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OPPOSABLE-ELEMENT ASSAY DEVICE EMPLOYING
- UNIDIRECTIONAL FLOW

BACKGROUND OF THE INVENTION

This invention is directed to test strips for determination of characteristics
of samples, unitized housings, kits incorporating the test strips, and methods of
determining the characteristics of samples using the test strips.

Among the many analytical systems used for detection and/or
determination of analytes, particularly analytes of biological interest, are
chromatographic assay systems. Among the analytes frequently assayed with
such systems are:

(1)  hormones, such as human chorionic gonadotrophin (hCG),
frequently assayed as a marker of human pregnancy;

(2)  antigens, particularly antigens specific to bacterial, viral, and
protozoan pathogens, such as Streptococcus, hepatitis virus, and Giardia,

?3) antibodies, particularly antibodies induced as a result of infection
with pathogens, such as antibodies to the bacterium Helicobacter pylori and to
human immunodeficiency virus (HIV);

(4)  other proteins, such as hemoglobin, frequently assayed in
determinations of fecal occult blood, an early indicator of gastrointestinal
disorders such as colon cancer;

5) enzymes, such as aspartate aminotransferase, lactate
dehydrogenase, alkaline phosphatase, and glutamate dehydrogenase, frequently
assayed as indicators of physiological function and tissue damage;

(6) drugs, both therapeutic drugs, such as antibiotics, tranquilizers, and
anticonvulsants, and illegal drugs of abuse, such as cocaine, heroin,
amphetamines, and marijuana; and

(7)  vitamins.

Such chromatographic systems are frequently used by physicians and
medical technicians for rapid in-office diagnosis and therapeutic monitoring of a
variety of conditions and disorders. They are also increasingly used by patients
themselves for at-home monitoring of such conditions and disorders. Among the
most important of such systems are the "thin layer" systems in which a solvent
moves across a thin, flat absorbent medium.

Among the most important of tests that can be performed with such thin
layer systems are immunoassays, which depend on the specific interaction
between an antigen or hapten and a corresponding antibody or other specific
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binding partner. The use of immunoassays as a means of testing for the presence
and/or amount of clinically important molecules has been known for some time.
As early as 1956, J.M. Singer reported the use of an immune-based latex
agglutination test for detecting a factor associated with rheumatoid arthritis
(Singer et al., Am. J. Med. 22:888-892 (1956)).

Among the chromatographic techniques used in conjunction with
immunoassays is a procedure known as immunochromatography. In general, this
technique uses a disclosing reagent or particle that has been linked to an antibody
to the molecule to be assayed, forming a conjugate. This conjugate is then mixed
with a specimen, and, if the molecule to be assayed is present in the specimen, the
disclosing reagent-linked antibodies bind to the molecule to be assayed, thereby
giving an indication that the molecule to be assayed is present. The disclosing
reagent or particle can be identifiable by color, magnetic properties, radioactivity,
specific activity with another molecule, or another physical or chemical property.
The specific reactions that are employed vary with the nature of the molecule
being assayed and the sample to be tested.

Immunochromatographic assays fall into two principal categories:
“sandwich" and “competitive," according to the nature of the antigen-antibody
complex to be detected and the sequence of reactions required to produce that
complex. In general, the sandwich immunochromatographic procedures call for
mixing the sample that may contain the analyte to be assayed with antibodies to
the analyte. These antibodies are mobile and typically are linked to a label or
disclosing reagent, such as dyed latex, a colloidal metal sol, or a radioisotope.
This mixture is then applied to a chromatographic medium containing a band or
zone. This band or zone contains immobilized antibodies to the analyte of
interest. The chromatographic medium is often in the form of a strip resembling a
dipstick. When the complex of the molecule to be assayed and labeled antibody
reaches the zone of the immobilized antibodies on the chromatographic medium,
binding occurs and the bound labeled antibodies are localized at the zone. This
indicates the presence of the molecule to be assayed. This technique can be used
to obtain quantitative or semi-quantitative results.

Examples of sandwich immunoassays performed on test strips are
described by U.S. Patent No. 4,168,146 to Grubb et al. and U.S. Patent No.
4,366,241 to Tom et al., both of which are incorporated herein by this reference.

In addition to immunochromatographic assays, it is also known to use
enzyme-based chromatographic assays. These techniques are roughly analogous

to immunochromatographic assays, but use an enzymatically catalyzed reaction
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instead of an antigen-antibody reaction. The enzymatically catalyzed reaction
frequently generates a detectable product. Other analogous chromatographic
assays are known.

Although useful, currently available chromatographic techniques using test
strips have a number of drawbacks. Many samples, such as fecal samples, contain
particulate matter that can clog the pores of the chromatographic medium, greatly
hindering the immunochromatographic process. Other samples, such as blood,
contain cells and colored components that make it difficult to read the test. Even
if the sample does not create interference, it is frequently difficult with existing
chromatographic test devices to apply the sample to the chromatographic medium
so that the sample front moves uniformly through the chromatographic medium to
ensure that the sample reaches the area where binding is to occur in a uniforfn,
straight-line manner.

Sample preparation and waste generation are responsible for other
problems  with  currently available devices and techniques for
immunochromatography. The increased prevalence of diseases spread by infected
blood and blood fractions, such as AIDS and hepatitis, has exacerbated these
problems. It is rarely possible to apply a sample (such as feces) or a sampling
device (such as a throat swab) directly to the chromatographic medium. Several
extraction and pretreatment reactions are usually required before the sample can
be applied to the chromatographic medium. These reactions are typically carried
out by the physician or technician performing the test in several small vessels,
such as test tubes or microfuge tubes, requiring the use of transfer devices such as
pipettes. Each of these devices is then contaminated and must be disposed of
using special precautions so that workers or people who may inadvertently come
into contact with the waste do not become contaminated.

When blood samples are involved, there are additional considerations.
Whole blood samples are most easily accommodated by a reverse flow format,
i.e., one that performs bidirectional chromatography. The reverse flow format has
the advantage of allowing the test results to be read against the cleared, white
chromatographic medium, eliminating the potential for obscuring weak test
results. However, in such a reverse flow format, the amount of sample that is
brought into contact with the capture line is very limited. In a typical assay,
approximately 3-5 ul of the applied sample is utilized, and hence assay sensitivity
is “capture limited.” This is especially true if the immunological reagents used are
of low affinity or avidity for the performance of immunochromatographic assays
or other analogous assays. Therefore, it would be desirable to have an
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immunochromatographic assay device that could perform assays for analytes
found in blood with a undirectional assay format.

Additionally, such a device should be capable of receiving a possibly
contaminated sample or a sample preparation device directly so as to eliminate the
need for extraction vessels and transfer devices. Such a device, preferably in the
form of a test strip, should also be capable of performing immunochromatographic
assays on colored samples or samples containing particulates without interference
and should be able to deliver the sample to the chromatographic medium
uniformly and evenly to improve accuracy and precision of the test. This aspect
of an improved assay device is particularly important in avoiding false negatives
and false positives. In particular, an improved assay device should also be capable

of performing a unidirectional assay on a whole blood sample.

SUMMARY

I have developed an assay device that meets these needs and provides
improved assays for analytes of biological interest, particularly using whole blood
samples, while simplifying the performance of the assay and avoiding
contamination. The device can perform all types of immunoassays, including
sandwich immunoassays, competitive immunoassays, and assays employing
combinations of these principles, but is particularly adapted to the performance of
sandwich immunoassays.

One embodiment of the present invention is a chromatographic assay
device for detection and/or determination of an analyte comprising:

D a first opposable component including:

(a) a sample preparation zone for receiving a sample to be
assayed; and

(b) a chromatographic medium having first and second ends
and having a detection zone containing an immobilized specific binding partner
for the analyte, the chromatographic medium being separated from the sample
preparation zone on the first opposable component; and

2) a second opposable component including:

(a) a conductor;

(b)  anabsorber separated from the conductor; and

©) an applicator separated on the second opposable component
from the conductor and the absorber.

In this device, the first and second opposable components are configured

so that bringing the first and second opposable components into operable contact
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results in the absorber coming into operable contact with the second end of the
chromatographic medium, the conductor coming into operable contact with the
sample preparation zone and the first end of the chromatographic medium, and
results in the applicator coming into operable contact with the sample preparation
zone so that the sample preparation zone bridges the applicator and the conductor,
and so that the chromatographic medium bridges the conductor and the absorber.

Typically, the sample preparation zone includes a labeled specific binding
partner for the analyte in resolubilizable form. Typically, the sample preparation
zone contains at least one reagent for treatment of the sample before the sample is
applied to the chromatographic medium. Preferably, the reagent for treatment of
the sample is an extraction reagent to extract analyte from the sample.

Preferably, the label of the labeled specific binding partner is a visible
label.

The chromatographic medium can further includes a control zone separate
from the detection zone. Typically, the control zone contains analyte immobilized
thereto.

Typically, at least one of the first and second opposable components
includes an aperture therein for viewing of at least a portion of the
chromatographic medium.

These optional features can also be present in other embodiments of assay
devices according to the present invention, as described below.

Another embodiment of the present invention is an assay device with
multiple sample preparation zones. This embodiment comprises:

(1) a first opposable component including:

(a) a plurality of labeled specific binding partner applicators,
each labeled specific binding partner applicator for applying a labeled specific
binding partner for the analyte to the chromatographic medium; and

(b) a chromatographic medium having first and second ends
and including a detection zone containing an immobilized specific binding partner
for the analyte, the chromatographic medium being separated from the labeled
specific binding partner applicators on the first opposable component, the labeled
specific binding partner applicator located furthest from the chromatographic
medium for receiving a sample to be assayed; and

(2) a second opposable component including;

(a) at least one conductor, with there being at least as many
conductors as the number of labeled specific binding partner applicators on the

first opposable component minus one, the conductors being located on the second
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opposable component such that, when the first and second opposable component
are brought into operable contact, one conductor is in operable contact with a
labeled specific binding partner applicator and the chromatographic medium and
the other conductors are in operable contact with two labeled specific binding
partner applicators;

(b) an absorber separated from the conductors on the second
opposable components; and

(iif)  a wash liquid applicator separated on the
second opposable component from the conductors and absorber.

In this embodiment of the assay device, bringing the first and second
opposable components into operable contact causes the absorber to come into
operable contact with the second end of the chromatographic medium, causes the
conductors to come into operable contact with the sample preparation zones, and
causes the wash liquid applicator to come into operable contact with the labeled
specific binding partner applicator that is located the farthest from the
chromatographic medium.

Yet another embodiment of the present invention is particularly suitable
for use with a specific binding partner labeled with a catalyst, such as an enzyme.
This embodiment comprises:

(D a first opposable component including

(a) a chromatographic medium having first and second ends
and including a detection zone containing an immobilized specific binding partner
for the analyte;

(b) a sample preparation zone for receiving a sample to be
assayed, the sample preparation zone including a catalyst-labeled specific binding
partner for the analyte in resolubilizable form, the sample preparation zone being
separated from the chromatographic medium; and

(©) a first applicator containing a substance that participates in
a reaction catalyzed by the catalyst to produce a detectable product, the first
applicator being separated on the first opposable component from the
chromatographic medium and the sample preparation zone; and

2) a second opposable component including:

(a) a second applicator;

(b) a conductor; and

(c) an absorber separated from the conductor and the second
applicator.
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In this embodiment, the first and second opposable components are
configured such that bringing the first and second opposable components into
operable contact causes the second applicator to come into operable contact with
both the first applicator and the sample preparation zone, causes the conductor to
come into operable contact with both the sample preparation zone and the first end
of the chromatographic medium, and causes the absorber to come into operable
contact with the second end of the chromatographic medium.

Typically, the catalyst is an enzyme. Typically, the enzyme is selected
from the group consisting of horseradish peroxidase, alkaline phosphatase, f-
galactosidase, and glucose oxidase.

In one preferred alternative, the substance that participates in a reaction is a
substrate that is converted to an insoluble product that is deposited at the detection
zone as the result of the action of the catalyst.

Another embodiment of the present invention is particularly suitable for
assay of whole blood samples. This embodiment comprises:

(1 a first opposable component including;

(a) a sample preparation zone containing a matrix of porous
material permeable to the liquid portion of blood but capable of trapping the
cellular components of blood;

(b) a first applicator containing a labeled specific binding
partner for the analyte in resolubilizable form in operable contact with the sample
preparation zone; and

(©) a chromatographic medium including a detection zone
containing an immobilized specific binding partner for the analyte, the
chromatographic medium being in operable contact with the first applicator, the
chromatographic medium, first applicator, and sample preparation zone being so
located that the first applicator is between the sample preparation zone and the
chromatographic medium; and

2) a second opposable component including:

(a) a second applicator; and

(b)  anabsorber.

In this embodiment, the first and second opposable components are
configured so that bringing the first and second opposable components into
operable contact causes the second applicator to come into operable contact with
the first applicator to apply a wash liquid thereto and causes the absorber to come
into operable contact with the second end of the chromatographic medium.

Preferably, a barrier, such as a clear, self-adhesive film, prevents the second
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applicator from coming into operable contact with the sample preparation zone
and thus prevents liquid flow between the second applicator and the sample
preparation zone.

In one alternative, the matrix can contain a binder for the cellular
components of blood. The binder can be an anti-blood cell antibody, preferably
an anti-erythrocyte antibody. Alternatively, the binder can be a lectin.

As another alternative, the matrix can be impregnated with a carbohydrate
capable of aggregating blood cells; preferably, the carbohydrate is mannitol.

As yet another alternative, the sample preparation zone can include an
asymmetric membrane.

Another embodiment of the present invention is multiplex devices that can
perform more than one assay simultaneously on the same device. These multiplex
devices are based on the embodiments described above.

One alternative version of a multiplex device comprises:

¢ a first opposable component including:

(a) a plurality of laterally separated sample preparation zones,
each sample preparation zone for receiving a sample to be assayed; and

(b) a plurality of laterally separated chromatographic media,
each chromatographic medium having first and second ends and including therein
a detection zone containing an immobilized specific binding partner for an
analyte, each chromatographic medium being located in a line with a sample
preparation zone; and

(2)  asecond opposable component including:

(a) a plurality of laterally separated conductors;

(b) a plurality of laterally separated absorbers, each absorber
being located in line with a conductor; and

(©) a plurality of laterally separated applicators, each applicator
being located in line with an absorber and a conductor.

In this embodiment, when the first and second opposable components are
brought into operable contact, each applicator is brought into operable contact
with a corresponding sample preparation zone, each conductor is brought into
operable contact with a corresponding sample preparation zone and with a
corresponding chromatographic medium, and each absorber is brought into
operable contact with the second end of a corresponding chromatographic
medium.

Another alternative version of a multiplex device comprises:

(D a first opposable component including:
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(a) a plurality of laterally separated chromatographic media,
each chromatographic medium having first and second ends and including thereon
a detection zone containing an immobilized specific binding partner for an
analyte;

(b)  for each chromatographic medium, a plurality of labeled
specific binding partner applicators for applying a labeled specific binding partner
for an analyte to the chromatographic medium, the labeled specific binding partner
applicator located furthest from the chromatographic medium for receiving a
sample to be assayed, each chromatographic medium being located on the first
opposable component in line with an equal number of labeled specific binding
partner applicators; and

2) a second opposable component including:

(a) a plurality of laterally-separated wash liquid applicators,
one applicator for each chromatographic medium;

(b) a plurality of laterally-separated conductors, each conductor
being located in line with a wash liquid applicator, with there being at least as
many conductors for each chromatographic medium as the number of labeled
specific binding partner applicators minus one for each chromatographic medium;
and

() a plurality of laterally-separated absorbers, one absorber for
each chromatographic medium, each absorber being located in line with a wash
liquid applicator and a conductor.

In this embodiment, when the first and second opposable components are
brought into opposition, each wash liquid applicator is brought into operable
contact with a corresponding labeled specific binding partner applicator, the
corresponding labeled specific binding partner applicators being those that are
located the farthest from each chromatographic medium, each conductor is
brought into operable contact with either two corresponding labeled specific
binding partner applicators or a corresponding labeled specific binding partner
applicator and the first end of a corresponding chromatographic medium, and each
absorber is brought into operable contact with the second end of a corresponding
chromatographic medium.

Another alternative version of a multiplex device comprises:

1) a first opposable component including:

(a) a plurality of laterally-separated chromatographic media,
each chromatographic medium having first and second ends and including thereon
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a detection zone containing an immobilized specific binding partner for an
analyte;

(b) a plurality of laterally-separated sample preparation zones,
one for each chromatographic medium, each sample preparation zone including a
specific binding partner for an analyte in a resolubilizable form labeled with a
catalyst, each sample preparation zone being in line with a chromatographic
medium; and

©) a plurality of first applicators, one for each chromatographic
medium, each first applicator containing a substrate that participates in a reaction
catalyzed by the catalyst, the reaction forming a detectable product, each first
applicator being in line with a chromatographic medium and a sample preparation
zone; and

2) a second opposable component including:

(a) a plurality of laterally-separated second applicators, one
second applicator for each chromatographic medium;

(b) a plurality of laterally-separated conductors, one conductor
for each chromatographic medium, each conductor being in line with a second
applicator; and

(c) a plurality of laterally-separated absorbers, one absorber for
each chromatographic medium, each absorber being in line with a second
applicator and a conductor.

In this embodiment, the first and second opposable components are
configured so that bringing the first and second opposable components into
operable contact causes each second applicator to come into operable contact with
a corresponding first applicator and sample preparation zone, causes each
conductor to come into operable contact with a corresponding sample preparation
zone and chromatographic medium via the first end of the chromatographic
medium, and causes each absorber to come into operable contact with a
corresponding chromatographic medium via the second end of each
chromatographic medium.

Yet another alternative version of a multiplex device comprises:

¢} a first opposable component including:

(a) a plurality of laterally-separated chromatographic media,
each chromatographic medium having first and second ends and including thereon
a detection zone containing an immobilized specific binding partner for an
analyte;
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(b) a plurality of laterally-separated first applicators, one first
applicator for each chromatographic medium, each first applicator being in
operable contact with the first end of a corresponding chromatographic medium;
and

(c) a plurality of laterally-separated sample preparation zones,
each sample preparation zone being in operable contact with a corresponding first
applicator, each sample preparation zone including therein a matrix of porous
material permeable to the liquid portion of blood but capable of trapping the
cellular components of blood; and

(2) a second opposable component including:

(a) a plurality of laterally-separated second applicators, one for
each chromatographic medium; and

(b) a plurality of laterally-separated absorbers, one for each
chromatographic medium, each absorber being in line with a second applicator.

In this embodiment, the first and second opposable components are
configured so that bringing the first and second opposable components into
operable contact causes each second applicator to come into operable contact with
the corresponding sample preparation zone and first applicator and causes each
absorber to come into operable contact with the corresponding chromatographic
medium via the second end of the chromatographic medium.

Another aspect of the present invention is test kits for detection and/or
determination of analytes. These test kits include, separately packaged:

(D an assay device according to the present invention;

2) a wash liquid to be applied to the appropriate applicator on the
second opposable component; and, optionally,

3) any additional reagents for treating or extracting the sample.

Yet another aspect of the present invention is methods of use of assay
devices according to the present invention. In general, these methods involve
applying a sample to the sample preparation zone of the device, applying a wash
liquid to an applicator of the device, allowing the sample to migrate through the
chromatographic medium, closing the device to apply the wash liquid, and
detecting and/or determining the analyte by observing and/or measuring the
labeled specific binding partner bound at the detection zone.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention
will become better understood with reference to the following description,
appended claims, and accompanying drawings where:

Figure 1 is a drawing of a first embodiment of an assay device
according to the present invention;

Figure 2 is a schematic diagram showing the flow path of liquid
through the device of Figure 1;

Figure 3 is a drawing of a second embodiment of an assay device
according to the present invention with multiple sample preparation zones:

Figure 4 is a schematic diagram showing the flow path of liquid
through the device of Figure 3;

Figure 5 is a drawing of a third embodiment of an assay device
according to the present invention that uses a specific binding partner labeled with
a catalyst;

Figure 6 is a schematic diagram showing the flow path of liquid
through the device of Figure 5;

Figure 7 is a drawing of a fourth embodiment of an assay device
according to the present invention intended for use with a whole blood sample;

Figure 8 is a schematic diagram showing the flow path of liquid
through the device of Figure 7;

Figure 9 is a diagram of an assay device according to the present
invention for performing multiple assays within a single device;

Figure 10 is a diagram of another assay device for performing
multiple assays within a single device, employing multiple sample preparation
zones for each assay;

Figure 11 is a diagram of another assay device for performing
multiple assays within a single device, particularly suitable for use with a specific
binding partner labeled by a catalyst;

Figure 12 is a diagram of another assay device for performing
multiple assays within a single device, particularly suitable for use with whole
blood samples;

Figure 13 is a diagram of the whole blood assay device of Example
1, showing details of assembly;

Figure 14 is a diagram of the single bridge assay device of Example
2, showing details of assembly, and
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Figure 15 is a diagram of the multiple bridged assay device of
Example 3, showing details of assembly.

DESCRIPTION
Definitions

In the context of this disclosure, the following terms are defined as follows
unless otherwise indicated:

Specific Binding Partner: A member of a pair of molecules that interact by
means of specific noncovalent interactions that depend on the three-dimensional
structures of the molecules involved. Typical pairs of specific binding partners
include antigen-antibody, hapten-antibody, hormone-receptor, nucleic acid strand-
complementary nucleic acid strand, substrate-enzyme, inhibitor-enzyme,
carbohydrate-lectin, biotin-avidin, and virus-cellular receptor.

Operable Contact: Two solid components are in operable contact when
they are in contact, either directly or indirectly, in such a manner that a liquid can
flow from one of the two components to the other substantially uninterruptedly, by
capillarity or otherwise. “Direct contact”" means that the two elements are in
physical contact, such as edge-to-edge or front-to-back. “Indirect contact" means
that the two elements are not in physical contact, but are bridged by one or more
conducting means. This bridging by one or more conducting means can be either
edge-to-edge or front-to-back, such as by the opposition or bringing into contact
of planar elements.

Analyte: The term “analyte" includes both the actual molecule to be
assayed and analogues and derivatives thereof when such analogues and
derivatives bind another molecule used in the assay in a manner substantially
equivalent to that of the analyte itself.

Antibody: The term “antibody" includes both intact antibody molecules of
the appropriate specificity, and antibody fragments (including Fab, F(ab), F(ab'),
F(ab'),, and Fv fragments), as well as chemically modified intact molecules and
antibody fragments, including hybrid molecules assembled by in vitro
reassociation of subunits. Also included are genetically engineered antibodies of
the appropriate specificity, including single chain derivatives. Both polyclonal
and monoclonal antibodies are included unless otherwise specified.

Secondary Specific Binding Partner: The term “secondary specific
binding partner” is used to designate an additional specific binding partner that
binds to a member of a pair of specific binding partners when the pair of specific

binding partners is interacting. For example, a pair of specific binding partners
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can comprise Giardia antigen and rabbit anti-Giardia antibody. In that case, the
secondary specific binding partner can be goat anti-rabbit Ig antibody. The
secondary specific binding partner can be specific to the species, class, or subclass
of an antibody specific binding partner to which it binds. Alternatively, when one
of the specific binding partners is labeled with biotin, the secondary specific
binding partner can comprise a molecule conjugated to avidin.

L CHROMATOGRAPHIC ASSAY DEVICES

One aspect of the present invention comprises chromatographic assay
devices particularly useful for the assay of analytes in biological samples. These
devices are suitable for the direct application of biological samples, without
preliminary extraction steps, and are constructed so as to minimize interference
with assay results caused by particulates or colored samples.

These devices are intended to provide more homogenous mixing of the
analyte and a labeled specific binding partner that is typically in resolubilizable
form. In particular, one embodiment of devices according to the present invention
is particularly adapted to the assay of analytes present in a whole blood sample.

The device has at least two substantially planar opposable components.
One of these substantially planar components has on its surface a chromatographic
medium.

When there are two opposable components, one of the opposable
components has designated the first opposable component and the other is
designated the second opposable component. This distinction is arbitrary and for
convenience in description; the role of each of the opposable components is
determined by the element or elements located on it.

The device also has means for opposing the opposable components, also
referred to as bringing them into operable contact, and applying pressure thereto.
The opposable components can be brought into opposition from a position which
they are not in opposition by direct manual closure, i.e., by manipulation by the
operator. The pressure applied is sufficient to transfer fluid from one opposable
component to another opposable component in a direction substantially normal to
the opposable components in a sequence determined by the construction of the
assay device. The end result is that sample is applied to the chromatographic
medium for detection and/or determination of the analyte thereon. The pressure
also drives fluid through the chromatographic medium to accelerate the process of
chromatography, giving a detectable result in less time. Additionally, the pressure

makes possible the performance of steps, such as extraction steps, in the device,
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and can be used to remove excess fluid from the chromatographic medium by
absorbers to reduce the background of the assays. The pressure is generated by
placing the opposable components into opposition and maintained by holding the
components in opposition by engagers such as locks or clasps, or, alternatively, by
an adhesive strip along the outside margin of one of the components that allows
sealing the components.

Devices according to the present invention can be constructed for the
performance of either a sandwich or a competitive assay, but devices according to
the present invention are particularly useful for sandwich immunoassays. As used
herein, the term “immunoassay” is used generally to include specific binding
assays need not necessarily be restricted to assays in which the specific binding
partner is an antibody, unless so specified.

The degree of pressure employed in the device can be regulated so that it is

optimum for the characteristics of the chromatographic medium, analyte, and
label.

A. Elements Common to Devices According to the Present Invention

A number of elements are common to assay devices according to
the present invention and are discussed here for convenience.

1. The Chromatographic Medium

The chromatographic medium is a strip. Typically, the strip is
substantially planar, although this is not required in all applications. It is typically
rectangular, having first and second ends and first and second surfaces.
Throughout this description, the term “first end" refers to the end at or near which
liquid is applied to the chromatographic medium and the term “second end"
applies to the opposite end of the chromatographic medium. Liquid applied at or
near the first end of the chromatographic medium can be, but is not necessarily, a
sample or a treated sample, and can contain a resolubilized labeled specific
binding partner for the analyte.

The chromatographic medium is composed of material suitable as a
medium for thin layer chromatography of analyte and analyte-antibody
conjugates, such as nitrocellulose, nylon, rayon, cellulose, paper, or silica. The
chromatographic medium can be pretreated or modified as needed.

Typically, the chromatographic medium is translucent, so that

colored zones appearing on it can be viewed from either side.
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2. Absorbers

In a number of devices according to the present invention,
absorbers are in operable contact with at least one end of the chromatographic
medium. The absorbers can be made of any bibulous material that will hold a
liquid sufficiently so that liquid can be drawn through the chromatographic
medium and accumulated in the absorber. Typical materials include, but are not
limited to, filter paper.

3. Other Fluid-Carrying Elements

As described below, in particular devices according to the present
invention, other fluid-carrying elements can be employed as sample preparation
zones, applicators, and/or conductors. These elements are prepared of hydrophilic
media that pass liquids without substantially absorbing them. Such materials are
well known in the art. In some cases, these elements can have incorporated
therein a component in dry form that can be resolubilized by addition of a liquid to
the element. Such components can include a labeled specific binding partner for
the analyte or a substrate, coenzyme, or cofactor for the enzyme of an enzyme-
labeled specific binding partner. The terms “resolubilized," “resolubilizable.” and

similar terminology are used herein generally to refer to the state of such
components.

4. Opposable Components

Many of the embodiments of the assay device according to the
present invention comprise two opposable components. The bodies of the
opposable components are preferably made of laminated cardboard that is
sufficiently impervious to moisture to contain the liquids involved in the
performance of the assay carried out by the device. Other cellulose-based
materials, such as paperboard or solid bleached sulfite (SBS) can also be used.
Alternatively, the bodies of the opposable components can be made of plastic that
is impervious to moisture. A suitable plastic is a polycarbonate plastic such as
Lexan™,

The opposable components are joined by a hinge, preferably made
of a material impermeable to liquids, such as a plastic that can be compatibly

joined with or is the same as the material used for the first and second opposable
components.
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5. Labeled Components

For assay devices intended to perform a sandwich immunoassay,
the labeled component is typically a labeled specific binding partner to the
analyte. This labeled component is typically mobile, in that it can migrate through
the chromatographic medium, whether free or bound to analyte. The label is
preferably a visually detectable label, such as a colloidal metal label. Preferably,
the colloidal metal label is gold, silver, bronze, iron, or tin; most preferably, it is
gold. The preparation of gold labeled antibodies and antigens is described in J.
DeMey, “The Preparation and Use of Gold Probes," in Immunocytochemistry:
Modern Methods and Applications (J.M. Polak and S. Van Noorden, eds., Wright,
Bristol, England, 1986), ch. 8, pp. 115-145, incorporated herein by this reference.
Antibodies labeled with colloidal gold are commercially available, such as from
Sigma Chemical Company, St. Louis, Missouri. Alternatively, other colloidal
labels, such as a colloidal sulfur label or a dye-silica label, can also be used. In a
less preferred alternative, the visually detectable label can be a colored latex label.
It is also possible to use other labels, such as a radioactive label, a fluorescent
label, or an enzyme label.

In one particular embodiment of the invention, an enzyme label is
preferred; the use of such enzyme labels is discussed below with respect to that
embodiment.

C. Details of Devices According to the Present Invention

1. Bridged Device with Single Sample Preparation Zone

One embodiment of the present invention is a bridged device with a
single sample preparation zone.

This device is shown in Figure 1. The device 10 has a first
opposable component 12 and a second opposable component 14. The first
opposable component 12 has a chromatographic medium 16 with a first end 18
and a second end 20. The chromatographic medium 16 further includes a
detection zone 22 and, optionally, a control zone 24. The detection zone 22
typically includes an immobilized specific binding partner for the analyte. The
control zone 24 can, for example, comprise analyte immobilized to the
chromatographic medium 16 so that a labeled specific binding partner can be
bound at the control zone 24 to verify that the assay has been performed properly.

The first opposable component 12 further includes a sample
preparation zone 26 for receiving a liquid sample. As used herein, the term



WO 98/33069 PCT/US97/22485

10

15

20

25

30

35

18

“liquid sample" can include semisolid samples or samples containing particulate
matter.

The reagents that can be present in the sample preparation zone 26
vary with the sample to be applied to the sample preparation zone 26 and with the
analyte to be assayed. They can include, but are not limited to, acids or alkalis to
adjust the pH, buffers to stabilize the pH, chelating agents such as EDTA or
EGTA to chelate metals, surfactants to act as wetting agents, hydrolytic enzymes
to lyse the cell membrane of animal cells or the cell wall of bacteria to liberate
analytes, substrates or coenzymes for enzymes, and the like. One particularly
useful extraction reagent is a mixture of sodium nitrite and acetic acid to generate
nitrous acid. The sodium nitrite can be present in dried form on the sample
preparation zone 26, and the acetic acid can be added to the sample preparation
zone 26 after the addition of the sample. The sample, or, optionally, a sampling
device such as a throat swab or a microporous filter, can be placed by the operator
on the sample preparation zone 26; if needed, other reagents can be added.

The second opposable component 14 includes an applicator 28 that
is typically used for the addition of a wash liquid during the performance of the
assay. The second opposable component 14 further includes a conductor 30 and
an absorber 32. When the first and second opposable components 12 and 14 are
brought into operable contact by closing the device 10, the applicator 28 is
brought into operable contact with the sample preparation zone 26, and the
conductor 30 is brought into operable contact with both the sample preparation
zone 26 and the chromatographic medium 16 through its first end 18. The
absorber 32 is also brought into operable contact with the chromatographic
medium 16 through its second end 20.

In the operation of the device 10, a sample is applied to the sample
preparation zone 26, and a wash liquid is applied to the applicator 28. The sample
is then allowed to resolubilize the labeled specific binding partner in the sample
preparation zone 26, if present. If the sample preparation zone 26 does not contain
a labeled specific binding partner in resolubilizable form, a labeled specific
binding partner can be added along with the sample. Alternatively, the conductor
30 could include a labeled specific binding partner in resolubilizable form, or both
the sample preparation zone 26 and the conductor 30 could include the
resolubilizable labeled specific binding partner. The first and second opposable
components 12 and 14 are then brought into operable contact, allowing the sample
and the resolubilized labeled specific binding partner to pass through the
conductor 30 and then into and through the chromatographic medium 16. This
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fluid flow is driven by absorption of fluid by the absorber 28 which is now in
operable contact with the second end 20 of the chromatographic medium 16.
Subsequent to the flow of the sample and labeled specific binding partner through
the chromatographic medium 16, the wash liquid applied to the applicator 28
passes through the sample preparation zone 26, the conductor 30, and the
chromatographic medium 16, eventually reaching the absorber 32. This device
can give a qualitative and/or quantitative indication of the analyte, depending upon
the concentration of the labeled specific binding partner into detection zone and
the size of the detection zone. As used herein, the term “detect” refers to a
qualitative indication and the term “determine" refers to a quantitative or
semiquantitative indication. Similarly, the term “observe” refers to a qualitative
indication of the labeled specific binding partner bound at the detection zone and
the term “measure” refers to a quantitative or semiquantitative indication.

The first and second opposable components 12 and 14 are joined
by a hinge 34. At least one of the first and second opposable components 12 and
14 has an aperture 36 to allow for viewing of the chromatographic medium 16,
including the detection zone 22, and where present, the control zone 24. In the
version of the device 10 shown in Figure 1, the aperture 36 is located in the
second opposable component 14.

The first and second opposable components 12 and 14 preferably
further comprise engagers that secure the first and second opposable components
12 and 14 in opposition or operable contact. The engagers can comprise locks,
such as locks 38 and 40 that are engaged when the first opposable component 12
and the second opposable component 14 are brought into opposition. The
construction and dimensions of the locks 38 and 40 can be varied to exert the
optimal degree of pressure on the opposable components 12 and 14. The degree
of pressure that is optimal may depend on the thickness and construction of the
chromatographic medium 16, the intended sample volume, and other factors.
Alternatively, the first and second opposable components 12 and 14 can be held in
position by means of an adhesive strip that is applied to one of the first and second
opposable components 12 and 14; the adhesive strip can be provided with a
release liner. To guard against leakage of samples or reagents, a sealing ridge or
gasket 42 can be positioned around the perimeter of the first and second opposable
components 12 and 14. Although the use of the engagers, such as locks 38 and
40, or, alternatively, the adhesive strip, and the use of the sealing ridge or gasket

42, is generally preferred, these components are not necessary to construct a basic
device according to the present invention.
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The wash liquid, also referred to as running buffer, is typically an
aqueous liquid; it can be water, or can contain buffers or electrolytes. It can be,
for example, sodium phosphate, phosphate buffered saline, physiological saline, or
another aqueous liquid. An example of a suitable wash liquid or running buffer is
phosphate buffered saline.

In this embodiment of the device according to the present
invention, the fluid flow path alternates between the first opposable component 12
and the second opposable component 14. The flow path is shown in Figure 2.

Typically, to achieve results, the assay requires from 30 seconds to
10 minutes, more typically from 1 to 5 minutes, including any period of
incubation of the sample on the sample preparation zone, as well as the time
required for chromatography itself. Typically, the assay is performed at room
temperature, although it can be performed at 4°C or up to 37°C or higher in some
cases, depending on the nature of the analyte and the specific binding partners. In
some cases, performing the assay at a lower temperature may be desirable to limit
degradation, while in other cases, performing the assay at a higher temperature
with suitable analytes and specific binding partners may speed up the assay.

In devices according to the present invention, a chromatographic
assay 1is performed as a result of migration of the sample within the
chromatographic medium. The analyte is detected at a position different than the

position at which the sample is applied to the chromatographic medium.

2. Bridged Device with Multiple Labeled Specific Binding
Partner Applicators

Along these principles, another embodiment of assay devices
according to the present invention uses multiple labeled specific binding partner
applicators that are bridged by multiple conductors. At least one of the labeled
specific binding partner applicators also serves as a sample preparation zone.
Typically, this is the labeled specific binding partner applicator located furthest
from the chromatographic medium on the first opposable component.

This device is shown in Figure 3. The device 60 has first and
second opposable components 62 and 64. The first opposable component 62 has a
chromatographic medium 66 with first and second ends 68 and 70. The
chromatographic medium 66 has a detection zone 72 and, optionally, a control
zone 74. The first opposable component has a first labeled specific binding
partner applicator 76 and a second labeled specific binding partner applicator 78,
each for applying a labeled specific binding partner for the analyte to the
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chromatographic medium. Typically, the first and second labeled specific binding
partner applicators 76 and 78 each contain a labeled specific binding partner for
the analyte in resolubilizable form; alternatively, a labeled specific binding partner
can be applied to the first and second labeled specific binding partner applicators
76 and 78 during the performance of the assay. The first and second labeled
specific binding partner applicators 76 and 78 are not in operable contact when the
first and second opposable components are separated. Although the version of the
device shown in Figure 3 has two labeled specific binding partner applicators,
more than two can be used; the illustration of two labeled specific binding partner
applicators is only for convenience, and as many labeled specific binding partner
applicators can be used as can be accommodated by the opposable components.
The labeled specific binding partner applicator located furthest from the
chromatographic medium can contain a reagent for extraction of the sample or
other reagents for treatment of the sample before the sample is applied to the
chromatographic medium and is intended for application of the sample.

The second opposable component 64 includes a wash liquid
applicator 80 for application of a wash liquid, a first conductor 82, a second
conductor 84, and an absorber 86. The first conductor 82 is placed in operable
contact with the first and second sample preparation zones 76 and 78 when the
opposable components are brought into opposition. The second conductor 84 is
brought into contact with the first sample preparation zone 76 and the
chromatographic medium 66 through its first end 68 when the opposable
components are brought into opposition. The wash liquid applicator 80 is brought
into operable contact with the second specific binding partner applicator 78 when
the opposable components are brought into opposition. If there are more than two
specific binding partner applicators, the wash liquid applicator is brought into
operable contact with the specific binding partner applicator located furthest from
the chromatographic medium. The absorber 86 is brought into operable contact
with the chromatographic medium 66 through its second end 70 when the
opposable components are brought into opposition.

The device 60 further comprises a hinge 88 for joining the first and
second opposable components 62 and 64. The device also includes at least one
aperture 90 for viewing of the chromatographic medium 66, including the
detection zone 72, and if present, the control zone 74. The device can also include

locks, such as engagers 92 and 94 and a gasket or sealing ridge 96, as described
above.



WO 98/33069 PCT/US97/22485

10

15

20

25

30

35

22

In use, a sample is applied to the second labeled specific binding
partner applicator 78 and a wash liquid is applied to the wash liquid applicator 80.
The first and second opposable components 62 and 64 are then brought into
opposition. The sample and resolubilized labeled specific binding partner,
followed by the wash liquid, migrates through the chromatographic medium 66.
This allows detection and/or determination of the analyte by detecting and/or
measuring the labeled specific binding partner bound at the detection zone 72.

In this embodiment of the device according to the present
invention, the fluid flow path alternates between the first opposable component 62

and the second opposable component 64. The flow path is shown in Figure 4.

3. Bridged Device for Use with Enzyme-I abeled Specific
Binding Partners

Another embodiment of assay devices according to the present
invention is a bridged device for use with an enzyme-labeled specific binding
partner. In general, in these devices, the label of the labeled specific binding
partner is a catalyst, preferably an enzyme.

In this embodiment, the first applicator contains a substance that
participates in a reaction catalyzed by the catalyst to produce a detectable product.
The substance can be a substrate, a coenzyme, or other cofactor. In any event, the
result of the reaction is a detectable product. Preferably, this is an insoluble
product that is deposited at the detection zone.

This embodiment of the device is shown in Figure 5. The device
120 includes first and second opposable components 122 and 124. The first
opposable component 122 includes a chromatographic medium 126 with first and
second ends 128 and 130, a detection zone 132, and, optionally, a control zone
134. The first opposable component 122 also contains a sample preparation zone
136 for receiving a sample to be assayed. The sample preparation zone 136
includes a catalyst-labeled specific binding partner for the analyte in
resolubilizable form. The sample preparation zone 136 is separated from the
chromatographic medium 126.

The first opposable component 122 also includes a first applicator
138 that contains a substance that participates in a reaction catalyzed by the
catalyst to produce a detectable product. The first applicator 138 is separated on
the first opposable component 122 from the chromatographic medium and the
sample preparation zone.
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The second opposable component 124 includes a second applicator
140 for application of a wash liquid, a conductor 142, and an absorber 144
separated from the conductor 142 and the second applicator 140. The device
further includes a hinge 146 joining the first and second opposable components
122 and 124 and at least one aperture 148 that allows viewing of at least a portion
of the chromatographic medium 126, including the detection zone 132, and if
present, the control zone 134. The device 120 can further include engagers 150
and 152 such as locks and a gasket or sealing ridge 154.

When the first and second opposable components 122 and 124 are
brought into opposition, the second applicator 140 is brought into operable contact
with the sample preparation zone 136, the conductor 142 is brought into operable
contact with the sample preparation zone 136 and the chromatographic medium
126 through its first end 128, and the absorber 144 is brought into operable contact
with the chromatographic medium 126 through its second end 130.

In use, a sample is applied to the sample preparation zone 136, a
wash liquid is applied to the second applicator 140, and a substrate catalyzed by
the label is applied to the first applicator 138. The first and second opposable
components 122 and 124 are then brought into opposition. This causes the wash
liquid to be applied to the sample preparation zone 136. The user then allows the
sample and the substrate or other substance participating in the reaction catalyzed
by the catalyst of the label to migrate through the chromatographic medium for
detection and/or determination of the analyte.

In this embodiment of the device according to the present
invention, the fluid flow path alternates between the first opposable component
122 and the second opposable component 124. The flow path is shown in
Figure 6.

Preferably, the catalyst is an enzyme. However, the catalyst can
also be a nonenzymatic catalyst.

Enzymes for use as labels of specific binding partners are well
known in the art. Such enzyme labels include, but are not limited to horseradish
peroxidase, alkaline phosphatase, 3-galactosidase, and glucose oxidase.

The use of such enzymes as labels for specific binding partners,
particularly antibodies, is described in G.T. Hermanson, “Bioconjugate
Techniques" (Academic Press, San Diego, 1996), pp. 630-638, incorporated herein
by this reference.

Preferably, the enzyme is covalently linked to the antibody or other
specific binding partner. Methods for such conjugation are also well known in the
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art and describe, for example in G.T. Hermanson, Bioconjugate Techniques
(Academic Press, San Diego, 1996), pp. 460-487, incorporated herein by this
reference. Typically, such cross-linking is performed by the use of reagents such
as heterobifunctional reagents containing an amine-reactive NHS-ester on one end
and a sulthydryl-reactive maleimide group on the other end. Many such
heterobifunctional reagents are known in the art. Other cross-linking reactions,
such as cross-linking with glutaraldehyde or conjugation via reductive amination,
can be performed and are well known in the art.

Preferably, the substance that participates in the reaction is a
substrate that is converted to an insoluble product that is deposited at the detection

zone as a result of the action of the catalyst. Such substrates include, for

horseradish peroxidase, 4-chloro-1-naphthol, 3-amino-9-ethylcarbazole, and
3,3",4,4'-tetraaminobiphenyl. ~ For alkaline phosphatase, a suitable substrate
generating an insoluble product is bromochloroindolyl phosphate-nitro blue
tetrazolium. Other suitable substrates are also well known in the art.

4, Device for Unidirectional Assay of Analvte in Blood
Sampie

Another aspect of the present invention is a device for
unidirectional assay of an analyte in a blood sample.

This device is shown in Figure 7. The device 180 has first and
second opposable components 182 and 184. The first opposable component 182
has a chromatographic medium 186 with first and second ends 188 and 190. The
chromatographic medium 186 includes a detection zone 192, and, optionally, a
control zone 194. The first opposable component 182 also includes a first
applicator 196. The first applicator 196 contains a labeled specific binding partner
for the analyte in resolubilizable form. The first applicator 196 is in operable
contact with the chromatographic medium 186 through its first end 188. The first
opposable component 182 further includes a sample preparation zone 198 that is
in operable contact with the first applicator 196. The chromatographic medium
186, first applicator 196, and sample preparation zone 198 are arranged on the first
opposable component 182 so that the first applicator 196 is between the sample
preparation zone 198 and the chromatographic medium 186.

The second opposable component 184 includes a second applicator
200 for application of a wash liquid and an absorber 202. When the first and
second opposable components 182 and 184 are brought into opposition, the

second applicator 200 is brought into operable contact with the first applicator 196
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to apply a wash liquid. The absorber 202 is brought into operable contact with the
chromatographic medium 186 through its second end 190 to drive flow through
the chromatographic medium 186 from its first end 188 to its second end 190.
The first and second opposable components 182 and 184 are joined by a hinge
204. At least one of the first and second opposable components 182 and 184 has
an aperture 206 for viewing of at least a portion of the chromatographic medium
186, including the detection zone 192, and if present, the control zone 194. The
first and second opposable components 182 and 184 can include locks such as
engagers 208 and 210 to hold the first and second opposable components 182 and
184 in opposition or in operable contact. The device 180 can also include a
sealing ridge or gasket 212. Preferably, the device also includes a barrier 214,
such as a clear, self-adhesive film, to prevent fluid flow between the second
applicator 200 and the sample preparation zone 198.

In the operation of this embodiment, first a sample, typically a
whole blood sample, is applied to the sample preparation zone 198. Preferably,
the whole blood sample is applied to the center of the sample preparation zone
198. Preferably, a measured volume of a running buffer is then applied to the
lower portion of the sample preparation zone 198, i.e., the portion farthest away
from the chromatographic medium 186, to displace the plasma from the sample
preparation zone 198 and to aid in resolubilizing the resolubilizable labeled
specific binding partner in the first applicator 196. The sample then migrates into
the first applicator 196 containing the resolubilizable labeled specific binding
partner for the analyte. While the device 180 remains open, a wash liquid, which
can be the same running buffer as applied to the sample preparation zone 198, is
applied to the second applicator 200. When the sample and the resolubilized
labeled specific binding partner reach the chromatographic medium 186, the
device 180 is closed by bringing the first and second opposable components 182
and 184 into operable contact, causing the wash liquid to be applied to the first
applicator 196. This allows clearing of the background in the chromatographic
medium 186 to increase the sensitivity of the device.

The test sample to be assayed in this device is typically whole
blood. However, the device can also advantageously be used for assay of other
body fluids that may or may be suspected of containing blood cells, such as urine,
cerebrospinal fluid, or other biological fluids that may contain blood. Even
though the blood may be itself an indicator of an abnormal condition, its presence
can interfere with the assay of various analytes by immunoassays or other specific
binding assays.
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The matrix of porous material permeable to the liquid portion of
blood but capable of trapping the cellular components of blood can include, for
example, phosphate buffered saline containing a detergent such as 0.1% Tween™
20 and a chelating agent such as 0.15% EDTA.

Other methods for separating the cellular components of blood
from the liquid portion of blood are known in the art and can be used in
conjunction with the sample preparation zone 198.

In this embodiment of the device according to the present
invention, the fluid flow path switches from the first opposable component 182

and the second opposable component 184. The flow path is shown in Figure 8.

5. Multiplex Devices

The foregoing description of alternative embodiments of the
present invention is directed to devices that are constructed to perform one assay.
However, the same principles can be used to construct multiplex devices that can
perform more than one assay on the same device.

Each of the embodiments shown above in Sections (C)(1) through
(C)(4) can be used as the basis for a multiplex device. In multiplex devices
according to the present invention, there are an equal number of elements located
on the first opposable component and the second opposable component. Each pair
of elements functions exactly as do the corresponding elements in a single-assay
device. The term "corresponding" is used herein to refer to the elements that come
into contact when the first and second opposable components of the device are
brought into opposition or operable contact in such a multiplex device.

When multiple assays are performed simultaneously, the assays can
be performed on the same analyte or different analytes. For example, the
multiplex devices can be used to assay a number of different analytes in different
aliquots of the same sample, or can be used to assay the same analyte in a number
of different samples. This latter mode is particularly useful in assaying for a
condition for which samples taken at different times from the same patient must
be assayed for the analyte of interest, such as fecal occult blood. The presence of
fecal occult blood is frequently determined by means of a series of stool samples
taken once a day or at other intervals for a prescribed period. Alternatively, one or
more of the assays can be used for controls or reference standards.

One embodiment of a multiplex device according to the present
invention is based on the device of section (C)(1) and comprises:

(1) a first opposable component including:
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(a) a plurality of laterally separated sample preparation
zones, each sample preparation zone for receiving a sample to be assayed; and

(b) a plurality of laterally separated chromatographic
media, each chromatographic medium having first and second ends and including
therein a detection zone containing an immobilized specific binding partner for an
analyte, each chromatographic medium being located in line with a sample
preparation zone; and

(2) - asecond opposable component including:

(a) a plurality of laterally separated conductors;

(b) a plurality of laterally separated absorbers, each
absorber in line with a conductor; and

(c) a plurality of laterally separated applicators, each
applicator being located in line with a conductor and an absorber.

When the first and second opposable components are brought into
operable contact, each applicator is brought into operable contact with the
corresponding sample preparation zone, each conductor is brought into operable
contact with the corresponding sample preparation zone and with the
corresponding chromatographic medium, and each absorber is brought into
operable contact with the second end of the corresponding chromatographic
medium.

This device is shown in Figure 9. The device 310 is shown with
two chromatographic media; however, such devices can be constructed with as
many as 5 to 15 or more chromatographic media for the performance of a like
number of assays. The device 310 has a first opposable component 312 and a
second opposable component 314. The first opposable component 312 has two
chromatographic media 316, each with a first end 318 and a second end 320. Each
chromatographic medium 316 has a detection zone 322 and a control zone 324.
Corresponding to each chromatographic medium 316 is a sample preparation zone
326, constructed as described above. Each chromatographic medium 316 and
sample preparation zone 326 are located on the first opposable component 312 so
that the chromatographic medium 316 and sample preparation zone 326 for the
performance of each individual assay are in a linear arrangement.

The second opposable component 314 includes a plurality of
laterally separated conductors 330, a plurality of laterally separated absorbers 332,
each absorber 332 being located in line with a conductor 330, and a plurality of
laterally separated applicators 328, each applicator 328 being located in line with
an absorber 332 and a conductor 330. The first and second opposable components
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312 and 314 are joined by a hinge 334, and at least one of the opposable
components 312 and 314 has an aperture or apertures 336 for viewing the
chromatographic media 316, including the detection zones 322 and the control
zones 324, if present. Typically, the device further includes locks such as
engagers 338 and 340 and a sealing ridge or gasket 342.

Another embodiment of a multiplex device according to the present
invention is constructed according to the principles of the device in section (C)(2).

This device comprises:

(1) a first opposable component including:

(a) a plurality of laterally separated chromatographic
media as described above;

(b) for each chromatographic medium, a plurality of
labeled specific binding partner applicators for applying a labeled specific binding
partner for an analyte to the chromatographic medium, the labeled specific binding
partner applicator located farthest from the chromatographic medium for receiving
a sample to be assayed, each chromatographic medium being located on the first
opposable component in line with an equal number of labeled specific binding
partner applicators; and

(2) a second opposable component including:

(a) a plurality of laterally-separated wash liquid
applicators, one applicator for each chromatographic medium;

(b) a plurality of laterally-separated conductors,each
conductor being located in line with an applicator, with there being at least as
many conductors for each chromatographic medium as the number of labeled
specific binding partner applicators minus one for each chromatographic medium,;
and

(c) a plurality of laterally-separated absorbers, one
absorber for each chromatographic medium, each absorber being located in line
with a wash liquid applicator and a conductor.

When the first and second opposable components are brought into
opposition, each wash liquid applicator is brought into operable contact with a
corresponding labeled specific binding partner applicator. The labeled specific
binding partner applicators with which the wash liquid applicators are brought into
contact are those that are located the furthest from each chromatographic medium.
Each conductor is brought into operable contact with either two corresponding
labeled specific binding partner applicators or a corresponding labeled specific
binding partner applicator and the first end of a corresponding chromatographic
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medium. Each absorber is brought into operable contact with the second end of a
corresponding chromatographic medium.

This device is shown in Figure 10. The device 360 has first and
second opposable components 362 and 364. The first opposable component 362
has a plurality of chromatographic media 366, each with first and second ends 368
and 370, a detection zone 372, and, optionally, a control zone 374. Each first
opposable component 362 also has a plurality of first labeled specific binding
partner applicators 376 and second labeled specific binding partner applicators
378, one for each chromatographic medium 366. (Although only two labeled
specific binding partner applicators per chromatographic medium are shown in
this example, more than two sample preparation zones can be used.) Each first
labeled specific binding partner applicator 376 and second labeled specific binding
partner applicator 378 is located in line with a chromatographic medium 366.
Each second labeled specific binding partner applicator 378 is for receiving the
sample to be assayed.

Each second opposable component 364 includes a plurality of wash
liquid applicators 380, first conductors 382, second conductors 384, and absorbers
386. Each first conductor 382, second conductor 384, and absorber 386 is in line
with a wash liquid applicator 380. Each wash liquid applicator 380, first
conductor 382, second conductor 384, and absorber 386 corresponds to a
chromatographic medium 366 on the first opposable component 362. The device
360 further includes a hinge 388 for joining the first and second opposable
components 362 and 364, an aperture or apertures 390 for viewing of the
chromatographic media 366 including the detection zones 372 and if present, the
control zones 374, and, preferably, engagers such as locks 392 and 394 and a
gasket or sealing ridge 396.

Another version of a multiplex assay device according to the
present invention is particularly adapted for use with an enzyme-labeled specific
binding partner for the analyte.

This device comprises:

(D a first opposable component including:

(a) a plurality of laterally-separated chromatographic
media as described above;

(b) a plurality of laterally-separated sample preparation
zones, one for each chromatographic medium, each sample preparation zone

including a specific binding partner for an analyte in a resolubilizable form labeled
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with a catalyst, each sample preparation zone being in line with a chromatographic
medium; and

(©) a plurality of first applicators, each first applicator
containing a substrate that participates in a reaction catalyzed by the catalyst, the
reaction forming a detectable product, each first applicator being in line with a
chromatographic medium and a sample preparation zone; and

2) a second opposable component including:

(a) a plurality of laterally-separated second applicators,
one second applicator for each chromatographic medium;

(b) a plurality of laterally-separated conductors, one
conductor for each chromatographic medium, each conductor being in line with a
second applicator; and

(©) a plurality of laterally-separated absorbers, one
absorber for each chromatographic medium, each absorber being in line with a
second applicator and a conductor.

The first and second opposable components are configured so that
bringing the first and second opposable components into operable contact causes
each second applicator to come into operable contact with a corresponding first
applicator and sample preparation zone. Bringing the first and second opposable
components into operable contact also causes each conductor to come into
operable contact with a corresponding sample preparation zone and a
chromatographic medium via the first end of the chromatographic medium, and
also causes each absorber to come into operable contact with a corresponding
chromatographic medium via the second end of each chromatographic medium.

The general operation of this device is as described above in
section (C)(3).

This device is shown in Figure 11. The device 420 includes first
and second opposable components 422 and 424. Each first opposable component
422 includes a plurality of chromatographic media 426, each with first and second
ends 428 and 430, a detection zone 432, and, optionally, a control zone 434. Each
first opposable component also includes a plurality of sample preparation zones
436, one for each chromatographic medium 426. Each first opposable component
422 also includes a plurality of first applicators 438, one for each chromatographic
medium 426. The first applicator 438 contain a substrate for the catalyst of the
labeled specific binding partner that is located in the sample preparation zone 436.

The second opposable component 424 includes a plurality of
second applicators 440, conductors 442, and absorbers 444, one for each
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chromatographic medium 426. The device 420 further includes a hinge 446, and
an aperture or apertures 448 for viewing the chromatographic media 426,
including the detection zones 432, and if present, the control zones 434. The
device 420 preferably further includes engagers such as locks 450 and 452 and a
sealing ridge or gasket 454.

The operation of this device is as described above in section (C)(3),
using an enzyme label or other catalyst label.

Another multiplex device according to the present invention is
particularly adapted to use with a sample of whole blood. This device is
constructed according to the principles of the device described above in section
CX4).

In general, this device comprises:

(1)  afirst opposable component including:

(a) a plurality of laterally-separated chromatographic
media as described above;

b a plurality of laterally-separated first applicators,
one first applicator for each chromatographic medium, each first applicator being
in operable contact with the first end of a chromatographic medium; and

(c) a plurality of laterally-separated sample preparation
zones, each sample preparation zone being in operable contact with a
corresponding first applicator; and

(2)  asecond opposable component including:

(a) a plurality of laterally-separated second applicators,
one for each chromatographic medium; and

(b) a plurality of laterally-separated absorbers, one for
each chromatographic medium, each absorber being in line with a second
applicator.

Each sample preparation zone includes a matrix of porous material
permeable to the liquid portion of blood but capable of trapping the cellular
components of blood. The first and second opposable components are configured
so that bringing the first and second opposable components into operable contact
causes each second applicator to come into operable contact with the
corresponding first applicator, and causes each absorber to come into operable
contact with the corresponding chromatographic medium via the second end of the
chromatographic medium.

This device is shown in Figure 12. The device 480 has first and
second opposable components 482 and 484. The first opposable component 482



WO 98/33069 PCT/US97/22485

10

15

20

25

30

35

32

has a plurality of chromatographic media 486, each with first and second ends 488
and 490, a detection zone 492, and, optionally, a control zone 494. Each first
opposable component 482 has a plurality of first applicators 496, each in operable
contact with the first end 488 of a corresponding chromatographic medium 486.
Each first applicator 494 contains a labeled specific binding partner for the
analyte. Each first opposable component 482 contains a plurality of sample
preparation zones 498, one for each chromatographic medium 486. Each sample
preparation zone 498 includes a matrix of porous material permeable to the liquid
portion of blood but capable of trapping the cellular components of blood. The
second opposable component 484 includes a plurality of second applicators 500
and a plurality of absorbers 502. The first and second opposable components 482
and 484 are joined by a hinge 504. The device 480 includes an aperture or
apertures 506 for viewing the chromatographic media 486, including the detection
zone 492, and if present, the control zone 494. The first and second opposable
components 482 and 484 typically include locks such as engagers 508 and 510 as
well as a gasket or sealing ridge 512, although these elements are not required.
Preferably, the device also includes at least one barrier 514, such as a clear, self-
adhesive film, to prevent fluid flow between the second applicator 500 and the
sample preparation zone 498.

II. ANALYTES AND SPECIFIC BINDING PARTNERS FOR USE WITH
ASSAY DEVICES

The analytes suitable for detection with an assay device according to the
present invention include antigens, haptens and antibodies. Antigens detectable
with the device include hemoglobin, Streprococcus A and B antigens, antigens
specific for the protozoan parasite Giardia, and viral antigens, including antigens
specific for HIV and the Australian antigen specific for hepatitis. Antibodies that
can be assayed include antibodies to bacteria such as Helicobacter pylori and to
viruses including HIV. Haptens detectable include haptens to which antibodies of
sufficient specificity can be prepared.

Two antigens for which devices according to the present invention are
particularly suitable are human hemoglobin and Streptococcus A antigen. The
detection of human hemoglobin is clinically significant, because the presence of
human hemoglobin in fecal material is a marker of intestinal or rectal bleeding,
which is indicative of the presence of cancer in the gastrointestinal system or other
pathogenic conditions. The detection of Streprococcus A antigen is also clinically
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significant, because streptococcal infections are fast moving and can be life-
threatening.

If the analyte is an antigen or a hapten and a sandwich procedure is used,
the first and second specific binding partners are preferably antibodies. In many
applications, it is preferable that the first and second specific binding partners are
antibodies to different epitopes on the analyte but this is not required in the case of
an antigen that has multiple copies of the same epitope, such as a viral capsid
made up of repetitive protein subunits. The antibodies can be polyclonal or
monoclonal, and can be IgG, IgM, or IgA. In many applications, polyclonal
antibodies are preferred, as their natural variability may allow more accurate
detection in systems where antigenic polymorphisms exist or may exist. Where
the analyte is a hapten and a sandwich assay procedure is used, it is strongly
preferred that the first and second specific binding partners be antibodies to
different epitopes; otherwise, there may be an undesirable competition reaction set
up that may interfere with binding of a complex of the labeled specific binding
partner and the analyte to the immobilized second specific binding partner. It is
recognized that not all haptens are large enough to accommodate more than one
epitope; however, some haptens, though not large enough to induce antigen
formation efficiently when injected by themselves are nevertheless large enough
that they possess more than one epitope. In cases where antibodies to more than
one epitope for a hapten cannot be obtained, competitive assay procedures are
generally preferred.

When the analyte is an antibody and a sandwich assay procedure is used,
the labeled specific binding partner is typically a labeled antibody that binds to the
analyte on the basis of species, class, or subclass (isotype) specificity. It is highly
preferred that the labeled specific binding partner to an antibody analyte binds to
the constant region of the antibody analyte, in order to prevent interference. When
the analyte is an antibody, the unlabeled, immobilized specific binding partner is
preferably an antigen or a hapten for which the antibody analyte is specific.

In some applications, it is desirable to employ indirect labeling. For
example, in testing for Giardia antigen, an IgM antibody can be used that may be
difficult to label directly. In that case, a secondary specific binding partner
specific for the mobile first specific binding partner can be labeled. Typically, the
labeled secondary specific binding partner binds to the antibody that is a first
specific binding partner on the basis of species, class, or subclass specificity. As

an alternative to the use of a secondary specific binding partner, the first specific
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binding partner can be conjugated to biotin and an avidin-conjugated or
streptavidin-conjugated label can be used.

III.  IESTKITS

Another aspect of the present invention is test kits. The test kit comprises,
in separate containers:

(1)  achromatographic assay device according to the present invention;

(2)  a wash liquid to be applied to the appropriate applicator on the
second opposable component; and, optionally,

(3)  any additional reagents for treating or extracting the sample.

Components required in (2) and (3) are packaged separately and can be in
liquid or solid form (freeze-dried, crystallized, precipitated, or aggregated). If the
latter, they are resolubilized by the user, typically with distilled or purified water,
with physiological saline, or with a buffer solution.

Still other variations of test devices according to the present invention are
possible. For example, any of the two-component devices described can have a
cover hingedly attached to one of the opposable components. This cover can have
an aperture cut therein to allow viewing of at least a portion of the
chromatographic medium.

EXAMPLES

The invention is illustrated by the following Examples. These examples

are for illustrative purposes only and are not to be construed as limiting the scope

of the invention in any manner.

Example 1

Unidirectional Assay Device for Detection of Antigen in Whole
Blood

The assay device described in this example is intended for the detection of
an antigen in a whole blood sample. For the purposes of this example, the analyte
to be assayed is described as the Australia antigen of hepatitis virus. This analyte
is chosen because it is medically important and can be found in blood; however,
the same construction and principles apply for other analytes.

The construction of the assay device 530 is shown in Figure 13. An
adhesive film 532 (3M Corporation, 2 in. x 12 in.) is placed down the center of a
clear plastic support 534. A 1 in. x 12 in. portion of the adhesive film 532 is
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exposed by removing a protective liner (not shown). A chromatographic medium
538 or nitrocellulose membrane (0.886 in. x 12 in.) is secured to the exposed
adhesive. A detection zone 540 has a zone of antibody specific for the analyte,
such as rabbit anti-Australia antigen antibody, and is applied to the nitrocellulose
membrane 538 approximately 0.25 in. from the lower margin of the membrane. A
control zone 542 has a zone of antibody that is specific for the labeled specific
binding partner to the analyte. It can be, for example, goat anti-rabbit
immunoglobulin G if the label specific binding partner to the analyte is rabbit anti-
Australia antigen immunoglobin G. The control zone 542 is applied about 0.375
in. from the lower margin of the membrane. A first applicator 544 (Ahistrom
Filtration, Holly Springs, PA), (0.5 in. x 12 in.) is saturated with a labeled specific
binding partner to the analyte, such as gold-labeled rabbit anti-Australia antigen
antibody. The conjugate pad is allowed to dry. A sample preparation zone 546 or
sample pad (Ahlstrom, 0.75 in. x 12 in.) is treated to facilitate plasma separation
by adding phosphate buffered saline containing 0.1% Tween 20 and 0.15%
EDTA.

The test strip is assembled as follows: The remaining adhesive protective
liner is removed. The dried conjugate pad is applied to the exposed adhesive such
that a juncture of approximately 0.0625 in. is formed with the nitrocellulose
membrane. The treated sample pad is applied to the remaining exposed adhesive
such that a juncture of approximately 0.0625 in. is formed with the conjugate pad.
A clear self-adhesive film 548 (Flexcon, 0.625 in. x 12 in.) is placed over the
nitrocellulose membrane, positioned to overlap the conjugate pad material by
approximately 0.0625 in. The assembled test strip subassembly is then cut into
0.25 in. widths.

The second applicator, also known as a reagent/wash pad, is prepared as
follows: Two parallel strips of adhesive film 550 and 551 (3M Corp., 0.5 in. x
12in.) are applied to a sheet of clear plastic support 552 (4 in. x 12 in.) at a
distance of approximately 0.75 in., and the protective liners are removed.
Absorbents 553 and 554 (Ahlstrom, 0.5 in. x 12 in.) are secured to the plastic
support by the adhesive film. A clear, self-adhesive film 555 (Flexcon, 0.625 in. x
12 in.) is placed over one absorbent strip such that an exposed margin of
approximately 0.0625 in. is adjacent to the second absorbent strip. The
reagent/wash pad subassembly is cut into 0.375 in. widths.

For assembly of the test device, the test strip and reagent/wash pad
subassemblies are secured as illustrated to the housing 556 by means of an
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adhesive film (3M Corp., 0.25 in. x 2 in.) (not shown). A viewing window or
aperture 557 is cut in one of the portions of the housing 560.

In the operation of the device a whole blood sample is applied to the
specimen pad and the plasma separated. Plasma is drawn out of the specimen pad
into the conjugate pad. As the plasma enters the conjugate pad, the dry conjugate
is reconstituted and the liquid front continue to migrate into the nitrocellulose
membrane. The device is then closed. Closure of the device results in: (1) an
absorbent pad contacting the top of the chromatographic membrane; and (2) a
partially saturated wash pad contacting the lower margin of the conjugate pad.
The flow of liquid from the wash pad results in displacement of the conjugate and
clearance of the chromatographic medium to reduce the background. If analyte is
present in the sample, the analyte reacts with the resolubilized conjugate and the
conjugate-analyte complex is captured at the detection zone, i.e., the zone of
immobilized antibodies specific for the analyte. Excess conjugate is captured at
the second, control zone.

In the use of this device, a whole blood specimen (0.08 ml.) is applied to
the center of the specimen pad, and the plasma is allowed to separate.
Alternatively, serum or plasma can be directly added to the specimen pad. One
drop (0.025 ml.) of running buffer, such as phosphate buffered saline, is applied to
the lower portion of the specimen pad, displacing the plasma from the specimen
pad and reconstituting the dried conjugate. The liquid front of the reconstituted
conjugate is then allowed to flow onto the nitrocellulose membrane. Running
buffer is applied to the exposed margin of the wash pad. A sufficient volume
(0.075 ml.-0.125 ml.) is applied so that the wash pad is sufficiently moistened, but
not saturated. The test housing is closed and sealed by means of an adhesive strip
along the margin of the test housing. The results are interpreted through a viewing
window in the test housing. Upon closing the test housing, the absorbent pad is
brought into contact with the top of the nitrocellulose membrane and the wash pad
is brought into contact with the lower portion of the conjugate pad. A positive test
results in the development of two pink-purple lines at both the control and
detection zones and a negative test results in the development of a single pink-

purple line at the control zone in the upper portion of the viewing window.

Example 2
Bridged Device with Single Sample Preparation Zone

Another example is a bridged device with a single sample preparation
zone. The device 560 is shown in Figure 14. An adhesive film 562 (3M Corp.,
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0.75 in. x 12 in.)) is placed on a clear plastic support 564 (4 in. x 12 in.).
Maintaining a spacing of approximately 0.1875 in., a second adhesive film 566
(0.5 in. x 12 in. each) is applied parallel to the first adhesive film 562. A
chromatographic medium or nitrocellulose membrane 570 (0.888 in. x 12 in.) is
secured to the first adhesive film 562 (0.75 in.). A detection zone 572 of antibody
specific for the analyte, such as rabbit anti-Australia antigen antibody, is applied
to the nitrocellulose membrane approximately 0.25 in. from the lower margin of
the membrane. A second, control, zone 574, which is specific for the labeled
specific binding partner for the antibody, such as goat anti-rabbit immunoglobulin
G antibody when the labeled specific binding partner for the analyte is gold-
labeled rabbit anti-Australia antigen IgG, is applied to the nitrocellulose
membrane approximately 0.375 in. from the lower margin. A first applicator or
conjugate/specimen pad 576 (Ahlstrom, 0.5 in. x 12 in.)) is saturated with
conjugate solution, i.e., gold-labeled rabbit anti-Australia antigen antibody, and
dried.

The test strip is assembled as follows: The dried conjugate/specimen pad
is applied to the exposed adhesive, maintaining the 0.1875 in. spacing with the
nitrocellulose membrane. The assembled test strip subassembly is then cut into
0.25 in. widths.

For the preparation of the absorber, the conductor, and the second
applicator, two parallel strips of adhesive film 578 and 580 (3M Corp., 0.5 in. x 12
in.) are applied to a second sheet of clear plastic support 582 (4 in. x 12 in.) spaced
approximately 1.375 in. apart. A third strip of adhesive film 584 (3M Corp.,
0.375 in. x 12 in.) is applied to the support 582, approximately 0.75 in. from and
parallel to one of the previously applied films. An absorber 586 (Ahlstrom, 0.5 in.
x 12 in.) is secured to an outer strip of the exposed adhesive. A conductor 588
(Ahlstrom, 0.375 in. x 12 in.) is secured to the center strip of exposed adhesive. A
second applicator 590 (Ahlstrom, 0.5 in. x 12 in.) is secured to the remaining strip
of exposed adhesive. The absorbent/bridge/chase pad subassembly is cut into 0.25
in. widths.

For test pad assembly, the subassemblies are secured as illustrated to the
housing 592 by means of an adhesive film (3M Corp., 0.25 in. x 2 in.) (not
shown). A viewing window or aperture 594 is cut in one of the portions of the
housing 592.

In the operation of this device, a sample is applied to the
conjugate/specimen pad, and the dried conjugate is resolubilized. At a

predetermined time after application of the sample, the device is closed. Closure
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of the device results in an absorbent pad contacting the top of the chromatographic
medium, and a partially saturated chase pad contacting the lower margin of the
sample pad. The bridge pad or conductor completes the flow path, allowing liquid
to flow onto the chromatographic medium. If analyte is present in the specimen, it
first reacts with the conjugate, i.e., the labeled specific binding partner for the
analyte, and the conjugate-analyte complex is captured at the zone of immobilized
antibody specific for the analyte, i.e., the detection zone 572. Excess labeled
antibody specific for the analyte is captured at the second, control zone 574.

In use, a specimen is applied to the center of the specimen/conjugate pad
and the component is allowed to react. Running buffer is applied to the exposed
margins of the chase pad. A sufficient volume (0.075 to 0.100 ml.) of buffer is to
be applied so that the pad is partially saturated. The housing is closed and sealed
by means of an adhesive strip along the margin of the test housing and the results
are interpreted through the viewing window. A positive test will result in the
development of two pink-purple lines at the detection and control zone. A
negative test will result in the development of a single pink-purple line in the
upper portion of the viewing window at the control zone.

Example 3

Bridged Device With Multiple Sample Preparation Zones

Another example of the device is one that employs multiple sample
preparation zones, each containing a labeled specific binding partner to the analyte
("conjugate"). This device 600 is shown in Figure 15. A first adhesive film 602
(3M Corp., 0.75 in. x 12 in.) is placed on a clear plastic support 604 (4 in. x
12in.). A second and third adhesive film 606 and 608 (each 0.5 in. x 12 in.) are
applied parallel to the first adhesive film 602, maintaining a spacing of
approximately 0.1875 in. A nitrocellulose membrane or chromatographic medium
610 (0.886 in. x 12 in.) is secured to the first adhesive film (the 0.75 in. adhesive
film). A detection zone of anti-analyte antibody 612, such as rabbit anti-Australia
antigen antibody, is applied to the nitrocellulose membrane approximately 0.25 in.
from the lower margin of the membrane. A second, control zone 614 of antibody
that is specific for the labeled specific binding partner is applied to the
nitrocellulose membrane or chromatographic medium 610 approximately 0.375 in.
from the lower margin of the chromatography membrane. A sample preparation
zone 616 (Ahlstrom, 0.5 in. x 12 in.) is saturated with conjugate solution, i.e.,
gold-labeled rabbit anti-Australia antigen, and dried. A second pad or labeled
specific binding partner applicator 618 is similarly treated with conjugate, i.c.,
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gold-labeled rabbit anti-Australia antigen antibody. Alternatively, the second pad
or labeled specific binding partner applicator 618 could be treated with a different
conjugate to allow a second binding reaction by a different means or binding site.

The test strip is assembled as follows: The dried sample preparation zone
616 and labeled specific binding partner applicator 618 are applied to the exposed
adhesive, maintaining the 0.1875 in. spacing. The assembled test strip
subassembly is cut into 0.25 in. widths. For the preparation of the remaining
components of the test device including the absorber, the applicator, and the two
conductors, two parallel strips of adhesive film 622 and 624 (3M Corp., 0.5 in. x
12 in.) are applied to a sheet of clear plastic support 626 (4 in. x 12 in.) spaced
approximately 1.625 in. Two paralle]l adhesive strips 628 and 630 (0.375 in. x
12 in.) located between the previous strips, are applied to the support. One strip is
spaced approximately 0.50 in. from one of the previously applied films. The
remaining adhesive strip is applied parallel to and at a distance of approximately
0.8125 in. from the same strip.

An absorber 632 (Ahlstrom, 0.825 in. x 12 in.) is secured to an outer strip
of exposed adhesive. Conductors 634 and 636 (Ahlstrom, 0.375 in. x 12 in.) are
secured to each of the inner strips of adhesive. An applicator 638 for a wash fluid
(Ahlstrom, 0.5 in. x 12 in.) is secured to the remaining strip of exposed adhesive.
The absorbent/bridge/chase pad subassembly is cut into 0.25 in. widths. For the
assembly of the test device, the subassemblies are secured, as indicated, to the
housing 640 by means of an adhesive film (3M Corp., 0.25 in. x 2 in.) (not
shown). A viewing window or aperture 642 is cut in one of the portions of the
housing 640.

The principle of this format is essentially the same as that of the format
with the single bridge pad or conductor. In the double bridge format, however,
two bridge pads (conductors) and two reaction pads (elements containing labeled
specific binding partner to the analyte) are employed. A sample is applied to the
conjugate/specimen pad and the dried conjugate is reconstituted. After a
predetermined time interval, the device is closed. Closure of the device results in
an absorber contacting the top of the chromatographic medium and a partially
saturated applicator for wash fluid contacting the lower margin of the
sample/conjugate pad. Conductors or bridge pads complete the flow path,
allowing liquid to flow from the conjugate/specimen pad onto the labeled specific
binding partner applicator and finally onto the chromatographic medium. If
analyte is present in the specimen, it first reacts with the conjugates, i.c., the
labeled specific binding partners for the analyte, and the analyte-labeled specific
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binding partner complexes are captured at the zone of immobilized antibodies
specific for the analyte. Excess conjugate is captured at the second zone.

This format can be used with enzyme labeling systems, in which case the
applicator (wash pad) can be partially saturated with a suitable substrate and
detection reagent for an enzyme.

In use of this format, a specimen (0.08 ml.) is applied to the center of the
sample preparation zone (specimen/conjugate pad) and the components are
allowed to react. Running buffer is applied to the exposed margin of the
applicator (wash pad). A sufficient volume (0.075-0.100 ml.) is applied such that
the wash pad is sufficiently moistened, but not saturated. The test housing is
closed and sealed by means of an adhesive strip along the margin of the test
housing. Results are interpreted through a viewing window. A positive test
results in the development of two pink-purple lines and a negative test results in
the development of a single pink-purple line in the upper portion of the viewing
window.

ADVANTAGES OF THE INVENTION

Chromatographic assay devices according to the present invention provide
an advantage in being constructed of opposable elements. The use of opposable
elements provides great versatility, as it permits the performance of reactions in a
number of different sequences. This is possible because the use of such opposable
elements allows the delivery of reagents to precisely defined regions of a test strip
or other reaction component. The use of opposable elements also provides
optimum performance with minimum consumption of reagents by insuring that
reagents are not wasted by being sequestered in dead volumes of apparatus. The
use of opposable components also provides optimum containment of possibly
contaminated blood samples, such as those containing HIV or hepatitis virus.

Another advantage of assay devices according to the present invention lies
in the ability of the devices to use pressure to drive fluids from one opposable
component to another and through the chromatographic medium and the control of
pressure applied so that is optimum for each assay to be carried out. This
accelerates the assay process and allows the performance of operations such as
extraction within the assay device. It also reduces the dead volume of reagents
remaining in components, allowing the use of smaller samples and smaller
quantities of expensive or hard-to-purify reagents such as labeled antibodies.

Additionally, chromatographic assay devices according to the present
invention allow the rapid and accurate detection of clinically important analytes,
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such as Australia antigen specific for hepatitis, Streptococcus A and B antigen and
antibody to Helicobacter pylori. The construction of the devices allows more
even application of the samples to the chromatographic medium, and reduces
interference that might otherwise be introduced by particulates or colored samples.
Additionally, the devices provide for an efficient unidirectional assay of analytes
in whole blood.

The use of colloidal metal labels in a resolubilizable form provides
extremely rapid kinetics of labeling and allows substantially complete formation
of binary analyte-label complexes before the sample is applied to the
chromatographic medium. This aids in the separation of contaminants and
improves the performance of the assay. Additionally, the construction and
arrangement of the housing of the device aids in the performance of the assay by
assuring the withdrawal of excess immunoglobulin-containing sample which
could otherwise create interference.

Extraction of biological samples such as blood, sputum, or feces can be
performed directly in the device, reducing the quantity of contaminated material
that must be disposed and reducing the likelihood of accidental infection of
physicians, technicians, or the public by such contaminated material.

Test methods using the device as according to the present invention have a
wide dynamic range and are particularly suitable for the assay of analytes in whole
blood samples, increasing the quantity of sample reaching the detection zone by
the use of a unidirectional assay and therefore increasing the sensitivity of the
assay.

Additionally, the present invention allows for any desired length of
preincubation of the reactants, and provides more homogeneous mixing of the
analyte and label specific binding partner.

Although the present invention has been described in considerable detail,
with reference to certain preferred versions thereof, other versions and
embodiments are possible. These versions include other arrangements of two-
component assay devices that operate by the basic principles described herein and
utilize any of: (i) in situ extraction of the sample; (ii) resolubilization of a labeled
specific binding partner and rapid binding to analyte; (iii) arrangement of the
chromatographic medium and absorber to remove excess sample that could
otherwise create interference; and (iv) application of a wash liquid to reduce the
background in the chromatographic medium.

In particular, the device as according to the present invention can be

adapted to make use of radial or circumferential flow through a chromatographic
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medium rather than linear flow. The present invention further encompasses
variations in which the two components of the device are not held in a
permanently fixed arrangement, but can be separated and brought together to
perform the assay, such as by electrical or magnetic forces or by using a separable

5  fastener such as a hook-and-eye fabric, for example Velcro™. Therefore, the
scope of the invention is determined by the following claims.
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I claim:

1. A chromatographic assay device for detection and/or determination

of an analyte comprising:

10

15

20

25

(a) a first opposable component including:

(1) a sample preparation zone for receiving a sample to
be assayed; and

(i)  a chromatographic medium having first and second
ends and having a detection zone containing an immobilized specific
binding partner for the analyte, the chromatographic medium being
separated from the sample preparation zone on the first opposable
component; and

(b)  asecond opposable component including:

6) a conductor;

(i)  an absorber separated from the conductor; and

(ili)  an applicator separated on the second opposable
component from the conductor and the absorber; wherein the first and
second opposable components are configured so that bringing the first and
second opposable components into operable contact results in the absorber
coming into operable contact with the second end of the chromatographic
medium, the conductor coming into operable contact with the sample
preparation zone and the first end of the chromatographic medium, and in
the applicator coming into operable contact with the sample preparation
zone so that the sample preparation zone bridges the applicator and the
conductor, and so that the chromatographic medium bridges the conductor
and the absorber.

2. The chromatographic assay device of claim 1 wherein the sample

preparation zone, the conductor, or both include a labeled specific binding partner
for the analyte in resolubilizable form.

3. The chromatographic assay device of claim 1 wherein the sample

30  preparation zone contains at least one reagent for treatment of the sample before

the sample is applied to the chromatographic medium.

4. The chromatographic assay device of claim 3 wherein the reagent

for treatment of the sample is a extraction reagent to extract analyte from the

sample.
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5. The chromatographic assay device of claim 2 wherein the label of
the labeled specific binding partner is a visible label.

6. The chromatographic assay device of claim 1 wherein the
chromatographic medium further includes a control zone separate from the
detection zone.

7. The chromatographic assay device of claim 6 wherein the control
zone contains analyte immobilized thereto.

8. The chromatographic assay device of claim 1 wherein at least one
of the first and second opposable components includes an aperture therein for
viewing of at least a portion of the chromatographic medium.

9. A test kit comprising, packaged in separate containers:
(a) the assay device of claim 1; and

(b) a wash liquid for application to the applicator of the assay
device.

10. A method for detecting and/or determining an analyte in a sample
comprising the steps of:

(a) applying the sample to the sample preparation zone of the
chromatographic assay device of claim 1;

(b) applying a wash liquid to the applicator of the
chromatographic assay device;

(©) bringing the first and second opposable components of the
assay device into opposition;

(d) allowing the sample and the resolubilized labeled specific
binding partner to move through at least a portion of the chromatographic medium
including the detection zone, followed by the wash liquid from the applicator, so
that the detection reagent give a detectable indication of the presence and/or
quantity of the analyte; and

(e) observing and/or measuring the labeled specific binding
partner at the detection zone in order to detect and/or determine the analyte.

11. The method of claim 10 wherein the detectable label is a visually
detectable label and the step of observing and/or measuring the labeled specific
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binding partner bound at the detection zone comprises visually observing the
labeled specific binding partner.

12. A chromatographic assay device for detection and/or determination
of an analyte comprising:
5 (a) a first opposable component including:

(1) a plurality of labeled specific binding partner
applicators, each labeled specific binding partner applicator for applying a
labeled specific binding partner for the analyte to the chromatographic
medium; and

10 (i)  a chromatographic medium having first and second
ends and including a detection zone containing an immobilized specific
binding partner for the analyte, the chromatographic medium being
separated from the labeled specific binding partner applicators on the first
opposable component, at least one of the labeled specific binding partner

15 applicators for receiving a sample to be assayed; and

(b) a second opposable component including;

@) at least one conductor, with there being at least as
many conductors as the number of labeled specific binding partner
applicators on the first opposable component minus one, the conductors

20 being located on the second opposable component such that, when the first
and second opposable component are brought into operable contact, one
conductor is in operable contact with a labeled specific binding partner
applicator and the chromatographic medium and the other conductors are
in operable contact with two labeled specific binding partner applicators;

25 (i)  an absorber separated from the conductors on the
second opposable components; and

(iii) a wash liquid applicator separated on the second
opposable component from the conductors and absorber; wherein bringing
the first and second opposable components into operable contact causes the

30 absorber to come into operable contact with the second end of the
chromatographic medium, causes the conductors to come into operable
contact with the sample preparation zones, and causes the wash liquid
applicator to come into operable contact with the labeled specific binding

partner applicator that is located the farthest from the chromatographic
35 medium.
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13. The chromatographic assay device of claim 12 wherein at least one
of the labeled specific binding partner applicators contains a labeled specific
binding partner for the analyte in resolubilizable form.

14.  The chromatographic assay device of claim 12 wherein the labeled
specific binding partner applicator for receiving the sample contains a reagent for

treatment of the sample before the sample is applied to the chromatographic
medium.

15. The chromatographic assay device of claim 14 wherein the reagent
is an extraction reagent for extracting analyte from the sample.

16. The chromatographic assay device of claim 13 wherein the labeled
specific binding partner for the analyte is a visually detectable label.

17. The chromatographic assay device of claim 12 wherein the
chromatographic medium further includes a control zone separate from the
detection zone.

18.  The chromatographic assay device of claim 17 wherein the control
zone contains analyte immobilized thereto.

19.  The chromatographic assay device of claim 12 wherein at least one
of the first and second opposable components further includes an aperture for
viewing of at least a portion of the chromatographic medium.

20. A test kit comprising, packaged in separate containers:
(a) the assay device of claim 12; and

(b)  a wash liquid for application to the wash liquid applicator
of the assay device.

21. A method for detecting and/or determining an analyte in a sample
comprising the steps of:
(a) applying the sample to the labeled specific binding partner
applicator located farthest from the chromatographic medium of the
chromatographic assay device of claim 11;
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(b) applying a wash liquid to the wash liquid applicator of the
chromatographic assay device;

(c) bringing the first and second opposable components of the
chromatographic assay device into operable contact;

(d)  allowing the sample and the resolubilized labeled specific
binding partner, followed by the wash liquid, to move through at least a portion of
the chromatographic medium including the detection zone so the labeled specific
binding partner gives a detectable indication of the present and/or quantity of the
analyte; and

(e) observing and/or measuring the labeled specific binding
partner at the detection zone in order to detect and/or determine the analyte.

22, The method of claim 21 wherein the label of the labeled specific
binding partner is a visually detectable label and the step of observing and/or
measuring the labeled specific binding partner comprises visually observing the
labeled specific binding partner.

23. A chromatographic assay device for detection and/or determination
of an analyte comprising;
(@) a first opposable component including

(1) a chromatographic medium having first and second
ends and including a detection zone containing an immobilized specific
binding partner for the analyte;

(i)  a sample preparation zone for receiving a sample to
be assayed, the sample preparation zone including a catalyst-labeled
specific binding partner for the analyte in resolubilizable form, the sample
preparation zone being separated from the chromatographic medium; and

(i) a first applicator containing a substance that
participates in a reaction catalyzed by the catalyst to produce a detectable
product, the first applicator being separated on the first opposable
component from the chromatographic medium and the sample preparation
zone; and

(b)  asecond opposable component including:

1) a second applicator;

(i)  aconductor; and

(iii)  an absorber separated from the conductor and the
second applicator;
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wherein the first and second opposable components are configured such that
bringing the first and second opposable components into operable contact causes
the second applicator to come into operable contact with both the first applicator
and the sample preparation zone, causes the conductor to come into operable
contact with both the sample preparation zone and the first end of the
chromatographic medium, and causes the absorber to come into operable contact
with the second end of the chromatographic medium.

24.  The chromatographic assay device of claim 23 wherein the sample
preparation zone contains at least one reagent for treatment of the sample before
the sample is applied to the chromatographic medium.

25. The chromatographic assay device of claim 24 wherein the reagent
is an extraction reagent for extracting analyte from the sample.

26.  The chromatographic assay device of claim 23 wherein the catalyst
is an enzyme.

27.  The chromatographic assay device of claim 26 wherein the enzyme
is selected from the group consisting of horseradish peroxidase, alkaline
phosphatase, B-galactosidase, and glucose oxidase.

28. The chromatographic assay device of claim 23 wherein the
substance that participates in a reaction is a substrate that is converted to an
insoluble product that is deposited at the detection zone as the result of the action
of the catalyst.

29.  The chromatographic assay device of claim 23 wherein the
chromatographic medium further includes a control zone separate from the
detection zone.

30.  The chromatographic assay device of claim 28 wherein the control
zone includes analyte immobilized thereto.

31. The chromatographic assay device of claim 23 wherein at least one
of the first and second opposable components further includes an aperture for
viewing of at least a portion of the chromatographic medium.
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32. A testkit, comprising, packaged in separate containers:
(a) the assay device of claim 23; and

(b) a wash liquid for application to the second applicator of the
assay device.

33. A method for detecting and/or determining an analyte in a sample
comprising the steps of:
(a) applying the sample to the sample preparation means of the

chromatographic assay device of claim 23;

(b) applying a wash liquid to the second applicator of the
chromatographic assay device;

(©) bringing the first and second opposable component into
operable contact;

(d allowing the sample and the reactant, followed by the wash
liquid, to move through at least a portion of the chromatographic medium
including the detection zone so that the labeled specific binding partner gives a
detectable indication of the presence and/or quantity of the analyte; and

(e) observing and/or measuring the labeled specific binding
partner at the detection zone in order to detect and/or determine the analyte.

34. A chromatographic assay device for detection and/or determination
of an analyte in a sample comprising;
(a) a first opposable component including;

@) a sample preparation zone containing a matrix of
porous material permeable to the liquid portion of blood but capable of
trapping the cellular components of blood;

(i) a first applicator containing a labeled specific
binding partner for the analyte in resolubilizable form in operable contact
with the sample preparation zone; and

(i) a chromatographic medium including a detection
zone containing an immobilized specific binding partner for the analyte,
the chromatographic medium being in operable contact with the first
applicator, the chromatographic medium, first applicator, and sample
preparation zone being so located that the first applicator is between the
sample preparation zone and the chromatographic medium; and

(b) a second opposable component including:

(i) a second applicator; and
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(i)  an absorber;
wherein the first and second opposable components are configured so that
bringing the first and second opposable components into operable contact causes
the second applicator to come into operable contact with the first applicator to

apply a wash liquid thereto and causes the absorber to come into operable contact
with the second end of the chromatographic medium.

35.  The chromatographic assay device of claim 34 further comprising a
barrier to prevent fluid flow between the second applicator and the sample
preparation zone.

36.  The chromatographic assay device of claim 34 wherein the matrix
contains a detergent and a chelating agent.

37.  The chromatographic assay device of claim 34 wherein the
chromatographic medium further includes a control zone separate from the
detection zone.

38.  The chromatographic assay device of claim 37 wherein the control
zone includes analyte immobilized thereto.

39.  Atest kit comprising, packaged in separate containers:
(@) the assay device of claim 34; and

(b)  awash liquid for application to the second applicator of the
assay device.

40. A method for detecting and/or determining an analyte in a test
sample comprising the steps of:

(a) applying the test sample to the sample preparation zone of
the chromatographic assay device of claim 34;

(b) applying a wash liquid to the second applicator of the
chromatographic assay device;

(©) allowing the sample to migrate from the sample preparation
zone through the first applicator to resolubilize the labeled specific binding partner
and then through at least a portion of the chromatographic medium, the portion
including the detection zone;

SUBSTITUTE SHEET (RULE 26)
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(d)  bringing the first and second opposable components into
operable contact to apply the wash liquid to the sample preparation zone and the
first applicator;

(e) allowing the wash liquid to move through at least a portion
of the chromatographic medium including the detection zone; and

® observing and/or measuring the labeled specific binding
partner at the detection zone in order to detect and/or determine the analyte.

41.  The method of claim 40 wherein the label of the labeled specific
binding partner is a visually detectable label and the step of observing and/or
measuring the labeled specific binding partner comprises visually observing the
labeled specific binding partner.

42. A chromatographic assay device for detection and/or determination
of at least one analyte comprising:
(a) a first opposable component including:

(1) a plurality of laterally separated sample
preparation zones, each sample preparation zone for receiving a sample to
be assayed; and

(ii) a plurality of laterally separated chromatographic
media, each chromatographic medium having first and second ends and
including therein a detection zone containing an immobilized specific
binding partner for an analyte, each chromatographic medium being
located in a line with a sample preparation zone; and

(b) a second opposable component including:

() a plurality of laterally separated conductors;

(i1) a plurality of laterally separated absorbers, each
absorber being located in line with a conductor; and

(i) a plurality of laterally separated applicators, each
applicator being located in line with an absorber and a conductor;

wherein, when the first and second opposable components are brought into
operable contact, each applicator is brought into operable contact with a
corresponding sample preparation zone, each conductor is brought into operable
contact with a corresponding sample preparation zone and with a corresponding
chromatographic medium, and each absorber is brought into operable contact with
the second end of a corresponding chromatographic medium.

SUBSTITUTE SHEET (RULE 26)
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43.  The chromatographic assay device of claim 42 wherein at least one

sample preparation zone includes a specific binding partner for an analyte in
resolubilizable form.

44.  The chromatographic assay device of claim 42 wherein at least one

5  sample preparation zone includes a reagent for treatment of the sample before
application of the sample to the chromatographic medium.

45. A chromatographic assay device for detection and/or determination

of at least one analyte comprising:

10
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(a) a first opposable component including:

D) a plurality of laterally separated chromatographic
media, each chromatographic medium having first and second ends and
including thereon a detection zone containing an immobilized specific
binding partner for an analyte;

(i1) for each chromatographic medium, a plurality of
labeled specific binding partner applicators for applying a labeled specific
binding partner for an analyte to the chromatographic medium, the labeled
specific binding partner applicator located furthest from the
chromatographic medium for receiving a sample to be assayed, each
chromatographic medium being located on the first opposable component
in line with an equal number of labeled specific binding partner
applicators; and

(b) a second opposable component including:

@ a plurality of laterally-separated wash liquid
applicators, one applicator for each chromatographic medium;
(i1) a plurality of laterally-separated conductors, each

conductor being located in line with a wash liquid applicator, with there
being at least as many conductors for each chromatographic medium as the
number of labeled speciﬁc binding partner applicators minus one for each
chromatographic medium; and

(ii1) a plurality of laterally-separated absorbers, one
absorber for each chromatographic medium, each absorber being located in
line with a wash liquid applicator and a conductor;

wherein, when the first and second opposable components are brought into
opposition, each wash liquid applicator is brought into operable contact with a
35  corresponding labeled specific binding partner applicator, the corresponding
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labeled specific binding partner applicators being those that are located the farthest
from each chromatographic medium, each conductor is brought into operable
contact with either two corresponding labeled specific binding partner applicators
or a corresponding labeled specific binding partner applicator and the first end of a
corresponding chromatographic medium, and each absorber is brought into

operable contact with the second end of a corresponding chromatographic
medium.

46.  The chromatographic assay device of claim 45 wherein at least one
labeled specific binding partner applicator includes a labeled specific binding
partner for an analyte in resolubilizable form.

47.  The chromatographic assay device of claim 45 wherein at least one

labeled specific binding partner applicator includes a reagent for treatment of the
analyte.

48. A chromatographic assay device for detection and/or determination
of at least one analyte comprising:
(a) a first opposable component including:

1) a plurality of laterally-separated chromatographic
media, each chromatographic medium having first and second ends and
including thereon a detection zone containing an immobilized specific
binding partner for an analyte;

(i1) a plurality of laterally-separated sample
preparation zones, one for each chromatographic medium, each sample
preparation zone including a specific binding partner for an analyte in a
resolubilizable form labeled with a catalyst, each sample preparation zone
being in line with a chromatographic medium; and

(iii) a plurality of first applicators, one for each
chromatographic medium, each first applicator containing a substrate that
participates in a reaction catalyzed by the catalyst, the reaction forming a
detectable product, each first applicator being in line with a
chromatographic medium and a sample preparation zone; and

(b) a second opposable component including:

@) a plurality of laterally-separated second

applicators, one second applicator for each chromatographic medium;
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(i1) a plurality of laterally-separated conductors, one
conductor for each chromatographic medium, each conductor being in line
with a second applicator; and

(iii) a plurality of laterally-separated absorbers, one
absorber for each chromatographic medium, each absorber being in line
with a second applicator and a conductor;

wherein the first and second opposable components are configured so that
bringing the first and second opposable components into operable contact causes
each second applicator to come into operable contact with a corresponding first
applicator and sample preparation zone, causes each conductor to come into
operable contact with a corresponding sample preparation zone and
chromatographic medium via the first end of the chromatographic medium, and
causes each absorber to come into operable contact with a corresponding
chromatographic medium via the second end of each chromatographic medium.

49.  The chromatographic assay device of claim 48 wherein the catalyst
is an enzyme.

50. A chromatographic assay device for detection and/or determination
of at least one analyte comprising:
(a) a first opposable component including:

@) a plurality of laterally-separated chromatographic
media, each chromatographic medium having first and second ends and
including thereon a detection zone containing an immobilized specific
binding partner for an analyte;

(ii) a plurality of laterally-separated first applicators,
one first applicator for each chromatographic medium, each first applicator
being in operable contact with the first end of a corresponding
chromatographic medium; and

(iii) a plurality of laterally-separated sample
preparation zones, each sample preparation zone being in operable contact
with a corresponding first applicator, each sample preparation zone
including therein a matrix of porous material permeable to the liquid
portion of blood but capable of trapping the cellular components of blood;
and

(b) a second opposable component including:
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(1) a plurality of laterally-separated second applicators,
one for each chromatographic medium; and
(ii)  a plurality of laterally-separated absorbers, one for
each chromatographic medium, each absorber being in line with a second
5 applicator;
wherein the first and second opposable components are configured so that
bringing the first and second opposable components into operable contact causes
each second applicator to come into operable contact with the corresponding first
applicator and causes each absorber to come into operable contact with the
10  corresponding chromatographic medium via the second end of the
chromatographic medium.

51.  The chromatographic assay device of claim 50 wherein each matrix
of porous material contains a detergent and a chelating agent.
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