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METHODS AND COMPOSITIONS RELATED TO DETERMINATION

AND USE OF WHITE BLOOD CELL COUNTS

PRIORITY CLAIM

This application claims priority to U.S. Provisional Application No.

60/685,999 entitled "METHODS FOR MONITORING AND TRIGGERING HIV

THERAPY," filed on May 31, 2005, the contents of which are incorporated herein by

reference.

BACKGROUND

Field of the Invention

The present invention generally relates to methods and compositions related to

the determination and use of white blood cell counts.

Description of Related Art

White blood cell counts are routine medical tests used to diagnose a variety of

disease processes, to follow the progression of a disease, or to monitor the effect of

medical treatment. Low levels of white blood cells are associated, for example, with

bone marrow failure, cytotoxicity, liver disease, and lupus, whereas high levels are

associated, for example, with infectious diseases, inflammatory diseases, and

leukemia, Differential white blood cell counts are also useful medical tests. Specific

lymphocyte populations are elevated, for example, in HTV-infected subjects. The

absolute count of CD4+ lymphocytes, for example, is used to determine when to

commence antiretroviral therapy in subjects with HIV, and the percentage of CD4+

cells is widely used to determine pediatric care and treatment.

There are 2.2 billion children in the world, 1.9 billion of them living in

developing countries, and about half of that number, living in poverty.

(UNAIDSAVHO, 2005) In 2003, 10.6 million children, worldwide died before they
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were five (this number represents the entire population of children under five of

France, Germany, Greece and Italy). Children under 15 get infected with HTV at the

rate of one every minute. Ninety percent of the more than 5 million children who

have been infected were born in Africa. Meanwhile, the number of cases is rising in

other parts of the world. In the worst-affected countries, AIDS is now the biggest

single cause of death among the under 5s, and is threatening to reverse years of hard-

won progress in reducing child mortality. Thus, needed in the art are means of testing

and evaluating white blood cell counts using simple, inexpensive devices.

Current methodology used to complete medical diagnostics, as well as

environmental monitoring and detection of bioterrorism-related agents often require

large and expensive instruments and highly specialized personnel found only in

certain hospitals, laboratories or government agencies. Furthermore, these instruments

are often restricted to a limited number of applications. For example, in the area of

medical diagnostics, each instrument is very specialized and designed either to

measure protein levels or to analyze cellular matter but, typically, may never do both.

Additionally, each system is capable of analyzing only a few of the relevant markers

of a disease, therefore adding another component to an already tedious and time

consuming process that can vary from hours to days. Long delays can be generated

between the time of the initial visit, diagnosis, and administration of treatment,

potentially having detrimental effects on the prognosis of the disease.

SUMMARY

The present invention addresses a need in the art by providing a system for

performing blood counts at the point of care, even in poor or underdeveloped regions.

A system may include a sample collection device, an off-line sample processing unit,

a fluid delivery system, a disposable cartridge, a cartridge self-positioning system, an

optical platform, electronics, power supplies, computer processor(s), and/or software

and firmware. In operation, a sample may be collected using the sample collection

device. Sample collection devices may include needles, capillary tubes, pipettes,
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and/or vacutainers. A sample collection device may be configured to consume a

portion of the sample collection device that contacts a sample. A sample collection

device may include a sample pick-up pad configured to receive a sample and deliver

the sample to the cartridge. A blood sample may be analyzed by introducing the

blood sample into a disposable cartridge. Cell counts may be determined using at

least a portion of the cells or cellular components as analytes. The analytes are

collected and an amount and/or identity of cell surface markers or cell types that

interact with binding agents and detectable labels are assessed.

The sample may be transported to a cartridge with the fluid delivery system. A

sample may flow from the sample collection device to a sample reservoir in a

cartridge. Reagents and/or buffers may be delivered to the sample reservoir.

Reagents may be delivered by a reagent delivery system and/or contained in reagent

reservoirs, reagent packs, and/or reagent pads. A sample reservoir may include a

mixing chamber where a sample may react with reagents. An actuator coupled to the

cartridge may drive fluid through the cartridge.

A cartridge may include a microsieve-based detection region. Light from an

optical platform may pass onto a detection region and a detector in the optical

platform may acquire images (e.g., visual or fluorescent) of the sample. The images

may be processed and analyzed using software, algorithms, and/or neural networks.

The system optionally includes the use of defined populations of assay

particles that are chemically sensitized to detect the presence of a specific analyte in a

fluid by binding to the analyte. Chemically sensitizing a population of particles to

detect an analyte may include coupling a binding agent for the analyte to the

population of particles. Binding agents for analytes may include antibodies that bind

to the analyte. The binding agents may be bound directly or indirectly with a

detectable label. A plurality of detectable labels may be defined by different colors or

optical spectra. Thus, the system may involve detecting a plurality of detectable

labels in the same cell or in different cells or both.
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Populations of cells maybe mechanically captured on the surface of a

microsieve in a cartridge. The cartridge may be configured to allow fluid flow through

the microsieve. The cartridge may be coupled to an optical/digital acquisition system

that maybe configured to allow the visualization of cells captured thereon. Thus, the

microsieve-equipped cartridge coupled to an optical/digital acquisition system may

include a device that facilitates the digital/optical acquisition of fluorescent signals

resulting from immunological reactions that take place in the cartridge.

In some embodiments, white blood cell populations in a sample can be

detected by applying a sample to the cartridge with one or more microsieves and by

applying one or more detectable labels from one or more detectable label locations in

or on a cartridge to a least a portion of the white blood cells retained in or on the one

or more microsieves.

In an embodiment, CD4+ lymphocytes in a sample can be assessed by

applying a sample to a microsieve in or on a cartridge; applying a first detectable label

to cells retained on a microsieve to label any CD4+ cells; applying one or more

additional detectable labels to cells retained on the microsieve to label any T-cells,

NK-cells, and B-cells retained on the microsieve (i.e., lymphocytes); providing a first

image of the CD4+ cells; providing a second image of the lymphocytes; and assessing

a number of CD4+ lymphocytes by assessing the number of cells labeled in the first

image that are also labeled in the second image. In some embodiments, a percentage

of CD4+ lymphocytes to total lymphocytes is assessed by comparing the number of

cells labeled in both the first image and the second image to the number of cells

labeled in the second image.

In an embodiment, detecting an analyte in a fluid may include forming a

mixture of size- and color-coded particles (e.g., fluorescent microparticles) with the

fluid. The particles may be coupled to a binding agent that interacts with the analyte.

In an embodiment, the particle/fluid mixture may be passed across a microsieve in a

cartridge. In an embodiment, the system may be configured to visualize the analyte
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captured on the microsieve. In an embodiment, detecting the analyte may include

detecting spectroscopic signals from the particles captured on the microsieve.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the methods and apparatus of the present invention

will be more fully appreciated by reference to the following detailed description of

presently preferred but nonetheless illustrative embodiments in accordance with the

present invention when taken in conjunction with the accompanying drawings in

which:

FIGS. IA - IF depict a method of analysis of particles captured by a

microsieve;

FIG. 2 depicts a schematic diagram of a device for microsieve-based analyte

detection;

FIG. 3 depicts a schematic diagram of a cartridge positioned in an optical

platform with two light sources;

FIGS. 4A-B depict schematic diagrams of a cartridge positioned in an optical

platform that includes movable filters;

FIGS. 5A-C depict representations of images of cells obtained using an

analyte-detection system.

FIGS. 6A-D depict representations of images of cells obtained using an

analyte-detection system.

FIG. 7A depicts a schematic diagram of a detection system with actuator;

FIG. 7B depicts an embodiment of an actuator;

FIG. 7C depicts an embodiment of a channel coupled to a sample cartridge;
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FIGS. 8A-C depict schematic diagrams of disposable sample cartridges;

FIG. 8D depicts an exploded view of a cartridge with a reagent capsule;

FIG. 8E depicts a schematic diagram of a cartridge with a reagent capsule;

FIG. 9 depicts a schematic diagram of a cartridge self-positioning system;

FIG. 1OA depicts a schematic diagram of an optical platform;

FIG. 1OB depicts an embodiment of a light emitting diode assembly;

FIG. 1OC depicts an exploded view of an embodiment of light emitting diode

assembly;

FIG. 11 depicts a schematic diagram of an optical platform that includes three

light sources;

FIG. 12 depicts a schematic diagram of an optical platform that includes two

light sources;

FIG. 13 depicts an optical platform that includes two laser light sources;

FIG. 14 depicts a schematic diagram of an optical platform that includes a

single optical fiber microlens;

FIG. 15 depicts a schematic diagram of an optical platform that includes

multiple optical fiber microlenses;

FIG. 16 depicts an embodiment of a disposable cartridge for use in the

detection of analytes;

FIG. 17 depicts a roller system configured to force liquid from one or more

blister packs disposed in a cartridge;

FIGS. 18A-C depict a sequence of steps for reacting a sample with a reagent in

a mixing chamber;

FIGS. 19A-C depict a series of schematic diagrams showing the operation of a
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cartridge;

FIG. 20 depicts a schematic drawing of an alternate embodiment of a

cartridge;

FIGS. 2 IA-C depict different embodiments of inlet and outlet channels in a

cartridge;

FIGS. 22A-D depict different embodiments of channels for delivering fluids

within a cartridge;

FIGS. 23A-B depicts different embodiments of cartridges that include a trap;

FIGS. 24A-B depict an embodiment of polystyrene particle types defined by

size and by fluorescence signal intensity;

FIG. 25 depicts an embodiment of a cartridge that includes a sensor array;

FIG. 26 depicts an embodiment of a portion of the cartridge depicted in FIG.

25;

FIG. 27 depicts an embodiment of a reagent reservoir and reagent pack in the

cartridge depicted in FIG. 25;

FIG. 28A depicts an embodiment of a blister pack containing reagents;

FIG. 28B depicts a cross-sectional view of a blister of a blister pack;

FIG. 29 depicts an embodiment of valves positioned in the cartridge depicted

in FIG. 25;

FIGS. 30A-30C depict views of the operation of a pinch valve;

FIG. 3 1 depicts a cross-sectional view of a pinch valve;

FIG. 32A depicts an exploded view of an embodiment of a cartridge that

includes a sensor array;
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FIG. 32B depicts a top view of the cartridge of FIG. 32A;

FIG. 32C depicts a perspective view of an embodiment of the cartridge of FIG.

32A;

FIG. 32D depicts a bottom view of an embodiment of the cartridge of FIG.

32A;

FIG. 33 depicts an exploded side view of an embodiment of a cartridge;

FIG. 34 depicts a side view of an embodiment of a cartridge;

FIG. 35A depicts an exploded view of an alternate embodiment of a cartridge

that includes a sensor array;

FIG. 35B depicts an embodiment of an arrangement of valves in the cartridge

of FIG. 35A;

FIG. 36A depicts an exploded view of an embodiment of the cartridge

depicted in FIG. 35A as sample is introduced in the cartridge;

FIG. 36B depicts an embodiment of an arrangement of valves in a cartridge as

sample is introduced in the cartridge;

FIG. 37A depicts an exploded view of an embodiment of the cartridge

depicted in FIG. 35A after the sample is introduced into the channel;

FIG. 37B depicts an embodiment of an arrangement of valves in a cartridge

after the sample is introduced into the channel;

FIG. 38A depicts an exploded view of an embodiment of the cartridge of FIG.

35A in which a reservoir is being actuated;

FIG. 38B depicts an embodiment of an arrangement of valves in a cartridge

that allows a sample to be pushed towards a detection region using buffer released

from a reservoir;

FIG. 39 depicts an embodiment of buffer pushing sample towards a detection
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region;

FIG. 40 depicts an embodiment of buffer pushing sample towards a detection

region;

FIG. 4 1A depicts an exploded view of an embodiment of a cartridge; and

FIG. 41B depicts an embodiment of an arrangement of valves in a cartridge.

DETAILED DESCRIPTION

Herein we describe a system and method for differential assay of white blood

cell counts. By "differential assay" is meant the analysis of one or more specific

populations of white blood cells in a sample. The term "white blood cell" is used

synonymously herein with leukocyte. Specific populations of white blood cells

include, for example, all white blood cells, monocytes, neutrophils, lymphocytes,

eosinophils, basophils, or any subgroup thereof or any combination thereof (e.g., a

count of CD4 positive (CD4+) lymphocytes.

The system may generate patterns that are diagnostic for both individual

analytes and mixtures of the analytes. As used herein, "analytes" refers to a

population of white blood cells or surface receptors thereon. The system includes

microsieves and binding agents. "Binding agents" are agents that specifically bind a

target molecule or cell and include, for example, ligands or fragments thereof,

antibodies or fragments thereof, aptamers (either DNA or RNA) or fragments thereof,

phages (for example, from a phage display library) or fragments thereof, microspheres

or beads. By specifically binding is meant that the binding agent recognizes and

physically interacts with a selected target and does not significantly recognize and

interact with other selected targets.

Provided herein is a cartridge for differential assay of white blood cell

populations. The cartridge comprises a chamber; a microsieve (e.g., a membrane)

positioned at least partially within the chamber, wherein pores of the microsieve are
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configured to retain white blood cells from a blood sample and to allow red blood

cells to pass through the microsieve, and wherein an image can be obtained from the

microsieve; three or more binding agents contained at least partially in or on the

cartridge, wherein each binding agent differentially binds one or more populations of

white blood cells; and two or more detectable labels contained at least partially in or

on the cartridge, wherein at least one of the detectable labels binds at least one of the

binding agents.

As used herein, the term "detectable label" is intended to mean any suitable

agent, such as a chemical agent, that interacts with binding agents and allows the

visualization of analyte/binding agent complexes. Detectable labels include, but are

not limited to, enzymes, fluorophores, biotin, chromophores, radioisotopes, colored

particles, electrochemical, chemical-modifying or chemiluminescent moieties. In

some embodiments, a detectable label includes a fluorescent moiety. Common

fluorescent moieties include fluorescein, cyanine dyes, coumarins, phycoerythrin,

phycobiliproteins, dansyl chloride, TEXAS RED®and ALEXAFLUOR® dyes

(Invitrogen-Molecular Probes, Inc., Eugene, OR) and lanthanide complexes.

Derivatives of these compounds also are included as common fluorescent moieties.

The detection of the detectable label can be direct provided that the detectable label is

conjugated to the binding agent of the system. Alternatively, the detection of the

detectable label can be indirect. Thus, in some embodiments, a detectable label may

bind indirectly to a binding agent by binding to a secondary agent that binds to the

binding agent. Examples of secondary agents may include, but are not limited to

DNA, RNA, proteins, enzymes, oligopeptides, oligonucleotides, antigens, and

antibodies. In some embodiments, the secondary agent may be a polypeptide

molecule that binds to a receptor or cell surface molecule. Alternatively, the

secondary agent may include a secondary antibody directed against a receptor or cell

surface molecule. In some embodiments, a method of detecting multiple analytes in a

fluid may rely on immunological reactions that take place on the surface of the cells.

In some cases tertiary or additional agents may be used. For example, a secondary or
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tertiary antibody may be coupled to the detectable label and the secondary or tertiary

label would then be amplified as compared to a direct detection method.

"Detectable label is used interchangeably herein with "stain" or "label," and a

"stained" or "labeled" cell refers to a cell that is bound directly or indirectly to a

detectable label.

In some embodiments of the cartridge, at least one of the detectable labels is a

fluorophore or a fluorescent microparticle (e.g., microsphere or bead). As used

herein, the terms "fluorochrome" and "fluorphore" and the terms "microsphere' and

"microparticle" are used interchangeably. Detectable labels include fluorescent

microspheres or beads. Microspheres may be labeled with two or more fluorochromes

mixed together in varying concentrations, such that each specific label has a specific

concentration of each fluorochrome. It is the specific concentrations of the various

fluorochromes together to provide a spectrum of labels that can be used to distinguish

the various subsets of labeled microspheres. Thus, microspheres having detectably

different labels may comprise the detectable labels used herein. See, e.g., WO

99/19515 and WO 99/37814, which are incorporated herein in their entirety for types

of microspheres and methods of making and using same. For example, the

microspheres can be polystyrene-divinylbenzene microspheres or latex microparticles

(available, for example, from Invitrogen.).

In some of the embodiments of the cartridge, a first binding agent binds CD2+

white blood cells, a second binding agent binds CD4+ white blood cells, and a third

binding agent binds CD19+ white blood cells. Optionally, at least one of the binding

agents is an antibody or a fragment thereof and, more particularly, the antibody

optionally binds to a white blood cell surface receptor. Such surface receptors may be

selected from the group including, but not limited to, CD2, CD3, CD4, CD8, CD16,

CD 19, CD45, and CD56.

In some embodiments the microsieve is a membrane. More particularly the

microsieve may be a polycarbonate track-etched membrane.
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Optionally, the cartridge further comprises a blood sample of a known volume.

By "known volume" is meant a volume that is calculated or known prior to addition

to the cartridge or a volume that can be calculated, measured, or metered once the

sample is present in the cartridge.

hi some embodiments, the cartridge further comprises a support structure

positioned beneath the microsieve and at least partially within the chamber, wherein

the support structure maintains the microsieve in a relatively planar orientation and

allows filtered material to pass through the microsieve.

Further provided herein are methods of using the cartridge, For example, such

a method comprises the steps of passing a blood sample from the subject through the

cartridge under conditions that allow differential binding of the binding agents to

populations of white blood cells in the sample and binding of the detectable labels to

the binding agents to form white blood cell/binding agent/detectable label complexes;

detecting the white blood cell/binding agent/detectable label complexes; optically

imaging the populations of white blood cells to differentiate the white b,lood

cell/binding agent/detectable label complexes; and assessing a percentage or absolute

count of one or more populations of white blood cells based on the numbers or ratios

of complexes that contain at least one of the detectable labels. Optionally the blood

sample used in the methods taught herein is of a known volume.

hi some embodiments of the methods taught herein, a first binding agent binds

CD2+ white blood cells, a second binding agent binds CD4+ white blood cells, and a

third binding agent binds CD 19+ white blood cells. A first detectable label binds the

first binding agent and the third binding agent, and a second detectable label binds the

second binding agent hi these embodiments, a percentage of CD4+ lymphocytes

and/or an absolute count of CD4+ lymphocytes may be assessed.. For example,

assessing the percentage of CD4+ lymphocytes includes assessing the number of

complexes with the first detectable label (i.e., all cells labeled with the first detectable

label) and the number of complexes with both the first detectable label and second

detectable label (i.e., cells double labeled with the first and second detectable label).
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Assessing an absolute count of CD4+ lymphocytes comprises assessing the number of

complexes with both the first detectable label and the second detectable label (i.e.,

detecting double labeled cells) in a blood sample of known volume.

In some embodiments of the methods taught herein, a first binding agent binds

CD2+ white blood cells, a second binding agent binds CD4+ white blood cells, a third

binding agent binds CD 19+ white blood cells, and a fourth binding agent binds

CD56+ white blood cells. A first detectable label binds the first binding agent, the

third binding agent, and the fourth binding agent. A second detectable label binds the

second binding agent. In this method, assessing a percentage of CD4+ lymphocytes

comprises assessing the number of complexes with the first detectable label (i.e., all

cells labeled with the first detectable label) and the number of complexes with both

the first detectable label and second detectable label (i.e., double labeled cells).

Assessing an absolute count of CD4+ lymphocytes comprises assessing the number of

complexes with both the first detectable label and the second detectable label (i.e.,

double labeled cells) in blood sample of known volume.

hi some embodiments of the method, a first binding agent binds CD3+ white

blood cells, a second binding agent binds CD4+ white blood cells, a third binding

agent binds CD 19+ white blood cells, a fourth binding agent binds CD56+ white

blood cells, and a fifth binding agent binds CD16+ white blood cells; wherein a first

detectable label binds the first, third, fourth, and fifth binding agents, and a second

detectable labels binds the second binding agents. Assessing a percentage of CD4+

lymphocytes using this method comprises assessing the number of complexes with the

first detectable label and the number of complexes with both the first detectable label

and second detectable label; whereas assessing an absolute count of CD4+

lymphocytes comprises assessing the number of complexes with both the first

detectable label and the second detectable label in blood sample of known volume.

As used herein "conditions that allow differential binding of the binding agents

to populations of white blood cells" means conditions in which at least some binding

agents bind to one or more white blood cells. Such conditions do not require that all
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binding agents bind to white blood cells or that all white blood cells bind to a binding

agent, rather that the conditions allow for specific binding interactions to occur. These

conditions include, for example, pH, time, temperature, and buffer composition,

which allow binding between the members of interest.

As used herein, when a binding agent is described to bind an analyte, A

plurality of the binding agents having the same or similar binding specificity may bind

the same analyte. The same analyte may be bound by only one type of binding agent

(i.e., so as to be single labeled) or the same analyte may be bound by a second or third

binding agent having a different binding specificity (i.e., so as to be double or triple

labeled).

Details regarding analyte detection systems can be found in the following U.S.

patents and patent applications, all of which are incorporated herein by reference in

their entirety for the systems taught therein: U.S. Patent No. 6,906,770 entitled "Fluid

Based Analysis of Multiple Analytes by a Sensor Array"; U.S. Patent No. 6,680,206

entitled "Sensor Arrays for the Measurement and Identification of Multiple Analytes

in Solutions"; U.S. Patent No. 6,602,702 entitled "Detection System Based on an

Analyte Reactive Particle"; U.S. Patent No. 6,589,779 entitled "General Signaling

Protocols for Chemical Receptors in Immobilized Matrices"; U.S. Patent Application

Serial No. 09/616,731 entitled "Method and Apparatus for the Delivery of Samples to

a Chemical Sensor Array"; U.S. Patent Application Serial No. 09/775,342 entitled

"Magnetic-Based Placement and Retention of Sensor Elements in a Sensor Array"

(Published as U.S. Publication No.: 2002-0160363-A1); U.S. Patent Application

Serial No. 09/775,340 entitled "Method and System for Collecting and Transmitting

Chemical Information" (Published as U.S. Publication No.: 2002-0064422-A1); U.S.

Patent Application Serial No. 09/775,344 entitled "System and Method for the

Analysis of Bodily Fluids" (Published as U.S. Publication No.: 2004-0053322); U.S.

Patent No. 6,649,403 entitled "Method of Preparing a Sensor Array"; U.S. Patent

Application Serial No. 09/775,048 entitled "System for Transferring Fluid Samples

Through A Sensor Array" (Published as U.S. Publication No.: 2002-0045272-A1);

U.S. Patent Application Serial No. 09/775,343 entitled "Portable Sensor Array
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System" (Published as U.S. Publication No.: 2003-01 86228-A1); U.S. Patent

Application Serial No. 10/072,800 entitled "Method and Apparatus for the

Confinement of Materials in a Micromacliined Chemical Sensor Array" (Published as

U.S. Publication No.: 2002-01 97622-A1); and U.S. Patent Application Serial No.

10/427,744 entitled "Method and System for the Detection of Cardiac Risk Factors"

(Published as U.S. Publication No.: 2004-0029259.

Further details regarding microsieve- or membrane-based detection systems

can be found in the following U.S. Provisional Applications and PCT Applications, all

of which are hereby incorporated herein by reference in their entirety for the systems

taught therein: U.S. Provisional Application No. 60/736,082, entitled "Analyte

Detection Systems and Methods Including Self-Contained Cartridges with Detection

Systems and Fluid Delivery Systems," filed on November 10, 2005; PCT Application

No. PCT/US05/06074 (WO 05/085796) entitled "Integration of Fluids and Reagents

into Self-Contained Cartridges Containing Sensor Elements," filed February 28, 2005;

PCT Application No. PCT/US05/06350 (WO 05/085855) entitled "Integration of

Fluids and Reagents into Self-Contained Cartridges Containing Sensor Elements and

Reagent Delivery Systems," filed February 28, 2005; PCT Application No.

PCT/US05/06349 (WO 05/083423) entitled "Integration of Fluids and Reagents into

Self-Contained Cartridges Containing Particle Based Sensor Elements and

Membrane-Based Sensor Elements," filed February 28, 2005; PCT Application No.

PCT/US05/06077 (WO 05/085854) entitled "Particle on Membrane Assay System,"

filed February 28, 2005; and PCT Application No. PCT/US05/06593 (WO

05/090983) entitled "Membrane Assay System Including Preloaded Particles," filed

February 28, 2005.

The analysis may indicate that an analyte of interest is present in the sample

m an embodiment, user-defined threshold criteria may be established to indicate a

probability that one or more specific cells are present on the microsieve. The criteria

maybe based on one or more of a variety of characteristics of the image. In some

embodiments, the criteria may be based on pixel or color fingerprints established in

advance for specific cells. The characteristics that may be used include, but are not
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limited to, the size, shape, or color of portions of matter on the image, the aggregate

area represented by the matter, or the total fluorescent intensity of the matter. In an

embodiment, the system may implement an automated counting procedure developed

for one or more cells.

In an embodiment, the system may include a computer system. A computer

system may include one or more software applications executable to process a digital

map of the image generated using a detector. For example, a software application

available on the computer system may be used to compare the test image to a pre¬

defined optical fingerprint. Alternatively, a software application available on

computer system may be used to determine if a count exceeds a pre-defined threshold

limit.

A detector maybe used to acquire an image of the analytes and other

particulate matter captured on a microsieve. Cells may collect on a microsieve along

with dust and other particulate matter and be captured in an image produced from a

detector. The image acquired by the detector may be analyzed based on pre-

established criteria. A positive result may indicate the presence of a cell. The. test

criteria maybe based on a variety of characteristics of the image, including, but not

limited to, the size, shape, aspect ratio, or color of a portion or portions of the image.

Applying test criteria may allow cells to be distinguished from dust and other

particulate matter. During analysis, the flow of sample through from a fluid delivery

system may be continued.

During analyte testing a sample may be introduced into an analyte detection

device (e.g., a cartridge or lab-on-a-chip). A trigger parameter may be measured to

determine when to introduce the binding agent/detectable label complex into the

analyte detection device. Measurement of the trigger parameter may be continuous or

may be initiated by a user. Alternatively, the detectable label may be introduced into

the analyte detection device immediately after the sample is introduced.

In some embodiments, the trigger parameter may be the time elapsed since

initiation of introducing the fluid into an analyte detection device at a controlled flow
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rate. For example, a binding agent/detectable label complex may be introduced 20

seconds after initiation of introducing the fluid sample into an analyte detection device

at a flow rate of 1 milliliter per minute. In another embodiment, the trigger parameter

may be the pressure drop across the microsieve. The pressure drop across the

microsieve may be determined using a pressure transducer located on either side of

the microsieve.

In some embodiments, the trigger parameter may be the autofluorescence of

the analyte captured by the microsieve. A detector may be switched on until a pre

defined level of signal from the autofluorescence of the analyte has been reached. In

still another embodiment, filtering software may be used to create a data map of the

autofluorescence of the matter on the microsieve that excludes any pixels that contain

color in a chosen spectral range. For example, the data map may be used to compute a

value for particles that are autofluorescent only in the "pure green" portion of the

visible spectrum.

Collecting a sample includes taking a sample of blood from a subject using

methods such as withdrawing blood from a needle inserted into the subject's blood

vessel, withdrawing blood from a port inserted in a blood vessel of the subject, or

puncturing the subject's skin with a sharp needle, lancet, finger-stick or heel-stick and

collecting the subject's blood.

In some embodiments, pixel analysis methods may be used in the analysis of

an image of a fluid or captured matter. For example, pixel analysis may be used to

discriminate microbes from dust and other particulate matter captured on a

microsieve. Pixel analysis may include analyzing characteristics of an image to

determine whether a cell is present in the imaged fluid.

Pixel analysis may be based on characteristics including, but not limited to, the

size, shape, color, and intensity ratios of an image or portions of an image. As an

example, the total area that emits light in an image maybe used to conduct analysis.

As another example, the green fluorescent intensity of an image may be used to

conduct analysis. In an embodiment, an "optical fingerprint" for a type of cell may be
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established for use in pixel analysis. In some embodiments, pixel analysis may be

based on ratios between values, such as an aspect ratio of an element of matter

captured on an image. In other embodiments, pixel analysis may be based on

threshold values.

During use, a detectable label may cause emission of different wavelengths of

light depending on the nature of the label. When the detecable label is analyzed with

a camera, a user may be able to determine if a particular analyte is present based on

the color or presence of emission at a given wavelength. For example, a green label

may indicate the presence of an analyte of interest. Any other colored labels may not

be of interest to a user. While a person may be able to discern between colors, it is

desirable for a computer system to also be able to discern different colors from a

sample. Many detectors can only discern specific colors when analyzing an image.

For example, many CCD detectors can only discern red, blue and green colors. Thus,

a CCD detector may not be able to discern the difference between a particle that emits

both blue and green light and a particle that just emits green light, although the color

difference may be apparent to a person using the system. To overcome this problem a

method of subtracting out particles having the "wrong" color may be used.

Detectable labels may be detected by the presence or absence of label at a

certain wavelength. Thus, either a black and white or a color CCD detector is useful

in the systems and methods taught herein. Whenever colors are refered to herein, the

presence or absence of the label at the appropriate wavelength rather than the color

reported may be assessed and/or visualized. Thus, for example, a "yellow," "green,"

"blue" or "red" cell or label referred to herein may appear white using a black and

white CCD detector.

In some embodiments, pixels of an image that do not fall within a color range

specified by a user may be discarded from the image, hi one embodiment, a fluid

may be stained to cause a microbe of interest to emit light in only the green portion of

the visible spectrum. By contrast, dust and other debris contained in the fluid may

emit light in combinations of green, blue, and red portions of the visible spectrum in
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the presence of the stain. To isolate the portion of the image that represents only the

microbe of interest, binary masks may be created to eliminate light emissions caused

by non-microbial matter from the image.

Such a method is depicted in FIGS IA-F. FIG. IA shows an image of all

particles captured by a microsieve. For purposes of this example, particles 500,

having the no fill pattern, exhibit a green color; particles having a fill pattern identical

to the fill pattern of particle 510 have a red color; particles having the a fill pattern

identical to the fill pattern of particle 520 have both green and blue light absorption;

particles having a fill pattern identical to the fill pattern of particle 530 have both red

and blue light absorption; and particles having a fill pattern identical to the fill pattern

of particle 540 have a blue color. It should be understood that these color assignments

are for illustrative purposes only, hi the current example, the goal of the analysis is to

find all of the green particles.

One method of finding the green particles or labeled analytes is to use a filter

that will allow only particles that are green to show. FIG. IB depict the particles that

would remain if such a filter is used. All of the particles shown in FIG. IB have a

green light absorption; however, not all of the particles that are depicted in FIG. IB

would exhibit a green color only. Particles 520 absorb both green and blue light.

Since the detector can't differentiate between the two types of particles, a false

positive may result.

To compensate for this phenomenon, images of particles that absorb blue and

red are also analyzed using appropriate filters. By creating masks of which particles

exhibit blue and red absorption, a process of elimination may be used to determine

how many green particles are present. In an embodiment, an image is then captured of

only the particles that exhibit color in the red portion of the spectrum (See FIG. 1C).

The image of "red" particles is used to create a mask that maybe compared to the full

spectrum view of the particles. Since the analytes of interest only exhibit color in the

green portion of the spectrum, any particle with color in the red portion of the

spectrum may be removed from the original image. FIG. ID shows the original image
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but with the particles that appear in the red portion of the spectrum subtracted from

the image. The remaining particles are potential particles that may be the analyte of

interest.

In a second iteration, FIG. IE shows a binary mask that may be used to mask

any pixels that include a blue component. An image is captured of only the particles

that exhibit color in the blue portion of the spectrum (See FIG. IE). The image of

"blue" particles is used to create a mask that may be compared to the full spectrum

view of the particles. Since the analytes of interest only exhibit color in the green

portion of the spectrum, any particle with color in the blue portion of the spectrum

may be removed from the original image. FIG. IF shows the original image but with

the red binary mask and blue binary mask applied so that pixels including a red or

blue component are excluded. The particles that remain in the image are thus particles

that only exhibit a green color. Thus, the method may be used to produce an image

that includes only "pure green" pixels. Such an image may be analyzed to detect the

presence of a microbe by eliminating particles that are not relevant. It should be

understood that while the above recited example is directed to determining the

presence of green particles it should be understood that the process can be modified to

determine blue particles only, red particles only, or particles that exhibit combinations

of colors (e.g., red and blue, red and green, blue and green, or red, blue and green).

FIG. 2 depicts an embodiment of a microsieve-based detection system. The

microsieve-based detection system may be coupled to, positioned in, or positioned on

cartridge 100. The microsieve-based detection system may be integrated in the

cartridge.

In some embodiments, a microsieve is selected depending on the analyte of

interest. The microsieve may capture or retain matter in the sample (e.g., particles,

cells, or other matter). Matter may be retained on a surface of the microsieve and/or

in the microsieve. The microsieve may include a thin film or layer capable of

separating one or more components from a liquid passing through the film or layer.

The surface of a microsieve maybe hydrophilic to promote cell proliferation across
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the surface of the microsieve. A microsieve may have a variety of shapes including,

but not limited to, square, rectangular, circular, oval, and/or irregularly shaped. In

some embodiments, a microsieve includes openings (e.g., pores) that inhibit an

analyte of interest from passing through the microsieve. A microsieve designed to

capture substantially all of an analyte of interest may be selected depending on the

analyte of interest.

hi some embodiments, a microsieve is a monolithic microchip with a plurality

of high-density holes. The monolithic microchip microsieve may be formed from

materials including, but not limited to, glass, silica/germanium oxide doped silica,

inorganic polymers, organic polymers, titanium, silicon, silicon nitride, and/or

mixtures thereof. Organic polymers include, but are not limited to, PMMA,

polycarbonate (PC) (e.g., NTJCLEOPORE® membrane\, Whatman, Florham Park,

NJ), and resins (e.g., DELRIN®, Du Pont, Wilmington, DE). A microsieve formed of

polymeric material may include pores of a selected range of dimensions hi certain

embodiments, a microsieve is an acrylic fri t hi some embodiments, a microsieve is

formed of multiple layers (e.g., at least 2 layers, at least 3 layers, at least 4 layers, or at

least 5 layers) of etchable and/or non-etchable glass hi some embodiments, a

microsieve is formed from an anti-reflective material and/or a material that does not

reflect light in the ultraviolet-visible light range. In some embodiments, a microsieve

includes one or more locking mechanisms to assist in securing placement of the

microsieve in or on the cartridge or microsieve support.

Microsieves may have a thickness from about 0.001 mm to about 25 mm, from

about 1 mm to about 20 mm, or from about 5 mm to 10 mm. hi some embodiments, a

thickness of the microsieve ranges from about 0.001 mm to about 2 mm. Microsieves

may have a diameter from about 1 mm to 500 mm, from about 5 mm to about 100

mm, or from about 10 mm to about 50 mm.

Pores of a microsieve may have various dimensions (e.g., diameter and/or

volume). In some embodiments, pores of the microsieve may have approximately the

same dimensions hi some embodiments, microsieve pores have a pore diameter
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ranging from about 0.0001 mm to about 1 mm; from about 0.0002 mm to about 0.5

mm; from about 0.002 mm to about 0.1 mm. The microsieve pores have, in some

embodiments, a pore diameter of at most 0.005 mm or at most 0.01 mm.

Pores of the microsieve may be randomly arranged or arranged in a pattern

(e.g., a hexagonal close-packed arrangement). Pores of the microsieve may occupy at

least 10 percent, at least 30 percent, at least 50 percent, or at least 90 percent of the

surface area of a microsieve. The pores may assist in selectively retaining matter in a

sample and/or a fluid; including, for example, selected cell types like white blood

cells.

In some embodiments, a microsieve is positioned from about 0.3 mm to about

0.5 mm below a top surface of the cartridge. In some embodiments, the microsieve

includes a support hi some embodiments, a microsieve is designed such that a

microsieve support is not needed (e.g., utilizing a microsieve having a thickness of at

least 5 mm). In some embodiments, one or more layers separate the microsieve and

the microsieve support. The microsieve support may facilitate positioning of the

microsieve in or on the cartridge.

In some embodiments, a microsieve is positioned from about 0.3 mm to about

0.5 mm below a top surface of the cartri dge hi some embodiments, the microsieve

includes a support, hi some embodiments, a microsieve is designed such that a

microsieve support is not needed (e.g., utilizing a microsieve having a thickness of at

least 5 mm) hi some embodiments, one or more layers separate the microsieve and

the microsieve support. The microsieve support may facilitate positioning of the

microsieve in or on the cartridge.

A support assembly may be coupled to the microsieve support to allow the

microsieve and microsieve support to withstand backpressures of at least 10 psi. The

microsieve support may be selected to produce a predetermined backpressure. When

backpressure is controlled, cells may be more uniformly distributed across a surface of

a microsieve. Uniform distribution of cells across a microsieve surface may facilitate

imaging of a region containing cells and/or analyte detection.
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In some embodiments, a microsieve support includes open areas (e.g., pores or

holes). Open areas in the microsieve support may have any shape, such as

substantially square and/or substantially circular. The shape of the open areas in the

microsieve support may be different than the shape of pores in the microsieve. Open

areas of the microsieve support may be equal to or greater than the diameter of the

pores of the microsieve. In some embodiments, a microsieve support has open areas

with diameters ranging from about 0.0001 mm to about 1 mm, from about 0.0002 mm

to about 0.5 mm, or from about 0.002 mm to about 0.1 mm. The open areas have, in

some embodiments, diameters of at most 0.005 mm or at most 0.01 mm.

In a microsieve-based detection system, a fluid and/or sample in the detection

region of the cartridge may be treated with a light. Interaction of the light with the

fluid and/or sample may allow the analyte to be detected. Light from one or more

light sources may shine on or in at least the detection region of a cartridge, such as the

portion of the microsieve where the fluid and/or sample is retained. The light may

allow a signal from the retained fluid and/or sample to be detected. When light shines

on a microsieve surface, some of the light may be reflected. Areas proximate the

detection region may also reflect some of the light that shines on a sample. Light

reflecting from the microsieve surface and/or microsieve support may interfere with

obtaining an accurate reading from the detector and so it may be advantageous to

optically couple an anti-reflective material to the microsieve and/or the microsieve

support.

In some embodiments, an anti-reflective material is optically coupled to the

microsieve and/or the microsieve support. Alternatively, an anti-reflective material

may be a coating on a surface of the microsieve and/or microsieve support. For

example a black coating on a surface of the microsieve and/or microsieve support may

act as an anti-reflective coating.

hi certain embodiments, a portion of the microsieve and/or microsieve support

may be made of an anti-reflective material. The anti-reflective material may be

positioned above or below a microsieve. An anti-reflective material may inhibit the
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reflection of light applied to analytes retained in or on the microsieve. The anti-

reflective material may absorb one or more wavelengths of light that are emitted by an

analyte of interest. The anti-reflective material may improve the contrast of an image

of at least a portion of the analyte retained in or on the microsieve by inhibiting

reflection of light.

Ih some embodiments, materials that form the components of the cartridge

control flow of fluids through the cartridge. In some embodiments, hydrophilic

material is coupled to the microsieve and/or microsieve support. Alternatively,

hydrophilic material may be a coating on a surface of a microsieve and/or microsieve

support. In certain embodiments, a portion of the microsieve and/or microsieve

support is made from hydrophilic material. Hydrophilic material may enhance flow of

a fluid through the microsieve. Hydrophilic material may reduce the formation of air

bubbles across the microsieve and microsieve support and/or inhibit nonspecific

binding of analytes. Hydrophilic material may attract or have an affinity for aqueous

fluids flowing through the microsieve. Hydrophilic material may be positioned

downstream of the microsieve.

In some embodiments, hydrophobic material is positioned in or on the

cartridge. Hydrophobic material may repel aqueous fluid away from surfaces of the

cartridge and cause the fluid to flow towards the microsieve. For example,

positioning a top member above the microsieve forms a cavity between the top

member and the microsieve. Hydrophobic material may be coupled to the top

member. The hydrophobic material may be a coating on a surface of the top member,

and/or the hydrophobic material may form a portion of the top member. As an

aqueous sample or fluid enters the cavity, it is repelled away from the hydrophobic top

member and flows towards the microsieve.

In some embodiments, the cellular components of a sample may be

characterized by detecting the presence and/or expression levels of one more

molecular groups (e.g., polypeptides, polynucleotides, carbohydrates, lipids) typically

known to be associated or correlated with a specific trait for which the test is being
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performed. For example, a blood sample may be collected to measure the number of

one or more specific cell types present in the sample (commonly referred to in the art

as "cell counts"), and/or the ratio thereof with respect to one or more different cells

types also present in the sample. Examples of the types of blood cells that may be

" detected in a blood sample include, but are not limited to, erythrocytes, lymphocytes

(e.g., T cells and B cells), Natural Killer (NK)-cells, monocytes/macrophages,

megakaryocytes, platelets, eosinophils, neutrophils, basophils or mast cells, hi some

embodiments, various sub-populations of specific cell types within a fluid sample are

distinguished. For example, the T cells present in a blood sample may be further

categorized into helper (CD4+), cytotoxic (CDS+), memory (CD4/CD8 and/or

CD45RO) or suppressor/regulatory (CD4+CD25+FOXP3 +) T cells. Alternatively, B

cells present in a blood sample may be further categorized into populations of

immature, mature, activated, memory, or plasma cells, based on the immunoglobulin

isotype expressed on the cell surface, and presence or absence of various additional

proteins.

Table I summarizes the surface expression profile of a selection of non-

limiting protein markers that may be used to classify the stage of B cell differentiation,

where filled circles denote expression, open circles denote lack of expression, and

partially filled circles denote partial or limited expression of the indicated surface

marker. The presently described systems and methods are not limited to detecting the

cell types disclosed in Table I. It should be understood, that the presently disclosed

systems and methods may be suitably adapted to analyze most cell types and/or

macromolecules present in a biological sample without departing from the spirit and

scope of the presently described embodiments.
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Table I.

Analysis of a cellular composition of a sample may include detecting the

presence of one or more "surface markers" known to be expressed on the surface of

the population of cells of interest. Certain surface markers useful in the differential

identification of cells in a sample (e.g., in particular cells involved in immune

responses) and/or diseases are commonly referred to as "cluster of differentiation

(CD)" antigens or CD markers, of which over 250 have been characterized. Many of

the CD antigens may also be referred to by one or more alternative art-recognized

terms. Table II lists several examples of CD antigens, and the cells in which they are

expressed, that may be referred to using one or more alternative terms. The system of

CD marker nomenclature is widely recognized by ordinary practitioners of the art.

General guidance in the system of CD marker nomenclature, and the CD expression

profiles of various cells may be found in most general immunology reference

textbooks such as, for example, in IMMUNOLOGY, 4th Edition Ed. Roitt, Brostoff

and Male chapter 28 and Appendix II (Mosby/Times Mirror International Publication

1998), or in IMMUNOBIOLOGY: THE IMMUNE SYSTEM DD HEALTH AND

DISEASE, 5th Edition, Eds. Janeway et al. Appendices I-IV (Garland Publishing, Inc.

2001).
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Table II.

In some embodiments, an analyte detection system may be used for prognostic

tests for HIV seropositive patients. HIV infects CD4+ cells (e.g., certain populations

of T helper cells, monocytes and macrophages) by binding to a co-receptor CCR5.

The expression level of certain CCR5 variants in CD4+ cells has been shown to

correlate with viral load and progression to AIDS hi certain embodiments, analyte

detection systems and methods may be used to, for example, monitor CCR5

expression in CD4 cells in patient blood samples. This parameter may

advantageously be measured simultaneously from a single sample with one or more

measures of HIV viral load hi some embodiments, the tests described herein may

further measure one or more blood parameters associated with other pathological

situations in addition to, or alternatively to, HIV infection.

In some embodiments, an analyte detection system as described herein may be

used to diagnose viral infections in addition to HIV. Blood samples from both
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Epstein-Barr virus (EBV) and cytomegalovirus (CMV) infected patients exhibit

increases in percentages of total T-cells, suppressor T-cells and activated HLA-DR+

T-cells when compared with healthy, uninfected people. Additionally, as seen in HIV

infected patients, individuals infected with EBV and/or CMV typically display

significantly decreased levels CD4+ T-cells as well as a decrease in the ratio of

CD4/CD8 T cells. Blood samples from individuals infected with EBV may also

exhibit elevated levels of NK cells.

The analyte detection systems described herein may, in some embodiments, be

adapted to readily, reproducibly, and cost effectively diagnose a variety of maladies

endemic to geographic and/or economically disadvantaged regions. An example of

such an application is point-of-care diagnosis of malaria in geographic areas such as,

for example, Africa, Latin America, the Middle East, South and Southeast Asia, and

China. Currently, reliable diagnosis of malaria is time consuming, labor intensive,

and typically involves identifying erythrocytes harboring Plasmodium parasites.

Identification of such cells is typically made by microscopic examination of

uncoagulated Giemsa-stained blood samples, possibly in combination with one or

more serological and/or molecular diagnostic tests (e.g., polymerase chain reaction),

all of which require highly specialized equipment. In some embodiments, analyte

detection systems described herein may be sued to detect one or more Plasmodium-

specific antigens that include, but are not limited to, panmalarial antigen (PMA),

histidine-rich protein 2 (HRP2) and parasite lactate dehydrogenase (pLDH) in a blood

sample. In some embodiments, the analyte detection systems presently described may

be used to monitor one or more physiological parameters associated with malaria. For

example, a portion of the hemoglobin from Plasmodium-parasitized erythrocytes

forms lipidized pigment granules generally referred to as "hemozoin." Phagocytosed

hemozoin impairs monocyte/macrophage and hence immune function, at least in part,

by reducing the surface expression of MCH class IL CDl Ic and CD54 in phagocytes.

Additionally, low peripheral blood monocyte counts may be associated with patients

with severe and complicated malaria. Analyte detection systems described herein may
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be used to detect and monitor the presence and/or quantities of these physiological

parameters associated with malaria.

In some embodiments, analyte detection systems described herein may be used

to diagnose Good's syndrome, an immunodeficiency disorder secondary to thymoma

and characterized by deficiencies of cell-mediated immunity and T-cell lymphopenia.

A low peripheral monocyte count in individuals with high cholesterol is

generally predictive of increase risk for developing atherosclerosis. The presently

described analyte detection systems may be readily and advantageously adapted to

measure monocyte counts (CD13+CD14+CD45RA) associated with cardiac risk

factors. Monocyte counts are also an important physiological parameter in subjects

with hypercholesterolemia. Analyte detection systems described herein may also be

used to measure the amounts of other cardiac risk factors such as troponin I and/or

TNF-α.

A percentage of CD8 cells and a number of monocytes in blood have been

associated with progressive encephalopathy (PE). PE is one of the most common

complications of HTV infection in children. As antiretroviral drugs become more

available, the number of children with PE has increased, thus it is desired to evaluate

risk factors for PE. CD8 stained cells maybe identified using an analyte detection

system to monitor the progress of PE.

An analyte detection system for use in diagnostic and prognostic applications

to specific pathologies, such as for example, those described above, may further allow

a user of the system to readily identify characteristics in a sample that are associated

with the malady. The analyte detection system may include, for example, various

receptor molecules (such as specific antibodies) that bind to cell surface markers (e.g.,

CD markers or other disease-associated molecules) or any other analyte suspected to

be present in a sample that allows rapid characterization of the sample. In some

embodiments, one or more antibodies (e.g., monoclonal and/or polyclonal antibodies)

that specifically recognize and bind to macromolecules expressed on the surface of
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cells (e.g., CD or other cell surface markers) may be used in an analyte detection

system.

While certain specific examples of monoclonal or polyclonal antibodies are set

forth above, it will be readily understood by ordinary practitioners of the art that the

presently described analyte detection systems may be used, without limitation, in

conjunction with any type of antibody that recognizes any antigen, including, but not

limited to, commercially available antibodies or antibodies generated specifically for

the purpose of performing the tests described herein. Monoclonal and polyclonal

antibody design, production and characterization are well-developed arts, and the

methods used therein are widely known to ordinary practitioners of the art (see, e.g.,

"Antibodies: A Laboratory Manual," E. Howell and D . Lane, Cold Spring Harbor

Laboratory, 1988). For example, a polyclonal antibody is prepared by immunizing an

animal with an immunologically active composition including at least a portion of the

macromolecule to which the desired antibody will be raised and collecting antiserum

from that immunized animal. A wide range of animal species may be used for the

production of antiserum. Examples of animals used for production of polyclonal anti-

sera are rabbits, mice, rats, hamsters, horses, chickens, or guinea pigs.

A monoclonal antibody specific for a particular macromolecule can be readily

prepared through use of well-known techniques such as those exemplified in U.S.

Patent No. 4,196,265, to Koprowski et al., which is herein incorporated by reference.

Typically, the technique involves first immunizing a suitable animal with a selected

antigen (e.g., at least a portion of the macromolecule against which the desired

antibody is to be raised) in a manner sufficient to provide an immune response.

Rodents such as mice and rats are preferred species for the generation of monoclonal

antibodies. An appropriate time after the animal is immunized, spleen cells from the

animal are harvested and fused, in culture, with an immortalized myeloma cell line.

The fused spleen/myeloma cells (referred to as "hybidomas") are cultured in a

selective culture medium that preferentially allows the survival of fused splenocytes.

After the fused cells are separated from the mixture of non-fused parental cells,
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populations of B cell hybridomas are cultured by serial dilution into single-clones in

microtiter plates, followed by testing the individual clonal supernatants for reactivity

with the immunogen. The selected clones may then be propagated indefinitely to

provide the monoclonal antibody of interest. In some embodiments, a microsieve-

based detection system for use in performing WBC counts on a blood sample may use

one or more polyclonal or monoclonal antibodies that specifically recognize various

cell types that constitute WBCs to visualize specific blood cells. Antibodies suitable

for this purpose include, but are not limited to: anti-CD3; anti-CD4; anti-CD8; anti-

CD 16; anti-CD56; and/or anti-CD 19 antibodies to specifically recognize: T cells; T

helper cells and monocytes/macrophages; cytotoxic T cells; neutrophils, NK cells and

macrophages; NK cells; and B cells, respectively.

Also useful as a binding agent in the system taught herein are chimeric

antibodies and hybrid antibodies, with dual or multiple antigen or epitope

specificities, and fragments, such as F(ab')2, Fab', Fab, Fv and the like, including

hybrid fragments. Such binding agents retain their ability to bind their specific

antigens. For example, fragments of antibodies which maintain CD4-binding activity

are included within the meaning of the term "CD4 antibody or fragment thereof."

Such antibodies and fragments can be made by techniques known in the art and can be

screened for specificity and activity according to the methods set forth in the

Examples and in general methods for producing antibodies and screening antibodies

for specificity and activity (See Harlow and Lane. Antibodies, A Laboratory Manual.

Cold Spring Harbor Publications, New York, (1988)).

Also useful herein are conjugates of antibody fragments and antigen binding

proteins (single chain antibodies) as described, for example, in U.S. Patent No.

4,704,692, the contents of which are hereby incorporated by reference. A single chain

antibody is created by fusing together the variable domains of the heavy and light

chains using a short peptide linker, thereby reconstituting an antigen binding site on a

single molecule. Single-chain antibody variable fragments (scFvs) in which the C-

terminus of one variable domain is tethered to the N-terminus of the other variable

domain via a 15 to 25 amino acid peptide or linker have been developed without
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significantly disrupting antigen binding or specificity of the binding. These Fvs lack

the constant regions (Fc) present in the heavy and light chains of the native antibody.

In some embodiments, a microsieve-based detection system is used to assess

both CD4 lymphycyte count and CD4 lymphocytes as a percentage of total

lymphocytes from a blood sample for diagnosis, staging, and/or monitoring of

infections and/or diseases hi some embodiments, these counts may be used for

monitoring the progression of HIV disease and associated disorders, for monitoring

the effectiveness of HIV therapy, and for determining when HIV patients require

therapy. For example, when blood samples having CD4 counts below 200 cells per

microliter, the need for specific drug therapy intervention may be indicated m certain

embodiments, comparing CD4 cell counts to CD8, CD3, and/or CD 19 cell counts may

be used to assess the ratio CD4+ T helper cells with respect to cytotoxic T cells, total

circulating T cells, B cells, or combinations thereof.

In some embodiments, CD4 percentage of lymphocyte cell counts from a

blood sample are assessed using the microsieve-based detections system by comparing

CD4 cell counts to the total lymphocyte population, hi other embodiments, the

comparison is done by comparing CD4 cell counts to the number of cells identified

by, for example, CD2 and CD 19. The percentage of CD4 can be determined by

comparing CD4 with these other cell surface markers. The CD4 percentage can be

used to determine when to start therapy for pediatric patients from infancy up to about

6 years of age. Some pediatricians suggest that if CD4 percentage count were

routinely provided, then physicians treating adult patients might begin to routinely use

the CD4 percentage in preference to absolute CD4 counts.

hi some embodiments, the absolute CD4 cell count can be determined by

counting all of the lymphocytes with the CD4 surface marker labeled. Then, the total

CD4 cell count fot a known volume of the sample applied to the microsieve is used to

determine the absolute CD4 cell count. The absolute CD4 cell count can be used to

determine when to start adult anti-retroviral (ARV) therapy, for example when the

CD4 cell count drops below 200 cells per microliter or millimeter cubed.
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In some embodiments, detection of cell surface marker is accomplished by

chemically conjugating fluorescent dyes, such as ALEXAPLUOR® dyes (available

also in fluorescent microparticles) from Invitrogen-Molecular Probes, Inc. (Eugene,

OR), to binding partners, such as antibodies and monoclonal antibodies, which bind

specific surface markers. Each antibody specifically recognizes and binds to a

population of cells exhibiting a specific surface marker without cross reacting with

other surface markers, allowing each group of cells exhibiting a specific marker to be

selectively labeled. In other embodiments, the fluorescent dye can be indirectly bound

to the binding partners by use of a secondary or tertiary antibody containing the

fluorescent dye. hi some embodiments the same dye can be used to label multiple cell

surface markers to make it easier to determine the percentage of CD4 to other

markers, for example ALEXAFLUOR®488 can be used with CD2 and CD 19 and

ALEXAPLUOR®647 can be used with CD4 (or vice versa). In other embodiments,

substantially all of the CD cell markers can be labeled with the same label to

determine the total lymphocyte count.

In some embodiments, a sample, such as blood or diluted blood, is applied

and/or transported to a microsieve of a microsieve-based detection system. The

microsieve may retain portions of the sample, while allowing other portions of the

sample to pass through. For example, the microsieve may be adapted to retain

lymphocytes, while allowing other portions of the sample, such as water or red blood

cells, to pass through.,

A combination of detectable labels may be applied and/or transported to the

microsieve to allow a total number and/or different types of lymphocytes (e.g., T cells,

NK-cells, and/or B-cells) to be identified. One or more detectable labels may be

added to the matter collected on a surface of the microsieve. For example, detectable

labels may allow the detection of anti-CD3, anti-CD4, anti-CD8, anti-CD 16, anti-

CD56 and anti-CD 19 antibodies bound to their respective CD markers on the surface

of target cells hi some embodiments, anti-CD2, anti-CD4, and anti-CD 19 antibodies

may be coupled to the detectable label directly hi some embodiments, the detectable
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label may be coupled to a second macromolecule that specifically binds to and

recognizes the antibody bound to the CD marker.

hi some embodiments, a first detectable label may be coupled to CD4+ cells

present in a mixed population of cells. Additional, distinct detectable labels may be

coupled to the NK-cells, B-cells, and/or other T-cells in the mixed population. For

example, a mixed population of cells in a sample may couple to anti-CD4, anti-CD3,

anti-CD56, and anti-CD 19 antibodies with detectable labels to allow detection of

CD4+ T helper cells, total T-cells, NK-cells, and B-cells respectively.

hi some embodiments, fluorescent dyes (e.g., ALEXAFLUOR ® dyes) maybe

coupled to antibodies to form fluorophore-labeled antibodies. Use of fluorophore-

labeled antibodies to visualize cells may facilitate assessment of the sample. One or

more fluorescent dyes may be used to label one or more cell surface markers to

facilitate assessment of a desired marker percentage relative to other markers (e.g., a

percentage of CD4+ lymphocytes relative to other lymphocytes). In certain

embodiments, antibodies may be coupled to fluorescent microparticles to form

binding agent/detectable label complexes. Fluorescent microparticles may

advantageously provide more fluorescent signal per antibody than fluorophore-labeled

antibodies. An image of the cells stained by the first detectable label may be provided

and one or more additional images of cells stained by the additional detectable labels

may be provided. The images may be compared and/or combined to determine the

total number of lymphocytes and/or a number of a specific type of lymphocyte in or

on the microsieve. A detector optically coupled to at least a portion of the microsieve

may provide the images. An analyzer may automatically compare the images during

use. For example, ALEXAFLUOR ® 488, which fluoresces green when exposed to

light having a wavelength of 488 nm, may be used to visualize anti-CD3 antibodies

bound to the surface of all T cells present in a sample. ALEXAFLUOR ® 647, which

fluoresces red when exposed to light having a wavelength of 647 nm, may be used to

visualize anti-CD4 bound to the surface of T helper cells and monocytes hi this way,

at least three populations of cells (all T cells stain red, T helper cells stain red and
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green, the overlap of which shows as yellow, and monocytes which stain green) may

be readily and simultaneously identified in a single sample.

In some embodiments, two fluorophores and two light sources are used to

assess lymphocyte populations. The analyte detection system depicted in FIGS.3, 39

may be used, for example, to determine types of lymphocytes. FIGS. 5A-Cdepict

representations of images collected using two fluorophores and two light sources. For

example, a green fluorophore (e.g., ALEXAFLUOR® 488) may be coupled to anti-

CD4 antibodies of a sample. A red fluorophore (e.g., ALEXAFLUOR® 647) may be

coupled to the anti-CD2 antibodies, anti-CD3 antibodies, and anti-CD 19 antibodies

added to the sample. As discussed above and shown in Tables I and π , CD4 is

expressed on the surface of T helper cells and monocytes, CD 19 is expressed on the

surface of B cells, CD56 is expressed on the surface of NK cells, and CD3 is

expressed on T cells. Analysis of the samples captured on a microsieve using two

wavelengths of light may allow differentiation of the types of WBCs captured.

In some embodiments, a green fluorophore (e.g., ALEXAFLUOR® 488) may

be coupled to anti-CD4 antibodies of a sample. A red fluorophore (e.g.,

ALEXAFLUOR® 647) maybe coupled to the anti-CD2 antibodies and anti-CD 19

antibodies. CD2 is expressed on the surface of T-cells and NK cells. CD 19 is

expressed on the surface of B cells. Analysis of the samples captured on a microsieve

using two wavelengths of light may allow differentiation of CD4+ lymphocytes from

other lymphocytes.

FIG. 5A depicts a representation of image 330 of cells 332, 334obtained by

exciting the green fluorophore detectable label with a light source, analyzing the

signal generated by the excitation, and producing an image of the cells. These cells

332, 334 represent CD4+ cells.

FIG. 5B depicts a representation of an image of cells obtained by exciting the

red fluorophore, analyzing the signal produced from excitation, and producing an

image of these cells. These cells 338, .340, and 342, visible in image 344, represent

cells expressing CD2 and/or CD 19.
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In digital detector images, double labeled cells may be identified. Thus,

monocytes (e.g., cells that only emit green light) may be distinguished from CD4+

lymphocytes. Combining image 330 and image 344 creates image 346 that includes

single labeled "green" cells 334, single labeled "red" cells 338,340,342, and double

labeled cells 348, as shown in FIG.5C. Single labeled green cells 334 are

representative of CD4+CD2 CD19 monocytes. Double labeled cells 348 are

representative of CD4+CD2+ T helper cells.

A total number of T-helper cells (cells that express CD4 and CD2), a total

number of lymphocytes (cells that express CD2 or CD19), a total number of CD4

cells, and a ratio of CD4 lymphocytes to a total number of lymphocytes may all be

determined from the combination of images 330, 344, 346. A total number of

lymphocytes may be obtained from the combined image, as depicted in image 346,

since the cells may be identified and isolated (e.g., cells that only emit green light or

only emit red light).

An absolute number of CD4+ T helper cells is the total number of double

labeled cells 348. A ratio of CD4+ T helper lymphocytes to the total number of

lymphocytes may be calculated by dividing the total number of double labeled cells

348 (CD4+CD2 ) by the total number of red cells 338, 340, 342 (CD2+, CD19+) .

The ratio of T-helper cells to total lymphocytes may be important in

determining the progression of diseases, such as HIV, and in the treatment and

monitoring of other diseases. Although green and red fluorophores were described,

fluorophores of any color may be used without limitation hi some embodiments, a

monochrome detector may not allow colors of fluorophores to be distinguished.

In some embodiments, use of one or more detectable labels allows

identification of lymphocytes retained on a microsieve of a microsieve-based

detection system. In some embodiments, the lymphocytes may contain cell surface

markers CD4, CD3, and CD 19. Identification of CD4 and CD3 and on the surface of

cells identifies T-helper cells. FIGS. 6A through 6Drepresent images of cells

expressing CD4, CD3, and CD19 markers in the presence of two excitation sources.
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FIG. 6A depicts an image of cells obtained by excitation of a green

fluorophore bound to cells expressing CD4. An excitation source may excite green

fluorophores and a detector may analyze the signal produced during excitation and

produce image 350 of green cells 332, 336.

FIG. 6B depicts an image of cells obtained by excitation of a red fluorophore

attached to cells expressing CD3 or CDl 9. An excitation source excites red

fluorophores bound to the cells and a detector analyzes the signal produced during

excitation and produces image 352 of cells 340 containing CD 19 and cells 354

containing CD3.

Image 350 may be combined with image 352 to produce image 356 in which

green cells336, red cells 354, 340 and yellow cells 358 are visible. The total number

of lymphocytes may be obtained from the image of red cells, as depicted in FIG. 6C.

The total number of T helper cells present on the microsieve is identifiable by

determining the number of cells that are double labeled (e.g., those cells expressing

both CD3 and CD4).

hi some embodiments, a filter allows a desired wavelength of light to pass

from the detection system to the detector. For example, a filter only allows green light

to pass, as depicted in FIG. 6D. Thus, T cells 358 maybe identified from image 360

collected by the detector. Using a filter may facilitate identification of one or more

types of lymphocytes and/or other types of matter.

While a system to identify T cell populations based on differential staining of

CD3, CD4, CD 19, and/or CD56 markers on cells is described above, it is understood

that any combination of CD markers may be used to identify one or more types of

lymphocytes and/or total lymphocytes in a sample.

In some embodiments, all cells except a lymphocyte of interest may be stained.

A white light image of the microsieve may be provided. One or more additional

images may be provided in which cells stained with one or more detectable labels are

visible. The number of a specific lymphocyte population may be obtained by
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assessing the number of cells appearing in the first image (e.g., the white light image)

but not appearing in the additional images (e.g., images in which only stained cells

appear). For example, a sample containing lymphocytes may be retained on a

microsieve of an analyte detection system. A first image at a selected wavelength of

light of the retained cells is taken. One or more detectable labels may be applied to

the retained cells. At least one of the detectable labels stains part of the retained cells,

but does not stain CD4+ cells. A second image at one or more wavelengths different

than the wavelength for the first image is taken. Such "negative selection" strategies

may be employed to determine the number of cells that are depicted in the first image

but are not depicted in the second image, to give the number of CD4+ lymphocytes.

Such strategies may be particularly suited to applications where additional functional

analyses are performed on the cell of interest. For example, it is known in the art that

contacting certain CD markers (e.g., CD3, CD 19) with certain antibodies (commonly

referred to as "cross-linking antibodies") causes profound changes in cellular

physiology. Therefore, the negative selection strategy outlined above may be useful

when additional biological/functional analyses are to be performed on a particular cell

type.

In some embodiments, cells expressing CD4 may be stained red and cells

expressing CD45 may be stained green. In certain embodiments, cells with certain

surface markers may stain brighter than cells without the surface markers. For

example, stained CD45 cells may appear brighter than stained CD4+ cells. A

percentage of CD4 to total lymphocytes may be determined from the ratio of CD4+

cells to brighter stained CD45 cells.

It may be desirable to stain various cell subtypes differentially to allow

discrimination between various cell types even when the cells are stained with

antibodies with the same color tag. For example, CD4+ monocyte population may be

differentiated from the CD4+ lymphocyte population. Low and high intensity CD4+

cells may be extracted from images of the detection system obtained by a detector.

Weakly stained CD4+ cells may then be stained with a CD 14 stain that identifies

weakly stained CD4+ cells as monocytes.
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Similar principles maybe applied to other subsets of the lymphocyte

population. A difference in the staining of NK-cells, B cells, and T cells due to the

number of surface markers, antibody affinity, or antibody performance may identify a

CD8 population. CD8 monitoring and/or a ratio of CD4 to CD8 cells may be

important in providing information about the progression of certain diseases, such as,

for example, HTV progression and ADDS.

It may be desirable to obtain a CD8 percentage and monocyte count from a

sample. Monocytes may exhibit a weaker stain with CD4 antibodies, which allows

monocytes to be distinguished from CD4 T-cells, which are characterized by a strong

stain with CD antibodies.

Differences in surface marker concentrations on cells may provide a tool for

discrimination between cells. In some diseases, cell morphology may be correlated

with disease states. Images from assay screening may provide information about the

assay and cell morphology and may provide additional information about the disease.

For example, the malaria antibody may be localized on a part of the cell to allow a

difference in intensity across a cell to be observed. This difference in intensity may

provide information about the health of the patient.

Different subpopulations of cells may accept the same stain but emit light at

different intensities and so the subpopulations may be differentiated. The antibody

binding capacity for various surface antigens may be measured using methods

generally known to ordinary practitioners of the art. For example, CD4+ T-cells bind

about 50,000 antibody molecules. Protocols for assay development and image

analysis can be defined based on the relative amount of antibodies molecules that

various cells can bind. Often exposure times may be adjusted to further separate

populations. For example, a total T-cell population may be identified with an anti-

CD3 antibody. Even though CD3 cells are stained with the same color as NK-cells

and B-cells, the populations can be determined based on the differential staining

these cells. As the CD3 population becomes separated from the rest of

the cell count (e.g., by increasing exposure time when taking the image), the
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percentage of CD8 cells maybe determined by subtracting the number of CD4+ cells

and CD3+ cells from the total CD3 cell count. In some embodiments, when cells are

stained with anti-CD8 antibody, there exists a strong intensity differential to

discriminate CD8 cells from other cells such as NK-cells and B-cells. The strong

intensity may accentuate the differential seen in a single color containing CD8+

cytotoxic T cells, NK-cells, and B-cells. A ratio of CD8+ cells may be calculated by

dividing the total number of CD3+ cells minus the total number of CD4+ cells and

CD3+ cells by the total number of CD3+ cells.

An analyte-detection kit including at least one cartridge designed for

performing a pre-determined analysis, a sample collection device and disinfectant

wipes may be opened. In some embodiments, the cartridge, wipes, sample collection

devices are individually obtained. In certain embodiments, the cartridge is checked

for viability prior to use. In some embodiments, a portion of a human may be wiped

with one of the disinfectant wipes and a blood sample may be obtained with the

sample collection device. A portion of the collected sample may be deposited on or in

a collection region of the cartridge. For example, a finger may be pricked with a

lancet and a drop of blood transferred to the cartridge using disposable tubing, a

pipette, or a fluid bulb. In some embodiments, the sample may be deposited directly

onto a microsieve of a microsieve -detection system. After the sample is introduced

into a collection region of a cartridge, the collection region may be capped or sealed

with, for example, an adhesive strip, a rubber plug, or a cover.

In some embodiments, one or more reagents may be provided to the sample.

For example, anti-coagulant and/or fixative may be added to the blood sample.

Fixatives include, but are not limited to, paraformaldehyde, ethanol, sodium azide,

colchicine, CYTO-CHEX ® (Streck, Inc., Omaha, NE), and CYTO-CHEX ® BCT. hi

some embodiments, a reagent may be provided to the sample. The reagent may be

mixed with the sample during or after collection of the sample. Alternatively, a

reagent may be added to a sample after the sample is introduced into a cartridge. In

certain embodiments, a reagent may be provided to the sample by, for example, one or

more pumps, fluid packages, and/or reagent regions coupled to, positioned in, and/or
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positioned on a cartridge.

The cartridge may be positioned, automatically or manually, in a housing of

the analyte detection system. The cartridge may substantially contain all fluids used

for the analysis.

In some embodiments, a check of the cartridge may be performed. For

example, the cartridge includes one or more detectable labels to be determined. An

image of the label may be obtained by one of the detectors. Analysis of the image is

performed to determine if the known analyte can be detected. If the known analyte is

detected, the cartridge is deemed suitable for use. If the known analyte is not

detected, the cartridge may be disposed of and a new cartridge obtained hi some

embodiments, the new cartridge is obtained from the kit or a supply of cartridges.

At least a portion of the sample may be provided to a metered volume portion

of the cartri dge hi some embodiments, the sample may be drawn by capillary action

into the metered volume portion hi certain embodiments, the sample may be

delivered by a fluid delivery system disposed in or coupled to the cartridge. After the

sample has filled the metered volume portion, a portion of the sample may travel

toward an overflow reservoir hi some embodiments, the sample may not be

measured.

A fluid delivery system that includes a reagent may be actuated. Flow of fluid

from the fluid delivery system may push a metered volume of sample from the

metered volume portion towards a detection region that includes a microsieve-based

detection system. The reagent and sample may combine during passage of the sample

toward the one or more detection regions to form a sample/reagent mixture. A portion

of the sample/reagent mixture flows through or is collected in the detection region.

The remaining portion of sample/reagent mixture may flow over or through the

detection region to a waste region of the cartridge.

hi some embodiments, the fluid delivery system is not necessary to push the

sample towards the detection region. Capillary forces may transport the sample
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towards the detection region. In some embodiments, capillary forces that transport the

sample are enhanced with hydropliilic materials (e.g., plastic or glass) to coat a

channel for aqueous samples. Certain portion of channels may include hydrophilic

materials positioned proximate the collection region, in the metered volume chamber,

and/or proximate the overflow reservoir to direct flow of aqueous samples through a

cartridge.

In some embodiments, the sample may be drawn into a channel via negative

pressure in the channel. For example, suction created by a passive valve or a negative

pressure source may create negative pressure in a portion of a channel and draw fluids

towards the detection region. In some embodiments, valves may be used to direct the

flow of fluid and/or sample through the cartridge.

One or more additional fluid delivery systems may be actuated to release one

or more additional fluids (e.g., additional PBS, water, or other buffers). One or more

of the additional fluids may flow over or through one or more reagent regions (e.g., a

reagent pad or through a channel containing reagents). One or more reagents (e.g.,

one or more antibodies or a detectable label) in or on the reagent regions may be

reconstituted by the additional fluids. The reconstituted reagents may be transported

to the detection region of the cartridge. Transport of the reconstituted reagents may be

accomplished by continued actuation of the fluid delivery systems or through other

methods described herein. The reconstituted reagents may label and wash a portion of

the sample collected in one or more detection regions of the cartridge (e.g., wash

WBCs retained on a microsieve).

Portions of a sample and/or fluids may be provided to a detection region in a

cartridge sequentially, successively, or substantially simultaneously. In some

embodiments, a portion of the sample moves towards a detection region as a portion

of the fluid from the second fluid delivery system flows towards a reagent region.

Fluid from the second fluid delivery system may reconstitute and/or collect one or

more reagents from the reagent region and deliver the reagents to the detection region

after the sample has passed through the detection region. The collected reagents may
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then be added to an analytes that have been collected by the detection region.

Valves (e.g., pinch valves, active valves, passive valves) and/or vents may be

use to regulate flow of the sample. For example, a valve proximate the collection

region may inhibit additional sample from flowing towards the detection region, hi

some embodiments, one or more changes in elevation of a channel may inhibit the

sample form entering other channels.

In some embodiments, a reagent (e.g., a detectable label or one or more

antibodies) may be directly added to the matter on a microsieve of a microsieve-based

detection system. The sample may then be washed with fluid remaining in the first

fluid delivery system or with the fluid from one or more of the fluid delivery systems.

In some embodiments, only one fluid delivery system is used. For example,

one or more syringes may be at least partially coupled to, positioned in, or positioned

on the cartridge. Each syringe may contain one or more fluids to be used during the

analysis. The syringes may be actuated and the fluids delivered sequentially,

successively, or substantially simultaneously to the collection region, the reagent

regions and/or the detection region.

In some embodiments, analytes collected on a microsieve of a microsieve-

detection system may be viewed through a viewing chamber of the microsieve-

detection system. Light sources may be activated and light may be directed towards

the microsieve-based detection system. Light may enter the microsieve-detection

system through a viewing chamber and/or a top layer of the microsieve-detection

system. A detector may collect a signal produced from interaction of light with one or

more analytes in the detection region hi some embodiments, the detector may be

optically aligned with the viewing chamber of the microsieve to allow the microsieve

and/or detection region to be viewed by detector.

The detector processes the produced signal to produce images representative of

the analytes collected by the detection system. Images may be obtained concurrently
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or simultaneously. Images may be analyzed and the analytes in the sample assessed.

The cartridge may then be removed from the analyzer and discarded. The

above-described method may then be repeated for the next sample. In certain

embodiments, portions of the analyzer may be disinfected between samples. In some

embodiments, the cartridge is self-contained such that all fluids remain in the cartridge

and the analyzer may not need to be disinfected.

Interaction of a sample with light produces a signal that is received by the

detector. The detector may produce images from the signal. Images may be analyzed

by an analyzer (e.g., automatically with a computer or manually by a human) to

determine the analytes present in the sample.

A third fluid delivery system may be activated to allow a wash solution to flow

through or over the detection region. The detection region may be washed repeatedly

to clear the detection region and prepare for additional use.

The first fluid delivery system may be actuated, or a fourth fluid delivery

system may be used, to push a second portion of sample towards the microsieve. The

analysis may be repeated to determine different and/or duplicate sample analysis.

The procedure may be repeated as necessary to obtain the needed data.

Additional samples may also be obtained and used. In some embodiments, one or

more microsieves may be used in a microsieve-based detection system. After all

analyses have been completed, the cartridge may be properly discarded.

An optical analysis instrument for microsieve-based measurements may be

used to determine the presence of analytes. A schematic diagram of an embodiment

of an instrument is depicted in FIG. 2 . In one embodiment, an instrument may include

a sample collection device 700, an off-line sample processing unit 710, a fluid

delivery system 720, a disposable cartridge 730, a cartridge self-positioning system

740, an optical platform 750, electronics 760, power supplies 770, one or more

computer processors 780, and/or software 790 and/or firmware.
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In some embodiments, the instrument may include one or more disposable

cartridges. A disposable sample cartridge may be the chemical and biochemical-

sensing component of the analysis instrument. A cartridge may include index-

matching, molded or machined plastics, metals, glass or a combination thereof. A

cartridge may also include one or more reservoirs for holding reagents, samples,

and/or waste. Reservoirs may be coupled to a cartridge via one or more microfluidic

channels.

A cartridge may include one or more detection systems. As used herein the

term "detection system" refers to a system having an analyte detection platform (e.g.,

a microsieve-based analyte detection platform). In some embodiments, a cartridge

may be designed such that the cartridge is removably positionable in an instrument.

Cartridge alignment may be performed manually or automatically using the cartridge

positioning system. A cartridge positioning system may automatically or manually

position the disposable cartridge in the instrument. In certain embodiments, the

disposable cartridge may be placed in the cartridge self-positioning system prior to

sample introduction. In one embodiment, a fluid delivery system may deliver reagents

to a disposable cartridge. Once the disposable cartridge is placed inside the

instrument, the cartridge positioning system may be used to align the one or more

areas of the cartridge containing the sample to be analyzed with the instrument's

optical platform. The optical platform may acquire images (e.g., visual or fluorescent)

of the sample. The images may be processed and analyzed using software,

algorithms, and/or neural networks.

An instrument may be used to analyze one or more samples. A sample may

include one or more analytes, cells, and/or bacteria. A sample may be collected for

analysis with a sample collection device. The sample collection device may be

external or internal to the instrument and may be interfaced with the analysis

instrument. Depending on the type of measurement to be performed, a sample may be

transported through one of two pathways by the sample collection device. In one

application, a sample may be transported to an off-line sample-processing unit where

the sample may be manipulated. The sample may then be transported to a disposable
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cartridge via a fluid delivery system. In another embodiment, a sample may be

transported directly to a disposable cartridge by a sample collection device. The

disposable cartridge, including the sample, may then be inserted into the instrument.

In an embodiment, a sample collection device may include a disposable pipette

or capillary tube. A disposable pipette may contain, or may be coated with, one or

more appropriate reagents to aid in visualization. For example, a stain may aid in

visualization of particles and/or cells in a sample. A disposable pipette may also

collect a precise sample volume. It may be desirable to incubate a sample prior to

analysis. A sample may be incubated in a disposable tip before being drawn into an

instrument. In one embodiment, after incubation, the sample may be delivered to the

cartridge manually using the disposable pipette hi another embodiment, a sample

cartridge may include one or more appropriate reagents for incubation in the sample or

reagent reservoir. In some embodiments, incubation may be performed within the

sample cartridge using reagents from a sample or reagent reservoir. After the sample

is incubated with one or more reagents, the fluid delivery system may deliver a buffer

solution to the sample/reagent reservoir. Delivering a buffer solution to the

sample/reagent reservoir may push the labeled sample to a microsieve in the cartridge

for subsequent rinsing and sample analysis. After analysis of the sample is completed,

the sample may be delivered to a waste reservoir. A waste reservoir may be

positioned in the sample cartridge, internal or external to the instrument.

In an embodiment, a portion of a human body, such as a finger, may be

positioned proximate a sample reservoir of a cartridge. A portion of a human body

may contact a portion of the sample reservoir. A sample reservoir may have a size

that allows a predetermined volume of sample to be collected. A cartridge sample

reservoir may include a sample pick-up pad. A sample pick-up pad may be a pad that

absorbs and/or collects samples deposited on a surface of the sample pick-up pad. A

sample pick-up pad may be made of an absorbent material. A sample pick-up pad

may draw a sample from a portion of a human body in contact with the sample pick¬

up pad to a sample reservoir. For example, a sample collection device may make a

small incision in a portion of a human body. The portion of the human body may be
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brought proximate a sample pick-up pad. Blood from the small incision may flow

onto the sample pick-up pad. Blood from the sample pick-up pad may then be

delivered to the cartridge via a fluid delivery system. In an embodiment, a sample

pick-up pad may include one or more anti-coagulants and/or reagents for sample

labeling. A sample reservoir may include one or more anti-coagulants and/or reagents

for sample labeling.

In certain embodiments, a fluid delivery system may include metered pumps

(e.g., syringe, rotary, and/or peristaltic), valves, connectors, and/or pressure-driven

actuation (e.g., roller with motorized translation). A fluid delivery system may be

vacuum-driven (e.g., a cartridge may be under vacuum). A fluid delivery system may

draw one or more samples into an instrument, deliver one or more samples to a

sample cartridge, and/or move fluids such as sample, reagents and/or buffers through

the cartridge and other channels or fluid lines. A fluid delivery system may deliver

samples and/or other fluids to a waste reservoir after analysis hi one embodiment, a

fluid delivery system may be used to wash a cartridge after sample analysis. Fluid

may be driven through a cartridge after a sample is analyzed by the fluid delivery

system. The fluid may then flow from the cartridge to a waste reservoir.

FIG. 7A depicts one embodiment of a sample cartridge and its interface with

an actuated fluid delivery system hi this example, the buffer 870, reagents 850,

and/or sample 940 are contained in reservoirs. Reservoirs may be substantially sealed

reservoirs positioned in a cartridge, hi an embodiment, applying pressure to a

reservoir may release the contents of the reservoir into channels 950. Actuators 840

may press down on the fluid containing reservoirs, delivering the contents to the

microsieve 960 or other detection platform 970. FIG. 7B depicts an embodiment of

an actuator 840. Actuator 840 may include a mechanism for applying pressure to one

or more reagent packs 850, either individually or simultaneously, hi one embodiment,

actuator 840 includes an elongated member 980 that is moved by the actuator 840 to

apply pressure on one or more reagentpacks 850, causing the reagent packs to release

one or more reagents to a cartridge 860. During use, an actuator 840 may apply

pressure to a reagent pack 850, forcing one or more reagents in the reagent pack
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through a channel 950, as depicted in FIG. 7A. Channels 950 may couple a reagent

pack 850 to a microsieve 960 and/or other detection platform 970 in a sample

cartridge 860. As pressure on a reagent pack 850 increases, more reagent may be

released from the reagent pack and into a channel 950. As depicted in FIG. 7C,

reagents may flow through a channel 950 and into a sample cartridge 860. Sample

and reagent may flow out the sample cartridge 860 via a channel due to actuation.

Increased pressure from actuators on buffer 870, sample 940, and/or reagent packs

850 may drive fluid from the microsieve 960 and/or other detection platforms 970 and

into a waste reservoir 890, see FIG. 7A. A waste reservoir 890 may be positioned in

the cartridge 860.

FIG. 8A depicts an embodiment of a disposable cartridge including reagent

packs. During use, a sample (e.g., blood obtained from a fmgerstick) may be

delivered to a sample reservoir 990. A reagent pack 850 may deliver one or more

reagents to a sample reservoir 990 by actuation. In an embodiment, an actuator may

apply pressure on a reagent pack 850 and force reagent from a reagent pack through

channels 950 and into a sample reservoir 990. Reagents and a sample may react in the

sample reservoir 990. In certain embodiments, further actuation may cause the

modified sample, or sample reacted with reagents, into a trap 1000. Trap 1000 may be

a bubble trap. Trap 1000 may be designed to release air from a fluid passing through

it. Trap 1000 may substantially remove air from a sample flowing through a trap.

Further actuation may then push a substantially air free sample from a trap 1000 into a

microsieve 1010. In a microsieve 1010, a sample maybe washed with a solution

and/or analyzed. Residual reagents and/or discarded samples may be collected and/or

contained in a waste reservoir 890 positioned in the cartridge 860. Collecting reagents

and/or samples in a waste reservoir may facilitate hazard-free disposal of the cartridge.

FIG. 8B depicts an embodiment of a cartridge including reagent packs. A

reagent pack may be a pad 855 including one or more reagents that have been dried on

a surface of the reagent pad. A reagent pack may include a pad with one or more

reagents within the pad. In certain embodiments, reagents and/or a reagent pad may

include one or more stabilizers. Stabilizers may increase reagent stability. During
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use, a sample may be deposited in a sample reservoir 990. Buffer may be delivered

through fluid inlets and flow over reagent pads 855. When a buffer passes over

reagent pads 855, one or more reagents may be reconstituted and delivered to a sample

reservoir 990. Ia one embodiment, a buffer may reconstitute a desired reagent on a

reagent pad 855. A buffer solution containing the reconstituted reagents may pass into

a sample reservoir 990 and react with a sample. A fluid delivery system may then

push the chemically modified sample (e.g., the sample reacted with one or more

reagents) into a trap 1000. In the trap 1000, air may be released from the chemically

modified sample. Further pressure or actuation may push the air free sample into a

microsieve 1010 of a cartridge 860. In a microsieve 1010, a chemically modified

sample may be washed and/or analyzed. Residual reagents and/or discarded samples

may flow to a waste reservoir 890 to reduce hazards during disposal.

In some embodiments, a combination of reagent reservoirs, reagent packs,

and/or reagent pads may be positioned in a cartridge, as depicted in FIG. 8C. Reagent

packs and/or reservoirs 850 may be coupled to reagent pads 855 such that pressure on

the reagent packs 850 may deliver one or more reagents to one or more reagent pads

855. Reagents from the reagent packs 850 may reconstitute one or more reagents on

the reagent pads 855. Further actuation may force the reagents from the reagent pad to

the sample reservoir 990. For example, an actuated lever may apply pressure to

reagent packs and force reagent through one or more channels connecting one or more

reagent packs and a sample reservoir. A channel may direct reagent from a reagent

pack to flow over a reagent pad. hi some embodiments, a cartridge 860 may include

passive valves 1015, as depicted in FIG. 8C. Passive valves provide a path of least

resistance to flow. Passive valves 1015 may be used to facilitate fluid flow towards a

sample reservoir 990 and/or other areas of the cartridge 860. A fluid delivery system

may then push the chemically modified sample (e.g., the sample reacted with one or

more reagents) into a trap 1000. In the trap 1000, air may be released from the

chemically modified sample. Further pressure or actuation may push the air free

sample into a microsieve 1010 of a cartridge 860. In a microsieve 1010, a chemically
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modified sample may be washed and/or analyzed. Residual reagents and/or discarded

samples may flow to a waste reservoir 890 to reduce hazards during disposal.

In some embodiments, disposable cartridges may include reagent pads.

Reagent pads may store reagents in a self-contained manner that may provide

increased stability, reduce and/or eliminate reagent aggregation and/or precipitation

(e.g., clumping) and increase effective reagent concentrations. Increasing effective

reagent concentrations may reduce response times for sample analysis. Disposable,

self-contained cartridges may have important implications for point-of-care

diagnostics, such as, not requiring refrigerated storage nor reagent preparation and/or

not requiring handling of waste material. Cartridges may allow fast and inexpensive

diagnostics to be transported to and performed in situations where time is critical.

In some embodiments, a reagent capsule including one or more reagents may

be coupled to a cartridge. Reagent capsule may include liquid and/or dried (e.g.,

reagents in solid or powder form) reagents. In one embodiment, a reagent pad with

dried reagent on the pad may be positioned in the reagent capsule. FIG. 8D depicts an

exploded view of an embodiment of a reagent capsule 1018 coupled to a cartridge 860

including microsieve analysis regions. A cartridge 860 may include a top portion 861

and a bottom portion 862. A reagent capsule 1018 maybe coupled to the cartridge

860 such that channels 950 coupled the reagent capsule to a trapand/or microsieve

portion 870 of the cartridge. FIG. 8E depicts an embodiment of a reagent capsule

1018 coupled to a cartridge 860 including microsieve 870 analysis regions. A sample

may enter a reagent capsule 1018 via a fluid connection line and flow via channels

950 in the cartridge 860 to the microsieve 870 analysis regions. hi some

embodiments, a cartridge may include reagent delivery systems, such as a reagent

pack, a reservoir containing reagent, and/or a regent pad. In some embodiments, a

cartridge includes a reagent delivery system that includes a reagent pack and reagent

pad. During use, a sample may be deposited in a sample reservoir and reagents may

be delivered to the sample reservoir by actuation hi one embodiment, an actuator

may apply pressure to a reagent pack and force reagent through a channel, over a

reagent pad and into the sample reservoir where the reconstituted reagents react with
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the sample. Further actuation may cause the chemically modified sample into a trap

where substantially all of the air in a sample may be released. The chemically

modified, air free sample may be forced by actuation onto a microsieve of a cartridge.

In a microsieve of a cartridge, a sample maybe washed and/or analyzed. Residual

reagents and/or sample may flow into a waste reservoir after analysis to reduce the

risk of hazard during disposal.

In some embodiments, a cartridge self-positioning system may perform two

functions. First, the system may be used to align (manually or automatically) the

area(s) of the cartridge containing the sample to be analyzed with the instrument's

optical platform. Second, the self-positioning system may reposition the cartridge

such that multiple areas of the sample may be analyzed in sequence.

A cartridge self-positioning system may include at least two components, as

shown in the embodiment of a cartridge self position system depicted in FIG. 9. One

component is an apparatus 2090 that may hold or secure the cartridge 1060 in place.

An example of such is an apparatus that functions analogous to a computer disk

mount. In operation, such a device would accept and/or eject a disposable cartridge

into/out of the analysis instrument.

A second component of the cartridge self-positioning system may be hardware,

software, and/or firmware capable of registering and verifying the position of the

disposable cartridge in relation to the optical components of the analysis instrument.

For example, position registration hardware may be comprised of an x- and/or y-

motor-driven translation stage in which position is tracked by counting the motor's

steps to or from a home position. Alternative embodiments of position registration

hardware include, but are not limited to: a motorized micrometer or actuator, a piezo-

electric actuator coupled to an optical positioning device, an encoder wheel gear

monitored by a sensor, and/or a manual translation stage or micrometer.

An instrument may include one or more optical platforms. An instrument's

optical platform may acquire images of a sample, and/or of sample-modulated

detection regions. An optical platform may translate the acquired images into
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meaningful values. Images, in some embodiments, may include captured

spectroscopic changes within the optical platform. In one embodiment, components

of an optical platform may include one or more light sources, one or more lenses, one

or more dichroic mirrors, one or more photodetectors, one or more emission filters,

and/or one or more excitation filters.

The one or more light sources may include a collimated, monochromatic light

source, such as a diode laser; a white light source, such as a tungsten-halogen lamp;

and/or light emitting diodes (LEDs). Optionally, one or more light sources may be

modulated using a transistor- transistor logic (TTL) pulse, an electronic shutter and/or

an on/off switch. The one or more light sources may emit light suitable for the

excitation of one or more reporter or encoding labels present in the sample and/or on

particles contained within the device (e.g., fluorophores; chromophores; luminophores

such as single dyes, tandem or conjugate dyes; particles; and/or a combination or

multiplex thereof). The excitation of each species may cause one or more

spectroscopic changes, such as intensity, lifetime, spectral characteristics, and/or

polarization. An optical detector may include one or more detectors. Detectors (e.g.,

an array detector such as a charge-couple device camera) may measure the resulting

properties of the excitation of each species. One or more processors equipped with

software may translate each measured property to a meaningful value.

hi one embodiment, shown in FIG. 1OA, an optical platform may include a

light source 3000, focusing lenses 3010, at least one excitation filter 3020, an

electronic shutter 3030, a dichroic mirror 3040, at least one emission filter 3050,

and/or an array detector 3060. In one operation, the sample cartridge 1060 containing

sample reacted with one or more fluorescent reporter labels, may be placed in a

cartridge positioning system 3070. The positioning system 3070 aligns the sample

area with the optical path. Light from the excitation source 3000 may be collimated

with a lens 3010, filtered to the appropriate wavelength, passed through an open

shutter 3030, reflected 90° by a (long pass or multi-bandpass) dichroic mirror 3040

and focused onto the sample using a lens 3010. The excitation light 3000 may excite

one or more fluorophores present in the sample. The fluorescence emission from
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excited fluorophores may be collected by a 3010 lens and transmitted through the

dichroic mirror 3040, filtered 3050 to the appropriate wavelength(s) and imaged with

a detector 3060, such as a CCD camera. Fluorescence images may be processed and a

meaningful value may be reported to an operator. While the above description is

specific for fluorescent changes, it should be understood that the system may be

modified to capture any kind of spectroscopic change.

In some embodiments, a light emitting diode (LED) assembly may be used in

place of a light source in an optical system. An embodiment of an LED assembly is

depicted in FIG. 1038B. An exploded view of the LED assembly depicted in FIG.

1OB is depicted in FIG. 1OC. The LED assembly 3000 may include a heat sink 3080,

a LED 3090, a mount 4000, a filter 4010, a lens tube 4020, and a focusing lens 4030.

In a second embodiment, depicted in FIG. 11, the optical platform includes

three LED light sources 4040, 4050, 4060 (e.g., blue, green and red); focusing lenses

3010 for each of the LED lights; three excitation filters 3020; three light source

modulation units (e.g., electronic shutters) 3030; three dichroic mirrors 4070, 4080,

4090; at least one emission filter 3050; and an array detector 3060. In one

embodiment, a sample cartridge 1060 containing sample reacted with one or more

fluorescent reporter labels may be placed in a cartridge positioning system 3070. The

cartridge positioning system 3070 aligns the sample area with the optical path. Blue

light from excitation source 4040 may be collimated with a lens 3010, filtered to the

appropriate wavelength, passed through an open shutter 3030, reflected 90° by a (long

pass) dichroic mirror 4070 and focused onto the sample using a lens 3010. The blue

excitation light may excite blue-excited fluorophores present in the sample. The

fluorescence emission from the blue-excited fluorophores may be collected by a lens

3010, transmitted through dichroic mirrors 4070 and 4080 (multi-bandpass dichroic),

filtered 3050 to the appropriate wavelength(s), and imaged with a detector 3060, such

as a CCD camera. Next, green light from excitation source 4050 may be collimated

with a lens 3010, filtered 3020 to the appropriate wavelength, passed through an open

shutter 3030, reflected 90° by dichroic mirror 4090 (long pass), reflected 90° by

dichroic mirror 4080 (multi-bandpass dichroic), transmitted through dichroic mirror
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4070 (long pass) and focused onto the sample using a lens 3010. The green excitation

light may excite green-excited fluorophores present in the sample. The fluorescence

emission from the green-excited fluorophores may be collected by a lens 3010,

transmitted through dichroic mirrors 4070 and 4080 (multi-bandpass dichroic),

filtered to the appropriate wavelength(s), and imaged with detector 3060. Next, red

light from excitation source 4060 may be collimated with a lens 3010, filtered to the

appropriate wavelength, passed through an open shutter 3030, transmitted through

dichroic mirror 4090 (long pass), reflected 90° by dichroic mirror 4080 (multi-

bandpass dichroic), transmitted through dichroic mirror 4070 (long pass), and focused

onto the sample using a lens 3010. The red excitation light may excite red-excited

fluorophores present in the sample. The fluorescence emission from the red excited

fluorophore may be collected by a lens 3010; transmitted through dichroic mirrors

4070 and 4080 (multi-bandpass dichroic); filtered 3050 to the appropriate

wavelength(s); and imaged with a detector 3060. The three-color fluorescence images

may then be processed and a meaningful value may be reported to the operator. While

the above description is specific for fluorescent changes, it should be understood that

the system may be modified to capture any kind of spectroscopic change.

In an embodiment, shown in FIG. 12, images of multiple colors may be

acquired simultaneously, hi this embodiment, the optical platform includes two diode

laser light sources (e.g., green and red) 5000, 5010; focusing lenses 3010; two light

source modulation units (e.g., electronic shutters) 5020, 5030; three dichroic mirrors

5040, 5050, 5060; two emission filters 5070, 5080 and two array detectors 5090,

6000. A sample cartridge 1060 containing sample reacted with one or more

fluorescent reporter labels may be placed into the cartridge positioning system 3070.

The cartridge positioning system 3070 may align the sample area with the optical

path. Green light from excitation source 5000 maybe focused with a lens 3010,

passed through an open shutter 3030, reflected 90° by (long pass) dichroic mirror

5040, and focused onto the sample using a lens 3010. The green excitation light may

excite green-excited fluorophores present in the sample. The fluorescence emission

from the green-excited fluorophores may be collected by a lens 3010, transmitted
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through dichroic mirrors 5040 (long pass), 5050 (dual-bandpass dichroic), reflected

90° by dichroic mirror 5060 (long pass), filtered 3050 to the appropriate wavelength

and imaged with detector 5090. Simultaneously, red light from excitation source

5010 may be focused with a lens 3010, passed through an open shutter 3030, reflected

90° by dichroic mirror 5050 (dual-bandpass dichroic), transmitted through dichroic

mirror 5040 (long pass), and focused onto the sample using a lens 3010. The red

excitation light may excite red-excited fluorophores present in the sample. The

fluorescence emission from the red-excited fluorophores may be collected by a lens

3010; transmitted through dichroic mirrors 5040 (long pass); 5050 (dual-bandpass

dichroic) and 5060 (long pass); filtered 3060 to the appropriate wavelength; and

imaged with detector 6000. The two-color fluorescence images may be processed

simultaneously and a meaningful value may be reported to the operator. While the

above description is specific for fluorescent changes, it should be understood that the

system may be modified to capture any kind of spectroscopic change.

FIG. 13 is a schematic drawing of an embodiment of an optical system in

which the light sources are laser diodes. A sample may be delivered to the sample

cartridge 1060 using a syringe pump-based fluid delivery system 6010. Light from

laser diode 6020 may be transmitted through dichroic mirror 6030, optionally filtered,

reflected off dichroic mirror 6040, and focused onto the sample. Fluorescence from

the sample is collected by the lens; reflected off dichroic mirror 6040; filtered to the

appropriate wavelength; and imaged onto a detector 6050. Simultaneously, or in

sequence, light from laser diode 6060 maybe reflected off dichroic mirror 6030,

optionally filtered, reflected off dichroic mirror 6040, and focused onto the sample.

Fluorescence from the sample may be collected by a lens, reflected off dichroic 6040,

filtered to the appropriate wavelength, and imaged onto a detector 6050. While the

above description is specific for fluorescent changes, it should be understood that the

system may be modified to capture any kind of spectroscopic change.

Optionally, an optical platform may include one or more optical fibers (e.g.,

single-core optical fibers, imaging fibers, bifurcated fibers, or a group thereof).

Optical fibers may carry excitation light to the one or more labels present in the
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sample and may carry the emitted fluorescence properties to one or more detectors.

Additionally, multiple fibers may be employed to image multiple regions of the

sample area simultaneously, thus eliminating the need for sample cartridge actuation.

In one embodiment, shown in FIG. 14, an imaging fiber 6070 with a microlens

6080 (e.g., a GRIN lens) may be positioned in the optical pathway. Light from an

excitation source 3000 may be collimated with a lens 3010, filtered 3020 to the

appropriate wavelength, passed through an open shutter 3030, reflected 90° by a (long

pass) dichroic mirror 3040, and focused onto the distal end of the fiber 6070 with a

lens 3010. The excitation light may travel through the fiber 6070 and excite

fluorophores present in the sample. The fluorescence emission from the excited

fluorophores may be collected by the fiber's microlens 6080, transmitted through the

fiber 6070, collected with a lens 3010, passed through a long pass dichroic mirror

3040, filtered 3050 to the appropriate wavelength(s), and imaged with a detector 3060.

The fluorescence images may then be processed and a meaningful value may be

reported to an operator. This optical platform may provide more uniform illumination

and an increased field of view. While the above description is specific for fluorescent

changes, it should be understood that the system may be modified to capture any kind

of spectroscopic change.

i another embodiment, shown in FIG. 15, multiple optical (imaging) fibers

6070 containing microlenses 6080, may be used to image simultaneously multiple

regions of interest in the sample, eliminating the need to actuate the sample cartridge

1060. At the proximal end, the fibers may be separated at fixed positions, relative to

the sample. At the distal end, the fibers may be bundled together. In operation, the

light path is similar to previous examples, except that multiple areas of the sample are

excited. The fluorescence emission from the multiple excited sample areas is

collected by the fibers 6070 and imaged 6090 simultaneously with a CCD camera.

The fluorescence image may be processed and a meaningful value may be reported to

an operator. An advantage to using multiple optical fibers is that multiple areas can

be imaged simultaneously with one image and without moving the sample and/or

cartridge. While the above description is specific for fluorescent changes, it should be
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understood that the system may be modified to capture any kind of spectroscopic

change.

An optical platform may display images detected by a detector on a computer.

A computer coupled to the instrument may be a desktop, laptop, handheld or other

computer equipped with commercial or custom software. The software may contain

algorithms and/or neural networks for image analysis. Images may be analyzed by the

computer for fluorescence properties, such as intensity, lifetime, spectral

characteristics, polarization, absorption properties, luminescence properties, number

of particles or some function thereof, size, shape or combination of any of these.

In another embodiment, an analyte detection device may include a cartridge

that holds a microsieve-based detector. The cartridge may be a disposable cartridge

and may act as the chemical and biochemical-sensing component of the analyte

detection device. The cartridge, which shape may be adapted to various needs, may

be composed of index-matching, molded or machined plastics, metals, glass or a

combination thereof. In one embodiment, a cartridge may include one or more

reservoirs for holding reagents, sample, buffer, fluids for analysis of samples, and

waste that are connected via one or more microfluidic channels and/or valves. The

cartridge may include one or more analysis and/or separation surfaces (e.g.,

microsieve or the like). A microsieve surface may trap and/or separate particulate

matter of interest (e.g., cells, microbes, small pieces of tissue, polymer, glass or metal

particles, or conjugates thereof).

FIG. 16 depicts an embodiment of a single-use cartridge for use in the

detection of analytes. Cartridge 1060 may be formed from a variety of materials, such

as polymers, glasses, or metals. In one embodiment, a polydimethylsiloxane (PDMS)

casting may be used. The cartridge 1060 may be designed to interface with a variety

of peripheral fluidics systems. Alternatively, a pump less design may be used by

incorporating a customizable number of blister packs 8060, or substantially sealed

reservoirs, into the cartridge 1060. Blister packs 8060 may include delivery fluids,

reagents or other development fluids. Blister packs 8060 maybe coupled to a
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detection system 8070 through microchannels 8080. Detection system 8070 may be a

microsieve-based detection system. Reservoir 8090 may be used to collect the fluids

from detection system 8070.

Blister packs 8060 may be used to deliver fluids to detection system 8070.

Various activating systems may be used to force liquid from the blister through the

microchannels 8080. Applying pressure to a blister pack may release delivery fluids,

reagents, and/or other development fluids. Increasing pressure applied to blister pack

may increase the amount of fluid delivered from the pack. In one embodiment,

depicted in FIG. 17, liquid may be forced from blisters 8060 using a roller 9000.

Contact of roller 9000 against blister 8060 may force liquid from blister toward

detection system 8070.

In one example, reagents may be stored in a lyophilized form. FIG. 18A

depicts lyophilized reagents 9070 disposed in a mixing chamber 9030. Lyophilized

reagents 9070 may be mixed with the sample 9080 upon introduction of the sample

into mixing chamber 9030 of the cartridge, as depicted in FIG. 18B. Once the

chamber 9030 is filled with the sample, the mixture of the sample and reagents 9070

will flow out of the chamber to other parts of the cartridge based on the positioning of

microfluidic valves in the cartridge, as depicted in FIG. 18C.

FIGS. 19A-C depict a series of schematic diagrams showing an embodiment

of the operation of the cartridge. Valves may be actuated electro-mechanically and/or

manually through a keypad of a reader enclosing the cartridge. Various combinations

of valves and actuators may be used to build various fluidics circuitries depending on

the number and nature of the reagents needed for each application. For example, as

depicted in FIG. 19A, the sample is introduced through the sample introduction port

9010. The microfluidic valve 9090 may be placed in an orientation that blocks flow of

the sample to the detection system, as depicted in FIG. 19A. Thus, as the sample

exceeds the customizable metered volume of the mixing chamber, the sample

overflows and passes through a sample check 9050 channel and into a waste reservoir.

The sample may be thus observed through an opening in the reader/cartridge
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assembly. After an incubation time typical of each application, delivery of the sample

to the microsieve is actuated, after switching of one or more microvalves 9090, as

depicted in FIG. 19B. Once the desired sample volume has been delivered to the flow

cell, the microvalve systems 9090 are actuated to allow passage of rinsing reagents

through the microsieve, as depicted in FIG. 19C.

An alternate embodiment of a cartridge is depicted in FIG. 20. The cartridge

1060 includes a single input connector 9010 for sample introduction. The sample

introduction port 9010 allows samples to be introduced into the cartridge 1060.

Samples introduced into the cartridge 1060 may be conducted through channels into a

mixing chamber 9030. In the mixing chamber, analytes in the sample may mix with

reagents previously placed in the mixing chamber. The reagents may interact with the

analytes in the sample to aid in visualization of the analytes. In one embodiment,

cartridge 1060 may include a microfluidic valve 9090. Microfluidic valve 9090 may

be used to control flow of the fluid through the cartridge 1060. Flow of the sample

fluids may be directed through sample check window 9050 or to the microsieve 9060

for detection of the analytes. Fluids passing through the microsieve may be collected

in waste reservoir. In one embodiment, fluids that pass through the sample check

window 9050 may also be collected in the waste reservoir. The cartridge may include

one or more blister packs 720. The blister packs 720 may be pressurized using either

manual or automatic means to force liquid from the blister pack into the cartridge

1060. hi an embodiment, the blister pack 720 may include a fluid for washing the

microsieve-based detection system (e.g., a PBS buffer solution).

A cartridge may include a microsieve-based detection systemand ,optionally,

additional detection systems. A cartridge may be easily customized to accommodate

various needs. A cartridge may include a combination of valves, channels, chambers,

connectors to allow easy use and access. For example, cartridges 1060 shown in FIG.

2 1A and 2 IB may be accommodated with an inlet, outlet, and lateral flow outlet that

may be positioned in various configurations to accommodate various geometries of

the fluid delivery. Additionally, a cartridge may be made with a built-in waste

reservoir 10000 as depicted in FIG. 21C. The waste reservoir may be designed to
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handle bio-hazard materials. In an embodiment, a waste reservoir 10000 may be

removable from a cartridge 1060 and safely replaceable.

Multiple channels maybe created in a cartridge to allow the delivery to the

detection system of a variety of reagents separately, as depicted in FIG. 22A. The

reagents may be delivered to the microsi eve-based platform 10010 of a cartridge 1060

through standard or customized connectors 10020. These connectors may allow

delivery of reagents to the microsieve through syringes (e.g., using Luer fittings), or

any standard or customized fittings to accommodate a variety of fluid delivery

devices. Reagents may be pre-packaged within the cartridge and delivered to the

detection system through capillary action or various actuation methods. FIG. 22B

depicts an embodiment of a cartridge in which the sample may be deposited or

introduced to a chamber 10030 where it is drawn to the microsieve-based platform

10010 of a cartridge 1060 through capillary action, actuation, or pump action. FIG.

22C depicts an embodiment of a cartridge 1060 that may include a combination of

standard or customized connectors 10020, and reagent chambers 10030 that may be

actuated. This cartridge also may include a "bull's eye" window where the sample is

delivered to a metered chamber. Observation of sample through the "bull's eye"

indicates overfilling of the chamber to a waste reservoir, and readiness of the metered

volume of sample to be delivered to the microsieve. FIG. 22D depicts a diagram of an

embodiment of a cartridge 1060 with one or more connectors and/or chambers 10030

modified to receive a capillary collection tube 10040 that includes an analyte. The

capillary tube inner surface may be modified with a blood anti-coagulant. An inner

surface of the capillary tube may be coated with an antibody mixture or other chemical

or biological species used in the detection. The capillary 10040 is then introduced to

the cartridge where the sample may be delivered to a microsieve-based platform

10010 in the detection system through capillary action, actuation, or pumps.

Ih some embodiments cartridges 1060 may include a trap 10050, which is used

to inhibit air from flowing to the detection system, as depicted in FIG. 23A. Using a

trap 10050 may release air from a sample flowing from a capillary 10040 or sample

collection device to a microsieve-based platform 10010. A similar system including a
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built-in removable waste reservoir 10070 is shown in FIG. 23B. The cartridge

depicted in FIG. 23B may also include a lateral flow outlet 10080 that may be directly

coupled to the trap 10050 in order to remove bubbles from the cartridge.

In order to detect the presence of an labeled analyte, a means of visualizing

detectably labeled analytes is required. This may include adding a detectable label to

the analyte-bound particles.

In an embodiment, the analyte detection system may be coupled to an optical

imaging station. The optical imaging station may include, for example, a microscope

capable of visualizing the signals emitted from the particles or detectable label and/or

capable of determining the size of the particles. A detector may be used to capture

images of the microsieve-captured particles. A detector may include a detection

device, such as a CCD digital imaging apparatus, and analytical software that is

capable of analyzing digital images, such as, for example, Image Pro 4.0 or the like.

Suitable optical instrumentation and imaging software platform for use in the

embodiments presented herein have been described above, hi some embodiments, the

analyte detection system coupled to an optical imaging station may provide a means

for efficient capture of populations of analyte-specifϊ c particles and the static imaging

of the analytes captured thereon.

hi an embodiment, digital images of particles captured on a field of the

microsieve may be acquired and the signals emitting from the particles may be

analyzed. For example, in an embodiment where particle populations are defined by

red fluorescence intensity, and the detecting receptor is defined by green fluorescence,

optical imaging using a red dichroic filter would allow the identification of the particle

type and its location on the microsieve (which may be referred to as the "particle

address"), and optical imaging using a green dichroic filter would identify particle

populations that have bound to the analyte of interest. In an embodiment, acquired

images may be processed digitally. In an embodiment, digital processing may be

automated to facilitate the simultaneous detection and analysis of multiple populations

of particles. Conversely, in alternate embodiments, a user may define areas of the
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microsieve to be processed further. Automated digital processing of acquired images

may allow: the rapid identification of the location of particles and the identification of

the corresponding population to which they belong; the identification of particle

populations that are specifically bound to an analyte; and the quantitation of the

analyte in the fluid sample. Quantitation of the analyte in the fluid sample may be

determined by measuring the intensity of the fluorescent signal emitted from the

detecting receptor.

FIG. 24A-B depicts populations of polystyrene particles that are defined by

size and by fluorescence signal intensity. FIG. 24A shows an image of particles

captured on a microsieve according to an embodiment hi this case, two different

populations of particles are shown. The particles in this image are of the same size,

but each population of particles is coupled to different amounts of an internal red

fluorescent dye. These two populations of particles were mixed together, captured on

a microsieve in a flow cell and imaged optically using a red dichroic filter. FIG. 24A

shows a view of an embodiment where polystyrene particles of the same size are

distinguished on the basis of red fluorescence intensity. Particles of high fluorescence

intensity are shown as open circles, and particles of lower fluorescence intensity are

shown as shaded circles. FIG. 24B shows a line profile analysis of the particles in the

boxed area of FIG. 24A . hi this case, fluorescence intensity (measured as pixel

intensity) is depicted as a function of the line profile. Confirmation that only one size

of particles is present in the mixed population of particles may be achieved by

determining the width of each peak at half the maximal pixel intensity. Conversely,

the presence of two populations of particles distinguished on the basis of fluorescence

signal intensity may be demonstrated by the presence of two peak pixel intensities.

In embodiments where both the capturing receptor and the detecting receptor

are antibodies, the method of analyte detection may be referred to as a "sandwich

immunoassay." The detecting receptor may be directed to the same epitope on the

analyte as the capturing receptor. Conversely, the detecting receptor may be directed

to a different epitope on the analyte than the capturing receptor. As used herein, the

term "epitope" generally refers to a region on a molecule that is recognized by and
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that binds to the antigen binding sites of an antibody. In an embodiment, the detecting

receptor may be coupled to a dye that distinguishes the detecting receptor from the

size- and/or color-coded particle population. For example, in an embodiment, a

detecting antibody that binds to an analyte captured by a capturing antibody on the

surface of first color fluorescent particles may be coupled to a second colored

fluorescent dye. hi such an embodiment, a positive test for the presence of an analyte

would occur when a population of particles or labels appears having the first color

when imaged optically using a first color filter, and the second color when imaged

using a second color filter. Conversely, particles or label that have the first color, but

do not appear to have the second color would indicate that the analyte is not present in

the solution hi an embodiment, the concentration of an analyte in a solution may also

be determined by measuring the fluorescence intensity of the second dye. hi an

alternate embodiment, the fluorescent dye that defines the population of particles may

be coupled to the capturing receptor rather than being coupled to the particles.

hi some embodiments, an instrument may include one or more disposable

cartridges. Such an instrument may portable hi some embodiments, a cartridge may

be designed such that the cartridge is removably positionable in an instrument. A

cartridge may include one or more detection systems. Light from an optical platform

of the instrument may pass onto a detection region and a detector in the optical

platform may acquire images (e.g., visual or fluorescent) of the sample, and/or of

sample-modulated particles.

FIG. 25 depicts an embodiment of a cartridge. FIG. 26 depicts an embodiment

of a portion of the cartridge of FIG. 26. A cartridge 10130 may include a sample

collection device 10140, as depicted in FIGS. 25 and 26. A sample maybe delivered

to the sample collection device 10140. hi an embodiment, a sample collection device

may include a sample pick-up pad. A sample may be introduced into the sample

collection device hi one embodiment, a sample may be introduced into a sample

collection device using a syringe or a pipette. Alternately, a sample may be

introduced from a person directly to the sample collection device. For example,

human blood may be introduced by forming a small incision in portion of a human
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body. The portion of the human body may be brought close to the sample pick-up pad

such that blood flows from the incision in the human body to the sample pick-up pad.

Sample from the sample collection device 10140 may flow into one or more

microfluidic channels 10150 coupled to the sample collection device. Capillary action

may allow a sample to flow into a channel. A valve 10190 may restrict flow of

sample from the sample collection device 10140. A valve 10190 proximate a sample

collection device 10140 and a valve 10200 proximate an overflow reservoir 10210 in

channel 10150 may be opened such that a predetermined amount of sample may be

measured. During use the sample flows into channel 10150 until it fills the channel.

The channel may hold a predetermined amount of fluid. An amount of sample greater

than the predetermined amount may flow through valve 10200 into an overflow

reservoir 10210. After a predetermined amount of sample is measured in channel

10150, valve 10190 and valve 10200 may be closed. Closing a valve 10190

proximate a sample reservoir may inhibit sample greater than a predetermined amount

from flowing towards a detection region 10180. Closing a valve 10200 proximate an

overflow reservoir 10210 may inhibit the predetermined amount of sample from

flowing towards the overflow reservoir.

In some embodiments, a reservoir 10160 containing buffer and/or reagents

maybe coupled to a channel 10150. Fluid from the reservoir 10160 may push the

predetermined sample towards a detection region. A buffer may be released from a

buffer reservoir 10160 coupled by a channel to the channel containing the sample. In

one embodiment, a buffer may be released from a reservoir 10160 by an actuator.

Fluid from a reservoir may push the sample towards a mixing region or a detection

region. A sample may mix and/or react with the fluid in a mixing region prior to

flowing to a detection region. In certain embodiments, a reagent pick up pad 10170

maybe positioned on a cartridge 10130 such that fluid from a reservoir 10160 maybe

able to flow over the reagent pick-up pad towards the detection region 10180. As

depicted in FIG. 27, fluid from a reservoir 10160 may transfer reagents on a reagent

pick-up pad 10170 into channel 10150. In some embodiments, reagents maybe in a

dehydrated or lyophilized state. Fluid from the reservoir may reconstitute and transfer
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the reagents as the fluid passes over the regent pick up pad 10170. Fluid from the

reservoir 10160 containing reagents maybe coupled to a detection region 10180

through a channel 10150. Detection region may include a microsieve-based system.

Fluids in the cartridge 10130 may be collected in a waste reservoir 10190 after

flowing past a detection region 10180, as depicted in FIG. 25. By containing all fluids

within the cartridge, a user's exposure to reagents and sample may be substantially

minimized.

In some embodiments, one or more reagents may be contained in a reservoir

positioned on a cartridge. A reagent reservoir may include a blister pack, as depicted

in FIG. 28A. FIG. 28B depicts a cross-sectional view of an embodiment of a blister

pack. A blister pack may include one or more reagents in a sealed reservoir. A sealed

reservoir may substantially contain reagents in the reservoir until needed. Pressure

applied to a blister pack may break one or more surfaces of the blister pack such that

reagent is released from the blister pack. In an embodiment, a blister of a blister pack

may be formed of a first material 10220 and a second material 10230, where a second

material is configured to rupture or break prior to the first material when pressure is

applied to the blister, hi an embodiment, a blister may include a first material

configured not to break when pressure is applied to a blister and a second material

configured to break when pressure is applied to a blister. A blister may be made of

polyvinyl chloride (PVC); polyvinylidene chloride (PVDC); polyethylene (PE);

polypropylene (PP); polyacrylonitrile (PAN); cyclic olefin copolymer (COC);

fluoropolymer films; foil such as aluminum foil or plastic foil; and/or combinations

thereof. A wall of a blister may be formed of layers of polypropylene, cyclic olefin

copolymer. For example, a blister wall may be formed from a layer of cyclic olefin

copolymer in between two layers of polypropylene. A wall of a blister may be formed

of layers of polypropylene, cyclic olefin copolymer, and polyacrylonitrile. n an

embodiment, a wall of a blister may be formed of layers of polyvinyl chloride, cyclic

olefin copolymer, and polyvinylidene chloride.

In some embodiments, one or more valves may be coupled to channels in the

cartridge. FIG. 29 depicts an embodiment of valve placement in channels on a
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cartridge. Valves may direct flow of a fluid through a channel. One or more valves

coupled to microfluidic channels 10150 may allow a predetermined amount of sample

from a sample reservoir 10140 to be analyzed. In one embodiment, a cartridge 10130

may include a first valve 10152 which may allow control of the introduction of sample

into a portion of channel 10150. A first valve 10152 may be closed during sample

collection to inhibit sample from flowing towards the detection region. A first valve

10152 may be opened to allow a predetermined amount of sample to flow into a

microfluidic channel 10150 coupled to the detection region 10180. One or more other

valves in the cartridge may be closed to direct a flow of sample in the cartridge.

In certain embodiments, a predetermined amount of sample may be measured

into channel 10150. In one embodiment, sample is introduced into channel 10150 by

opening of valve 10152. Sample is block from detection region 10180 by closing of

valve 10156. As sample fills channel 10150, a predetermined amount of sample may

be collected by allowing sample exceeding the predetermined amount to enter an

overflow reservoir or region. A second valve 10 154 proximate an overflow region

may be opened as sample enters channel 10150 to allow sample exceeding the

predetermined amount to flow into an overflow region and/or waste reservoir 10190.

After a predetermined amount of sample is measured in a channel 10150, first valve

10152 and second valve 10154 are closed to prevent sample from the sample

collection region and the overflow region from flowing to a detection region 101 80.

A third valve 10156 may be opened to allow a sample to flow towards a detection

region 10180. A fourth valve 10158 may be opened to allow buffer from a buffer

reservoirl0160 to push the measured sample towards the detection region 10180. One

or more valves in a fifth set of valves 10159 may be opened to allow one or more

reagents to flow towards a mixing chamber and/or detection region 101 80. One or

more reagent reservoirs 10160 may be actuated such that reagent may flow to the

detection region. Reagents may mix with a sample in a mixing chamber and/or

mixing region. Reagents from a reagent reservoir 10160 may flow over one or more

reagent pick-up pads 10170 and reconstitute one or more reagents on the reagent pick-

up pad. In one embodiment, a buffer solution may be passed over a reagent pick-up
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pad and flow towards a mixing region and/or detection region 10180. A sample may

be analyzed in a detection region, such as a microsieve-based detection region and/or

platform. A cartridge may be flushed during or after analysis by buffer from one or

more reservoirs contained in the cartridge. Fluids may flow from a detection region to

a waste reservoir.

Valves may include valves configured for microfluidic channels, such as gate

valves, check valves, passive valves, active valves, and/or pinch valves, hi one

embodiment, pinch valves may be used in a cartridge to control flow in microfluidic

channels. Fluids such as a sample, reagents, and/or buffers may flow through

channels in a cartridge and valves may control the direction of the flow. A pinch

valve may include an opening 10240 in a cartridge, as depicted in FIG. 38A. A

channel 10150 maybe accessed through the opening 10240. The opening may have a

concave lower surface 10250. When a cartridge is loaded in an instrument, openings

10240 in the cartridge may be aligned with actuators 10260 coupled to the instrument.

hi some embodiments, an actuator 10260 may be positioned in an opening

10240 of a cartridge above a channel 10150 after a cartridge is positioned in an

instrument, as depicted in FIG. 38B. A lower surface 10250 of the opening 10240

may have a shape such that a bottom surface of an actuator 10260 fits in the lower

surface of the opening. As depicted in FIG. 38C, an actuator 10260 may apply

pressure on the channel 10150 such that fluid is inhibited from flowing through the

channel. When pressure is applied to the channel 10150 to restrict flow through the

channel, the valve is closed. In an embodiment, a lower surface 10250 of the opening

may have a depth substantially equal to the diameter of the channel exposed in the

opening. FIG. 31 depicts a cross-sectional view of an embodiment of a pinch valve in

a cartridge. A pinch valve may include an opening 10240 in a cartridge 10130 that

allows access to a channel 10150. A channel 10150 maybe positioned above a lower

surface 10250 of the opening 10240.

FIG. 32A depicts an exploded view of an embodiment of a cartridge. A

cartridge may include a top seal layer 10270, a top microchannel layer 10280, a center



Attorney Docket No.: 20910-005WO1

layer 10290, a bottom microchannel layer 10300, and/or a bottom seal layer 10310.

Layers of a cartridge may be coupled together. Layers of a cartridge may be sealed

together. Creating a cartridge from several layers may facilitate fabrication. A top

seal layer 10270 may include access 10320 to a sample collection device 10140 or

sample collection pick-up pad. Top 10280 and/or bottom 10300 microchannel layers

may create a system of microchannels through the cartridge. A center layer 10290

may include reservoirs 10160 containing buffer and/or reagents, a portion of a sample

collection device 10140, and/or a waste reservoir 10190. FIG. 32B depicts a top view

of an embodiment of a cartridge. FIG. 32C depicts a perspective view of an

embodiment of a cartridge. FIG. 32D depicts a bottom view of an embodiment of a

cartridge.

FIG. 33 depicts an exploded side view of an embodiment of a cartridge. Top

10380 and bottom 10450 seal layers may substantially contain fluid in the top 10390

and bottom 10430 microchannel layers. In an embodiment a fluid may flow from a

top microchannel layer 10390 through a detection region 10410 in the center layer

10400 to a bottom microchannel layer 10430. Fluid may flow through the bottom

microchannel layer 10430 to a waste reservoir.

FIG. 34 depicts a side view of an embodiment of a cartridge 10130. i some

embodiments, fluid may flow from a top microchannel layer 10390 through a

detection region 10410. Fluid may pass from the detection region 10410 through the

bottom microchannel layer 10430 to a waste reservoir. Top 10380 and bottom 10450

seal layers may substantially retain fluid in microchannel layers.

FIG. 35A depicts an exploded view of another embodiment of a cartridge. An

opening 10320 in the top seal layer 10270 may allow sample to be deposited in a

sample collection device 10140 on the cartridge. When a sample is deposited in the

cartridge one or more valves in a channel 10150 may inhibit a sample from flowing

towards a detection region 10180. FIG. 35B depicts an embodiment of an

arrangement of valves prior to and during deposition of a sample on the cartridge.
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During deposition of a sample, first 10330, second 10340, third 10350, and fourth

10360 valves may be closed to inhibit flow of sample through the cartridge.

In some embodiments, after a sample is deposited on the cartridge, an amount

of sample may flow from the sample collection device 10140 through a channel 10150

via capillary action, as depicted in FIG. 36A. FIG. 36B depicts an arrangement of

valves that allows sample to flow into a channel. A first valve 10330 may be open to

allow a sample to flow into a microchannel. Second 10340 and third 10350 valves

may be closed to control a flow of the sample. Closing a second valve 10340 may

inhibit sample from flowing towards a buffer reservoir. Closing a third valve 10350

may allow a predetermined amount of sample to be measured. A fourth valve may be

opened to allow sample in the channel to flow into an overflow reservoir.

FIG. 37A depicts an embodiment of sample flow in a cartridge. In some

embodiments, it may be desirable to allow a portion of sample to flow over a

detection region 10180. A predetermined amount of sample 10145 may be measured

and allowed to flow towards the detection region 10180. A predetermined amount of

sample may be measured by allowing sample in excess of a predetermined amount to

flow into an overflow region 10210. An overflow region 10210 may be coupled to a

waste reservoir 10190. Valves in the cartridge may inhibit sample in a main channel

from flowing into channels coupled to reservoirs 10160. After a predetermined

amount of sample is measured, valves maybe closed to inhibit additional sample from

flowing into the channel containing the predetermined amount of sample. For

example, as depicted in FIG. 37B, a first valve 10330 may be closed to inhibit

additional sample from a sample collection device 10140 from entering a channel.

Second 10340 and third 10350 valves may remain closed. A fourth valve 10360 may

be closed to prevent sample from the overflow region 10210 from flowing into the

channel.

After a predetermined amount of sample is measured, a reservoir 10160 may

be actuated, as depicted in FIG. 38A. A reservoir may contain buffer and/or reagents.

An actuator may release buffer from a reservoir. A buffer reservoir may be similar to
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a blister pack. As depicted in FIG. 38B, a third valve 10350 may be opened to allow

fluid to flow towards a detection region. Actuation a buffer reservoir 10160 may

cause buffer to be released from a reservoir into a microchannel. A reservoir 10160

may be coupled to the cartridge so that fluid from the reservoir may flow from the

reservoir towards the detection region 10180. A reservoir 10160 may be positioned in

the cartridge so that buffer from a reservoir may push a predetermined amount of

sample 10145 towards a detection region 10180. In an embodiment, a buffer may

flow from a reservoir 10160 over a microsieve in a detection region 10180 to wash the

microsieve after the sample flows over the microsieve. The buffer may then pass over

the microsieve and into the waste reservoir 10 190.

FIG. 38B depicts an arrangement of valves in an embodiment of a cartridge

that may allow a buffer to push a sample through a microchannel and towards a

detection region. A first valve 10330 may be closed so that a sample may be inhibited

from reentering a sample collection device 10140 or sample pick-up pad. A second

valve 10340 maybe opened to allow fluid from a buffer reservoir to flow towards a

detection region. A fourth valve 10360 may be closed such that fluid may be inhibited

from flowing into the overflow reservoir 10210. A third valve 10350 may be open

such that fluid may flow towards a detection region.

As the reservoir 10160 is actuated, buffer is released into a channel 10150 that

couples the reservoir to a main channel containing the measured sample 10145. A

main channel may couple a sample collection device 10140 to a detection region

10180 and/or waste reservoir 10190. The released buffer may push the predetermined

amount or measured amount of sample 10145 towards a detection region 10180, as

depicted in FIG. 39. Sample may pass over a detection region 10180, such as a

microsieve, and into a waste reservoir 10190. As depicted in FIG. 40, a buffer

reservoir 10160 may be activated and buffer may be released such that the

substantially all of the measured amount of sample and/or buffer flows over the

detection region 10180. Fluid (e.g., sample and/or buffer) that passes through the

detection region 10180 may flow into a waste reservoir 10190.
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A reservoir 10370 containing reagents and/or buffer maybe actuated to release

reagents and/or buffer into channels in the cartridge, as depicted in FIG. 4 1A. FIG.

41B depicts an embodiment of valves in a cartridge. A first valve 10330 may be

closed to prevent fluids from entering a sample collection device 10140. A second

valve 10340 may be closed after buffer is released from a reservoir to push sample

towards a detection region. Third 10350 and fourth 10360 valves may be closed to

substantially inhibit fluid from flowing into an overflow region 10210 and/or away

from a detection region. A fifth valve 10360 proximate a reservoir 10160 containing

buffer and/or reagents may be opened to allow buffer and/or reagents to flow over a

detection region.

Actuating a reservoir 10370 may push fluids from a reservoir over a reagent

pad towards a detection region 10180 and/or waste reservoir 10190. A reservoir

10370 may include buffer and/or reagents. Reagents on a reagent pack may be

reconstituted as the fluid from the reservoir 10370 passes over the reagent pack. A

reservoir 10370 may be coupled to a detection region 101 80 and/or a waste reservoir

10190 via one or more channels. One or more reagents may react with the sample in

the detection region. In some embodiments, reagents from one or more reagent

reservoirs and/or reagent packs may mix with a sample in a mixing chamber. After a

fluid containing reagents from a reagent pad and/or a reservoir 10370 pass over a

detection region 10180. Reagents may react with a portion of the sample in the

detection region 101 80. Unreacted reagents, excess reagents, and/or buffer may flow

from the detection region and into a waste reservoir 10190. A reservoir 10370 may be

actuated until a predetermined amount of reagents and/or buffer pass over the

detection region 10180 and into a waste reservoir 10190. hi some embodiments, a

reservoir may be actuated to push buffer from the reservoir over the detection region

hi certain embodiments, after analysis of the detection region, a reservoir may be

actuated to release buffer and wash the detection region. Analysis of the sample may

be repeated after analysis of the detection region.

As used in the specification and the appended claims, the singular forms "a,"

"an" and "the" include plural referents unless the context clearly dictates otherwise.
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Thus, for example, reference to "binding agent" includes mixtures of two or more

such agents, and the like.

"Optional" or "optionally" means that the subsequently described event or

circumstance can, but may not occur, and that the description includes instances where

said event or circumstance occurs and instances where it does not. "In some

embodiments" means that a particular event or circumstances is present or occurs in at

least some referents but may coexist with other events or circumstances present in

other referents. Thus, an event or circumstance described "in some embodiments"

may coexist with events or circumstances also described "in some embodiments."

In this patent, certain U.S. patents and U.S. patent applications have been

incorporated by reference. The text of such U.S. patents and U.S. patent applications

is, however, only incorporated by reference to the extent that no conflict exists

between such text and the other statements and drawings set forth herein. In the event

of such conflict, then any such conflicting text in such incorporated by reference U.S.

patents and U.S. patent applications is specifically not incorporated by reference in

this patent.

Further modifications and alternative embodiments of various aspects of the

invention may be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the

purpose of teaching those skilled in the art the general manner of carrying out the

invention. It is to be understood that the forms of the invention shown and described

herein are to be taken as the presently preferred embodiments. Elements and materials

may be substituted for those illustrated and described herein, parts and processes may

be reversed, and certain features of the invention may be utilized independently, all as

would be apparent to one skilled in the art after having the benefit of this description

to the invention. Changes can be made in the elements described herein without

departing from the spirit and scope of the invention as described in the following

claims. In addition, it is to be understood that features described herein independently

may, in certain embodiments, be combined.
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What is claimed is:

1. A cartridge for differential assay of white blood cell populations, the cartridge

comprising;

a chamber;

a microsieve positioned at least partially within the chamber, wherein pores of

the microsieve are configured to retain white blood cells from a blood sample and to

allow red blood cells to pass through the microsieve, and wherein an image can be

obtained from the microsieve;

three or more binding agents contained at least partially in or on the cartridge,

wherein each binding agent differentially binds one or more populations of white

blood cells; and

two or more detectable labels contained at least partially in or on the cartridge,

wherein at least one of the detectable labels binds at least one of the binding agents.

2 . The cartridge of claim 1, wherein a first one of the binding agents binds CD2+

white blood cells, a second one of the binding agents binds CD4+ white blood cells,

and a third one of the binding agents binds CD 19+ white blood cells.

3. The cartridge of claim 1, wherein at least one of the binding agents is an

antibody to a white blood cell surface receptor.

4. The cartridge of claim 3, wherein the antibody binds a surface receptor

selected from the group consisting of CD2, CD4, CD 19, and CD56.
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5. The cartridge of claim 1, wherein at least one of the detectable labels is a

fluorophore.

6. The cartridge of claim 1, wherein at least one of the detectable labels is a

fluorescent microparticle.

7. The cartridge of claim 6, wherein the microsieve is a polycarbonate track-

etched microsieve.

8. The cartridge of claim 1, further comprising a blood sample of a known

volume.

9 . The cartridge of claim 1, further comprising a support structure positioned

beneath the microsieve and at least partially within the chamber, wherein the support

structure maintains the microsieve in a relatively planar orientation and allows filtered

material to pass through the microsieve.

10. A method of differentially assaying a subject's white blood cell populations,

the method comprising:

passing a blood sample from the subject through the cartridge of claim 1 under

conditions that allow differential binding of the binding agents to populations of white

blood cells in the sample and binding of the detectable labels to the binding agents to

form white blood cell/binding agent/detectable label complexes;
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detecting the white blood cell/binding agent/detectable label complexes and

optically imaging the populations of white blood cells to differentiate the white blood

cell/binding agent/detectable label complexes; and

assessing a percentage or absolute count of one or more populations of white

blood cells based on the numbers or ratios of complexes that contain at least one of

the detectable labels.

11. The method of claim 10, wherein the blood sample is of a known volume.

12. The method of claim 10, wherein a first binding agent binds CD2+ white

blood cells, a second binding agent binds CD4+ white blood cells, and a third binding

agent binds CD 19+ white blood cells; wherein a first detectable label binds the first

binding agent and the third binding agent; and wherein a second detectable label binds

the second binding agent.

13. The method of claim 12, wherein assessing a percentage of CD4+ white blood

cells comprises assessing the number of complexes with the first detectable label and

the number of complexes with both the first detectable label and second detectable

label.

14. The method of claim 12, wherein assessing an absolute count of CD4+ white

blood cells comprises assessing the number of complexes with both the first

detectable label and the second detectable label in a blood sample of known volume.
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15. The method of claim 10, wherein a first binding agent binds CD2+ white

blood cells, a second binding agent binds CD4+ white blood cells, a third binding

agent binds CD 19+ white blood cells, and a fourth binding agent binds CD56+ white

blood cells; wherein a first detectable label binds the first binding agent, the third

binding agent, and the fourth binding agents; and wherein a second detectable label

binds the second binding agent.

16. The method of claim 15, wherein assessing a percentage of CD4+ white blood

cells comprises assessing the number of complexes with the first detectable label and

the number of complexes with both the first detectable label and second detectable

label.

17. The method of claim 15, wherein assessing an absolute count of CD4+ white

blood cells comprises assessing the number of complexes with both the first

detectable label and the second detectable label in blood sample of known volume.

18. The method of claim 10, wherein a first binding agent binds CD3+ white

blood cells, a second binding agent binds CD4+ white blood cells, a third binding

agent binds CD 19+ white blood cells, a fourth binding agent binds CD56+ white

blood cells, and a fifth binding agent binds CD 16+ white blood cells; wherein a first

detectable label binds the first, third, fourth, and fifth binding agents, and a second

detectable labels binds the second binding agents.

19. The method of claim 18, wherein assessing a percentage of CD4+ white blood

cells comprises assessing the number of complexes with the first detectable label and

the number of complexes with both the first detectable label and second detectable

label.
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20. The method of claim 18, wherein assessing an absolute count of CD4+ white

blood cells comprises assessing the number of complexes with both the first

detectable label and the second detectable label in blood sample of known volume.
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