
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
8 February 2007 (08.02.2007) PCT WO 2007/016633 Al

(51) International Patent Classification: G. Marco [US/US]; 3M Center, Post Office Box 33427,
GOlN 33/543 (2006.01) Saint Paul, Minnesota 55133-3427 (US). BURTON, Scott

A. [US/US]; 3M Center, Post Office Box 33427, Saint
(21) International Application Number: Paul, Minnesota 55133-3427 (US). DODGE, Larry H.

PCT/US2006/0301 13 [US/US]; 3M Center, Post Office Box 33427, Saint Paul,
Minnesota 55133-3427 (US). GONZALEZ, Bernard

(22) International Filing Date: 2 August 2006 (02.08.2006) A. [US/US]; 3M Center, Post Office Box 33427, Saint
Paul, Minnesota 55133-3427 (US). LAKSHMI, Brinda

(25) Filing Language: English B. [IN/US]; 3M Center, Post Office Box 33427, Saint
Paul, Minnesota 55133-3427 (US). SMITH, Jeffrey D.

(26) Publication Language: English
[US/US]; 3M Center, Post Office Box 33427, Saint Paul,

(30) Priority Data: Minnesota 55133-3427 (US).

60/705,1 18 2 August 2005 (02.08.2005) US (74) Agents: LAMBERT, Nancy M. et al; 3M Center, Office
of Intellectual Property Counsel, Post Office Box 33427,

(71) Applicant (for all designated States except US): 3M Saint Paul, Minnesota 55133-3427 (US).
INNOVATIVE PROPERTIES COMPANY [US/US];
3m Center, Post Office Box 33427, Saint Paul, Minnesota (81) Designated States (unless otherwise indicated, for every
55133-3427 (US). kind of national protection available): AE, AG, AL, AM,

AT,AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
(72) Inventors; and CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
(75) Inventors/Applicants (for US only): BOMMARITO, GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,

[Continued on next page]

(54) Title: APPARATUS ASSEMBLY AND METHOD FOR DETECTING AN ANALYTE

(57) Abstract: An apparatus assembly for detecting an an-
alyte in a sample of material includes a generally self-con
tained housing and an indicator cap. The housing is moveable
between a sample preparation orientation and a testing ori en
tation and is configured to interchangeably receive a sample
collection device and the indicator cap having a testing device
for detecting the analyte.



KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, Declarations under Rule 4.17:
LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MZ, NA, — as to applicant's entitlement to apply for and be granted a
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, patent (Rule 4.17(U))
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, — as to the applicant's entitlement to claim the priority of the
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. earlier application (Rule 4.17(Hi))

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW GH, p jsn J
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, _ search
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT,LU, LV,MC, NL, PL, PT, For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, ance Notes on Codes and Abbreviations "appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.



APPARATUS ASSEMBLY AND METHOD FOR DETECTING AN ANALYTE

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application

No. 60/705,1 18, filed August 2, 2005, which is incorporated herein by reference.

BACKGROUND

Many industries, such as the medical and food service industries, often

require the testing of a sample of material in order to determine whether a certain

biological bacterium or other organism is present. The presence of such an organism

may be indicative of a problem. For example, the presence of the organism may

indicate the presence of infection in a person or the presence of a contaminant in food

or on a food preparation surface.

In existing methods of testing the sample of material, a sample collection

device, such as a swab, which includes a porous medium on the end of a shaft, may be

used to gather the sample of material. Specifically, the porous medium of the swab

may be placed in contact with a sample source, such as a nose, ear, or throat of a

person, or a food preparation surface, and a sample may then adhere to the porous

medium. Thereafter, the sample collection device may be transferred to a different

location, such as a laboratory, where the collected sample is transferred from the

sample collection device to a slide or other external laboratory apparatus in order to run

an assay to analyze whether the particular organism of interest is present. The

particular organism of interest may be referred to as an "analyte".

In addition to a delay in time, the transfer of the sample collection device

from the sample source to the off-site location may cause the collected sample to

become contaminated or dry out, which may decrease the reliability of the analyte

detection. Furthermore, a non-self contained testing device or method may be

problematic because the lab technician may be exposed to the analyte during the testing

process. The present invention addresses these and/or other problems and provides

advantages over prior devices.



BRIEF SUMMARY

The application discloses, in one aspect, an apparatus for processing a

sample of material. In illustrated embodiments, the apparatus includes a housing having

a flow passage between first and second ends. A capture medium is disposed in the

housing between the first and second ends and is configured to capture an analyte in a

sample of material. In illustrated embodiments, the apparatus is used in combination

with a sample collection assembly and an indicator cap having a testing device.

In one aspect, an assembly is disclosed for processing a sample of biological

material. The assembly comprises a housing including a first end, a second end

opposite the first end and a flow passage between the first and second ends and the first

end being configured to receive a sample collection assembly including a fluid

reservoir, a second fluid reservoir including a second fluid proximate to the second end

of the housing in fluid communication with the flow passage, and a capture medium

disposed in the housing between the first end and the second end configured to capture

an analyte in a sample of material.

In another aspect, a method is disclosed of processing a sample of biological

material. The method comprises introducing a first fluid into a first end of an apparatus

housing and eluting at least a portion of the sample of biological material from a

sample collection device to form an eluted sample, capturing material from the eluted

sample in a capture medium in the housing, rotating the apparatus housing about one-

hundred eighty degrees from a sample preparation orientation to a sample testing

orientation, and introducing a second fluid into a second end of the apparatus housing

to release the material from the capture medium.

The above summary is not intended to describe each disclosed embodiment

or every implementation of the present invention. The figures and the detailed

description which follow more particularly exemplify illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further explained with reference to the drawing

figures listed below, where like structure is referenced by like numerals throughout the

several views.

FIG. 1 is a perspective view of an exemplary embodiment of an apparatus

assembly of the present invention, which includes a sample collection device attached



to a first end of a housing, which is in a sample preparation orientation, and an

indicator cap, which is configured to attach to the first end of the housing.

FIG. 2 is a perspective view of the apparatus assembly of FIG. 1, where the

sample collection device has been detached from the first end of the housing and the

indicator cap has been attached to the first end of housing, which is in a testing

orientation.

FIG. 3 is a cross-sectional view of the housing of FIG. 1, which is in the

sample preparation orientation, where the sample collection device is attached to first

end of the housing.

FIG. 4 is a cross-sectional view of the apparatus assembly of FIG. 2, where

the housing is in the testing orientation and where the indicator cap is now attached to

the first end of the housing.

While the above-identified figures set forth an exemplary embodiment of the

present invention, other embodiments are also within the invention. In all cases, this

disclosure presents the invention by way of representation and not limitation. It should

be understood that numerous other modifications and embodiments can be devised by

those skilled in the art, which fall within the scope and spirit of the principles of the

invention.

DETAILED DESCRIPTION

The present invention is an apparatus assembly for detecting an analyte,

such as staphylococcus aureus, in a sample of material, where the assembly includes a

substantially self-contained housing and an indicator cap. The housing is substantially

self-contained because generally all the chemistry for detecting the analyte is contained

in the housing. This decreases the chance that an apparatus operator will be exposed to

the analyte and/or fluids that are used in the testing process, such as by an accidental

spill or otherwise. The inventive apparatus assembly is a relatively simple device that

allows a sample of material to be tested for an analyte at or near the sample source.

Rather than transferring the sample of material to an off-site laboratory, the present

invention allows an operator to obtain a sample of material from a sample source and

then in a short amount of time, test the sample for the presence of an analyte at or near

the sample source. Furthermore, the apparatus assembly may be disposable, which

helps to provide a clean, if not sterile, apparatus assembly for each use.



The housing of the apparatus assembly is configured to receive a sample

collection device, such as a swab. In some embodiments of the present invention, the

sample collection device may be an element of the apparatus assembly, where the

sample collection device is distributed with the housing and indicator cap. In other

embodiments, the housing is configured to receive a sample collection device that is

provided by the apparatus assembly operator.

The housing includes two orientations: 1) a sample preparation orientation

(shown in FIGS. 1 and 3), and 2) a testing orientation (shown in FIGS. 2 and 4). In the

exemplary embodiment, the housing is manually moved between the two orientations

by rotating the housing about 180 degrees (°). In the sample preparation orientation, a

sample of material is prepared for detection. The sample of material is typically a

heterogeneous mixture of material. Certain analytes may need to be isolated from a

sample of material and/or concentrated in order for an accurate detection. In the

exemplary embodiment, the analyte isolation is completed in the sample preparation

orientation. Specifically, a capture medium for isolating the analyte from the sample of

material is disposed within the housing in the exemplary embodiment. Preferably, the

capture medium is positioned and retained in such a way that fluid may pass over and

through the capture medium while at the same time allowing the capture medium to

capture the analyte. Examples of suitable capture media include, but are not limited to,

beads, a porous membrane, a foam, a frit, a screen, or combinations thereof. The

capture medium may be coated with ligand specific to the analyte, e.g., an anti-body.

In other embodiments, other means for isolating the analyte may be used.

In the testing orientation, the isolated analyte and a buffer solution contact a

testing device, which is adapted to detect presence of the analyte. In the exemplary

embodiment, the concentrated analyte is released from the capture medium and

contacts a colorimetric sensor, which is adapted to provide a visual indicium of the

presence or absence of the analyte.

An exemplary analyte of interest to detect is Staphylococcus aureus ("S.

aureus"). This is a pathogen causing a wide spectrum of infections including:

superficial lesions such as small skin abscesses and wound infections; systemic and life

threatening conditions such as endocarditis, pneumonia and septicemia; as well as

toxinoses such as food poisoning and toxic shock syndrome. Some strains (e.g.,



Methicillih-Resistant S . aureus or MRSA) are resistant to all but a few select

antibiotics.

The present invention is described in reference to an exemplary

embodiment, which uses an indirect assay to detect an analyte in a sample of material.

A general understanding of the assay process that is used with the exemplary

embodiment will help aid in the description of the inventive apparatus. However, the

following description of the assay process is not intended to limit the present invention

in any way. Rather, the inventive apparatus and method of detecting an analyte in a

sample of material may be applied to many different types of assays, direct or indirect.

In accordance with the exemplary embodiment, a sample of material is

obtained with a sample collection device. Prior to running the assay, the sample of

material is prepared. In the sample preparation stage, the sample of material is eluted

from the sample collection device with a first buffer solution, rendering an eluted

sample. At least some of the analyte is then isolated from the eluted sample. This is

done with a capture medium. The sample of material is typically a heterogeneous

mixture of material. It may be necessary to isolate and, in some sense, concentrate the

analyte because some analytes are only detected in large quantities. The

isolation/concentration may increase the chance of an accurate detection of the analyte.

Therefore, in order to help increase the possibility that the organism will be

detected by a testing device, the organism (i.e., the analyte) is isolated from the

remaining debris in the sample of material. The testing device may be any suitable

device, such as a colorimetric sensor.

At least some of the analyte captured by the capture medium is then released

(or lysed) therefrom with a second buffer solution. The second buffer solution may

contain a lysing agent, such as those described in U.S. Patent Application Publication

No. 2005/0153370 Al, entitled "Method of Enhancing Signal Detection of Cell-Wall

Components of Cells."

The released analyte and second buffer solution is then put in contact with a

reagent that is adapted to react with the released analyte. If a direct assay is used, a

reagent may not be necessary. After the analyte and reagent react, and after a sufficient

"reaction time", the analyte and reagent, along with the second buffer solution, contact

the testing device. In an indirect assay, a testing device (i.e., testing device 50

described below) detects the presence of a reagent adapted to react with the analyte,



rather than the analyte itself. Specifically, the reagent and analyte react, and then any

remaining reagent (i.e., the reagent that has not reacted with the analyte to form a

separate product) reacts with the testing device. Thereafter, the testing device provides

a visual indicium of the presence and/or quantity of reagent. It is preferred that the

analyte and reagent are given sufficient time to react prior to contacting the testing

device.

In one embodiment, the reagent reacts with a surface of the testing device

(e.g., a red color), and the testing device changes color as the reagent reacts with the

testing device. If a large quantity of reagent reacts with the testing device, the testing

device may change color, for example, from red to blue. If a small quantity of reagent

reacts with the testing device, the testing device may not change color and remain red.

The testing device may also be configured to provide an indicium of the quantity of

reagent present (which typically represents the quantity of analyte present in the sample

of material). For example, the testing device may change color, where the intensity or

hue of the color changes depending upon the amount of reagent present. In alternate

embodiments, the testing device measures the amount of reagent in another suitable

way.

In an indirect assay, the quantity of reagent present indicates the quantity of

analyte present because typically, a large quantity of reagent present after the reaction

with the analyte indicates that there was not a large quantity of analyte present in the

sample of material. Similarly, a small quantity of reagent present after the reaction

with the analyte indicates that there was a large quantity of analyte present in the

sample of material.

An apparatus assembly of the present invention may be formed of any

suitable material, such as polycarbonate or other suitable polymers. It is preferred that

the apparatus assembly is disposable, and so a material may be selected based on not

only function, but cost.

FIG. 1 is a perspective view of an exemplary embodiment of apparatus

assembly 10 of the present invention. Apparatus assembly 10 includes housing 12 and

indicator cap 14. Housing 12 includes a sample preparation orientation and a testing

orientation. In FIG. 1, housing 12 is in its sample preparation orientation, where a first

end 12A of housing 12 has a greater z-coordinate (see orthogonal x-y-z axis in FIG. 1)

than second end 12B. The sample preparation orientation will be discussed in greater



detail in reference to FIG. 3. The testing orientation of housing 12 is shown in FIG. 2,

and will be discussed in greater detail in reference to FIGS. 2 and 4 .

Housing 12 includes first end 12A and second end 12B, which are

positioned on opposite sides of housing 12. First end 12A of housing 12 is configured

to interchangeably receive indicator cap 14 and a sample collection device 16 that is

used to collect a sample of material.

In the embodiment illustrated in FIG. 1, the sample collection device 16

includes hollow shaft 32 and porous medium 34 attached to hollow shaft 32 (or swab).

Hollow shaft 32 may be handled to contact porous medium 34 with a sample source,

thereby adhering a sample of material to porous medium 34. Hollow shaft 32 includes

first end 32A and second end 32B opposite first end 32A. First end 32 includes an

opening, which is configured to receive first fluid reservoir 18. First fluid reservoir 18

includes first fluid 38, chamber 18A for retaining first fluid 38, and plunger member

18B. First fluid 38 may be a buffer solution. Porous medium 34 is positioned over

second end 32B of hollow shaft 32, which includes at least one opening for allowing

first fluid 38 to move through second end 32B of hollow shaft 32, and contact porous

medium 34.

Sample collection device 16 may be any suitable device. Examples of

suitable sample collection devices are described in U.S. Patent No. 5,266,266, entitled,

"SPECIMEN TEST UNIT", and U.S. Patent Application Serial No. 60/705, 140,

entitled, "APPARATUS AND METHOD FOR COLLECTING A SAMPLE OF

MATERIAL," (Attorney Docket No. 61097US002) which was filed on the same date

as the present application.

The apparatus of the present invention is used to detect an analyte in the

sample of material collected using the sample collection device 16. In FIG. 1, the

sample collection device 16 is positioned at first end 12A of housing 12 to introduce a

sample for detection or processing. In the embodiment shown, the housing 12 includes

a sheath 26 that provides a flow passage for fluid through the apparatus 10. In other

embodiments, sheath 26 is absent and outer walls of housing 12 form the inner

passageway of housing 12. Housing 12 further includes viewing opening 13, through

which sheath 26 is in view. Sealed viewing opening 13 in housing 12 (shown in FIG.

1) may be used by an operator to visually verify that fluid is appropriately flowing

through apparatus assembly 10.



First fluid reservoir 18 of the sample collection device 16 is positioned in

selective fluidic communication with hollow shaft 32 (shown in FIG. 3) of sample

collection device 16, where "selective fluidic communication" indicates that there is a

valve, plunger (such as in a syringe) or other operator-activated means of introducing

first fluid 38 (shown in FIG. 3) disposed in first fluid reservoir 18 into hollow shaft 32

and housing 12. First fluid 38 elutes the sample of material from porous medium 34 of

sample collection device 16.

In FIG. 1, first fluid reservoir 18 is formed by a syringe, where first fluid 38

is positioned in a fluid chamber 18A and plunger member 18B may be pushed in order

to release first fluid 38 (shown in FIG. 3) from first fluid reservoir 18. In alternate

embodiments, first fluid reservoir is a deformable squeeze bulb with a break-off nib

(not shown) to control the fluid flow out of first fluid reservoir. In other embodiments,

first fluid reservoir is an accordion pleat bulb, or another type of reservoir that can

selectively release fluid with greater pressure than a deformable squeeze bulb. A

greater amount of pressure may be desirable in order to elute more of the sample of

material from the porous medium 34 of sample collection device 16. Certain analytes

may be more sensitive and a greater quantity of analyte may be required in order to be

detected by the testing device. In those cases, it is preferred that a syringe or other

device that is capable of releasing fluid with more pressure is used to release first fluid

38, which elutes the sample of material from sample collection device 16.

After first fluid 38 (shown in FIG. 3) disposed in first fluid reservoir 18 is

released, fluid 38 flows through the hollow shaft 32 of the sample collection device 16,

thereby eluting at least some of the sample of material from the porous medium 34 of

sample collection device 16. This will be described in further detail in reference to

FIG. 3 .

As shown in FIG. 1, the apparatus 10 also includes a second fluid reservoir

20 and stand 22 proximate to the second end 12B of housing 12. Second fluid 40

(shown in FIG. 4) is disposed in second fluid reservoir 20, and second fluid 40 is used

for releasing the analyte from a capture medium is disposed in second fluid reservoir

20, which is in selective fluidic communication with sheath 26, where "selective fluidic

communication" indicates that there is a valve, plunger (such as in a syringe) or other

user-activated means of introducing fluid 40 (shown in FIG. 4) disposed in second fluid

reservoir 20 into sheath 26. This will be described in further detail in reference to FIG.



4 . Stand 22 is configured to position housing 12 in a generally upright (i.e., in the

generally z-coordinate direction, where orthogonal x-y-z coordinates are shown in FIG.

1) orientation relative to a generally horizontal (i.e., generally in the x-y plane) surface

on which stand 22 is placed. As FIG. 1 shows, at least a part of a surface of stand 22 is

generally flat in order to rest on a generally horizontal surface.

As shown in FIG. 1, the apparatus assembly 10 includes a testing device for

detecting the analyte. In the illustrated embodiment, the testing device is disposed in

indicator cap 14 that is selectively coupleable to the housing 12 to test fluid or analyte

in housing 12. Preferably, the testing device provides a visual indicium of a test result

through window 24. In the exemplary embodiment, the analyte is detected by an

indirect assay, and the testing device is a colorimetric sensor. The colorimetric sensor

may include a polydiacetylene material, as described in U.S. Patent Application

Publication No. 2004/0132217 Al, and U.S. Patent Application Serial No. 60/636,993,

filed on December 17, 2004, both entitled, "COLORIMETRIC SENSORS

CONSTRUCTED OF DIACETYLENE MATERIALS". The colorimetric sensor

provides a visual indicium of the detection or absence of the analyte. Typically, the

colorimetric sensor may or may not change color, depending upon whether the analyte

is present in the sample of material. A user may view this color change through

window 24. The color change may also be graded (e.g., by intensity or hue) in order to

indicate the quantity of analyte present. In other embodiments, the color change cannot

be detected with a human eye, and a machine or electronic reader, such as a

spectrometer, is used to detect the color change. Of course, other testing devices are

contemplated, such as a testing device whose indicium of a test result is characterized

by a pH change, or some other change in the characteristic of the medium being

analyzed.

In the illustrated embodiment, indicator cap 14 includes a lip 14A, which is

configured to couple to the first end 12A of housing 12 (after sample collection device

16 has been removed therefrom) to provide a fluid path from the passageway in the

housing 12 to a reservoir or testing device in the indicator cap 14.. Bottom portion 14B

of indicator cap 14 is configured to position housing 12 in a generally upright

orientation relative to a generally horizontal surface on which indicator cap 14 is

placed. In this way, indicator cap 14 and stand 22 share a similar function relative to

supporting housing 12 relative to a generally horizontal surface.



FIG. 2 is a perspective view of the exemplary embodiment of apparatus

assembly 10', which is apparatus assembly 10 of FIG. 1 where sample collection

device 16 (shown in FIG. 1) has been detached from first end 12A of housing 12, the

housing 12 has been inverted, and indicator cap 14 has been attached to first end 12A

of housing 12 for testing the collected sample. Sample collection device 16 may be

discarded after it is detached from housing 12. FIG. 2 shows housing 12 in its testing

orientation. In order to move housing 12 from its sample preparation orientation to its

testing orientation, housing 12 is rotated about 180°, so that now second end 12B of

housing 12 has a greater z-coordinate than first end 12A. Fluid 40 (shown in FIG. 4) in

second fluid reservoir 20 may now flow through housing 12 by way of gravity. In its

testing orientation, stand 22 of housing 12 is no longer positioned to support housing 12

in a generally upright orientation and stand 22 is no longer positioned to rest on a

surface on which assembly 10 is placed. Rather, bottom 14B of indicator cap 14

supports housing 12 in a generally upright orientation relative to a surface on which

indicator cap 14 is placed.

FIG. 3 is a schematic cross-sectional view of housing 12 of FIG. 1 in a

sample preparation orientation, where sample collection device 16 is attached to first

end 12A of housing 12. The apparatus 10 includes the sheath 26, capture medium 28,

and an absorbent medium 30 in housing 12. In the sample preparation orientation,

sheath 26 forms first flow direction 27 relative to housing 12 (designated in FIG. 3 as

arrow 27), which is in a generally z-coordinate direction. Capture medium 28 is

disposed within sheath 26, between first end 12A and second end 12B of housing 12.

Capture medium 28 may be any suitable medium adapted to capture analyte from an

eluted sample of material, where the eluted sample is a sample of material that is

released from sample collection device 16. Examples of suitable capture media

include, but are not limited to, beads coated with an antibody specific to the analyte, a

porous membrane, a foam, a frit, a screen, or combinations thereof. In other

embodiments, other means for isolating the analyte may be used.

During the sample preparation stage of testing a sample of material, when

housing 12 is in a sample preparation orientation, an analyte contained in the sample of

material is concentrated. Specifically, at least some of the analyte is isolated from the

sample of material. The process of isolating the analyte is best described in reference

to a description of the components of housing 12.



After plunger member 18B is moved toward housing 12, first fluid 38 is

released from chamber 18A in first fluid reservoir 18, first fluid 38 moves from first

end 32A of hollow shaft 32 to second end 32B (in first flow direction 27). As first fluid

38 moves through second end 32B of hollow shaft 32, first fluid 38 contacts porous

medium 34 and elutes at least some of the sample of material from porous medium 34,

thereby rendering an "eluted sample".

After first fluid 38 elutes at least some of the sample of material porous

medium 34, first fluid 38 and the eluted sample move through sheath 26 in first flow

direction 27 and contact capture medium 28. The generally vertical (i.e., z-coordinate

direction) of sheath 26 allows first fluid 38 to flow through sheath 26 by gravity. In

this first flow direction 27, sheath 26 forms a first path. Capture medium 28 captures at

least some of the analyte from the eluted sample. Thereafter, first fluid 38 and the

eluted sample (minus the captured analyte) then move through sheath 26 and contact

absorbing medium 30. Absorbing medium 30 is formed of an absorbent material,

which absorbs substantially all of first fluid 38 and the remainder of the eluted sample

so that when housing 12 is moved (or rotated) from its sample preparation orientation

to the testing orientation, the first fluid and remainder of the eluted sample do not move

through sheath 26.

Absorbent medium 30 is disposed in sheath 26 between capture medium 28

and second end 12B of housing 12. Absorbent medium 30 absorbs first fluid 38 and

the remainder of the eluted sample (i.e., the eluted sample minus the analyte captured

by capture medium 28) after first fluid 38 and the eluted sample move through capture

medium 28. In this way, absorbent medium 30 is a means for retaining waste fluid, i.e.,

first fluid 38 and the remainder of the eluted sample ("debris"). Absorbent medium 30

is configured to retain first fluid 38 and debris in sufficient quantity so that when

housing 12 is rotated about 180° from the sample preparation orientation to the testing

orientation, little or no first fluid 38 and debris will flow back toward capture medium

28. That is, after first fluid 38 and debris are retained in absorbent medium 30, it is

preferred that little to no first fluid 38 and debris flow in a second flow direction

relative to housing 12 (designated in FIG. 4 as arrow 44).

In alternate embodiments, other means of retaining waste or first fluid 38

and the remainder of the eluted sample are implemented in sheath 26.



After first fluid 38 is released from first fluid reservoir 18 and first fluid 38

and the eluted sample move through sheath 26, sample collection device 16 may be

removed from first end 12A of housing 12 and indicator cap 14 may be attached to first

end 12A of housing 12. Thereafter, housing 12 may be moved from its sample

preparation orientation to its testing orientation, as shown in FIG. 4. Specifically,

housing 12 is rotated about 180°, so that second end 12B of housing 12 has a greater z-

coordinate than first end 12A. In the sample preparation orientation, it is unlikely that

the isolated analyte disposed in housing 12 will contact indicator cap 14, and therefore,

the testing stage typically cannot begin until housing 12 is in its testing orientation.

Because the apparatus operator may manually move housing 12 between its sample

preparation orientation to its testing orientation, the present invention allows the

operator to control when the testing stage begins.

FIG. 4 is a cross-sectional view of housing 12 in the testing orientation,

where indicator cap 14 is attached to second end 12B of housing 12. During the

preceding steps described above, at least some of the analyte has been isolated from the

sample of material and captured in capture medium 28. In order to release (or "lyse")

the analyte from capture medium 28, second fluid 40 is introduced into sheath 26 from

second fluid reservoir 20, which may be a deformable squeeze bulb or some other

suitable selectively activatable fluid dispenser. Second fluid reservoir 20 includes an

elongated outlet port 2 1 in order to help prevent second fluid 40 from contacting

absorbent medium 30 as second fluid 40 moves through sheath 26.

Second fluid 40 may be a buffer solution, and when the analyte is

staphylococcus aureus, second fluid 40 may contain a lysing agent, such as lysostaphin.

In the exemplary embodiment, second fluid reservoir 20 includes snap valve 42, which

may be manipulated and broken, thereby releasing second fluid 40 from second fluid

reservoir 20. In alternate embodiments, any suitable fluid reservoir may be used for

second fluid reservoir 20. For example, if a greater force of fluid is desired than that

achieved with a squeeze bulb, a syringe may be substituted for the squeeze bulb of

second fluid reservoir 20.

After second fluid 40 is introduced into sheath 26, second fluid 40 moves

through sheath 26 in a second flow direction 44 (therefore, sheath forms a second flow

path when housing 12 is in the testing orientation). The exemplary embodiment uses



an indirect assay to detect the analyte. For an indirect assay, a reagent is mixed with

the analyte before the analyte contacts the testing device.

A dehydrated reagent adapted to react with the analyte may be disposed in

sheath 26 between second fluid reservoir 20 and capture medium 28. Alternatively, the

dehydrated reagent may be disposed in second fluid reservoir 20, such as in outlet port

21, where second fluid reservoir 20 is formed so that the dehydrated reagent and second

fluid 40 are unlikely to mix until an operator determined time, such as when the snap

valve, or other seal is broken. Of course, if the snap valve or other seal is accidentally

broken, the dehydrated reagent and second fluid will likely mix prior to the user-

determined time. In yet more alternative embodiments, the reagent may be positioned

in capture medium 28 or in indicator cap 14.

Second fluid 40 and the reagent move through capture medium 28, thereby

releasing at least some of the analyte from capture medium 28. The analyte and reagent

then react as they, along with second fluid 40, move through sheath 26 along second

flow direction 44 into third fluid reservoir 46 of indicator cap 14. Third fluid reservoir

46 is configured to receive second fluid 40 and the released analyte. Indicator cap 14

further includes fluid path 48 connecting third fluid reservoir 46 to testing device 50.

In the exemplary embodiment, fluid path 48 includes one or more microfluidic

elements for controlling the flow of fluid from third fluid reservoir 46 to testing device

50. In the exemplary embodiment, testing device 50 is a colorimetric sensor. In

alternate embodiments, other testing devices may be used. Testing device 50 may

require fluid to flow past it at or below a certain rate in order for the analyte or reagent

in the fluid to react with the testing device. In the case of the exemplary embodiment,

an indirect assay is used, and so it is the reagent in the fluid that reacts with the testing

device. One or more microfluidic elements may help regulate this rate of fluid flow

past testing device 50. In order to encourage fluid flow past testing device 50, an

absorbent material may be positioned in indicator cap 14, where testing device 50 is

positioned between fluid path 48 and the absorbent material. The absorbent material

may help the fluid flow past testing device 50 by way of a wicking action.

After the fluid formed by the second fluid 40, the reagent, and analyte flow

past testing device 50 and react therewith, a user may observe the test result in window

24. In the exemplary embodiment, the colorimetric sensor is viewable through window

24. Alternatively, window 24 may be positioned on the underside of indicator cap 14



(i.e., the surface of indicator cap 14 that is opposite lip 14A). The test result indicates

whether the analyte is present in the sample of material taken with sample collection

device 16 (not shown in FIG. 4), and in some embodiments, the test result indicates the

quantity of analyte. The quantity of analyte may, for example, be indicated by a color

gradient which corresponds to "low level", "medium level", or "high level"

indications. In some embodiments, a label may be positioned near indicator cap 14,

where the label provides the operator with a color code. The operator may then

compare the color that appears in window 14 with the color code to interpret the test

result.

In general, the chemistry of the testing device, first fluid, second fluid, and

reagent are dependent upon the particular analyte. Those skilled in the art may modify

the chemistry of the apparatus of the present invention in order to adapt the apparatus to

a specific analyte.

Although the present invention has been described with reference to

preferred embodiments, workers skilled in the art will recognize that changes may be

made in form and detail without departing from the spirit and scope of the invention.

The complete disclosures of the patents, patent documents and publications

cited herein are incorporated by reference in their entirety as if each were individually

incorporated. Various modifications and alterations to this invention will become

apparent to those skilled in the art without departing from the scope and spirit of this

invention. It should be understood that this invention is not intended to be unduly

limited by the illustrative embodiments and examples set forth herein and that such

examples and embodiments are presented by way of example only with the scope of the

invention intended to be limited only by the claims set forth herein as follows.



CLAIMS:

1. An assembly for processing a sample of biological material comprising:

a housing including a first end, a second end opposite the first end and a flow

passage between the first and second ends and the first end being

configured to receive a sample collection assembly including a first

reservoir;

a second fluid reservoir including a second fluid proximate to the second end of

the housing in fluid communication with the flow passage; and

a capture medium disposed in the housing between the first end and the second

end configured to capture an analyte in a sample of material.

2 . The assembly of claim 1, wherein the capture medium is selected from a group

consisting of beads, a porous membrane, a foam, a frit, a screen, and combinations

thereof coated with an antibody specific to the analyte.

3. The assembly of any of the preceding claims, wherein the capture medium is

coated with a ligand specific to the analyte.

4 . The assembly of any of the preceding claims, wherein the capture medium

comprises a reagent adapted to react with the analyte.

5. The assembly of any of the preceding claims and further comprising:

a reagent adapted to react with the analyte, wherein the reagent is disposed in

the housing between the second end and the capture medium.

6. The assembly of any of the preceding claims, and further comprising:

a fluid collection device in the flow passage between the capture format

medium and the second end of the housing.

7. The assembly of claim 6, the fluid collection device is formed of an absorbent

material.



8. The assembly of any of the preceding claims in combination with an indicator

cap couplable to the housing proximate to the first end and the indicator cap comprising

a testing device adapted to detect presence of the analyte and/or a reagent in the sample

of material.

9. The assembly of any of the preceding claims, wherein the testing device

comprises a colorimetric sensor for providing a visual indicium of a test result.

10. The assembly of claim 9, wherein the colorimetric sensor comprises a

polydiacetylene material .

11. The assembly of any of the preceding claims, wherein the indicator base further

comprises:

a third fluid reservoir for receiving at least some of the second fluid and the

analyte; and

a fluid path that connects the third fluid reservoir and the testing device.

12. The apparatus of any of the preceding claims, wherein the fluid path that

connects the third fluid reservoir and the testing device comprises a microfiuidic

element.

13. The assembly of any of the preceding claims, wherein the second end of the

housing comprises a stand adapted to position the housing in a generally upright

orientation relative to a generally horizontal surface on which the stand is placed.

14. The assembly of any of the preceding claims, wherein the first and second fluid

reservoirs are each selected from a group consisting of a deformable squeeze bulb, an

accordion pleated bulb, and a syringe.

15. The assembly of any of the preceding claims, wherein the second fluid reservoir

includes an outlet port comprising a reagent adapted to react with the analyte.



16. The assembly of any of the preceding claims wherein the housing comprises a

passageway for the second fluid in the second fluid reservoir that bypasses the fluid

collection device for fluid from the first fluid reservoir.

17. A method of processing a sample of biological material, the method comprising:

introducing a first fluid into a first end of an apparatus housing and eluting at

least a portion of the sample of biological material from a sample

collection device to form an eluted sample;

capturing material from the eluted sample in a capture medium in the housing;

rotating the apparatus housing about 180 degrees from a sample preparation

orientation to a sample testing orientation; and

introducing a second fluid into a second end of the apparatus housing to release

the material from the capture medium.

18. The method of claim 17 and further comprising the step of:

testing the material reforming using a testing device.

19. The method of claim 18, wherein the step of testing comprises;

attaching an indicator cap including a testing device to the first end of the

housing; and introducing the material into the indicator cap using the

second fluid.

20. The method of claims 17, 18, or 19 and further comprising the step of:

collecting fluid flow from the first fluid between the capture medium and the

second end of the housing so that when the apparatus housing is rotated

about 180 degrees, the first fluid does not move through the apparatus

housing.

21. The method of claims 17, 18, 19 or 20 and further comprising the step of

introducing a reagent to react with an analyte in the capture medium.
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