wo 20187140568 A1 | I0E 00000 01 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 August 2018 (02.08.2018)

(10) International Publication Number

WO 2018/140568 A1l

WIPO I PCT

(51) International Patent Classification:
GOIN 31/22 (2006.01) A61B 10/00 (2006.01)
GOIN 33/53 (2006.01)

(21) International Application Number:
PCT/US2018/015175

(22) International Filing Date:
25 January 2018 (25.01.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/451,165 US

Applicant: BECTON, DICKINSON AND COMPANY
[US/US]; 1 Becton Drive, Franklin Lakes, NJ 07417-1880
(US).

Inventor: PETISCE, James, R.; ¢/o Becton, Dickin-
son and Company, 1 Becton Drive, Franklin Lakes, NJ
07417-1880 (US).

27 January 2017 (27.01.2017)
(71)

a2

(74) Agent: DAVIS, Garrett, V. et al.; Dickinson Wright
PLLC, 1825 Eye Street, N.w., Suite 900, Washington, DC

20006 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
—  with amended claims (4Art. 19(1))
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(57) Abstract: A glycemic management related analyte detecting assay device (10) and method are provided for detecting and quanti-
fying analyte concentrations in a fluid sample. The assay device includes an absorbent body containing an assay forming a detection
zone for receiving a fluid test sample. The absorbent body is provided in a chamber of the device. The assay can detect one or more of a
glycemic analyte selected from the group consisting of fasting plasma blood glucose, oral glucose, % glycated hemoglobin, and fasting
insulin concentrations. In one embodiment, a container includes an absorbent body having a plurality of superimposed membranes (30,
32, 34, 36) where each membrane contains a reactant and a color indicator for detecting the presence of a selected analyte above a
predetermined concentration in the fluid sample. The absorbent body and/or the assay include a color indicator that is able to provide
a visual indication of the presence of one or more glycemic analytes present in the test sample.
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VERTICAL FLOW ASSAY DEVICE
FOR DETECTING GLUCOSE CONCENTRATION IN A FLUID SAMPLE

This application claims priority to U.S. Provisional Patent Application No.

62/451,165 filed January 27, 2017, which is hereby incorporated by reference in s entirety.

Field of the Invention

{8601} The present mvention 1s directed to poimt of use assay for detecting at ieast one
glveemic management related analyte concentration in a sample obtained from a patient. The
mvention is particularly directed to a vertical flow assay that can be used as the point of care
by a technician or patient. In one embodiment, the assay is able to detect the presence of a
plurality of glycemic analvies above a predetermined concentration in the sample at the same

time.

Backeround of the Invention

{8002} The diagnosis and monitoring of diabetes tvpically requires medical devices that
mclude markers that are specific to ghucose. Blood gliucose management often relies on
sampling blood where the samples are obtained by a clinician or other trained person. In
other settings, the individual can draw a blood sample using a lancet or other device.

{8603} The blood sample can be apphied to a test strip having a glucose detecting component
or compound. A test sirip can be inserted into an electronic glucose measuring device to
determine ghicose levels based on electrochemistry or color change from a chemical reaction
on the test strip. The results then can be displayed on a display device. The test strips are
generally considered a reliable glucose detection system at a reasonable cost. The test strips
are able to provide glucose concentrations at the time of the sample so that the results may
have a time vanance to the actual changes in glucose concendrations.

{8604} While the prior devices have been found to be generally switable for the ntended
purpose, there 1s a continuing need for improved methods and devices for detecting and
quantifving glycemic analyte levels in a fluid sample. There is also a continuing need in the
mdustrv for improved testing devices that arc able to utilize different types samples from

different sources.
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Summary of the Invention

{8605} The present invention is directed to an assay device and method for use at a point of
carc such as in a physician’s office. The imvention is particularly directed to pount of care
device that is able to monitor and/or detect levels and concentrations of at least one glyeemic
management related analyte in a sample obtained from a patient. In one embodiment, the
assay device is able to detect a plurality of selected analytes using a single sample and
provide a positive indicator when the sciected analvtes are above a predetermined minimum
threshold concentration.

18605} One aspect of the invention 1s to provide an assay device and method that do not
require refrigeration or a power source for use by the techuician and is able to produce
reliable results that can be repeated for monitoring and managing glucose fevels in a patient,
The assay device of the invention is compact and readily portable and easily used by the
technician and/or patient. The assay device and method are able to detect at least one
glvcemic management related analyte and typically more than one analyte at the same time.
{8607} In one embodiment, the assay device s able to quickly detect the presence of at least
one glycemic management related analvte selected from the group fasting blood plasma

ghycated hemoglobin, and fasting insulin concentrations.

o

glucose, oral glucose lovel, %
{8008} The assay device is suttable for the point of care by a technician for producing reliable
results in a short amount of time. The assay device and method are able to provide a visual
reading or indicator of the presence of one or more of the glycemic analytes with a single
sample without the use of specialized equipment.

{8609} The assay device in one embodiment relics on a vertical flow of a fluid sample and
reagents by gravity through a testing material without the need for a power source or other
equipment. The assay device can be self-contained device for possibly multiple use or
preferably single use. The assay can include more than one type of assay for detecting
glycemic management analvte concentrations in different fhud samples that may require
different assay methods. In other embodiments, the assay can detect different glycemic
management related analvies to provide an indication of the analvies above a threshold level
or concentration in the sample. The detection of the analyies above a predetermined
concentration in a sample can be by a visual indicator such a color indicator or chromogen
that is visible to the user.

{0019} The device in one embodiment is a suitable container, vessel, or cartridge containing
suttable reagents in an absorbent body where a fluid sample can pass through the absorbent

body of the device by gravity in a vertical flow to a detection zone for detecting the presence
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of the tested analyte in the fluid sample. The detection zone can also include one or more
reactants that can participate in the assay method and detect the presence of at least one
glvecemic management related analvie. A container can be coupled to the device can
meludes a suitable reactant for detecting and gualitatively measuring the analvie such as for
example glucose levels in a sample. In other embodiments, the container that contains one or
more of the assay components can be connected to the detection zone by a passage where the
components are mtroduced by a flow to the absorbent body.

{8611} The absorbent body can include one or more detection agents arranged in the
absorbent body where each detected analyte can be visualized and distinguished for ¢ach
other. In one embodiment, a container can include a buffer for dispensing onto the absorbent
body after the miroduction of the test sample to disperse the test sample within the absorbent
body.

10612} In one embodiment of the invention, the device and method are able to detect at keast
one of fasting plasma blood glucose, oral glucose levels, % glveated homoglobin, fasting
msulin concentrations and combinations thereof, referred to herein as glveemic management
related analvies. The vertical flow assay can detect at least one of these analvies and
typically a plurality of analvtes using a single sample. In one embodiment, the device and
method are able to detect two or more of the analytes simultaneously from a single sample of
bodily fluid and provide a visual indication of cach detected analyte.

108613} One feature is to provide an analyie assay device and method capable of detecting a
threshold concentration level of onc or more glveemic management related analvtes, such as
glucose, glycated hemoglobin and/or insulin concentrations 1n a liguid or fluid sample ina
quick and convenient manner. The device inclodes an absorbent body having a detecting
zone for receiving and stabilizing the fluid sampie for detection of the analyte. The absorbent
body is made of a matenial that can be provided m the detecting zone to receive the fluid
sample by a downward flow and support the fluid sample to detect an analvte content at or
above a predetermined concentration in the fluid sample. The assay components can be
absorbed in the absorbent body untd ready for use. In one embodiment, one or more of the
assay components can be stored m a separate container or vessel that can deliver or miroduce
the assay components by gravity or capillary action to the detecting zone and the absorbent
body for contacting the fluid sample where the analyte concentration in the fhud sample can
be detected. The assay components stored in a container can be dispensed onto the absorbent

body prior to or after the test sampie is apphied to the absorbent body. In other embodiments,
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two or more containers containing the same or different assay components can be coupled to
the detecting device.

{6614} In onec embodiment, the assay device and method are for detecting the presence of a
mintmum concentration of a plurality of analvies present in a single biological sample. The
assay device can mclude a phurality of membranes where each membrane includes a different
reagent for detecting a selected analyte. The membrane systems are arranged in a vertical
manner so that the sample flows downward by gravity to or through cach membrane without
the need for an outside pressure source. Fach membrane system is comprised of at least ong
polymeric layer.

{0015] In onc embodiment of the invention, a vessel containing a butfer solution or an assay
can be connected to the device. In another embodiment, the vessel is removable from the
device and manufactured as a separate unit that can be connected to the detecting device for
providing the buffer solution or assay component to the device either before or at the time of
use.

{8616} Another aspect of the mvention 1s o provide a method for detecting levels of a
glveemic management related analyte in a fluid sample by providing an assay in the detecting
device and supplving the fluid sample to the device. The method provides a detecting device
having a detecting zone having an absorbent body for receiving and supporting the assay and
the fluid sample. The fluid sample 18 delivered to the absorbent body within the detecting
zone. The assay is retained in the detection zone for receiving the fluid sample by gravity
where the analyte content can be determined. The absorbent body can be formed as a
plurality of lavers where each layer or membrane is able to detect the presence of a selected
analvte. In ong embodiment, the absorbent body includes a color indicator to visualize the
presence of the selected analyte when the analyte is present in an amount above a
predeternmined concentration m the fluid sample. In another embodiment, the absorbent body
can include more than one area or section containing a different assay and color indicator so
that different analyvtes can be detected and provide a visualized indicator to the user of the
presence or absence of a selected analyte.

{8617} The features of the mvention and additional features will be apparent from the

drawings and the following description of the device and method.

Brief Descrintion of the Drawings

The following is a brict description of the drawings in which:
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18618} Fig. 1 18 a side view in cross sectional of one embodiment of the device showing the
container with the absorbent layers forming the absorbent body containimg the assays for the
sclected analvie,

{8819} Fig. 2 1s an exploded side view in cross section showing the membrane layers for
detecting a selected analvie;

10620} Fig. 3 1s a side view in cross section showing the biological sample deposited on the
absorbent body;

{8621} Fig. 4 18 a top view showmg the dentification arcas for cach of the superimposed
membrang layers containing the assay for a selected analyte;

{60622} Fig. 5 1s a top view of another embodiment where the membrane fayers are positioned
adjacent one another tor detecting the presence of a selected analvie; and

{8023} Fig. 615 a top view of another embodiment where the membrane systems are arranged

adjacent t¢ one ancther in a linear array.

Detailed Description of the Invention

{8024} The present invention 1s directed to a glycemic management related analvie detecting
device that s simple to use and can be used at the point of care. The detecting device does
not requuire a power source for providing the results of the glucose detection and provides a
visual indicator to the user by a vertical flow of the test sample by gravity through the device.
10025} A method of providing a quick and simple assay of at least one glvecemic management
related analvie is provided by the use of the assay device. The method and device are able to
detect the presence of at least one glveemic analvte and tvpically a plurality of glycemic
analvies. The glveenuc analyte can be, for exampie, fasting blood plasma glucose, oral
glucose, percent glyveated hemoglobin, and insulin. In one embodiment, the assay device can
detect glycated albumin.  In one embodiment, a biclogical sample can be deposited directly
on the absorbent body of the device. In another embodiment, a saraple can be collected in a
vial or container and diluted with a suitable butter solution. The sample 15 delivered to the
device containing an absorbent body for assaying one or more analvtes. The absorbent body
can include assay components for assaying the selected analyie or a plurality of analytes. In
one embodiment, the absorbent body includes a color mdicator that reacts with the assay to
provide a visual indication of each analvie to the user that the selected analyte is present in
the sample at or above a predetermined concentration in the fhuid sample.

{0026] Referring to Fig. 1, one embodinment 1s the assay device 10 includes a housing 12

having a side wall 14 with an open end 16. The open end 16 has a dimension sufficient for
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mtroducing the test sample into the device for the assay and to observe the results of the
assay. A cover 18 can provided to close the open end 16 before or after use.

{8627} An absorbent body 20 is included in a test zone within the housing 12 in the
embodiment shown that is able to support the assay components and color indicator for the
detected analvte. The absorbent body 20 can be a porous medium such as a membrang, paper
or fibrous material or a hvdrogel. In the embodiment shown, the assay components are
contained in the absorbent body 20 or provided on the absorbent body that faces the open end
16. The assay components can be m a dry state on or m the absorbent body that can be re-
hydrated by a solution or by a fluid test sample. The assay is provided in a suitable location
in or on the absorbent bodv 20 so that depositing a test sample on the absorbent body 20
contacts the assay components to conduct the assay and activate the color indicator to provide
a visible positive indication to the user to the presence of the target analvte. In the
embodiment shown, the absorbent body includes a plurality of layers or membranes that can
contain one or more reagents o reacting with a selected analvte and a color indicator or
chromogen for detecting the presence of the selected analvte.

{8628} The absorbent body can be a suitable absorbent material that is able to retain the fhad
sample and the assay reactants during the assay without interfering with the assay. The
absorbent material can contain a dried reagent for detecting or participating in the detection
and/or quantifying of the concentration of a glvcemic management related analyvte in the fluid
samplie. The absorbent material is typically a porous material that is able to absorb and
support the fluid sample and receive the components from the container during the assay.

The absorbent body s able to support a sufficient volume of the fluid sample n a laver for
detecting concentrations of the glveemic management related analyte in the thud sample.

The resulting layer of the fhud sample can be sufficienily thin as needed to provide accurate
detection of the analvie at or above a predetermined concentration in the fluid sample. The
absorbent material as shown in the drawings 1s a thin porous material that covers the entire or

substantially the entire bottom surface of the detection zone so that the amount of the free

distribute the fluid sample across the surface of the absorbent matenial for contact with the
assay components from the container.

{8629} The absorbent body can be made of a suitable porous material that is able to absorb
the fluid sample and uniformly distribute the thiid sample through the thickness of the

absorbent material and across the width and length of the absorbent material. Suitable
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absorbent matenals inchude a porous polymer substrate or fibrous material from polyvmer
fibers or natural fibers such as a cellulose material.

{86306} In onec embodiment, the assay device includes a plurality of vertically arranged assay
zones where cach assay zone is configured for detecting the presence of a selected target
glycemic management related analvte at or above a predetermined concentration in the flaid
sampie. The absorbent body can one or more membrane assays or membrane systems that
mchude at least one and typically a plurality of porous membranes that are arranged or
layvered vertically on one another as shown in Figs. 1-3 so that the fluid sample flows by
gravity to each membrane. The membrane system can include more than one layer or
membrane for reacting with a selecied analyte and detecting the presence of the selected
analvie. Each membrane system or membrane assay forms an assay zone for a selected target
analyte. The membrane svstem contaings at least one assay reactant and color indicator that
are able to detect the presence of a selected analyte and provide a visual indication of the
presence of the analyte when the concentration of the analyie in the sample 15 above a
predetermined concentration i the thud sample. The membrane system for a selected
analvte can include a first laver or membrane that includes a reactant for reacting with the
analvie to obtain compound or specics as a reaction product. A second laver or membrane
positioned below the first laver contamns an indicator, such as a color indicator or chromogen,
to detect the reaction product of the first layer thereby providing an indication of the presence
of the selected glycemic analyte above a predetermined level,  In another embodiment, a
third layer or membrane can be provided below the second laver for detecting a second
analyte that is different from the detected analyvte m the second layer.

{8631} The membranes have a thickness that enables a color change that occurs in any one of
the membranes {o be visualized by the user through the top layer or membrane so that
presence of one or more of the analvies can be detected and visualized. The membrane
thickness can range from about 1 micron to about 10 microns and preferably i the range of
about 2 microns to about 5 microns. The thickness of the membranes are formed to provide
consistent thickness and to maintain the consistent and desired assay performance.

Examples of membrane materials can be polyurethane, cellulose, cellulose denivatives,
albumin, and synthetic non-woven matenals. The color indicators of the different membrane
assays are generally located in different areas relative to the visual field observed by the user
so that each indicator in a selected membrane assay can be distinguished from the other

detected analvtes in another membrane assay.
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18632} The absorbent body in the embodiment shown has a plurality of layered membranes
where cach membrane is able to detect a predetermined concentration of at least one target
analvte, such as glvcated hemoglobin, insulin, and glucose. An absorbent pad 46 can be
provided in the boitom of the housing 12 to absorb excess fluids or reagents to prevent
leakage. The absorbent pad 46 can be made of the same material as the absorbent body or
can be made of a different matenal. A top layer 48 of an absorbent material can be mchuded
to direct the fluid sample n 2 downward direction to the membranes. The membranes are
arranged vertically so that a single sample can be deposited on the surface of the membranes
to How by gravity to or through cach membrane fo react with the reagent contained in the
membranes. The reagents include at least one reagent for detecting the sclected analvic and a
color changing indicator or chromogen that produces a visual color change indicating the
presence of the analyte above a predetermined concentration. Each reagent can be modified
or tailored to provide a visual indication of the presence of a selected analyte when the
analyte concentration is at or above predeternuned threshold concentration level in the fluid
sampie and produces no visible color change when the concentration 18 below the threshold
level. In one embodiment, the chromogens arc selected so that minimal or no color change is
visually detectable when the analvie concentration in the sample is below a predetermined
concentration and provides a visible color change when the analvie concentration is above a
predetermined concentration n the sample.

103633} The assays can be modified fo produce a color indication at desired concentration for
the selected analyte. One method of determining the desired assay is to obtain a calibration
plot for the selected analyvte by measuning the absorbance of the chromogen as a function of
the analyte concentration. From the plot, the chromogen absorbance at the selected chinical
threshold analyie concentration is determined. The ability to observe the chromogen
absorbance is adjusted and tuned by positioning visual attenuating membrane laver between
the membrane layer containing the chromogen and the viewing position of the assav end user.
Alternatively, the concentration of the chromogen is adjusted in the chromogen containing
layer to allow visual detection by the end user at the selected clinical threshold analvie
concentration.

18634} In onc embodiment, the membranes can be arranged so that the reagents and/or the
color indicators are spaced laterally and not directly above or below one another to provide a
clear view of the color indicators that provide the imdication of the presence of a specific
analvte as shown in Fig. 4. The color indicators can be provided on the membranes in a

pattern or to provide indicia to identify the presence or absence of the target analvte. In
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other embodiments, the color indicators can provide different colors or visual effects to assist
the user in distinguishing between the detected analvtes.

{8635} In the embodiment shown in Fig. 4, the color indicators are arranged on or in each of
the membranes or membrane systems so that mdicia 22 formed by the color indicators are
spaced laterally relative to cach membrane or layer so that the color indicators can be
visualized imdividually without imterfering with the reading of another reagent and color
mdicator corresponding to the other assays. The membranes are sufficiently thin so that the
color change 10 the membranes at the bottom of the array can be visualized through the upper
membranes. In the embodiment shown in Fig. 4, the color indicators are formed in a pattemn
shown as a letter to indicate a positive indication of the detected analvie. In the embodiment
shown, the letter G indicated by reference number 24 corresponds to the detection of glucose
above a predetermined concentration, the letter A indicated by reference nomber 26
corrgsponds to the detected A1C above a predetermined concentration, and the letter |
mdicated by reference number 28 corresponds to the detected insulin above a predetermined
concentration fevel in the sample. The letters are mtended to be exemplary of the imdicia to
detect a selected analyte. Other geometric patterns or svmbols such as a circle 50, a square
52, and a tnangle 54 can be used as indications of the presence or absence of an analyte in the
sampie as shown m Fig. 4. The analvies can also be indicated by different color chromogens
to distinguish between the detected analytes.

103636} The assay in one embodiment can be for the testing of A1C 1o provide a visual
mdication of glveated hemoglobin and AYC level at or above a threshold level or
concentration in the sample. The glveated hemoglobin and A1C threshold level or
concentration is greater than abowt 6.5%, which 1s consistent with the 2018 American
Diabetes Association’s Standards of Care. If these Standards of Care change in the future,
this threshold level or concentration in the sample can be adjusted accordingly. An example
of an A1C assay can inchide a membrane having at least one reactant on or i the membrane
that is able to provide a visval indication of the A1 level above a threshold level. In one
embodiment shown mn Fig. 7 a membrane assay or membrane system for the A1C assay 29
mcludes a first membrane system 30 includes a first laver or membrane containing a reagent
capable of reacting with hemoglobin and a second layver or membrane containing a
chromogen for indicating the presence of the target analyte. A whole blood sample can be
supplied to the surface of the membrane system 30. A hemolyzing schution can be added
onio the blood sample to tyse the sample and release the hemoglobin erythrocvies. The

membrane 30can contain a reagent and chromogen to react with the hemoglobin where the
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absorbance of hemoglobin can be visually observed at 370 nm for example. The chromogen
can be positionad in a location where the color change can be visually detected when the
hemoglobin in the sample 15 above a predetermined concentration. The amount of reagent
contained in the membrane can be selected to provide a visual indication on the membrane of
the amount of hemoglobin in the sample above a threshold concentration.

13637} A second reaction sclution, such as a proiease, can then be added to the blood sample
on the membrane system 30 of the absorbent body to release fructosylated dipeptides from
the N-terminal hemoglobin B-chain. An example of a protease in N-(1-deoxyfructosyl)-
hexapeptide. A second membrane 32 of the membrane system 30 of the assay 29 containg
fructosyl peptide oxidase to release bvdrogen peroxide 1 the presence of the sample. A
chromogen n the presence of peroxidase on the membrance produces the color change to
visually detect the presence and amount of hvdrogen peroxide produced as an dication of
the amount of glyvcated hemoglobin in the blood sample. In one embodiment, the peroxidase
can be provided in a first laver or membrane 31 to produce the hyvdrogen peroxide and a
second layer 33 can contain the chromogen to produce the color change. The chromogen and
peroxidase can be modified to provide an mdication of the hemoglobin at or above a
threshold concentration. The chromogen and peroxidase can be contained 1o second
membrane positioned below a first membrane containing the other reactants and can be
arranged to produce a patterm or indicia showing positive measurement of the glveated
hemoglobin concentration as in Fig. 4.

10638} An example of a colormetric method of determining hvdrogen peroxide converis 4~
nitropheny! boronic acid or 4-nitrophenyl boronic acid pinol ester to 4-nitrophenol which can
be measured at 400 nm in neutral or acidic media.

{8639} Total hemoglobin can be determined by the cyanide methemoglobin method using
potassium cyanide to tumn the released hemoglobin cyanide hemoglobin to produce a visible
color indication. An example of the method 15 descnbed in Van Kampen, E, Zilstra W,
“Standardization of hemoglobinometry 11”7 Clinica Chimcea Acta, 1961, vol 6, 538-44,
Glycated hemoglobin can be by the use of fructostyated dipeptides from the N-terminal
hemoglobin beta chain released by the protease. Hydrogen peroxide is produces that is
further reacted with an indicator dye or dye system such as phenol red. The reaction
produces an inoreased absorption at 610 nm as a function of an increase in concentration of
bydrogen peroxide.

{3040} In the absorbent media, a membrane 34 s provided with an analvte detecting agent,

such as an aptamer that is able to bind to insulin for the detection of insulin and to provide a
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visual indication of the imsulin content in the sample. The nucleic acid aptamer s a svnthetic
ligand that is specific to imsulin. An example of as suitable aptamer is disclosed 1o Chactal,,
ACS Nano, 2011 May 24, 5(5), 4236-4244 which is incorporated by reference m its entirety.
The nucleic acid aptamer has chromogen or fluorophore conjugated to the aptamer to detect
msulin. In the presence of insulin, the aptamer reconfigures to a different shape or size
producing a color change relative to the aptamer in the absence of insulin. The aptamer
mclhudes a chromogen such that when the aptamer binds with insulin, the chromogen
undergoes a color change that can be visible. An example of a chromogen covalently bonded
to the insulin binding aptamer is alizarin. o the embodiment shown, the aptamer is contained
mn a single membrane.

{3041} The aptamer with the chromogen 1s provided on a membrane laver of the absorbent
media in a pattern that is spaced laterally from the chromogens or color mdicators of the other
membranes o the resulting pattern produced by the presence of insulin above a
predetermined concentration in the sample can be visualized. Preferably, the aptamer is
positioned in the membrane laver so that the color indicator or indicia does not overlap or
obscure the visibility of the mdicators of the other superimposed membranes that detect a
different analvte as shown m Fig. 4. The chromogen concentration i a membrane or
membrane system can be at least equal to the selected clinical threshold concentration of the
analvte. The chromogen concentration can be modified to accommodate for the binding
constant of the analyte to the chromogen or the reactivity of the analyte with the reagent
which produces the indirect indicator that reacts with the chromogen.

{8642} The detected msulin concentration can be adjusted according to the requirements of
an imndivideal as there 1s no consensus among physicians of a threshold concentration of
msulin. In one embodiment, the aptamer can be adjusted or modified to detect a threshold
msulim concentration about 8 4 microunits/ml mel/ml}.

{8843} A membrane system or membrane assay 36 can be superimposed with the other
membranes of the absorbent body forming the absorbent media for detecting an amount of
glucose 1o the sample. The reagents for detecting the presence of glucose above a threshold
concentration m the sample can be any suitable assav that 1s able to produce a color change
when the level of glucose in the sample is above a predetermined threshold concentration.
The threshold glucose {fasting glucose concentration} is 126 mg/dL or greater. In one
crbodiment, the glucose assay can be a ghucose oxidase in a first layer or membrane 35 of
the membrane assay 36 that can react with the glucose in the sample to release hvdrogen

peroxide. The membrane assay 36 has a second layer or membrane 37 containing a
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chromogen that detects the hydrogen peroxide to produce a color change when the glucose i
the sample is above a predetermined concentration 1n the fluid sample.

{0044} In the embodiment described, the membrane assays are shown having two lavers. In
other embodiments, the membrane assay can have a third laver containmg reactant and/or an
mdicator for detecting the presence of a second analyte. Additional Iayers or membranes can
be included to detect any desired number of analyies, such as the glycemic analytes.

100645} As shown in Fig. 3, atest sample, such as a blood sample 32, is placed on the
absorbent body 20 positioned in the test zone. A buffer solution can be added onto the test
sample as a carrier to introduce the blood sample to cach membrane laver of the membrane
system. The test sample and buffer solution is then absorbed into the absorbent body 20
where the test sample reacts with the assav components. An additional amount of a buffer
can be deposited onto the absorbent body 20 to disperse the test sample throughout the
absorbent body as needed. The assay components are selected to provide a quick and simple
assay and detection of the sclected analvie.

{8646} The glucose assay can be any suitable assay capable of detecting glucose and/or
guantifying glucose levels in the fluid sample. In a similar manner, the device and the
detecting zone are selected to complement the glucose assay to provide an effective detecting
system. For example, the glucose assay can be for fasting plasma blood glucose that can
detect a glacose level in the plasma above or below a threshold or predetermined
concentration. In other embodiments the glucose assay can be for an oral glucose challenge
test to indicate a glucose concentration above or below a threshold concentration.

{8647} The glucose assay can be a suttable glucose assay capable of detecting and
determining a level of glucose in the fluid sample. The assay can be based on the hexokinase
method, glucose-oxidase method, glucose-reductase method and the like. HKL method using
hemolyzate using hexokinase or GDL with hemolyzate using glucose dehyvdrogenase can also
be used. In one embodiment, hexckinase/glucose-6-phosphate dehydrogenase is suitable
where the hexokinase catalyzes the phosphorviation of ghicose by ATP producing ADP and
glucose-6-phosphate. The glucose-6-phosphate is oxidized to 6-phosphogluconate with
reduction of NAD to NADH. Glucose can be reacted with glucose oxidase to produce
hydrogen peroxide which is then reacted with an indicator dye or dye system such as phenol
red. The reaction produces an increase absorption at 610 nm as a function of an increase in
the hydrogen peroxide concentration.

{8048} The fluid sample can be any suitable sample capable of being used for detecting

concentrations of the target analyte. The fluid sample can be whole blood, plasma, serum,
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serum, urine saliva, or other fluid sample capable of contaiming the glycemic related analvies
in amounts that can be detected.

{0049} In onec embodiment, a vessel containing the glucose assay 1s able to dispense the assay
components to the detection or assay zong at the time of use. The vessel can be a flexible
contamer that can be depressed by applving a manual or mechanical pressure o the outer
surface of the container to dispense the contents. The container can have a suitable valve or
seal that can open when a threshold extemal pressure is applied. In other embodiments, the
device can include a piercing member that pierces a seal portion on the container to carry the
contents to the detection zone. The piercing member can have an internal passage extending
between the piercing end at the container and a suitable location above the absorbent material
to defiver the contents to the absorbent matenal and the fluid sample. In other embodiments,
the device can include an actuator that is able apply an external pressure to the container to
dispense the contents. In ancther embodiment, the container can include an integrally formed
dispensing member such as a piston-like device that is capable of dispensing the glucose
8658} The absorbent body 20 can have a single assay component for detecting one type of
analvte. The absorbent body 20 can be a single membrane or a plurality of membranes. In
the embodiment shown in the drawings, the absorbent body 20 has a plurality of tayers or
membranes where cach membrane has af least one section for assaying and identifying a
different analyte. As shown in Fig. 4, the absorbent body hag sections 40 where each section
contains one Or More assayvs in one or more of the membranes for detecting different analvies
above a predetermined concentration in the sample. Each section includes a suitable
mdicator, such as a color indicator, that provides a visual indication of the presence of the
analyte. As shown, cach section 40 is provided with a visual indicator that is selective to a
particular analvie that can be activated in the presence of the analyte. The presence of the
analyte can be visualized by the user by a symbol, such as a dot or letier that appears after the
assay and activation of the indicator.

{6651} In an embodiment shown i Fig. 5, the membranes 42 are placed adjacent or next to
cach other. Each membrane 42 can include a different assay reactant and chromogen to
wentify a different analyte. As i the previous embodiment, color indicators can be provided
in the respective assay to indicate the presence of the target analyte by suitable indicia 44,
{0052] Fig. 6 is another crubodinent of an assay device 60 including a container 62
supporting the absorbent body containing the assay components and chromogen. As shown

mn Fig. 6. the absorbent body 1s formed from three membranes 64, 66, and 63 to form three
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assay zones for a target analyte. As in the previous embodiment, cach membrane inclades
the assay components and chromogen to detect a selected target analyte and provide a visual
indication of the presence of the target analyte above a predetermined concentration in the
fluid sample. The membrances each detect a different analyte as m the previous embodiments.
The chromogen can produce a symbol or distinguishing color to dentify the presence of the
target analyte.

{6653} In another embodiment of the invention includes an assay and analyte detecting
device 30 where the assay components arg stored in a closed container until ready for use.
The assay components arg typically in a sohution or a dred form that 1s reconstituted just
prior to use. The assay components are deposited on an absorbent body before or afier a test
sampie 15 deposited onto the absorbent body.

33534} The device has a main body 12 for receiving reactants and a fluid sample. In the
embodiment shown, the main body has a dimension for receiving a suttable volume of a fluid
sample and the reactants or assay comaponents for detecting glucose levels in the fluid sample.
The absorbent body 20 typically has a dimension to cover the entire or substantially the entire
bottom end of the detecting zone. In one embodiment, the absorbent body has a dimension
with a sufficient surface arca to enable the analvic n the fluid sample to be quantified cither
visually or by other detecting methods.

{8835} In one embodiment, a container or other suitable vessel can be provided that contains
a suitable assay components for detecting a target analvte glucose concentration in the fhud
samapie. The container has an internal volume to contain an amount of the assay components
for a flmd sample of a predetermined volume for the particular fluid sample. The container s
closed to the environment to maintain the assay components in a stable condition until ready
foruse. The container has an outlet for dispensing one or more of the glucose assay
coraponents from the container to the detecting zone at the time of use. The outlet can be an
opening or other passage such as a tibe or to deliver the assay components at the time of use.
10656} In use, the fluid sample 15 collected and deposited into the detection zone 14 onto the
absorbent body 20 where the fluid sample is retained and stabilized. The assav componcuts
can be then dispensed into the detection zone onto the absorbent body 20 containing the fluid
sample where the assay components react with the fluid sample for detecting the presence of
glucose in the fluid sampic. The container can be is positioned in a vertical location relative
to the detection zone so that the assay can flow downward into the detection zone without the
use of pumps or a power source. The device provides a quick and reliable method for

detecting and mouifonng analyte levels in a fhud sample.
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{8657} The container can be an integral part of the device or a separate unit that 1s attached
and coupled to the body at the time of use. The body can be constructed o receive a single
container for use in a single detection sequence. In other emmbodiments, two or more
containers can be coupled to the body of the device for dispensing one or more assays. The
containers can contain the same assay or different assays depending on the fleid sample. In
further embodiments, the container can have two or more chambers where cach chamber can
contain the same or a different analyte assay.

{8658} The device of the nvention can receive the flnd sample by direct contact with the
absorbent body in the detecting zone. In other embodiments, the fluid sample can be
supplied to a suttable port or inlet in the body of the device and carried to the detection zone.
In the varnious embodiments of the mvention, the fhud sample is introduced to the device m a
manner where the fluid sample 1s able flow by gravity from the inlet port to the absorbent
material in the detection zone without the need for a power source. In alternative
embodiments, a manual mechanism can be provided to carry the fluid sample to the detecting
zone.

8659} The disclosure and drawings describe embodiments for providing a device for
detecting and/or quantifving ghicose concentrations in a fluid sample o a convenience and
reliable manner. While certain embodiments have been descnbed, vanous other
embodiments of the device and the methoed for detecting glucose concentrations in a fluid
sample can be made without departing from the scope of the disclosure.

{0660} It will be appreciated by those skilled in the art that changes may be made to the
embodiments described herein without departing from the scope of the invention. It is
particolarly noted that the features of different embodiments and claims may be combingd
with gach other as long ag they do not contradict each other. All such changes and
corbinations are considered to be within the scope of the invention, which is defined by the

appended claims and their equivalents.
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CLAIMS

I. An assay device for detecting for the presence of at least one glveemic analvie ina

fluid sample comprising:

atest zone having an absorbent body positioned for receiving the fluid sample bv a
downward gravity flow, said absorbent body including at least one assay for detecting a
glveemic analyte and at least one color indicator for providing a visual indication of the

presence of the at least one glveemic analyvte.
2. The assay device of ¢lainy 1, wherein

satd glycemic analyte is selected from the group consisting of fasting plasma blood
glucose, oral glucose, percent giveated bemoglobin, and insulin concentration in the fluid

sampie.
3. The assay device of claim 1, wherein
satd glvcemic analyte 1s a fasting insulin concentration in the fhud sample.
4. The assay device of claim 1, wherein

said absorbent body includes a plurality of membrane assays where cach membrane
assay includes a first laver containimg an assay reactant for detecting a different glveemic
analvte and at least one second layver including a visual mdicator to produce a visual

ndication of a selected analyie at or above a predeternmined concentration in the fluid sample.
5. The assay device of claim 1, wherein

said absorbent body includes a plurality of membrane assays for detecting a plurality
of different glycemic analvtes, and where said membrane assays are arranged whereby the
fluid sample flows downwardly by gravity to cach membrane assay, at least one of said
membrane assays including an analvie detecting agent having an indicator for detecting the

presence of a selected analyte.
6. The assay device of claim 3, wherein

said analyte detecting agent is an aptamer configured for bonding with and detecting
msulin, and where said aptamer contains a chromogen bonded to the aptamer for providing a

color indicator in the presence of insalin.
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7. The assay device of claim 1, wherein

said absorbent body includes a plurahity of membrane assays for detecting at least one
glycemic analvte, and where said membrane assays are arranged whereby the fluid sample
flows downwardly by gravity to cach membrane assay, at least one of said membrane assays
mclhuding a first laver mcluding a reactant for reacting with a target glveemic analyte to
produce a reaction product, and at least one second laver including a color indicator for
detecting the presence of the target analyte above a predetermined concentration in the fluid

sample.

8. The assay device of claim 7, further comprising a third membrane below said

second membrane for detecting a second ghycemic analyte,

9. The assay device of c¢laim 4, wherein each of said membranes overlie one another
and where cach said color indicator in cach membrane is visible through a top portion of the

absorbent body.

10. The assay device of claim 9, wherein said color indicator of cach membranc assay

18 spaced laterally from a color indicator of cach other membrane.

11. The assay device of claim 9, wherein said color mdicator of cach membrane assay
forms a selected pattemn to identify the presence of a selected glycemic analvie in the fluid

sample above a predetermined concentration in the fluid sample.
12. The assay device of claim 9, wherein

said membrane assays are arranged on one another, and where said absorbent body
meludes a first membrane assay containing a reactant for detecting the presence of glucose
the fluid sample above a predetermined concentration and providing a visual indicator,
second membrane assay containing a reactant for detecting the presence of % glveated
hemoglobin above a predetermined concentration in the fluid sample and providing a visual
mdicator, and a third membrang assay containing a reactant for detecting the presence of
msulin above a predetermined concentration in the fluid sample and providing a visual

mdicator.

13. The assay device of claim 12, wherein said first membrane contains said color
mdicator in a first location, said second membrane contains said color indicator in a second

focation, and said third membrane containg said color in a third location, where said locations
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of the color indicators are spaced laterally with respect to each other whereby indicia

produced by each color indicator is visible through each membrane.

14, A method of detecting at least one analyte concentration m a fluid sample

comprising the steps of’

mtroducing a fluid sample an assay device, said assay device having an absorbent
body containing a plurality of locations containing at least one assay for detecting a glycemic

analvte and for receiving and supporting the fluid sample, and

dispensing the fluid sample to the absorbent body and delivering the fluid sample to
the locations by gravity into contact with at least one of the assays of the absorbent material
and detecting an analvie concentration m the fluid sample above a predetermined

concentration in said fhud sample.
15. The method of claim 14, wherein

said assay is capable of detecting glucose concentrations by a fasting plasma blood
glucose method, oral ghuicose change test, percent glyvcated hemoglobin method, and fasting

msulin concentration.
16. The method of claim 14, wherein
said absorbent body includes a plurality of membrane assays where each membrane

assay contains an assay reactant and color indicator for detecting the presence of a glycemic

analyte above a predetermined concentration i the fluid sample.
17. The method of claim 16, wherein

said membrane assays are positioned on one another and each of said membranes
melude a different reactant for detecting at least one selected from the group consisting of

ghucose, % glvcated hemoglobin, and msulin in the fluid sample.
18. The method claim 16, whercin

said absorbent body includes a first membrane assay contaimng a reactant for
detecting the presence of glucose in the fluid sample above a predetermined concentration
and providing a visual indicator, second membrane assay containing a reactant for detecting

the presence of % glvceated bemoglobin above a predetermined concentration i the fluid
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sample and providing a visual indicator, and a third membrang assay containing a reactant for
detecting the presence of insulin above a predetermined concentration in the fluid sample and

providing a visual indicator.

19. The method of claim 18, wherein sard first membrane assay contains said color
mdicator in a first location, said second membrane assay contains said color indicatorin a
second location, and said third membrane assay containg said color in a third location, where
said locations of the color mdicators are spaced laterally with respect to each other whereby

mdicia produced by each color indicator 1s visible through cach membrane.

20. The method of claim 19, wherein said indicia produced by a respective color

mdicator corresponds o the respective detected glycemic analyie.

21. An assay device for detecting for the presence of at least one glvcemic analvie ina

fluid sample comprising:

atest zone having an absorbent body positioned for receiving the fhuid sample by a
downward gravity flow, said absorbent body including a plurality of vertically arranged assay
zones where each zone contains at least one assay for detecting a glveemic analyte and at
least one color indicator for providing a visual indication of the presence of the at least one
glveemic analyte, each assay zone located whereby the fluid sample flows in a downward

direction to each assay zone by gravity.

22, The assay device of claim 21, wherein said test zone of said absorbent body

mcludes a plurality of membrane assays defining said assay zones.

23.  The assay device of claim 22, wherein each membrane assay is arranged

whereby the flnd sample flows to each membrane assay by gravity.

24, The assay device of claim 23, wherein at least one of said membrane assays
mchude a first laver containing a reactant for reacting with a sclected analyte, and a second

laver containing a color indicator for detecting a first glycemic analvis.

25, The assay device of claim 23, turther comprising a third laver below said

second layer contaiming a color indicator for detecting a second glyeemic analyte.

26, The assay device of claim 24, wherein said glveemic analvie is selected from

the group consisting of glucose, insulin, and glycated hemoglobm.
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27, The assay device of claim 24, wherein said glveemic analyvie is a fasting
ghicose concentration in the fluid sample.
28, 'The assay device of claim 21, wherein said color indicator for each membrane

assay produces a color change when the respective glveemic analvte is detected at or above a

predetermined concentration m the fluid sample.

36.  The assay device of claim 26, wherein said color indicator of cach membrane

produccs a different color.

32.  'the assay device of claim 26, wherein said color indicator of cach membrane

produces a different pattem or symbol.
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AMENDED CLAIMS
received by the International Bureau on 24 May 2018 (24.05.2018)

1. An assay device for detecting for the presence of at least one glycemic analyte in a

fluid sample comprising:

a test zone having an absorbent body positioned for receiving the fluid sample by a
downward gravity flow, said absorbent body including at least one assay for detecting a
glveermic analyte and at least one color indicator for providing a visual indication of the presence

of the at least one glycemic analyte.
2. The assay device of claim 1, wherein

said glycemic analyie is selected from the group consisting of fasting plasma blood
glucase, oral glucose, pereent glycated hemoglobin, and insulin concentration in the fluid

sample.
3. The assay device of claim 1, wherein
said glycemic analyte is a fasting insulin concentration in the fluid sample.
4. The assay device of claim |, wherein

said absorbent body includes a plurality of membrane assays where each membrane assay
includes a first layer containing an assay reactant for detecting a different glycemic analyte and
at least one second laver including a visual indicator to produce a visual indication of a selected

analyte at or above a predetermined concentration in the fluid sample.
S. The assay device of claim 1, wherein

said absorbent body includes a plurality of membrane assays for detecting a plurality of
different glycemic analytes, and where said membrane assays are arvanged whereby the fluid
sample flows downwardly by gravity to each membrane assay, at least one of said membrane
assays including an analyte detecting agent having an indicator for detecting the presence of a

selected analyvte.

6. The assay device of claim 3, wherein

AMENDED SHEET (ARTICLE 19)
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said analyte detecting agent is an aptamer configured for bonding with and detecting
insulin, and where said aptamer contains 8 chromogen bonded to the aptamer for providing a

color indicator in the presence of insulin,
7. The assay device of claim 1, wherein

said absorbent body includes a plurality of membrane assays for detecting at least one
glycemic analyte, and where said membrane assays are arranged whereby the flud sample flows
downwardly by gravity to cach merbrane assay, at least one of said membrane assays including
a first layer including a reactant for reacting with a target glycemic analyte to produce a reaction
product, and at least one second layer including a color indicator for detecting the presence of the

target analyie above a predetermined concentration in the fluid sample.

8. The assay device of claim 7, further comprising a third membrane below said second

membrane for detecting a second glycemic analyte.

9. The assay device of claim 4, wherein each of said membranes overlie one another and
where each said color indicator in each membrane is visible through a top portion of the

absorbent body.

10, The assay device of claim 9, wherein said color indicator of each membrane assay is

spaced laterally from a color indicator of each other membrane.

11, The assay device of claim 9, wherein said color indicator of each membrane assay
forms a sclected pattern to identify the presence of a selected glycemic avalyte in the fuid

sample above a predetermined concentration in the fuid sample.
12. The assay device of claim 9, wherein

said membrane assays are arranged on one another, and where said absorbent body
includes a first membrane assay containing a reactant for detecting the presence of glucose in the
fluid sample above a predetermined conceniration and providing a visual indicator, second
membrane assay containing a reactant for detecting the presence of % glycated hemoglobin

above a predetermined concentration in the fluid sample and providing a visual indicator, and a

AMENDED SHEET (ARTICLE 19)
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third mernbrane assay containing a reactant for detecting the presence of insulin above a

predeiermined concentration in the fluid sample and providing a visual indicator.

13, The assay device of claim 12, wherein said first membrane contains said color
indicator in a first location, said second membrane containg said color indicator in g second
focation, and said third membrane contains said color in a third location, where said locations of
the color indicators are spaced laterally with respect to each other whereby indicia produced by

each color indicator is visible through each membrane.

14, A method of detecting at least one analyte concentration in a fhnid sample comprising

the steps of:

introducing a fluid sample an assay device, said assay device having an absorbent body
containing a plurality of locations containing at lsast one assay for detecting a glyveemic analyte

and for receiving and supporting the fluid sample, and

dispensing the fluid sample to the absorbent body and delivering the fluid sample to the
locations by gravity inte contact with at least one of the assays of the absorbent material and
detecting an analyte concentration in the flnid sample above a predetermined concentration in

said fluid sample.
15, The method of ¢laim 14, wherein

said assay is capable of detecting ghucose concentrations by a fasting plasma blood
glucose method, oral glucose change test, percent glycated hemoglobin method, and fasting

insulin copcentration.
16. The method of claim 14, wherein

said absorbent body includes a plurality of membrane assays where each membrane assay
containg an assay reactant and color indicator for detecting the presence of a glycemic analyte

above a predetermined concentration in the fluld sample,

17. The method of claim 16, wherein

AMENDED SHEET (ARTICLE 19)
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said membrane assays are positioned on one another and each of said membranes include
a different reactant for detecting at least one selected from the group consisting of glucose, %

glycated hemoglobin, and insulin in the fuid sample.
18. The method claim 16, wherein

said absorbent body includes a first membrane assay containing a reactant for detecting
the presence of ghicose in the fluid sample above a predetermined concentration and providing a
visual indicator, second membrane assay containing a reactant for detecting the presence of %
givecated hemoglobin above a predetermined concentration in the fluid sample and providing a
visual indicator, and a third membrane assay containing a reactant for detecting the presence of

insulin above a predetermined concentration in the fluid sample and providing a visual indicator.

19, The method of claim 18, wherein said {irst membrane assay containg said coloy
indicator iy a first location, said second membrane assay contains said color indicator in a second
location, and said third membrane assay contains said color in a third location, where said
iocations of the color indicators are spaced laterally with respect to gach other whereby indicia

produced by each color indicator is visible through each membrane.

28, The method of claim 19, wherein said indicia produced by a respective color indicator

corresponds to the respective detected glycemic analyte.

21, An assay device for detecting for the presence of at least one glycemic analyte in a

fluid sample comprising:

a test zone having an absorbent body positioned for receiving the fluid sample by a
dovwnward gravity flow, said absorbent body including a plurality of vertically arranged assay
zones where each zone contains at least one assay for detecting a glycemic analyte and at least
one color indicator for providing a visual indication of the presence of the at least one glycemic
analyte, each assay zone located whereby the fluid sample flows in a downward direction to each

assay zone by gravity.

22, The assay device of claim 21, wherein said test zone of said absorbent body

includes a plurality of membrane assays defining said assay rones,

AMENDED SHEET (ARTICLE 19)
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23, The assay device of clairg 22, wherein each mnembrane assay is arranged whereby

the fhad sample flows to each membrane assay by gravity.

24, The assay device of claim 23, wherein at least one of said membrane assays
include a first layer containing a reactant for reacting with g selected analyte, and a second layer

containing a color indicator for detecting a first glycemic analyie.

25, The assay device of claim 23, further comprising a third laver below said second

layer containing a color indicator for detecting a second glycemic analyte.

26. The assay device of claim 24, wherein said glycemic analyte is selected from the

group consisting of glucose, insulin, and glycated hemoglobin.

27.  The assay device of claim 24, wherein said glvcemic analyte is a fasting glucose

concentration in the fluid sample.

28.  The assay device of claim 21, wherein said color indicator for cach membrane
assay produces a color change when the respective glycemic analyte is detected at or gbove a

predetermined concentration in the fluid sample.

29, The assay device of claim 26, wherein said color indicator of cach membrane

produces a different color.

34, The assay device of claim 26, wherein said color indicator of each membrave

produces a different pattern or symbol.

AMENDED SHEET (ARTICLE 19)
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