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complicated and useful only to skilled laboratory personnel. In this case the results are generally not
available for some hours or days after sampling. In other instances, there is often an emphasis on the ability
of lay operators to perform the test routinely, quickly and reproducibly outside a laboratory setting with
rapid or immediate information dispiay.

One common medical test is the measurement of blood glucose levels by diabetics. Current teaching
counsels diabetic patients to measure their blood glucose level from two to seven times a day depending
on the nature and severity of their individual cases. Based on the observed pattern in the measured glucose
levels the patient and physician together make adjustments in diet, exercise and insulin intake to better
manage the disease. Clearly, this information should be available to the patient immediately.

Currently a method widely used in the United States employs a test article of the type described in U.S.
Patent 3,298,789 issued January 17, 1967 to Mast. In this method a sampie of fresh, whole blood {typically
20-40 ul) is placed on an ethylcellulose-coated reagent pad containing an enzyme system having glucose
oxrdase and peroxidase activity. The enzyme system reacts with glucose and releases hydrogen peroxide.
The pad also contains an indicator which reacts with the hydrogen peroxide in the presence of peroxidase
to give a color proportional in intensity to the sample’s glucose level.

Another popular blood glucose test method employs similar chemistry but in place of the ethylcetliulose-
coated pad employs a water-resistant film through which the enzymes and indicator are dispersed. This
type of system is disclosed in United States Patent 3,630,957 issued December 28, 1971 to Rey et al.

In both cases the sample is allowed to remain in contact with the reagent pad for a specified time
(typically one minute). Then in the first case the blood sample is washed off with a stream of water while in
the second case it is wiped off the film. The reagent pad or film is then blotted dry and evaluated. The
evaluation is made either by comparing color generated with & color chart or by placing the pad or film in a
diffuse reflectance instrument to read a color intensity value.

A probiem that often exists in simple lay-operator colorimetric determinations is the necessity for
initiating a timing sequence when blood is applied to a reagent pad. A user will typically have conducted a
finger suck !0 obtain a blood sample and will then be required to simultaneously apply the blood from. the
finger 1o 2 reagent pad while initiating a timing circuit with his or her other hand, thereby requiring the use
of both hands simultaneously. This is particularly difficult since it is often necessary to insure that the timing
circuit is started only when blood is applied to the reagent pad. Alt of the prior art methods require
additional manipulations or additional circuitry to achieve this result. Accordingly, simplification of this
aspect of reflectance reading instruments is desirable. :

The present invention can be more readily understood by reference to the following detailed description
when read in conjunction with the attached drawings, wherein:

Figure 1 is a perspective view of one embodiment of a test device contarmng the reaction pad to which
the fluid being analyzed is applied.

Figure 2 is a block diagram schematic of an apparatus that can be employed in the practice of the
invention.

Figure 3 is a block diagram schematic of an alternpte-epparaty

of
the invention.
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The Reagent Elerent.

DATE OF RECEIPT .,

This element, its various chemical systems and if m-from

which the present application is divided. However, a very short description follows with reference to the
figures. '

As can be seen from Figure 1, a support holds reagent pad 11 so that a sample can be applied to one
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provided herein. The pad will be accessible on at least one surface and usually two surlfaces.

The hydrophilic layer (reagent element) may be attached to the support by any convenisnt means, 2.G..
a holaer, clamp or adhesives; however, in the preterred method it is bonded to the support. The boncing
can be done with any non-reactive adhesive. by a thermal method in which the support surtace is meltec
enough to entrap some of the material used for the hydrophilic layer, or by microwave or ultrasonic boncirg
methods which likewise fuse the hydrophilic sample pads to the support. It is important that the bonding De
such as to not itself interfere substantially with the diffuse reflectance measurements or the reaction being
measured, although this is unlikely to occur as no adhesive need be present at the location where the
reading is taken. For example, an adhesive 13 can be applied to the support strip 12 followed first by
punching hole 14 into the combined strip and adhesive and then applying reagent pad 11 to the adhesive in
the vicinity of hole 14 so that the peripheral portion of the reagent pad attaches to the support strip.

The Analysis Method

The analysis method of this invention relies on a change in absorbance. as measured by diffuse
reflectance, which is dependent upon the amount of analyte present in a sample being tested. This change
may be determined by measuring the change in the absorbance of the test sample between two or more
points in time.

The first step of the assay to be considered will be application of the sample to the matrix. In practice,
an analysis could be carried out as follows: First a sample of aqueous fluid containing an analyte is
obtained. Blood may be obtained by a finger stick, for example. An excess over matrix saturation in the
area where reflectance will be measured (i.e., about 5-10 microliters) of this fluid is applied to the reagent
element or elements of the test device. Simultaneous starting of a timer is not required (as is commonly
required in the prior art), as will become clear below. Excess fluid can be removed. such as by light
blotting, but such removal is also not required. The test device is typically mounted in an instrument for
reading light absorbance; e.g., color intensity, by reflectance, prior to application of the sample. Absorbanc
is measured at certain points in time after applicatidon of thé sample. Absorbance refers in this apolicatizn
not only to light within the visual wavelength range but also outside the visual wavelength range, sucr as

infrared and ultraviolet radiation. From these measurements of absorbance a rate of color development czn
be calibrated in terms of analyte level.

The Measuring Instrument

A suitable instrument, such as a diffuse reflectance spectrophotometer with appropriate software. can
be made to automatically read reflectance at certain points in time, calculate rate of retlectance change,
and, using calibration factors, output the level of analyte in the aqueous fluid. Such a device is schemai-
cally shown in Figure 2 wherein a test device of the invention comprising backing 12 to which reagent pad
11 is affixed is shown. Light source 5, for exampie a high intensity light emitting diode (LED) projects a
beam of light onto the reagent pad. A substantial portion (at least 25%, preferably at least 35%, and more
preferably at least 50%, in the absence of reaction product) of this light is diffusively reflected from the
reagent pad and is detected by light detector 6, for example a. phototransistor that produces an output
current proportional to the fight it receives. Light source 5 and/or detector 6 can be adapted to generate or
respond to a particular wavelength light, if desired. The output of deteclor 6 is passed to amplifier 7, for
example, a linear integrated circuit which converts the phototransistor current to 2 voltage. The cutput of
amplifier 7 can be fed to track and hold circuit 8. This is a combination linear/digital integrated circuit which
tracks or follows the analog voitage from amplifier 7 and, upon command from microprocessor 20, locks or
holds the voltage at its level at that time. Analog-to-digital converter 19 takes the analog voitage from track
and hold circuit 8 and converts it to, for example. a tweive-bit binary digital number upon command of
microprocessor 20. Microprocessor 20 can be a digital integrated circuit. it serves the following conwol
functions: 1) timing for the entire system; 2) reading of the output of analog/digital converter 19; 3) together
with program and data memory 21 , storing data corresponding to the reflectance measured at specified
time intervals; 4) caiculating analyte levels from the stored reflectances: and 5) outputing analyte concentra-
tion data to display 22. Memory 21 can be a digital integrated circuit which stores data and the
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analyzed but can be made after the fluid has been applied to a location on the reagent eizment other than
where reflectance is being measured. The refiectance value is evaluated by the microprocessor, typically by
storing successive values in memory and then comparing each value with the initial unreactad value. When
the aqueous solution penetrates the reagent matrix, the drop in reflectance signals e start of the
measuring time interval. Drops in reflectance of 5-50% can be used to initiate timing, tynoically a drop of
about 10%. In this simple way there is exact synchronization of assay medium reaching e surface from
which measurements are taken and initiation of the sequence of readings, with no requiremsnt of activity by
the user.

Although the total systems described in this application are particularly direcied to the Lse of polyamide
matrices and particularly to the use of such matrices in determining the concentration of various sugars,
such as glucose, and other materials of biological origin, there is no need to limit the refiectance switching
aspect of the invention to such matrices. For example, the matrix used with reflectance switching may be
formed from any water-insoluble hydrophilic material and any other type of reflectance asszy.

Particular Application to Glucose Assay

A particular example with regard to detecting glucose in the presence of red blood csils will now be
given in order that greater detail and particular advantage can be pointed out. Although mis represents a
preferred embodiment of the present invention, the. invention is not limited to the detectizn of glucose in
blood.

The use of polyamide surfaces to form the reagent element provides a number of desirzsle characteris-
tics in the present invention. These are that the reagent element is hydrophilic {i.e., takes up reagent and
sample readily), does not deform on wetting (so as to provide a flat surface for refiectence reading). is
compatible with enzymes (in order to impart good shelf stability), takes up 2 limited sample volume per unit
volume of membrane (necessary in order to demonstrate an extended dynamic range of measurements),
and shows sufficient wet strength to allow for routine manufacture.

In a typical configuration, the method is carried out using an apparatus consisting of z plastic holder
and the reagent element (the matrix having the signal producmg system impregnated thereir), as described
in EP-A-256806.

The electronic apparatus used to make the reflectance readings minimally contains & light source, a
reflected light detector, an amplifier, an analog to digital converter, a microprocessor withn memory and
program, and a display device.

The light source typically consists of a light emitting diode (LED). Although it is possible to use a
polychrom:c light source and a light detector capable of measuring at two different wavelengths, a preferred
apparatus would contain two LED sources or a single diode capable of emitting two distinct wavelengths of
fight. Commercially available LEDs producing the wavelengths of fight described as being praferred in the
present specification include a Hewlett Packard HLMP-1340 with an emission maximum 2 635nm and a
Hewlett Packard QEMT-1045 with a narow-band emission maximum at 700nm. Suitable commercially
available light detectors include a Hammamatsu 5874-18K and a Litronix BPX-65.

Although other methods of taking measurements are feasible, the following method hes provided the
desired results. Readings are taken by the photodetector at specified intervals after timing is initiated. The
635nm LED is powered only during a brief measuring time span that begins approximately 2¢ seconds after
the start time as indicated by reflectance switching. If this reading indicates that a high leve: of glucose is
present in the sample, a 30-second reading is taken and used in the final calculation in orzer to improve
accuracy. Typically, high levels are considered to begin at about 250 mg/dl. The backgrour< is corrected
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on the part of the user. In use, the reagent strip is placed in the detector so :g the hole in the strip
registers with the optics of the detecting system. A removable cap or other cover is placed over the optics
and strip to shield the assembly from ambient light. The measurement seguence is then initiated by
pressing a button on the measuring apparatus that activates the microcomputer 10 take a measurement of
reflected light from the unreacted reagent pad. called an Ry, reading. The cap is then removed and a drop
of blood is applied to the reagent pad. typically while the reagent pad is registered with the optics and the
reading device. It is preferred that the reagent strip be left in register with the optics in order to minimize
handling. The instrument is capable of sensing the application of blood or other sample by a decrease in
the reflectance when the sample passes through the matrix and reflected light is measured on the opposite
side. The decrease in reflectance initiates a timing sequence which is describec in detail at other locations
in this specification. The cover should be replaced within 15 seconds of sampte application, although this
time may vary depending on the type of sample being measured. Results are typically displayed at
approximately 30 seconds after blood application when a blood glucose sample is being measured,
although a 20 second reaction is permissible for glucose samples having a concentration of glucose of less
than 250mg/dl. If other samples are being measured, suitable times for displaying the result may differ and
can be readily determined from the characteristics of the reagent/sample selectec.

A particularly accurate evaluation of glucose level (or any other analyte being measured) can be made
using the background current, i.e., the current from the photodetector with power on but with no light
reflected from the reagent pad, in order to make a background correction. It has been demonstrated that
over a 2-3 month period that this value does not change for a particular instrument prepared according to
the preferred embodiments of this specification, and it is possible to program this background reading into
the computer-memory as a constant. With a slight modification of the procedure. however, this value can be
measured with each analysis for more accurate results. In the modified procedure the meter would be
turned on with the lid closed before the reagent strip is in place, and the background current would be
measured. The test strip would then be inserted into the méter with the cover cicsed, an Ry, measurement
taken, and the procedure continued as described above. With this modified zrocedure the background
current does not need to be stable throughout the life of the meter, thereby proviz:ng more accurate results.

The raw data necessary for calculating a result in a glucose assay are a bacxground current reported as
background retlectance, R,. as described above; a reading of the unreacted tes: stnp, Rary: alsq described
above; and an endpoint measurement. Using the preferred embodiments descrined herein, the endpoint is
not particularly stable and must be precisely timed from the initial application of blood. However, the meter
as described herein performs this timing automatically. For glucose concenrations below 250mg/dl, a
suitably stable endpoint is reached in 20 seconds, and a final reflectance, Rgs. is taken. For glucose
concentrations up to 450mg/di, a 30-second reflectance reading, Rso, is adequate. Although the system
described herein displays good differentiation up to 800mg/dl of glucose, the measurement is somewhat
noisy and inaccurate above 450mg/dl, although not so great as to cause a significant problem. Longer
reaction times should provide more suitable readings for the higher levels of glucose concentration.

The 700nm reflectance reading for the dual wavelength measurement is typically taken at 15 seconds
{Ris). By this time blood will have completely saturated the reagent pad. Beyond 15 seconds the dye
reaction continues to take place and is sensed, to a small part, by a 700nm reading. Accordingly. since dye
absorption by the 700nm signal is a disadvantage, readings beyond 15 seconds are ignored in the
calculations.

The raw data described above are used to caiculate parameters proportional to glucose concentration
which can be more easily visualized than reflectance measurements. A logarithmic transformation of
reflectance analogous to the relationship between absorbtivity and analyte concentration observed in
transmission spectroscopy (Beer's Law) can be used if desired. A simplificaion of the Kubslka-Monk
equations, derived specifically for reflectance spectroscopy. have proven particularly useful. In this deriva-
tion K/S is related to analyte concentration with K/S defined by Equation 1.

KIS-t = (1-RYA2x RY) (1)
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indamine dye and the complex matrix being analyzed is whole blood distributed on a 0.8u Posidyne
membrane. A review entitled "Application of Near Infra Red Spectrophotometry to the Nondestructive
Analysis of Foods: A Review of Experimental Results”, CRC Critical Reviews in Food Science and Nutrition,
1_8_(3) 203-30 (1983), describes the use of instruments based on the measurement of an optical density
difference AOD (\,-)y) where ODJ, is the optical density of the wavelength corresponding to the absorption
maximum of a component to be determined and OD), is the optical density at a wavelength where the
same component does not absorb significantly.

The algorithm for dual wavelength measurement is by necessity more complex than for single
wavelength measurement but is much more powerful. The first order correction applied by the 700nm
reading is a simple subtraction of background color due to tiood. In order to make this correction, a
relationship between absorbance at 635nm and 700nm due to blood color can be and was determined by
measuring blood samples with 0 mg/dl glucose over a wide range of blood color. The color range was
constructed by varying hematocrit, and fairly linear relationships were observed. From these lines the K/S-
15 at 700nm was normalized to give equivalence to the K’S-30 zt 635nm. This relationship is reported in
Equation 4, where K/S-15n is the normalized K/S-15 at 700nm.

K/S-15n = (K/S-15 x 1.54) - 0.133  (4)

Note that the equivalence of the normalized 700nm signal and the 635nm signal is only true at zero
glucose. The expressions from which the calibration curves were derived are defined by Equations 5 and 6.

K/S-20/15 = (K/S-20) - (K/S-15n)  (5)
K/S-30/15 = (K/S-aO) - (K/S-150)  (8)

These curves are best fit by fourth-order polynomial equations similar to Equation 3 to which a fourth-order
term in K/S is added. The computer-fit coefficients for these equations are listed in Table 2.
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an anal ySt e IAnseQOn§ %r[gQJ (.eo'rrection to eliminate errors due to chromatography effects has aiso been deveioped.
Low hematocrit samples have characteristically low 700nm readings compared to higher hematocrit
samples with the same 835nm reading. When the ratio of (K/S-30)/(K'S-15) is plotted versus K'S-30 over a
wide range of hematocrits and glucose concentrations, the resulting line on the graph indicates the border
between samples which display chromatograshy effects (above the curve) and those that do not (below the
curve). The K'S-30 for the samples above the curve are corrected by elevating the reading to correspond to
a point on the curve with the same (K'S-30)/(K S-15).

The correction factors reported above were tailor made to fit a single instrument and a limited number
of reagent preparations. The algorithm can be optimized for an individual instrument and reagent in the
same manner that is described above.

In summary, the system of the present invention minimizes operator actions and provides numerous
advantages over prior art reflectance-reading methods. When compared to prior methods for determining
glucose in blood, for example, there are several apparent advantages. First, the amount of sample required
to saturate the thin reagent pad is small (tygically 5-10 microliters). Second, operator time required is only
that necessary to apply the sample to the thin hydrophilic layer and close the cover (typically 4-7 seconds).
Third, no simultaneous timing start is required. Fourth, whole blood can be used. The method does not
require any separatibn or utilization of red-cell-free samples and likewise can be used with other deeply
colored sampiles.

The invention now being generally described, the samg will be better understood by reference to the
following specific examples which are presentad for purposes of illustration only and are not to be
considered limiting of the invention unless sc soecified.

Example !
Reproducibility:

One male biood sample (JG, hemaiocrit = 45) was used io collect the reproducibility data set forth in

Tables 3-5.
TABLE 3
Reproducibiiity ci a Single Wavelength MPX System
YSI (mg/dl) Average (mg/d!) S.0. (mgidi) %C.V.
20 sec. 30 sec. 20 sec. 30 sec. 20 sec. | 30 sec.
25 23.1 23.0 2.1 2.04 9.1 9.0
55 533 ° 53.2 3.19 3.32 6.0 6.3
101 101 101 3.0 33 30 33
326 326.6 327 133 9.8 41 3.0
- 501 503 1741 3.4
690 675 28 4.15
810 813 37 45

This Sheet Has Been Replaced

AT




/— ) T e

Exenpl ary of the diagnostic assay systemis the determ tlon of glucose in

.t he whol e bl ood, where the deternmination is made without; *BFQsﬂReﬂacEd om
the bl ood and without a conpl i cated protogol subject tovl , w
BRI EF DESCRI PTI ON OF THE DRAW NGS The present in nor e
‘readi ly understood by reference to the feghkew ng detailed descripti when
read in conjunction vmththe attached drawi ngs, wherein: FIG lis a
erspective vi ew pf—one—enbo 1m:'l| test—devicT tar g tte Tgact i on
Bad Fo whi ch the fluid bein '93“\‘?‘%'8]" %b%%%vf‘u’eg’ﬂgmﬁp&q"s‘a’ﬂl G_2 is_alblock
di agram schematic ofSlm:apparmrage trigat can bS.®ipddyed | n t hé-p¥actice of
t he invention. FI G 3gk&. d BpQEK i gtggé'gm scabgg@t Co%ec.a Rikernate
appar atus that cap—be—erpheyed—+-H—the—pract-ce—gi—-he—+preptop—
DETAI LED DESCRI PT| ON &F THE | RVENTI & 1.34 1.55 >7  IThe
Reagent El enent S Thel supj edt i’ﬂ\?‘enﬁioﬁ'sgrcw efg an ifproled % apj d and
si npl e nmet hodol ogy ergﬁ oylnggzeliabg%'an edgy t eraje gbparatfis for the
determ nation of analyfes {such ag glLilcose, partijcul,aly}involv|ng, an gnzyne
substrate which resuldgs in the priodggtion of hycro&eéﬂ per oxi def asz an enzynme
product. The met hpd idyyol vies appllyi g to{a porous fgpirik a smajl yplu of
whol e bl ood, suffkletent—to-saturdte—t-he—atrx—Bounrd—t-6-—the !

TA3LE 5.
Reproducibility of a 3.0mm Dizmeter Apa2rture

) s C.v.

YSI (mg/dl) 4. 7mm 3.0am
55-100 4.8 4.9
}00 3.0 5.0
600 3.8 5.5
avg. 3.9 5.1

The blood was divided into aliquots and spiked with glucose across a range of 25-800mg/dl. Twenty

determinations were made at each glucose test level from strips taken at random from a 500 strip sample

(Lot FJ4-49B). The resuits of this study lead to the following conclusions:
1. Single vs. Dual Wavelength: The average C.V. for the 30-second dual result was 3.7% vs. 4.8% for the
30-second single wavelength result, an improvement of 23% across a glucose range of 25-810mg/dl.
There was a 33% improvement in C.V. in the 25-326mg/dl glucose range. Here the C.V. decreased from
5.4% to 3.6%. a significant improvement in the most used range. The 20-second dual wavelength
measurement gave similar improvements in C.V. compared to the single wavelength measurement in the
25-325mg/dl range {Tables 3 and 4).
2. Dual Wavelength, 20 vs. 30-second Result: The average C.V. for a 20-second result in the 25-100
mg/dl range is nearly identical to the 30-second reading, 4.2% vs. 4.1%. However, at 326 mg/d! the 30-
second reading has a C.V. of 2.1% and the 20-second result a C.V. of 4.5%. As was seen in the K/S-20
response curve, the slope begins to decrease sharply above 250 mg/di. This lead to poor reproducibifity
at glucose levels greater than 300 for the 20-second result. From this reproducibility data the cutoff for
the 20-second result is somewhere between 100 and 326 mgrdl. A cutoff of 250 mg/dl was later
determined from the results of the recovery study set forth in Example 1.
3. Aperture Size: A smaller optics aperture size, 3.0mm us.-5-0 min., was investigated. Initial experi-
mentation using a 10- replicate, hand-dipped disk sample did show improved C.V.s with the 3.0mm
aperture, apparently because of easier registration with the system optics. However, when mactune-made
roll membrane was used, the average C.V. (Table S) of the larger aperture, 4.7mm, was 3.9% us. an
average C.V. for the 3.0mm aperture of 5.1%. This 30% increase in C.V. was probably due to the
uneven surface of the roll membrane lot as discussed below.

Example Ii

Recovery:

For comparison of the present method (MPX) against a typical prior art method using a Yellow Springs
instrument Model 23A glucose analyser manufactured by Yellow Springs Instrument Co., Yellow Springs,



3B matrix are one or nore reagents of a signal producing system which
results in the production of a product resulting an initial change in the
anount of reflectance of the matrix. The matrix is typically present in a
refl ectance-nmeasuring apparatus when blogd is applied. The |iquid sanple
penetrates the matrix, resulting in an initial change in reflectance at the
measur emen®nis (YSh.aooec frén B@ aghongras Bsied1dne takawead digreg eotalipnbet@edni mats aad tegratet he
initial chexgeedinnerhiieot arcd o §5% eThatomot kendiasrtetrersed hahrg?0 foprspgfdietpance
at the nea$uyenPAt" asuhef weEcagria rFaghelogresemplr was digdecdaiglabaugts ahdpavge ivgi 9logose he
reaction pPGEcH Slaiﬂp'?h'é erfEgh Of %fOOéﬁ‘%ﬂ' glugespFapthBmelenss dested in duplicajedpr a total of
neasurenen‘?‘?ﬁp 'S d, partlcu Iucose neasurenents whol e bIood i's
typically usroasxp : see :;’ns Ngleél 1 and FTP;F Lﬁ:P%ﬁ Ue ﬁhegxﬁa&?_ gl? ! I?é/

whi ch pr odé/f'§ PEr oXi 50" CQHTRP n%‘éfs "B R e i W T REesd
second enz ommg&'&tﬂﬁ(r 5 etsfhs: pﬁcn %Mﬁé%o s @Bk BhaliEseSHRl RIS buREqulé% g a
l'i ght - abs 0§ifjaiyOnddd Qi tn th@s:@ﬂuﬁgggkh%at\@g}r S5 REERXNHBSEth strgrams. The 20-

| i ght - abs 0sdabridgedaing @bkoine £ bty GQBerb 1Bl EE40ERS AMENS BOBRbag MChhe R iGos oD Rl
readi Ngs awige kaaker Ontidihe bukdsélleld BRI myp@vel engths with the reading at one
wavel engt h ugede sansybhs aet q@udiitatb@BKgHidmiARg iHat RtifRRLRHe Y Sia satusyucose ranges.
hemat ocr i t Thebbloeidy @exvpgeerabbiangd. and ot her vari abl es which nay affect the

result. - A reagent elenment is enployed which conprises the matri x and
t he nenbers of TABLE 6.

Accuracy of MPX froam Recovery Data

MPX Measurement S.D. (mg/dl) C.V. for Rang=a*
Wavelength Time (sec.) 0-50 50-250 250-450 &50-7
Single 20 =5.6 7.2 i4.5 -
Single 30 +6.9 71 8.8 10.2
Dual 20 +2.3 5.3 12.8 -
Dual 30 £2.19 5.5 5.8 B. 4

Note: These are inter method C.V.s.

a. The dual wavelength system gave C.V.s that
ranged 30% lower than tne’siagle wavelength
system.

0. The single wavelength system, from 0-50 mg/dl
showed 2 S.D. of #6-7 mg/dl wnereas the S.D.

for a dual wavelength measurement was only
2.2 mg/dl.
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.the signal producing systemcontained within the matrix. The reagent
el ement may include other conponents for particular applications. The
nmet hod requires applying a small volunme of blood, which typically has not
‘been subject to prior treatnent (othgr than optional treatnment with an
anticoagulant), to the matrix. Timng of the neasurenent is activated by
the apparatus automatically detecting a change in reflectance of the matrix
when fluid penetrates the Tt X. T The? changecPacr dPKeseanes 269ar a3
predetermned time perdsml @s/A resthd of=f9soBEH0R0k I 8aGLIL-0R RROdUCE IS
then related to the anpunt,of angly;g_ipqaﬁsangle; . he first
conmponent of the present. ihvention o> be°tonefaarPed=ts 8 Bédfent el enent,
conveniently in the shape! bir al paak -conpedsCny. an{izperb xioraws ety i X and
the component or conpongats: ofid siaoalapeadusi Bg sl e, whi ch system s
capabl e of reacting with an analyte to producée a |ight-absorbing reaction
product, i npregnated iTﬁ%F%%%SBBYES P~erec pot Bus nFaRPOx ¥ 5Phas /2l
si gnal - produci ng syst ememipesi nodr shgbhbdcantl ¥ papedentahe ddu@w Hfrdd qui d
t hrough the matri x. the 20-sacon s yoce fom w . 3C
In order to assist in Feading FetTect BRCA™S £9i d%nP&r éPfed Tthati W mat ri x
have at | east aand 12.8% for tne dual wavelength.

d. The 30-sescond reading was unusable above 0

45
mg/dl for both the single and dual wavelength
measurement {C.V.s of 10.2 and 8.4%).

In conclusion, two MPX systems gave optimum quantitation in the 0-450 mg«d! range.

1. MPX 30 Dual: This dual wavelength system gave a 30-second measurement time with a 95%
confidence limit (defined as the probability of a measurement being within 2 S.D. of the YSI) of 11.3%
(C.V.} for the range from 50-450 mg/dl (Table 7) and +4.4 mg/dl (S.D.) for 0-50 mgy/dl.
2. MPX 30/20 Dual: This dual wavelength system gave a 20-second measurement time in the 0-250
mg/dl range and a 30-second time for the 250-450 range. The 95% confidence limits are nearly identical

to the MPX 30 Dual System (Table 7). 11.1% (C.V.) for 50-450 mg/d! and 4.6 mg/dl (S.0. for 0-50
mg/dt).

TABLZ 7.

Comparison of 95% Confidence Liznits for MPX,
GlucoScan Plus and Accu-Chek bG* Reagent 3trips

Measuring

Range MPX Single Wavelength MPX Dual Wavelengthn
mg/dl 20 sec. 30 sec. 20 sec. 30 sec.
0-50 11.2 mg/dl 13.8 mg/dl 4.0 mg/dl 4.4 mg/dy
50-250 14.4% 14,24 10.6% 11.0%
250-450 - 17.64% - 11.6%
77-405 GlucoScan Plus (Drexler Clinical) 15.99
T7-405 Accu-Chek bG (Drexler Clinical) 10.7%
50-450 MPX 20/30 Dual Hybrid : 11.1%
50-450 = MPX 30 Dual : 11.3

Conf;dence limi{ts for MPX were from the YSI. The
confidence limits for GlucoScan Plus and Accu-Chek
OG were from the regression equation ¥s. YSI which

eliminates bias due to small differences in
calibration. ) '
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one side which is substantially snmooth and flat. Typically, the matrix wll
be formed into a thin sheet wth at | east one snooth, flat side. In use,
"the liquid sanple being analyzed is applied to one side of the sheet

wher eby any assay conpound present pa§?es t hrough the reagent el enent by
means of %ﬁglllary, w cking, gravity ow and/or diffusion actions. The

conponent 5 he si gnal producing systempresent in the matrix will react

to give a |ight ,ahsQhbl.0g.e RACLHRE oM@ MG 2ng! EHI RAL cdrtitly JsRPhIAISRoHPOE.
the T eageRlys,&)ng MEMbradd didks | 196 25dcAB ol d18fmd ALl HEres 96 Alcr QRovloGstyl CH T ﬁfz

sanpl e i s apphidadreddetiile ishnfi§f NGE kRAy TahHBidNE SbH EACERfe hNBspBAEIEMe @5,

di ffuse ref befdyREImbhEFtHe. readahSsidiéd diUg201d Ght siica gedebi@ahieteand mFRaS e Ghas hOr
exanpl e by theeddetdaigoras aleasurdcedy € taP&ERe SPL Bbiaphtame sedple vENBe 28tpanaé o0d
refl ected | sginde svrtd atlseC rizkms@dergromtrépeesamedingludte @amgloy 0250 mg-dthe sanpl e,
usual | y bei AgSteniity AVETS @ I70AGtbiln sofly ¢dirg tanpontreagdnt axthe BT etudynwas lserigoavplTee

4 ditterences 1n glucose values of reagent stressed at 37 ' Thus. RRtaagent. for strips stiegsed with apdhe
conponent s rétoEsadhesives wAs Aitied aer figpet AMdoyse dpedite v epiEnh dusyiolthe Aoer ders¢ucitlindf i n
turn. The f ih?rgifna%mé!}ﬂ stpkility o rPxgaiient fory st whether they were stressed with or without

adhesive.

3. Stability at 56° C: Eight 5- to 6-day stability studies were carried out using different preparations of a
similar formulation on disk membrane (Table 8). For the low glucose test level (80-100 mg/dl) the
average gulcose value dropped upon stressing by 3.4%, with the highest drop being 9.55%. At the high
test level (280-320 mg-di) the glucose reading declined by an average of 3.4%, the largest decline being

10.0%.
TASLE 8
Stability of pH = 4.0, .8 Posidyne Disk Reagent
Formulation Stressed for 5 to 6 Days at .56°C
% Difference (56°C vs. RT Sample)
Sample No. YSI {80-100 mg/dl) YSI (230-320 mg/dl)
FJ2283 -6.25 +5.4
FJ27A 4.0 ~5.14
FJ288 -2.4 -5.3
FJ30H -9.55 - -10.0
FJ31C +4.43 ¢ i -1.24
£J36 -3.2 -8.5
FJLi83* -3.0 0.0
GM48ax -3.0 -2.5
Average of 8 -3.4 -3.4

* These two samples contained twice the normal

concentration of enzyme and dye.

A study of the 56° C stressing of this membrane over a 19-day period showed no major difference for
strips stressed with or without adhesive. In both cases the 18-day decline in glucose value was <15% at
low test levels (80-100) and 300 mg/dl.

Another 56 ° C study using hand-dipped 0.8 Posidyne membrane with twice the normal concentration of
enzyme and dye was completed. Two separate preparations of the same formulation were made up and
the stability measured over a 14-day period. The average results of the two studies were plotted.
Changes were within £10% over the 14-day period at both the high and low glucose test level. These
data show this formulation to be particularly stable.

Example vV
Sample Size:;

The sample size requirements for MPX are demonstrated in Table 9.
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. The matrix wll be a hydrophilic porous matrix to which reagents may be
coval ently or non-coval ently bound. The matrix will allow for the flow of
an aqueous medi umthrough the matrix. It will also allow for binding of

“‘protein conpositions to the matrix thout significantly adversely
affecting the biological activity of ]The protein, e.g. enzymatic activity
of an enzyne. To the extent that proteins are to be covalently bound, the
matrix will have active sites for:ttval®ent bonding or may be activat ed by
nmeans known to the-agf. :',I'he?1 o§|t|on of {he matrix will be reflective
and will be of sufficient t hess “Eoperm t he FEFMECi on of a
| i ght - absor [saagidye i n t hepwvoi d.a\rglx_gng -9r on the sursf; ace A §yb§lan,t lally
af fect the Sigfl detltance fromthe matri xnvaIIFE?gé’TBt
conposition or a coating on a subst r@tecsroYsdi Agsd he necessary stTU‘CT‘UTe

and physi cal propertl,es The matrix will usually not deform on
wetting, thus r3et ai ni, ng |% or#ggr nal conf‘tﬂ mat | drt and<sr z80 TheSmatri3C will
have a defi nedsabsor Livify, th E the ¥ Iurre 2i s d sor‘b?ed carthe
calibrated w tjiagi n reggonagd e I5| mty, varigdions: suangy bé b&i nt al‘ned

bel ow about 5@% preferabiy nafg gregter than 10% Thé? mat ggx v@@l havi
sufficient wet strength to allow for routine manufacfure. "The matrix Wll
pernmit non-coval ently bound reagegtt SI}]I.ﬂ:obsQ vgkatiys&dy uniformy dist ri but ed

on the surface _of the rra IiX. As exenplary of matrix surfaces are
pol yami des, particu t B7®angPés i ¥ vi n@TWholk82bl 884. TH@ polasa des
are conveni ent I.-y co ns o] ol rs o%% no r‘s (3f9°fr6rh?4 Bb38 ca?rlbbn
atons, where t,I@e MDRPREr $5 Al € 1gaC nbi of a bs and Y

di - car boxyl i c 2aci dsg7§1 %1)‘0 p gonergrzg co iti h Bn %bl e 32?
properties may al so find use. The pol yam de corrposrtlons & modi¥ied to

I nt roduce ot her functronal rou s whi ch provide for charged structures SO

that the surfat RS s %‘“tf’ttf’éne re YE"B " vt FRg @ g

vel | as nefqt’eﬁ érhenb"bf-@r ég’h §er F i o H'pf*t?r ag' 3 @P'afé"" i *t;ﬁ%rre  therefore

char ge d. |Y§Z\hr rie eqe fo) rfohreeer\nlﬁi)(j:‘?m b\gba&%fm;% (-] nee Ve%;eg(e rom dt :rmB?r% or
at

has pores Mtéets vi%té% p@é'ﬁ thpieeh) m
[err]m nogg phg eweta aves AR, ag deq ate, A 10/ .fr paof
Tmnner of BHERAL) 8 0 BT o U %Fde%iop' S0 Tolboly Ay 1 BE  DACHHGIPBbA oL YaTRr
**  used for sampling.
At low glucose concentration the single wavelegi_;th resylt has some dependence on sample size which

is completely eliminated using the dual wavelength measurement. Although this depencence with the single
wavelength might be considered acceptable, it is clearly undesirable.

Example V
Reproducibility:

Experimental measurements described above were always run in replicate, usually 2, 3 or 4 determina-
tions per data point. These sets have always shown close agreement even for sampies with extreme
hematocrits or extreme oxygen levels. C.V.s were well below 5%. It appears, therefore, that reproducibitity
is very good to excellent.

The subject invention provides for many advantages over systems which are presently available
commercially or have been described in the literature. The protocols are simple and require little technical
skill and are refatively free of operator error. The assays can be carried out rapidly and use inexpensive and’
relatively harmiess reagents, important considerations for materials employed in the home. The user obtains
results which can be understood and used in conjunction with maintenance therapy. In acdition, the
reagents have long shelf lives, so that the results obtained will be reliable for long periods of time. The
equipment is simple and reliable and substantially automatic.

 All patents and other publications specifically identified in this specmcatlon are indicative of the level of
skill of those of ordinary skill in the art to which this invention pertains and are herein individually
incorporated by reference to the same extent as would occur if each reference were specitically and
individually incorporated by reference. ' :

The invention now being fully described. it will be apparent to one of ordinary skill in the art that many
modifications and changes can be made thereto.
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onto a core of non-woven fibers. The core fibers can be any fibrous
material that produce the

4A described integrity and strength, such as pol yesters and pol yam des.
The reagent that will formthe |ight-ghsorbing reaction product, which is
di scussed | &8 in detail, is present Within the pores of the matrix but
does not bllock mMeHes plarkauss wyne fhatreedveenienique Gipoantd-eac T Jevhe wass aynaees um
e.g. blood, bei n%’”ﬁn"al‘ PPed 4R Fl'RsiRntehregtitth frehes ot ewtaef of laecormms ratrx pder e
particles, sultg@boey ts‘r‘fF‘B"c 2SEConG pustagecq! e feteche sur f ace. The matri x
i s substantiall ya Irn dipne 'r‘u lFC"'i‘”Fe Yesstrog ﬂfFFLFs’ﬁaCFef | ect ance wi t hout

.he a,d onal refl

the use of a i e 'Ea s AR 3BT TEFhye
at |east 50% Ff%ac ’%ﬁ%* i nci gen ?'f“'nﬁ? droB i |eég¥ ° feﬁé”"ﬁaf° 08 PR f FAE R e dF

enitted as diffuyss refk@%@%ssurém ’ fr Q ition
t hi ckness i s kbﬂét@dnfé/areﬂei% dﬂ‘ﬁé%dnom@bngl?eﬂ%ﬁg%icg ealdﬁéa b r%Qetg &t e%ﬁ%e acditional
preferred. A thickness of fromO to O. mnls m)st pre erre

parti cul arl2zy Ronet@dragtddingT@t didink .1, wherein saJ ¥fHa€Als| Nuang R, LR £aldxad‘64n&lal Rfectance
attached to ardaditgieifers froorsdierirst exfighitante bdluePIMes ia0Rlid fadaN IR beBbtetidsYio said first
al t hough t hi ssyfiase dfetid perinecessary. FIG 1 shows one enbodi nent of the
invention in which a thin hydrophilic matrix pad 11 is positioned at one
end of a pl3as fimethre pefaiding 0 $aym Aevdamein said matrix has a dye precursor bound to the matrix.

* [+ L M S *
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of- an adhesive 13 which-directly and firmy attaches the reagent pad to the
hhandle. A hole 14 is present in the plastic holder 12 in the area to which
reagent pad 11 is attached so that sanple can be applied to one side of the

reagent pad and light reflected fromthe other side. A liquid sanple
to be tested is applied to pad 11. Cenerally, with bl ood being exenplary of
a sanple being tested, the reagent pad will be on the order of about 10

merr] to 100 merr] in surface area, especially 10 mmjerr] to 50 nmmferr]
in area, which is normally a volume that 5-10 microliters of sanple wll
nore than saturate. D ffuse refl ectance neasurenents in the prior
art have typically been taken using a reflective backing attached to or

pl aced behind the matrix. No such backing is needed or will normally be
present during the practice of the present invention, either as part of the
reagent element or the refl ectance apparatus. As can be seen from
FIG 1, the support holds reagent pad 13 so that a sanple can be applied to
one side of the reagent pad while light reflectance is nmeasured fromthe
side of the reagent pad opposite the |ocation where sanple is applied.

FIG 2 shows a systemin which the reagent is applied to the side with the
hol e in the backing handle while |ighsTrRacrefl ected and neasured on the

ot her side of the reagent pad. Ot her structures than the one depicted may
be enpl oyed. The pad may take various shapes and forns,

METHOD OF OPERATION OF REFLECTANCE-READING DEVICES

A method for operating a reflectance-reading device involves
triggering a timing circuit by an initial decrease in
reflectance by the wetting of the surface whose reflectance
is being measured by a fluid which passes through the inert
matrix. The method is particularly suitable for the
measurement of glucose levels in blood without requiring

separation of red blood cells from serum or plasma.

(Figure 2)
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4B subject to the limtations provided herein. The pad will be accessible
.on at |east one surface and usually two surfaces. The hydrophilic

| ayer (reagent elenent) nay be attached to the support by any conveni ent
nmeans, e.g., a holder, clanp or adhesives; however, in the preferred nethod
it is bonded to the backing. The bondj g can be done with any non-reactive
adhesive, by a thermal nethod in which the backing surface is nelted enough
to entrap sone of the material used for the hydrophilic |ayer, or by

m crowave or ultrasonic bondi ng net ho | i kéwm Sexf uSle th philic
sanpl e pads to the backing. It is i Zt hat thegggrding be such jas to
not itself interfere substantially W i edtancp
measurenents or the reaction being édE 1 t h ug“g’ his 15 pniSkelly to
occur as no adhesive need be presen cat ifon éﬁere thelreading is
taken. For e¢Nanpke, an adhesive 13 i edlto the Hackihg strifp 12
foll owed first\ by punching hole 14 int mg,néd dtrip and adilesive and

ijcinity ofhole 14 so
that the pefi ph&al portion of the reagent pad attachds to the backi ng
strip. \ m The &h m-g¢al ,Rqagent s Any
signal produdi ng 8yst'em may be enployed that is pebLegoff reacting with
the anal yte iR ifjndirectly) a
conmpound t hat acteristically absorptive at |a=wa/®l gngth other than a
wavel engt h at i Ne assay nmedi um substanti al | Seakh
Pol yam de matri parficularly useful for ca r?fnd“but reactions in
whi ch a substrate Xt & reacts with an oxygen-utilli zing oxi dase enzyne
in such a manner product is
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produced that further reacts with a dye internediate to either directly or
“indirectly forma dye which absorbs in a predetern ned wavel ength range.

For exanpl e, an oxi dase enzynme can oxidi ze a substrate and produce hydrogen
* peroxide as a reaction product. The hydrogen peroxide can then react with a
dye internmedi ate or precursor, in a _catalysed or uncatal ysed reaction, to

produce an oxi di zed form of the inté?ﬁediate or precursor. This oxidized

mat eri al nmay produce the col ored pro ct nrth2§r1q, sor
to formthe final dye. Nonl i m tEng exanpl es|of, amal ang_typi ca
reagents include the foll ow ng mater a§§3§@§yn in 1h§§ﬁ%ll g |5t
4C Anal yte and Sanpl e Type g§<2 g Refigents
d ucose in blood, serum urine or othe&  S& ufose O @se oxgglas¢ and
an Oxygen biological fluids, w ne, ri t j ui cps o ot Rer
col ored aqueous fluids. Wole blood is 7 partlcutgily preferred/sanple
type. Oxygen Acceptors include: g < N
o
e g
<
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preferred embodiment it concerns a test device and

metnod for colorimetrically measuring the concentration
K4

of glucose in whole blood.

The quantification of chemical and
biochemical components in c¢olored agqueous fluids, in
particular colored bioclogical fluids such as whole
blood. and urine and biological fluid derivatiyes sucn
as blood serum and blood plasma,'is of ever-increasing
importance. Important applications exist in medical
diagnosis and treatment and in the quantification of
exposure .Lto tnerapeutic drugs, intoxicants, hazardous
chemicals and the like. In some instances,  the amounts
of materials being determined'aqé either so miniscule--
in the range of a microgram or less per deciliter--or

so difficult to precisely determine that  the apparatus

employed is complicated and useful only to skilled

30

35

laboratory personnel. In this case the results are
generally not available for some nours or days after
sampling. In other instances, there is often aﬁ
emphasis on the ability of lay operators to perform the
test routinely, quickly and reproducibly outside a
laboratory setting with rapid or immediate information
display. - '

One common medical test is the measurement of
blood glucose levels by diabstics. Curreat teaching
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S _ The Anal ysis Met hod The anal ysis nethod of this

I nvention relies on a change in absorbance, as neasured by diffuse
refl ectance, which is dependent upon the amount of 5 anal yte present in a
sanpl e being tested. This change may be determ ned by neasuring the
.change in the absor bance of the test sanple between two or nore

points in tine. The first 2step of the assay to be
considered 10 will be application of the sanple to the matrix. In

practice, anzﬂuﬂq&éBscomhd=béccaetre@»@uuoa@aaﬁUQWEtheiP DEppdt a sanpl e
of aqueous fl "Efﬂl(%’gé al QVEQ auo@]na t%t Qo sevdr® lplbﬁ@é nedy; Bl god Ry e

-obt ai ned by a ¥inger sti exanple An excess over matrix
saturati-on in Qhetils naszueg \?Méiréer"é‘fﬂléd’t &iceR T brd hphduRrédCESSS - about

S5- Based on the observed pattern in the measured glucose
5 levels the patient and paysician togetner make
ad justments in diet, exercise and insulin intake to
better manage the disease. Clearly, this information
should be available to the patient immediately.

Currently a method widely used in the United

10 States employs a test article of tne type described in
U.S. Pataent 3,298,789 issued January 17, 1967 to
Mast. In this method a sample of fresh, whole blood
(typically 20-40 ul) is placed on an_ethylceliulose-
coated reagent pad containing'an enzyﬁe system nhaving

15 glucose oxidase and pesroxidase activity. .Tne enzyme
system reacts with glucose and releases hydrogen
peroxide. Tne pad also contains an indicator which
reacts with the nydrogen peroxide in the presence of
peroxidase to give a colbr proportional in intensity to

20 the sample's gluéose level.

Another popular blood zglucose test method
employshsimilar chemistry but in place of the
ethylcellulose-coated pad employs a water-resistant
film through whicn the enzymes and indicator are

25 dispersed{ This type of system is disclgsed in United
States Patent 3,630,957 issued December 28, 1971 to Rey
et al. .

In both cases the sample is allowed to remain

in contact with the reagént pad for a specified time

30 (typically one minute). Then in the first case thne
blood sample is washed off with a stream of water while
in the second case it is wiped off the film. The
reagent pad or film is then blotted dry and evaluated.
The evaluation is made either by comparing color

35 generated with a color chart or by placing the pad or
film in a diffuse reflectance instrument to read a
color intensity value.

TMst‘“:reu_vaan‘snas.
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10 ﬁicroliters) of this fluid is applied to the reagent el enent

or
S not
cone
eis

t he

el enents of the test device. Sinultaneous starting-of a tinmer i
required (as is conmonly required in the prior art), as wll be
cl ear 20 bel ow. Excess fluid can be r ved, such as by Ilight
blotting, but such renoval is also not required. The test devic
typically nmounted in an instrunment for reading |ight absorbance;
e.g., color intensity, b reflectance, prior.to a i cation of
sanple. 25  Absorbande F%I?Wﬁ%u?%t a?fE%?t%ﬁ‘ﬁsﬁﬁl ﬁf‘ssi"ﬁgh? axft er

appl i cati on obpeha teanmucd oriibsothian ode tefet sathohhi §s the nappbsdaWion not

vi sual
6

LY O I bt Bl 18£S U camyng SEYELADO!InEANBROB! 13l S0l

wavel eng

rared an travio

I a

i de t he

tion.

Fr omtph@sefamm eprcht s dfusesovbbhctyrifatdyohavs @pnducted
a finger stick to obtain a blood sample and will then be

5

10

15

20

25

30

35

required to simultaneously apply the blood from the
finger to a reagent pad while initiating a timing
circuit with his or her other hand, thereby requiring
the use of both hands simultaneocusly. This is
particuiarly difficult since it is often necessary to
insure that the timing circuit is started only when
blood is applied to the reagent pad. All of the prior
art methods require additional manipulations or
additional circuitry to achieve this result.
Accoxrdingly, simplification of this aspect of
reflectance reading instruments is desirable.

The present invention can be more readily
understood by reference to the following detailed
description when read in conjunction with the attached
drawings, wherein:

Figure 1 is a perspective view of one embodiment

of a test device containing the reaction pad to which
the fluid being analyzed is applied.
Figure 2 is a block diagram schematlc of an

apparatus that can be empldyed in the practice of the
invention.

Figure 3 is a block diagram schematic of an

alternate ‘apparatus that can be employed-in the practice

of the invention.

Detailed Description

The Reagent Element.

This element, its various chemical systems and
its mannexr of use are described in EP-A-256806, from

which the present application is divided. However, a

very short description follows with reference to the

figures.
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devel opment can be calibrated in terns of analyte 5 |evel. The

" Measuring | nstrunent A suitable instrunent, such as a
dlffuse refl ectance spectrophotoneter with approprlate 10 software,
can be'made to automatically read reflectance at certain points in
time, calculate rate of refl ectance change, and, using calibration
factors, output the level of analyte jn the aqueous fluid. Such a
device is schematically shown in Figure 2 wherein a 15 test device of the
i nvention conprising backing 12 to whi ch reagent pad 11 is affixed is

shown. Light source 5, for exanple a high intensity |ight emtt| ng
di ode (LED) proj &t £a3p Reyfesn |5t W hk r%aﬁ‘éﬂ?og

substanti al p%tag@m( Fad aasts@S0haPrefcambnly @én|]@@5&pﬁﬁle85%> and nor e
preferably at %€§t 50°q in the absq$ %M- 1 eact roduct) of this
light is diff@ e 1S39RT Y rEN e %%%%ed? Ad-i $°detected by.
light s demeasumea ﬁrnmewhaqﬁxﬁeiqﬁummmrzwagsmbrp@ﬁapppcdeee§he an
out put curreng tighalet I receives. Light source 5
and/ or detectoOE%Rggﬁlbe © §%%§f %ghé %ﬁ%?ate or resgond toa
particul ar wavel mumu%;rﬁhow @e§Y$’é%F“ ImewBiERuthef TBEERTOLSE

is passed to apiifdertd thOrs£X8MPLEn €héi REBE in the support handle
while light is reflected and measured on the other side

10 of the reagent pad. Other structures than the one
depicted may be employed. The pad may take various
shapes and forms subject to the limitations prov1ded
herein. The pad will be acce531ble on at least one
surface and usually two surfaces.

15 The hydrophilic layer (reagent element) may be
attached to the support by any convenient means, e.g., a
holder, clamp or adhesives; however, in the preferred
method it is bonded to the support. The bonding can be
done with any non-reactive adhesive, by a thermal method

20 in which the support surface is melted enough to entrap
-some of the material ‘used for the hydrophilic layer, or
by microwave or ultrasonic bonding methods which
likewise fuse the hydrophilic sample pads to the
support. It is important that the bonding be such as to

25 not itself interfere substantially with tﬂe diffuse
reflectance measurements or the reaction being measured,
although this is unlikely to occur as'no adhesive need
be present at the location where the reading'is taken.
For example, an adhesive 13 can be applied to the

30 support strip 12 followed first by punching hole 14 into
the combined strip and adhesive and then applying
reagent pad 11 to the adhesive in the vicinity of hole
14 so that the peripheral portion of the reagent pad
attaches to the support strip.
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integrated circuit which converts the phototransistor 30 current to a

vol tage. The output of anplifier 7 can be fed to track and hold
‘circuit 8. This is a conbination linear/digital integrated circuit

whi ch tracks or foll ows the anal og voltage fromanplifier 7 and, upon
command from m croprocessor 20, |ocks or holds the 35 voltage at its

| evel at that tine. Analog-to-digital5 converter 19 takes the anal og
voltage fromtrack and hold circuit 8 and converts it to, for exanple,

a twel ve-bit binary digital nunber upon comuand of m croprocessor
20. M croprocessor 20 can be a digital

7 integrated circuit. It serves the following contro
functions: 1) timng for the entire system 2) reading of the output

of anal og/ di gi tgk @&ARYESLHE vkHnod together with program and data

menory 21, storing data . COITEsp ondlng to the refl ectance neasured at
speci fi ed The analysis method of this invention relies

on a cnange in absorbance, as measured by diffuse
reflectance, wnich is dependent upon the amount of

5 analyte present in a sample being tested. This chnange
may be_determined by measuring the change in the
abéorbance of the test sample between two or more
peints {n time.

The first step of the assay to be considered

10 will be application of the sample to the matrix. 1In
practice, an analysis could be carried odt as follows:
First a sample of aqueous fluid containing an analyte
is obtained. Blood may be obtained by a finger stick,
for example. An excess over matrix éaturation in the

15. area where reflectance will be measured (i.e., about 5-
10 microliters) of this fluid is applied to the reagent
element or elements of the test device. Simultaneous
startingiof a timer is not required (as is cémmonly
required in the prior art), as will become clear

20 below. Excess fluid can be removed, such as by light
blotting, but such removal is also not required. The
test device is typically mounted in an 1nstrument for
reading light absorbance; e.g., color 1nten51ty, by
reflectance, prior-to application of the sample.

25 Absorbance is measured at certain points in time after
application of the sample.' Absorbance refers in tanis
application not only to ligﬁt within the visual

wavelengtn range but also outside the visual wavelengﬁh
range, such as infrared and ultraviolet radiation.
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time intervals; 4) calculating analyte |levels fromthe stored

refl ectances; and 5) outputing analyte concen- 10 tration-data to display
22. Menory 21 can be a digital integrated circuit which stores data
and the m cro- processor operating psogram Reporting device 22 can
take vatious hard-copy and soft copy forms. Usually it I's a visual

di splay, such as a liquid crystal or LED 15 display, but it can also be a
tape printer, audible signal, or the like. The instrument also can

i ncl ude a BremttRedp SRteAeandteanfprEvicd® et addidRe AT W3idT e

time output toudwelisghénti 8Ba ber capRbyhReqdsamPl@as or tatd Nged eadi ngs,

etc., if desired. 20 Ref | ect ance Swi t chi ng In the

pr esent ind%nt%%ﬁ?lthe refl ectance circuit itself can be used to
initiate timng by measuring a drop in reflectance that occurs when the
aqueous portiap_ of theusug e %i n s%h%tion applied to t he reagent pad

(e.g., blood) at which reflectance is being
measured. Typically, theA suipsdderiimgtadeviesd ,i suak sl ord i ffaseready”

mode in Wﬂé&héeiaﬁeteaesgcrt%%%in%%m%rt%:atumpta' A,yri@éf at 30
closely spaced intervals (typically about 0.2 seconds romthe
typi cal | y 167 f - df E¥arsubSeanPramaged by, autonamiepctedrsahgenfleetapceThe

initial nmeasurggegkrk&in points in time, calculate rate of
reflectagce change, and, using calibration factors,
‘output the level--of analyte in the'aqueous fluid. Such
a device’is schematically shown in Figure 2 wheréin a

15 test device of the invention comprising backing 12 to
whicn reagent pad 11 is affixed is shown.u Light sourcs
5, for example a2 nigh intensity lignht emitting diode
(LED) projects a beam of light onto the reagent pad. A
substantial portion (at least 25%, préferably at least

20 35%, and more preferably at least 50;, in the absence
of reaction product) of this light is diffusively
reflected from the reagent pad and is detected by light
detector 6, for example a pnototransistor that produces
an output current provortional to the 1light it

25 receives. Light source 5 and/or detector 6 can be
adapted to generate or respond to a particular
wavelength light, if desired. The output of detector 6
is passed to amplifier 7, for example, a linear
integrated circuit which converts the phototransistor

30 current to a voltage. The output of amplifier 7 can be
fed to track and hold circuit 8. This is a combination
linear/digital integrated circuit which tracks or
follows the analog voltage from amplifier 7 and, upon
command from microprocessor 20, locks or holds the

35" valtage at its level at that time. Analog-to-digital
converter 19 takes the analog voléage from track and
hold circuit 8 and coaverts it to, for example, a

twelve-bit binary digital number upon command.of
microprocessor 20. Micropcocessor 20 can be a digital

Cie l e -
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typi cally made brior to penetration of the matrix by fluid being

anal yzed but can be nmade after the fluid has been applied to a

| ocation on the reagent el enent ot her than where refl ectance is being
nmeasured. The refl ectance val ue is;evaluated by the m croprocessor,
typically by storing successive values in nenory and t hen conpari ng
each ,value with the initial unreacted

8 . value, _\Wen the aqueous solutlon ra es.the rea t

matrix, the df BpSBR3TEN &HtEE si gnal€1H Lai%%“she%&agaﬂi ng tinmne

interval. Drppacitions: ref)l editreinoe fofc &rﬁ@%manrbesusedmt 02)nireikedtiazg

LT, ot (AL SR bR A0 Of b0/ A000 ot ORI REIPRG 09y there s

exact syncﬁron|za I'on of assa he surface from which
measur ement s he&ettalean wirfd qKPSﬂ&WtaQﬁ|Qﬁﬂ@fm@ﬂéfgeadenééoﬁﬂﬂﬂedéﬁﬁgs,

with no corresponding to the reflectance measured at specified

time intervals; 4) calculating analyte levels from the
stored reflectances; and 5) outputing analyte concen-

10 tration data to display 22. Memory 21 can be a digital
integraped circuit which stores data and the micro-
processor operating program. Reporting device 22 can
take vatfbu§.hardwcqpy and soft copy forms. Usually it
is a visuzl displaj, Such as.a-liquid crystal or LED

15 .display, but it can also be a tape printer, audible
signal, or the like. The instrument also can include a
start~stop switch and can prbvide an . audible or visible
time output to indicate times for applying samples,
taking readings, etc., if desired.

20
Reflectance Switching

In the present inventfon, the reflectance
circuit itself can be used to initiate timing by
measuring a drop in reflectance that occurs when the

25 aqueous portion of the suspensibn,solution applied to
the reagent pad (e.g., blood) migrates to the surface
at wnich reflectance is being measured. Typically, thne
measuring device is turned on in a "ready" mode in
which reflectance readings are automatically made at

30 closely spaced intervals (typically about 0.2 seconds)
from the éypically off~-white, substantially dry,
unreacted reagent strip. The initial measurement is
typically made prior to penstration of the matrix by
fluid being analyzed but can be made after the fluid

35" has been applied to a locatidn'on the reagent element
other than where reflectance is being measured. The
reflectance value is evaluated by the microprocessor,

typically by storing successive values in memory and
then comparing each value with the initial unreacted
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requi renment of act|V|ty by the user. Al t hough the total
systens described in this application are particularly directed to t he
use of pol yam de matrices and particularly to the use of such 15
matrices in determ ning the concentrationgof various sugars, such as
gl ucose, and other materials of bi ol ogical origin, there is no need to
limt the refl ectance switching aspect of the invention to such
matrices. For exanple, the matrix used with 20 reflectance sw tching may
be formed fronYahi#ewat &Nen g AGIEHS $YH OHATI PENREFELES HIRI any ot her

type of rei»begtaamcexaascsay, the dr &@rtmcuéme&pahwatsu@mahcs @agose

Assay 25 artécular exanp m*th r;gar%é%% det ecti ng
gl ucose in%he Breser?cfe of- r'ed bt 'oodP c%)r W gl’\fen i n order

that greater deedillecahqearef it canaUeamsagetoamnbalamauuxmnmg
Although this. peRiesants o ardp RSl esoed fabodi TRNEATL WG d¥e

i nvention, the ifivention is not linted to the etectlon o%gglucose in
bl ood. there isTix3agk %Y“%@f?@h?ﬂélgﬁrPﬁcé§sﬁd1mﬂ4ﬁ4mm¥89001n8

reagent el emengpRr @ydescd NHGRekn Péh dReh5aPERABAr AGe taken and
jo initiation of the sequence of readings, with no
' requlrenent of activity by the user. .

" Although the total systens described in thws
applicaﬁ&on are particularly directed to the use of
polyamide matrices and particularly to the use of such

15 matrices in determining the concentration_of various
sugars, such as glucose, and other materials of
binlogical origin, there is no need to .limit the
reflectance switching aspect of the invention to such
matrices. For example, the matr;k used with

20 reflectance switching may be formed from any water-
insoluble hydrophilic'ﬁaterial and any other type of
reflectanee'assay.

=

Particuiar Application to Glucose Assay

25 A particular example with regérd tc detzcting
glucose in the presence of red blood cells will now be
given in order that greater detail and part'ﬂ' r

advantage can be p01nted out. Althougn this regresents
a preferred embodiment of the present invention, the
30 invention is not limited to the detection of giucose in
blood.
The use of polyamide surfaces to forz the
reagent element prov1des a number of desirabls charac-

c
teristics ia the present invention. These a:e_:hat the
n

35. reagent element is nydrophilic (i.e., takes up r=agent
' and sample readily), does not deform on wetting (so &s
to proﬁide a flat surface for reflectance rezding), Is
compatibls with enzymes (in order to impart zocd shel?f

stability), takes up a limited sample volume

This is the repiacement sneed

bate: 3 0 OCT 9%



teristics in the present invention. These are that the 35 reagent

el ement is hydrophilic (i.e., takes up reagent and sanple readily),
does not deformon wetting (so as to provide a flat surface for

refl ectance reading), is conpatible with enzymes (in order to inpart
good shel f stability), takes up a limted sanple volunme per unit

9 volune of nenbrane (necessary in order to denonstrate an extended
dynani c range of neasurenents), and shows sufficient wet strength to allow
for routine manufacture. In a typical configuration, the nethod is
carried out using an apparatus consisti®g of a plastic holder and the
reagent el enment (the matrix having the signal producing system i npregnated
therein). The preferred matrix for use in preparing the reagent elenent is
a nylon mcrofiltration nenbrane, particularly nenbranes nmade from nyl on- 66
cast on a core of non- woven polyester fibers. Nunerous nylon
mcrofiltration nmenbranes of this class are produced

volume of membrane (necessary in order to demonstrate an

extended dynamic range of measurements), and shows
sufficient wet strength to allow for routine
manufacture.

5 In a typical configuration, the method is
carried out using an apparatus consisting of a plastic
holder and the reagent element (the matrix having the
signal broducing system impregnated therein), as
described in EP-A-256806.

10 . The electronic apparatus used to make the
reflectance readings minimally contains a light source,
a reflected light detector, an amplifier, &n analog to
digital converter, a microprocessor with memory and
program, and a display device.

15 The light source typically consists of a light
emitting diode (LED). Although it is possible to use
a polychrémic light source and a light detector capable
6f measuring at two different wavelengths, a preferred
apparatus would contain two LED sources or a single

20 diode capable of emitting two distinct wavelengths of
light. Cohmercially available LEDs pgoducing the
wavelengths of light described as being preferred in the
present specification include a Hewlett'Packard HLMP-
1340 with an emission maximum at 635nm and a.Hewlett

2% Packard QEMT-~1045 with a narow-band emission maximum at
700nm. Suitable commercially available light detectors
include a Hammamatsu 5874-18K and a Litronix BPX-65.
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comercially by the Pall Utrafine Filtration Corporation having average
pore sizes fromO0.1 to 3.0 mcrons. These materials show nmechani cal
strength and flexibility, dinmensional stability upon exposure to water, and
rapid wetting. Many variations in specific chem cal structure of the
nyl on are possible. These include unfundionalized nylon-66 with charged
end groups (sold under the trademark ULTIPORE by Pall Utrafine Filtration
Corporation; "Pall"). Positive charges predonm nate bel ow pH 6 while
negati ve charges predom nate above pH 6. In other nmenbranes the nylon is
functionalized before the nenbrane is forned to give nenbranes with
different properties. Nylons functionalized with carboxy groups are
negatively charged over a wide pH range (sold as CARBOXYDYNE by Pall).

Nyl ons can al so be functionalized with a high density of positively charged
groups on its surface, typically quaternary am ne groups, so that they
display little variation in charge over a wide pH range (sold as Posidyne

by Pall). Such materials are particularly well suiteqd for the practice of
the present invention. |AlFBOHBBOOHBEE; BRENPESUSE ﬁ@ﬂﬁﬁﬁhé?a GREIB3cti ve

functional groyps fessgped,f eheCo¥ah et ngNiRRiNdd aldOpreafv iprent eins (sol d as
Bi odyne I mmuno Affinity mepbranes bg_PaIIL. Sgphgmateri | s caqibp used to
coval ently at t$@Hipeet BEAYLLS g REAGIRAES, 2RSedr3tETt HHyditS P 1 %ough al | of
these materi-al gefe€tysabktesospylionehayvhngraahisgla ftensitymiofg piosi ti vel y
charged groups_on its surface pravid he best st abili f.re nts when
f or mul at gd i nt bnétH?{}efﬂeaggﬁF gaa.“muﬁF néei &?éﬁrfecg% %r@g‘i‘\/ne%g%ehe next
best stabilitybpiéh hbesaaihgxyliatedpanl dhatndegestaporoximatBekyrable -
results can be obtained w th _pore, sizes.rangin om 0.2-2.0 [err]m
preferably aboﬁ?°69g§1§§\enfé'r F‘?‘ﬁ] s&%ﬁ%rTg%fn%p%gf girgac{)ﬁ{/ageg%ﬁy 0.8 [err]m when
used wi th whol eebleodance switThéngor mIff thiis hraatl mnidhiehtehethakbgent
element is assegnpled kg relati i Ror d dde bangdl ggal | ows
access to one §ingé§gf h‘?ﬁg‘ir ggg gth%gggrreq%t pg%r%eéﬁcsplleﬁg%dgss m ! 5

10 second reading is taken and used in the final

calculation in order to improve accuracy. Typically,
high levels are considered to begin at about 250
mg/dl. The baékground is correctad with a 700nm
reading taken about 15 seconds after the staft of the
15 measurement period. The reading from the photodetector
is integ}ated over the interval while the appropriate
LED is activated, which-is typically less ﬁhan one
second. The raw reflectance readings are then used for
calculations performed by the microproceséor after the
20 signal has been amplified and converted to a-digital
signal. Numerous microprocessors can be used to carry
out the calculation. An AIM65 single-board
microcomputer manufactured by Rockwell International
has proven to be-satisfactory.
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9A to the other side of the reagent el enent. by incident |ight whose

refl ectance i s being neasured. The handle also aids in inserting the
reagent el enent into the absorbance neasuring device so that it registers
with the optical system One exanple of a suitable handle is a nylar or
other plastic strip to which a transfer, adhesive such as 3M 465 or Y9460
transfer adhesive has been applied. A hole is punched into the plastic

t hrough the transfer adhesive. A reagent elenent, typically in the form of

a thin pad, either contaiMien®teazgening tdlodis0 add o se£agenssswalll chater be
added, is then,appli tQ the handl e by nmeans of the transfer adhesive so
that it is fi rfﬁgyy ats'?glgﬁéd RS R TR AR T} P o, 20 S2F £ SR 54 PR Mol o
t hat has been paached tt ipfoudie tusehandine umed ttres troamséer adkési ies. Such a
device is illustpatgd jiln dHleGdeke MY LRSHOUS T ent, pad_ 11.at dto a
Myl ar handle 1% by neéﬁé Sf.adhégﬁve'lg.qgﬁﬁét%gga{§b§§gac%8§sgg%‘?he
sanpl e or inci BeAL SEEGH “tlcbeﬁé‘esiQPéWfs dadéit PRELILINEI FES&eless Ao the
ot her sndedof gb@ow@?g%ntcatpgdm S)ltlllfér:e?dvle(it ads ;ﬁhécga ngﬂébo'ﬁﬁeo]‘:o_ptth%s
reagent pad and handl e can be sel ected so that the reagent pad fits
SofaBt S

securely into I“EctPance- Fhienét 7 i 5 PR ok HﬁFnFogé&W%rto a
| i szzt Zgu[ gef gmﬂeagee{sl;m@eMﬁ ;@uuaig]ee?'hse)rtihnedr? ciartl étift?gﬂ?ggsmr;m%gﬂedg i's
_Zrerpl oyed, jif i é%bé‘?grnr e [th{énseea%rel Ve &PHftE PaS sg‘b?)gr g8 lgﬁ%ter?e Y3 der
in such a nnBicrpgomputer to take a measurement of reflected lignt
from the unreacted reagent pad, called an Rdry reading.
Tne cap is then removed and a drop of blood is applied
to the reagent pad, typically while the reagent pad is
registered with the optics ahd the reading device. It
15 is preferred that the reagent strip be left in reéister
with the optics in order to minimize handling. The
instrument is capable of sensing the application of
blood or other sample by a decrease in the reflectance
when the sample passes through the matrix and reflected
20 light is measurad on the opposite side. The decrease
in reflqctance initiates a timing sequence which is
describeﬁ in detail at otner locations in this
specification. The cover should be replaced within 15
seconds of_sample application, although tpis time may
25 vary depending on the type of sample beipg_measured.
Results are typically displayed'at approximately 30
seconds after blood application when a blood glucose
sample ié being measured, although a 20 second reaction
is permissible for glucose samples having a
30 concentration of glucose of less than 250mg/dl. If
other samples are being .measured, suitable times for
displaying the result may differ and can be readily
determined from the characteristics of the
) reagent/sample selected.
35 A particularly accurate evaluation of glucose
level (or any other analyte being measured) can be made

using the background current, i.e., the current from
Thizs is the replacement sheet
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no nore than 6 mm neasured in any direction, is unsupported by the hol der
at the location were the sanple is applied and light reflectance is
measured. Larger unsupported areas tend to provide inadequate di nensional
stability to the nenbrane so that neasurenent of reflectance fromthe
surface is adversely affected. A 5 mmdi ter hole 14 in the reagent strip
showmn in FIG 1 works quite satisfactorﬂ1y. There is no particul ar
limt on the mninmum di aneter of such a hole, although dianmeters of at

| east 2 nm ar e YA beckasevathnanwkacbor eutsariphe napdl igat i on, and

light reflectane@&RadidiOrron the AbhBEHGN AgNUTREL O ¥%§1E9”1 be used
as indicators, the choice will dep end® upon't he nature of he sanpl e. S

necessary to sQHEEPURE RAGFAGS éﬁ“abséﬁbéﬁéeb&f“a¢ﬁ&ﬂﬂ%§uﬁq?%|$?%Fent

fromthe wavel ewgih at2 W@n .ﬁbntadablrcnad eablks t&b%orvbl:ulegfato,es\gnrtdh V\é?@éfébl god
as the assay I U or cont am _nant n the sol ution beln ana yze
with other assay medl%artl'h%“ T Bl?/l&ﬁ%ﬁ@icé?ﬁﬁloéred according to tn

(3- et hyl - 2- berprwt fiv mzed | @ohedhpdnazond pdsosiplesriifdeadiemd- and it is
di et QY'o?m NObGFA o PET 8 0BLERAMIRARS! BUCREPUANS ! 495 ' Dtk 2yl tabl e
computer memory as a constant. With a slight
modification of the procedure, however, this value can
10 be measured with each analysis for-mOre accurate

results. In the modified procedure the meter would be
turned on with the lid closed before the reagent strip
is in place, and the. background current would be
measured. The test strip would then be inserted into
15 the meter with tne covar closed, an Rdry fnieasurement
taken, and the procedurs continued as described
above. With this modified procedures the background
cﬁrrent does not need to be stable thnrougnout the life
of the meter, thereby providing more accurate.reSults.
20 ' The raw data necessary for calculating a
result in a glucose assay are a background'current
.reported as background reflectance, Ry, as described
above; a reading of the unreacted test strlp, Rdrj’

_ also described above; and an endpoint measurement.
25 U51ng the preferred embodiments descrlbed'nereln, the
endpoint is not particularly stable and must be
precisely timed from the initial application of
blood. ﬁowever, the meter as described herein performs

this timing automatically. For glucose concentrations

30 below 250mg/dl, a suitably stable endpoint is reached
in 20 seconds, and a final reflectance, Rsg, 1is
taken. For glucose concentrations up to 450mg/dl, a
30-second reflectance reading, R30' is adequate.

35 Although the system described herein displays good

differentiation,uh to 800mg/dl of glucose.'the
measurement is somewhat noisy and inaccurate above
450mg/dl, although not so great as to cause a.

H H L P S ) ) B gt
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devel opment for peroxidase | abels in enzyne i mmunoassays, has never been
used in a commercial glucose nmeasuring reagent. This dye coupl ed gives
"greater dynanmic range and shows inproved enzymatic sigbyli i, §n§£g&gred to
traditi-onal dyes used for glucose neasurenent, such a I
derivatives. Furthernore, the MBTH DVAB dye coupl e i51 E[EE iﬂEMﬂhl c, a
characteristic of nost benzidi ne derivalBves. pl e
that can be used in the neasurenent of glucose is the AAP-CTA (4-

am noanti pyrene_and _chronotropi.c acid) couple. Al though this couple does
not provide as®bPBad lét‘“‘é‘iné’rﬁdg’lrea%ge %&*%@HM&}ONQ??% IH1C Lehd

sui tabl e for useoihdeheopreactu ks wife tdwa piesEent ot NVeat hagnwlren eveasdird Mg
gl ucose. Again.,thpg AARH q%?a v | e provi des an-expanded dynam c range
and greater enZymafic actlvf}y‘s ability than the nore widely used

benzi di ne dyes. THéeusd Lta t trl NBTH DMVAB- ¢ddpha &blcowdief glual
correction i heusteah Hubdrudek,of i oyapnalion ehibhoad wil agidgl e
correction fac}or. The nore typically used benzidine dyes do not perm

such a correct fBns)The Byt nslae hkepdprble RA¥e SBFSLES ody
appr oxi mat el y 6§3%upated uuﬁlﬁéagﬁPmiﬁauﬂIi@%ﬁén@insnﬁfébnbgﬂdﬁe é?%gh;
variations in neasuring wavel engths rr out nn) are permtted. At
700 nm bot h heﬁﬁ?Sgr‘-ﬂ“ ﬁ?&wgse A %%%e?g??%naegnlﬁesm’e&oof
measur i ng bl oodmedlomarfyr ttheramsf@Qnd i pgdd emg t t | Agedirddag IVLER)i redee dye
commer ci alilgy ayal l.e for a 0, renents, thereby
sinplifying naéggé?%éﬁé¥}gﬁpg?naaégyggg?ngzgsf%gggﬁggéngéﬁfggahenbrane
pore size descFEBedagsoreyond t e segprds 2eagbanotedmihattinen bot h

hemat ocrit andes@xydgaratidyy behavi or can be corrected by neasuring at the
single 700 nm wavel engtsh. Two additional conditions were found to
provide particul ar stabi T8 Z# 13ky $eefriPedeabaveaageysad to

oxi dase/ per oxi dageufleryall @i b e DEra Ped YAt dendBt EbX g1 Tk use a pHin the
range of 358 tq 5.0, qu{erabl .about 3.8 to 4.3, stvpreferabl about

4.0, and use of CRCESTES TN & ﬁ?fcé?ns?%tr&%?o?“ﬁgglyyi Ag Y3 7xhgedii® to
the matri x. Theeffdsicteffertasashonéhent sas fobodatdtherit0 twed rdto faed €EHH
citrate buffer ,w - i f - 139 i effective. These
are meight/volSger%gpben%agé%q%éggﬁégé%lE??%ﬁei%é%gﬁé?%ﬁ? aégﬁﬁﬁﬁ%nare
applied to theaRgorbiivGitierand analyte concentration observed in

transmission spectroscopy (Beer's Law) can be used if
20 desired. A simplification of the Kubelka-Monk
equatiods, derived specifically for reflectance
Spgctroscopy, have proven particularly useful. In this
derivation K/S is related to analyte concentrétion with
K/S defined by Equation 1. .
- 25 :

K/S-t = (1 - R*t)2/(2 x R¥t) )

R*t is the reflectivity taken at a particular
endpoint time, t, and is the absorbed fraction of the
incident light beam described by Equation 2, where Re
is the endpoint reflectance, R20 or R30.

30

R*t = (RC'— Rb)/(Rdry - Rb) (2)
35 R*¥t varies from O for no reflected light (Ry)
to 1 for total reflected light (Ry.,). The use of
refiectivity in the calculations greatly simplifies
- ' This is the replacemsnt shest

oo AT e
P P N 364 )
Date:



buffers can be used on the sane nolar basis. Geatest stability was
““achieved using a | ow pH, preferably about pH 4, an MBTH DMAB dye system
and a hi gh enzyire concentration of approxi mately 500-1000 U ml of
application sol ution.

‘9C - I'n preparing the MBTH DVAB 4 eagent and the enzyrre system t hat
forms the remai nder of the signal producing system it is not necessary to
mai nt ai n exact, vol unmes and rati os although the suggested val ues bel ow gi ve
good resul tsm%géﬂ%L?é% ey é’adﬂ%f‘-éfb%lagéa BQUFRE ABErAxIPABHABA t he

gl ucose oxnd@ﬁ&duidwmﬁﬁﬁﬁeluhdkdﬁygukyoezabaabauBeZZoéé&hbMtgobuae,.Ihe
per oxi dase is > JU G384 af; @, congent rat |ao ﬂgg%hr% 7-5.4 mg/m, MBTH is
present at a concentratlon of ‘abourys 28 Prﬁ ‘Ii's present at a
concentration of about B my/adle WeDHABl:IWBTHaﬂenghK/ISaFBO Ps preferably
nai nt ai ned i rhatlf&lr@we Hf dol- éaec;lndsor(%f/%r ably oabayt s(eéoﬁu% 5):1, nost
preferably ab basi ¢ manuf acturin tec ues for t he

reagent el ene }sa23eojj 'onc"éhees‘{aa]blqursar{é(?“ SPrYPGhEFIARAPE. © ﬁé menbr ane itself
is strong anchatamis B rpard i I af Y el dwerspar imglsolnserbomane sof gtllkeoperef err ed

enbodi ment i , SRl G oht M W0 SIS 158 EASBF ¥nkOk n3RRI Vi N9

r eagent ,
order polynomial equation outlined in Equation 3.
10 : _
YSI = ag + 2;(K/S) + ap(K/$)2 + ag(k/$)3  (3)
2
Tne coefficients for these pplynomials_are
listed in Table 1. ' '
15
TABLE 1.
Coefficients for Third Order Polynomial Fit of
Single Wavelengtn Calibration Curves.
20 | _ . -
K/S-20 ' -K/58-30
ag -55.75 _ -55.25
a; 0.1632 | 0.133%4
Cay . -5.765 x 107 -2.241 x 107
25 as 2.58 x 1078 1.20 x 1078
The single chemical species being measured in
the preferred embodiments is the MBTH-DMAB indamine dye
30 and the complex matrix being analyzed is whole blood

distributed on a 0.8y Posidyne membrane. A review
entitled "Application of Near Infra Red Spectrophoto-
metry to the Nondestructive Analysis of Foods: A
Review of Experimental Results"™, CRC Critical Reviews
35 @ in Food Science and Nutrition, 18(3) 203-30 (1983),
describes the use of instruments based on the

measurement of an optlcal densxty difference AOD (A -
A ) where ODA, is the optlcal density of the wavelengu1

This is the rep!acemant shest
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and these solutions are both readily fornul ated and stable. The first
.generally contains the dye conponents and the second generally contains the
enzynes. \Wen using the MBTH DMAB dye couple, for exanple, the individual
dyes are dissolved in an aqueous organic solvent, typically a 1:1 mxture
of acetonitrile and water. The matrix is dipped into the solution, excess
liquid is renoved by blotting, and the @itrix is then dried, typically at
50[err]-60[err]C for 10-20 mnutes. The matri x containing the dyes is then
di pped into an agqueessondiulg b Oy ANt dien eRZyI®RSa At ¥pkeabonent

formul ati on woul d g¢antain the perox e and gl ucose. oxidase_enzynes as
wel | as any des#geggbé%F%fT“ﬁF%§é¥bat ® *ta Ti%%?fcﬁh ?ﬁ@sﬁfKe?°Tﬁe
matri x i s then veyeledsttdr mdrane tExe esmnd iquuabaawt ddoed astbebapeb A
typical formulagigRifQlealtq 9! ucose reagent is as follows:

Dye dip . Conbine: 40°ng MBTH, 80 ng DVAB, 5 nl acetonitrile, and 5
M water. StAr until all S&19 FL2a% IBLAR dPBhd"PoeLeEEs Aegisassasindt e

or other flat sysfagenedessid artrofcdinsidynendmnbsans hRak! wEel e et
of f excess liquid, and dry at 56] err for 15 m nutes. . )
measurement out Is much more powerful. The first order
correction applied by the 700nm reading is a simple
subtraction of background color due to blood. In order
10 to make this correction, a relationship between
absorbance at 635nm and 700nm due to blood color can be
and was getermined by measuring blood samples with
0 mg/dl glucose over a wide range of blood color. The
color range was constructed by vabying hematocrit, and
15 fairly linear relationships were observed. From these
lines the K/S8-15 at 700nam was normalized to give
equivalence to the K/S-30 at 635nm. This.relationship
is reported in Equation U4, where X/S-15n is the
normalized K/S—lS at 700nm.
20 .

K/S-15n = (X/S-15 x 1.54) - 0.133 - (4)

) Note that the equivalence'of the normalized

700nm éignal and the 535nm signai-is only true at zero
25 .glucose. . The expressions from which the calibration
curves were derived are defined by Equations 5 and 6.

K/S-20/15 = (K/S-20) - (K/S-15a) . T ()
30 | K/S-30/15 = (K/S-30) - (K/S-15n) (6)
These curves are best fit by fourth-order polynomial
equations similar to Equation 3 to which a fourth-order

term in K/S is added. The computer—fi; coefficients
35 for these equations are listed in Table 2.

A Tom fHe o o T L Tt g
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=9D . Enzyme dip Conbi ne: 6
m water, 10 ngy EDTA, disodiumsalt, 200 ng Poly Pep, |ow viscosity,
(Signma) 0.668 g sodiumcitrate, 0.523 g citric acid, 2.0 nl 6 w% Gantrez
AN- 139 di ssolved in water (GAF) 30 ng horseradi sh peroxi dase, 100 units/nyg,
and 3.0 glucose oxidase, 2000 units/m .1&tir until all solids are dissolved
and pour onto a glass plate or other flat surface. Dip a piece of nmenbrane
previously inpregnated with dyes, bl ot? AFYE &ccess liquid, and dry at
56[err]C for 15 m nutes. The el ectronic apparatus used to nmake the

s an s ROfEEQTEALY PR BB R Rt SRlkEBe L SCHEL Lo
31 = i

. mi
dgtector, an anplitier, %} 3 Q0. 1O, Onvert ?ﬂ'
with menmory and program and a disp deVice. e ght source

typically egonsists of a |ight emtting diode (LED). Although it is possible
to use a polychromc light sourcg/gndoaiki ght detector capgldeypfidreasuring
at two different wavel engths, a preferrgd apparatus would contain two LED
sources or a singl®o di ode -capabl e~8f 138 1.099

a, 0.1064 0.05235

2, 6.259 x 1072 1.229 x 107"
0 as -6.12 x 1078 - -5.83 x 1078

ay 3.21 x 10711 1.30 x 10717

+ A second order correction to eliminate errors
due to chromatography effects has also been deveioped.
15 Low hematocrit samples nave charactebiétically low
700nm readings compared to higner hematocrit samples
with the same 635nm reading. When the ratio of
(K/S-30)/(K/S~-15) is plotted versus K/5-30 over a wide
range of hematocrits and glucose concentrations, the
20 resulting line on the graph indicates the border
between samples which .display chromatograpny effects
(above the curve) and those that do not (below the
curve). The K/S-30 for the samples above the curve are
corrected by elevating the reading to correspond to a
25 point on the curve with the same (K/S-30)/(X/S-15).
The correction factors reportedaabove were
tailor made to fit a single instrument and a limited
number of reagent preparations. The algorithm can be
optimized for an individual instrument and reagent in
30 the same manner that is described abovet
" In summary, the system of the present
invention minimizes operator actions and provides
numerous advantages.ofér prior art reflectance-reading
methods. Wnen cdhpared to prior methods for
35' determining glucose in‘blood, for example, there are
several apparent advantages. First, the amount of
sample required to saturate the thin reagent pad is
small (typically 5-10 microliters). Secoand, operator

This is the replacemeant sheet
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emtting two distinct wavel engths of light. Commercially availabl e LEDs
producing the wavel engths of |ight described as bein%‘ preferred in the
present specification include a Hewl ett Packard HLMP- ﬁ@&hﬁewasﬁeeanemcsm

maxi mrum at 635 nm and a Hew ett Packard QEMI- 1045 wi t hf]
tectors

em ssion maxi mum at 700 nm Suitable commercially ava|
10 AIthough ot her nethods of taklng measur enent s

i ncl ude a Hanmamat su 5874- 18K and a 1itroni x BPX-6
time required is only that anecassary O 2pDl

sample to the thin nydropnilic layer and closs the

cover {(typic&#lly U-T seconds). Tnird, ndo simultaneous
timing start iIs requirsd. rFourth, whole dblood can be
5 used. The method does not require any separation or

utilization of red-cell-free samples and likewise can
be used with other deeply colored samples.
The invention now being generally described,
the same will be better understood by referencs to the
10 following specific exaaples which are presented for
purposes_of illustration only and are not to be
considereq l;miting of thé invention unless so
specified.
Example I
15 Reproducibility:

One male blood saaple (JG, hematocrit = 45)
was used to collect the reproducibility data set forth
in Tables 3-5.

_ TABLE 3. _
20 Reproducibility of a Single Wavelength MPX System
Average (mg/dl) S.D. (mg/sdl) . ZC.V.
YSTI (mg/dl) 20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
25 23.1 - 23.0 2.1 2.04 9.1 9.0
55 53.3 53.2 3.19 3.32 6.0 6.3
101 101 101 3:0 3.3 3:0 3.3
25 326 325.6 327 13.3 9.8 k.1 3.0
501 . 503 17.1 - : 3.4
690 675 28 . 4.15
810 813 37 &fS
TABLE 4.
30 - Reproducibility of a Dual Wavelength MPX System
Average (mg/dl) S.D. (mg/dl) 4c.V.
YSI (mg/dl) 20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
25 - 25 27 1.34 1.55 5.4 5.7
55 - 55 57.4 - 2.58 2.62 b.7 4.6
101 101 101.5 2.55 2.18 2.5 2.1
35 326 332 330 15.0 7.1 4.5 2.1
. 501 505 21.3 L. 2
690 ' 687 22.8 . 3.3
3.7

810 817 : 30.4




are feasible, the follow ng nmethod has provided the desired results.
Readi ngs are taken by the photo- detector at specified intervals
after-timng is 5 initiated. The 635nm LED is powered only during a
brief measuring tinme span that begins approxi mately 20 - seconds after
the start time as indicated by refgectance swtching. If this
readi ng i ndi cates that a high level of glucose is present in the
sanple, a 30- 10 second reading is takgr and used in the final
calculation in order to inprove accuracy. Typically, high |l evel s are
consi dered to begin fdpedouwti850ity of nU/dlomsihe drokgr oape-tgreorrect ed
with a 700nm readi ng taken about 15 seconds after the start of the 15
measur enent period. The reading fromthe phot odgtecvor is integrated
over the interval while thSappmppil at e 1.7&kD i s adt.Owat ed, which is
typically l%®ss than one second. The raw refl ectance readi ngs are
then used for . cal cul at3nk0®er f or ned bg 8he nlcroﬂnébessor after the
20 signal has been anplifi¥P and converted-fo a di gi fald si gnal
Numer ous ni croprocessors can PP used to carr%;g_ out 2t-Pe cal cul ati on
An Al MB5 si ngl e-board A% oconput er maduPact ured By 'Rockwel |
| nternational The bl@%ﬁrgége 1VLdg§ ?gEISf ?585%3 and spiked with

10  glucose across a range of 25-300mg/dl. Twenty

determinations were made at eacn glucose test level

from str;ps taken at random from a 500 strip sample
(Lot FJU-49B). The results of this study lead to the
following conclusions: '
15 _ "
1. Single vs. Dual Wavelength: The average C.V. for
the 30-second dual result was 3.7% vs. 4.8% for the

30-second single wavelength result, an improvement
of 23% across a glucose range of 25- 810mg/d

20 There was a 33% improvement in C.V. in the 25 -
326mg/dl glucose range. Here the C.V. decreased
from 5.4% to 3.6%, a significant imprévement in the:
most used range. The 20-second dual wavelength
measurement gave similar improvements in C.V.

25 compared to the single wavelength medsurement in
the 25-325mg/dl range (Tables 3 and 4):

2. Dual Wavelength, 20 vs. 30-second Resulﬁ- The
average C.V. for a 20-second result in the 25-100
30 mg/dl range is nearly identical to the 30-second
reading, 4.2% vs. U.1%Z. However, at 326 mg/dl the
30-second reading has a C.V. of 2.1% and the 20-
second result a C.V. of 4.5%. As was seea in the

. K/7S8-20 response curve, the slope begins to decrease
35 sharply above 250 mg/dl. This lead to poor repro-
ducibility at glucose levels greater than 300 for
the 20-second result. From this reproducibility

B AL U SRR i |»~ ~ o o iy g
Vil in il voanitanmewn fheel

30 DCT EBS



The present nmethods and apparatuses allow a very sinple procedure wth

m ni mum oper ati onal steps on the part of the user. In use, the reagent
stripis pl aced in the detector so that the hole in the strip 5
.registers with the optics of the detecting system A renmovabl e cap or
ot her cover is placed over the optics and strip to shield the assenbly
fromanbient |ight. The neasur eneh? sequence is then initiated by
pressi ng a bidtontion ¢heomeasst i tige apPpasatysdt haksuact ijsates the 10

m croconputer to ] I, t refl ected |ight fr t he

unreact ed reagenté&%ékﬁ%g??§§°g%ggw}§6r% %iﬁ%? mg/quheAC&&Rngﬂﬁﬁrfeaned
and a drop of bl i B 4ppl ¥edl latertdetéenivadetropadtnet yEsealds atil e the

reagent pad is tnelR@bSVEERUsVLED Lbe PPLLAS 1ANE LIS Ieadi ng device. It
15 s preferred th%t t he regQZnt gtr?p @e Feftl incrrarelltjilst?tglfE with the
opti.cs inZorder to mnimze handling. The I nstrument is capabl e of

se][llsi ng the appligeéioirefsize: bhoggaDlePtHEE is8MAR A2 deGiease in the
refl ectance

3.0mm us. 5-0 min., was investigated. Initial
experimentation using a 10- replicate, hand-dipped
disk sample did snow improved C.V.s with the 3.0mm

10 aperture, apparsntly because of easier registration
witq the system optics. However, when machine-made
roll gembrane was used, the average C.V. (Table 5)
of the larger aperture, 4.7mm, was 3.9% us. an
average C.V. for the 3.0mm aperture of $.1%. This

15 30% increase in C.V. was probably due to thne uneven
surface of tne roll membrane lot as discussed
below.

Example II

20 Recovery: _
For comparison of the present method (MPX)

against a typical prior art method using a Yellow
Springs Instrument Model 23A glucose analyser
manufactured by Yellow Springs Instrument Co., Yellow

25 Springs, Ohioc (Y¥SI), blood from 36 donors was tésted.
The donors were divided equally between males and
females and ranged in hematocrit from 35 to 55%. The
blood saﬁples were used within 30 hours-of coilection,
wiih lithium heparin as the anti-coagulant. Each blood

30 sample was divided into aliquots and spiked with
glucose to give. 152 saamples in the range of 0-700 mg/di-
glucose. Each sample was tested in duplicate for a
total of 304 data points.

35
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when the sanpl e passes through the matrix and reflected 20 light is
nmeasured on the opposite side. The decrease in reflectance initiates
a timng sequence which is described in detail at other locations in
this specification. The cover should be replaced within 15

seconds of sanple application, although this tinme may 25 vary dependi ng
on the type of. sanple being neasured. Results are typjcally displayed
at approxi mately 30 seconds after blood application when a bl ood

gl ucose sanpl e is being neasured, although a 20 second reaction

I's perm ssible for glucose sanpl es having a 30 concentration of glucose
of less than 250ng/dl . %&er sanpl es are being neasured, suitable
times for dlsplaylng the restitt may differ and can be readily

determ ned fromthe characteristics of the reagent/sanpl e sel ected. 35
A particul arly accuf@IROBRAIVSiESn VBF S gf tddsected LRIt any ot her

anal yte beatg amasglechs<arnliesmaden calcubived thwodatiground current,

i.e., theaSUF&@PEaEéogﬁuatlon (Tables 1 and 2). These MPX

glucose values were then plotted vs. the YSI values to

(%)}

give scattergrams.

Comparison of MPX Systeams: For both thne
20-second and 30-second measurehent times there is
visually more qcatter in the single-wavelengthn
scattergrams tnan the dual-wavelengtnh scattergrams.

10 The 20-second reading becomes very scattered above 250
mg/dl but the 30-second measurement.does not have wide
scatter uptil the glucose level is 2500.mg/d1:

' Tiiese scattergrams were quantitated by
determining the deviations from ¥YSI at various glucose

15 ranges. The following results were obtained.

TABLE 6.

Accuracy of MPX from Recovery Data

MPX Measurement S.D. (mgr/dl) C.V. for Range¥
20 Wavelength Time (sec.) 0-50 50-250 250-050 §50-7
Single _ 20 +5.6 7.2 14.5 -
Single. 30 +6.9 7.1 8.8 10.2
Dual - 20 £2.3 5.3°  12.8 -
Dual .30 £2.19 -~ 5:5 5.8 8.4
25 Note: These are inter method C.V.s. .
a. The dual wavelength system gave C.V;s that
'_ranged 30% lower.than the single wayvelength
system. ’
30 i ,
b. The single wavelength system, from 0-50 mg/dl,
showed a S.D. of x6-T7 mg/dl whereas the S.D.
for a dual wavelength measurement was only
+2.2 mg/dl.
35
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12

t he photodetector with power on but with no |ight

fromthe reagent .pad, in order to make a background correction. |

has been denonstrated that

does not change

over a 2-3 nonth period that this val ue

t

refl ected

5 for a particular instrunment prepared according to the

preferred enbodi ments of this specificathon, and it is possible to
programthis background reading into the conputer nenory as a
constant. Wth a

val ue ¢
results.

t aken,

nDdlfled procedure the back
t hr oughout the Ilfe

results.

fan

be

Slight, . cugﬁDF'?hFaE'ﬁﬁ QL cLRG RIRCSU S, - Diovgyeg, this

lTE&SUI’Ed W each analysl S or nore accuraf

In the nodifiedPragédire Fhe ﬁegepowﬁﬁpdmmddl rangg nedtdn with

the lid closed before tpgerea89ephdSbl-Becond H@ésnﬂg@gghsaﬁgv dhe
background current woul d_be measured. The test strip would then b
inserted into

andst he procedurEoeostngmedwaSede&gmhbe@ 5% fabaeal Wth this

20

10

15

20

25

30

35

the Frfiétafi LAtERamEEVEA &I- d(séd {appogeiiitedisitenent

raheerawtdaba°mhoes§awya1momﬁuthdmldogbhe for
the 20-second reading to 14.5% for tne single
and 12.8% for the dual wavelength.

d.. The 30-sescond reading was unusable above U590

- »mg/dl for both the single and dual wavelength
measurement (C.V.s of 10.2 and 8.4%).

In conclusion, two MPX systems gave optimum

quantitation in the 0-450 mg/dl range.

1.

MPX 30 Dual: This dual wavelength system gave a

30-second measurement time with a 95%.confidence
limit (defined as the probability- of a measurement
being within 2 S.D. of the YSI) of 11.3% (C.V.) for
the range from 50-450 mg/dl (Table 7) and 4.4

- mg/dl (S.D.) for 0-50 mg/dl.

MPX 30/20 Dual: This dual wavelength system gave a

20-second measurement time in the 0-250 mg/dl range
and a 30-second time for the 250-450 range. The
95% confidence limits are nearly'identical to the
MPX 30 Dual System (Table 7), 11.1% (C.V.) for 50-
450 mg/dl and x4.6 mg/dl (S.D. for 0-50 mg/dl).
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result in a glucose assay are a background current. reported as

background refl ectance, Rb, as descri bed above; a reading-of the- - -
unreacted test strip, Rerr] al so descri bed above; and an endpoi nt
measurenent. 25 Using the preferred enbodi nents desdhis Bieet HagBeh Repldchie
endpoint is not particularly stab%f and nust be pr eci Hﬂ Hmm
the initial application of bl ood. However, the neter

herei n perforns this timngrgdgematically. For glucose concentrations
30 bel ow 250ngy/dl, a suitably stable endpoint is reached in 20

seconds, and gdugddided | 8et99¢ecoReQdehnte LimildKefor ¥OX, 9l UuCose ~
concentrati onsubdpstandPAn dHnd anccu-Ccddk secondebgbhectsanae s eadi ng, R30,

i s adequat e. Al t hough the system descri bed herein displays good
differeméasupbngp to 800ny/ dl of glucose, the measur enent i s sonewhat
noi syb and Raageur at e abiXe SinglelS0aved éaghht hougMPXotDusd (foedlersgtiv cause
a mg/dl 20 sec. 30 sec. 20 sec. 30 sec.
0-50 11.2 mg/dl 13.3 mg/dl U8 mg/dl Y. § mg/d1
50-250 14,49 14.2% 10.6% 11.0%
250-450 - 17.6% - 11.6%
77-405 GlucoScan Plus (Drexler Clinical) 15.9%
10 77-405 Accu-Chek bG (Drexler Clinical) 10.7%
50-450 MPX 20/30 Dual Hybrid 11.1%
50-450 MPX 30 Dual 11.3

¥ Confidence’ limits for MPX were from the YSI. The
confidence limits for GlucoScan Plus and Accu-Chek
bG were from the regression equation vs. YSI which
eliminates bias due to small differences in
15 calibration. .

Example III

Stability:
' Most of the bench-scale work carried out in.
20 optimizing stability was completed using nand-dipped
0.8u Posidyne membrane disks. The sbecific dye/enzyme
formulation was set forth previously.

1. . Room Temperature Stabilityv: This study attempted
25 to cnart'any change in response of the 0.8y
Posidyne membrane reagent stored at 18-20°C over

silica gel desiccant.  After 2.5 months there was
no dbticeable éhange as measured by the'response of
a room temperature sample Vs. the response of a
30 sample stored at 5°C. Each écattergram represented
' a glucose range of 0-450 mg/dl.

2. Stability at 37°C: A 37°C stability study using
the same reagent as the RT study was carried out.

35 The differences in glucose values of reagent
stressed at 37°C vs. RT reagent, for strips

stressed with and without adhesive, was plotted
This is the replacemont sheet
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13 . significant problem Longer reaction tines shouldnﬁfa;rdéuﬁﬁfe
suitabl e readings for the higher |evels of gl UdiSheectiinsBemiReplicedn

The 700 nmrefl ectance reading for the dual wave ment. is

typically taken at 15 seconds (Rferr]). By this | have

conpl etely saturated the reagent pad. €eyond 15 seconds e reaction

continues to take place and is sensed, to a small part, by a 700 nm

readi ng. Accordi agky, tshece dyle rahedr ptionidya ties 7001 sy sdgralto $ne

di sadvant age, r eadLnos REYANI (3 ALE 00T 8o LBst hengal cul ati ons.
I'be u

The raw data destr above are ‘used to calculate -paraneters -proportiona
to gl ucose conceftpatildl ywhiash e blembrieovast riP§i sGaFN2&d teiedn

refl ectance measypeueRiSeAdPAR d4 N Cu i fhsE OLaREEOReOf reflectance
analogou§5to,the relati onshi p between absorbance and anal yte concentration
observed 1 n transm ssion spectroscopy (Beer's Law) can be used if desired.
A sinplificagionsekbting tiukal k6 Abnk Bpgiat i Pastodéridegdsspedilfiteal |y for

Gori vat i on K1 8 1 S RFRLI A coat oY es BRECHEPAE B UBRRMY, o Gof e

ahal yt € concen I ON "Wt defined by
Equation 1. preparztiond Sf = $imil&xtFpemplacienxor:disk
(1) Rt et 1&ValY tRKRNcAE RoRaghlLeUYlsdr tRdPOIde1i NE,
t, and i.s the abg%ﬁgggﬁ¥{git€%héo?stheﬁgncigentolight bgan1describéa by

Equati o ©2, wher 39200 ng/dh: Bhepararager BUALRSCe VaRHG StrqeRred
upon stressing Dby 3.4%9, with the highest drop being

9.55%. At the nigh test level (280-320 mg/dl) the
glucose reading declinsd by an average of 3.49, the
- largest decline being 10.0%. )

15
TABLE 8.
Stability of pH = 4.0, .8 Posidyne Disk Reagent
20 Formulation Stressed for 5 to & Days at .56°C
4 pifference (56°C vs. RT Sample)
Sample No. YSI (30-100 mg/dl) YST (280-320 mg/dl)
FJ228 . -6.25 +5.4
FJ2TA . -4.0 -5.14
: FJ288 -2.4 --=5.3
25 FJ30H -9.55 -10.0
FJ31C +4 .43 : -1.24
FJ36 -302 _8-5
FJu8B* -3.0 , 0.0
GMu8A%, -3.0 - -2.5
Average of 8 -3.4 -3.4
30 ¥ These two samples contained twice the normal
concentration of enzyme and dye.
A study of the 56°C stressing of this membrane over
35 a 19-day period showed no major difference for

strips stressed with or without adhesive. 1In both
cases the 19-day decline in glucose value was <153
at low test levels (80-100) and 300 mg/dl.

This is the replacemant sheet
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Rt = (Rerr] - (Rerr])/(Rerr] - Rerr]) . (2)
R[err] varies fromO for no reflected light (Rb) to 1 for total reflected
light (Rlerr]). The use of reflectivity in the calculations greatly

sinplifies e = 14- - - “mater design
as a highly stable source and a detectlon circuit become unnecessary

since these conponents are moni t or eAhig 1 Fﬂ and R err]
measur enent . For a single di ng. K/'S can be 5
cal cul ated at 20 seconds (K/S-20)R24or 30 se S-30). The

calibration curves relating these paraneters to YSI (Yellow Springs
I nstrunents) gl ucose

Anotaer 56°C study using hand-dipped 0.8u Posidyne
membrane with twice tne normal concentcation of
enzyme and dye was completed. Two separate
5 preparations of the same foramulation were made up

and the stability measured over a ll4-day period.
The average results of the two studies were
plotted. Changes were within *10% over the 1l4-day
period at both the high and low glucose test

10 level. These data show this formulation to be
paqticulariy stable.

k4

Example IV

Sample Size:

15 . The sample size requirements for_MPX are
demonstrated in Table 9.

TABLE 9.

effect of Sample Size on MPX Measurements
20

Sambple ) Dual Wavelength ' Single Wavelengtnh
Size (ul) Average . Averag
Low Glucose YSI = 56
3 41 s0 39 3t 40 31 42 30 19 30
Iy by 49 4o 9 ‘143 b1 is uy 4s by
5 54 48 k9 51 50 S0 49 _ g 49 49
25 10 48 48 50 47 48 54 53 56 - 55 - 54
20 49 49 49 50 49 55 57 . 58 60 58
High Glucose YSI = 360
3 301 260 276 286 280 274 232 244 260 252
4 383 378 367 341 367 361 356 342 318 344
30 -5 398 402 382 370 - 388 378 387 366 351 370
10 364 362 378 368 368 356 358 379 369 366
20 375 370 380 378 376 380 382 389 385 384
The volumes reported in thne table were
transferrad to the reagent pad shown in Figure 1 using
a micro pipet. When blood from a finger stick is
35

applied to a strip thne total sample cannot be
transferred, therefore the volumes reported nerzs do not

cepresent tne total sample size neecdad to be- SQJeozed



measurenents can be precisely described by the third order pol ynom a

equation outlined in Equation 3. 10 YSI = a[err] + a[err](K'S)

+ alerr](K/'S)[err] + alerr](K/ S)[err] (3) The
.coefficients for these polynomals are listed in Table 1. 15

TABLE 1. Coefficients for #hird Order Polynomal Fit of

Single Wavel ength Calibration Curves 20 . KIS 20

K/ S- 30 froqﬂqu]rlnger for_gRe7gnalysis. A 3-ul saapgm 25 the

aferr] minQal@Bhecessary to completf13384ver the readfe®t Ipad

-5.765 x_lO[ernLh1° This d -2.241 x 10 err 2§, ~ 1§?~ _ 2.58
" x 10[err] clrele. 110pSxdqfsgnot provide ehougn SPAR'S g e cheni ca

speci es bei ngcom@diertetl ¥ nsaturate the reagent pad and MPX gives low
5 results. A b4-ul sample barely saturates the reagent
pad, while a 5-ul sample is clearly adequate. A 10-pl
sample is a large sniny drop and a 20-ul sample is a
vefy large drop and is only likely to be used when
blood from a pipet is used for sampling.

10 At low glucose concentration the single
wavelengtn result has some dependence on sample size
which is coapletely eliminated using tne dual
wavelenggh measurement. Althougn thnis dependence with
the singleiwavelengbh might be considered acceptable,

15 it is clearly undesirable.

Example V
Reproducibility:

Experimental measurements described_above
20 were always run in replicate, usuaily 2, 3 or U
determinations per data point. These sets have always
shown close agreement. even for samples with extreme
hematocrits or extreme oxygen leveis. C.V.s were well
below 5%. It appears, therefore, that repcoducibiiity
25 is very good to excellent.

30

35
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the preferred enbodinents is the MBTH- DMAB i ndanmi ne dye 30 and the

conpl ex matri x being analyzed is whole blood distributed on a 0.8[err]
Posi dyne nmenbrane. A review entitled "Application of Near.Infra Red
_Spect rophot o- nmetry to the Nondestructive Analysis of Foods: A
Revi ew of Experinental Results", CRC G6tical Reviews 35 in Food Science
and Nutrition, 18(3) 203-30 (1983), descri bes the use of instrunents
based on the neaswwemopicanlﬁbém@abndsnavwa@ fefoay em&a;[err] e
([err]- _ g Jg where ODferrja is Qtlcal den |Ey

ages over systems dhlcq re pigaen (ﬁ)§%5$ %%lng to

wavel engt h
t he absorptlonommﬁnnmnxﬁyaocom@maeneen destoibeddénhertinened and ODjerr] is

tne optical densit - r t does not
absorb S|3h|f%%£§ﬁT T wgyg{gggig &?ﬁ gl%ggflghn1 for dual wavel ength
measurenmen® little becnnlcal skill and are crelatively fcee of

operator error. The assays can be carried out rapidly
and use inexpensive and relatively narmless reagents,

important considerations for materials employed in the
nhome. The user obtains results which can be understood

10 and used in conjunction with maintenance tnerapy. In
addition, the reagents have long shelf lives, so that
the resu%}s obtained will be reliable for long periods
of time. The equipment is simple and reliabdble and
substantially automatic.

15 All patents and other publicatiqgs
specifically identified in this specification are
indicative of the level of skill of those of ordinary
skill in the art to wnhich thnis invention pertains and
are herein individually incorporated by reference to

20 the. same extent as would occur if each reference were
speéifically and individually incorporated by
reference. _

The invention now being fully described, it
will be appareat to one of ordinary skill in the art

25 that many modificatioas and changes can be made thereto-

30
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IS by necessity nore conplex than for single wavel ength measur enent
out is much nore powerful. The first order correction applied by the
700nmreading is a sinple subtraction of background col or due to
blood. In order 10 to nake this correction, a relationship between

absor bance at 635nm and 700nm due to bl ood col or can be and was
determ ned by neasuring bl ood sanples with 0 ng/dl glucose over a w de
range of bl ood color. The col or range was constructed by varying

hematocrit, and 15 fairly linear relati dnshi ps were Imml Im(ImUMMII[ hese
lines the K/S-15 at 700nm was nornmalized to give
K/I'S-30 at 635nm This relationship - is reported ih Equati 8n %, Vhere

K/'S-15n .is t&&BAIMS: normali zed K/ .S-15 at- 700nm 20 - K/ S-15n =
(K/'S-15 x 1.54) - 0.133 (4) Not e that the

equi val ence gf t he nornaLU§§€ £ Onm si gnal ,and the 635nn1%%§?al IS
only true at“zero 25 e T%%lﬁk%FégglﬁhgngoﬁﬁwﬁlEﬁaFH§‘ Trati on
curves were mmwaurbﬁmectkﬁ¢émmbédiﬂguaévmoe Swafdh6comprises:
taking at least one first reflectance reading
5 from a first surface of a porous matrix prior to
application of a sample to a second surface of the
matrix;
taking at least one additional reflectance
reading from the first surface;

10 comparing the additional reflectance reading to
the first reflectance reading and inifiating time
measurement upon a predetermined drop in reflectance
resulting from the sample reaching the first surface;
and i

15 taking at least one measurement reflectance
reading at a predetermined time after the additional
reflectance reading differs from said reflectance value
by the predetermined difference.

2. A method according to claim 1, wherein said

20 surface is initially dry and said additional reflectance
reading différs from said first reflectance value when a
liquid assay medium penetfates to said first surface of
said matrix.

3. A method according to claim 2, wherein said

25 matrix has a dye precursor bound to the matrix.
This Sheet Has Been R,
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K/'6:20/ 15 = (K/ S-20) - (K/S-15n) (5) 30 K/ S-30/ 15 =

(K/'S-30) - (K/S-15n) (6) These curves are bes a\{%flt«tsw"
fourth-order pol ynom al equations simlar to Equation 3t ich a
fourth-order termin K/'S is added. The conputer-fit coefficients 35
for these equations are listed in Table 2.
16 TABLE 2. Coefficients for
Fourt h- Order Pol ynom al Fit of Dual Wavel ength Cal i bration
Curves 5 1

METHOD OF OPERATION OF

REFLECTANCE-READING DEVICE

FIELD OF THE INVENTION
The present invention relates to a test device and method for the colorimetric
determination of chemical and biochemical components (analytes) in aqueous fluids, particularly
whole blood. In one preferred embodiment it concerns a test device and method for

colorimetrically measuring the concentration of glucose in whole blood.

BACKGROUND OF THE INVENTION

The quantification of chemical and biochemical components in colored aqueous fluids, in
particular colored biological fluids such as whole blood and urine and biological fluid derivatives
such as serum and plasma, is of ever-increasing importance. Important applications exist in
medical diagnosis and treatment and in the quantification of exposure to therapeutic drugs,
intoxicants, hazardous chemicals and the like. In some instances, the amounts of materials being
determined are either so miniscule--in the range of a microgram or less per deciliter--or so
difficult to precisely determine that the apparatus employed is complicated and useful only to
skilled laboratory personnel. In this case the results are generally not available for some hours or
days after sampling. In other instances, there is often an emphasis on the ability of lay operators
to perform the test routinely, quickly and reproducibly outside a laboratory setting with rapid or
immediate information display.

One common medical test is the measurement of blood glucose levels by diabetics.

Current teaching
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K/ S-20/ 15 - K/'S-30/ 15 aferr] -0.1388

1.099 aferr] 0. 1064 0. 05235

alerr] 6.259 x 10[err] 1.229 x 10[err] 10
alerr] -6.12 x 10[err] -5.83 x 10[err] alerr]
3.21 x 10-11 1.30 x 10[ enr] A second order
correction to elimnate errors due to chromat ography effects has al so

been devel oped. 15 Low henmatocrit sanples have characteristically |ow
700nm r eadi ngsWdldﬂpiwaénbve octhiogh bavedieaen used imglmsphwuonng fartyieanshey dae
635nmre o of

S-.30) / K/ S- | ot ted
R oS0 o dive Seypin Gmitaiops, Yo SuRble sivartiinedas Bilet (et be Sk MRt eBhe " ne
20 resul 'dtmcﬁllt Reachibvk 6 ﬁh{éqi%opl@%b@é sgplnm biRSYddRYes not expRdsye@milganpl es

whi ch di spl ay chromat ography effects (above the curve) and those that
do not (beI ow Inhaddition, cthesee nethinde skags- @dimisationhwithanibee simple\ayoneratonr ve

the curve g oIS sl s’ st ChRP BBt Brorcitau B 01

factors rypehick aROéRteELRhe absolit@bttert df&éb%tlbﬁ) betvieea tlid ©@itple bid thelteaznt and
alimted nunber of reagert preparations. The al gorithm can :

be
opt i mi zedepgsntsaThe fest fhad the sarde musidha washed o6 35Rask off the reagent pad after the
timed reaction interval requires that the user be ready at the end of the timed interval and

wipe or apply a wash stream at the required time. The fact that the reaction is stopped by
removing the sample leads to some uncertainty in the result, especially in the hands of the
home user. Overwashing can give low results and underwashing can give high results.

Another problem that often exists in simple lay-operator colorimetric
determinations is the necessity for initiating a timing sequence when blood is applied to a
reagent pad. A user will typically have conducted a finger stick to a obtain a blood
sample and will then be required to simultaneously apply the blood from the finger to a
reagent pad while initiating a timing circuit with his or her other hand, thereby requiring
the use of both hands simultaneously. This is particularly difficult since it is often
necessary to insure that the timing circuit is started only when blood is applied to the
reagent pad. All of the prior art methods require additional manipulations or additional
circuitry to achieve this result. Accordingly, simplification of this aspect of reflectance
reading instruments is desirable.

The presence of red blood cells or other colored components often interferes with
the measurements of these absolute values thereby calling for exclusion of red blood cells
in these two prior methods as they are most widely practiced. In the device of patent
3,298,789 an ethyl cellulose membrane prevents red blood cells from entering the reagent
pad. Similarly, the water-resistant film of patent 3,630,957 prevents red blood cells from
entering. In both cases the rinse or wipe also acts to remove these potentially interfering
red blood cells prior to measurement.

Accordingly, there remains a need for a system of detecting analytes in colored
liquids, such as blood, that does not require removal of excess liquid from a reflectance

strip from which a reflectance reading is being obtained.
This is thg rgplacement sheet
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30° the sanme manner that is described above. In summary,
the system of the present I nvention mnimzes operator actions and

provi des nuner ous advantages over prior art reflectance-reading

met hods. \When conpared to prior nethods for determ ni ng gl ucose in

bl ood, for exanple, there are 35 3geveral apparent advantages. First,
t he anount of sanple required to saturate the thin reagent pad is

small (typically 5-10 mcroliters). Second, operator
17 tine required is only thSWMMABYSQF THBHINMYENYIONe sanple to the thin

hydrophilic | ayer, an | ose the cover (typically 4-7 o . L.rd, no
si mul t aneous ?%I%e]n&eg{ogﬁt CQIUIPGSERNF A8 .aplé%%.%lsha’re \Rﬁ%‘jl%ed gq%ocggglcatﬁc é%agsged.
The et he@ngfsing P hyd@EKilic RoYs FRRN dbhtaIRiNY aWigral paédueingobysted-wdld - fr ee
sanples and'|i kew se can be used with other deeply col gred_sanpl es.
reflectance measuring apparatus which is activated upon a change in reflectance of the

matrix when fluid penetrates the matrix. The method comprises adding the sample,
typically whole blood, to the matrix which filters out large particles, such as red blood
cells, typically with the matrix present in the apparatus. The signal-producing system
produces a product which further changes the reflectance of the matrix, which change can
be related to the presence of an analyste in a sample.

Exemplary of the diagnostic assay system is the determination of glucose in the
whole blood, where the determination is made without interference from the blood and

without a complicated protocol subject to use error.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more readily understood by reference to the
following detailed description when read in conjunction with the attached drawings,
wherein:

FIG. 1 is a perspective view of one embodiment of a test device containing the
reaction pad to which the fluid being analyzed is applied.

FIG. 2 is a block diagram schematic of an apparatus that can be employed in the
practice of the invention.

FIG. 3 is a block diagram schematic of an alternate apparatus that can be

employed in the practice of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The Reagent Element
The subject invention provides an improved rapid and simple methodology
employing reliable and easy to operate apparatus for the determination of analytes such
as glucose, particularly involving an enzyme substrate which results in the production of
hydrogen peroxide as an enzyme product. The method involves applying to a porous

matrix a small volume of whole blood, sufficient to saturate the matrix. Bound to the
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Several unobvi ous advantages arise as a result of the practice of the
present invention with whole blood. Normally, aqueous solutions (like

bl ood) will penetrate a hydrophilic nenbrane to give a liquid | ayer on the
opposite side of the nenbrane, a surface that is then not suited for a
refl ectance nmeasurenent. It has been dBscovered, however, that bl ood,
apparently because of interactions of red blood cells and proteins in the
bl ood with the matrix, will wet the polyam de nmatrix w thout having an
excess | impttixi apee0Be rotreonehsaganto 0f ansignal xproduding sy feine Wiigh, resplis r"égh%ct ance

readi ng on fhe opposit L de,of the.matpix, . hi n
reor anegrivaior B Rrsbfiel séifieie SR s ip the gl PEGEARSwe P,

t ransm t natghtTiRNdatkitis typicililyypréseneika fdfigodhcd-metduging @ppaatuanenridasdir i ng
device. Prior_teachings have generally indicated that a reflective |ayer is

necessar § Beitliedd Thrdidwd sapienpesetiales ithe mafioe esWiing iR a8niital (Hanes 1 ot her
cases a M&&Pgégkhtﬂ@ﬁle%ﬁana{t%ﬁﬁgceb meﬁ&ing *isem&lffagglp bt RAbrRAdR inteR afig} O

measur enent . e present case, neither~a re e layer or a white pad
i s requi tledinitisl thaige inhecfleotancd itorelate thepifudiier ychmage iirdreflactandet bt dhe

| i ght -absorbi ng surface behind the reagent enment nincident . light-is
| i nged MSASHCTAR SHEGFS ST IUIGP TRATH 28 B 5“3%%&"5@%”5 P cePio pRRch i
reagent eleRditne of &ARE th e slimpRasuring reflectance at two different
wavel engt hs, all ows acceptabl e refl ectance neasurenents to be obtai ned

wi t hout renpv&br ofeasyrements [in dldod, pedieniatly ghegose xmeastrementy, whplei blaed iy a
step typical ly required b revii ous.t eachi.ngs., . The i pventign . .now
bei ng geﬁ’@f%ﬁn&yusﬁgs%sr &'Se?f?éafﬁ'éed%%e% |n]1arﬁa)é%88$apgrmh%§3§? gg%iyr%y “&é erence
to the fe@lddawés"Bydrpea péroxidsamNocsontdihed il tie Plagde Rk bel 9 sedondPasgmep|

illustration only and are not to be considered lim¢ting of the invention
unl ess spagigalerly jaggroxidase, and a dye system which produces a light-absorbing product mxANVPLE

e or esghlubdis 908 hDGelRdO T SERTRGDing Moot SkSs bt Hifecsited om of
signal. With whole blood, readings are taken at two different wavelengths with the
reading at one wavelength used to subtract out background interference caused by
hematocrit, blood oxygenation, and other variables which may affect the result.

A reagent element is employed which comprises the matrix and the members of
the signal producing system contained within the matrix. The reagent element may
include other- components for particular applications. The method requires applying a
small volume of blood, which typically has not been subject to prior treatment (other than
optional treatment with an anticoagulant), to the matrix. Timing of the measurement is
activated by the apparatus automatically detecting a change in reflectance of the matrix
when fluid penetrates the matrix. The change in reflectance over a predetermined time
period as a result of formation of reaction product is then related to the amount of analyte
in a sample.

The first component of the present invention to be considered is a reagent
element, conveniently in the shape of a pad, comprising an inert porous matrix and the
component or components of a signal-producing system, which system is capable of
reacting with an analyte to produce a light-absorbing reaction product, impregnated into

the pores of the porous matrix. The signal-producing system does not significantly

impede the flow of liquid through the matrix.
This is the replacement sheet
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17A Reproducibility One mal e bl ood
sanple (JG hematocrit = 45) was used to collect the reproducibility data

set: forth in Tables 3-5. TABLE 3
Reproduci bility of a Single Wavel ength MPX System Aver age
(mg/dl) S.D. (ng/dl) - 3C % C. V. YSI (ng/dl) 20 sec.

30 sec. 20 sec. 30 sec. 20 sec. 30 sec. 25 23.1
23.0 2.1 2.04 9.1 9.0 55 53.3
53.2 3. 119 order to assist 3@ reading reflecgar@e, it is preferr@d ghat the mgttix have at least01

ég% one%gf%which is sub:s)’@_gtéally smooth agfd ﬁat. Typically,%l%matrix \géﬁbe formed int§26' 6
503 a thin sheet with at ledsf ohe smooth, flat side. In use, the liﬁlui’d samplé BBing analyzed is

675 28 4.15 810

813 applied to one side of {dg sheet whereby any assay compoundpresent passes through the

reagent element by means of capillary, wicking, gravity flow and/or diffusion actions.
The components of the signal producing system present in the matrix will react to glve a
light absorbing reaction product. Incident light impinges upon the reagent element at a
location other than the location to which the sample is applied. Light is reflected from the
surface of the element as diffuse reflected light. This diffuse light is collected and
measured, for example by the detector of a reflectance spectrophotometer. The amount of
reflected light will be related to the amount of analyte in the sample, usually being an

inverse function of the amount of analyte in the sample.

This is the replacement sheet
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TABLE 4 Reproduci bility of a Dual Wavel ength MPX System

Average (ng/dl) S.D. (ng/dl) % C. V. YSI (ng/dl) 20
sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec. 25

25 27 1.34 1.55 5.4 5.7 55

55 57.4 2.58 2.62 4.7 4.6 101

101 101.5 2.55 2.18 2.5 2.1 326
332 330 15.0 7.1 4.5 2.1 501
505 21.3 4 : 4.2 690

687 22.8 3.3 810

817 30. 4 The Matrix 3.7

é8 0m D arre h of the components necessar}'af@-groﬁucmg the reagent cIRRRLCHHEbOldci¥edn @

turn. The ﬁrst component is the matrix itself.

The matrix will be a hydrophilic porous matrix to which reagents may be covalently or
non-covalently bounfl; The matrix will allow for the flow of an aqueous medium_‘_t_:l}rough the
matrix. It will also allow for binding of protein compositions to the matrix without significantly
adversely affecting the biological activity of the protein, e.g. enzymatic activity of an enzyme.
To the extent that proteins are to be covalently bound, the matrix will have active sites for
covalent bonding or may be activated by means known to the art. The composition of the matrix
will be reflective and will be of sufficient thickness to permit the formation of a light-absorbing
dye in the void volume or on the surface to substantially affect the reflectance from the matrix.
The matrix may be of a uniform composition or a coating on a substrate providing the necessary
structure and physical properties.

The matrix will usually not deform on wetting, thus retaining its original conformation
and size. The matrix will have a defined absorbtivity, so that the volume which is absorbed can
be calibrated within reasonable limits, variations usually being maintained below about 50%,
preferably not greater than 10%. The matrix will have sufficient wet strength to allow for routine
manufacture. The matrix will permit non-covalently bound reagents to be relatively uniformly
distributed on the surface of the matrix.

As exemplary of matrix surfaces are polyamides, particularly with samples involving
whole blood. The polyamides are conveniently condensation polymers of monomers of from 4 to
8 carbon atoms, where the monomers are lactams or combinations of diamines and di-carboxylic
acids. Other polymeric compositions having comparable properties may also find use. The
polyamide compositions may be modified to introduce other functional groups which provide for
charged structures, so that the surfaces of the matrix may be neutral, positive or negative, as well
as neutral, basic or acidic. Preferred surfaces are positively charged.

When used with whole blood, the porous matrix preferably has pores with an average
diameter in the range of from about 0.1 to 2.0 pm, more preferably from about 0.6 to 1.0 um.

A preferred manner of preparing the porous material is to cast the hydrophilic polymer

onto a core of non-woven fibers. The core fibers can be any fibrous material that produce the

Tt e ks reveda e : .
Thiz o e roplecomard ahesi
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%C. V. YSI (ng/dl) 4. 7mm 3.0mm 5

55-100 4.8 4.9 300 3.0

5.0 600 3.8 5.5 avg.

3.9 5.1 The bl ood was divided into aliquots and spi ked with 10
gl ucose across a range of 25-800ng/dl. Twenty determ nati ons were nade
at each gl ucose test |evel fromstrips taken at random froma 500 strip
sanpl e (Lot FJ4-49B). The results of this study |lead to the

fol | owi ng concl usions: 15 1. SifAfle vs. Dual Wavel ength: The average
C V. for the 30-second dual result was 3, 7%.vs. 4.8%for .

3Q secdsseribsd ngqegnm’él sisneth, sush astpolysaterhadonaliamides. The reagenp thap é%%ss a
gl Uco%ﬁiggﬁﬂ%s&%lxﬁqegég%r%}uct 2Shich is d1sc;|1_£§%ﬁ?at n d%taﬁlg’%)érggéﬁ?%ﬁﬁﬁ%e g&eg:- - V.

in the |'Ucosée range. V. decr ease
from di.tdémtatrixBbi%doeanst biock theanatrixrsprthatetive ﬂmuldrpdrhen of the assay modium, sel

range. The 20- second dual vvavel e measur eme ave.simlar
i mpr o\RieRshReing, apalygedrgan flow BH%hF}éfd peEss t He thei AGHE Wl g’ﬁﬁwsﬂé%\%lhta%nent
N erythrocyleSCaré Reid 2PH/stitadeange (Tables 3 and 4):

The matrix is substantially reflective so that it gives a diffuse reﬂectance w1thout the use

of a reflective backing. Preferably at least 25%, more preferably at least 50%, of the incident
light applied to the matrix is reflected and emitted as diffuse reflectance. A matrix of less than
about 0.5 mm thickness is usually employed, with from about 0.01 to 0.3 mm being preferred. A
thickness of from 0.1 to 0.2 mm is most preferred, particularly for a nylon matrix.

Typically, the matrix will be attached to a holder in order to give it physical form and
rigidity, although this may not be necessary. FIG. 1 shows one embodiment of the invention in
which a thin hydrophilic matrix pad 11 is positioned at one end of a plastic holder 12 by means
of an adhesive 13 which.directly and firmly attaches the reagent pad to the handle. A hole 14 is
present in the plastic holder 12 in the area to which reagent pad 11 is attached so that sample can
be applied to one side of the reagent pad and light reflected from the other side.

A liquid sample to be tested is applied to pad 11. Generally, with blood being exemplary
of a sample being tested, the reagent pad will be on the order of about 10 mm? to 100 mm? in
surface area, especially 10 mm® to 50 mm?’ in area, which is normally a volume that 5-10
microliters of sample will more than saturate.

Diffuse reflectance measurements in the prior art have typically been taken using a
reflective backing attached to or placed behind the matrix. No such backing is needed or will
normally be present during the practice of the present invention, either as part of the reagent
element or the reflectdrice apparatus.

As can be seen from FIG. 1, the support holds reagent pad 11 so that a sample can be
applied to one side of the reagent pad while light reflectance is measured from the side of the
reagent pad opposite the location where sample is applied.

FIG. 2 shows a system in which the reagent is applied to the side with the hole in the
backing handle while light is reflected and measured on the other side of the reagent pad. Other

structures than the one depicted may be employed. The pad may take various shapes and forms,

This is the replacement sheet

2 1 DEL 200
Date: 2 1 DEC 200



2. Dual Wavelength, 20 vs. 30-second Result: The average C. V.

for a 20-second result in the 25-100 30 ng/dl range is nearly
identical to the 30-second readi ng, 4.2%vs. 4.1% However, at
326 ng/dl the 30-second reading has a C.V. of 2.1% and the 20-
second result a CV. of 4.5% As was seen in the K/'S-20 response
curve, the slope begins to decrease 35 sharply above 250 ng/dl. This
| ead to poor repro- duci bility at glucose |levels greater than 300
for the 20-second result. FréBmthis reproducibility

19 data the cutoff for the 20-second result is sonewhere between 100 and
326 nyyublject 1 thedinfifations pre8leddersin. \idhe pad veH bgecesspiblreen atrlewst Ohe swidacglangd of
the r e&:stl)lgﬁ}; osgulil'fla\éess.et forth in Exanple I1.

The hydrophilic layer (reagent element) may be attached to the support by any
convenient means, e.g., a holder, clamp or adhesives; however, in the preferred method it is
bonded to the chking. The bonding can be done with any non-reactive adhesive, by a thermal
method in which the backing surface is melted enough to entrap some of the material used for
the hydrophilic layer, or by microwave or ultrasonic bonding methods which likewise fuse the
hydrophilic sample pads to the backing. It is important that the bonding be such as to not itself
interfere substantially with the diffuse reflectance measurements or the reaction being measured,
although this is unlikely to occur as no adhesive need be present at the location where the
reading is taken. For example, an adhesive 13 can be applied to the backing strip 12 followed
first by punching hole 14 into the combined strip and adhesive and then applying reagent pad 11
to the adhesive in the vicinity of hole 14 so that the peripheral portion of the reagent pad attaches

to the backing strip.

The Chemical Reagents

Any signal producing system may be employed that is capable of reacting with the
analyte in the sample to produce (either directly or indirectly) a compound that is
characteristically absorptive at a wavelength other than a wavelength at which the assay medium
substantially absorbs.

Polyamide matrices are particularly useful for carrying out reactions in which a substrate
(analyte) reacts with an oxygen-utilizing oxidase enzyme in such a manner that a product is
produced that further reacts with a dye intermediate to either directly or indirectly form a dye
which absorbs in a predetermined wavelength range. For example, an oxidase enzyme can
oxidize a substrate and produce hydrogen peroxide as a reaction product. The hydrogen peroxide
can then react with a dye intermediate or precursor, in a catalysed or uncatalysed reaction, to
produce an oxidized form of the intermediate or precursor. This oxidized material may produce
the colored product or react with a second precursor to form the final dye.

Nonlimiting examples of analyses and typical reagents include the following materials

shown in the following list. This |

- 3 . L
is is the replacement shest
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3. Aperture Size: A smaller optics aperture size, 3.0 nmvs. 5.0 nmm was
investigated. Initial experinentation using a 10-replicate, hand-di pped
dirsk sanple did show inproved C.V.s with the 3.0 nm aperture, apparently
because of easier registration with the systemoptics. However, when

machi ne-made roll nenbrane was used, the average C. V. (Table 5) of the

| arger aperture, 4.7 mm was 3.9%vs. an average C. V. for the 3.0 mm
aperture of 5.1% This 30%increase in C.V. was probably due to the uneven
surface of the roll nenmbrane |ot as d#Scussed bel ow.

EXAVRLE L1 Recovery — For
conpari son (é’fnabﬁ@arpi%@épiﬁ'rrm@hod (MPX) against a typﬂ@&@ﬂtﬁ)rl or art method
' > d

Trom 36

donor %ldwgcalefml@s;iwﬂ@emdpjm@des orefier di vi Aledpegual | y betveen mal es and
femal es and ranged in hematocrit from 35 to 55% The bl ood sanples were

used ®PIoKIGha@poRD dluidsofWhalg (bdead #na with |ithi um heparin as the

h

oL SRR Rt PR o o2 oot s ond op e vith
sanple was tested in duplicate for a taDalianiididg®4’ data points.
O-toluidine
O-tolidine™
Benzidine™®
2,2'-Azinodi-(3-ethylbenzthiazoline sulphonic
acid-(6))®
3-Methyl-2-benzothiazolinone hydrazone plus
N,N-dimethylaniline®"
Phenol plus 4-aminophenazone'"
Sulfonated 2,4-dichlorophenol plus
4-aminophenazone®®
3-Methyl-2-benzothiazolinone hydrazone plus
3-(dimethylamino)benzoic acid®
2-Methoxy-4-allyl phenol®
4-Aminoantipyrine-dimethylaniline®

() As reported Clinical Chemistry, Richterich and Columbo, p. 367 and references cited therein.
@ Analyst, 97, (1972) 142-5.

©) Anal. Biochem., 105, (1980) 389-397.

®) Anal. Biochem., 79, (1977) 597-601.

©) Clinica Chemica Acta, 75, (1977) 387-391 all incorporated herein by reference.
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20 Response curves were constructed fromthese data and

gl ucose values then calculated fromthe appropriate equation (Tables 1
and 2). These MPX gl ucose val ues were then plotted vs. the YSI val ues
to 5 give scattergrans. Compari son of MPX Systens: For both
t he 20-second and 30-second neasurenment tinmes there is visual l'y
nore scatter in the single-wavel ength scattergrans than the

dual -wavel ength scattergranms. 10 The 20-second readi ng becones very
scattered above 250 mg/ dl but the %B0-second neasurenent does not have
w de scatter until the glucose level is gerr]SOO n%/ |, .

These vehmid @f gnembraner @ecgssary | mapwlgr B9 demonsirater AR rFXHE Fﬂ%edﬂéml%tr?‘ﬂﬁ?s f r om

¥§:3Lgtr%e£1§rie&léﬁts ,Iagg gﬁgwslglméigrﬂ ee 'strer-llzgraﬁ th eﬁidvpf&r ?&thn%%ﬂ:ﬁ?ac\fﬁ%.e obt ai ned.

In a typical configuration, the method is carried out using an apparatus consisting of a
plastic holder and the reagent element (the matrix having the signal producing system
impregnated therein). The preferred matrix for use in preparing the reagent element is a nylon
microfiltration membrane, particularly membranes made from nylon-66 cast on a core of non-
woven polyester fibers. Numerous nylon microfiltration membranes of this class are produced
commercially by the Pall Ultrafine Filtration Corporation having average pore sizes from 0.1 to
3.0 microns. These materials show mechanical strength and flexibility, dimensional stability
upon exposure to water, and rapid wetting. _

Many variations in specific chemical structure of the nylon are possible. These include
unfunctionalized nylon-66 with charged end groups (sold under the trademark ULTIPORE by
Pall Ultrafine Filtration Corporation; "Pall"). Positive charges predominate below pH 6 while
negative charges predominate above pH 6. In other membranes the nylon is functionalized before
the membrane is formed to give membranes with different properties. Nylons functionalized with
carboxy groups are negatively charged over a wide pH range (sold as CARBOXYDYNE by
Pall). Nylons can also be functionalized with a high density of positively charged groups on its
surface, typically quaternary amine groups, so that they display little variation in charge over a
wide pH range (sold as Posidyne by Pall). Such materials are particularly well suited for the
practice of the present invention. It is also possible to use membranes having reactive functional
groups designed for covalent immobilization of proteins (sold as Biodyne Immuno Affinity
membranes by Pall). Such materials can be used to covalently attach proteins, e.g. enzymes, used
as reagents. Although all of these materials are usable, nylon having a high density of positively
charged groups on its surface provide the best stability of reagents when formulated into a dry
reagent pad. Unfunctionalized nylon gives the next best stability with the carboxylated nylons
next best.

Desirable results can be obtained with pore sizes ranging from about 0.2-2.0 pm,
preferably about 0.5-1.2 pm, and most preferably about 0.8 um, when used with whole blood.

The form of the handle on which the reagent element is assembled is relatively

unimportant as long as the handle allows access to one side of the reagent element by sample and

This is the raplacement shest
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Accuracy of MPX from Recovery Data MPX Measur enment S. D

- (mg/dl) C. V. for Range* 20 Wavelength Time (sec.) 0-50
50- 250 250-450 450-7 Si ngl e 20 5.6
7.2 14.5 - Si ngl e 30 6.9 7.1
8.8 10. 2 Dual 20 2.3 5.3 12.8
- Dual 30 2.19 5.5 5.8 8. 4 25
Note: These are inter nmethod C V.s. a. The dual wavel ength
system gave C.V.s that r 8Aged 30% | ower than the single
wavel engt h system The singl e, wavel engt h
syst enp the otheDsid® om‘ghajteagent element by 1nc1d@md@§ whosg reflegiangg 15 bﬁj?gjmegﬂ’é?de as

t2hg ﬁg’ﬁéﬂ handlg-also aids in 1nsert1ng t%e reagen l e t&t&*&%%r GitERle IWQ??SHHH‘[% Mevice so

that it registers with the optical system. One example of a suitable handle is a mylar or other
plastic strip to which a transfer adhesive such as 3M 465 or Y9460 transfer adhesive has been
applied. A hole is punched into the plastic through the transfer adhesive. A reagent element,
typically in the form of a thin pad, either containing reagents or to which reagents will later be
added, is then applied to the handle by means of the transfer adhesive so that it is firmly attached
to the handle in the area surrounding the hole that has been punched through the handle and the
transfer adhesive. Such a device is illustrated in FIG. 1, which shows reagent pad 11 attached to
a Mylar handle 12 by means of adhesive 13. Hole 14 allows access of the sample or incident
light to one side of reagent pad 11 while access to the other side of the reagent pad is
unrestricted. All dimensions of the reagent pad and handle can be selected so that the reagent pad
fits securely into a reflectance-reading instrument in proximal location to a light source and a
reflected-light detector.

If a nylon matrix is selected to form the reagent pad, when the indicated thicknesses are
employed, it is preferred to have the reagent pad supported by the holder in such a manner that
no more than 6 mm, measured in any direction, is unsupported by the holder at the location were
the sample is applied and light reflectance is measured. Larger unsupported areas tend to provide
inadequate dimensional stability to the membrane so that measurement of reflectance from the
surface is adversely affected. A 5 mm diameter hole 14 in the reagent strip shown in FIG. 1
works quite satisfactorily.

There is no particular limit on the minimum diameter of such a hole, although diameters
of at least 2 mm are preferred for ease of manufacture, sample application, and light reflectance
reading.

Although a number of dyes could be used as indicators, the choice will depend upon the
nature of the sample. It is necessary to select a dye having an absorbance at a wavelength
different from the wavelength at which red blood cells absorb light, with whole blood as the
assay medium, or other contaminants in the solution being analyzed with other assay media. The
MBTH-DMAB dye couple (3-methyl-2-benzothiazolinone hydrazone hydrochloride and 3-

dimethylaminobenzoic acid), although being previously described as suitable for color

This is the repla ant sheet
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21 C. The outoff for a 30-second MPX nmeasur enent i's

250 ny/dl. For the 50-250 ng/dl range both the 20- and
30-second neasurenents gave simlar inter-nethod C V.s
(approximately 7% 5 for single wavel ength, 5.5%for dual

wavel engt h). However, in the 250-450 ng/dl range inter-nethod
C.V.s nore than double for the 20-second reading to 14.5% for
the single and 12. 8% for_the dual wavel ength. 10 d.
The 30-second readi ng was unusabl e ab®®e 450 ng/dl for both

the single and dual wavel egfgatqh . . measurepent (C. V.s of 1Q.2 and
8. 494 develgmment for peroxidpge ls| insicamyme Waﬁi‘%ehﬁ Fave BEFt‘H M @

quant icgﬁﬁﬂe%.iali Elu%kee &b&%nggt/egéen{afﬂig' dye coupled gives greater dynamic range and
shows improved enzymatic stability as compared to traditional dyes used for glucose
measurement, such as benzidine derivatives. Furthermore, the MBTH-DMAB dye couple is not
carcinogenic, a characteristic of most benzidine derivatives.

Another dye couple that can be used in the measurement of glucose is the AAP-CTA (4-
aminoantipyrene and chromotropic acid) couple. Although this couple does not provide as broad
a dynamic range as MBTH-DMAB, it is stable and suitable for use in the practice of the present

“invention when measuring glucose. Again, the AAP-CTA dye couple provides an expanded
dynamic range and greater enzymatic activity stability than the more widely used benzidine dyes.

The use of the MBTH-DMAB couple allows for correction of hematocrit and degree of
oxygenation of blood with a single correction factor. The more typically used benzidine dyes do
not permit such a correction. The dye forms a chromophore that absorbs at approximately 635
nm but not to any significant extent at 700 nm. Slight variations in measuring wavelengths (+
about 10 nm) are permitted. At 700 nm both hematocrit and degree of oxygenation can be
measured by measuring blood color. Furthermore, light emitting diodes (LED) are commercially
available for both 635 nm and 700 nm measurements, thereby simplifying mass-production of a
device. By using the preferred membrane pore size described above and the subject reagent
formulation both hematocrit and oxygenation behavior can be corrected by measuring at the
single 700 nm wavelength.

Two additional conditions were found to provide particular stability and long shelf life
for a glucose oxidase/peroxidase formulation on a polyamide matrix. These use a pH in the range
of 3.8 to 5.0, preferably about 3.8 to 4.3, most preferably about 4.0, and use of a concentrated
buffer system for applying the reagents to the matrix. The most effective buffer was found to be
10 weight percent citrate buffer, with concentrations of from 5-15% being effective. These are
weight/volume percentages of the solution in which the reagents are applied to the matrix. Other
buffers can be used on the same molar basis. Greatest stability was achieved using a low pH,
preferably about pH 4, an MBTH-DMAB dye system, and a high enzyme concentration of
approximately 500-1000 U/ml of application solution.

. . ) . . gt a tnrmed
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17 MPX 30 Dual: This dual wavel ength system gave a 30- second
nmeasurenment time wwth a 95% confi dence 20 Timt (defined as the
probability of a measurenent being within 2 S.D. of the YSI) of
11.3% (C. V.) for t he range from 50-450 ng/dl (Table 7) and
[err]4.4 ng/dl (S.D.) for 0-50 ng/dl. 25 2. MPX 30/ 20 Dual:
Thi s dual wavel ength system gave a 20-second neasurenent tinme in

t he 0-250 ny/dl range and a 30-second tinme for the 250-450 range.
The 95% confidence linmts ar&nearly identical to the MPX

30 Dual System (Table 7), 11.1%(C V.) for 50- 30 4 .
mg/ dl (S. >|:l)_In pmpg@ngthe d| 1—]§-I_)MA103 (reagg and the enzyme system that Po(l)'rnrs;ﬂ%e:drlem‘fjall?n%eé1 6

of the signal producing system, it is not necessary to maintain exact volumes and ratios although
the suggested values below give good results. Reagents are readily absorbed by the matrix pad
when the glucose oxidase is present in a solution at about 27-54% by volume, the peroxidase is
present at a concentration of about 2.7-5.4 mg/ml, MBTH is present at a concentration of about
4-8 mg/ml, and DMAB is present at a concentration of about 8-16 mg/ml. The DMAB-MBTH
weight ratio is preferably maintained in the range of (1-4):1, preferably about (1.5-2.5):1, most
preferably about 2:1.

The basic manufacturing techniques for the reagent element are, once established,
straightforward. The membrane itself is strong and stable, particularly when a nylon membrane
of the preferred embodiment is selected. Only two solutions are necessary for applying reagent,
and these solutions are both readily formulated and stable. The first generally contains the dye
components and the second generally contains the enzymes. When using the MBTH-DMAB dye
couple, for example, the individual dyes are dissolved in an aqueous organic solvent, typically a
1:1 mixture of acetonitrile and water. The matrix is dipped into the solution, excess liquid is
removed by blotting, and the matrix is then dried, typically at 50°-60°C for 10-20 minutes. The
matrix containing the dyes is then dipped into an aqueous solution containing the enzymes. A
typical formulation would contain the peroxidase and glucose oxidase enzymes as well as any
desired buffer, preservative, stabilizer, or the like. The matrix is then blotted to remove excess

liquid and dried as before. A typical formulation for the glucose reagent is as follows:

Dye dip
Combine:
40 mg MBTH,
80 mg DMAB,
5 ml acetonitrile, and
5 ml water.

Stir until all solids are dissolved and pour onto a glass plate or other flat surface. Dip a piece of

Posidyne membrane (Pall Co.), blot off excess liquid, and dry at 56°C for 15 minutes.
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22 TABLE 7
Conparison of 95% Confidence Limts for MPX,

G ucoScan Plus and Accu- Chek bG* Reagent Strips Measuri ng Range

MPX Si ngl e Wavel ength MPX Dual Wavel ength nmg/ dl

20 sec. 30 sec. 20 sec. 30 sec. 0-50

11. 2 ny/ dl 13.8 ny/ dl 4.6 ny/ dl 4.4 nyldl 50- 250
14. 4% 14. 2% 10. 6% 11. 0% 250- 450

- 17. 6% - 9 11. 6% 77- 405

G ucoScan Plus (Drexler dinical) ) 15. 9% 77-405

Accu- Chek bG (Drexler Clinical) Enzymedip 10 79 50- 450

MPX 20/ 30 brid 11. 1% 50- 450

MPX 30 Dua :ab?‘l‘blﬁy 11.3 *Confidence limts

for MpP¥lwere, fromthe YSI. The confidence |limts for QucoScan Plus and

AccuChe omthe regression equation vs. YSI which elimnates bias
due tl)o‘a"ﬂ&%%\g? &‘F‘é‘{‘ > in calibration.

200 mg Poly Pep, low v1scosity, (Sigma)

0.668 g sodium citrate,

0.523 g citric acid,

2.0 ml 6 wt% Gantrez AN-139 dissolved in water (GAF)

30 mg horseradish peroxidase, 100 units/mg, and

3.0 glucose oxidase, 2000 units/ml. |

Stir until all solids are dissolved and pour onto a glass plate or other flat surface. Dip a piece of
membrane previously impregnated with dyes, blot off excess liquid, and dry at 56°C for 15
minutes.

The electronic apparatus used to make the reflectance readings minimally contains a light
source, a reflected light detector, an amplifier, an analog to digital converter, a microprocessor
with memory and program, and a display device.

The light source typically consists of a light emitting diode (LED). Although it is possible
to use a polychromic light source and a light detector capable of measuring at two different
wavelengths, a preferred apparatus would contain two LED sources or a single diode capable of
emitting two distinct wavelengths of light. Commercially available LEDs producing the
wavelengths of light described as being preferred in the present specification include a Hewlett
Packard HLMP-1340 with an emission maximum at 635 nm and a Hewlett Packard QEMT-1045
with a narrow-band emission maximum at 700 nm. Suitable commercially available light

detectors include a Hammamatsu 5874-18K and a Litronix BPX-65.
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EXAMPLE || | Stability Most
- of the bench-scale work carried out in optimzing stability was conpl eted
usi ng hand-di pped 0.8 [err] m Posi dyne nenbrane di sks. The specific

dye/ enzynme fornul ati on was set forth previously. Room Tenper at ure
(RT) Stability: This study attenpted to chart any change in response

of the 0.8 [err]m Posidyne nenbrane reagent stored at 18-20[err] C over

silica gel desiccant. After 2.5 nonths there was no noticeabl e change
as measured by the response of a roomi3 tenperature sanple vs. the ;
response. of a s | e stored at 5[err]C.. Each scattergram represente
a glpué’(%'laé) ﬁ‘gﬁn &-onger reagtign times shouldiprpyide p}orasuly%ﬂeemapmgs forghe brghpcd

st abi ?Hg% sanme reagent as the RT study was carrie

out . 11I'éﬁ’ghédl fe séélnc:dedgg?t%\ﬁg ucose val ues of reagent stressed at 37[err]C vs.

RT reagent The 700 nof teflestancqpreading doisthe dual Waedlehgth htvasiremelites itysicallyetaken

plott ('319 15 seconds (R;s). By this time blood will have completely saturated the reagent pad. Beyond
15 seconds the dye reaction continues to take place and is sensed, to a small part, by a 700 nm
reading. Accordingly, since dye absorption by the 700 nm signal is a disadvantage, readings
beyond 15 seconds are ignored in the calculations.

The raw data described above are used to calculate parameters proportional to glucose
concentration which can be more easily visualized than reflectance measurements. A logarithmic
transformation of reflectance analogous to the relationship between absorbance and analyte
concentration observed in transmission spectroécopy (Beer's Law) can be used if desired. A
simplification of the Kubelka-Mork equations, derived specifically for reflectance spectroscopy,
have proven particularly useful. In this derivation K/S is related to analyte concentration with
K/S defined by Equation 1.

K/S-t=(1 - R*t) /(2 x R*t) 1)

R*t is the reflectivity taken at a particular endpoint time, t, and is the absorbed fraction of

the incident light beam described by Equation 2, where R, is the endpoint reflectance, Ryg or Ra.
R*t = (R, - Rol(Rayy - Ry) @)

R*t varies from 0 for no reflected light (R) to 1 for total reflected light (Rary). The use of

reflectivity in the calculations greatly simplifies

g} be ~
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23 over time. Although the data was noi sy, due to the poor
reproduci bility of handnmade strips, the stability was excellent for
strips whether they were stressed with or w thout ~ adhesive. 3.
Stability at 56[err]C: Eight 5- to 6-day stability studies were carried out
usi ng different preparations of a simlar fornulation on disk
menbrane (Table 8). For the | ow gl ucose test |evel (80-100 ng/dl)

t he average gl ucose val ue dropped upon stressing by 3.4% wth t he
hi ghest drop being 9.55% At the highliest |evel (280-320 ng/dl) the

| ucose readin declined by an average of 3.4% the |argest decline
ge?ng tims rgq,yiredg is only that necessary to ag;aly the s.ampleg to the thin hydropi@li¢lager and close

St abi Ly 5144 9, ' i, Sk ent For at j.on
Stres Eﬂeeé%fvg{ (tg}"—{f%ll 64 Sﬁgon;ﬁgi grgfrleimrl{ %ﬁiu‘i%ﬂgougti?l}ﬁng%%gt is rf:qulreH?J i*" our{h, whole
% Di f blwodrme HebSéedr ThE mwshod_RIoeSargp Iréquire any Sepaakion @ .utilization of red-cellYiRte

- YSI . (280- 320 / dl FJ22B
E 202 é(s)a(t)mﬁgé grllc? likewise can be usedS witg othex ggqplygolore)d spopplea,
-4.0 Several unobvious advantages arisé %%é’esult of theﬁ%é%ﬁe of the present invention
-2.4 - 0. —

- 9. 55with whole blood. Normally, aqueous solfiofis (like blodd)3%fll penetrate a hydrophilic

fg’ g’smembrane to give a liquid layer on the oppp-gi%dsszlﬁe of the Ipqgl%r%ge, a surface that is then not

- 3. 0 suited for a reflectance measurement. It ha¥'b&kn discoverddfhi8®ever, that blood, apparently

-3.0 -2.5 Aver age of B

- 3. 4 because of interactions of red blood cells and progeins in the blood with the matrix, will wet the
polyamide matrix without having an excess liquid penetrate the porous matrix to interfere with
the reflectance reading on the opposite side of the matrix.

Furthermore, the thin membranes used in the present invention would be expected when
wet to transmit light and return only a weak signal to the reflectance measuring device. Prior
teachings have generally indicated that a reflective layer is necessary behind the matrix in order
to reflect sufficient light. In other cases a white pad has been placed behind the reagent pad prior
to color measurement. In the present case, neither a reflective layer or a white pad is required. In
fact, the invention is typically carried out with a light-absorbing surface behind the reagent
element when incident light is impinged upon the matrix. Using a light-absorbing surface behind
the reagent element, coupled with measuring reflectance at two different wavelengths, allows
acceptable reflectance measurements to be obtained without removal of excess liquid from the
matrix, thereby eliminating a step typically required by previous teachings.

The invention now being generally described, the same will be better understood by
reference to the following specific examples which are presented for purposes of illustration only

and are not to be considered limiting of the invention unless so specified.

EXAMPLE I

In this and the following examples, "MPX" refers to the system of the present invention.

This is the replacement sheet

Date: 2 1 DEC 2001



*These two sanples contained twi ce the nornmal concentration of enzyme and
dye. A study of the 56[err]C stressing of this nenbrane over a
19-day period showed no najor difference for strips stressed with or
wi t hout adhesive. In both cases the 19-day decline in glucose val ue was
<15% at |low test |levels (80-100) and 300 ng/dl.
24 Anot her 56[err] C study using hand-di pped 0.8 [err] m Posi dyne
menbrane with twice the normal concentration of enzynme and dye was
conpl eted. Two separate preparations !t the same fornul ati on were nade up
and the stability measured over a 14-day period. The average results of the
two studies were plotted. Changeé‘qmﬁ?délc%ﬂﬂtﬁi n 10% over the 14-day period at
bot h t he hj vels | . tion
Lo be part F%Elng@ggfogg’g%#g@??@, Heitodrft LoA5) WAAGRE %aéo%eét}}%vrép%cﬁlcib%%a?a

set forth in Tables 3-5.

TABLE 3
__Reproducibility of a Single Wavelength MPX System -
Average (mg/dl) S.D. (mg/dl % C.V.

YSI (mg/dl) 20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
25 23.1 23.0 2.1 2.04 9.1 9.0
55 53.3 53.2 3.19 3.32 6.0 6.3
101 101 101 3.0 33 3.0 33
326 326.6 327 133 9.8 4.1 3.0
501 503 17.1 34
690 675 28 4.15
810 813 37 ' 4.5

TABLE 4
Reproducibility of a Dual Wavelength MPX System
Average (mg/dl) S.D. (mg/dl % C.V.

YSI (mg/dl) 20 sec. 30 sec. 20 sec. 30 sec. 20 sec. 30 sec.
25 25 27 1.34 1.55 5.4 5.7
55 55 57.4 2.58 2.62 4.7 4.6
101 101 101.5 255 2.18 2.5 2.1
326 332 330 15.0 7.1 4.5 2.1
501 505 21.3 4.2
690 687 22.8 33
810 817 30.4 3.7
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EXAMPLE |V Sanpl e Si ze The
sanpl e size requirenents for MPX are denonstrated in Table 9.

TABLE 9 Ef fect of Sanple Size on MPX Measurenents
Sanpl e Dual Wavel ength Si ngl e Wavel ength
Size ([err]l) Aver age

Aver age Low d ucose YSI = 56 3 41
50 39 31 40 31 42 30 19 30 4

44 49 49 49 48 a3 45 44 45 44 5
54 50

49 48 49
10 da’ﬁlgthe cutgﬁf for %lgeoZO—sgppnd result is ggmewhere between 100md 326 lgg/dl Aggtoff of 54

250 fidy/d] wabdater dégnmnépﬂom the l‘segl?lts ofztg%re%aée% stu;Lig éet forth ?rggﬁamglg II. 274 58

H| gh d ucose YSI =
232 244 3. Apeaure 31252‘\ smaller optics aBérture 378, 3.0361?1 vs$3410 mm, w&’sﬁihvestlgateaﬁl

356 342 318 344 . ,398 . 402 378
387 Imgéle)expe%%nintatloré ysjng a I%Orephcatea %@.nd-dgm)g d di p&@d show 1rr;p5g8ved V.856

358 7 8 65380
230 vl 30 e, s 208 s BB e i i

t r ans FeweEer, when ﬁ@ch@&g@w@ rplémembmm Was USedthe aterage C.V. (Table 5) of the larger
aperture, 4.7 mm, was 3.9% vs. an average C.V. for the 3.0 mm aperture of 5.1%. This 30%

increase in C.V. was probably due to the uneven surface of the roll membrane lot as discussed

below.

EXAMPLE II
Recovery
For comparison of the present method (MPX) against a typical prior art method using a
Yellow Springs Instrument Model 23A glucose analyser manufactured by Yellow Springs
Instrument Co., Yellow Springs, Ohio (YSI), blood from 36 donors was tested. The donors were
divided equally between males and females and ranged in hematocrit from 35 to 55%. The blood
samples were used within 30 hours of collection, with lithium heparin as the anti-coagulant. Each
blood sample was divided into aliquots and spiked with glucose to give 152 samples in the range

of 0-700 mg/dl glucose. Each sample was tested in duplicate for a total of 304 data points.

.
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using a mcro pipet. Wien blood froma finger stick is applied to a strip
the total sanple cannot be transferred, therefore the volunes reported here
do not represent the total sanple size needed to be squeezed

25 fromthe finger for the analysis. A 3-[err]l sanple is the

m ni num necessary to conpletely cover the reagent pad circle. This
does not provide enough sanple to conpletely saturate the reagent pad
and MPX gives low 5 results. A 4-[err]l sanple barely saturates the

r eagent pad, while a 5-[err]| sakple is clearly adequate. A 10-[err]l|
sanple is a large shiny drop and a 20-Jerr]l sanple is a ~very large
drop and is only likely to be used 7 bIood.fron]a pi pet is used for
sanpling. 10 ; o | the sTtngle
macglength result hasc§gﬁ§hgg%§% éﬁggﬁgﬁﬁgggbagégﬁggﬁx’ which is

conpl etely el i m nat efslusiScgn Phis add @lccu-Chek bo¥ ReapgitiStigasur enent . Al t hough
—t

this Ww@g MPX Single Wavelength MPX Dual Wavelength
mg/dl 20 sec. 30 sec. 20sec. 30 sec.
0-50 11.2 mg/dl 13.8 mg/dl 4.6 mg/dl 4.4 mg/dl
50-250 14.4% 14.2% 10.6% 11.0%
250-450 — 17.6% — 11.6%
77-405 GlucoScan Plus (Drexler Clinical) 15.9%
77-405 Accu-Chek bG (Drexler Clinical) 10.7%
50-450 MPX 20/30 Dual Hybrid 11.1%
50-450 MPX 30 Dual 11.3

*Confidence limits for MPX were from the YSI. The confidence limits for GlucoScan Plus and
AccuChek bG were from the regression equation vs. YSI which eliminates bias due to small

differences in calibration.

EXAMPLE III
Stability
Most of the bench-scale work carried out in optimizing stability was completed using
hand-dipped 0.8 um Posidyne membrane disks. The specific dye/enzyme formulation was set
forth previously.
1. Room Temperature (RT) Stability: This study attempted to chart any change in response
of the 0.8 um Posidyne membrane reagent stored at 18-20°C over silica gel desiccant.
After 2.5 months there was no noticeable change as measured by the response of a room
temperature sample vs. the response of a sample stored at 5°C. Each scattergram
represented a glucose range of 0-450 mg/dl.
2. Stability at 37°C: A 37°C stability study using the same reagent as the RT study was
carried out. The differences in glucose values of reagent stressed at 37°C vs. RT reagent,
for strips stressed with and without adhesive, was plotted
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t he single wavel ength m ght be considered acceptable, 15 it is clearly

undesi rabl e. Exanpl e V Reproduci bility:
Experi mental neasurenents descri bed above 20 were always run in replicate,
usually 2, 3 or 4 determ nati ons per data point. These sets have

al ways shown cl ose agreenent even for sanples with extrene
hematocrits or extrenme oxygen levels. C V.s were well below 5% It
appears, therefore, that reproduci bi I2i3ty 25 is very good to excellent.

30 '

over time. Although the data was noisy, due to the poor reproducibility of handmade
strips, the stability was excellent for strips whether they were stressed with or without
adhesive.

3. Stability at 56°C: Eight 5- to 6-day stability studies were carried out using different

preparations of a similar formulation on disk membrane (Table 8). For the low glucose
test level (80-100 mg/dl) the average glucose value dropped upon stressing by 3.4%, with
the highest drop being 9.55%. At the high test level (280-320 mg/dl) the glucose reading
declined by an average of 3.4%, the largest decline being 10.0%.

TABLE 8
Stability of pH = 4.0, 0.8 um Posidyne Disk Reagent Formulation
Stressed for 5 to 6 Days at 56°C
% Difference (56°C vs. RT Sample)

Sample No. YSI (80-100 mg/dI) YSI (280-320 mg/dl)
FJ22B -6.25 +5.4
FI27A -4.0 -5.14
FJ28B 24 -5.3
FJ30H -9.55 -10.0
FI31C +4.43 -1.24
FJ36 -32 -8.5
FJ48B* -3.0 0.0
GM48A* : -3.0 -2.5
Average of 8 34 3.4

*These two samples contained twice the normal concentration of enzyme and dye.

A study of the 56°C stressing of this membrane over a 19-day period showed no major
difference for strips stressed with or without adhesive. In both cases the 19-day decline in

glucose value was <15% at low test levels (80-100) and 300 mg/dl.
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35 26 The
subj ect invention provides for many advantages over systens which are
presently avail able commercially or have been described in the literature.
The protocols are sinple and require little technical skill and are
relatively free of operator error. The assays can be carried out rapidly
and use inexpensive and relatively harm ess reagents, inportant
considerations for materials enployed in the hone. The user obtains results
whi ch can be understood and used in c@fjunction with nmaintenance therapy.
In addition, the re%?ents have Iong_shelf |ives, so that the results

P

obt ai ned widnother $&G sy ysing handydipeed Gchs 1ot Rosidene Thembigoe prithtwice tenpl e

d ' ' tomatic. Al |l patents and.other
oup! | cior P ErBRtFR T AR g A SR deiipied. e effierarEPBRToR P B e v
of t hefotravletioDivefdanbde @f atd@Satility maagaed oSk 4 I 4iday pbBod@ I Thet verdl GEsultdi S
i nvention pertains and are herein i1ndividually incorporated by reference to

t he sffdheiwe pudies wase plotied.cGhanges wgrehwithin £10% over the 14-day period at both the
high and low glucose test level. These data show this formulation to be particularly stable.

EXAMPLE IV
Sample Size

The sample size requirements for MPX are demonstrated in Table 9.

TABLE 9
Effect of Sample Size on MPX Measurements
Sample Dual Wavelength Single Wavelength
Size (ul) Average Average
Low Glucose YSI = 56
3 41 50 39 31 40 31 42 30 19 30
4 44 49 49 49 48 41 45 44 45 44
5 54 48 49 51 50 50 49 48 49 49
10 48 48 50 47 48 54 53 56 55 54
20 49 49 49 50 49 55 57 58 60 58
High Glucose YSI =360
3 301 260 276 286 280 274 232 244 260 252
4 383 378 367 341 367 361 356 342 318 344
5 398 402 382 370 388 378 387 366 351 370
10 364 362 378 368 368 356 358 379 369 366
20 375 370 380 378 376 380 382 389 385 384

The volumes reported in the table were transferred to the reagent pad shown in Figure 1
using a micro pipet. When blood from a finger stick is applied to a strip the total sample cannot
be transferred, therefore the volumes reported here do not represent the total sample size needed

to be squeezed

T
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reference were specifically and individually incorporated by reference.

The invention now being fully described, it will be apparent to one of
ordinary skill in the art that many nodifications and changes can be nade
thereto without departing fromthe spirit or scope of the invention as
defined in the follow ng clains. CLAI MS: 1. In a nethod for
determ ning glucose in a blood sanple enploying a nenbrane and a

si gnal - produci ng system which reacts with glucose to produce a

| i ght - absorptive dye product, said sy26em bei ng bound to the nenbrane, and
in which the ampunt of said dye product is determ ned by neans of a

r ef | ect anc &heembieck inventidny ptmvaies dorf meny efivaniages ovabsysteams whichngse preseeily

1011 SRR Sl g BRE R B R b OB it

hydr opéquifeditti® féehsoa sRAVAdchre E’dlﬂﬁve(}f frée of ci;%ra‘ié&f drtot] B ask&ys can be carried out
rapidly and use inexpensive and relatively harmless reagents, important considerations for
materials employed in the home. The user obtains results which can be understood and used in
conjunction with maintenance therapy. In addition, the reagents have long shelf lives, so that the
results obtained will be reliable for long periods of time. The equipment is simple and reliable
and substantially automatic.

All patents and other publications specifically identified in this specification are
indicative of the level of skill of those of ordinary skill in the art to which this invention pertains
and are herein individually incorporated by reference to the same extent as would occur if each
reference were specifically and individually incorporated by reference.

The invention now being fully described, it will be apparent to one of ordinary skill in the
art that many modifications and changes can be made thereto without departing from the spirit or

scope of the invention as defined in the following claims.
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exclude red bl ood cells and which contains said signal -producing system
maki ng sai d refl ectance neasurenent on a second surface of said nenbrane
ot her than the surface to which said sanple is applied w thout renoving

excess sanple or red blood cells fromsaid first surface; and

determ ning the concentration of glucose in said sanple fromsaid

refl ectance neasurenent. 2. A met hod according to claimi;-wherein

sai d signal - produci ng system produces a dye prod um,’# | i ght at
a wavel ength different froma wavel ength at whic u’ﬂ Eilcel |'s
absorb_and sai d reflectance measurenent is made at two di i ersen

wavel géll%g— one absorption wavel ength refl ectance nmeasurenent to correct
for background absorbance due to red blood cells and the other reflectance
nmeasur enent at the absorption wavel ength of said dye product. 3. A

met hod. accdu di mghbd) fcﬂ detemFipninghglnensa is ai Woodvsample edngplgyihg aamembtanebmdta 635
and 700

) od accor to clai,m
ot oduGHEAE Bgducdi SHsh MEUSE GrEEORED SHRASEL PRERYh JIEbsompte dye prddi,
3- met k- SRRNBahR iRaRd 't@Qﬁ@Mfﬁ@@ﬁé%ﬁ(ﬂléﬁiﬂyhﬁHﬂuﬁQ}@% ‘3516 ;ﬁ@dlﬁt i1 a
wei ght—rafio of about 1:1 to about 4:1 as an Indieator, and a buf
pr ovi detegnineg Hyomegns of ; seftgactance measurement from a surface of said membrane an
improvement which comprises:
applying an unmeasured whole blood sample to a first surface of a single-layer,
substantially reflective, porous, hydrophilic membrane having pores of a size sufficient to
exclude red blood cells and which contains said signal-producing system;
making said reflectance measurement on a second surface of said membrane other than
the surface to which said sample is applied without removing excess sample or red blood cells
from said first surface; and

determining the concentration of glucose in said sample from said reflectance

measurement.

2. A method according to claim 1, wherein said signal-producing system produces a dye
product which absorbs light at a wavelength different from a wavelength at which said red blood
cells absorb and said reflectance measurement is made at two different wavelengths, one
absorption wavelength reflectance measurement to correct for background absorbance due to red

blood cells and the other reflectance measurement at the absorption wavelength of said dye

product.

3. A method according to claim 2, wherein said two wavelengths are at about 635 and 700
nm.

4. A method according to claim 1, wherein said signal producing system comprises glucose

oxidase, peroxidase, 3-methyl-2-benzothiazolinone hydrazone/3-(dimethylamino)benzoic acid in

a weight ratio of about 1:1 to about 4:1 as an indicator, and a buffer providing a pH of 3.8 to 5.0.
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28 5. The nethod of claim4, wherein said buffer conprises 5-15 wei ght
%citrate buffer dried in said nenbrane. 6. A nmethod according to
claim 1l wherein said nenbrane conprises pol yanm de and sai d signal - produci ng
system conpri ses gl ucose oxi dase, peroxidase, anjmmﬁu’" '

benzot hi azol i none hydrazone/ 3- (di nmet hyl am no) benZ & ’ m:m,””"’ The

nmet hod of claim 1, wherein said pores have an averagé dtanttetr of from
about 0.1 to about 3.0 [err]m 8. The nethod of claim1, wherein said
menbr ane consists essentially of pol y&ri de and has a thickness of from

about 0.01 to about 0.5 nm . .
5. The method of claim 4, wherein said buffer comprises 5-15 weight % citrate buffer dried

in said membrane.

6. A method according to claim 1 wherein said membrane comprises polyamide and said

N signal producing system comprises glucose oxidas_‘e_:_,_. peroxidase, and 3-methyl-2-

benzothiazolinone hydrazone/3-(dimethylamino)benzoic acid.

7. The method of claim 1, wherein said pores have an average diameter of from about 0.1 to
about 3.0 pm.
8. The method of claim 1, wherein said membrane consists essentially of polyamide and has

a thickness of from about 0.01 to about 0.5 mm.

9. The method of claim 1, wherein said membrane consists essentially of polyamide and has

a pore volume of less than 10 pl in said second surface.

10. A method for determining glucose comprising the sequential steps of:

(a) applying a whole blood sample to an application site on a reagent element wherein
said reagent element comprises a single-layer, substantially reflective, porous, hydrophilic matrix
which filters out red blood cells and to which is bound a signal-producing system comprising
glucose oxidase, peroxidase and a dye indicator, which signal-producing system reacts with
glucose to form a reaction dye product;

(b) allowing the sample to migrate to a reading site on said membrane different from said
application site;

(c) monitoring reflectance at said reading site for a decrease in reflectance indicative of
sample presence in said reading site in order to initiate timing of an incubation period; and

(d) determining the change in reflectance at said reading site during the incubation period

as a measure of dye product formed to determine the amount of glucose in said sample

T R PV O ’
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9- The met hod of claim 1, wherein said nenbrane consists essentially of

pol yam de and has a pore volune of less than 10 [err]l in said second
sur face. 10. A nmet hod for determ ning glucose conprising the sequenti al
steps of: (a) applying a whole blood sanple to an application site

on a reagent elenment wherein said reagent el enent conprises a single-I|ayer,
substantially reflective, porous, hydrophilic matrix which filters out red
bl ood cells and to which is bound a signal -produci ng system conpri sing
gl ucose oxidase, peroxidase and a dye®{ ndicator, which signal-producing

systemreacts wt | ycose to forma reaction dye product; .

al | owi ng t e?é‘i‘rrﬂq]e%?@e%fi APEIEENES: 2 er?‘ﬁn% FIEPF RETRIAHe ‘%B%’%r ent
from sa}sliRPRIXcER! EAMpIS 6 red blood cblfy HHRNIhRN laPBlidaBibh CGitcaBR® AlledR fne
reading site for a decrease in reflectance indicative of sanple presence in
sai d measlirementiis takiem at wevelength afi whigh bgliti israbrgrieed byrsaiddysirrodunt. peri od; and
(d) determning the change in reflectance at said reading site during the

i ncubation period as a neasure of dye product forned to determ ne the
amounfllof @l umethedi acwadidg stnpdlém 10, wherein said dye indicator is 3-methyl-2-

benzothiazolinonehydrazone/3-(dimethylamino)benzoic acid.

12. A method according to claim 10, wherein said hydrophilic membrane comprises a

polyamide.

13. A method according to claim 12, wherein said hydrophilic membrane is positively
charged.

14.  The method of claim 10, wherein said determination of the amount of glucose in said
sample further includes determining the change in reflectance at a second wavelength to provide
a correction for background absorbance at the dye product absorbing wavelength due to an

interfering substance in said sample.

AV
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29 wherein all reflectance neasurenents at said reading site are

~ performed w thout renoving excess sanple or red blood cells fromsaid

application site and at | east one neasurenent is taken at a wavel ength at
which light is absorbed by said dye product. 11. A method according to
claim 10, wherein said dye indicator is 3-nethyl-2-

benzot hi azol i nonehydr azone/ 3- (di et hyl am no) benzoi ¢ aci d. 12. A net hod
according to claim 10, wherein said gxdrophilic menbrane conprises a

pol yam de. 13. A met hod according”to claim12, wherein said hydrophilic
menbrane is positively charged. 14. The net hod of claim 10, wherein
said determ nation of the anount of glucose in said sanple further includes
determ ning the change in reflectance at a second wavel ength to provide a
correction for background absor baABSTRAGThe dye product absorbing

wavel ength due to an interfering substance in said sanple.

METHOD OF OPERATION OF REFLECTION-READING DEVICES

A method for determining the presence of an analyte in a fluid is described along with various
components of an apparatus specifically designed to carry out the method. The method involves
taking a reflectance reading from one surface of an inert porous matrix impregnated with a
reagent that will interact with the analyte to produce a light-absorbing reaction product when the
fluid being analyzed is applied to another surface and migrates through the matrix to the surface
being read. Reflectance measurements are made at two separate wavelengths in order to
eliminate interferences, and a timing circuit is triggered by an initial decrease in reflectance by
the wetting of the surface whose reflectance is being measured by the fluid which passes through
 the inert matrix. The method and apparatus are particularly suitable for the measurement of

glucose levels in blood without requiring separation of red blood cells from serum or plasma.

(Figure 2)
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