilee $Angdelinga thel sensingchastwner rethe

reaction. e hagpqatocrit. of .the Dblood.is t.he volunme fraction of .red cells
ot e whoPLogREl B eht, Sn p Mg sBRlained st e e SO va8roiy m 15
GDHpqqg, 0. $heVlen@dnbfSdapaBlE BF béify PauE&] ?menﬁ{gwﬂ% RUEdRfat@hn BEctBica s\l
deposited on the counter electrode and the  water renoved to | eave a dried
react ant | afdative of thei asmaquay ef hemeglalipipukereis thexdeyicecfsherrromprises mednsct i vel y

i mmobi i ze : Ant t reas_the.ferricyanide can m x
nore evenl 3""&%’?%’%@8&9‘;‘%&? ﬂr‘?‘ﬁt“?g’ tﬁlg%?%gmgﬁ%cﬁ’?%ec g?ﬂrg’é asunig 4 U bl ood
sanpl e was gemdrated by egheiion of the ecageht andhémaglobirg Ridaad forfandigHAg ¢ duimerdi at el y

applied between the, working electrode and the counter electrode. Although
a pot ent i alf® e azeyltniheiresulicomppisirey e reuyired far ghbstayiablysksa theckedni de, t he

potential i i RS 4 - n +50
W and 1508 IS derh Rl KRR A o ARt g ror AR B AR el Eh U
cell, the wbtheireaptioh eompletiel sanfahstioncbftimebdsed en thefregl of the prlyanigd onto a
pol yester substrat ﬁoand t he counter el ectrode consisted of a | ayer of

pal | adi um Si5Bt REMSJorRsyErsins thgperetial pn 1 elpdrode mpans for mepaingar e
recorded f } : 3{%&?& i : i,hg a faster rate
of reacti O%n%%ﬂ?ﬁnié%%@%g%ﬁf?%@{tﬁﬁ%@g% , | .@?‘f‘dééﬁ%%%ﬁ%%ﬁa and 55%

haemat ocr i tonognipatiachf aaduagt forws of the vesigentrbasaidn thie tradsisatrpirent. was
approximately the sane, nanely 5.4 nMfor the 65% haematocrit sanple, 5.5
mv for the 42% haernatocrit sanple, and 6.0 mM for the 20% haenmat ocrit
sanpl e. The curpent mRadViBsofaRinPe, VIRRERMOBIRlmEY) 8D bBYsdd B gquation: i
= -FADC/L 30 where i is the current, F is Faraday's constant {96486.7

C/ ol e}, Asingleitefd. el ectrode area, Dis the diffusion coefficient of the
ferrocyanide in the sanple, Cis the concentration of ferrocyanide at the
reaction site and L is the distance

3. The device of claim 1, wherein the first electrode comprises a sensing
electrode.
4. The device of claim 1, wherein the first electrode comprises a matérial

selected from the group consisting of platinum, palladium, carbon, indium oxide, tin

oxide, gold, iridium, copper, steel, silver, and mixtures thereof.

5. The device of claim 1, wherein the first electrode is formed by a

technique selected from the group consisting of sputtering, vapor coating, screen

- 14 -



between the reaction site and the electrode. The reaction rate, given by
the rate of change of Cwith tine is therefore given by: dddt -
.-(L/FAD)di /dt. -12 WD 02/06828 PCT/USQO /21964 For the reactions discussed
above, between 6 and 8 seconds for the 20% 42% and 65% haemat ocygigty 704
sanples, the average dildt was 3.82, 2.14 and 1.32 m croanps/second,
respectively. The diffusion coefficients of ferrocyanide for these sanples

et oor | P oane gt FeboRiinyinf & e lepBfir Bl ol 66indss on ana

was 125 m gromse priftegeanddithegaptiyel d reaction rates of 2.0, 5 1.3, and 0.99
nmVv second for the 20% 42% and 65% haematocrit sanples, respectively. The
nmet hod as descri bed above for measuring the reaction of glucose in blood
may be suitably di f t ) ens,

i ncl udi ng hermglﬁggi n,Thgcgje\%meﬁ&g%hgéb‘?g%@?feﬁg c?ﬁ%%%&gﬁﬁ @opr?%és%he art. The
above descrpmtensledioslel 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 nethods and 10
equi prent . Such 7modi fing il RBSf Waldh 10RRGER BPRRLENEIERoddQpfhriki Al ed in the
art froma consideration of this disclosure or practice of the invention

di scl osed mestadiin cotaetgaitfuemeta) salf.t is not intended that this invention be
limted to the specific enbodinents disclosed herein, but that it cover

all nodifications and alternatives comng within the true scope and spirit
of the invention as eanREVRE of Blaih§, whére@hBEmetRinEontded withh mEBl A9 Wat
is claimed is: 1. A device for measuring an anmount of henqglobin_in afluid
whol e bl o6elegtadroa the grouptronsaistingoefdilyeniplcenteetiviah pil veg chlonidpl stlser ivel | s, t he
red bl ood : I er olo]] t.h viece.conprisi ng. an

el ectroc he(r%’lgl!(lztlg %gfgi‘%gg%c’%dg’ Sﬁggljﬁgilgﬁgva% “éﬁ%%rﬁ/,er gO%flclfer’s er%ﬁ,(l:l??%l é:,t a second
el ectrode wHihemuiodle chlefideting ntatury decdrfiact Wathh&duiols SEIRASI Ng rel ationship
a distance of |ess than about 500 mcrons fromthe first electrode, an
aperture for admtting the sanple into the sensing chanber, a red bl ood
cell lysing agemnt, a : i .5l i .G er
wherein the reggentﬁﬁg%gggggrggggqg%?ﬁgsgg SggﬁﬁB@Pﬁgﬁggﬁgﬁﬁﬁﬁ@%ggenerate
an el ectri datd degralle. i ndi cati ve of the anobunt of henogl obin, wherein the
device further conprises neans for applying a positive potential to the
first electrode; neans for neasuring a current generated by reaction of

the reagent andjpenogingRicfice BBAREn HOWhABRAINL NN ddierols b6 RPHises a

reference electrode.

11. The device of claim 10, wherein the third electrode comprises a metal

n contact with a metal salt.

12. The device of ¢claim 11, wherein the metal in contact with the metal
salt is selected from the group consisting of silver in contact with silver chloride,
silver in contact with silver bromide, silver in contact with silver iodide, mercury in

contact with mercurous chloride, and mercury in contact with mercurous sulfate.

13.  The device of claim 1, wherein the second electrode comprises a

reference electrode.

14.  The device of claim 1, wherein the reagent is selected from the group

-15-



to give aresult, the result conprising a tinme required for substanti al
lysis of the red blood cells or a derived final value for the current;
.nmeans for calculating a percentage of the reaction conpleted as a function
of time based on the result of the analyzing step; neans for gxfgﬁﬂgg t he
potential on the first electrode; neans for neasuring a transie urrent;
and neans for deternining a diffusion coefficient and a concentration of a

reduced for -@agent based o he transi ent rent. 2. The device
of et i m o Onslecna T HRORE VRS O B BORE R Ak E G 6 cor. 5

el ectrode. ofmodewnwc@ﬁpleml qirondsh@idaiichlérdBhdrolibBoptleRSE r 0de conprises a
sensing 4. The device of claim1l, wherein the first el ectrode conprises a

material selected fromthe group consisting of platinum palladium

car bon, i ndi um q] de pyfl pic8f i IO flerll b Ty SORRRLec B EShygs! | ver, and

m xtures thereof. e device rein

formed by a technl que sel ected fromthe group consisting of sputtering,
vapor coati ng, screeg_ 14 -3 FEIE 2005 printing, thermal evaporation, ink
jet printing, ullfras rhe@eglﬁr:aw i 1gthg sensg shamber furthereampisitga ng and

|1t hogr aphipurer, whakif! BeitufrePls ohiideghuit ﬁ&%&@@&@@&?nd el ectrode

conprises a counter ect rode. evice o aim1l, wherein the
second el ectrode corrprl ses a netal in cont act with a netal salt. 8. The

device of claim rein th ct._ wi.th. a salt is

sel ect ed frothg gwgﬁ‘ﬁ BIE P E'P%?B’r‘”'%‘?f?l%} l}fff‘eaﬁ%%ceﬁr?rﬁ ths group
chloride, gbhi{finglo? phﬁéﬂﬁhﬁgtca}%&nate@Jl%@lfm%Pﬁ‘ltg%f m%lliti‘ée.fmd Ang QRLACL W th
silver iodide, nmércury in contact W th nmercurous chloridé, and mercury in
contact wi metatsaktsefniisicogid ate. 9. The device of claim7, the

el ectrochem cal cell further conmprising a third electrode. 10. The device
of claim9, wherein the third electrode conprises a reference el ectrode.

18. The device of claim 1, wherein the lysing agent is selected from the
group consisting of ionic detergents, nonionic detergents, proteolytic enzymes, and

lipases.
19.  The device of claim 1, wherein the lysing agent comprises saponin.
20. The device of claim 1, wherein the lysing agent is selected from the
group consisting of sodium dodecyl sulfate, cetyl trimethylammonium bromide, and

polyethoxylated octylphenol.

21. The device of claim 1, the sensing chamber further comprising a

support, the support contained within the sensing chamber.
22. The device of claim 21, wherein the support is a material selected
from the group consisting of mesh, nonwoven sheet, fibrous filler, macroporous

membrane, sintered powder, and combinations thereof.

23.  The device of claim 21, wherein the reagent is contained within or

supported on the support.
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11. The device of claim 10, wherein the third el ectrode conprises a netal
in contact wwth a netal salt. 12. The device of claim11l, wherein the netal
.in contact with the netal salt is selected fromthe group consi stj pg #f5
silver in contact with silver chloride, silver in contact with silver
brom de, silver in contact with silver iodide, nmercury in contact with

mer curous chl ori de, and nercury in contact with nercurous sul fate. 13. The
devi ce of claint wﬁet §cl .9 ses ference

el ectr ode. ?%e devfggog% Fﬁﬁﬁathwhéfgplqﬁ h?@””: fected from
t he group tmﬁkrm%oﬁﬁﬁwa@ﬂﬁu@eﬂﬁu@bnﬂgomﬁwdupmﬁﬂnate, vanadiuniOX|des,

per manganate, electroactive organonetallic conplexes, quinones, and

di chl orophenol i ndophenol . 15. The device of claim1, wherein the reagent
conprises ferriggani , nber
further conpri SI ng adﬂ]b d%?’ce-gp g‘?g? ?\ﬁltlﬁgm%ﬂy%é ag&{c}gsn %ﬁ%ﬁéé}?wftp in the
sensi ng chambgported on Theesugpaitce of claim 16, wherein the buffer is sel ected
fromthe group consisting of phosphates, carbonates, alkali netal salts of
mellitic acid, and alkali netal salts of citric acid. 18. The device of
claim 1, wherei pg! he Ty %ichie 398RIm 1 SwAELRGHEShcbh® Blobiisic 9 RRRAAS! sting of
ionic detergents noni oni ¢ detergents, proteolytic enzynes | i pases.
19. The de\ibpp@lma‘ refdtignship a d\rmeioﬁletshélahylbmutgmgentonetﬁnmihseﬁsrstsaponi n. 20.
The device %ainil wherein the lysing agent is selected fromthe group
consisting %iuntdodecyl sul fate, cetyl trimethyl anmoni um brom de, and
polyethoxylated octyl phenol. 21. The device of claim1l, the sensing chanber
further conprising a support, the support contained within the sensing
chamber. 22. Thé&7devilde d@tlce Redording to clpist bi wharie tlsmmsgnd elpstrtaiertat erial

sel ect ed B&%ﬁkdqﬁogﬁ&ﬁﬁ%ﬁfQ%ha}Pngm §QE§P SEﬁﬂ“ﬁﬂﬁqSﬁﬁﬁ %¥$8ﬂ rous

filler, maCroporous ere t her eof .
23. The de\greaeerutancabaumcﬂﬂaacrwﬁbeﬁ@hmhthﬂe@tgﬁet is contained within or

28. The device of claim 1, further comprising an interface for

communication with a meter.

29.  The device of claim 28, wherein the interface communicates a voltage

or a current.

30.  The device of claim 1, wherein the electrochemical cell comprises a

thin layer electrochemical cell.

31. A method { or measuring an amount of hemoglobin in a fluid whole
blood sample, the whole blood sample containing 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 electrode wherein the second electrode is
mounted in opposing relationship a distance of less than about 500 microns from the
first electrode, an aperture for admitting the sample into the sensing chamber; a
reagent contained within the sensing chamber and capable of being reduced by

hemoglobin; and a red blood cell lysing agent contained within the sensing chamber;
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supported on the support. - 3 FEB 2005 24. The device of claim21, further
conprising a buffer, wherein the buffer is contained within or supported
.on the support. 25. The device of claim 21, wherein the |ysing agenﬁﬂiQT
contained within or supported on the support. 26. The device of Cﬂarm ,
wherein the second el ectrode is nounted in opposing relationship a

di stance of |ess than about 150 mcrons fromthe first electrode. 27. The

devi ce accordi ngt. ' i ﬂﬂg: ' ted in

opposi ng reIatighsﬂ#%$gk2%§?§§%§&%hﬂ?gg@egﬁgn at%hﬁgééggﬁwkﬁg%gpggd

great er t hagerdlonthingd within drsefisingtianebef relaiseseneiglahde froABthe Tieblded i ce of

claim1, further conprising %Ei nterfacg_ for ommuni cation with a neter.
[

29. The defFke Whereby thehomosiona thysrelepred reduses the &cagma™d cat es a vol t age or
a current. 30. ; i i 1o d:he: el I jical cel
u TB&idRY hit BleCfrodteidRl ilncg%mgjgﬁt .rllncglg'f.ﬁlv% 0%Gh ﬁ@l&%ic

conprises a thin layer electrochemc A net measuring an
anount of hemoglobin present i the sihdleti oddsaniplgovhesanhesstept didobakining anl ood sanpl e

containing fe | ood .cells, the red. bl ood cells containing henogl obin,
erein t . g a device conprising an
wher ei hE{eﬁg?‘ﬁHB"E"d PP UEREnLOBATEF devi i Si

el ectrocheni cal ag8lhinghdpusitBredotiial Bdhe fRBEBAFoded first el ectrode, a second
el ectrode wherein the second electrode is nounted in opgosing rel ati onship

a di stance of | easuringn euvesnt gaG0ted by sastidnrafithe reagerftiand hempglobinode, an

aperture for admitti.n h le In sensing chanber: a .r ent
ot ned i t i AiRg e BRI fvd Dhul VR BERP Lo SRE R e Baula S
herogl obi nisubsrhtial ¥6id o tiRadd BRIOU ckiSompdaentinalovilal foe thevdukiehf t he sensi ng

chanber; -17 -3 FEB 2005 pl acing the whol e bl ood sanple in the sensing
chamber, wher ebyalcnlating a paigentagroef the sactiomemplpted aha fenction 96 tinyg baprdhber

rel eases h i bl ood cells, whereby the henogl obin thus
SHRRESRof STk AnE Sy

rel eased r e reage
reversing the potential on the first electrode;

measuring a transient current; and
determining a diffusion coefficient and a concentration of a reduced form of

the reagent based on the transient current.

32.  The method of claim 31, wherein the device may only be used for a

single test.

33. The method of claim 31, wherein the electrochemical cell is a thin

layer electrochemical cell.

34, The method of claim 31, wherein the first electrode comprises a
sensing electrode, the sensing electrode comprising a material selected from the
group consisting of platinum, palladium, carbon, indium oxide, tin oxide, gold,

iridium, copper, steel, silver, and mixtures thereof.
3s. The method of ¢laim 31, wherein the second electrode comprises a

counter electrode, the counter electrode comprising a metal in contact with a metal

salt.
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obtai ning an el ectrochem cal measurenent indicative of an anmount of

henogl obi n present in the whol e bl ood sanple, wherein the step of obtaining
.an el ectrochem cal neasurenent conprises: applying a positive potential to
the first electrode;, nmeasuring a current generated by reaction of thefrgf 2005
reagent and henogl obin; analyzing the current to give a result, the result
conprising a tine required for substanti al Iysis of the red blood cells or

a derived final p¢alu e atl rce f the
reacti on conpl et \eéd a?hg etfl&fof)éfn&o gl% %9%% dnetgﬂntcﬁgt% twﬁ%’f’%beftﬁ ﬁli

anal yzi ng $4 ssdctgdefven she)grotip eoratstig toff 8ilvep in &diach withlsi RLEEHI S silveR@sur i ng
a transient current; and determ ning a diffusion coefficient and a

concent r at iC@RagiFWith pilen Brsmidesiivesrin CPW@Ctr‘élélg@ 1 ilidey MeRCUTi N €qTHRRS | ent
current. 3 T i ﬂ@ﬁH only be used
for a srnglgngggﬂﬁhggﬁbﬂheqﬁgt oéﬁzf alm %nﬁdﬂgﬁggﬁlgﬁ% el ectrochem ca
cell is athin | ayer el ectrochem cal cell. 34. The nethod of claim 31,
wherein the fir trode ris ns e t he. sensi ng

el ectrode conpri gr ng r%‘?‘@?qc%‘fm @ctﬂé"oel ‘E?ﬁ*“?‘ﬁ'é er’ilo‘{}'ﬁ'q‘?fcfﬁ'g}%'tsl"ﬁd‘ of
platinum pald g, merﬁaﬁr\deafuﬂelem@aﬁ i€ a rbfofbr@¥ blro0l d, - 111 di um

copper, steel, silver m xt ure 35. The nethod of claim 31,
wherein the second el ectrode conprises a counter electrode, the counter

el ectrode conprr i ng net |, a net al 3,FEB 2005 36.
The methad of "erRi mo 2 i prHERS £ Sinstdin thedefEhls soRORd fromie oot |
sel ected f rgﬁmptdaﬁsﬂrwdiaﬁsmatel (gha@funSbrivey, pbrtnmeiiAS lelattrbictile! ver
chloride, silver in T<contact with silver brom de, silver in contact with

si | ver i odiganomeiallisrspipiexesnquinenes,dietiorephenalindephsholo andiferriewadideer cury i n
contact with nmercurous sulfate. 37. The nethod of claim 31, the
el ectrochem cal cell further conprising a third electrode, the third

el ectrode conpri3gi ng Taemhedtkddeafdai] G el fsing Shandiee fitfiiidd @Empfisiagai m 31,

wherein the reagent .is selected fromthe
buffer, wherein the buffer is contained within the sensing chamber.

40.  The method of claim 39, wherein the buffer is selected from the group
consisting of phosphates, carbonates, alkali metal salts of mellitic acid, and alkali

metal salts of citric acid.

41.  The method of claim 31, wherein the lysing agent is selected from the
group consisting of ionic detergents, nonionic detergents, proteolytic enzymes,
lipases, saponin, sodium dodecy! sulfate, cetyl trimethylanmmonium bromide, and

polyethoxylated octylphenol.

42.  The method of claim 31, the sensing chamber further comprising a

support, the support contained within the sensing chamber.
43. The method of claim 31, wherein the second electrode is mounted in
opposing relationship a distance of less than about 150 microns from the first

electrode,

44, The method of claim 31, wherein the second electrode is mounted in
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group consi sting of dichromate, vanadi um oxi des, permanganat e,

el ectroactive organonetallic conpl exes, quinones, '
.di chl or ophenol i ndophenol , and ferricyanide. 39. The nmethod of clai mBlb {ife
sensing chanmber further conprising a buffer, wherein the buffer is
contained within the sensing chanber. 40. The nethod of claim 39, wherein
the buffer is selected fromthe group consisting of phosphates,

car bonat es,opBhdiRd }elﬁ%%iﬁﬁﬁii%?"&f"f% gﬂfhia\%ﬂl?tclii@’mi sahY 3ldater B! Sal ts of

citric acid. 41.  The net claim erein the l'ysi'ng agent is

sel ect ed f rabomtt3femicgens fions thresfirst ¢legrode. | oni ¢ det ergent's, noni onic
detergents, proteolytic enzynmes, |ipases, saponin, sodium dodecyl sulfate,
cetyl trimethylanmmoni um brom de, and pol yethoxyl ated octyl phenol. 42. The

met hod of clai m43l, tihe H&aRsd Bﬂclgihamz%e?éiﬁtﬂkeele&l%aﬁédlﬁhlr&n%or@ﬁeeﬁit1 the
support contained within the sensing chanber. 43. The nethod of claim 31,

wher ei n t héhigdaxsneleetreahemaeidcels nounted in  opposing rel ationship a
di stance of | ess than about 150 microns fromthe first electrode. 44. The
nmet hod of claim31, wherein the second electrode is nounted in -19 - 3 FEB

2005 opposi ng reat i QuaRthydaréhfibiRaee of a H866e fob dbteARRAIg akDMndig 6pNS and
greater than about, 50 m crons fromthe first electrode. 45. The nethod of

cl ai m 31, hs@eglokin ipa yid seholschlaed sampledhe Wb@wrhlwb?nmle @mnprisi?g/@d
| hemgcal ..qel ‘ i
Seres o SRRty 0 DOAEEREHL SR e RRERRD.

det erm ni ng an angun e pl'ood sa

whol e bl oodlesangHeemica mph having asadingddhanther; alflrst, elécdnedé eckebbabée@rldes
conpri sing henogl ohi n, the device conprising an electrochem cal cell

having a s@RSPFYE ARAATENING the sample nde thesgrsingchagthshct tef blaadsall lysing
aperture f Qgerfitidld felgerk BnSRERLANITIH sllfhe WBARbEY v@%ﬁz‘f@ﬂ{e’m%ﬁ?ﬁ bl ood

cell lysing™ agent, d a reagent contained wthin e sensi chanber,
wher ei n t heapabdgeftieingsred eceddiyl hemofzldbin wggenecitecadelényrided signhlabdicativ afener at e

oD R bR LR Sl BB copiglpgl oL L1 (e Sample
el ectrically regbsiihy @n aperture extending through a sheet of electrically resistive
material, the aperture defining a side wall of the sensing chamber;
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 whereby to define a second sensing chamber
end wall in substantial overlying registration with the first layer, the second electrode
facing the second side of the sheet, whereby the sheet and layers form a strip, and
wherein the second electrode is mounted in opposing relationship a distance of less
than about 500 microns from the first electrode;
providing an aperture in the strip to permit entry of sample into the sensing
chamber;
providing a reagent capable of being reduced by hemoglobin, wherein the
reagent is contained within the sensing chamber;
providing a red blood cell lysing agent, wherein the lysing agent is contained

within the sensing chamber;
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material, the aperture defining a side wall of the sensing chanber;
nmounting a first layer having a first electrode to a first side of the
.sheet and extending over the aperture whereby to define a first ﬁg&@”@@t
chanmber end wall, the first electrode facing the first side of t ;
nounting a second | ayer having a second electrode to a second side of the
sheet and extending over the aperture whereby to define a second sensing

chanber end wal f
| ayer, the secorﬁé o m? "%’gm gélyﬁée:{%%’sﬁtg%é{) lﬁf{ %é g&tﬁ'ew%&eeg&e%er eby
t he sheet a‘udmbaagmng afcorrantazenémied byaembnom/oétlmlreagehmrsldmon@hﬂilmct rode is

nmounted i n opposing.relati o shi di stance of | ess han about 500 m crons
fromthe first é]r%vgfh'ng@éeanb g‘lyi"l‘@géIFF BTt {9r&ive :hrqu)té, 'gf' FesBltt o permit

entry of s%gmg; Qi RqSBEF K abl e of
bei ng reduced b;sln%errlog Oql néwmdk?\g?%sﬁﬁﬁl?pg&sngég\éﬁr{t%ﬂp%lgo&nt%g?ﬁg%d g\nﬁ%}hl n the

sensi ng chawberfor heeuirelitng a red bl ood cel | 1ysing agent wherein the
| ysing agent is con ai ne 2005

o e ane WA icns Ml haling o SENZL AL SORE R fighcdmPERIZ ot r ode:

means for fﬁﬁﬁﬁ,ﬁrdflﬁﬁ]eabagéﬂéﬁﬂ{er%l[ﬁ{f%@ﬁaw dg&ddy; i on of the reagent and
henogl obi n; providing neans for analyzing the current to give a result, the

resul't conpri sipigvidingineans &qupyesting Bre potnsieken thalfirstyeldctroos; red bl ood cell's
or a derived fi %?‘{?1 1dm n!il%nf ?orlﬁehagoﬁxfg;dﬁaﬁsien E\?I\rlxlhn ,It ng means for cal culating

a percentage of ron cofple as a n of tinme based on the

result of the arpadamainggn@hemr defepmiringgditRRide coefficieny 8iidh BendehigatRat ent i al
on the first el ectrode; Brow di ng neans for nmeasuring a transient current;

and provi diohg redsed fary of %Eﬁa&?rmbﬁ@%damdhﬂra%aloﬁcw@ﬂfu cient and a
concentration of a reduced formof the reagent based on the transient
current. 47. The nethod according to claim46, further conprising the step
of providing a47ent The méthocsadcbmimg)topﬂaini 46 ﬁhﬁleesompﬁ'siog tled stepdo S pl aced
fromthe sensi.n charrbe as. sa eflllsth 1 hanpber. 48. The

met hod accdFAHgSay e ’&lt SEP QRETY the ghcapeg 't“r It8 aﬁg fr the sensing

chamber as sample fills the sensing chamber.

48.  The method according to claim 46, wherein at least one of the

electrodes comprises a noble metal.

49.  The method according to claim 48, wherein the noble metal is selected

from the group consisting of palladium, platinum, and silver.

50.  The method according to claim 46, wherein the aperture is of a

rectangular cross-section.

51.  The method according to claim 46, wherein at least one of the

electrodes is a sputter coated metal deposit.

52. The method according to claim 46, wherein the electrodes are adhered

to the sheet.

53.  The method according to claim 52, wherein the electrodes are adhered
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el ectrodes conprises a noble netal. 49. The method according to cl ai m 48,
wherein the noble netal is selected fromthe group consisting of

.pal l adium platinum and silver. 50. The nethod according to claim 46,
wherein the aperture is of a rectangular cross-section. 51. The -fefixom(y
according to claim46, wherein at |east one of the electrodes is a sputter
coated netal deposit. 52. The nethod according to claim46, wherein the

el ectrodes the sheet. 53. The method according to claimb52,
wherein thet@glfeesgl??g{gg%ag?gslg%her ed -21 - FED 2005 to the sheet by an
adhesive. 54. The method according to claimb53, wherein the adhesive is

selected fromthe grQup consisti of _heat activated adhesjve, pressure
sensitive adhesiﬁj\;e, ﬁ?é?etg?ﬁéﬁoﬁgﬁ%g’i?}@?‘ %’né‘fchel':eé‘f‘ e 3@3?%&6 1sdRlesiede, hot
mel t adhesififn tRHolPEons]sWE o PR GéthAted2ahes]: I o claim
46, further corrp:?sl?ﬁr)\g theﬁgst_eﬁ of providi ngb?gf%ﬂ}?g?%ﬁgﬁeﬂlg%%r bei ng
cont ai ned \eatrriured ddbesy v shamicaHy ried adBBiveThet melt stidsiac,cmddionfowo cl ai m 55,
further COfEHﬁés%} ng the step of printing the buffer onto at | east one wall
of the sensing chanber. 57. The nethod according to claim46, further
conprising the step of printing the red blood cell |ysing agent onto at

| east one wall of the sensigg chanber. 58. The method according to claim

46, further conprisi rgetrhahed agporking tordlaim 4y futher cempasing et depef | east one
wal | of th i e L t r i‘n 0 Gl aim 46, further
conpri si ng?){%g&gkggmg'?eq%%%ﬁfegg)ﬁﬁlggggﬁﬁlﬁggﬁfh%?ﬁ% Ssﬁ“ﬁ'g%?glfanibc?ﬁ‘t ained within
the sensing chanber. 60. The nethod according to claimb59, wherein the

support is selected fromthe group consisting of mesh, fibrous filler,
macr opor ous mentfane, Thsimgthedercopbingiiorclaipnth, uthsr pamposisg thestendt 61, The

et hod accaygliaglbufteRbMo 0P ealf ik Sidh dftfe &hAAE SharhBersuPPOT ted on or

cont ai ned the support.

57.  The method according to claim 46, further comprising the step of

printing the red blood cell lysing agent onto at least one wall of the sensing chamber.

58.  The method according to claim 46, further comprising the step of

printing the reagent onto at least one wall of the sensing chamber.

59.  The method according to claim 46, further comprising the step of

providing a support, the support contained within the sensing chamber.

60. The method according to claim 59, wherein the support is selected
from the group consisting of mesh, fibrous filler, macroporous membrane, sintered

powder, and combinations thereof.

61. The method according to claim 60, wherein the reagent is supported

on or contained within the support.
62. The method according to claim 46, wherein at least the sheet or one of

the layers comprises a polymeric material selected from the group consisting of

polyester, polystyrene, polycarbonate, polyolefin, and mixtures thereof.
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62. The nethod according to claim46, wherein at | east the sheet or one of
the | ayers conprises a polyneric material selected fromthe group
cconsisting of polyester, polystyrene, polycarbonate, polyol efin,-apgd 7005
m xtures thereof. -22 - 3 FEB 2005 63. The nmethod according to cl ai m 46,
wherein at | east the sheet or one of the |ayers conprises polyethyl ene
terephthal ate. 64. The nethod according to claim46, wherein the second
el ectrode is nounted in opposing relationship a distance of |ess than
about 150 mcrons fromthe first electrode. 65. The method according to

claim 46, wher ei63. t heTteanehod adcoedii®teclhitn 46TOHIGS ai Raft BROSHBGr Ak 31 onshi p
a di stance of |ess than about 150 mcrons and greater than about 50

mi crons frdhs taners cpmppses nokyethydne tergphtitplatenet hod according to cl ai m 46,
wherein the device may only be wused for a single-test.

64. The method according to claim 46, wherein the second electrode is
mounted in opposing relationship a distance of less than about 150 microns from the

first electrode.
65.  The method according to claim 46, wherein the second electrode is
mounted i opposing relationship a distance of less than about 150 microns and

greater than about 50 microns from the first electrode.

66.  The method according to claim 46, wherein the device may only be

used for a single-test.
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