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(57) ABSTRACT 

The present invention is directed to devices and methods for 
determining the presence of analyte in a ?uid sample. The 
devices utilize a sample collection Well, an expression plate 
for expressing sample into the sample collection Well, a 
plunger that drives a lance, and a test compartment contain 
ing test elements. The devices also preserve an aliquot of 
?uid sample in a reservoir for later con?rmation testing. 
When the plunger is loWered into the sample collection Well, 
a lance on the device punctures a frangible material that 
covers a sample outlet. When the sample outlet is thus 
opened, ?uid sample ?oWs from the sample collection cup 
to the test compartment. In one embodiment the plunger is 
loWered as a cap is applied to the device. The devices are 
useful for detecting the presence of analyte in a Wide variety 
of ?uid samples, such as saliva, oral ?uids, and more. The 
invention also provides methods of using the devices, and 
kits containing the devices. 
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Figure 5 
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Figure 6 
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RAPID SAMPLE COLLECTION AND ANALYSIS 
DEVICE AND METHODS OF USE 

[0001] This application claims priority to US. provisional 
patent application Ser. No. 60/520,437, ?led Nov. 14, 2003, 
Which is incorporated by reference herein, including all 
Tables, Figures and claims. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to devices for the 
rapid analysis of ?uids for analytes of interest and the 
storage of those ?uids. 

BACKGROUND OF THE INVENTION 

[0003] The folloWing Background of the Invention is 
intended to aid the reader in understanding the invention and 
is not admitted to be prior art. 

[0004] Illicit drug use is an established and groWing 
problem in our society. In 2003, the US Department of 
Health and Human Services found that an estimated 19.5 
million Americans or 8.2 percent of the population aged 12 
or older, Were current illicit drug users. Current illicit drug 
use means use of an illicit drug during the month prior to the 
US Department of Health and Human Services survey 
intervieW. Marijuana Was found to be the most commonly 
used illicit drug, With a rate of 6.2 percent (14.6 million). An 
estimated 2.3 million persons (1.0 percent) Were current 
cocaine users, 604,000 of Whom used crack. Hallucinogens 
Were used by 1.0 million persons, and there Were an esti 
mated 119,000 current heroin users. 

[0005] To combat and monitor this problem, drug testing 
has become standard procedure in a variety of settings, such 
as employment, school, sports, laW enforcement, and the 
like. To facilitate this effort, a drug-testing industry has 
emerged. This industry provides a variety of drug testing 
products. A typical product is a urine collection cup incor 
porating analysis tests. These devices can be complicated 
and dif?cult or messy to use, or they may pose special 
problems of sample adulteration by the subject trying to hide 
their recent drug abuse. 

[0006] There is therefore a need for better methods and 
apparatuses for performing sample collection and testing. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed to devices for 
detecting an analyte suspected of being present in a ?uid 
sample. In one embodiment the devices are for detecting 
analytes of interest in body ?uids, such as saliva or oral ?uid. 
The devices have a casing Which contains a port for posi 
tioning of a sample collection Well. The sample collection 
Well has a chamber for collection and storage of a con?r 
mation sample, and contains a plunger Which has a raised 
and a loWer position. In some embodiments the sample 
collection Well has an upper and a loWer chamber, and the 
loWer chamber is present When the plunger is in the loWer 
position, and also collects ?uid sample to be analyZed. The 
device also has a sample outlet sealed by a frangible material 
Which provides liquid communication betWeen the sample 
collection Well and the test compartment When the sample 
outlet is open. The device also has an expression plate, 
Which alloWs the user to express sample into the device from 
a sample applicator that has an absorbent member for 
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collecting the ?uid sample. In some embodiments the lance 
is attached to the bottom end of the plunger. The sample 
outlet is opened by moving the plunger to the loWer position, 
Which causes the lance to break the frangible material and 
open the sample outlet, thereby providing liquid communi 
cation betWeen the sample collection Well and the test 
compartment. In embodiments Where a screW cap is used, 
the plunger is loWered by screWing on the cap, the bottom 
of Which interacts With the plunger or a piece connected 
thereto, and forces the plunger into the loWer position. Kits 
containing the devices, and methods of using the devices are 
also provided. 

[0008] In a ?rst aspect, the present invention provides a 
test device for detecting an analyte suspected of being 
present in a ?uid sample. The device has a casing, having a 
port for a sample collection Well. The device further contains 
a test compartment containing at least one test element. The 
sample collection Well is situated in the port, and has an 
expression plate, and a plunger having a raised position and 
a loWer position. The device also has a chamber for storage 
of a con?rmation sample. A lance is also contained Within 
the device, and in one embodiment is carried by the plunger. 
The device also has a sample outlet sealed by a frangible 
material that provides liquid communication betWeen the 
sample collection Well and the test compartment When the 
sample outlet is open. The device also has a cap for the 
sample collection Well, Where a portion of the cap interacts 
With the plunger to move the plunger from the raised 
position to the loWer position When the cap is applied to the 
sample collection Well. 

[0009] The term “plunger” refers to a part of the device 
that moves through a portion of the device to bring tWo parts 
into contact and perform a function in the operation of the 
device. In one embodiment the plunger moves Within a 
circular or cylindrical part of the device. In some embodi 
ments the plunger carries a lance and serves to deliver the 
lance to a frangible material that is pierced by the lance. A 
“lance” is an object that pierces a frangible seal. The lance 
Will typically be sharp or otherWise have the capability to 
pierce the frangible seal. The “port” is a portion of the device 
Where the casing interfaces With the sample collection Well. 
The port can be an opening into Which the sample collection 
Well ?ts reversibly, or the sample collection Well and casing 
can be produced as a single unit. The port also provides 
access betWeen the sample collection Well and the test 
compartment. 

[0010] An “expression plate” refers to a surface Where a 
sample applicator ?lled With ?uid sample can be squeeZed or 
crushed against to express sample from the applicator. The 
expression plate can have openings or holes to alloW the 
passage of ?uid sample from the applicator to the sample 
collection Well. The expression plate can be located Within 
the sample collection Well, but can also be placed in another 
location Where expressed sample Will ?oW to the collection 
Well. In one embodiment the expression plate is located in 
the sample collection Well and divides the upper and loWer 
chambers, and has one or more holes or openings through 
Which ?uid sample can ?oW from the upper chamber to the 
loWer chamber. When the sample collector is pressed against 
the expression plate, sample ?oWs through the opening in 
the expression plate, into the loWer chamber. 

[0011] The “test element” can be any element that per 
forms a test. In one embodiment, the test element is a test 
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strip. The test strip may contain a member of a speci?c 
binding pair on the test strip for conducting an immunoas 
say. The test strip may be a chemical test strip that provides 
a detectable color change or other detectable signal When the 
assay is complete. Avariety of samples can be used With the 
present invention including, but not limited to, a bodily ?uid 
or a sample derived from a biological tissue or a bodily ?uid. 
For example, the sample may be saliva, blood, serum, 
plasma, urine, feces, spinal ?uid, vaginal sWabs, mucus, and 
tissue. In one embodiment, the expression plate divides the 
upper chamber from the loWer chamber, and has an aperture 
for ?oW of liquid sample from the upper chamber to the 
loWer chamber. 

[0012] The “sample outlet” provides liquid communica 
tion from the sample collection Well to the test compartment. 
The sample outlet in the device is sealed by a frangible 
material, and liquid communication does not occur betWeen 
the sample collection Well and test compartment until the 
frangible seal is pierced or broken by the lance, Which is 
loWered into the frangible material by the plunger to begin 
the assay. 

[0013] In one embodiment the sample collection Well also 
has a loWer chamber present When the plunger is in the 
raised position, and an upper chamber Where the con?rma 
tion sample is stored. In one embodiment the sample col 
lection Well contains the plunger, upper and loWer chambers, 
the expression plate, and the sample outlet, hoWever, in other 
embodiments these components can be located outside the 
sample collection Well. In one embodiment, expression plate 
divides the upper chamber from the loWer chamber, and has 
an aperture for ?oW of liquid sample from the upper cham 
ber to the loWer chamber. The lance can be carried on the 
plunger (e.g., on the bottom surface of the plunger), and can 
be doWnWardly-projecting and perpendicularly aligned With 
the sample outlet for breaking the frangible material. The 
sample collection Well and cap can have complementary 
engaging screW threads. In one embodiment the cap carries 
a doWnWard projection that interacts With the plunger When 
the cap is applied to the sample collection Well. The expres 
sion plate can have an opening through Which the projection 
passes to interact With (and push) the plunger. By “comple 
mentary engaging screW threads” is meant that the cap and 
sample collection Well each have screW threads Which are 
complementary and the cap can be screWed onto the sample 
collection Well to obtain a ?t by rotation of the cap on the 
sample collection Well and engagement of the screW threads, 
and Where liquid sample does not leak from around the cap. 

[0014] In certain embodiments of the present invention, 
the loWer chamber is absent When the plunger is in the loWer 
position. This can be due to the loWer chamber existing 
under the plunger, and disappearing When the plunger is 
loWered and the lance pierces the frangible material. The 
frangible material can be any material that is pierceable by 
a lance. Examples of frangible materials include (but are not 
limited to) paper, Wax-coated paper, plastic-coated paper, 
plastic ?lm, a thin plastic sheet, adhesive tape, foil, Waxed 
foil and plastic-coated foil. 

[0015] In some embodiments, the test element is a test 
strip. The test strip may have speci?c binding molecules 
immobiliZed on the test strip, but can also have a chemical 
test. The ?uid sample can be any ?uid such as (for example) 
oral ?uid, saliva, blood, serum, plasma, urine, feces, spinal 
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?uid, vaginal sWabs, mucus, and tissue. “Saliva” refers to 
the excretions of the salivary glands. “Oral ?uid” is any ?uid 
present in the buccal cavity and saliva is a major component 
of oral ?uid. Any analyte can be detected using the present 
invention for Which a test element exists. For example, the 
analyte can be a drug (such as a drug of abuse), a hormone, 
a protein, a peptide, a nucleic acid molecule, an etiological 
agent and a speci?c binding pair member. In a further 
embodiment, the upper and loWer chambers are present in 
the sample collection Well When the plunger is in the raised 
position, and the loWer chamber is not present When the 
plunger is in the loWer position. In another embodiment the 
sample collection Well is sealed When the lance punctures 
the frangible material. The sample collection Well can be 
sealed by seals present on the loWer portion of the plunger 
and/or seals located at or around the reservoir. Thus, When 
the plunger is loWered the sealing bodies provide a seal to 
the sample collection Well. 

[0016] In another aspect, the present invention provides a 
kit having a device described herein, and a sample applica 
tor. In one embodiment of the present invention, the sample 
applicator has an absorbent member and a handle. The 
absorbent member may be a sponge, a foam, or any material 
that absorbs liquid. The absorbent member can be soaked in 
or pre-treated With a solution that stimulates salivation in a 
test subject. The kit can also contain instructions for use of 
the device. In one embodiment the instructions are for use of 
the device for the detection of an analyte in a ?uid sample. 

[0017] In another aspect the present invention provides 
methods of detecting the presence of an analyte in a ?uid 
sample. The methods involve applying the ?uid sample to a 
device as described herein, applying the cap to the sample 
collection Well, engaging the plunger and loWering the 
plunger so that the lance punctures the frangible material 
and releases the ?uid sample into the test compartment, and 
determining the presence of the analyte in the ?uid sample. 
In certain embodiments, applying the sample includes con 
tacting a sample applicator With the ?uid sample, inserting 
the sample applicator into the sample Well, and pressing the 
sample applicator against the expression plate to express the 
?uid sample into the sample collection Well. The expressed 
?uid sample ?oWs into the loWer chamber of the sample 
collection Well and a portion of the ?uid ?oWs from the 
upper chamber around at least one edge of the plunger and 
into the loWer chamber. 

[0018] In another embodiment of the present method, after 
?uid sample is applied to the sample collection Well, the cap 
is applied to the sample collection Well and the plunger is 
loWered to puncture the frangible material as the cap is 
applied, thereby providing ?uid communication betWeen the 
sample collection Well and the test compartment. In certain 
embodiments, the ?uid sample ?oWs from the loWer cham 
ber to the test compartment When the plunger punctures the 
frangible material. The sample collection Well and cap can 
further comprise complementary engaging screW threads. 
When the cap is screWed onto the sample collection Well, a 
portion of the cap interacts to provide a force onto the 
plunger and thereby loWer the plunger and puncture the 
frangible material. In one embodiment, the loWer chamber is 
not present When the plunger is in the loWer position. The 
force applied to the plunger may be a direct force from the 
bottom of the cap to the back of the plunger. 
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[0019] The summary of the invention described above is 
not limiting and other features and advantages of the inven 
tion Will be apparent from the following detailed descrip 
tion, as Well as from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 provides a perspective vieW of one embodi 
ment of the present invention. 

[0021] FIG. 2 provides an exploded vieW of the device 
shoWn in FIG. 1. 

[0022] FIG. 3 provides a cut-aWay vieW of the device 
shoWn in FIG. 1. 

[0023] FIG. 4 provides a cut-aWay vieW and a magni?ed 
vieW of the device shoWn in FIG. 1, during use. 

[0024] FIG. 5 provides a cut-aWay vieW and a magni?ed 
vieW of the device shoWn in FIG. 1, after use. Note the lance 
is shoWn having pierced the frangible material. 

[0025] FIG. 6 provides a top vieW and a section vieW of 
the device shoWn in FIG. 1, after use. 

DETAILED DESCRIPTION 

[0026] In the folloWing detailed description, reference is 
made to the accompanying draWings that form a part hereof, 
and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. It is 
understood that other embodiments may be utiliZed and 
structural changes may be made Without departing from the 
scope of the present invention. 

[0027] The devices and methods of the present invention 
enable the easy detection of analytes in ?uid samples. The 
devices also alloW a quantity of sample to be easily stored 
for con?rmatory testing later in a reservoir Within the device, 
using a different principle of testing if desired. The con?r 
mation sample is therefore safely stored from contamina 
tion. The device also alloWs the user to control the time of 
beginning the assay, because the user can apply sample to 
the sample collection Well and ?ll the sample collection 
Well, but the assay Will not begin until the user applies the 
cap to the sample collection Well and loWers the plunger, 
thereby puncturing the frangible material and releasing the 
?uid sample into the test compartment. FIGS. 1-6 shoW only 
certain embodiments of the present invention for purposes of 
illustrating the invention, and are not limiting. With refer 
ence to the present disclosure the person of ordinary skill 
Will realiZe other embodiments. 

[0028] Sample Analysis and Storage Device 

[0029] The present invention provides a test device for 
detecting an analyte in a ?uid sample, and for storing an 
aliquot of the sample for con?rmation testing. FIGS. 1-6 
shoW one embodiment of the present device 100, Which 
comprises a casing 110, having an injection molded top 210 
and base 215. The casing has a test compartment 360 in 
Which are situated test elements for conducting the assay of 
the invention. There is also a port 120 in Which is situated 
a sample collection Well 130. In one embodiment the sample 
collection has a plunger 240, an upper chamber 320 for 
storage of a con?rmation sample, an expression plate 230 for 
expressing sample from a sample applicator by Wringing or 
squeezing against the expression plate, a sample outlet 350 
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sealed by a frangible material 270 and Which provides liquid 
communication betWeen the sample collection Well and the 
test compartment When the sample outlet is open. In other 
embodiments these components may not be present in the 
sample collection Well. In the embodiment illustrated in 
FIGS. 4 though 6, the expression plate divides the upper 
chamber from the loWer chamber, and has an aperture 520 
for How of liquid sample from the upper chamber to the 
loWer chamber. Additionally, the plunger has both raised and 
loWered positions. When the plunger is in the raised position 
a loWer chamber 330 is present in the sample collection Well 
(see FIGS. 3 and 4). When the plunger is in the loWered 
position, the loWer chamber is no longer present (see FIGS. 
5 and 6). In other Words, the loWer chamber disappears 
When the plunger moves into the loWered position as the 
space then becomes occupied by the plunger. 

[0030] Embodiments of the device are possible Where no 
upper and loWer chambers are present, but a single chamber 
performs the functions. The expression plate can also be 
located at a point removed from the sample collection Well, 
and the ?uid sample transferred to the test compartment. 
Also, the lance can be carried on the plunger, Which can be 
present in the sample collection Well (as shoWn in the 
Figures), but the lance can also be present as a separate 
component, either Within or outside of the sample collection 
Well. 

[0031] The plunger may be made of a variety of materials, 
such as injection-molded or press-molded plastic. The 
plunger has a face, Which is the portion opposite the cap and 
closest to the sample outlet, and a back Which is the portion 
of the plunger body closest to the cap. The plunger can carry 
the lance on its face side. The plunger can also have arms 
Which extend toWards the cap, so that the bottom of the cap 
interfaces With the plunger arms to apply force on the 
plunger and drive it and the lance into the frangible material. 
The lance is suf?ciently sharp and hard to break the fungible 
material that has been chosen to cover the sample outlet. The 
lance can be manufactured as an integral part of the injec 
tion-molded plastic plunger, or incorporated into the plastic 
plunger. 

[0032] In one embodiment, the device has a cap 220 for 
the sample collection Well (see FIGS. 2, 5 and 6). In one 
embodiment the sample collection Well and cap have 
complementary engaging screW threads. The cap can have a 
projection 510 (see FIGS. 5 and 6) that interacts With the 
plunger, such as a doWnWard projection from the bottom of 
the cap. The projection can be an extended projection from 
the center bottom of the cap, but in other embodiments it can 
be arms extending from the center or sides of the cap, or 
other projections that extend from the cap and interact 
directly or indirectly With the plunger. The expression plate 
has an opening 520 through Which the projection passes to 
interact With the plunger. When the cap is screWed onto the 
sample collection Well, the doWnWard projection of the cap 
is placed into contact With the plunger and moves it from the 
raised position to the loWered position. This causes the loWer 
chamber to disappear. 

[0033] In certain embodiments, the plunger carries a lance 
340 on its bottom surface. The lance on the bottom of the 
plunger can be doWnWardly-projecting toWards the sample 
outlet, and is aligned With the outlet for breaking the 
frangible material. In one embodiment the plunger is per 
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pendicularly aligned With the plane of the outlet. As the 
plunger is moved to its loWer position, the lance moves into 
and punctures the frangible material, and sample in the 
sample collection Well (e.g., from the loWer chamber) ?oWs 
into the test compartment. The frangible material may be 
made of any convenient material, such as paper, Wax-coated 
paper, plastic-coated paper, plastic ?lm, a thin plastic sheet, 
adhesive tape, foil, Waxed foil and plastic-coated foil. The 
frangible material may be attached With adhesive. 

[0034] In one embodiment the lance can also have af?xed 
to its loWer edge a seal, so that When the plunger is in the 
loWer position a seal is effected betWeen the sample collec 
tion Well and the test compartment. The seal can be made of 
rubber, plastic, or any material that can form a seal over the 
outlet When the plunger is in the loWer position. 

[0035] As shoWn in FIGS. 2, 3, 4 and 5, an O-ring 380 is 
provided around the rim of the plunger. HoWever, any 
sealing mechanism can also be used. FIG. 4 illustrates a 
conical shoulder 420 on the Wall of the of the sample 
collection Well. In one embodiment, the diameter of the 
collection Well above the shoulder is slightly Wider than the 
diameter of the loWer chamber. The plunger is siZed to ?t 
snugly into the diameter of the loWer chamber and against 
the bottom of the loWer chamber, such that the O-ring and 
plunger create a seal betWeen the sample collection Well and 
the test compartment. Thus, the sample collection Well 
becomes a reservoir for the sample remaining in the collec 
tion Well, and Which can be preserved in the device and used 
for con?rmation testing. When the plunger is in the raised 
position, the plunger ?ts loosely Within the diameter of the 
sample collection Well, leaving a small space 430 betWeen 
the edge of the plunger and the Wall of the sample applica 
tion Well, through Which a portion of ?uid sample ?oWs into 
the loWer chamber. Sample can also How through openings 
Which exist in some embodiments in the plunger and/or 
expression plate. The plunger can also have a seal on its face 
so that When the plunger pierces the frangible material, the 
plunger continues forWard until it mates With the bottom of 
the sample collection Well, forming a seal betWeen the sides 
of the plunger and the Walls of the sample collection Well 
loWer chamber, as Well as a seal being formed around the 
sample outlet. Thus, the plunger can carry an O-ring or other 
type of seal on its face for this purpose. It can also be 
arranged so that a seal exists on the bottom of the loWer 
chamber of the sample collection Well, and that this com 
ponent forms a seal to close the sample outlet When the 
plunger in the loWer position. 

[0036] In another embodiment of the present device, the 
test compartment contains at least one test element 280, for 
example, a test strip. A variety of analyte test strips can be 
incorporated into the present invention Which is discussed in 
greater detail beloW. Sample comes into contact With the test 
strips When the plunger has been pushed into the loWered 
position and the frangible seal is broken. When the frangible 
seal breaks, sample that is present in the loWer chamber 
?oWs through the sample outlet and contacts the Wicking 
paper 260. The Wicking paper moves the sample by capillary 
action to the sample loading end of the test strips (see beloW) 
and the tests are initiated. While the illustrated embodiments 
use Wicking paper, it is also possible to not use Wicking 
paper and alloW the sample to How directly to the test 
element. The test results can be read through a WindoW 370 
provided in the top of the casing. Indicia may be provided 
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next to the WindoW, to indicate to the user Where to expect 
test result lines and control lines. 

[0037] Sample Applicator 
[0038] A sample applicator may be supplied With the 
device of the present invention. In one embodiment the 
sample applicator has an absorbent member 140 and a 
handle 144. The absorbent member can be made of medical 
grade sponge or foam material commonly used in the art. 
But many other materials are available for use as an absor 
bent member, such as cotton or paper, or any material having 
suitable absorbent capacity. The handle is generally rigid, to 
facilitate manipulation of the absorbent member. The handle 
may be made of any material commonly employed in the art, 
such as plastic, Wood, metal or cardboard. In one embodi 
ment the handle has a rim 142 (FIG. 1) to Which the 
absorbent member is attached. In some embodiments the 
absorbent member is soaked in or pre-treated With a material 
that stimulates salivation in the test subject. 

[0039] In some embodiments of the present invention, the 
upper chamber of the sample application Well may have ribs. 
The sample applicator can be adapted so that its rim locks 
under the ribs When the applicator has been suf?ciently 
pressed against the expression plate and then tWisted to ?t 
under the ribs. This may ensure that the absorbent member 
of the applicator has been sufficiently squeeZed for a suf? 
cient amount of time to express as much sample contained 
therein as possible. 

[0040] Test Strips 

[0041] Avariety of test elements can be incorporated into 
the present invention. One type of test element is a test strip. 
Analyte test strips are test elements provided in a variety of 
formats, such as immunoassay or chemical test format, for 
detecting analytes of interest in a sample, such as a drug of 
abuse or a metabolite suggestive of health status. Test strips 
can also be provided in either noncompetitive or competitive 
assay formats. In some formats, the test strips have a 
bibulous material having a sample application Zone, a 
reagent Zone and a test result Zone. The sample is applied to 
the sample application Zone and ?oWs into the reagent Zone 
by capillary action. In the reagent Zone, the sample dissolves 
and mixes With reagents necessary for detection of the 
analyte (if it is present in the sample). The sample, noW 
carrying the reagents, continues to How to the test results 
Zone. Additional reagents are immobiliZed in the test results 
Zone, such as a speci?c binding molecule for the analyte. 
These reagents react With and bind the analyte (if present) or 
one of the ?rst reagents from the reagent Zone. Labels for 
forming the detectable signal can be present in the reagent 
Zone, or a separate label Zone. 

[0042] In noncompetitive formats, a signal is produced if 
the sample contains the analyte, and no signal is produced if 
the analyte is not present. In competitive formats, a signal 
can be produced if no analyte is present, and no signal if 
analyte is present. 

[0043] When the test element is a test strip, it may be made 
of bibulous or non-bibulous material. Atest strip can include 
more than one material, Which are then in ?uid communi 
cation. One material of a test strip may be overlaid on 
another material of the test strip, such as for example, ?lter 
paper overlaid on nitrocellulose. Alternatively or in addition, 
a test strip may include a region comprising one or more 
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materials followed by a region comprising one or more 
different materials. In this case, the regions are in ?uid 
communication and may or may not partially overlap one 
another. The material or materials of the test strip can be 
bound to a support or solid surface such as a supporting 
sheet of plastic, to increase its handling strength. 

[0044] In embodiments Where the analyte is detected by a 
signal producing system, such as by one or more enZymes 
that speci?cally react With the analyte, one or more com 
ponents of the signal producing system can be bound to the 
analyte detection Zone of the test strip material in the same 
manner as speci?c binding members are bound to the test 
strip material, as described above. Alternatively or in addi 
tion, components of the signal producing system that are 
included in the sample application Zone, the reagent Zone, or 
the analyte detection Zone of the test strip, or that are 
included throughout the test strip, may be impregnated into 
one or more materials of the test strip. This can be achieved 
either by surface application of solutions of such compo 
nents or by immersion of the one or more test strip materials 
into solutions of such components. FolloWing one or more 
applications or one or more immersions, the test strip 
material is dried. Alternatively or in addition, components of 
the signal producing system that are included in the sample 
application Zone, the reagent Zone, or the analyte detection 
Zone of the test strip, or that are included throughout the test 
strip, may be applied to the surface of one or more test strip 
materials of the test strip as Was described for labeled 
reagents. 

[0045] The Zones can be arranged as folloWs: sample 
application Zone, one or more reagent Zones, one or more 

test results determination Zones, one or more control Zones, 

one or more adulteration Zones, and ?uid absorbing Zone. If 
the test results determination Zone includes a control Zone, 
preferably it folloWs the analyte detection Zone of the test 
result determination Zone. All of these Zones, or combina 
tions thereof, can be provided in a single strip of a single 
material. Alternatively, the Zones are made of different 
materials and are linked together in ?uid communication. 
For example, the different Zones can be in direct or indirect 
?uid communication. In this instance, the different Zones can 
be jointed end-to-end to be in ?uid communication, over 
lapped to be in ?uid communication, or be communicated by 
another member, such a joining material, Which is preferably 
bibulous such as ?lter paper, ?berglass or nitrocellulose. In 
using a joining material, a joining material may communi 
cate ?uid from end-to-end joined Zones or materials includ 
ing such Zones, end-to-end joined Zones or materials includ 
ing such Zones that are not in ?uid communication, or join 
Zones or materials that include such Zones that are over 

lapped (such as but not limited to from top to bottom) but not 
in ?uid communication. 

[0046] When and if a test strip includes an adulteration 
control Zone, the adulteration control Zone can be placed 
before or after the results determination Zone. When a 
control Zone is present in the results determination Zone on 
such a test strip, then the adulteration control Zone is 
preferably before the control Zone, but that need not be the 
case. In the embodiment of the present invention Where a 
test strip is a control test strip for the determination of an 
adulteration analyte and/or a control, then the adulteration 
control Zone can be placed before or after the control Zone, 
but is preferably before the control Zone. The reagents used 
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in the adulteration assay determine Whether there has been 
an attempt to defeat the purpose of the assay by the test 
subject, such as by adding material to the sample to change 
the results of the assay. 

[0047] Samples that can be tested With the device of the 
present invention include liquids of biological origin (e.g., 
casing ?uids and clinical samples). Liquid samples may be 
derived from solid or semi-solid samples, including feces, 
biological tissue, and food samples. Such solid or semi-solid 
samples can be converted into a liquid sample by any 
suitable method, for example by mixing, chopping, macer 
ating, incubating, dissolving or enZymatically digesting 
solid samples in a suitable liquid (e.g., Water, phosphate 
buffered saline, or other buffers). “Biological samples” 
include samples derived from living animals, plants, and 
food, including for example urine, saliva, blood and blood 
components, cerebrospinal ?uid, vaginal sWabs, semen, 
feces, sWeat, exudates, tissue, organs, tumors, tissue and 
organ culture, cell cultures and conditioned media there 
from, Whether from humans or animals. Apreferred biologi 
cal sample is urine. Food samples include samples from 
processed food components or ?nal products, meat, cheese, 
Wine, milk and drinking Water. Plant samples include those 
derived from any plant, plant tissue, plant cell cultures and 
conditioned media therefrom. “Environmental samples” are 
those derived from the environment (e.g., a Water sample 
from a lake or other casing of Water, ef?uent samples, soil 
samples, ground Water, ocean Water, and runoff Water. SeW 
age and related Wastes can also be included as environmen 
tal samples. 

[0048] Any analyte can be tested for utiliZing the present 
invention and a suitable test element. In particular, the 
present invention can be utiliZed for the detection of a drug 
of abuse in oral ?uid. A“drug of abuse” (DOA) is a drug that 
is taken for non-medicinal reasons (usually for mind-altering 
effects). The abuse of such drugs can lead to physical and 
mental damage and (With some substances) dependence, 
addiction and/or death. Examples of DOAs include cocaine; 
amphetamines (e.g., black beauties, White bennies, dextro 
amphetamines, dexies, beans); methamphetamines (crank, 
meth, crystal, speed); barbiturates (Valium®, Roche Phar 
maceuticals, Nutley, N.J.); sedatives (i.e. sleep-aids); lyser 
gic acid diethylamide (LSD); depressants (doWners, goof 
balls, barbs, blue devils, yelloW jackets, ludes); tricyclic 
antidepressants (TCA, e.g., imipramine, amitriptyline and 
doxepin); phencyclidine (PCP); tetrahydrocannabinol 
(THC, pot, dope, hash, Weed, etc.); and opiates (e.g., mor 
phine, opium, codeine, heroin, oxycodone). 

[0049] Additional analytes that can be tested using the 
present invention include but are not limited to creatinine, 
bilirubin, nitrite, protein (nonspeci?c), hormones (e.g. 
human chorionic gonadotropin, luteiniZing hormone, follicle 
stimulating hormone, etc.), blood, leukocytes, sugar, heavy 
metals or toxins, bacterial components (eg proteins or 
sugars speci?c to a particular type of bacteria, such as E. 
c0li01571H7, S. aureus, Salmonella, C. perfringens, Campy 
lobacter; L. monocytogenes, V parahaemolyticus, or B. 
cereus) and physical characteristics of the urine sample, 
such as pH and speci?c gravity. Any other clinical urine 
chemistry analyte that can be adapted to a lateral ?oW test 
format may also be incorporated into the present device. 



US 2005/0119589 A1 

[0050] Methods of Use 

[0051] The following discussion relates to those embodi 
ments illustrated in the examples. Of course other embodi 
ments are possible Without departing from the scope of this 
invention. In the methods of the invention, the step of 
applying the sample to the device can include contacting a 
sample applicator With the ?uid sample, for example, by 
inserting it into the mouth of a test subject or by immersing 
it in a container of ?uid sample. The ?lled or soaked 
applicator 144 can be inserted into the sample collection 
Well 130, and the applicator pressed or squeeZed against the 
expression plate 230 to express the ?uid sample into the 
sample collection Well (see FIG. 4). The expressed ?uid 
sample ?oWs into the loWer chamber of the sample collec 
tion Well through openings in the expression plate, or 
through spaces 430 present at the sides of the plunger 240 
(FIG. 3). Thus, a portion of the ?uid ?oWs from the upper 
chamber around an edge of the plunger and into the loWer 
chamber 330. 

[0052] After sample is completely expressed, the cap 220 
can be applied to the sample collection Well (see FIGS. 2 
and 5). When the cap and sample collection cup contain 
complementary engaging screW threads, the cap is screWed 
onto the sample collection Well. The cap can contain a part 
or projection that interacts With the plunger. For example, 
the center bottom of the cap can contain a projection that 
extends doWnWard through the center of the expression plate 
and is therefore placed on the back of the plunger to exert the 
force. The interaction can be simply the physical contact and 
transfer of force to the plunger applied by the doWnWard 
motion of the cap. This force causes the plunger to be 
loWered Within the sample collection cup as the cap is 
screWed on, and for the lance carried on the plunger to be 
loWered into the frangible material, and thereby puncture it. 
Thus, ?uid communication is provided betWeen the sample 
collection Well and the test compartment. Fluid then ?oWs 
from the sample collection Well to the test compartment, and 
the assaying begins. In other embodiments, the cap can be 
snapped onto the top of the sample collection Well, or 
otherWise applied so that sample does not leak out, and force 
is applied to the plunger. FIG. 5 shoWs the plunger in the 
loWered position and that the lance has punctured the 
frangible material, thereby opening the sample outlet. The 
Figures also shoW an absorbent Wicking paper 260 placed 
beloW the sample outlet, Which can be used to enhance ?oW 
of the ?uid sample from the sample collection Well to the test 
elements. The Wicking paper can be made of any convenient 
bibulous material capable of capillary ?oW. Examples 
include glass ?ber paper and polyester mesh treated to 
become hydrophilic and ?lter paper. After the control indicia 
are provided, the result of the assay is conveniently deter 
mined by vieWing the test element through the WindoW 370. 

[0053] Test Kits 

[0054] Test kits of the invention can be packaged in a 
variety of formats, depending upon the customer’s needs. 
For example, a facility that conducts large numbers of 
pre-employment drug screenings may prefer boxes of 1 set 
of instructions plus 20 vacuum packed set of devices and 
applicators. On the other hand, other users may prefer boxed 
kits that contain only one device, one sample collector, and 
one set of instructions. Any suitable packaging materials can 
be used. Test kits may be packaged in a box, or may be 
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Wrapped in protective material such as cellophane. Test kits 
may also be provided With a test device (and applicator) 
provided in the same or separate sealed pouches, Which may 
or may not then be provided in a box or other packaging. 

EXAMPLE 1 

Pre-Employment Drug Screening 

[0055] The devices of the invention can be utiliZed in a 
variety of contexts. This example illustrates a use of the 
device for pre-employment drug screening. The person to be 
tested provides a sample of saliva by placing the sample 
applicator into his or her mouth, and alloWing it to remain 
in the mouth for about 5 minutes. In embodiments for 
pre-employment drug screening the device contains test 
strips for several common drugs of abuse, in this embodi 
ment cocaine, methamphetamine, phencyclidine, THC, mor 
phine, and amphetamines. The device utiliZes test strips in a 
competitive immunoassay format Where labeled speci?c 
binding molecules (antibodies labeled With gold sol in this 
embodiment) for each drug being tested are present on the 
label Zone of the test strip. The test lines contain the antigen 
being tested for. If analyte is present in the sample it is bound 
by labeled speci?c binding molecules in the label Zone, 
thereby preventing the labeled antibody from binding to the 
test line. Thus, no signal occurs on the test line When analyte 
is present. Conversely, When no antigen is present in the 
sample, the labeled antibodies bind to the test line providing 
the signal on the test line. 

[0056] After receiving the ?lled or soaked sample appli 
cator, the testing technician inserts it into the sample col 
lection Well of the device. The technician presses the appli 
cator doWn into the Well and then tWists it, to lock the rim 
of the applicator under a pair a ?anges 410 (provided in this 
embodiment). Saliva is thereby expressed from the absor 
bent foam of the sample applicator and ?oWs through the 
ori?ce in the expression plate and into the chamber beloW 
the expression plate. Since the plunger is in the ?rst position, 
some of the sample ?oWs around the edges of the plunger 
into the loWer chamber of the sample collection Well. When 
all sample is expressed from the foam, the applicator is 
removed and the cap is screWed onto the sample collection 
Well. As the cap is screWed onto the sample collection Well, 
the doWnWard projection of the cap pushes the plunger from 
the raised position to the loWered position, thereby driving 
the lance into the frangible seal, breaking the seal, and 
opening the sample outlet. Sample then ?oWs into the test 
compartment, Where it comes into contact With the test 
strips. At the same time, the portion of the sample remaining 
in the upper chamber, above the plunger is isolated from the 
rest of the apparatus, because the plunger becomes a seal 
betWeen the upper chamber and the test compartment and 
thereby creating a reservoir to hold the remaining sample. 
After a feW minutes, the control indicia are provided on the 
test elements, indicating that the assay is complete. A signal 
is provided at each of the test lines, indicating that no drugs 
of abuse are present in the saliva sample (competitive assay 
format). If a positive result is determined, the device may be 
sent to a con?rmatory laboratory so that the sample con 
tained in the reservoir can be tested to con?rm the result. 

[0057] With reference to the present disclosure the person 
of ordinary skill in the art Will realiZe that any analyte for 
Which a test element is available or later developed can be 
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used in the present invention. Thus, any other drugs of abuse 
of interest can be tested for, and several example are listed 
herein. Similarly, any analyte from any sample type can be 
tested for. 

[0058] The invention illustratively described herein may 
be practiced in the absence of any element or elements, 
limitation or limitations that are not speci?cally disclosed 
herein. The terms and expressions Which have been 
employed are used as terms of description and not of 
limitation, and there is no intention that in the use of such 
terms and expressions of excluding any equivalents of the 
features shoWn and described or portions thereof, but it is 
recognized that various modi?cations are possible Within the 
scope of the invention claimed. Thus, it should be under 
stood that although the present invention has been speci? 
cally disclosed by various embodiments and optional fea 
tures, modi?cation and variation of the concepts herein 
disclosed may be resorted to by those skilled in the art, and 
that such modi?cations and variations are considered to be 
Within the scope of this invention as de?ned by the appended 
claims. 

[0059] The contents of the articles, patents, and patent 
applications, and all other documents and electronically 
available information mentioned or cited herein, are hereby 
incorporated by reference in their entirety to the same extent 
as if each individual publication Was speci?cally and indi 
vidually indicated to be incorporated by reference. Appli 
cants reserve the right to physically incorporate into this 
application any and all materials and information from any 
such articles, patents, patent applications, or other docu 
ments. 

We claim: 
1. Atest device for detecting an analyte suspected of being 

present in a ?uid sample, comprising: 

a casing, comprising a port for a sample collection Well; 

a sample collection Well, situated in the port and com 
prising an expression plate, and a plunger having a 
raised position and a loWer position; 

a chamber for storage of a con?rmation sample; 

a test compartment containing at least one test element; 

a sample outlet sealed by a frangible material and pro 
viding liquid communication betWeen the sample col 
lection Well and the test compartment When the sample 
outlet is open; 

a lance for piercing the frangible material; and 

a cap for the sample collection Well, Wherein a portion of 
the cap interacts With the plunger to move the plunger 
from the raised position to the loWer position When the 
cap is applied to the sample collection Well. 

2. The device of claim 1 Wherein the plunger and expres 
sion plate are comprised Within the sample collection Well, 
and the sample collection Well further comprises a loWer 
chamber When the plunger is in the raised position, and an 
upper chamber Where the con?rmation sample is stored; and 
Wherein the lance is carried on the plunger. 

3. The test device of claim 1, Wherein the expression plate 
divides the upper chamber from the loWer chamber, and 
comprises an aperture for How of liquid sample from the 
upper chamber to the loWer chamber. 
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4. The device of claim 1 Wherein the lance is doWnWardly 
projecting and is perpendicularly aligned With the outlet for 
breaking the frangible material. 

5. The device of claim 1 Wherein the sample collection 
Well and cap further comprise complementary engaging 
screW threads. 

6. The device of claim 1 Wherein the cap comprises a 
doWnWard projection that interacts With the plunger When 
the cap is applied to the sample collection Well. 

7. The device of claim 6 Wherein the expression plate 
comprises an opening through Which the projection passes to 
interact With the plunger. 

8. The device of claim 2 Wherein the loWer chamber is 
absent When the plunger is in the loWer position. 

9. The device of claim 1 Wherein the frangible material is 
selected from the group consisting of paper, Wax-coated 
paper, plastic-coated paper, plastic ?lm, a thin plastic sheet, 
adhesive tape, foil, Waxed foil and plastic-coated foil. 

10. The device of claim 1 Wherein the test element is a test 
strip. 

11. The device of claim 1 Wherein the test strip comprises 
speci?c binding molecules immobiliZed on the test strip. 

12. The device of claim 1 the test strip further comprising 
a chemical test. 

13. The device of claim 1 Wherein the ?uid sample is 
selected from the group consisting of: oral ?uid, blood, 
serum, plasma, urine, feces, spinal ?uid, vaginal sWabs, 
mucus, and tissue. 

14. The device of claim 13 Wherein the ?uid sample is 
saliva. 

15. The device of claim 1 Wherein the analyte is selected 
from the group consisting of: a drug, a hormone, a protein, 
a nucleic acid molecule, an etiological agent and a speci?c 
binding pair member. 

16. The device of claim 15 Wherein the analyte is a drug, 
and the drug is a drug of abuse. 

17. The device of claim 2 Wherein the upper and loWer 
chambers are present When the plunger is in the raised 
position, and the loWer chamber is not present When the 
plunger is in the loWer position. 

18. A kit comprising: 

a device comprising 

a casing, comprising a port for a sample collection Well; 

a sample collection Well, situated in the port and 
comprising an expression plalte, and a plunger hav 
ing a raised position and a loWer position; 

a chamber for storage of a con?rmation sample; 

a test compartment containing at least one test element; 

a sample outlet sealed by a frangible material and 
providing liquid communication betWeen the sample 
collection Well and the test compartment When the 
sample outlet is open; 

a lance for piercing the frangible material; 

a cap for the sample collection Well, Wherein a portion 
of the cap interacts With the plunger to move the 
plunger from the raised position to the loWer position 
When the cap is applied to the sample collection Well; 
and 

a sample applicator. 
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19. The kit of claim 18 wherein the plunger and expres 
sion plate are comprised Within the sample collection Well, 
and the sample collection Well further comprises a loWer 
chamber When the plunger is in the raised position, and an 
upper chamber Where the con?rmation sample is stored; and 
Wherein the lance is carried on the plunger. 

20. The kit of claim 19 Wherein the sample applicator 
further comprises an absorbent member and a handle. 

21. The kit of claim 20 Wherein the absorbent member 
comprises a sponge. 

22. The kit of claim 20 Wherein the absorbent member 
comprises a foam. 

23. The kit of claim 20 Wherein the absorbent member 
comprises a solution that stimulates salivation in a test 
subject. 

24. A method of detecting the presence of an analyte in a 
?uid sample comprising, 

applying the ?uid sample to a device comprising, 

a casing comprising a port for a sample collection Well; 

a sample collection Well, situated in the port and 
comprising an expression plate, and a plunger having 
a raised position and a loWer position; 

a chamber for storage of a con?rmation sample; 

an expression plate; 

a test compartment containing at least one test element; 

a sample outlet sealed by a frangible material and 
providing liquid communication betWeen the sample 
collection Well and the test compartment When the 
sample outlet is open; and 

a lance for piercing the frangible material; and 

a cap for the sample collection Well, Wherein a portion 
of the cap interacts With the plunger to move the 
plunger from the raised position to the loWer position 
When the cap is applied to the sample collection Well; 

applying the cap to the sample collection Well and engag 
ing the plunger; 

loWering the plunger so that the lance punctures the 
frangible material and releases the ?uid sample into the 
test compartment; and 
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determining the presence of the analyte in the ?uid 
sample. 

25. The method of claim 24 Wherein the plunger and 
expression plate are comprised Within the sample collection 
Well, and the sample collection Well further comprises a 
loWer chamber When the plunger is in the raised position, 
and an upper chamber Where the con?rmation sample is 
stored; and Wherein the lance is carried on the plunger. 

26. The device of claim 25 Wherein the sample collection 
Well further comprises a loWer chamber When the plunger is 
in the raised position, and comprising an upper chamber 
Where the con?rmation sample is stored. 

27. The method of claim 25 Wherein applying the sample 
comprises contacting a sample applicator With the ?uid 
sample, inserting the sample applicator into the sample Well, 
and pressing the sample applicator against the expression 
plate to express the ?uid sample into the sample collection 
Well. 

28. The method of claim 25 further comprising that the 
expressed ?uid sample ?oWs into the loWer chamber of the 
sample collection Well, and a portion of the ?uid ?oWs from 
the upper chamber around an edge of the plunger and into 
the loWer chamber. 

29. The method of claim 25 further comprising that after 
?uid sample is applied to the sample collection Well, the cap 
is applied to the sample collection Well, and the plunger is 
loWered to puncture the frangible material as the cap is 
applied, thereby providing ?uid communication betWeen the 
sample collection Well and the test compartment. 

30. The test device of claim 25 Wherein the ?uid sample 
?oWs from the loWer chamber to the test compartment When 
the plunger punctures the frangible material. 

31. The method of claim 25 Wherein the sample collection 
Well and cap further comprise complementary engaging 
screW threads. 

32. The method of claim 31 Wherein When the cap is 
screWed onto the sample collection Well, a portion of the cap 
interacts to provide force onto the plunger and thereby loWer 
the plunger and puncture the frangible material. 

33. The method of claim 25 Wherein the loWer chamber is 
not present When the plunger is in the loWer position. 

* * * * * 


