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LATERAL FLOW ASSAYS USING TWO DIMENSIONAL FEATURES

I. CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of U.S. provisional application Serial

No. 61/673,156, filed July 18, 2012, entitled "LATERAL FLOW ASSAYS USING TWO

DIMENSIONAL FEATURES" and U.S. utility application Serial No. 13/802,036, filed

March 13, 2013, entitled "LATERAL FLOW ASSAYS USING TWO DIMENSIONAL

FEATURES." The contents of the above-referenced applications are incorporated by reference

in their entireties.

II. TECHNICAL FIELD

[0002] The present invention relates to novel lateral flow devices using two dimensional

features, preferably, uniform two dimensional test and control features, to provide for flow

control information, to function as an internal control and/or to provide for internal calibration

information for the test device. The present invention also relates to methods for using the

lateral flow devices to provide for flow control information, to function as an internal control

and/or to provide for internal calibration information for the test device.

III. BACKGROUND OF THE INVENTION

[0003] Lateral flow assays have been developed and used for various purposes. There is

a need for lateral flow assays with improved or more complete control and/or calibration

features. The present invention addresses this and related needs in the art.

IV. DISCLOSURE OF THE INVENTION

[0004] In one aspect, the present disclosure provides for a test device, which device

comprises a plurality of reagent dots on a matrix, wherein at least two of said reagent dots do

not overlap and are sufficiently spaced apart from each other so that when a liquid flows

laterally along said matrix, flow of said liquid to, through and/or around one of said two reagent

dots does not substantially affect flow of said liquid sample to, through and/or around said other

reagent dot, each of said two reagent dots is neither a reagent line across the entire width of said

matrix in a direction perpendicular to the direction of said liquid flow nor a complete circle of a

reagent line circulating the center or sample or liquid application site of said test device, and

after a liquid flows laterally along said test device and passes said at least two reagent dots,

detectable signals are formed at said at least two reagent dots to provide for flow control



information, to function as an internal control and/or to provide for internal calibration

information for said test device.

[0005] In another aspect, the present disclosure provides for a method, which method

comprises: a) contacting a liquid with the above test device, wherein the liquid is applied to a

site of said test device upstream of said at least two reagent dots; b) transporting a labeled

reagent to said at least two reagent dots; and c) assessing the presence, absence, amount and/or

pattern of signal(s) generated by said labeled reagent at said at least two reagent dots to provide

for flow control information, to function as an internal control and/or to provide for internal

calibration information for said test device.

[0006] In some embodiments, the present test devices can further comprise a detection

site to indicate presence, absence and/or amount of an analyte in a liquid sample, and the

present methods can be used to further indicate presence, absence and/or amount of an analyte

in a liquid sample. Any suitable designs or devices, including the designs or devices disclosed

and/or claimed in U.S. provisional application Serial No. 61/461,499, filed January 18, 2011,

U.S. patent application Serial No. 13/343,681, filed January 4, 2012, and international patent

application No. PCT/US2012/021586, filed January 17, 2012, can be combined with the present

designs or devices to form a device to provide for flow control information, to function as an

internal control and/or to provide for internal calibration information for the test device, and to

indicate presence, absence and/or amount of an analyte in a liquid sample. Similarly, the

present methods can also incorporate the methods disclosed and/or claimed in U.S. provisional

application Serial No. 61/461,499, filed January 18, 2011, U.S. patent application Serial No.

13/343,681, filed January 4, 2012, and international patent application No.

PCT/US2012/021586, filed January 17, 2012, to provide for flow control information, an

internal control and/or internal calibration information for the test device, and to indicate

presence, absence and/or amount of an analyte in a liquid sample.

[0007] The principles of the present test devices and methods can be applied, or can be

adapted to apply, to the lateral flow test devices and assays known in the art. For example, the

principles of the present test devices and methods can be applied, or can be adapted to apply, to

the lateral flow test devices and assays disclosed and/or claimed in the U.S. patent Nos.

3,641,235, 3,959,078, 3,966,897, 4,094,647, 4,168,146, 4,299,916, 4,347,312, 4,366,241,

4,391,904, 4,425,438, 4,517,288, 4,960,691, 5,141,875, 4,857,453, 5,073,484, 4,695,554,

4,703,017, 4,743,560, 5,075,078, 5,591,645, 5,656,448, RE 38,430 E, 5,602,040, 6,017,767,

6,319,676, 6,352,862, 6,485,982, 5,120,643, 4,956,302, RE 39,664 E, 5,252,496, 5,514,602,



7,238,538 B2, 7,175,992 B2, 6,770,487 B2, 5,712,170, 5,275,785, 5,504,013, 6,156,271,

6,187,269, 6,399,398, 7,317,532, EP 0,149,168 Al, EP 0,323,605 Al, EP 0,250,137 A2, GB

1,526,708 and WO99/40438.

V. BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figures 1A, IB and 1C illustrate several exemplary assays with flow control

features. As illustrated in Figures 1A, IB and 1C, analyte dependent control features along,

across and/or within the flow field can account for mechanical variations in test performance

within the field. In some embodiments, the binding features can also be analyte independent

control features. In both cases, the control features can be placed or painted on the actual test

being run and the signals at the control features can be evaluated at the read time of the test.

Alternatively, kinetic measurements can also be used.

[0009] Figure 2 illustrates an exemplary assay with intended positive or negative control

features. As illustrated in this Figure, the exemplary assay includes a true negative control

feature, a control feature for cross reactivity, and an analyte dependent positive control feature.

[0010] Figures 3A-1 and 3A-2 illustrate several exemplary assays with analyte

independent calibration features. The calibration features can be used for reader calibration.

The calibration features can be a relatively complete curve as shown in the top example (Figure

3A-1), or relatively simply features of known binding characteristics as shown in the bottom

example (Figure 3A-2).

[0011] Figures 3B-1 and 3B-2 illustrate several exemplary assays with analyte

dependent calibration features. The top example (Figure 3B-1) illustrates an analyte dependent

calibration curve wherein excess amount of analyte can be run and the signal strength can be

modulated by increasing concentrations of the binding reagent(s) in the calibration curve. The

bottom example (Figure 3B-2) illustrates an analyte dependent calibration curve containing

constant level of the binding reagent(s). Analyte can be run against multiple devices with

different levels of the binding reagent(s) to establish different binding patterns across a desired

range of the test devices.

VI. DETAILED DESCRIPTION OF THE INVENTION

A. DEFINITIONS

[0012] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as is commonly understood by one of ordinary skill in the art to which this

invention belongs. All patents, patent applications (published or unpublished), and other



publications referred to herein are incorporated by reference in their entireties. If a definition

set forth in this section is contrary to or otherwise inconsistent with a definition set forth in the

patents, applications, published applications and other publications that are herein incorporated

by reference, the definition set forth in this section prevails over the definition that is

incorporated herein by reference.

[0013] As used herein, "a" or "an" means "at least one" or "one or more."

[0014] As used herein, "a line that is substantially parallel to the liquid flow direction"

means that the angle between the line and the liquid flow direction is at least less than 45

degrees or more than 135 degrees. In some specific embodiments, the angle between the line

and the liquid flow direction is at about 40, 35, 30, 25, 20, 15, 10, 5, 4, 3, 2, or 1 degree, or the

line is completely parallel to the liquid flow direction. In other specific embodiments, the angle

between the line and the liquid flow direction is at about 140, 145, 150, 155, 160, 165, 170, 175,

176, 177, 178, or 179 degrees, or the line is completely parallel to the liquid flow direction.

[0015] As used herein, "a line is substantially perpendicular to the liquid flow direction"

means that the angle between the line and the liquid flow direction is at least more than 45

degrees or less than 135 degrees. In some specific embodiments, the angle between the line and

the liquid flow direction is at about 50, 55, 60, 65, 70, 75, 80, 85, 86, 87 88 or 89 degrees, or the

line is completely perpendicular to the liquid flow direction. In other specific embodiments, the

angle between the line and the liquid flow direction is at about 130, 125, 120, 115, 110, 105,

100, 95, 94, 93, 92 or 9 1 degrees, or the line is completely perpendicular to the liquid flow

direction.

[0016] As used herein, "reagent dots have substantially the same size or diameter"

means that the difference in the size or diameter between the largest dot and smallest dot is not

more than one fold or less than 50% of the average or median size or diameter of the reagent

dots. In some specific embodiments, the difference in the size or diameter between the largest

dot and smallest dot is within 45%, 40%, 30%, 20%, 10%, 5%, or 1% of the average or median

size or diameter of the reagent dots. In other specific embodiments, reagent dots have he same

size or diameter.

[0017] As used herein, "the distance between reagent dots is substantially the same"

means that the distance between or among reagent dots, often adjacent reagent dots, is within

50% variation of the average or median distance between or among reagent dots or adjacent

reagent dots. In some specific embodiments, the distance between or among reagent dots or

adjacent reagent dots is within 45%, 40%, 30%, 20%, 10%, 5%, or 1% variation of the average



or median distance between or among reagent dots or adjacent reagent dots. In other specific

embodiments, the distance between or among reagent dots is the same. Such space or distance

can be measured by any suitable means. In some specific embodiments, the space or distance

between or among reagent dots is measured as the space or distance between or among the

edges of the reagent dots or adjacent reagent dots. In other specific embodiments, the space or

distance between or among reagent dots is measured as the space or distance between or among

the centers or effective centers of the reagent dots or adjacent reagent dots.

[0018] As used herein, a "binding reagent" refers to any substance that binds to a target

or an analyte with desired affinity and/or specificity. Non-limiting examples of the binding

reagent include cells, cellular organelles, viruses, particles, microparticles, molecules, or an

aggregate or complex thereof, or an aggregate or complex of molecules. Exemplary binding

reagents can be an amino acid, a peptide, a protein, e.g., an antibody or receptor, a nucleoside, a

nucleotide, an oligonucleotide, a nucleic acid, e.g., DNA or RNA, a vitamin, a monosaccharide,

an oligosaccharide, a carbohydrate, a lipid, an aptamer and a complex thereof

[0019] As used herein, "antibody" includes not only intact polyclonal or monoclonal

antibodies, but also fragments thereof (such as Fab, Fab', F(ab') 2, Fv), single chain (ScFv), a

diabody, a multi- specific antibody formed from antibody fragments, mutants thereof, fusion

proteins comprising an antibody portion, and any other modified configuration of the

immunoglobulin molecule that comprises an antigen recognition site of the required specificity.

An antibody includes an antibody of any class, such as IgG, IgA, or IgM (or sub-class thereof),

and the antibody need not be of any particular class

[0020] As used herein, "monoclonal antibody" refers to an antibody obtained from a

population of substantially homogeneous antibodies, i.e., the antibodies comprising the population

are identical except for possible naturally occurring mutations that are present in minor amounts.

As used herein, a "monoclonal antibody" further refers to functional fragments of monoclonal

antibodies.

[0021] As used herein, the term "specifically binds" refers to the specificity of a binding

reagent, e.g., an antibody, such that it preferentially binds to a defined analyte or target.

Recognition by a binding reagent or an antibody of a particular analyte or target in the presence

of other potential targets or interfering substances is one characteristic of such binding. In some

embodiments, a binding reagent that specifically binds to an analyte or target avoids binding to

other interfering moiety or moieties in the sample to be tested.



[0022] As used herein the term "avoids binding" refers to the specificity of particular

binding reagents, e.g., antibodies or antibody fragments. Binding reagents, antibodies or

antibody fragments that avoid binding to a particular moiety generally contain a specificity such

that a large percentage of the particular moiety would not be bound by such binding reagents,

antibodies or antibody fragments. This percentage generally lies within the acceptable cross

reactivity percentage with interfering moieties of assays utilizing the binding reagents or

antibodies directed to detecting a specific target. Frequently, the binding reagents, antibodies or

antibody fragments of the present disclosure avoid binding greater than about 90% of an

interfering moiety, although higher percentages are clearly contemplated and preferred. For

example, binding reagents, antibodies or antibody fragments of the present disclosure avoid

binding about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%,

about 98%, about 99%, and about 99% or more of an interfering moiety. Less occasionally,

binding reagents, antibodies or antibody fragments of the present disclosure avoid binding

greater than about 70%, or greater than about 75%, or greater than about 80%, or greater than

about 85% of an interfering moiety.

[0023] As used herein, "mammal" refers to any of the mammalian class of species.

Frequently, the term "mammal," as used herein, refers to humans, human subjects or human

patients.

[0024] As used herein, the term "subject" is not limited to a specific species or sample

type. For example, the term "subject" may refer to a patient, and frequently a human patient.

However, this term is not limited to humans and thus encompasses a variety of mammalian

species.

[0025] As used herein the term "sample" refers to anything which may contain an

analyte for which an analyte assay is desired. The sample may be a biological sample, such as a

biological fluid or a biological tissue. Examples of biological fluids include urine, blood,

plasma, serum, saliva, semen, stool, sputum, cerebral spinal fluid, tears, mucus, amniotic fluid

or the like. Biological tissues are aggregate of cells, usually of a particular kind together with

their intercellular substance that form one of the structural materials of a human, animal, plant,

bacterial, fungal or viral structure, including connective, epithelium, muscle and nerve tissues.

Examples of biological tissues also include organs, tumors, lymph nodes, arteries and individual

cell(s).

[0026] As used herein, "stringency" of nucleic acid hybridization reactions is readily

determinable by one of ordinary skill in the art, and generally is an empirical calculation



dependent upon probe length, washing temperature, and salt concentration. In general, longer

probes require higher temperatures for proper annealing, while shorter probes need lower

temperatures. Hybridization generally depends on the ability of denatured nucleic acid

sequences to reanneal when complementary strands are present in an environment below their

melting temperature. The higher the degree of desired homology between the probe and

hybridizable sequence, the higher the relative temperature that can be used. As a result, it

follows that higher relative temperatures would tend to make the reaction conditions more

stringent, while lower temperatures less so. For additional details and explanation of stringency

of hybridization reactions, see Current Protocols in Molecular Biology (Ausubel et al. eds.,

Wiley Interscience Publishers, 1995); Molecular Cloning: A Laboratory Manual (J. Sambrook,

E. Fritsch, T. Maniatis eds., Cold Spring Harbor Laboratory Press, 2d ed. 1989); Wood et al.,

Proc. Natl. Acad. Sci. USA, 82:1585-1588 (1985).

[0027] As used herein the term "isolated" refers to material removed from its original

environment, and is altered from its natural state. For example, an isolated polypeptide could be

coupled to a carrier, and still be "isolated" because that polypeptide is not in its original

environment.

[0028] As used herein, "test substance (or candidate compound)" refers to a chemically

defined compound (e.g., organic molecules, inorganic molecules, organic/inorganic molecules,

proteins, peptides, nucleic acids, oligonucleotides, lipids, polysaccharides, saccharides, or

hybrids among these molecules such as glycoproteins, etc.) or mixtures of compounds (e.g., a

library of test compounds, natural extracts or culture supernatants, etc.) whose effect on a target

is determined by the disclosed and/or claimed methods herein.

[0029] As used herein, high-throughput screening (HTS) refers to processes that test a

large number of samples, such as samples of diverse chemical structures against disease targets

to identify "hits" (see, e.g., Broach, et al., High throughput screening for drug discovery,

Nature, 384:14-16 (1996); Janzen, et al., High throughput screening as a discovery tool in the

pharmaceutical industry, Lab Robotics Automation: 8261-265 (1996); Fernandes, P.B., Letter

from the society president, . Biomol. Screening, 2:1 (1997); Burbaum, et al., New technologies

for high-throughput screening, Curr. Opin. Chem. Biol., 7:72-78 (1997)). HTS operations are

highly automated and computerized to handle sample preparation, assay procedures and the

subsequent processing of large volumes of data.



[0030] As used herein, "plant" refers to any of various photosynthetic, eucaryotic multi

cellular organisms of the kingdom Plantae, characteristically producing embryos, containing

chloroplasts, having cellulose cell walls and lacking locomotion.

[0031] As used herein, "animal" refers to a multi-cellular organism of the kingdom of

Animalia, characterized by a capacity for locomotion, nonphoto synthetic metabolism,

pronounced response to stimuli, restricted growth and fixed bodily structure. Non-limiting

examples of animals include birds such as chickens, vertebrates such fish and mammals such as

mice, rats, rabbits, cats, dogs, pigs, cows, ox, sheep, goats, horses, monkeys and other non-

human primates.

[0032] As used herein, "bacteria" refers to small prokaryotic organisms (linear

dimensions of around 1 micron) with non-compartmentalized circular DNA and ribosomes of

about 70S. Bacteria protein synthesis differs from that of eukaryotes. Many anti-bacterial

antibiotics interfere with bacteria proteins synthesis but do not affect the infected host.

[0033] As used herein, "eubacteria" refers to a major subdivision of the bacteria except

the archaebacteria. Most Gram-positive bacteria, cyanobacteria, mycoplasmas, enterobacteria,

pseudomonas and chloroplasts are eubacteria. The cytoplasmic membrane of eubacteria

contains ester-linked lipids; there is peptidoglycan in the cell wall (if present); and no introns

have been discovered in eubacteria.

[0034] As used herein, "archaebacteria" refers to a major subdivision of the bacteria

except the eubacteria. There are three main orders of archaebacteria: extreme halophiles,

methanogens and sulphur-dependent extreme thermophiles. Archaebacteria differs from

eubacteria in ribosomal structure, the possession (in some case) of introns, and other features

including membrane composition.

[0035] As used herein, "virus" refers to an obligate intracellular parasite of living but

non-cellular nature, consisting of DNA or RNA and a protein coat. Viruses range in diameter

from about 20 to about 300 nm. Class I viruses (Baltimore classification) have a double-

stranded DNA as their genome; Class II viruses have a single-stranded DNA as their genome;

Class III viruses have a double- stranded RNA as their genome; Class IV viruses have a positive

single-stranded RNA as their genome, the genome itself acting as mRNA; Class V viruses have

a negative single-stranded RNA as their genome used as a template for mRNA synthesis; and

Class VI viruses have a positive single-stranded RNA genome but with a DNA intermediate not

only in replication but also in mRNA synthesis. The majority of viruses are recognized by the



diseases they cause in plants, animals and prokaryotes. Viruses of prokaryotes are known as

bacteriophages.

[0036] As used herein, "fungus" refers to a division of eucaryotic organisms that grow

in irregular masses, without roots, stems, or leaves, and are devoid of chlorophyll or other

pigments capable of photosynthesis. Each organism (thallus) is unicellular to filamentous, and

possesses branched somatic structures (hyphae) surrounded by cell walls containing glucan or

chitin or both, and containing true nuclei.

B. LATERAL FLOW DEVICES USING TWO DIMENSIONAL FEATURES

[0037] In one aspect, the present disclosure provides for a test device, which device

comprises a plurality of reagent dots on a matrix, wherein at least two of said reagent dots do

not overlap and are sufficiently spaced apart from each other so that when a liquid flows

laterally along said matrix, flow of said liquid to, through and/or around one of said two reagent

dots does not substantially affect flow of said liquid sample to, through and/or around said other

reagent dot, each of said two reagent dots is neither a reagent line across the entire width of said

matrix in a direction perpendicular to the direction of said liquid flow nor a complete circle of a

reagent line circulating the center or sample or liquid application site of said test device, and

after a liquid flows laterally along said test device and passes said at least two reagent dots,

detectable signals are formed at said at least two reagent dots to provide for flow control

information, to function as an internal control and/or to provide for internal calibration

information for said test device.

[0038] In some embodiments, the detectable signals are formed at the at least two

reagent dots to provide for flow control information for the test device. The present devices can

be used to provide for any suitable flow control information. For example, the flow control

information can allow internal calibration within the test device for perturbation in test results

caused by variability in flow rate or flow pattern laterally across the surface and/or along the

length of the flow field.

[0039] In some embodiments, the present test devices can further comprise a detection

site to indicate presence, absence and/or amount of an analyte in a liquid sample. Any suitable

designs or devices, including the designs or devices disclosed and/or claimed in U.S.

provisional application Serial No. 61/461,499, filed January 18, 2011, U.S. patent application

Serial No. 13/343,681, filed January 4, 2012, and international patent application No.

PCT/US2012/021586, filed January 17, 2012, can be combined with the present designs or

devices to form a device to provide for flow control information, to function as an internal



control and/or to provide for internal calibration information for the test device, and to indicate

presence, absence and/or amount of an analyte in a liquid sample.

[0040] In some embodiments, the present test devices can further comprise a plurality of

reagent dots on a matrix, wherein at least two of said reagent dots do not overlap and are

sufficiently spaced apart from each other so that when said liquid sample flows laterally along

said matrix, flow of said liquid sample to, through and/or around one of said two reagent dots

does not substantially affect flow of said liquid sample to, through and/or around said other

reagent dot, each of said two reagent dots is neither a reagent line across the entire width of said

matrix in a direction perpendicular to the direction of said liquid sample flow nor a complete

circle of a reagent line circulating the center or sample or liquid application site of said test

device, and after a liquid sample flows laterally along said test device and passes said at least

two reagent dots, said at least two reagent dots form a predetermined pattern to indicate

presence, absence and/or amount of said analyte in said liquid sample.

[0041] The detectable signals at the at least two reagent dots can be formed in any

suitable manner. For example, the formation of the detectable signals at the at least two reagent

dots can be independent from the presence, absence and/or amount of the analyte in a liquid

sample. In some embodiments, each of the at least two reagent dots can comprise a reagent that

binds to a labeled binding reagent for the analyte, and the reagent dots can be used to form the

detectable signals at the at least two reagent dots independently from the presence, absence

and/or amount of the analyte in a liquid sample. In other embodiments, the reagent at each of

the at least two reagent dots can comprise an analyte or analyte analog, and the analyte or

analyte analog can be used to form the detectable signals at the at least two reagent dots

independently from the presence, absence and/or amount of the analyte in a liquid sample.

[0042] In another example, the formation of the detectable signals at the at least two

reagent dots can depend on the presence and/or amount of the analyte or a non-analyte

substance in a liquid sample. In some embodiments, each of the at least two reagent dots can

comprise a reagent that binds to the analyte, and the reagents can be used to form the detectable

signals at the reagent dots that are dependent on the presence, absence and/or amount of the

analyte in a liquid sample. In other embodiments, each of the at least two reagent dots can

comprise a reagent that binds to the non-analyte substance, and the reagents can be used to form

the detectable signals at the reagent dots that are dependent on the presence, absence and/or

amount of the non-analyte substance in a liquid sample.



[0043] The reagent dots can form any suitable pattern to provide for flow control

information, to function as an internal control and/or to provide for internal calibration

information for the test device. In some embodiments, the at least two reagent dots form a line

that is substantially parallel to the liquid flow direction, a line that is substantially perpendicular

to the liquid flow direction and/or a line that is at a predetermined angle relative to the liquid

flow direction.

[0044] In some embodiments, each of the at least two reagent dots comprises the same

or different reagent(s). In other embodiments, each of the at least two reagent dots comprises

the same amount of the reagent. In still other embodiments, the at least two reagent dots

comprise different amounts of the reagent.

[0045] In some embodiments, the detectable signal is formed at one or more of the at

least two reagent dots to function as an internal control for the test device. For example, the

detectable signal can be formed at a single reagent dot to function as an internal control for the

test device. In another example, the detectable signals can be formed at a plurality of reagent

dots to function as an internal control for the test device.

[0046] The detectable signal can be formed at one or more of the at least two reagent

dots to function as any suitable types of internal control. In some embodiments, the internal

control can be an internal control for cross reactivity or an interfering substance, an internal

positive control, and/or an internal negative control. In other embodiments, the internal control

can be an internal control for cross reactivity or an interfering substance.

[0047] Any suitable reagent(s) can be used to function as the internal control for cross

reactivity or an interfering substance. In some embodiments, the reagent dot that functions as

the internal control for cross reactivity or an interfering substance comprises a reagent for

binding to an analyte analog or an interfering substance that is known or likely to be present in a

testing sample.

[0048] The detectable signal can form a predetermined pattern indicating the presence

and/or amount of cross reactivity or an interfering substance in a testing sample. In some

embodiments, a plurality of the reagent dots function as the internal control for cross reactivity

or an interfering substance. In other embodiments, a single reagent dot functions as the internal

control for cross reactivity or an interfering substance.



[0049] In some embodiments, the internal control is an internal positive control. The

detectable signals at the at least two reagent dots can be formed in any suitable manner. For

example, the formation of the detectable signal(s) at the reagent dot(s) can depend on the

presence and/or amount of the analyte and/or a non-analyte substance in a liquid sample. Any

suitable reagent can be used to function as the internal positive control. For example, the

reagent dot that functions as the internal positive control can comprise a reagent for binding to

an analyte or a non-analyte substance.

[0050] In some embodiments, the detectable signal can form a predetermined pattern

indicating the analyte or a non-analyte substance in a testing sample. In other embodiments, a

plurality of the reagent dots function as the internal positive controls. The plurality of the

reagent dots can be used for any suitable purposes. For example, the signals at the plurality of

the reagent dots can comprise constant intensity or varying intensities at various locations.

[0051] In some embodiments, the internal control is an internal negative control. An

internal negative control can be formed in any suitable manner. For example, the reagent dot

can be treated as the same for a test site except that a regent for binding to an analyte is not

applied to the reagent dot to function as an internal negative control.

[0052] In some embodiments, a plurality of the reagent dots can function as the internal

negative controls.

[0053] In some embodiments, the detectable signals are formed at the at least two

reagent dots to provide for internal calibration information for the test device. The detectable

signals can be formed in any suitable manner to provide for internal calibration information for

the test device. In some embodiments, the formation of the detectable signals at the at least two

reagent dots can be independent from the presence, absence and/or amount of the analyte in a

liquid sample. For example, each of the at least two reagent dots can comprise a reagent that

binds to a labeled binding reagent for the analyte, and the reagents can be used to form the

detectable signals at the reagent dots that are independent from the presence, absence and/or

amount of the analyte in a liquid sample. In another example, the reagent at each of the at least

two reagent dots can comprise an analyte or analyte analog, and the reagents can be used to

form the detectable signals at the reagent dots that are independent from the presence, absence

and/or amount of the analyte in a liquid sample.



[0054] In some embodiments, the detectable signals are formed at the at least two

reagent dots to provide internal calibration information for the desired analyte testing range.

[0055] The reagent dots can form any suitable pattern to provide for internal calibration

information for the test device. In some embodiments, the at least two reagent dots form a line

that is substantially parallel to the liquid flow direction, a line that is substantially perpendicular

to the liquid flow direction and/or a line that is at a predetermined angle relative to the liquid

flow direction. In other embodiments, the detectable signals at the reagent dots form a gradient

of signal strength in a direction of the line formed by the reagent dots.

[0056] In some embodiments, the test device does not comprise a detection site to

indicate presence, absence and/or amount of an analyte in a liquid sample and the detectable

signals are formed at the at least two reagent dots to provide for internal calibration information

for the test device. The detectable signals can be formed in any suitable manner to provide for

internal calibration information for the test device. In some embodiments, the formation of the

detectable signals at the at least two reagent dots depends on the presence and/or amount of the

analyte in a calibration liquid. For example, each of the at least two reagent dots can comprise a

reagent that binds to the analyte, and the reagent dots can be used to provide for internal

calibration information.

[0057] In some embodiments, the detectable signals can be formed at the least two

reagent dots to provide for internal calibration information for the desired analyte testing

ranging.

[0058] The reagent dots can form any suitable pattern to provide for internal calibration

information for the test device. In some embodiments, the at least two reagent dots form a line

that is substantially parallel to the liquid flow direction, a line that is substantially perpendicular

to the liquid flow direction and/or a line that is at a predetermined angle relative to the liquid

flow direction. In other embodiments, the detectable signals at the reagent dots form a gradient

of signal strength in a direction of the line formed by the reagent dots.

[0059] In some embodiments, each of the at least two reagent dots comprises a reagent

that binds to the analyte and the amount of the reagent forms a gradient in a direction of the line

for the reagent dots. The detectable signal at the reagent dots can be the same for a

predetermined level of analyte in a calibration liquid.



[0060] In some embodiments, the test device does not comprise a detection site to

indicate presence, absence and/or amount of an analyte in a liquid sample and the at least two

reagent dots comprise a binding reagent that is adopted to generate signals of specific signal

strengths relative to one another or absolute signal strengths of differing levels. The reagent

dots can form any suitable pattern to provide for internal calibration information for the test

device. In some embodiments, the at least two reagent dots form a line that is substantially

parallel to the liquid flow direction, a line that is substantially perpendicular to the liquid flow

direction and/or a line that is at a predetermined angle relative to the liquid flow direction.

[0061] In some embodiments, the detectable signals are formed at the at least two

reagent dots to provide for or to function at least two of the following: 1) to provide for flow

control information; 2) to function as an internal control; and 3) to provide for internal

calibration information for the test device. In other embodiments, the detectable signals are

formed to provide for flow control information, to function as an internal control and to provide

for internal calibration information for the test device.

[0062] Numerous variables can be considered to make the test device to ensure that the

reagent dots do not overlap and are sufficiently spaced apart from each other so that liquid flow

to, through and/or around one reagent dot or set of reagent dots does not substantially affect

flow of the liquid flow to, through and/or around other reagent dot or other sets of reagent dots.

And at the same time, the test device should comprise sufficient number of the reagent dots that

can be used in generating signal readout to provide for flow control information, to function as

an internal control and/or to provide for internal calibration information for the test device, and

sometimes to indicate presence, absence and/or amount of the analyte in the liquid sample.

Exemplary variables that can be considered and/or adjusted in making the test device include

the number of reagent dots, the size and/or shape of the reagent dots, e.g., whether the absolute

size or the size relative to the size of the matrix, the types and amounts of the reagents located at

the reagent dots, the spacing between or among a portion or all reagent dots on the test device,

e.g., whether the absolute size of the spacing or the size of the spacing relative to the size of the

matrix and/or the number of the reagent dots on the matrix, the orientation or position of the

reagent dots relative to the liquid flow direction, the uniformity or variations of the sizes and/or

shape among the reagent dots and the properties of the matrix, e.g., the material and/or porosity

of the matrix, and/or the properties or composition of the solution in which the reagent is

spotted. Some or all of these variables can be tested, adjusted or determined to make a test

device that meets the intended test performance, e.g., meeting the intended or desired assay

sensitivity and/or specificity.



[0063] In some specific embodiments, it can be determined that the reagent dots do

overlap and are not sufficiently spaced apart from each other so that liquid flow to, through

and/or around one reagent dot or set of reagent dots blocks or prevents flow of the liquid flow

to, through and/or around other reagent dot or other sets of reagent dots. Some or all of these

variables can then be adjusted so that the liquid flow blocking effect be reduced by at least 10%,

and preferably by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%,

99%, or 100%. In other specific embodiments, given a particular configuration, the liquid flow

to, through and/or around other reagent dot or other sets of reagent dots can be determined.

Some or all of these variables can then be adjusted so that the liquid flow to, through and/or

around other reagent dot or other sets of reagent dots be increased by at least 10%, and

preferably by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%,

99%, or 100%. In other embodiments, some or all of these variables can then be adjusted so

that the liquid flow to, through and/or around other reagent dot or other sets of reagent dots be

increased by 1 fold, 2 folds, 3 folds, 4 folds, 5 folds 6 folds, 7 folds, 8 folds, 9 folds, 10 folds, or

more.

[0064] The test device can comprise any suitable number of reagent dots. In one

example, the test device comprises two reagent dots. In another example, the test device

comprises more than two reagent dots, such as at least 3, 4, 5, 6, 7, 8, 9, 10, 50, 100, 500, 1,000,

5,000, 10,000 or more reagent dots.

[0065] Any suitable number, portion or all of the reagent dots in the test device can be

sufficiently spaced apart from each other. For example, at least a quarter, a third, half or all

reagent dots do not overlap and are sufficiently spaced apart from each other so that when the

liquid flows laterally along the matrix, flow of the liquid to, through and/or around one of the

reagent dots does not substantially affect flow of the liquid to, through and/or around the other

reagent dots.

[0066] The predetermined pattern formed at the reagent dots can take any form, shape

and/or pattern. For example, the predetermined pattern can be a line, multiple lines, a symbol, a

geometric shape and an alpha-numeric shape, a regular shape, or an irregular shape, or a

combination thereof. The exemplary regular shape can be a line, a circle, a rod, a square, a

triangle, and a rectangle. The exemplary alpha-numeric shape can be a letter, a word, a number

or a combination thereof.



[0067] When the predetermined pattern is in the form of a line or multiple lines, the

line(s) can be at any suitable orientation or position relative to the liquid flow direction. In one

example, the line(s) is substantially parallel to the liquid flow direction. In another example, the

line(s) is substantially perpendicular to the liquid flow direction. In still another example, the

predetermined pattern is in the form of multiple lines. The multiple lines can comprise at least a

line that is substantially parallel to the liquid flow direction and at least a line that is

substantially perpendicular to the liquid flow direction. In some embodiments, at least a

quarter, a third, half of the lines are substantially parallel to the liquid flow direction. In other

embodiments, at least a quarter, a third, half of the lines are substantially perpendicular to the

liquid flow direction.

[0068] The test device can be used to detect a single analyte or target or multiple

analytes or targets in a liquid. In one example, the plurality of reagent dots in the test device

comprises different reagents and the test device is used to detect multiple analytes or targets in a

liquid. In another example, the plurality of reagent dots in the test device comprises the same

reagent and the test device is used to detect the amount of a single analyte or target in a liquid.

[0069] The reagent dots in the test device can comprise any suitable amount of the

reagent(s). In one example, the plurality of reagent dot comprises the same amount of the

reagent(s). In another example, the plurality of reagent dots comprises the different amounts of

the reagent(s).

[0070] The reagent dots in the test device can have any suitable size(s). In one example,

at least one of the reagent dots has a diameter of about 0.1-1 um, 1-10 um, 10-50 um, 51-100

urn, 101-200 um, 201-300 um, 301-400 um, 401-500 um and 501-1000 um. In another

example, at least a quarter, a third, half or all reagent dots have a diameter of about 0.1-1 um, 1-

10 um, 10-50 um, 51-100 um, 101-200 um, 201-300 um, 301-400 um, 401-500 um or 501-1000

um. In still another example, at least one of the reagent dots has a diameter or surface area that

is about 10%, 5%, 1%, 0.5%, 0.1%, 0.05%, 0.01%, 0.001% or smaller diameter or surface area

of the length, width or surface area of the matrix calculated by the width and length of the

membrane. In yet another example, at least a quarter, a third, half or all reagent dots have a

diameter or surface area that is about 10%, 5%, 1%, 0.5%, 0.1%, 0.05%, 0.01%, 0.001% or

smaller diameter or surface area of the length, width or surface of the matrix.

[0071] Any suitable drop volumes can be used to make spots with any suitable or

desirable sizes. In exemplary embodiments, the range of drop volumes used to create the range

of spot sizes on the flow membrane can be in the range of about 30-200 pL, 201-500 pL, 501 pL



- 1.001 nL, 1.001 nL to 5.0 nL, 5.1-25 nL, 21.1-100 nL, or 100.1-500nL. Shown in the below

Table 1 is both spherical and hemispherical diameter of various drop sizes in the above drop

range.

Table 1

The actual developed spot size of a reagent drop on the membrane can be larger, e.g., about 10-

25% larger, than the hemispherical drop diameter. The sphere and hemispherical size of

different drop volumes with the range described above is shown in the above Table 1.

[0072] The meaning of a "diameter" is often determined by the shape of the dot. For

example, if the dot is a circle, the diameter of a circle is any straight line segment that passes

through the center of the circle and whose endpoints are on the circle. The length of a diameter

is also called the diameter. For a convex shape in the plane, the diameter is defined to be the

largest distance that can be formed between two opposite parallel lines tangent to its boundary.

The use of "diameter" does not limit the dot shape to be a circle or other regular shape. In some

specific embodiments, when a dot has an irregular shape, a "diameter" can be measured as a

parameter that indicates the length or width of the dot, e.g., measured as the largest distance

between two points on the dot.

[0073] The reagent dots in the test device can have the same or different size(s) or

diameter(s). In one example, at least a quarter, a third, half or all reagent dots have substantially

the same size or diameter. In another example, at least a quarter, a third, half or all reagent dots

have substantially different sizes or diameters.



[0074] The reagent dots in the test device can have any suitable shapes, e.g., any

suitable regular or irregular shape. In one example, at least one of the reagent dots has a shape

that is a line, a circle, a rod, a square, a triangle, a rectangle or an irregular shape. In another

example, at least a quarter, a third, half or all reagent dots have a shape that is a line, a circle, a

rod, a square, a triangle, a rectangle or an irregular shape. The reagent dots in the test device

can have the same or different shape(s). In one example, at least a quarter, a third, half or all

reagent dots have the same shape. In another example, at least a quarter, a third, half or all

reagent dots have different shapes.

[0075] The reagent dots can have any suitable space(s) or distance(s) between or among

the dots. In one example, the distance between or among the reagent dots is about 1-10 um, 10-

50 um, 51-100 um, 101-200 um, 201-300 um, 301-400, 401-500, or 501-600 um. The space(s)

or distance(s) between or among the reagent dots can be the same or different. In one example,

the space or distance between at least a quarter, a third, half or all reagent dots is substantially

the same. In another example, the space or distances between at least a quarter, a third, half or

all reagent dots are different. Such space or distance can be measured by any suitable means.

In some specific embodiments, the space or distance between or among reagent dots is

measured as the space or distance between or among the edges of the reagent dots or adjacent

reagent dots, e.g., distance between or among the edges of dots which defines the low resistance

flow path of reagents. In other specific embodiments, the space or distance between or among

reagent dots is measured as the space or distance between or among the centers or effective

centers of the reagent dots or adjacent reagent dots.

[0076] The reagent dots can be located on any suitable places or side(s) of the matrix.

In one example, the test device comprises a single layer of the plurality of reagent dot. In

another example, the test device comprises multiple layers, e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10 or more

layers, of the plurality of reagent dots. In still another example, the test device comprises at

least a layer of the plurality of reagent dots on one side of the matrix. In yet another example,

the test device comprises at least a layer of the plurality of reagent dots on both sides of the

matrix.

[0077] The signal(s) at the reagent dots can be generated by any suitable reactions, such

as chemical, biochemical, electrochemical, and/or binding reactions involving the analyte, the

target, the reagents located at the reagent dots, reagents added to the liquid sample and/or other

liquid(s), and/or other reagents dried on the test device before use and that are transported by the

liquid sample or other liquids to the reagent dots.



[0078] In some embodiments, the signal(s) at the reagent dots are generated based on

binding reactions involving the analyte or target, the reagents located at the reagent dots,

reagents added to the liquid sample and/or other liquid(s), and/or other reagents dried on the test

device before use and that are transported by the liquid sample or other liquids to the reagent

dots. In one example, at least one of the reagent dots comprises a reagent that is capable of

binding to an analyte or a target, or another binding reagent that is capable of binding to an

analyte or a target. Preferably, the reagent is capable of specifically binding to an analyte, a

target, or another binding reagent that is capable of binding to an analyte or a target. Also

preferably, the reagent avoids binding to interfering moiety or moieties in the testing sample or

liquid. In another example, at least a quarter, a third, half or all reagent dots comprise a reagent

that is capable of binding to an analyte, a target, or another binding reagent that is capable of

binding to an analyte or a target. Preferably, the reagents are capable of specifically binding to

an analyte, a target, or another binding reagent that is capable of binding to an analyte or a

target.

[0079] The reagents located at the reagent dots can be any suitable substances. For

example, the reagents can be inorganic molecules, organic molecules or complexes thereof.

Exemplary inorganic molecules can be ions such as sodium, potassium, magnesium, calcium,

chlorine, iron, copper, zinc, manganese, cobalt, iodine, molybdenum, vanadium, nickel,

chromium, fluorine, silicon, tin, boron or arsenic ions. Exemplary organic molecules can be an

amino acid, a peptide, a protein, e.g., an antibody or receptor, a nucleoside, a nucleotide, an

oligonucleotide, a nucleic acid, e.g., DNA or RNA, a vitamin, a monosaccharide, an

oligosaccharide, a carbohydrate, a lipid and a complex thereof.

[0080] Exemplary amino acids can be a D- or a L-amino-acid. Exemplary amino acids

can also be any building blocks of naturally occurring peptides and proteins including Ala (A),

Arg (R), Asn (N), Asp (D), Cys (C), Gin (Q), Glu (E), Gly (G), His (H), e (I), Leu (L), Lys

(K), Met (M), Phe (F), Pro (P) Ser (S), Thr (T), Trp (W), Tyr (Y) and Val (V).

[0081] Any suitable proteins or peptides can be used as the reagents on the test device.

For example, enzymes, transport proteins such as ion channels and pumps, nutrient or storage

proteins, contractile or motile proteins such as actins and myosins, structural proteins, defense

protein or regulatory proteins such as antibodies, hormones and growth factors can be used.

Proteineous or peptidic antigens can also be used.



[0082] Any suitable nucleic acids, including single-, double and triple-stranded nucleic

acids, can be used as the reagents on the test device. Examples of such nucleic acids include

DNA, such as A-, B- or Z-form DNA, and RNA such as mRNA, tRNA and rRNA.

[0083] Any suitable nucleosides can be can be used as the reagents on the test device.

Examples of such nucleosides include adenosine, guanosine, cytidine, thymidine and uridine.

Any nucleotides can be used as the reagents on the test device. Examples of such nucleotides

include AMP, GMP, CMP, UMP, ADP, GDP, CDP, UDP, ATP, GTP, CTP, UTP, dAMP,

dGMP, dCMP, dTMP, dADP, dGDP, dCDP, dTDP, dATP, dGTP, dCTP and dTTP.

[0084] Any suitable vitamins can be used as the reagents on the test device. For

example, water-soluble vitamins such as thiamine, riboflavin, nicotinic acid, pantothenic acid,

pyridoxine, biotin, folate, vitamin B
12

and ascorbic acid can be used. Similarly, fat-soluble

vitamins such as vitamin A, vitamin D, vitamin E, and vitamin K can be used.

[0085] Any suitable monosaccharides, whether D- or L-monosaccharides and whether

aldoses or ketoses, can be used as the reagents on the test device. Examples of

monosaccharides include triose such as glyceraldehyde, tetroses such as erythrose and threose,

pentoses such as ribose, arabinose, xylose, lyxose and ribulose, hexoses such as allose, altrose,

glucose, mannose, gulose, idose, galactose, talose and fructose and heptose such as

sedoheptulose.

[0086] Any suitable lipids can be used as the reagents on the test device. Examples of

lipids include triacylglycerols such as tristearin, tripalmitin and triolein, waxes,

phosphoglycerides such as phosphatidylethanolamine, phosphatidylcholine, phosphatidylserine,

phosphatidylinositol and cardiolipin, sphingolipids such as sphingomyelin, cerebrosides and

gangliosides, sterols such as cholesterol and stigmasterol and sterol fatty acid esters. The fatty

acids can be saturated fatty acids such as lauric acid, myristic acid, palmitic acid, stearic acid,

arachidic acid and lignoceric acid, or can be unsaturated fatty acids such as palmitoleic acid,

oleic acid, linoleic acid, linolenic acid and arachidonic acid.

[0087] In one specific embodiment, the analyte or target to be detected comprises or is

an antigen, the binding reagent on the test device comprises or is an antibody. Preferably, the

antibody specifically binds to the analyte or target. In one example, the test device is used in a

sandwich assay format, in which a binding reagent, e.g., an antibody, is used as a reagent at the

reagent dots, and another binding reagent having a detectable label is also used to form a labeled

binding reagent-analyte-binding reagent or antibody sandwich at the reagent dots to generate

readout signals. Alternatively, a binding reagent is used as a reagent at the reagent dots, and an



antibody have a detectable label is also used to form a labeled antibody-analyte-binding reagent

sandwich at the reagent dots to generate readout signals. In one example, the sandwich assay

uses two antibodies, one as the capture reagent and the other as the labeled reagent.

[0088] The test device can also used in a competition assay format. In one example, a

binding reagent, e.g., an antibody, is used as a capture reagent at the reagent dots. An analyte or

analyte analog having a detectable label, either added in a liquid or previously dried on the test

device and redissolved or resuspnded by a liquid, will compete with an analyte or a target in a

sample or liquid to bind to the capture reagent at the reagent dots. In another example, an

analyte or analyte analog is used as a capture reagent at the reagent dots. A binding reagent,

e.g., an antibody, having a detectable label, is either added in a liquid or previously dried on the

test device and redissolved or resuspnded by a liquid. An analyte in a sample will compete with

the analyte, analyte analog or target at the reagent dots for binding to the binding reagent, e.g.,

an antibody, having a detectable label.

[0089] The matrix can have any suitable structure. In one example, the matrix can have

a porous structure. The matrix can comprise any suitable material(s). For example, porous

plastics material, such as polypropylene, polyethylene (preferably of very high molecular

weight), polyvinylidene flouride, ethylene vinylacetate, acrylonitrile and polytetrafluoro-

ethylene can be used. See e.g., U.S. patent No. 6,187,598. It can be advantageous to pre-treat

the membrane with a surface-active agent during manufacture, as this can reduce any inherent

hydrophobicity in the membrane and therefore enhance its ability to take up and deliver a moist

liquid rapidly and efficiently. The matrix can also be made from paper or other cellulosic

materials. In some embodiments, the matrix comprises or is made of nitrocellulose or glass

fiber.

[0090] In another example, the matrix can have a non-porous structure, e.g., plastic solid

surface. In some embodiments, the matrix can have other structures such as channels or other

guided fluid pathways. In another example, the matrix comprises a plastic, a film of a matrix

having a hydrophilic surface, or a material with a controlled contact angle with the sample

liquid.

[0091] In yet another example, the test device can comprise at least one group of the

reagent dots that form a circle around the sample or liquid application location, and the liquid

moves radially to pass the group of the reagent dots. In yet another example, the test device can

further comprise a flow through device portion.



[0092] The matrix can have any suitable form or shape. For example, the matrix can be

in the form of a strip or a circle. The matrix can also have suitable number of elements. For

example, the matrix can be made of a single element or can comprise multiple elements.

[0093] The test device can further comprise a liquid or sample application element

upstream from and in fluid communication with the matrix. The liquid or sample application

element can be made of any suitable materials, such as nitrocellulose, glass fiber,

polypropylene, polyethylene (preferably of very high molecular weight), polyvinylidene

flouride, ethylene vinylacetate, acrylonitrile or polytetrafluoro-ethylene. The matrix and the

liquid or sample application element can comprise the same or different materials.

[0094] The test device can further comprise a liquid absorption element downstream

from and in fluid communication with the matrix. The liquid absorption element can be made

of any suitable materials, such as paper or cellulose materials.

[0095] In some embodiments, at least a portion of the matrix is supported by a solid

backing. In other embodiments, half, more than half or all portion of the matrix is supported by

a solid backing. The solid backing can be made of any suitable material, e.g., solid plastics. If

the test device comprises electrode or other electrical elements, the solid backing should

generally comprise non-conductive materials.

[0096] In some embodiments, a labeled reagent can be dried on the test device and the

dried labeled reagent can be redissolved or resuspended by a liquid, e.g., a sample liquid and/or

additional liquid, and transported laterally through the test device to generate readout, control

and/or other signals. For example, a portion of the matrix, upstream from the at least two of the

reagent dots, can comprise a dried, labeled reagent, the labeled reagent capable of being moved

by a liquid sample and/or a further liquid to the at least two of the reagent dots and/or a control

location to generate a detectable signal. The dried, labeled reagent can be located at any

suitable places on the test device. In one example, the dried, labeled reagent is located

downstream from a sample or liquid application place on the test device. In another example,

the dried, labeled reagent is located upstream from a sample application or liquid place on the

test device. The type of the labeled reagent can be determined based on the intended assay

formats. For example, if the test device is to be used in a sandwich assay, the labeled reagent

should be capable of binding, and preferably capable of specifically binding, to the analyte or a

target, or another substance that binds to the analyte or the target. The same labeled reagent can

also be used for certain competitive binding assays. For other types of the competitive binding

assays, the labeled reagent should be an analyte or an analyte analog linked to a detectable label.



[0097] In some embodiments, the test device can further comprise, upstream from the at

least two of the reagent dots, a conjugate element that comprises a dried, labeled reagent, the

labeled reagent being capable of moved by a liquid sample and/or a further liquid to the at least

two of the reagent dots and/or a control location to generate a detectable signal. The conjugate

element can be located downstream from a liquid or sample application place on the test device.

The conjugate element can also be located upstream from a liquid or sample application place

on the test device. In some embodiments, the labeled reagent binds to an analyte or a target in

the liquid sample. In other embodiments, the labeled reagent competes with an analyte or a

target in the liquid sample for binding to a binding reagent for the analyte or target at the at least

two of the reagent dots.

[0098] Any suitable label can be used. The label can be a soluble label, such as a

colorimetric, radioactive, enzymatic, luminescent or fluorescent label. The label can also be a

particle or particulate label, such as a particulate direct label, or a colored particle label.

Exemplary particle or particulate labels include colloidal gold label, latex particle label,

nanoparticle label and quantum dot label. Depending on the specific configurations, the labels

such as colorimetric, radioactive, enzymatic, luminescent or fluorescent label, can be either a

soluble label or a particle or particulate label.

[0099] In some embodiments, the labeled reagent is dried in the presence of a material

that stabilizes the labeled reagent, facilitates solubilization or resuspension of the labeled

reagent in a liquid, and/or facilitates mobility of the labeled reagent. Any suitable material can

be used. For example, the material can be a protein, e.g., a meta-soluble protein, a peptide, a

polysaccharide, a sugar, e.g., sucrose, a polymer, a gelatin or a detergent. See e.g., U.S. patent

Nos. 5,120,643 and 6,187,598.

[00100] The present test devices can be used with any suitable liquid. In one example, a

sample liquid alone is used to transport the analyte, the target and/or the labeled reagent to the at

least two of the reagent dots. In another example, a developing liquid is used to transport the

analyte, the target and/or the labeled reagent to the at least two of the reagent dots. In still

another example, both sample liquid and a developing liquid is used to transport the analyte, the

target and/or the labeled reagent to the at least two of the reagent dots.

[00101] In some embodiments, the test device can further comprise a housing that covers

at least a portion of the test device, wherein the housing comprises a sample or liquid

application port to allow sample or liquid application upstream from or to the at least two of the

reagent dots and an optic opening around the at least two of the reagent dots to allow signal



detection at the two of the reagent dots. The optic opening can be achieved in any suitable way.

For example, the optic opening can simply be an open space. Alternatively, the optic opening

can be a transparent cover.

[00102] In other embodiments, the housing can cover the entire test device. In still other

embodiments, at least a portion of the sample receiving portion of the matrix or the sample

application element is not covered by the housing and a sample or liquid is applied to the

portion of the sample receiving portion of the matrix or the sample application element outside

the housing and then transported to the at least two of the reagent dots. The housing can

comprise any suitable material. For example, the housing can comprise a plastic material, a

biodegradable material or a cellulosic material. In another example, the housing, whether in

part or in its entirety, can comprise an opaque, translucent and/or transparent material.

[00103] In some embodiments, the present invention provides for a test device wherein

the liquid or sample has moved laterally along the test device to generate detectable signal(s) at

the at least two of the reagent dots.

C. METHODS FOR DETECTING AN ANALYTE USING A LATERAL
FLOW DEVICE WITH TWO DIMENSIONAL FEATURES

[00104] In another aspect, the present disclosure provides for a method for a method,

which method comprises: a) contacting a liquid with the test device described in the above

Section B, wherein the liquid is applied to a site of said test device upstream of said at least two

reagent dots; b) transporting a labeled reagent to said at least two reagent dots; and c) assessing

the presence, absence, amount and/or pattern of signal(s) generated by said labeled reagent at

said at least two reagent dots to provide for flow control information, to function as an internal

control and/or to provide for internal calibration information for said test device.

[00105] In an exemplary embodiment, the signal(s) at the reagent dots can be generated

by binding reactions involving the analyte or target and the reagents located at the reagent dots,

and a labeled reagent added to the liquid or dried on the test device before use and is transported

by the liquid sample or other liquids to the reagent dots. For example, the method comprises a)

contacting a liquid with the above test device, wherein the liquid is applied to a site of the test

device upstream of the at least two of the reagent dots; b) transporting an analyte or target, if

present in the liquid, and a labeled reagent to the at least two of the reagent dots; and c)

assessing the presence, absence, amount and/or pattern of signal(s) at the at least two of the

reagent dots, e.g., signal(s) generated by the labeled reagent at the at least two of the reagent

dots, to provide for flow control information, to function as an internal control and/or to provide



for internal calibration information for said test device, and/or to determine the presence,

absence and/or amount of the analyte in the liquid sample.

[00106] In some embodiments, the liquid and the labeled reagent are premixed to form a

mixture and the mixture is applied to the test device. For example, the labeled reagent can be

provided or stored in a liquid and then can be premixed with a liquid to form a mixture and the

mixture is applied to the test device. In another example, the labeled reagent can be dried in a

location or container not in fluid communication with the test device, e.g., in a test tube or well

such as a microtiter plate well. In use, the sample liquid can be added to the container, e.g., the

test tube or well, to form the mixture and the mixture can then be applied to the test device.

[00107] In other embodiments, the test device comprises a dried labeled reagent before

use and the dried labeled reagent is solubilized or resuspended, and transported to the at least

two of the reagent dots by the liquid sample and/or other liquid. The dried labeled reagent can

be located at any suitable location on the test device. For example, the dried labeled reagent can

be located downstream from the sample or liquid application site, and the dried labeled reagent

can be solubilized or resuspended, and transported to the at least two of the reagent dots by the

liquid sample and/or other liquid. In another example, the dried labeled reagent can be located

upstream from the sample or liquid application site, and the dried labeled reagent can be

solubilized or resuspended, and transported to the at least two of the reagent dots by another

liquid.

[00108] In some embodiments, the labeled reagent is solubilized or resuspended, and

transported to the at least two of the reagent dots by the liquid sample alone. In other

embodiments, the analyte, target and/or labeled reagent is solubilized or resuspended, and

transported to the at least two of the reagent dots by another liquid. In still other embodiments,

the analyte, target and/or labeled reagent is solubilized or resuspended, and transported to the at

least two of the reagent dots by both the sample liquid and another liquid, e.g., a developing

liquid.

[00109] In some embodiments, the detectable signals are formed at the at least two

reagent dots to provide for or to function as at least two of the following: 1) to provide for flow

control information; 2) to function as an internal control; and 3) to provide for internal

calibration information for the test device. In other embodiments, the detectable signals are

formed to provide for flow control information, to function as an internal control and to provide

for internal calibration information for the test device.



[00110] In some embodiments, the present methods further comprise detecting an analyte

in a liquid sample. The present methods can also incorporate the methods disclosed and/or

claimed in U.S. provisional application Serial No. 61/461,499, filed January 18, 2011, U.S.

patent application Serial No. 13/343,681, filed January 4, 2012, and international patent

application No. PCT/US2012/021586, filed January 17, 2012, to provide for flow control

information, an internal control and/or internal calibration information for the test device, and to

indicate presence, absence and/or amount of an analyte in a liquid sample.

[00111] The present test devices can be used in connection with and/or to detect an

analyte in any suitable sample liquid. In some embodiments, the liquid sample can be body

fluid sample, such as a whole blood, a serum, a plasma, a urine sample or an oral fluid. Such

body fluid sample can be sued directly or can be processed, e.g., enriched, purified, or diluted,

before use. In other embodiments, the liquid sample can be a liquid extract, suspension or

solution derived from a solid or semi-solid biological material such as a phage, a virus, a

bacterial cell, an eukaryotic cell, a fugal cell, a mammalian cell, a cultured cell, a cellular or

subcellular structure, cell aggregates, tissue or organs. In specific embodiments, the sample

liquid is obtained or derived from a mammalian or human source. In still other embodiments,

the liquid sample is a sample derived from a biological, a forensics, a food, a biowarfare, or an

environmental source. In other embodiments, the sample liquid is a clinical sample, e.g., a

human or animal clinical sample. In still other embodiments, the sample liquid is a man-made

sample, e.g., a standard sample for quality control or calibration purposes.

[00112] The present test devices can be used to detect the presence, absence and/or

amount of an analyte in any suitable sample liquid. In some embodiments, the present test

devices are used to detect the presence or absence of an analyte in any suitable sample liquid,

i.e., to provide a yes or no answer. In other embodiments, the present test devices are used to

quantify or semi-quantify the amount of an analyte in a liquid sample.

[00113] The present test devices can be used to detect the presence, absence and/or

amount of a single analyte in any suitable sample liquid. Alternatively, the present test devices

can be used to detect the presence, absence and/or amount of multiple analytes in a liquid

sample. In still other embodiments, the present test devices can be used to quantify or semi-

quantify the amounts of the multiple analytes in the liquid sample.

[00114] The present test devices can be used to detect the presence, absence and/or

amount of any suitable analyte in a sample liquid. Exemplary analytes include inorganic

molecules, organic molecules or complexes thereof. Exemplary inorganic molecules can be



ions such as sodium, potassium, magnesium, calcium, chlorine, iron, copper, zinc, manganese,

cobalt, iodine, molybdenum, vanadium, nickel, chromium, fluorine, silicon, tin, boron or arsenic

ions. Exemplary organic molecules can be an amino acid, a peptide, a protein, a nucleoside, a

nucleotide, an oligonucleotide, a nucleic acid, e.g., a DNA or RNA molecule or a hybrid

thereof, a vitamin, a monosaccharide, an oligosaccharide, a carbohydrate, a lipid and a complex

thereof. In some embodiments, the analyte is a cell, a virus or a molecule. In other

embodiments, the analyte is hCG, hLH, hFSH, hTSH, a disease or disorder marker, e.g., a

cardiac biomarker, an antigen of an infectious organism, an antibody to an infectious organism,

etc..

[00115] The present methods can be used for any suitable purpose. For example, present

methods can be used for clinical diagnosis, prognosis, risk assessment and prediction,

stratification and treatment monitoring and adjustment. In another example, present methods

can be used for various research purposes, such as basic research, drug candidate screening,

animal studies, and clinical trials. In still another example, present methods can be used in tests

for standard setting, quality control, illegal drug screening, food safety, environmental safety,

industrial safety, pollution, detection of biowarfare agents, screening for drugs or

pharmaceuticals, and monitoring the quality of manufacturing using bioreactors looking for

unwanted molecules, etc. The present tests devices and methods can be used in any suitable

settings, such as tests in the labs, clinics, hospitals, physician's offices, homes, natural

environments, battle fields and first responder environments, e.g., environments for fire,

paramedic, police actions.

D. EXEMPLARY EMBODIMENTS

[00116] In some embodiments, the present disclosure relates to methods and devices used

in lateral flow testing of a range of analytes by means of the creation of arrays of reagent dots

("pixels") in or on a substrate that is designed to transport fluids within a rapid test device and

across the pixel array, and to methods for assembling those pixel arrays in orientations that

generate signals indicative of results of the test in a variety of symbols and formats which can

be interpreted by the user. The dispensing of the capture reagent is performed in a highly

controlled manner with the intent of allowing the migrating analyte and conjugate in the system

to react with each dispensed feature ("pixel") without causing perturbation of the flow pattern in

the system that prevents interaction with any subsequent features.

[00117] The ability to generate features in the flow field allows for the generation of

control features in the assay that in turn allow for a number of advanced functionalities,



including flow controls, internal positive and negative controls for assays, and internal

calibration curves.

[00118] Flow controls: Features in the flow field that allow internal calibration within the

strip for any perturbation in results caused by variability in flowrate or flow pattern laterally

across the surface, and also along the length of the flow field, where flowrate decreases

inversely and non-linearly with distance from origin. Such changes in flow rate can have

effects on the kinetics of assays and may be important where quantification is required.

[00119] These control features may be set up in the field of flow in a number of

orientations. They may contain dots or other feature types placed perpendicular and/or parallel

to the direction of flow, or randomly within the flow field.

[00120] Internal positive and negative controls for assays: The lateral flow system is

typically designed with a single internal control line, which may be analyte dependent or

independent. This control line is used primarily as a flow control, indicating that the strip has

mechanically run appropriately and indicating that the result read on the test line can be

considered valid. The analyte dependent control line serves this same function, but in addition

serves to identify that the sample used contained some detectable element expected in the

sample matrix that should be applied to the device. For example, an anti-alpha amylase might

be used to identify that a true saliva sample has been applied to the device. While these

represent functional controls, there are several other control features that could be usefully

applied in lateral flow, which are commonly applied in other analytical methods, but which the

standard lateral flow design does not allow for.

[00121] These can be created using the pixilation method embodied in U.S. provisional

application Serial No. 61/461,499, filed January 18, 2011, U.S. patent application Serial No.

13/343,681, filed January 4, 2012, and international patent application No.

PCT/US2012/021586, filed January 17, 2012. These features include internal controls for cross

reactivity or interfering substances, internal positive controls of constant or varying intensity at

various locations in the field, and internal true negatives for establishment of baseline. These

features may be set up as dots within the flow field in repeated or random locations, or may be

lines or other feature types.

[00122] Internal Calibration Curves: A major issue in the lateral flow system is the

relatively complex system of calibration required for any degree of quantification to be attained.

We will consider primarily electronic reader-interpreted assay systems, however the same

principles will apply to an assay that is visually interpreted by an operator. The calibration



system can contain several elements. One element is internal reader calibration of optics and

illumination.

[00123] Another element is related to wet calibrators, standards that are run at the point

of operation of the device to ensure that the system is in calibration. In the case of lateral flow,

these are generally samples of known performance or standard solutions in buffer that are run

on actual test strips and evaluated in the reader.

[00124] Still another element is related to calibration standards: Unchanging calibrants,

such as a grey scale or a solid white chip against which a reader calibrates its operation. These

may be external, evaluated in the reader on a periodic basis, or they may be internal to the

reader, evaluated on start up or before each run. For fluorescent assays, this type of calibration

represents a challenge, as fluorophores tend to degrade due to photobleaching, meaning that the

calibration standards change over time and must be replaced regularly, or another solution must

be found. Reader suppliers have approached this differently; for example Qiagen Lake

Constance has developed a system of containing rare earth elements in polymer coatings to

prevent photobleaching. LRE is developing a system that uses a visual calibration method and

referencing that to the operation of the fluorophore via a proprietary algorithm.

[00125] Yet another element is related to programmed calibration. Each batch of lateral

flow strips will typically have a standard curve generated for it, against which it will be

measured. The number of parameters applied to that standard curve and the type of curve fitting

used will vary from test to test. The information for each batch of strips must be communicated

to the reader before the results from the test can be analyzed. That communication is performed

in a variety of ways, including the use of bar codes and RFID tags on tests or packaging, that are

scanned by the reader, or the manual input of calibration data into the reader before tests are

run.

[00126] In some embodiments, the present disclosure allows for the generation of a

variety of internal calibration features within the flow field of the lateral flow system. These

include internal calibration curve using analyte dependent binding features, internal calibration

curve using analyte independent binding features and internal calibration spots or features for

reader calibration.

[00127] Internal calibration curve using analyte dependent binding features: This format

can be envisaged as a series of spots, lines or more complex features in the flow field of a

specific calibration strip. Rather than running multiple calibration strips using wet calibrators,

or creating external calibration strips with pre-developed signals of fixed strength, it is possible



to develop a single test strip with multiple calibration features on board to account for flow

effects and degradation of conjugates, while developing an analyte dependent calibration curve.

A single strip could thereby be used to calibrate the reader system removing the need to test

multiple strips and the difficult task of generating an internal, unchanging hard calibrant. This

would be particularly useful for fluorescent or chemiluminescent systems, where creation of

such unchanging standards is difficult.

[00128] Internal calibration curve using analyte independent binding features: This can

be envisaged as a series of spots, lines or more complex features in the flow field of the actual

test strip being used for evaluation of an unknown sample. A calibration curve using the actual

conjugated signal molecule and an analyte independent binding reagent, which could be either

the analyte itself bound to the reaction matrix or an alternative reagent, would be generated in

the flow field. This may be combined with a series of other control features, including non

specific binding controls and flow rate controls, as described previously.

[00129] Internal calibration spots or features for reader calibration: These features may be

included in the device with the specific aim of aiding in reader calibration. They may be

envisaged as spots in the flow field that have been impregnated with a specific binding reagent

that is designed to generate signals of specific strengths relative to one another or absolute

signal strengths of differing levels. The analysis of the signal strengths generated at these

features may be combined with the signal strengths generated by internal flow controls to

compensate for any changes in kinetics caused by flowrate down or across the strip. Analysis of

the two sets of control features will allow for the removal of mechanical effects and of label

related degradation, thereby allowing for the calibration of reader performance on the actual test

being run.

[00130] The present invention is further illustrated by the following exemplary

embodiments:

[00131] 1. A test device, which device comprises a plurality of reagent dots on a

matrix, wherein at least two of said reagent dots do not overlap and are sufficiently spaced apart

from each other so that when a liquid flows laterally along said matrix, flow of said liquid to,

through and/or around one of said two reagent dots does not substantially affect flow of said

liquid sample to, through and/or around said other reagent dot, each of said two reagent dots is

neither a reagent line across the entire width of said matrix in a direction perpendicular to the

direction of said liquid flow nor a complete circle of a reagent line circulating the center or

sample or liquid application site of said test device, and after a liquid flows laterally along said



test device and passes said at least two reagent dots, detectable signals are formed at said at least

two reagent dots to provide for flow control information, to function as an internal control

and/or to provide for internal calibration information for said test device.

[00132] 2 . The test device of embodiment 1, wherein the detectable signals are

formed at the at least two reagent dots to provide for flow control information for the test

device.

[00133] 3 . The test device of embodiment 2, wherein the flow control information

allows internal calibration within the test device for perturbation in test results caused by

variability in flow rate or flow pattern laterally across the surface and/or along the length of the

flow field.

[00134] 4 . The test device of embodiment 2 or 3, which test device further

comprises a detection site to indicate presence, absence and/or amount of an analyte in a liquid

sample.

[00135] 5 . The test device of embodiment 4, wherein the formation of the detectable

signals at the at least two reagent dots is independent from the presence, absence and/or amount

of the analyte in a liquid sample.

[00136] 6 . The test device of embodiment 5, wherein each of the at least two reagent

dots comprises a reagent that binds to a labeled binding reagent for the analyte, preferably a

labeled specific binding reagent for the analyte.

[00137] 7 . The test device of embodiment 6, wherein the reagent at each of the at

least two reagent dots comprises an analyte or analyte analog.

[00138] 8. The test device of embodiment 4, wherein the formation of the detectable

signals at the at least two reagent dots depends on the presence and/or amount of the analyte or

a non-analyte substance in a liquid sample.

[00139] 9 . The test device of embodiment 8, wherein each of the at least two reagent

dots comprises a reagent that binds to the analyte, preferably a reagent that specifically binds to

the analyte.

[00140] 10. The test device of embodiment 8, wherein each of the at least two reagent

dots comprises a reagent that binds to the non-analyte substance. Preferably, a reagent that

specifically binds to the non-analyte substance.



[00141] 11. The test device of any of the embodiments 1-10, wherein the at least two

reagent dots form a line that is substantially parallel to the liquid flow direction, a line that is

substantially perpendicular to the liquid flow direction and/or a line that is at a predetermined

angle relative to the liquid flow direction.

[00142] 12. The test device of embodiment 11, wherein each of the at least two

reagent dots comprises the same reagent.

[00143] 13. The test device of embodiment 12, wherein each of the at least two

reagent dots comprises the same amount of the reagent.

[00144] 14. The test device of embodiment 12, wherein the at least two reagent dots

comprise different amounts of the reagent.

[00145] 15. The test device of any of the embodiments 1-4, wherein the detectable

signal is formed at one or more of the at least two reagent dots to function as an internal control

for the test device.

[00146] 16. The test device of embodiment 15, wherein the detectable signal is

formed at a single reagent dot to function as an internal control for the test device.

[00147] 17. The test device of embodiment 15, wherein the detectable signals are

formed at a plurality of reagent dots to function as an internal control for the test device.

[00148] 18. The test device of any of the embodiments 15-17, wherein the internal

control is an internal control for cross reactivity or an interfering substance, an internal positive

control, and/or an internal negative control.

[00149] 19. The test device of embodiment 18, wherein the internal control is an

internal control for cross reactivity or an interfering substance.

[00150] 20. The test device of embodiment 19, wherein the reagent dot that functions

as the internal control for cross reactivity or an interfering substance comprises a reagent for

binding to an analyte analog or an interfering substance that is known or likely to be present in a

testing sample, preferably a reagent for specifically binding to an analyte analog or an

interfering substance.

[00151] 21. The test device of embodiment 20, wherein the detectable signal forms a

predetermined pattern indicating the presence and/or amount of cross reactivity or an interfering

substance in a testing sample.



[00152] 22. The test device of any of the embodiments 19-21, wherein a plurality of

the reagent dots function as the internal control for cross reactivity or an interfering substance.

[00153] 23. The test device of embodiment 18, wherein the internal control is an

internal positive control.

[00154] 24. The test device of embodiment 23, wherein the formation of the

detectable signal(s) at the reagent dot(s) depends on the presence and/or amount of the analyte

and/or a non-analyte substance in a liquid sample.

[00155] 25. The test device of embodiment 24, wherein the reagent dot that functions

as the internal positive control comprises a reagent for binding to an analyte or a non-analyte

substance, preferably a reagent for specific binding to an analyte or a non-analyte substance.

[00156] 26. The test device of embodiment 25, wherein the detectable signal forms a

predetermined pattern indicating the analyte or a non-analyte substance in a testing sample.

[00157] 27. The test device of any of the embodiments 23-26, wherein a plurality of

the reagent dots function as the internal positive controls.

[00158] 28. The test device of embodiment 27, wherein the signals at the plurality of

the reagent dots comprise constant intensity or varying intensities at various locations.

[00159] 29. The test device of embodiment 18, wherein the internal control is an

internal negative control.

[00160] 30. The test device of embodiment 29, wherein the reagent dot is treated as

the same for a test site except that a regent for binding to an analyte is not applied to the reagent

dot to function as an internal negative control.

[00161] 31. The test device of embodiment 29 or 30, wherein a plurality of the

reagent dots functions as the internal negative controls.

[00162] 32. The test device of any of the embodiments 1-4, wherein the detectable

signals are formed at the at least two reagent dots to provide internal calibration information for

the test device.

[00163] 33. The test device of embodiment 32, wherein the formation of the

detectable signals at the at least two reagent dots is independent from the presence, absence

and/or amount of the analyte in a liquid sample.



[00164] 34. The test device of embodiment 33, wherein each of the at least two

reagent dots comprises a reagent that binds to a labeled binding reagent for the analyte,

preferably a reagent that specifically binds to a labeled binding reagent for the analyte.

[00165] 35. The test device of embodiment 34, wherein the reagent at each of the at

least two reagent dots comprises an analyte or analyte analog.

[00166] 36. The test device of any of the embodiments 32-35, wherein the detectable

signals are formed at the at least two reagent dots to provide for internal calibration information

for the desired analyte testing range.

[00167] 37. The test device of any of the embodiments 32-36, wherein the at least two

reagent dots form a line that is substantially parallel to the liquid flow direction, a line that is

substantially perpendicular to the liquid flow direction and/or a line that is at a predetermined

angle relative to the liquid flow direction.

[00168] 38. The test device of embodiment 37, wherein the detectable signals at the

reagent dots form a gradient of signal strength in a direction of the line formed by the reagent

dots.

[00169] 39. The test device of any of the embodiments 32-38, wherein the test device

does not comprise a detection site to indicate presence, absence and/or amount of an analyte in a

liquid sample and the detectable signals are formed at the at least two reagent dots to provide for

internal calibration information for the test device.

[00170] 40. The test device of embodiment 39, wherein the formation of the

detectable signals at the at least two reagent dots depends on the presence and/or amount of the

analyte in a calibration liquid.

[00171] 41. The test device of embodiment 40, wherein each of the at least two

reagent dots comprises a reagent that binds to the analyte, preferably a reagent that specifically

binds to the analyte.

[00172] 42. The test device of any of the embodiments 39-41, wherein the detectable

signals are formed at the least two reagent dots to provide for internal calibration information

for the desired analyte testing ranging.

[00173] 43. The test device of any of the embodiments 39-42, wherein the at least two

reagent dots form a line that is substantially parallel to the liquid flow direction, a line that is

substantially perpendicular to the liquid flow direction and/or a line that is at a predetermined

angle relative to the liquid flow direction.



[00174] 44. The test device of embodiment 43, wherein the detectable signals at the

reagent dots form a gradient of signal strength in a direction of the line formed by the reagent

dots.

[00175] 45. The test device of embodiment 44, wherein each of the at least two

reagent dots comprises a reagent that binds to the analyte, preferably a reagent that specifically

binds to the analyte, and the amount of the reagent forms a gradient in a direction of the line for

the reagent dots.

[00176] 46. The test device of embodiment 43, wherein the detectable signal at the

reagent dots is the same for a predetermined level of analyte in a calibration liquid.

[00177] 47. The test device of any of the embodiments 1-3, wherein the test device

does not comprise a detection site to indicate presence, absence and/or amount of an analyte in a

liquid sample and the at least two reagent dots comprise a binding reagent that is adopted to

generate signals of specific signal strengths relative to one another or absolute signal strengths

of differing levels.

[00178] 48. The test device of embodiment 47, wherein the at least two reagent dots

form a line that is substantially parallel to the liquid flow direction, a line that is substantially

perpendicular to the liquid flow direction and/or a line that is at a predetermined angle relative

to the liquid flow direction.

[00179] 49. The test device of any of the embodiments 1-48, wherein the detectable

signals are formed at the at least two reagent dots to provide for or to function at least two of the

following:

1) to provide for flow control information;

2) to function as an internal control; and

3) to provide for internal calibration information for said test device.

[00180] 50. The test device of any of the embodiments 1-48, wherein the detectable

signals are formed to provide for flow control information, to function as an internal control and

to provide for internal calibration information for the test device.

[00181] 51. The test device of any of the embodiments 1-50, wherein the plurality of

reagent dots comprises two reagent dots.

[00182] 52. The test device of any of the embodiments 1-50, wherein the plurality of

reagent dots comprises more than two reagent dots.



[00183] 53. The test device of any of the embodiments 1-50, wherein the plurality of

reagent dots comprises at least 10, 50, 100, 500, 1,000, 5,000, 10,000 or more reagent dots.

[00184] 54. The test device of any of the embodiments 1-53, wherein at least a

quarter, a third, half of or all the reagent dots do not overlap and are sufficiently spaced apart

from each other so that when the liquid or liquid sample flows laterally along the matrix, flow

of the liquid or liquid sample to, through and/or around one of the reagent dots does not

substantially affect flow of the liquid or liquid sample to, through and/or around the other

reagent dots.

[00185] 55. The test device of any of the embodiments 1-54, wherein the detectable

signals at the at least two reagent dots form a predetermined pattern.

[00186] 56. The test device of embodiment 55, wherein the predetermined pattern is

selected from the group consisting of a line, multiple lines, a symbol, a geometric shape and an

alpha-numeric shape.

[00187] 57. The test device of embodiment 56, wherein the alpha-numeric shape is a

letter, a word, a number or a combination thereof.

[00188] 58. The test device of any of the embodiments 1-57, wherein at least two

reagent dots comprise the same amount of the reagent(s).

[00189] 59. The test device of any of the embodiments 1-57, wherein at least two

reagent dots comprise different amounts of the reagent(s).

[00190] 60. The test device of any of the embodiments 1-59, wherein at least one of

the reagent dots has a diameter of about 0.1-1 um, 1-10 um, 10-50 um, 51-100 um, 101-200 um,

201-300 um, 301-400 um, 401-500 um and 501-1000 um, or at least one of the reagent dots has

a diameter or surface area that is about 10%, 5%, 1%, 0.5%, 0.1%, 0.05%, 0.01%, 0.001% or

smaller diameter or surface area of the length, width or surface area of the matrix.

[00191] 61. The test device of embodiment 60, wherein at least a quarter, a third, half

of or all the reagent dots have a diameter of about 0.1-1 um, 1-10 um, 10-50 um, 51-100 um,

101-200 um, 201-300 um, 301-400 um, 401-500 um or 501-1000 um, or at least a quarter, a

third, half of or all the reagent dots have a diameter or surface area that is about 10%, 5%, 1%,

0.5%, 0.1%, 0.05%, 0.01%, 0.001% or smaller diameter or surface area of the length, width or

surface of the matrix.

[00192] 62. The test device of embodiment 60, wherein at least a quarter, a third, half

of or all the reagent dots have substantially the same size or diameter.



[00193] 63. The test device of any of the embodiments 1-62, wherein at least one of

the reagent dots has a shape selected from the group consisting of a line, a circle, a rod, a

square, a triangle, a rectangle and an irregular shape.

[00194] 64. The test device of embodiment 63, wherein at least a quarter, a third, half

of or all the reagent dots have a shape selected from the group consisting of a line, a circle, a

rod, a square, a triangle, a rectangle and an irregular shape.

[00195] 65. The test device of embodiment 63, wherein at least a quarter, a third, half

of or all the reagent dots have the same shape.

[00196] 66. The test device of any of the embodiments 1-65, wherein the distance

between edges of at least two of the reagent dots is about 1-10 um, 10-50 um, 51-100 um, 101-

200 um, 201-300 um, 301-400, 401-500, or 501-600 um.

[00197] 67. The test device of embodiment 66, wherein the distance between at least

a quarter, a third, half of or all the reagent dots is substantially the same.

[00198] 68. The test device of any of the embodiments 1-67, which comprises

multiple layers of the plurality of reagent dots.

[00199] 69. The test device of any of the embodiments 1-68, which comprises at least

a layer of the plurality of reagent dots on both sides of the matrix.

[00200] 70. The test device of any of the embodiments 1-69, wherein the reagents are

inorganic molecules, organic molecules or complexes thereof.

[00201] 71. The test device of embodiment 70, wherein the organic molecules are

selected from the group consisting of an amino acid, a peptide, a protein, a nucleoside, a

nucleotide, an oligonucleotide, a nucleic acid, a vitamin, a monosaccharide, an oligosaccharide,

a carbohydrate, a lipid and a complex thereof.

[00202] 72. The test device of embodiment 71, wherein the protein is an antigen or an

antibody.

[00203] 73. The test device of any of the embodiments 1-72, wherein the matrix has a

porous structure.

[00204] 74. The test device of embodiment 73, wherein the matrix comprises

nitrocellulose, glass fiber, polypropylene, polyethylene (preferably of very high molecular

weight), polyvinylidene flouride, ethylene vinylacetate, acrylonitrile and/or polytetrafluoro-

ethylene.



[00205] 75. The test device of any of the embodiments 1-72, wherein the matrix has a

non-porous structure.

[00206] 76. The test device of embodiment 75, wherein the matrix comprises a

plastics, a film of a matrix having a hydrophilic surface, or a material with a controlled contact

angle with the sample liquid.

[00207] 77. The test device of any of the embodiments 1-76, which further comprises

a flow through device portion.

[00208] 78. The test device of any of the embodiments 1-77, wherein the matrix is in

the form a strip or a circle.

[00209] 79. The test device of any of the embodiments 1-78, wherein the matrix is a

single element or comprises multiple elements.

[00210] 80. The test device of any of the embodiments 1-79, which further comprises

a liquid or sample application element upstream from and in fluid communication with the

matrix.

[00211] 81. The test device of any of the embodiments 1-80, which further comprises

a liquid absorption element downstream from and in fluid communication with the matrix.

[00212] 82. The test device of any of the embodiments 1-81, wherein at least a

portion of the matrix is supported by a solid backing.

[00213] 83. The test device of any of the embodiments 1-82, wherein a portion of the

matrix, upstream from the at least two of the reagent dots, comprises a dried, labeled reagent,

the labeled reagent being capable of being moved by a liquid or liquid sample to the at least two

of the reagent dots and/or a test site to generate a detectable signal.

[00214] 84. The test device of embodiment 83, wherein the dried, labeled reagent is

located downstream from a liquid or sample application place on the test device.

[00215] 85. The test device of embodiment 83, wherein the dried, labeled reagent is

located upstream from a liquid or sample application place on the test device.

[00216] 86. The test device of any of the embodiments 1-85, which further comprises,

upstream from the at least two of the reagent dots, a conjugate element that comprises a dried,

labeled reagent, the labeled reagent being capable of moved by a liquid or liquid sample to the

at least two of the reagent dots and/or a test site to generate a detectable signal.



[00217] 87. The test device of embodiment 86, wherein the conjugate element is

located downstream from a liquid or sample application place on the test device.

[00218] 88. The test device of embodiment 86, wherein the conjugate element is

located upstream from a liquid or sample application place on the test device.

[00219] 89. The test device of any of the embodiments 86-88, wherein the labeled

reagent binds to an analyte or a non-analyte substance in the liquid sample, preferably the

labeled reagent specifically binds to an analyte or a non-analyte substance in the liquid sample.

[00220] 90. The test device of any of the embodiments 86-89, wherein the label is a

soluble label.

[00221] 91. The test device of any of the embodiments 86-89, wherein the label is a

particle label.

[00222] 92. The test device of any of the embodiments 86-91, wherein the labeled

reagent is dried in the presence of a material that: a) stabilizes the labeled reagent; b) facilitates

solubilization or resuspension of the labeled reagent in a liquid; and/or c) facilitates mobility of

the labeled reagent.

[00223] 93. The test device of embodiment 92, wherein the material is selected from

the group consisting of a protein, a peptide, a polysaccharide, a sugar, a polymer, a gelatin and a

detergent.

[00224] 94. The test device of any of the embodiments 86-93, wherein a sample

liquid alone is used to transport the analyte and/or the labeled reagent to the at least two of the

reagent dots.

[00225] 95. The test device of any of the embodiments 86-93, wherein a developing

liquid is used to transport the analyte and/or the labeled reagent to the at least two of the reagent

dots.

[00226] 96. The test device of any of the embodiments 1-95, which further comprises

a housing that covers at least a portion of the test device, wherein the housing comprises a

sample or liquid application port to allow sample or liquid application upstream from or to the

at least two of the reagent dots and an optic opening around the at least two of the reagent dots

to allow signal detection at the two of the reagent dots.

[00227] 97. The test device of embodiment 96, wherein the housing covers the entire

test device.



[00228] 98. The test device of embodiment 96, wherein at least a portion of the

sample receiving portion of the matrix or the sample or liquid application element is not covered

by the housing and a sample or liquid is applied to the portion of the sample or liquid receiving

portion of the matrix or the sample or liquid application element outside the housing and then

transported to the at least two of the reagent dots.

[00229] 99. The test device of any of the embodiments 96-98, wherein the housing

comprises a plastic material, a biodegradable material or a cellulosic material.

[00230] 100. The test device of any of the embodiments 1-99, wherein the liquid or

sample has moved laterally along the test device to generate detectable signal(s) at the at least

two of the reagent dots.

[00231] 101. A method, which method comprises:

a) contacting a liquid with the test device of any of the embodiments 1-100,

wherein the liquid is applied to a site of said test device upstream of said at least two reagent

dots;

b) transporting a labeled reagent to said at least two reagent dots; and

c) assessing the presence, absence, amount and/or pattern of signal(s) generated by

said labeled reagent at said at least two reagent dots to provide for flow control information, to

function as an internal control and/or to provide for internal calibration information for said test

device.

[00232] 102. The method of embodiment 101, wherein the liquid and the labeled

reagent are premixed to form a mixture and the mixture is applied to the test device.

[00233] 103. The method of embodiment 101, wherein the test device comprises a

dried labeled reagent before use and the dried labeled reagent is solubilized or resuspended, and

transported to the at least two reagent dots by the liquid.

[00234] 104. The method of embodiment 103, wherein the dried labeled reagent is

located downstream from the sample or liquid application site, and the dried labeled reagent is

solubilized or resuspended, and transported to the at least two of the reagent dots by the liquid.

[00235] 105. The method of embodiment 103, wherein the dried labeled reagent is

located upstream from the sample or liquid application site, and the dried labeled reagent is

solubilized or resuspended, and transported to the at least two reagent dots by another liquid.



[00236] 106. The method of any of the embodiments 103-105, wherein the liquid is a

body fluid sample.

[00237] 107. The method of embodiment 106, wherein the body fluid sample is

selected from the group consisting of a whole blood, a serum, a plasma and a urine sample.

[00238] 108. The method of any of the embodiments 101-107, wherein the detectable

signals are formed at the at least two reagent dots to provide for or to function as at least two of

the following:

1) to provide for flow control information;

2) to function as an internal control; and

3) to provide for internal calibration information for the test device.

[00239] 109. The method of any of the embodiments 101-107, wherein the detectable

signals are formed to provide for flow control information, to function as an internal control and

to provide for internal calibration information for the test device.

[00240] 110. The method of any of the embodiments 101-109, which further comprises

detecting an analyte in a liquid sample.

[00241] The ordinarily skilled artisan can appreciate that the present invention can

incorporate any number of the preferred features described above.

[00242] Further features and advantages of the present invention will become apparent to

those of skill in the art in view of the detailed description of specific embodiments, when

considered together with the attached drawings and claims.

[00243] The above examples are included for illustrative purposes only and are not

intended to limit the scope of the invention. Many variations to those described above are

possible. Since modifications and variations to the examples described above will be apparent

to those of skill in this art, it is intended that this invention be limited only by the scope of the

appended claims.

[00244] Citation of the above publications or documents is not intended as an admission

that any of the foregoing is pertinent prior art, nor does it constitute any admission as to the

contents or date of these publications or documents.



What is claimed is:

1. A test device, which device comprises a plurality of reagent dots on a matrix,

wherein at least two of said reagent dots do not overlap and are sufficiently spaced apart from

each other so that when a liquid flows laterally along said matrix, flow of said liquid to, through

and/or around one of said two reagent dots does not substantially affect flow of said liquid

sample to, through and/or around said other reagent dot, each of said two reagent dots is neither

a reagent line across the entire width of said matrix in a direction perpendicular to the direction

of said liquid flow nor a complete circle of a reagent line circulating the center or sample or

liquid application site of said test device, and after a liquid flows laterally along said test device

and passes said at least two reagent dots, detectable signals are formed at said at least two

reagent dots to provide for flow control information, to function as an internal control and/or to

provide for internal calibration information for said test device.

2 . The test device of claim 1, wherein the detectable signals are formed at the at

least two reagent dots to provide for flow control information for the test device.

3 . The test device of claim 3, wherein the flow control information allows internal

calibration within the test device for perturbation in test results caused by variability in flow rate

or flow pattern laterally across the surface and/or along the length of the flow field.

4 . The test device of claim 1, which test device further comprises a detection site to

indicate presence, absence and/or amount of an analyte in a liquid sample.

5 . The test device of claim 1, wherein the at least two reagent dots form a line that

is substantially parallel to the liquid flow direction, a line that is substantially perpendicular to

the liquid flow direction and/or a line that is at a predetermined angle relative to the liquid flow

direction.

6 . The test device of claim 1, wherein the detectable signal is formed at one or more

of the at least two reagent dots to function as an internal control for the test device.



7 . The test device of claim 6, wherein the detectable signal is formed at a single

reagent dot to function as an internal control for the test device.

8. The test device of claim 6, wherein the detectable signals are formed at a

plurality of reagent dots to function as an internal control for the test device.

9 . The test device of claim 6, wherein the internal control is an internal control for

cross reactivity or an interfering substance, an internal positive control, and/or an internal

negative control.

10. The test device of claim 1, wherein the detectable signals are formed at the at

least two reagent dots to provide internal calibration information for the test device.

11. The test device of claim 10, wherein the formation of the detectable signals at the

at least two reagent dots is independent from the presence, absence and/or amount of the analyte

in a liquid sample.

12. The test device of claim 10, wherein each of the at least two reagent dots

comprises a reagent that binds to a labeled binding reagent for the analyte, preferably a reagent

that specifically binds to a labeled binding reagent for the analyte.

13. The test device of claim 10, wherein the detectable signals are formed at the at

least two reagent dots to provide for internal calibration information for the desired analyte

testing range.

14. The test device of claim 10, wherein the at least two reagent dots form a line that

is substantially parallel to the liquid flow direction, a line that is substantially perpendicular to

the liquid flow direction and/or a line that is at a predetermined angle relative to the liquid flow

direction.



15. The test device of claim 10, wherein the test device does not comprise a

detection site to indicate presence, absence and/or amount of an analyte in a liquid sample and

the detectable signals are formed at the at least two reagent dots to provide for internal

calibration information for the test device.

16. The test device of claim 1, wherein the test device does not comprise a detection

site to indicate presence, absence and/or amount of an analyte in a liquid sample and the at least

two reagent dots comprise a binding reagent that is adopted to generate signals of specific signal

strengths relative to one another or absolute signal strengths of differing levels

17. The test device of claim 1, wherein the detectable signals are formed to provide

for flow control information, to function as an internal control and to provide for internal

calibration information for the test device

18. The test device of claim 1, wherein a portion of the matrix, upstream from the at

least two of the reagent dots, comprises a dried, labeled reagent, the labeled reagent being

capable of being moved by a liquid or liquid sample to the at least two of the reagent dots and/or

a test site to generate a detectable signal.

19. A method, which method comprises:

a) contacting a liquid with the test device of claim 1, wherein the liquid is applied

to a site of said test device upstream of said at least two reagent dots;

b) transporting a labeled reagent to said at least two reagent dots; and

c) assessing the presence, absence, amount and/or pattern of signal(s) generated by

said labeled reagent at said at least two reagent dots to provide for flow control information, to

function as an internal control and/or to provide for internal calibration information for said test

device.

20. The method of claim 19, wherein the liquid and the labeled reagent are premixed

to form a mixture and the mixture is applied to the test device.



21. The method of claim 19, wherein the test device comprises a dried labeled

reagent before use and the dried labeled reagent is solubilized or resuspended, and transported

to the at least two reagent dots by the liquid.

22. The method of claim 19, wherein the detectable signals are formed at the at least

two reagent dots to provide for or to function as at least two of the following:

a) to provide for flow control information;

b) to function as an internal control; and

c) to provide for internal calibration information for the test device

23. The method of claim 19, which further comprises detecting an analyte in a liquid

sample.
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