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reaction medium having at least one reaction Zone and at 
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reaction Zone and the control Zone include at least one 
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ASSAY DEVICE 

[0001] This application is a divisional of Us. Ser. No. 
08/788,343, ?led on Jan. 27, 1997; Which is a continuation 
application of Us. Ser. No. 08/484,845, ?led Jun. 7, 1995, 
noW abandoned; Which is a continuation application of US. 
Ser. No. 08/123,077, ?led Sep. 17, 1993, noW abandoned; 
Which is a continuation-in-part application of US. Ser. No. 
08/118,268 ?led Sep. 9, 1993, noW abandoned; Which is a 
continuation application of US. Ser. No. 07/759,922, ?led 
Sep. 13, 1991, now US. Pat. No. 5,244,815; Which is a 
continuation-in-part application of US. Ser. No. 07/668,115, 
?led Mar. 12, 1991, noW abandoned; Which is a continua 
tion-in-part application of US. Ser. No. 07/467,532, ?led 
Jan. 19, 1990, noW abandoned. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The invention is in the ?eld of ligand-receptor 
assays, including immunoassays, used for determining the 
presence or absence of an analyte in a biological ?uid. More 
particularly, the apparatuses and methods of the invention 
relate to establishing the identity of a test subject and 
determining the presence or absence of at least one analyte 
in a biological ?uid taken from the test subject using a single 
test device. 

BACKGROUND OF INVENTION 

[0003] For many years, those skilled in the art of ligand 
receptor assays have sought an effective, inexpensive, and 
reliable device and method for detecting the presence and/or 
absence of antigens, antibodies, and the like. The art is 
replete With such devices. 

[0004] For many years, those skilled in the art have also 
sought devices and methods for assuring that the sample 
being tested actually came from a certain individual. Many 
schemes, some elaborate, some simple, have been estab 
lished to verify that the test sample Was in fact produced by 
a particular individual. Similarly, many schemes exist to 
thWart matching a particular test result With a particular 
person. 

[0005] For example, drug testing is noW a routine proce 
dure in athletics, prison, and the Work place. The protocols 
involve testing individual ?uid samples such as urine or 
blood to determine the presence of certain antibodies in the 
?uid sample; a positive result may be an indication of drug 
use. 

[0006] Previously such testing has been accomplished by 
a series of tests Which may involve shifting of the ?uid being 
tested to different containers and removal of the ?uid from 
the person being tested to a distant place. Oftentimes, ?uid 
misplacement and/or substitution opened questions as to the 
chain of custody of the tested ?uid. Thus, a problem Which 
has occurred during such testing is that test ?uids may be 
obtained from persons other than the person to be tested or 
that test ?uids become mixed, lost,, or cannot be speci?cally 
identi?ed With that person after the test is returned from the 
laboratory. Also, these assays typically take too long to 
obtain timely results. 

[0007] Other shortcomings are associated With many of 
the devices and methods currently used for the determina 
tion of analytes in biological ?uids. Frequently, a certain 
level of skill is required to use or handle such devices to 
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obtain satisfactory results. In addition, most of these devices 
require one or more additional reagents, and frequently a 
Wash solution, to apply to the device during the course of the 
test. In many of these devices, due at least in part to the 
limited sensitivity of the devices, relatively large amounts of 
oftentimes expensive reagents or of test sample are required 
to give accurate results. 

[0008] As noted above, the principles Which form the 
basis for this type of detection is a person’s immune system, 
i.e., the inherent capability of a mammal to respond to a 
foreign molecule, typically a macromolecule. Hereinafter, 
any molecule Which is capable of eliciting such a response 
Will be referred to as an antigen, i.e., an antibody generator. 
The proteins and protein fragments Which are produced in 
response to the antigen Will be referred to as antibodies or 
immunoglobulins. 

SUMMARY OF THE INVENTION 

[0009] The present invention overcomes problems inher 
ent in knoWn assay devices and systems through the use of 
a speci?cally designed assay device, preferably an immu 
noassay device Which alloWs the determination of the pres 
ence or absence of an analyte in a sample, and preferably 
speci?cally identi?es the person providing the sample. 

[0010] The present invention is directed to a testing 
method and device and more speci?cally to a method and 
device for detecting the presence of an analyte, most pref 
erably speci?c antigens or speci?c antibodies in a biological 
?uid. The present invention preferably also provides for 
positively identifying the individual tested. 

[0011] The present invention provides an easily handled, 
disposable testing pad and a disposable test device suitable 
for detecting the presence or absence of an analyte and 
preferably for identifying the test subject. For example, a 
?nger of the test subject may be coated With a labelled ligand 
and the ?nger may be pressed on a membrane substrate 
having a speci?c immobiliZed ligand bed to capture an 
analyte from a biological ?uid While simultaneously pro 
viding an inkless (speci?c binding) visible ?ngerprint of the 
test subject so that positive identi?cation of the ?uid donor 
is irrefutably obtained. The ?ngerprint of the ?uid donor 
obtained on the membrane may also include information 
about analytes, such as drugs, present in his body ?uids at 
the time of performing the test. This information can be 
recorded or stored for positive identi?cation When needed. 

[0012] It is an object of the invention to assay a test sample 
for the presence or absence of an analyte While also iden 
tifying the subject being tested. Thus, problems of misiden 
ti?cation, chain of title, and delays may be eliminated. 

[0013] It is an object of the present invention to provide a 
device for rapidly determining the presence or absence of an 
analyte taken from a test subject. It is also an object of the 
present invention to provide a device for rapidly determining 
the quantitative amount of an analyte in a sample taken from 
a test subject. Yet other objects of the present invention are 
to provide a device and a method of determining the 
presence or absence of a drug or drug metabolite in a test 
sample taken from a test subject and to provide a device and 
method determining Whether a test subject is an acute or 
chronic drug abuser. 

[0014] Another embodiment of the present invention, 
Where identifying the test subject by a ?ngerprint is not 
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critical, involves applying the sample of body ?uid or a 
labelled ligand to the membrane With the pressure of a 
transfer means or applicator that is part of the test device. In 
contrast to similar knoWn devices Which apply liquid test 
samples and/or reagents dropWise to the surface of a reaction 
medium, the present invention, in Which liquid test samples 
and/or reagents are applied and maintained under pressure 
on the surface of the reaction medium for a short duration, 
requires smaller amounts of test sample and reagents and 
demonstrates higher sensitivities than knoWn devices. 

[0015] A device according to the present invention Which 
uses this principle is an enclosed assay test device. A 
preferred embodiment is one in Which the assay test device 
includes a housing, a reaction medium having at least one 
reaction Zone located in the housing, a medium containing 
a signal-producing or analyte-indicating agent located in the 
housing, and a medium for containing a test sample located 
in the housing. Both the medium containing a signal 
producing agent and the medium for containing a test 
sample located in the housing are movable independently 
betWeen a ?rst position in spaced relationship to the reaction 
medium and a second position in substance-transferrable 
contact With the reaction medium. Preferably this is a self 
contained test device. 

[0016] Aparticular embodiment of this invention includes 
an assay test device employing a tWo-part housing. In one 
embodiment of the device, a reaction medium having at least 
one reaction Zone is mounted in a ?rst part of the housing. 
In the second part of the tWo-part housing is located a 
medium for containing a portion of a test sample. The 
medium for containing a portion of a test sample and the 
reaction medium are so arranged in the tWo parts of the 
housing that When the housing parts are brought together in 
a closed relationship, there is substance transferrable contact 
betWeen the medium for containing a portion of a test 
sample and the reaction medium. In addition to at least one 
reaction Zone, the reaction medium preferably has a control 
Zone Which is provided to identify the test subject by a 
?ngerprint or like means if desired. Such a device may be 
designed as a self-contained assay device. As used herein, 
the term “self-contained” means that the device may be used 
Without the addition of additional reagents or solutions, or 
only requiring the dropWise addition of Water. 

[0017] Another embodiment employs a someWhat similar 
arrangement but a medium containing a signal-producing 
agent is substituted for the medium for containing a portion 
of a test sample. 

[0018] A preferred device according to the above “pres 
sure” principle is similar to the aforementioned devices in 
that a tWo-part housing is also employed in Which a reaction 
medium having at least one reaction Zone is mounted in a 
?rst part of the tWo-part housing. HoWever, like one of these 
embodiments, in the second part of the tWo-part housing, 
there is located a medium containing a signal-producing 
agent, such as a labelled material Which Will indicate the 
presence of an analyte. The device also includes a removable 
medium for containing a portion of a test sample Which is 
located intermediate the ?rst and second parts of the housing 
and in substance-transferable contact With the reaction 
medium When the ?rst and second parts of the housing are 
in a closed relationship in a ?rst closed position of the 
housing. The reaction medium and medium containing an 
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analyte-indicating agent (or signal-producing agent) are so 
positioned and arranged Within their separate housing parts 
that When the parts of the housing are in a closed relationship 
in a second position, the reaction medium and means for 
transferring the analyte-indicating agent are in substance 
transferable contact With one another. 

[0019] In using this device, a test sample draWn from a test 
subject is placed on a removable medium for containing and 
transferring a portion of a test sample Which is placed in the 
tWo-part housing. The housing is then closed to a ?rst 
position such that the removable test sample containing 
medium is in transferable contact With and applies pressure 
to the reaction medium. The housing is then opened and the 
removable medium for containing and transferring a test 
sample is removed from the housing. The housing is closed 
a second time to a second closed position such that the 
means for transferring an analyte-indicating agent is in 
transferable contact With and applies pressure to the reaction 
medium. 

[0020] In another embodiment of the invention, various 
segregated areas of the reaction medium include a speci?c 
member of an immunological pair (MIP) Which bind to or 
capture a speci?c analyte, such as a drug or drug metabolite. 
Different segregated areas may contain MIPs that are spe 
ci?c for different designated analytes, thereby alloWing 
determinations for more than one analyte to be carried out in 
a single assay. 

[0021] The methods and devices according to the inven 
tion are particularly bene?cial in that only a small amount of 
signal-producing agent is required, in contrast to the con 
ventional ?oW through cassettes or devices; applying pres 
sure While maintaining direct contact on the surface of the 
test device maintains a localiZed concentration of reagents, 
particularly the signal-producing agent, Which appears to 
increase the speed and sensitivity of the reaction, e.g., test 
results are obtained in a matter of seconds versus a matter of 

minutes or longer; and, in some embodiments, labeling a 
secondary antibody (as opposed to labeling the primary 
antibody or the antigen) decreases the reaction time of the 
assay because the antigen’s shape is not altered by being 
bonded to a label. 

DEFINITIONS 

[0022] 1. LIGAND-RECEPTOR ASSAY: any technique 
involving the detection of the complex formed betWeen a 
ligand and a substance Which binds to the ligand. Preferably, 
one member of the complex is an analyte. The preferred 
ligand-receptor assay is an immunoassay. Ligand-receptor 
assays may be used to determine the presence, absence, 
quantity, and concentration of ligands in biological ?uids. 
Ligand- receptor assays may be competitive or non-com 
petitive, homogeneous or heterogeneous, direct or indirect, 
or a combined detection technique, e.g., binding an antibody 
to a small chemical moiety such as biotin or dinitrophenol 

(DNP). 
[0023] It is preferred that during the assay process, sub 
stantially all of at least one predetermined ligand or ligand 
receptor remains in a predetermined position. Any technique 
for immobiliZing a ligand or ligand receptor is included in 
the scope of the present invention. In a preferred embodi 
ment, a ligand or ligand receptor is bound or immobiliZed on 
or in a solid phase. Typical immobiliZation mechanisms 
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include, but are not limited to, covalent binding, noncova 
lent binding, chemical coupling, physical entrapment, and 
adsorption. 

[0024] 2. LIGAND: refers to the analyte itself, or a 
substance Which can be used to infer the presence of an 
analyte in a test sample. A ligand-receptor refers to the 
substances for Which there is a speci?c binding partner, e.g., 
the ligand. As used herein, ligand and ligand-receptors may 
be members of an immunological pair (MIP). Ligands and 
ligand-receptors may include haptens, hormones, antigens, 
antibodies (including anti-antibodies and antibody frag 
ments such as Fab or Fc), DNA, RNA, oligonucleotides, 
nucleic acids, and complexes or metabolites of any of the 
above. The ligand or the ligand-receptor may be labeled or 
unlabeled. 

[0025] 3. ANALYTE: the substance to be assayed, and, 
depending on the speci?c assay used, may be a ligand or a 
ligand-receptor. Exemplary analytes include but are not 
limited to drugs, proteins, haptens, hormones, metabolites of 
the aforementioned, and other molecules, alone or in com 
bination With a protein. Ahapten is a small molecular Weight 
material, such as some drugs or drug metabolites, Which 
typically ?rst attach to a protein in order to be antigenic or 
immunogenic. For example, some drugs may be found in the 
body in both free and bound forms, Which in turn provides 
the ability to distinguish betWeen chronic drug abusers and 
acute drug abusers. In the case of the former, in many 
instances an antibody is formed in the body against the 
bound form Which can also be detected as an analyte by the 
present invention. 

[0026] 4. BIOLOGICAL FLUID: any body ?uid Which 
may be tested to determine the presence or absence of an 
analyte, including, but not limited to blood or a blood 
component, saliva, urine. 

[0027] 5. Signal-producing AGENT: any agent used in a 
ligand-receptor assay Which can be used to produce a 
detectable signal. The preferred signal-producing agents 
provide an easily visible signal, and more preferably a color. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a plan vieW of an assay device according 
to the present invention. 

[0029] FIG. 2 is a plan vieW of an assay device according 
to the present invention, illustrating the results of conducting 
a test for the presence or absence of an antigen and the 
formation of a pattern suitable for identifying a test subject. 

[0030] FIG. 3 is an enlarged schematic cross sectional 
vieW of an assay device according to the present invention, 
shoWing a reaction Zone in a reaction medium. 

[0031] FIG. 4 is an enlarged schematic cross sectional 
vieW of an assay device according to the present invention, 
shoWing a control Zone in a reaction medium. 

[0032] FIG. 5 is an enlarged schematic cross sectional 
vieW of an assay device according to the present invention, 
illustrating a positive test result. 

[0033] FIG. 6 is an enlarged schematic cross sectional 
vieW of an assay device according to the present invention, 
illustrating a negative test result. 
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[0034] FIG. 7 is an abstract representation of a cross 
section of an assay device according to the present inven 
tion, illustrating contacting the assay device method accord 
ing to the invention. 

[0035] FIG. 8 is an abstract representation of a cross 
section of an immunoassay device according to the present 
invention, illustrating the formation of a ?ngerprint in a 
control Zone of the reaction medium. 

[0036] FIG. 9 is an abstract representation of a cross 
section of an another embodiment of an immunoassay 
device according to the present invention, illustrating the 
transfer of a test mixture from a sWab to a ?nger of the 
person providing the test sample. 

[0037] FIG. 10 is an abstract representation of a cross 
section of the immunoassay device of FIG. 9, illustrating the 
application of the test mixture to the reaction medium by the 
?nger of the person providing the test sample. 

[0038] FIG. 11 is an open, exploded perspective vieW of 
one embodiment of a device according to the present inven 
tion. 

[0039] FIG. 12 is a perspective vieW of another embodi 
ment of a device according to the present invention. 

[0040] FIG. 13 is a perspective vieW of still another 
embodiment of a device according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] A ligand receptor assay device according to the 
present invention includes a reaction medium having at least 
one reaction Zone and, preferably, at least one control Zone 
Which is capable of establishing the identity of a test subject. 
In a preferred embodiment of the invention, the reaction 
Zone includes at least one member of a ligand, ligand 
receptor pair (also referred to herein as a “ligand/receptor 
pair”), this member being capable of establishing the pres 
ence or absence of a substance in a test sample. In another 
preferred embodiment of the invention, the identity of the 
test subject is established by incorporating a ligand in at least 
one control Zone to provide for a test subject identifying 
pattern. 

[0042] A method in accordance With the invention 
includes conducting, on or in a portion of a reaction medium, 
an immunological assay for the presence or absence of an 
analyte in a test sample, and separately establishing the 
identity of the test subject Who provided the test sample on 
a portion of the reaction medium. 

[0043] One embodiment of the invention is directed to an 
assay device, preferably an immunoassay device, compris 
ing a porous support and a reaction medium covering a 
portion of the porous support. The reaction medium includes 
at least one reaction Zone and, preferably, at least one control 
Zone, Wherein the control Zone is capable of providing a 
pattern suitable for identifying a test subject. In a more 
preferred embodiment, the control Zone is capable of pro 
viding a pattern comprising a ?ngerprint or surface repro 
duction of another part of a test subject’s body Which can be 
used for identi?cation. The reaction Zone includes a means 
for conducting a ligand/anti- ligand or ligand/ligand-recep 
tor assay, preferably a means for conducting an assay for the 
presence or absence of an analyte. In another preferred 
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embodiment, the means for conducting an assay includes a 
member of an immunological pair. 

[0044] Another embodiment of the invention is directed to 
an assay device comprising a reaction medium having at 
least one reaction Zone and, preferably, at least one control 
Zone including a member of an immunological pair, Wherein 
the control Zone is capable of establishing the identity of a 
test subject. The control Zone is preferably capable of 
providing a pattern comprising a ?ngerprint or surface 
reproduction of another part of the test subject’s body Which 
can be used for identi?cation. 

[0045] According to another aspect, the present invention 
includes a support, preferably a porous support; a reaction 
medium, Which is preferably a porous medium, mounted on 
the support, Wherein the reaction medium has at least one 
reaction Zone and preferably at least one control Zone, and 
Wherein at least a portion of the control Zone is capable of 
establishing the identity of the test subject. A preferred 
embodiment includes a member of an immunological pair 
positioned in or on the reaction medium. In another pre 
ferred embodiment, at least a portion of a control Zone 
includes one member of an immunological pair. In some 
embodiments of the invention, the reaction medium may be 
unsupported. 

[0046] The present invention is also directed to a method 
for processing a sample comprising contacting a reaction 
Zone of an assay device With a test sample; determining the 
presence or absence of at least one analyte in the test sample; 
and forming a test subject-identifying pattern in a control 
Zone of the assay device. 

[0047] The present invention is also directed to a method 
for determining the presence or absence of an analyte in a 
sample including conducting an immunoassay for the ana 
lyte in a reaction Zone of an immunoassay device, Whereby 
the presence or absence of an analyte in a test sample is 
determined; and establishing the identity of the person 
providing the test sample in a control Zone on the immu 
noassay device. 

[0048] A method according to the invention includes 
determining the presence or absence of an analyte in a 
sample, preferably by using any ligand binding based assay, 
and establishing the identity of the person Who provided the 
sample, preferably by using any immunologically based 
protocol. Referring to FIG. 1, the presence and/or absence 
of an analyte in a sample may be determined by applying a 
biological ?uid to at least one reaction Zone 20, and alloWing 
a predetermined ligand/receptor binding reaction to take 
place. In a preferred embodiment of the invention, comple 
tion of the reaction Will result in the production of a signal. 
Preferably, the signal is produced in the form of a visible 
color or the absence of color. For example, in FIG. 2, the 
production of visible color hatched areas 201-203 indicates 
the absence of the analyte in the test sample, and the absence 
of color areas (204-206) indicates the presence of the analyte 
in the test sample. It is intended that the invention should not 
be limited by the speci?c binding assay employed, the 
method of producing the signal, the type of signal produced, 
and the particular location of positive and/or negative 
results. 

[0049] In accordance With the invention, the production of 
an image or pattern Which identi?es the person providing the 
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test sample may be accomplished by applying an identifying 
body part, such as a person’s ?nger or foot, to a control Zone, 
and alloWing a predetermined ligand/receptor reaction to 
take place, thereby producing the image of a ?ngerprint or 
footprint. In a preferred embodiment of the invention, the tip 
of a person’s ?nger, coated With a signal-producing agent, 
preferably a color forming agent, is applied to the surface of 
a control Zone having a MIP Which Will bond to the 
signal-producing agent coated on the person’s ?nger. In a 
preferred embodiment of the invention, completion of the 
immunological reaction Will result in the production of a 
visible color image Which corresponds to the person’s 
?ngerprint. FIG. 2 shoWs an exemplary visible ?ngerprint. 

[0050] In an embodiment of the invention, particularly for 
pediatric use, the image or pattern Which may be formed 
may be of the foot or a portion of the foot. In this embodi 
ment, the foot or a portion of the foot, previously coated With 
a labeling reagent, may be applied to an apparatus according 
to the invention. 

[0051] Exemplary embodiments of the invention Will noW 
be described by reference to the ?gures. 

[0052] An immunoassay device 10 according to the inven 
tion includes a reaction medium 14, preferably mounted on 
a support or base member 12. Base member 12 is preferably 
a porous support. In a preferred embodiment of the inven 
tion, the reaction medium 14 includes at least one reaction 
Zone 20 and at least one control Zone 16. In the exemplary 
embodiments shoWn in FIGS. 1 and 2, the immunoassay 
device 10 includes six reaction Zones 20 (numbered 201-206) 
and tWo control Zones 16 and 18. 

[0053] In a detection apparatus 10 according to the inven 
tion, at least one of the reaction Zones 20 include means for 
conducting an immunological assay, preferably to establish 
the presence and/or absence of an analyte in a test sample. 
In the exemplary embodiment shoWn in FIG. 3, reaction 
Zones 20 include at least one carrier, such as particles 22, 
embedded in reaction medium 14. As shoWn, the particles 22 
are coated With a member of an immunological pair 21. 

[0054] In a detection apparatus 10 according to the inven 
tion, at least one of the control Zones 16 include means for 
establishing the identity of a test subject, preferably includ 
ing a member of an immunological pair. In the exemplary 
embodiment shoWn in FIG. 4, control Zone 16 includes a 
carrier, such as particles 24, embedded in the reaction 
medium 14. As shoWn, the particles 24 are coated With a 
member of an immunological pair 25. In a preferred embodi 
ment of the invention, the MIP 25 is capable of bonding to 
a signal-producing agent, or to a MIP-signal-producing 
agent conjugate. 
[0055] An exemplary method according to the invention 
may be described by reference to FIGS. 5-8. In FIG. 5, the 
presence of an analyte 31 in a test sample to Which a MIP 
30 has been added can be determined. The biological ?uid 
is applied to the surface of a reaction Zone 20 having 
particles 22 coated With a member of an immunological pair 
21. If analyte 31 is present in the biological ?uid, it Will bond 
to or be captured by MIP 30, With Which it is mixed and 
incubated and Which is speci?c for analyte 31. The resulting 
immunological pair 50 Will not bond to or be captured by 
MIP 21, and Will pass through the reaction medium 14. 
According to this embodiment of the invention and in this 
situation, no color forming agent Will bond to the coated 
particles 22. 
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[0056] In FIG. 6, the absence of an analyte in a test sample 
to Which a MIP 30 has been added can be determined. The 
biological ?uid is applied to the surface of a reaction Zone 
20 having particles 22 coated With a member of an immu 
nological pair 21. In the absence of analyte in the biological 
?uid, MIP 30 Will bind or be captured by MIP 21. According 
to this embodiment of the invention and in this situation, a 
color forming agent applied to the surface of the reaction 
medium Will bond to MIPs 30 on the coated particles. In an 
alternative embodiment of the invention, the MIP 30 may 
include the color forming agent. 

[0057] FIGS. 7 and 8 illustrate an exemplary method of 
producing the image of a ?ngerprint on the surface of a 
control Zone. The surface 60 of a person’s ?nger includes 
ridges 61 and valleys 62. When a person’s ?nger is coated 
With a color forming reagent 102, a greater portion of the 
color forming reagent Will tend to collect in the valleys 62. 
When the ?nger is applied to the surface of the reaction 
medium 14, it is believed that Zones of higher concentration 
color forming reagent localiZe in the area of the valleys. The 
coated particles in the surface of the control Zone Will 
typically bond to a higher proportion of the color forming 
reagent, Which Will in turn produce a more intense visible 
color corresponding to the valley of the person’s ?ngerprint. 

[0058] In a preferred embodiment of the invention, deter 
mining the presence/absence of a substance in a biological 
?uid and producing the image of a ?ngerprint are typically 
accomplished in only a feW minutes. 

[0059] Both the rapidity and higher sensitivity of the test 
devices and method of the present invention are attributable 
to characteristics of both the device and manner of applying 
reagents and/or test sample to the membrane surface and, to 
some extent, the materials from Which the membrane is 
formed. Thus, as described beloW, the manner of application 
and materials are such that reagents in solution are main 
tained in contact With the membrane surface for a longer 
period of time to promote a greater degree of reaction 
betWeen reagents in the membrane surface and reagents in 
solution. This leads to higher sensitivity and requires smaller 
concentrations of reagents. 

[0060] Individual aspects of the invention Will noW be 
described in greater detail. 

[0061] Ligand-Receptor Assay 

[0062] In accordance With the invention, the detection 
device may be used With any assay technique for detecting 
an analyte of interest. In all of the assays used in accordance 
With the present invention, an analyte is bound to at least one 
ligand or ligand-receptor. Exemplary binding assays include 
but are not limited to labeled ligand assays, including 
competitive binding assays in Which a solid phase is coupled 
to the binding reagent, such as simultaneous or sequential 
incubation With one or more separation steps, and displace 
ment assays; and labeled binding reagent assays, including 
noncompetitive and competitive binding assays, including 
assays in Which the solid phase is the binding reagent or the 
ligand, and sandWich assays, including precipitation, radio 
immunoassay, or enZyme-linked immunosorbent assay. It is 
intended that the invention is not to be limited by the type 
of immunoassay employed or the speci?c protocol used in 
performing the assay. Exemplary immunoassays techniques 
are shoWn in the Examples. 
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[0063] Reaction Medium 

[0064] In accordance With the invention, the reaction 
medium may be any medium suitable for performing a 
ligand-receptor assay. As noted above, the reaction medium 
includes at least one reaction Zone to indicate the presence 
or absence of an analyte and, preferably, at least one control 
Zone to indicate the identity of the test subject. Typically, 
ligand-receptor assays may be conducted using a reaction 
medium in the form of beads, tubes, plates, paddles, a porous 
or non-porous matrix, or porous or non-porous membranes 
or ?lters. 

[0065] The reaction medium can include a depth medium 
Wherein the surface or an area near the surface comprises at 
least one reaction Zone. The reaction medium may also 
include a layered structure having a reaction Zone as a 

surface layer. In accordance With the invention, the reaction 
and control Zones are positioned in the reaction medium so 
that a signal-producing agent, if present, can be readily 
visualiZed. 

[0066] In accordance With the invention, the preferred 
reaction medium is porous, and even more preferred, a 
porous membrane. It is intended that the invention should 
not be limited by the type or construction of the reaction 
medium. One skilled in the art Will readily recogniZe that the 
choice of reaction medium depends on the desired physical 
properties, including, but not limited to properties such as 
sensitivity, binding capacity, stability, the type of molecules 
or MIPs Which can be bound, and compatibility With a 
particular assay protocol. 

[0067] Exemplary materials for forming the reaction 
medium include, but are not limited to latex, nitrocellulose, 
cellulose, and nylon. 

[0068] A preferred reaction medium is the commercially 
available Gelman Supor membrane. Supor membrane is a 
latex loW protein binding polysulfone membrane With a 
hydrophilic surface. One skilled in the art Will recogniZe that 
this membrane may be desirable because it provides superior 
?oW rate and particle retention; a smooth surface; brilliant 
Whiteness and opaqueness to enhance signal contrast in 
diagnostic tests; loW extractables to reduce sample contami 
nation and background interference; and uniform porosity to 
ensure ?nal product consistency. Also, the use of this mem 
brane obviates the need for an external Wetting agent, Which 
may be desirable for controlling the introduction of 
unWanted extractables. 

[0069] Another preferred membrane, IAM, Immobilon 
Af?nity Membrane (commercially available from Millipore 
Corporation; see, for example, US. Pat. No. 4,407,943), the 
hydrophobic base polymer, polyvinylidenedi?uoride 
(PVDF), binds proteins. IAM also permits a high degree of 
control over the extent of protein binding and the user can 
reproducibly immobiliZe nanogram to microgram quantities 
of protein on the surface to suit various assay requirements. 
Binding a ligand to IAM and its use in immunoassays is 
knoWn in the art. 

[0070] The use of membranes, as the solid support in a 
reaction medium of the present invention may be desirable 
for the added convenience of a solid phase, the typically 
high protein binding capacity, and the membrane’s ?oW 
through characteristics. Nitrocellulose is one of the most 
commonly used membranes due to its high affinity for 
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proteins nucleic acids, other cellular antigens, and cellular 
macromolecules, and may be desirable if the desired MIP 
binding is ionic or hydrophobic. Nitrocellulose also provides 
an excellent matrix for blotting proteins and nucleic acids. 
The nitrocellulose may be cut into Whatever shape is 
required and has the useful characteristic that the amount of 
protein in a ?ngerprint Will be clearly visible. 

[0071] Included Within the scope of the present invention 
is changing or incorporating different surface properties on 
the membrane in order to achieve a desired result, e.g., the 
surface properties of a membrane designed for a competitive 
binding assay for a hormone may be different than an 
immunometric assay for a therapeutic drug. For example, it 
has been shoWn that treating the surface of a hydrophiliZed 
PVDF membrane With ethanolamine reduces the non-spe 
ci?c binding of the membrane surface. Selection of a par 
ticular surface treatment agent or surface property may be 
based on the desired chemical characteristic to be imparted 
to the surface; the inability or reduced capability of dena 
turing or impairing the functionality of a bioactive agent on 
or in the reaction Zone; the desire to effect a certain orien 
tation of an immobiliZed bioactive molecule; the desire to 
promote long-term stability of an immobiliZed bioactive 
molecule; the inclusion of a desired nucleophilic substituent; 
and the availability and cost of treatment agents. The use of 
other surface treatment agents, including bifunctional or 
multifunctional reagents, to affect the surface properties of 
the membrane are included Within the present invention. 

[0072] One skilled in the art Will readily recogniZe the 
bene?t derived by including a reaction medium Which is 
porous. Positive test samples Will readily pass through the 
reaction medium, obviating the need to Wash the surface of 
the reaction medium prior to adding a color-forming agent. 
Although it is less desirable, it is intended that the invention 
include the use of a non-porous medium. Apreferred support 
material is a someWhat rigid porous plastic material knoWn 
as Porex. 

[0073] As noted above, the reaction medium may be 
supported or unsupported. In the preferred embodiment, the 
reaction medium is supported, and even more preferred, the 
support is porous. An exemplary support includes, but is not 
limited to polystyrene. In another embodiment of the inven 
tion, the support may be impermeable to the ?uids and 
reagents used in conducting the testing; in this embodiment, 
the reaction medium is preferably “deep” enough to have a 
reaction Zone at or near the surface of the medium. 

[0074] In preferred embodiments of the present invention 
in Which the device is totally or substantially self-contained, 
that is, needing no additional reagents or With at most a feW 
drops of a buffer solution or Water to rinse the reaction 
medium, and needing only a minimum level of skill to 
perform an accurate determination, another type of material 
is preferred to support the reaction medium. For such 
applications, a compressible Wicking or sponge-like material 
is preferred. Thus, by applying pressure to the outer, sub 
stantially planar surface of the reaction medium, Which is 
adjacent, in contact With or bonded to a substantially planar 
surface of the compressible support material, causes com 
pression of or an indentation in the surface of the support 
material adjacent the reaction medium, such that the support 
surface is caused to be beloW its uncompressed planar 
surface. In the presence of a liquid, after pressure is released 
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from the compressible support material and as the compress 
ible material expands to its uncompressed state, the liquid is 
draWn into the support material. Thus, if a liquid sample, 
reagent solution, buffer solution or Water is applied to the 
reaction medium and suf?cient pressure is applied to cause 
a deformation in the surface of the support material, liquid 
Will be pulled into the support material as it expands to its 
original state. The pressure applied is a function of the 
compressibility of the material. A preferred compressible 
support material is a compressible, ?exible reticulated ure 
thane foam, preferably a polyester or polyether urethane 
foam having a pore rating of about 75 to 100 ppi, preferably 
about 80 to 90 ppi. Such materials are available from E. M. 
Murray Co. Inc. 

[0075] Control Zone 

[0076] In a preferred embodiment of the invention, the 
reaction medium includes a control Zone for establishing a 
reference point in determining the presence or absence of an 
analyte in a test sample (reference control Zone), and most 
importantly a control Zone for establishing the identity of the 
test subject Who provided the test sample (identity control 
Zone). 
[0077] In accordance With the invention, a control Zone for 
establishing the identity of the test subject (identity control 
Zone) Who provided the test sample may include any sig 
naling mechanism Which incorporates a MIP. For example, 
the control Zone may include a member of an immunological 
pair capable of bonding to a signal-producing agent, Which 
When applied by contacting the test subject’s ?nger to the 
surface of the identity control Zone, an image of the ?nger 
print is produced on the test device. 

[0078] As used herein, “capable of establishing the iden 
tity of a test subject” refers to the capability of speci?cally 
identifying the subject Who provided the sample being 
tested. In a preferred embodiment of the invention, the 
control Zone includes a member of an immunological pair 
Which, When placed in contact With the test subject’s ?nger 
Which has been previously coated With a signal-producing 
agent, is capable of producing a permanent image of a 
?ngerprint, preferably a ?ngerprint image easily visible. In 
another embodiment, the invention includes a control Zone 
having a member of an immunological pair or nucleotide 
sequences Which are capable of bonding to nucleotide 
sequences Which can be used to identify the test subject. 

[0079] In accordance With the invention, the control Zone 
for establishing a reference point in determining the pres 
ence or absence of an analyte in a test sample includes any 
means for providing a control. Several examples for pro 
viding a control are shoWn in the examples. It is intended 
that the invention not be construed as being limited by the 
means or mechanism for establishing the standard of com 
parison in judging the test results. 

[0080] Reaction Zone 

[0081] The reaction Zone refers to the locus in Which the 
presence or absence of an analyte can be determined. For 
example, the reaction Zone is preferably on or near the 
surface of the reaction medium, or may be beloW the surface. 
In a preferred embodiment of the invention, the reaction 
Zone includes at least one ligand or ligand-receptor bound to 
a particle or bead in a matrix or ?lter, suitable for capturing 
an analyte of interest. In another embodiment of the inven 



US 2002/0160538 A1 

tion, at least one of the reaction Zones may be a control for 
establishing a reference point, e.g., a comparative control to 
shoW the absence of color. 

[0082] Signal-producing Agent 

[0083] A signal-producing agent refers to any agent or 
marker Which produces a detectable signal or Which permits 
the detection of a ligand or ligand-receptor. Preferred signal 
producing agents are those Which permit detection of the 
analyte Without instruments, preferably by visual means. 
Exemplary signal-producing agents include, but are not 
limited to color forming agents, such as an enZyme, polymer 
containing dyes, chemiluminescent agents, ?uorescent 
agents, radioisotopes, or ferromagnetic particles. The color 
forming agent may be a colored particle, a colored molecule 
or some species, such as an enZyme, Which is capable of 
triggering a sequence of events leading to the formation of 
a colored marker. The colored molecule may be a ?uorescent 
dye, such as ?uorescein or rhodamine; a chemiluminescent 
compound; a bioluminescent compound; or a compound that 
may be detected by the absorption of electromagnetic radia 
tion (and possible reemission of radiation at another Wave 
length), including ultraviolet radiation, visible radiation and 
infrared radiation. The colored molecule may be directly or 
indirectly conjugated to a ligand or ligand-receptor. Alter 
natively, the colored molecule may be incorporated in a 
particle, particularly a microsome. 

[0084] EnZymes, useful as color forming agents, include 
alkaline phosphatase, horseradish peroxidase or B-galactosi 
dase. Such enzymes are often used in conjunction With a 
chromogenic substrate. A list of some exemplary chromoge 
nic substrates Which may be used With enZyme color form 
ing agents are given beloW in Example 11. 

[0085] In a preferred embodiment of the invention the 
color forming agent may be an electron dense particle, such 
as colloidal gold, silver coated colloidal gold or ferritin. 

[0086] In another preferred embodiment of the invention, 
the color forming agent is capable of bonding to a MIP. 

[0087] The present invention includes a signal-producing 
agent, Which may be a color forming agent. Preferably, the 
signal-producing agent comprises a labeled MIP, for detect 
ing the adsorption of an analyte or an analyte conjugate in 
or on the reaction medium. The labeled MIP may comprise 
any one of a number of appropriate labels, such as an 
enZyme, a ?uorescent compound, a bioluminescent com 
pound, a ferromagnetic atom or a colored particle or 
microsome. In a preferred embodiment, the label used in the 
present invention is colloidal gold. Gold is biologically inert, 
has very good charge distribution and is Widely available in 
many useful forms. Its detection can be enhanced using 
several silver deposition methods, Which permit develop 
ment to be monitored by the naked eye. Colloidal gold 
particles conjugated With a Wide range of anti-immunoglo 
bulin antibodies, protein A or streptavidin are available 
commercially. 

[0088] While a colloidal gold substrate is preferred over 
other dyed particles or microsomes, a chromogenic substrate 
provides an alternate sensitive detection method for the 
enZyme conjugate. 

[0089] Several embodiments of the present invention 
relate to compact assay devices and kits Which contain all or 
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most of the reagents and materials necessary for qualitative 
and/or quantitative determinations of one or more analytes. 
A preferred embodiment of such a device is illustrated in 
FIG. 11 Which shoWs a self-contained assay device 110. The 
device includes a housing 111 Which in a preferred embodi 
ment includes a ?rst part 11a and a second part 111b. 
Located Within the ?rst part of the housing 11a, mounted on 
the upper surface of a raised plateau or platform portion of 
a base member 112 is a reaction medium 114, of the type 
described above. The base member 112 preferably includes 
a porous support adjacent, in contact With or bonded to the 
reaction medium 114. In a preferred embodiment of the 
invention, the reaction medium 114 includes one or more 
reaction Zones 120, each of Which includes a speci?c 
reagent, such as a member of a ligand/receptor pair (Which 
may be a member of an immunological pair, for example an 
antigen or an antibody). The reaction medium in this pre 
ferred embodiment also includes at least one control Zone 
116. As in the embodiments discussed above, each of the 
reaction Zones includes a reagent suitable for determining 
the qualitative presence or the quantitative range of an 
analyte. In a preferred embodiment of the invention, a 
control Zone is suitable for identifying the donor of a test 
sample. LikeWise, the control Zone 116 also includes a 
suitable test reagent for identifying the test subject Which is 
preferably a member of a ligand/receptor pair, such as a 
member of an immunological pair. 

[0090] The reagents present in each of the reaction Zones 
may be applied manually or, preferably, using an automated 
process, such as using an ink jet sprayer of the type used in 
ink jet printing systems, to apply the reagent in individual 
and segregated reaction Zones. 

[0091] In the second part of the housing 111b, is located a 
medium 126 on Which is spread at least one signal-produc 
ing agent, or analyte-indicating agent, Which is preferably a 
color forming agent. The signal-producing agent-containing 
medium 126 is formed from a material Which is of a loWer 
porosity than either the reaction medium or the medium for 
containing a test sample (discussed beloW). Preferable for 
use as the medium on Which the signal-producing agent is 
spread is a closed cell polyole?n material, such as a closed 
cell polyethylene or polypropylene. A preferred material is 
available as Minicell from Voltek Corporation. The signal 
producing agent, as With the other embodiments of the 
present invention, preferably is a labelled member of a 
ligand/receptor pair, such as a labelled member of an immu 
nological pair, such as a colloidal gold labelled substance. 
The medium 126, containing the signal-producing agent, is 
positioned in the second part of the housing 111b in such a 
Way that When the tWo parts of housing are brought together 
in a speci?c closed position, contact is made betWeen the 
medium 126 and the reaction medium 116 such that signal 
producing material contained in the medium 126 is trans 
ferred to the reaction medium. This is preferably accom 
plished by mounting the medium 126 on a base portion 128 
Which resembles an elevated plateau or platform, Which in 
the preferred embodiment shoWn in FIG. 11 has a shape 
similar to base 112. This arrangement, in Which the medium 
containing the signal-producing agent is spaced apart from 
the reaction medium 114 in a ?rst or open position and 
transfers the signal-producing agent to the reaction medium 
114 in a second or speci?c closed position, apparently 
achieves greater sensitivity and increased speed due to the 
pressure applied When the signal-producing agent-contain 
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ing medium 126 contacts the reagent medium 114. Depend 
ing upon the speci?c materials involved, a pressure in eXcess 
of atmospheric may be used, preferably slightly less than 
about 2 to about 5 psi, for a period of about 5 to about 20 
seconds is suf?cient to adequately retain the signal-produc 
ing agent at or near the surface of the reaction medium after 
the media 114 and 126 are placed in contact With one 
another. Although higher pressures can generally be used to 
transfer either the signal-producing agent, analyte or conju 
gate formed of the analyte With a ligand receptor of the 
analyte (as discussed beloW), the duration of time for 
eXerting the pressure is decreased, since pressure and time 
vary inversely. 
[0092] Another component of the self-contained or “inte 
grated” device illustrated in FIG. 11 is a medium 185 for 
containing and transferring a portion of a test sample to the 
reaction medium 114. The medium 185 used to hold both a 
test sample and a reagent capable of reacting With an analyte 
is a hydrophilic material, preferably in the form of a hydro 
philic sponge and preferably is formed from a ?ne pored 
polyester urethane sponge material. A preferred material is 
polyester urethane foam sponge material having a porosity 
of 100 ppi that is available from E.N. Murray Company Inc. 
The medium 185 serves several purposes. First, it is capable 
of absorbing a test sample taken from a donor or test subject. 
It is also capable of transferring the sample or a conjugate 
formed from an analyte present in the test sample and a 
receptor against the analyte to the reaction medium 114. The 
medium 185 is also capable of providing diffusion and 
reaction loci for both the substances present in the test 
sample, as Well as a reagent present in the medium. This 
reagent is preferably a member of a ligand/receptor pair, 
such as a member of an immunological pair of the type 
discussed above and identi?ed in FIGS. 5 and 6 as MIP 30. 
The reagent in the medium 185 is typically an antibody. This 
reagent is contained in the medium 185 preferably as a 
lyophiliZed antibody. In this embodiment, the sponge 
medium 185 is treated With a solution of reagent and the 
treated sponge is subjected to a lyophiliZation treatment in a 
lyophiliZation chamber, such as a Speed-Vac. 

[0093] The medium for containing the test sample and the 
test sample and the reagent, preferably in lyophiliZed form, 
may be mounted at one end of a removable, cylindrical 
member 140. In the embodiment illustrated in FIG. 11, the 
open end 140a opposite to the closed end 140b of the 
cylindrical member 140 Which the medium 185 is mounted, 
is larger in shape or diameter than the base portion 128 of the 
housing part 111b on Which the signal-producing agent 
containing medium 126 is mounted. Preferably the open end 
140a of the cylindrical member 140 is commensurate in 
shape to the base portion 128 so that the cylindrical member 
140 may be easily accommodated in the housing part 111b 
over the base portion 128. The cylindrical member 140 is of 
such a shape and con?guration that in an “open” position of 
the housing parts in Which the media 114 and 126 are in 
spaced-apart relationship With one another, the medium 185 
is also in spaced-apart relationship With both of the media 
114 and 126 in the open or ?rst position of the housing 
members 111a and 111b. In a second or speci?c “closed” 
position of the housing members 11a and 111b, While 
remaining Within the housing 111 and in spaced relationship 
to the base 128 and signal-producing agent-containing 
medium 126, the medium 185 for containing the sample 
contacts and transfers substances present in the sample 
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and/or a ligand/receptor pair formed betWeen an analyte 
found in the sample and a conjugate thereof to the reaction 
medium 114. Thus, in the second or closed position, pressure 
is eXerted by the end 140b of the cylindrical member and 
medium 185 on the reaction medium 114 in much the same 
manner as in the contact Which occurs betWeen the medium 
126 containing the signal-producing agent and the reaction 
medium in a second closed position. The method of using 
this device is discussed beloW. 

[0094] While FIG. 11 illustrates an embodiment of the 
present invention Which employs a tWo-part housing 111 
having a ?rst part 111a and a second part 111b, and a 
removable, cylindrical member 140 on Which a sponge 185 
for containing a test sample is attached, other aspects and 
alternative embodiments are contemplated by the present 
invention. For eXample the housing parts 111a and 111b are 
illustrated in FIG. 11 as being joined to each other by a 
?exible hinge arrangement. When the housing is formed 
from a suitable plastic, Which is preferably substantially 
inert to any of the reagents or materials used in other 
components of the device or in solutions applied to the 
media of the device, the hinge may be formed from a thinner 
portion of the same plastic material. Thus, the housing may 
be formed as a single unit in one pressing operation. 
Alternatively, another material may be used as the hinge 
material and the hinge attached to the housing parts by 
suitable means. 

[0095] In another embodiment, the housing parts 111a and 
111b need not be joined to one another at all. Thus, to close 
the device, the separate parts may be constructed to snap into 
place With a detent or some similar arrangement or may 
engage one another With a threaded arrangement or a bayo 
net engaging arrangement. 

[0096] In yet another alternate embodiment, the medium 
185 for containing the sample and containing a test reagent, 
rather than being mounted on the removable, cylindrical 
member 140 of the type shoWn in FIG. 11, may be located 
in a third housing part. When used With housing parts Which 
are permanently joined to one another, such as that described 
immediately above, the housing part containing the sponge 
for containing a test sample may be placed intermediate the 
separate housing parts containing the reaction medium and 
the signal-producing agent-containing medium (equivalent 
to housing parts 111a and 111b). In this instance, hoWever, 
the intermediate housing part containing the sponge 185 
may engage one or both of the other housing parts and 
contact the reaction medium in the ?rst housing part When 
in place and forming part of the housing. It may also be 
removed When it is desired to contact the reaction medium 
114 With the medium containing a signal-producing agent 
126. 

[0097] In yet another embodiment, the housing part con 
taining the hydrophilic sponge for containing a test sample 
may be joined to the ?rst housing part (equivalent to housing 
part 111a as shoWn in FIG. 11 by means of a hinge on the 
edge portion of the ?rst housing part in opposing relation 
ship to the edge of the ?rst housing part to Which the second 
housing part is joined. Thus, When it is desired to place the 
sponge containing a test sample in contact With the reaction 
medium, the third housing part containing the sponge may 
be rotated to a substance-transferring position in contact 
With the reaction medium and thereafter rotated to a spaced 
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apart position With respect to the reaction medium and the 
second part of the housing containing the signal-producing 
agent medium 126 may be rotated into transferable contact 
With the reaction medium. 

[0098] The above embodiments of the present invention 
Which include three media (a reaction medium, a medium 
for containing a test sample, and a medium containing a 
signal-producing agent) are substantially self-contained. 
Thus, it is unnecessary to add additional reagents in order to 
perform the assay. At most, a buffer solution, such as a 
phosphate buffered solution, or Water may be used in a ?nal 
step to rinse the reaction medium to remove residual 
reagents from the surface of the reagent medium. Alterna 
tively, When a compressible porous medium is used as a 
support for the reaction medium, it may be unnecessary to 
use any supplemental materials. 

[0099] The present invention also contemplates compact 
assay devices using only tWo media, rather than the three 
media devices discussed above. Thus, in the embodiment 
illustrated in FIG. 12, While still retaining the reaction 
medium 114 mounted on base 112 in a ?rst part of the 
housing, the sample-containing and transferring sponge 185 
may be mounted directly on the base 128 instead of the 
signal-producing agent-containing medium 126 being 
located thereat. In such an embodiment, the removable, 
cylindrical member 140 on Which the medium 185 is 
mounted in the “3-media” embodiment illustrated in FIG. 
11 may be dispensed With. In such an embodiment, the Wash 
bottle containing a buffer, detergent or Water may be used in 
the same manner as described above. HoWever, in this 
embodiment, the signal-producing agent may be dispensed 
from a reagent bottle directly on the ?nger or other identi 
fying body part of the test subject and the ?nger or other 
body part may be placed in contact With the reaction medium 
after the test sample has been placed on the sponge 185 
mounted in base 128, incubation has taken place and the 
housing has been closed such that there is substance trans 
ferable contact With suitable pressure betWeen the surface of 
sponge 185 and the reaction medium 114. 

[0100] Another tWo-media device is illustrated in FIG. 13. 
Like the embodiment discussed above and shoWn in FIG. 
11, this includes the reaction medium 114 mounted on base 
112 in a ?rst part of the housing and the signal-producing 
agent-containing medium 126 in the second part of the 
housing. This corresponds substantially to the embodiment 
shoWn in FIG. 11 Without the removable, cylindrical mem 
ber 140 and medium 185 for containing a test sample. This 
embodiment, like the 3-media device illustrated in FIG. 11 
does not require the presence of the test subject, and, 
accordingly, Will not produce a ?ngerprint or other identi 
fying mark of the test subject When the test subject is not 
present. Alternatively, hoWever, a ?ngerprint can be pro 
duced When the test subject is available at the time the test 
is performed. In this embodiment, the sample is mixed With 
a test reagent supplied With the device, most suitably in a 
reagent bottle, as part of a kit. The reagent may include one 
or more substances capable of indicating the presence of one 
or more analytes and is preferably a member of a ligand/ 
receptor pair, most preferably a member of an immunologi 
cal pair capable of forming a conjugate With a speci?c 
analyte. The mixture of test sample and reagent is applied 
dropWise to the surface of the reaction medium, suf?cient 
time for incubation alloWed and the housing is closed for a 
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short period of time so that there is contact betWeen the 
signal-producing agent- containing medium 126 and the 
reaction medium suf?cient to transfer the signal-producing 
agent to the surface of the reaction medium. If the test 
subject is present at the time of testing, rather than closing 
the device to make contact betWeen the media 114 and 126, 
the test subject may roll a ?nger on the surface of the 
signal-producing agent medium 126 and then press the 
?nger on the reaction medium. 

[0101] Another embodiment of the present invention is 
directed to a device and method for distinguishing betWeen 
an acute and a chronic drug abuser. Thus, in the body of one 
Who uses a drug, not only are molecules of the drug or a 
metabolite found, but the drug or such metabolite binds to a 
carrier molecule. Continued use of a drug stimulates pro 
duction of an antibody against the carrier bound drug. Thus, 
in the body of a human Who chronically uses a drug may be 
found not only a residue of the drug or metabolite thereof, 
but also the presence of a human antibody to the drug. In an 
embodiment of the device according to the present inven 
tion, a reaction Zone in the reaction medium may be spotted 
With some of the drug of Which the test subject is suspected 
of using. This Will then form a conjugate With the human 
antibody to the drug if present as an analyte in a test sample. 
As a signal-producing agent for indicating the presence of 
the drug antibody may be used the corresponding goat or 
mouse antihuman labelled antibody. 

[0102] Method of Use 

[0103] An assay method in accordance With the invention 
includes conducting a ligand-receptor assay for an analyte in 
a reaction Zone of an assay device, Whereby the presence or 
absence of an analyte in the test sample is determined, and 
establishing the identity of the person providing the test 
sample in a control Zone on the assay device. In a preferred 
embodiment of the invention, establishing the identity of the 
person providing the test sample may be accomplished using 
ligand-receptor assay methods, e.g., binding a MIP to a 
signal-producing agent. 

[0104] As noted above, the biological ?uid sample to be 
tested for the presence or absence of at least one analyte is 
applied to the surface of the immunoassay device according 
to the invention. Any means of applying the ?uid sample to 
the detection apparatus may be used. For example, in one 
embodiment of the invention, the biological ?uid, e.g., urine, 
may be combined With a MIP according to standard immu 
noassay procedures, draWn into a pipette, and deposited on 
the surface of the test device. 

[0105] In another example, the biological ?uid, e.g., 
blood, may be collected in a pipette and deposited on the 
surface of the test device, or may be smeared on a solid 
applicator, such as a ?ngertip. In one preferred embodiment, 
blood is smeared on the test subject’s ?ngertip, Which is then 
pressed in contact With the surface of the detection device. 
In another preferred embodiment, the biological ?uid is 
combined With a MIP before application to the reaction 
medium. In still another preferred embodiment, the sample 
is deposited on the surface of a medium for containing a test 
sample. Other exemplary methods of applying the test 
sample to the detection device are shoWn in the Examples. 

[0106] A preferred embodiment of the invention includes 
applying one or more reagents or a sample to a surface of the 
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test device using pressure. For example, it has been found 
that smearing a signal-producing agent on the test subject’s 
?ngertip and applying the ?ngertip to the test device sig 
ni?cantly reduces the amount of signal-producing agent 
required, and signi?cantly increases the sensitivity and 
speed at Which the assay proceeds. For example, as little as 
10 microliters and preferably about 12 microliters of col 
loidal gold can be smeared on the test subject’s ?ngertip in 
order to perform the assay. In contrast, as much as 100 
microliters or more of the signal-producing agent is typically 
required for conventional ?oW-through cassette assay 
devices. In a like manner, another preferred embodiment 
includes the use of pressure in the application of sample to 
the surface of the reaction medium. 

[0107] While not intending to be limited to a particular 
theory of operation, it is believed that the pressure and/or 
surface tension Which occurs When the test subject’s ?nger 
is placed on the assay device results in localiZing an 
increased concentration of ligand and ligand receptor, 
increasing the amount of time that the reagents are retained 
in a localiZed area of the assay device, and may involve 
migration of the signal-producing agent from the ridges of 
the ?ngerprint to the valleys, to produce a clear ?ngerprint 
pattern on the surface of the test device. 

[0108] The higher sensitivity and reduced amounts of 
reagents provided by the present invention seems to result 
from a more complete reaction taking place at the surface of 
the membrane Where immobiliZed reagent is found. The 
more complete reaction results apparently from the reagents 
applied to the surface of the membrane in liquid form being 
maintained thereat for a longer period of time. Thus, as is 
typical With most knoWn test devices, liquid samples and/or 
reagents are applied in drop form to the surface of a 
membrane Which contains either reagent or test sample and 
are quickly draWn through the membrane, either because of 
an absorbent placed in contact With the membrane on its 
doWnstream surface or because of the nature of the mem 
brane material. In the present invention, hoWever, the liquid 
containing the reagent and/or sample is applied to the 
surface of the reaction medium and is maintained thereat 
With the application of pressure greater than atmospheric 
pressure as a thin ?lm Which shoWs little tendency to pass 
completely through the membrane. Thus, using the ?nger as 
an applicator or another applicator means, such as an appli 
cator means included as part of the device, reagent-contain 
ing liquid on the applicator is transferred to and maintained 
at the upstream surface of the reaction medium under 
pressure. Thus, While not Wishing to be held to any theory, 
it appears that primarily the surface tension of the liquid, in 
combination With other factors such as the capillary action 
of the applicator and possibly the porosity of the medium on 
Which the liquid is placed in combination With the pressure 
causes a thin ?lm of liquid to be maintained at the upstream 
surface rather than passing through the medium as long as 
the pressure is maintained on the outer surface of the 
medium. The contribution of the surface tension in main 
taining a thin ?lm at the surface of the reaction medium 
appears to increase the availability of the substance(s) 
present in the liquid to reagents in the medium. Thus, using 
an applicator, such as the ?nger, With a pressure greater than 
atmospheric pressure, typically as little as about 1 to about 
5 psi and up to a pressure that a test subject Would normally 
and comfortably apply (such as in pressing the ?nger in 
making an “of?cial ?ngerprint”), prevents the liquid from 
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passing through the membrane until the pressure is removed. 
Application of pressure Would normally be for a period of 
time of about 5 to 20 seconds. Maintaining the reagent at the 
surface of the medium or membrane for this period of time 
is suf?cient to assure a greater degree of reaction of the 
reagents located at or immediately beloW the upstream 
surface of the medium. While the nature of the liquid, such 
as its surface tension, as Well as the materials from Which the 
membrane and applicator are formed, have some bearing on 
this phenomenon, it appears that a variety of materials may 
be used and the phenomenon of maintaining the thin ?lm of 
liquid at the surface of the membrane still occurs. Further 
more, and also not Wishing to be held to a particular theory, 
it appears that the increased sensitivity and particularly the 
rapidity of the assay determinations of the devices and 
methods of the present invention may be attributed, at least 
in part to the use of pressure at the time liquid solutions are 
applied to the surface of the reaction medium. It is believed 
that the pressure applied, Which is greater than atmospheric 
pressure and is typically as little as 1 psi and preferably in 
the range of about 2 to 15 psi, increases the kinetics or the 
speed of the particular reaction taking place. 
[0109] The test device preferably includes one or more 
MIPs immobiliZed in a corresponding number of reaction 
Zones. For example, if the analyte of interest is an antibody, 
the test device may include an antigen bound to micro 
spheres or particles embedded in the reaction Zone. One 
skilled in the art Will recogniZe that a desired amount of 
antigen can be immobiliZed in the reaction Zone, and that a 
threshold concentration of bound MIP may be used to detect 
a predetermined amount of analyte. In one embodiment of 
the invention, the detection device includes several reaction 
Zones, each reaction Zone for a different analyte, and each 
reaction Zone includes a predetermined threshold concen 
tration of bound MIP to detect a predetermined amount of 
analyte. As used herein, threshold amount or concentration 
refers to the loWer limit of a concentration range for an 
analyte. In another embodiment of the invention the detec 
tion device includes several reaction Zones, each reaction 
Zone including a different threshold concentration for the 
same analyte. In this embodiment, the threshold concentra 
tion provides a reference point for determining the upper 
limit of an analyte concentration range. As shoWn in the 
examples beloW, varying the threshold concentration in the 
reaction Zones may provide an exemplary method of quan 
tifying the amount of analyte in a sample. 

[0110] After the biological ?uid being tested has been 
applied to the surface of the detection device, the presence 
or absence of the analyte in the test sample can be deter 
mined, preferably by visually ascertaining a color (signal) or 
the absence of a color (signal). In a preferred embodiment of 
the invention, a positive response, i.e., indicating the pres 
ence of the analyte in the biological ?uid, corresponds to the 
absence of color. In a preferred embodiment of the inven 
tion, a negative response, i.e., indicating the absence of the 
analyte in the biological ?uid, corresponds to a visualiZed 
color. HoWever, in one embodiment of the invention in 
Which a determination is made as to Whether the test subject 
is a chronic drug abuser in Which a human antibody to a drug 
is being tested for and the reagent present in the reaction 
Zone is the drug itself and the labelled signal-producing 
agent is, for example, a gold labelled goat or mouse anti 
human antibody, a positive response, indicating the presence 
of the drug antibody, corresponds to the appearance of color. 
















