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WO 98/58260 PCT/US98/11407

DEVICE FOR DETERMINATION
OF AN ANALYTE IN A BODY FLUID

FIELD OF THE INVENTION -

The present invention relates to a test device and determination of a chemical or
biochemical component (analyte) in an aqueous body fluid, such as whole blood. In
particular the present invention relates to a dry reagent test strip from which an analyte
presence and/or concentration is determined by use of an instrument. A common use

of such test strips is for determination of glucose level in blood by diabetics.

BACKGROUND OF THE INVENTION

Numerous devices have been developed to test for presence and quantity of
analytes in aqueous samples, such as whole blood or urine. The patent and technical
literature of the last thirty years is replete with inventions which utilize a reagent strip
containing a dry chemistry reagent system, that is, a system in which the wet
chemistries are imbibed into an absorbent or bibulous medium, dried, and later
reconstituted by fluid from the test sample. The reagent strips contain an indicator
which changes color, depending on the presence or concentration of a particular analyte
in a biological fluid applied to the strip. These strips may be read visually by
reference to a color standard or colorimetrically by instrument calibrated or
programmed to detect a certain color. Although some of these strips use reduction
chemistries, more commonly they involve an oxidizable dye or dye couple. Some of
the strips include an enzyme, such as glucose oxidase, which is capable of oxidizing
glucose to gluconic acid and hydrogen peroxide. They also contain an oxidizable dye
and a substance having peroxidative activity, which is capable of selectively catalyzing
oxidation of the oxidizable dye in the presence of hydrogen peroxide. (See, for
example, U.S. Pat. No. 4,935,346 , to Phillips et al.) Examples of these devices, in
addition to those used to test blood glucose, include tests for cholesterol, triglycerides,
calcium or albumin in whole blood, and for protein, ketones, albumin or glucose in

urine.
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Dry chemistry reagent strips incorporating enzyme-based compositions are used
daily by millions of diabetics to determine blood glucose concentrations. The NIH
sponsored study, the Diabetes Complications and Control Trial, demonstrated
conclusively that careful control of blood glucose levels can significantly reduce the
incidence of serious complications of diabetes such as vision loss and kidney
malfunction. Most diabetics must test themselves periodically in order to make
appropriate adjustments to their diet or medication. It is thus especially important for
diabetics to have rapid, inexpensive, and accurate reagent strips for glucose
determination. The embodiment of dry chemistry reagent systems in test strips enable
simple yet effective analytical protocols.

The technologies embodied in the products which have been developed to date
have certain limitations from the perspective of the end user and/or the manufacturer.
Colorimetric strips that dose on the meter can lead to contamination of the meter.
Further, many patients with arthritis or vision impairment have difficulty bring a drop
of blood which is hanging on one of their fingers to a smail application spot on the strip
in the meter. Dosing off the meter, placing the sample on the strip and then inserting it
into the meter, also can still lead to contamination. Electrochemical strips deal with the
contamination issues, but the manufacturing difficulties and cost can be prohibitive.

There is, therefore, a need to overcome some of the limitations of currently
available testing systems. U.S. Pat. No. 3,092,465, issued to Adams et al., U.S. Pat.
No. 3,298,789, issued to Mast and U.S. Pat. No. 3,630,957, issued to Rey et al., all
describe a basic reagent system which became a standard for colorimetric determination
of glucose in biological samples. These patents describe the formation of a film layer
or semi-permeable coating over the bibulous matrix to hold back the larger particulates,
such as red blood cells, and allow fluid to permeate into the bibulous matrix. This
approach requires the removal of red blood cells by washing or wiping to enable visual
inspection or instrument reading of the indication of the dye color formed in the

matrix.
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Stone, U.S. Pat. No. 3,607,093, discloses a membrane for testing blood where
the membrane has a skin permeable to solutions but impermeable to solids such as red
blood cells and to macromolecules such as proteins. This membrane is disclosed as
being used by applying a blood sample then wiping away the red blood cells from the
skin in order to reach the test indication through the skin.

U.S. Pat. 3,552,928, issued to Fetter discloses the use of certain water soluble
salts and amino acids in reagent formulations as separation agents to provide blood
separation. With solids such as red blood cells substantially removed from the
biological fluid, there is less background color at the test site to obscure a change in
coloration produced by a testing reagent.

Phillips et al., U.S. Pat. No. 4,935,346 discloses a system wherein a whole
blood sample is applied to the device and indicator development occurs in the presence
of the colored components of the sample. Measurements of the color change in
indicator are made at two distinct wavelengths to eliminate the interferences from the
presence of colored blood components.

Terminello et al., U.S. Pat. No. 4,774,192, disclose a system in which the
matrix is formed of an asymmetric material used to filter the red blood cells in the
sample. The asymmetric material has a density gradient from one side to the other to
progressively separate red blood cells from the fluids.

Daffern et al., U.S. Pat. No. 4,994,238, disclose a test device that comprises an
asymmetric reagent layer that has progressively finer filtration with increased distance
from one surface toward the other surface.

Castino et al., U.S. Patent No. 5,456,835 disclose the use of filters formed of
ligand modified polymeric film such as polypropylene fibers and polyethersulfone
fibers.

Vogel et. al., U.S. Pat. No. 4,477,575, disclose the use of glass fiber material
to achieve blood separation through the thickness of the material. Blood is applied to
one side of the glass fiber, and relatively clear fluid migrates out of the opposite side.

This fluid is delivered to an additional layer where the detection of analytes can occur.

-3-
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Macho et al., U.S. Patent No. 5,451,350, disclose the use of absorbent
channels to distribute sample fluid in multi-zone test devices. Charlton et al., U.S.
Patent No. 5,208,163, also disclose the use of capillary channels to distribute blood to
various chambers in the device. .

The disclosures of the above patents are incorporated herein by reference.

The prior art devices and methods of the above references provide varying
degrees of effectiveness of blood analysis at varying degrees of complexity and cost.

It is an object of the present invention to provide enhanced devices and methods
to improve the performance and minimize the cost and complexity compared to the
prior art devices.

It is another object of this invention to provide a strip format for testing which
is easy to sample and dose and to manufacture.

It is another object of this invention to provide a configuration or format for
testing which enables the patient to use “non traditional” body locations, other than the
fingertips to extract a sample of body fluids.

It is another object of this invention to provide a means for performing
microtitration by limiting the volume of a bodily fluid used to perform the analysis.

It is another object of this invention to provide a means for delivering a
measured volume of a bodily fluid to the test area.

It is still a further object of this invention to provide a dry chemistry reagent test
strip which can be used in or read by an electronic meter to analyze body fluids for one
or more analytes.

The above objects as well as others are achieved by the devices, methods and

systems of this invention as disclosed herein.

SUMMARY OF THE INVENTION
In one aspect this invention provides a method of testing body fluids for the
presence or concentration of an analyte by using a porous matrix. International patent

application WO 97/38126 published October 16, 1997 describes the use of microporous
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matrix material and the concept of microtitration which are well suited for use in this
invention, the disclosure of which application is incorporated herein by reference.

In another aspect this invention provides a device that contains body fluids
during testing that eliminates the problems of meter contamination, and it’s simple
colorimetric design greatly reduces the difficulties of manufacturing and cost.

In a preferred embodiment of the invention the device consists of a capillary
system which is used to collect the sample of body fluid and deposit it onto a reagent
membrane for analysis. The use of a capillary tube to collect the sample permits the
patient to collect a sample from a non finger tip location thereby increasing the number
of possible sampling sites from which to extract a sample of body fluid. The apparatus
comprises of a hydrophilic capillary tube in communication with a hydrophilic capillary
wicking or spreading material which is in communication with an absorbent reagent
membrane. The reagent membrane has been imbibed with indicator reagent system
capable of indicating the presence or concentration of the analyte.

In another aspect, this invention uses the concept of microtitration to limit the
volume of the sample thereby improving the accuracy of the test. The capillary wick
and/or the membrane is bounded to the injection molded capillary and handle thereby
creating a defined volume for the absorption of the sample. The user applies a blood
sample to the capillary by placing the capillary tube in communication with the sample
and allowing it to wick up the tube and wet out the membrane. The fluid passes
through the capillary spreading layer/filter onto the membrane. The reading or
measuring for the presence/concentration of the analyte being tested is accomplished by
detecting the change in reflectance of the reagents which are imbibed into the
membrane. The embodiments of the devices of the invention with the appropriate dry
chemistry system in the matrix member can be used in test strips which may be read or
measured in an electronic meter.

In another aspect, this invention provides a strip for testing for the presence or
concentration of an analyte in a fluid éomprising a support member;

a spreading layer on the first side of the support member; a reagent layer on the

spreading layer which comprises a reagent selected for the analyte of interest; and
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a capillary tube on the opposite side of the support member communicating through an
aperture in the support member with the spreading layer, whereby a fluid containing an
analyte introduced into the tube flows through the tube and the spreading layer to
contact the reagent. Optionally the strip can further comprise a carrier layer on t;le
reagent layer and positioned on the other side of the reagent layer from the spreading
layer and an aperture in the carrier layer for observing or measuring the indication of
the reagent.

In another aspect, this invention provides a method of testing a fluid for the
presence or concentration of an analyte comprising providing a test strip comprising a
support member; a spreading layer on the first side of the support member; a reagent
layer on the spreading layer which comprises a reagent selected for the analyte of
interest; and a capillary tube on the opposite side of the support member
communicating through an aperture in the support member with the spreading layer,
whereby a fluid containing an analyte introduced into the tube flows through the tube
and the spreading layer to contact the reagent; introducing sufficient fluid containing an
analyte into the capillary tube to flow onto the reagent layer; and observing or
measuring the indication of the reagent.

In another aspect, this invention provides a method of making a strip for testing
for the presence or concentration of an analyte in a fluid comprising: providing a
support member with a capillary tube positioned on one side of the support member and
communicating with the opposite side of the support member through an aperture in the
support member; mounting a spreading layer on the opposite side of the support
member and in communication with the aperture in the support member; and mounting
a reagent layer on the spreading layer. Optionally the method includes a method
comprising: mounting a carrier strip on the reagent layer opposite the spreading layer;
and providing an aperture in the carrier layer for observing or measuring the indication
of the reagent. Preferably, the method includes preassembling the carrier layer, the
reagent layer and the spreading layer; and mounting the preassembled layer on the

support member.
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The above sets forth the generic aspects of the device and methods of the
present invention. These device and methods are more fully described in the drawings

and the descriptions below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of the capillary tube test strip assembly of this
invention.

Figure 2 is a perspective view of the injection molded capillary tube and support
member including a handle.

Figure 3 is a perspective view of the spreading/filtering layer.

Figure 4 is a perspective view of the reagent bearing membrane and carrier
member.

Figure 5 is a perspective bottom view of the reagent bearing membrane and
carrier member showing the aperture for reading the reagent indications.

Figure 6 is an exploded view of the capillary tube test strip assembly of Figure

Figure 7 is a perspective bottom view of an alternate capillary tube and support
member, including handle, which provides barriers to define a specific volume for the
microtitration.

Figure 8 is a perspective view of a compressed embossed spreading/filtering
layer which fits into Figure 7.

Figure 9 is a perspective view of the capillary tube test strip assembly of this
invention with sensors molded into the capillary tube for detection of the presence of

and sequential flow of liquid through the tube.

DETAILED DESCRIPTION OF THE INVENTION

The devices of the present invention are simpler to use and are easier and less
costly to manufacture than most devices previously available. The simplicity of use is
especially important for diabetics who rely on blood glucose testing multiple times per

day to keep their disease under control. For many diabetics, the costs associated with
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blood glucose monitoring are also important, especially elderly diabetics on fixed
incomes. Devices of various configurations and various uses based on the
embodiments of the invenfion disclosed herein can be delivered to the diabetic, in a
more cost effective manner. The ease of use and ability to capture the blood san;ple
provide a means to use non traditional sites on the body from which to extract a
sample. This eliminates the need for the patient to continually use the finger tips as a
sampling site. The convenience of these devices will facilitate increased patient
compliance with recommended testing routines and will result in improved overall
health of diabetic patients.

As used herein, reference is primarily made to blood. However, other fluids
such as urine, saliva and the like can be analyzed utilizing the various embodiments of
the present invention. One membrane used in the invention is preferably a
polyethersulfone polymer, which is cast to inherently have a microporous skin on one
side and a porous matrix on the other side, such as the Gelman membrane. However,
one may also employ a matrix layer or membrane having uniform porosity but no
barrier skin on either side by laminating to one side of such a matrix a microporous
barrier film to form the required barrier skin on one side of the matrix.

The invention provides different mechanisms for using the dry chemistry
reagent systems with or without microtitration volume control. The dry chemistry
components and microtitration principles, which are described below and in the above
referenced International patent application WO 97/38126, are well suited for this
application, and are independent of the device embodiments which follow.

In this invention, the preferred method for controlling the test area geometry is
to emboss or compress the capillary wick or spreading layer and membrane or reagent
layer into the molded part, deforming a portion of the capillary wick and membrane
into openings in the molded part and leaving the test area uncompressed. The molded
part comprises the capillary tube, support member, optional handle, and preferably a
recessed area molded to receive the capillary wick and the membrane. The compressed
areas are fastened to the molded part with adhesive such as 3-M grade 415 acrylic

pressure sensitive adhesive, creating a test area which is completely bounded on the
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sides, preventing any flow outside the area. The only means of sample entry to the
membrane or reagent layer test area is via the capillary tube and capillary wick or
spreading layer. The capillary wick and membrane are embossed into the molded part
by bringing Aboth pieces together and pressing them together which pushes a porti(;n of
the capillary wick and membrane into the gasket openings and deforms the material
outside of the openings by compressing it so that the thickness is reduced by 80 to 95%
in the compressed portion.

The fluid sample enters the microtitration zone in the capillary wick and
membrane via the capillary tube in the molded part. As can be seen from the structure
of the device of the present invention, the blood or body fluid sample is collected by
the user by touching the extended end of the capillary tube to the blood or fluid
available. This enables the user to create the blood sample at any desired location on
the body, then collect it by contacting the capillary tube end therewith. This invention
eliminates the need for the user to form a drop of blood or body fluid and drop it or
place it on a strip or into an aperture or opening. Moreover, this invention eliminates
the concern of the user over having appropriate volume of blood or test sample of
fluid. When the user contacts the capillary tube of the device of the present invention
to the blood or fluid drop, the present device fills itself with the appropriate volume
then stops. So long as the user can see excess blood or fluid remaining and the
capillary tube end fully wetted, the user can be confident sufficient sample has been
taken up into the device. Although the capillary tube of the device of this invention
may be touched to the body, contamination of other devices is eliminated due to the
single use, disposable nature of the device, and contamination of the meter is
eliminated due to the meter reading the side opposite from the capillary tube.

A wetting agent may be applied to the internal diameter of the capillary to
facilitate blood flow. High molecular weight polymeric oils work well as wetting
agents. A preferred material is dimethylsiloxane ethylene oxide, part number PS073
from United Chemical Technologies. The same effect may be achieved through the use
of patterned hydrophilic printing inks, BSI Corporation Photolink™ hydrophilic surface

treatment or by using a Cellulosic injection molded part. These materials work equally
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well. Selection of a polymer having hydrophilic surface properties may eliminate need
for any wetting agents.

Separating agents can be impregnated into the reagent layer membrane and or
the capillary wick spreading layer before, during or after the impregnation of test”
reagents. The specific compounds are selected to enhance the ability of the matrix to
separaté whole blood into red blood cells and relatively clear fluid. As discussed
previously, the preferred matrix materials comprise a microporous polyethersulfone
from Gelman, and spreading layers formed from Ahlstrom 1281 or Ahlstrom 1660,
which are cellulose and glass media.

The separating agents which can be impregnated into the membrane and or
capillary wick may be selected from the following: polyvinyl sulfonic acid (PVSA),
polyethylene glycol (PEG), polystyrene sulfonic acid (PSSA), hydroxypropyl cellulose
(commercially available as Klucel ™), polyvinyl alcohol (PVA), polyvinylpyrrolidone
(PVP), polyacrylic acid (PAA), water soluble salts, citrates, formates and sulfates,
amino acids, chitosan (amino sugar), citric acid, phytic acid and malic acid. These
materials may be enhanced through combining with silica or clay. The chemical
components can include equivalent materials which help to separate whole blood into
red blood cells and relatively clear fluid.

The indicating reagent mix must be capable of detecting the presence of the
analyte. In general, the analyte reacts with a specific oxidase enzyme and produces
hydrogen peroxide. This strongly oxidative substance reacts with the indicator(s)
present to produce a colored end product. The oxidase enzyme may be one of the
following: glucose oxidase, cholesterol oxidase, uricase, alcohol oxidase, aldehyde
oxidase or glycerophosphate oxidase. While the examples and preferred embodiments
herein comprise glucose oxidase in the formulations, formulation changes required to
utilize other oxidase enzymes are evident to one who is skilled in the art. The indicator
chemistries which provide acceptable color generation when coated on the microporous
membrane (polyethersulfone) may be chosen from 3-methyl-2-benzothiazolinone
hydrazone hydrachloride (MBTH) combined with 3,3-dimethylaminobenzoic acid
(DMAB), MBTH combined with 3,5-dichloro-2-hydroxybenzene-sulfonic acid

-10-
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(DCHBS); 4-aminoantipyrene (4-AAP) (at 4mg/ml) and 5-0xo-1-(p-suifophenyl)-2-
pyrazoline-S-carboxylic acid (OPSP); 4-AAP and n-(m-tolyl)-diethanolamine (NDA);
2.2'-azino-di (3-ethylbenzthiazoline) sulfonic acid (ABTS); 4AAP (at 4mg/ml) and 4-
methoxynaphthol; pyrogallol red(PGR); bromopyrogallol red (BPR), acid green 25
(AG); MBTH and 8-anilino-1-naphthalenesulfonate (ANS), or N-(3-suifopropyl)aniline
and MBTH; or other known and conventional dye system for different analytes. U.S.
Patent No. 5,306,623 to Kiser et. al. incorporated herein by reference discloses
effective concentrations of a number of useful dye systems.

The above reagents will create a chemistry which can be read with a meter. The
separation reagents, indicator reagents, oxidase enzymes, peroxidase enzymes,
hematocrit adjuster, buffers, and chelators together with the dye system are
impregnated in the membrane matrix forming the reagent layer.

The issue of hematocrit level affecting the accuracy of test results is a
substantial one for a test device. The following embodiment of this invention can be
used to compensate for the hematocrit variation of whole blood. The instrument can be
designed with additional sensors. These sensors can either be electrical contacts or
light sources and receivers (sensors) connected to analog signaling/conditioning circuit.
These additional sensors can be implemented so that they inspect the capillary tubes in
the test device, one sensor at the beginning of the capillary channel and one at the end.
Whole blood is applied to the capillary. The entry flow of whole blood is timed as it
moves between sensors. The time that the blood takes to travel the length of the tube
capillary is an indication of the hematocrit of the blood. That information is used to
correct any shift in reflectance readings of the instrument caused by the hematocrit
level.

The various aspects of the invention disclosed herein can best be illustrated by
reference to the drawings and the description thereof which follows.

The capillary test strip 1 is shown in Figure 1 and comprises of five
components. The first part is the injection molded capillary tube 2 and support
member 3 which comprises capillary tube 2, handle portion 15, vent holes 8 and 9, and

slot or recess 16. The second component is the spreading/filtering layer 4 which is in
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communication with the membrane or reagent layer 5. The reagent layer membrane 5
is attached to a carrier layer 6 by adhesive layer 7. The adhesive layer 7 also attaches
the carrier layer 6 to the support member 3.

Figure 2 shows a detail perspective view of the injection molded capillary tube
2 and support member 3 which has capillary tube 2, handle area 15, vent holes 8 and 9,
and slot 16 molded therein. The sample is wicked into the capillary tube 2. The
materials which can be used to mold capillary tube 2 and support member 3 are
selected for their wetability (hydrophilic) properties. These materials include
polycarbonate, cellulosics and combinations of these with incorporated or added
wetting agents such as polydimethylsiloxanes prepared as copolymers with alkene
oxides. These materials are sold by United Chemical Technologies, Inc. Bristol, PA
USA. The capillary tube inside diameter dimensions are selected such that adequate
sample is drawn by capillary action into the device and can range from less than 0.001
inches to 0.100 inches in diameter depending on the type of sample fluid and the inside
diameter appropriate for capillary drawing of a particular sample fluid.

Figure 3 shows the spreading layer/filter layer 4. This layer has high capillary
action to draw the liquid sample into the device, transferring the sample to reagent
layer membrane 5. The material of layer 4 is selected so that it can provide three
beneficial purposes. The first is to provide capillary action to help draw the sample
through the capillary tube 2. This provides the mechanism to empty the tube of the
collected sample and disperse it onto the reagent layer membrane 5. A secondary
function is to provide a filtering mechanism or pretreatment for the sample. Materials
which have been proven to provide adequate capillary action are Ahlstrom 1281, 1660
and 1661. These materials are sold by Ahlstrom Filtration of Mt. Holly Springs, PA
USA. The third benefit of the spreading layer 4 is it provides a light filter, i.e., when
a dark material is used, it prevents light exposure onto the reagent layer membrane S.

Figure 4 shows the reagent layer membrane 5 which is attached to the carrier
layer 6 by adhesive layer 7. This subassembly is used to support the membrane reagent
layer 5 during manufacture and provide protection for the fragile membrane 5. The

membrane 5 has a reagent indicator system mixture applied to it to facilitate the
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indication of the presence or concentration of an analyte. The membrane which is
preferred is Pall Gelman Sciences Supor 200, a polyethersulfone. The carrier layer 6 is
preferably made from 0.005 inch thick polystyrene. However, any appropriate
membrane or reagent layer material 5 can be used and the carrier layer or materi;1 6
can be fashioned from a wide range of polymers or sheet material. The adhesive 7 is
used to attach the membrane 5 to the carrier layer 6 and to attach the subassembly to
support member 3. The adhesive 7 is first applied to the carrier layer 6. A test window
10 is cut into the strip to permit viewing the reaction if the carrier layer 6 is not a clear
material or if the applied reagent system requires access to oxygen to adequately sense
and indicate the analyte being tested.

Figure 5 shows the carrier layer 6 and membrane 5 subassembly from the
opposite side illustrating an embodiment with a test window or aperture 10.

Figure 6 is an exploded view showing all the components in Figures 2 through 5
and how they are assembled to form the device of Figure 1. The adhesive 7 is used to
attach the carrier 6 and membrane 5 to the support member 3.

Figure 7 shows an alternate configuration of capillary tube 5 and support
member 18. Support member 18 has dams or barriers 11 and 12 which are used to
deform the spreading layer/filter 4 and membrane 5 forming a boundary for the
absorption of the sample. The barriers create a predetermined volumetric space to
provide the microtitration volume to enable accurate measurements. This deformation
creates spreading layer/filter 17 shown in Figure 8.

Figure 8 shows spreading layer/filter 17 after it has been deformed into the
shape conforming to the barrier members 11 and 12. This layer can include both
spreading layer 4 laminated with reagent layer 5 to form element 17. Or the reagent
layer 5 can be smaller in size so it fits between barrier members 11 and 12 so it is not
deformed with spreading layer 4.

Figure 9 shows the capillary test strip with sensors 19 and 20 molded into the

capillary tube for use as explained above.
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In general the membrane material or reagent layer, 5 such as illustrated in
Figure 6, will generally be in the ranges of about 0.003" to 0.007" in thickness. In most
test devices a thickness of about 0.004” to 0.005” is preferred. The carrier layer 6 in
Figure 6 will generally be a polymeric strip having a thickness from about 0.005" to
about 0.012" in most applications and depending on the type of polymeric strip
employed a thickness of about 0.007" to 0.008" is preferred. The carrier layer 6 is
preferable a transparent layer so the reagent layer 5 can be read by a meter through
carrier layer 6 without possibility of contamination of the meter. The injection molded
capillary tube 2 and support member 3 in Figure 2 can also have a thickness of from
about 0.005" to about 0.020" with about 0.010” to 0.015” in thickness being preferred.
The capillary tube 2 and support member 3 may also be made of a metal foil such as
aluminum in which case the support member 3 may have a thickness of about 0.001" to
0.003” in thickness. Capillary tube 2 and support member 3 are preferably molded as a
single unit, but can be molded or made separately, then pressed or attached together.
The tube 2 can be any desired shape, cylindrical, rectangular, square, elliptical, etc.,
and can be positioned at any position in or on the support member or strip from
embedded in same with the tube end opening at the end or side of the support member
or strip to preferably extending from the surface of the support member or strip, for
example at an angle from about 15° through 90° relative to the surface of the support
member, so long as it functions with layers 4 and 5 (or 17) to wick the desired volume
of sample fluid into the device and to the reagent layer. The tube will typically be 0.2"
in length with an inside diameter to provide a sample size of less than about 7
microlitre («L), preferably about 1 to 5 L, more preferably about 2 to 4 nL and most
preferably about 3 uL.

It will be recognized by those skilled in the art that the overall thickness of the
assembled test strip devices according to this invention may vary according to the
desired use. The overall thickness of the assembled devices can range from about
0.006” to about 0.040”. Due to the strength provided by laminating the various layers
thinner layered materials may be used and provide sufficient strength. However, the

overall thickness of a test strip device according to this invention will be determined
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also by the necessary and desired thickness of the matrix member to provide sufficient
volume absorption. The shape need not be flat, but may be other shape desired for
manufacturing efficiency, e.g., cylindrical, or for ease of handling by the user.

When the spreading,_layef/filter 17 and membrane 5 are compressed into th;:
injection molded capillary tube and support member 18 as in Figures 7 and 8, the
typical composite material having a thickness of about 0.005" to about 0.012" will be
compressed at the barrier members 11 and 12 to a thickness of about 0.001" or less and
typically less than about 0.0005". At the same time the portion of the matrix layer
which protrudes into the volumetric opening will remain at or near its full original
thickness.

The devices of this invention are conveniently made into test strips of
convenient size and configuration for use by individuals and in instruments or meters
which are adapted to measure the color or other indication provided by the test strips.

One example of a material useful for transfer of fluid containing analyte and
blocking transfer of solids is a composite cellulose and glass fiber matrix, such as that
available from Ahlstrom as part number 1661 or 1662, especially to separate the whole
blood into red blood cells and substantially clear fluid. The whole blood is applied to
the capillary and wicks into the matrix material. The use of a capillary tube to collect
the sample permits the patient to collect a sample from a non finger tip location thereby
increasing the number of possible sampling sites from which to extract a sample of
body fluid. As the sample wicks, the red blood cells adhere to the glass fibers or other
matrix fibers and the clear fluid moves vertically into the membrane test area where the
dry reagents are present. The reagents in the membrane are rehydrated by the fluid
component of the whole blood and are then able to indicate the presence and
concentration of one or more analytes of interest. Separating agents impregnated into
the matrix or membrane can assist with the separation of red blood cells and facilitate
the wicking of the substantially clear fluid into the test area. This configuration
coupled with microtitration and methods described above will produce an accurate test
device.

The following is an example of making and using the devices of this invention.
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EXAMPLES -- Glucose Test

Example A:

Reagent la

Reagent 2a

Example B:
Reagent 1b

Test Reagents

40 mg MBTH-S
80 mg DMAB
5 ml acetonitrile and 5 ml water

Stir until all solids are dissolved.

6 ml water

10 mg EDTA, disodium salt

200 mg PolyPep, low viscosity (Sigma)

0.668 g sodium citrate

0.523 g citric acid as a hematocrit adjuster

0.2 M Aconitic acid buffer

3% polyethylene glycol (PEG), as a separating agent
0.5% Polyquart, a binder

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 dissolved.

Test Reagents

20 ml water

420 mg citric acid (a buffering agent). Adjust the pH of the
citric acid solution with NaOH to a value of 4.25.

16.7 mg EDTA

90 mg Gantrez S95 available from GAF

250 mg Crotein SPA

20,500 units glucose oxidase

16,200 units peroxidase
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Reagent 2b 10 ml of a mixture of 3 parts by volume water and 7 parts
by volume isopropyl alcohol
13 mg MBTH-S
40 mg ANS

Polyethersulfope matrix

A piece of polyethersulfone membrane is uniformly coated with reagent 1a;
the excess is squeegied off and the material is dried. The membrane is then coated
with reagent 2a in the same fashion and dried. The membrane is then assembled into
a test device as shown in Figure 1. Whole blood is applied to the capillary opening
and the glucose level is read from the front based on the indicator response in the test

Zone.
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Claims:

1. A strip for testing for the presence or concentration of an analyte in a
fluid comprising:

a support member; _

a spreading layer on the first side of the support member;

a reagent layer on the spreading layer which comprises a reagent selected for
the analyte of interest; and

a capillary tube on the opposite side of the support member communicating
through an aperture in the support member with the spreading layer, whereby a fluid
containing an analyte introduced into the tube flows through the tube and the

spreading layer to contact the reagent.

2. A test strip according to claim 1 comprising

a carrier layer on the reagent layer and positioned on the other side of the
reagent layer from the spreading layer; and

an aperture in the carrier layer for observing or measuring the indication of the

reagent.

3. A test strip according to claim 1 comprising a vent opening in the
support member communicating with the spreading layer or the reagent layer for the

expulsion of air when fluid flows through the tube.
4. A test strip according to claim 2 comprising a vent opening in the
carrier layer communicating with the spreading layer or the reagent layer for the

expulsion of air when fluid flows through the tube.

5. A test strip according to claim 1 comprising a sensor in the capillary

tube for electrical detection of the presence of liquid at a preselected point in the tube.
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6. A test strip according to claim 2 comprising barrier members defining a
predetermined volume of the spreading layer and reagent layer in communication with

the tube.

7. A test strip according to claim 1 wherein the capillary tube is
positioned at an angle from about 15° through 90° relative to the surface of the

support member.

8. A test strip according to claim 1 comprising a filtering layer positioned
between the tube and the reagent layer for separating suspended solid materials from

the liquid flowing from the tube to the reagent layer.

9. A test strip according to claim 1 wherein the support member contains

a recessed area for receiving the spreading layer and reagent layer.

10. A test strip according to claim 2 wherein the support member contains

a recessed area for receiving the spreading layer and reagent layer.

11. A method of testing a fluid for the presence or concentration of an
analyte comprising:

providing a test strip comprising:

a support member;

a spreading layer on the first side of the support member;

a reagent layer on the spreading layer which comprises a reagent selected for
the analyte of interest; and

a capillary tube on the opposite side of the support member communicating
through an aperture in the support member with the spreading layer, whereby a fluid
containing an analyte introduced into the tube flows through the tube and the

spreading layer to contact the reagent;
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introducing sufficient fluid containing an analyte into the capillary tube to flow

onto the reagent layer; and

observing or measuring the indication of the reagent.

12. A method according to claim 9 comprising measuring the indication of

the reagent with an electronic meter.

13. A method of making a strip for testing for the presence or
concentration of an analyte in a fluid comprising:

providing a support member with a capillary tube positioned on one side of the
support member and communicating with the opposite side of the support member
through an aperture in the support member;

mounting a spreading layer on the opposite side of the support member and in
communication with the aperture in the support member; and

mounting a reagent layer on the spreading layer.

14. A method of claim 13 comprising:
mounting a carrier strip on the reagent layer opposite the spreading layer; and
providing an aperture in the carrier layer for observing or measuring the

indication of the reagent.

15. A method of claim 13 comprising:
preassembling the carrier layer, the reagent layer and the spreading layer; and

mounting the preassembled layer on the support member.
16. A method of claim 13 comprising:

providing a support member with a recessed area for receiving the spreading

layer and the reagent layer.
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17. A method of claim 14 comprising:
providing a support member with a recessed area for receiving the spreading

layer and the reagent layer.
18. A method of claim 15 comprising:

providing a support member with a recessed area for receiving the spreading

layer and the reagent layer.
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