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ABSTRACT

The present invention provides fluidic devices and systems
that allow detection of analytes from a biological fluid. The
methods and devices are particularly useful for providing
point-of-care testing for a variety of medical applications.
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FIGURE 1
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FIGURE 2

Assembly of Device
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FIGURE 3

Sample Dilution Syringe




Patent Application Publication  Jun. 18,2015 Sheet 4 of 23 US 2015/0168384 A1

Pt

Y
Y

N

7 NI

N e

FIGURE 4
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FIGURE 5

Bottom Part of Device
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TOP SIDE
BOTTOM SIDE
FIGURE 6

Liquid Routing Manifold and Needle Block
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FIGURE 7

Vial Assembly
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FIGURE 9
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SYSTEMS AND METHODS OF FLUIDIC
SAMPLE PROCESSING

CROSS REFERENCE

[0001] This application is a continuation application of
U.S. application Ser. No. 12/221,816 filed on Aug. 6, 2008
which claims priority to U.S. Provisional Application No.
60/954,301 filed on Aug. 6, 2007, all of which are incorpo-
rated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] The discovery of a vast number of disease biomar-
kers and the establishment of miniaturized microfluidic sys-
tems have opened up new avenues to devise methods and
systems for the prediction, diagnosis and treatment of dis-
eases in a point-of-care setting. Point-of-care testing is par-
ticularly desirable because it rapidly delivers results to medi-
cal practitioners and enables faster consultation. Early
diagnosis allows a practitioner to begin treatment sooner and
thus avoiding unattended deterioration of a patient’s condi-
tion.

[0003] Inmany diagnostic devices that perform immunoas-
says, dilution of the test sample prior to running the assay is
preferable for a variety of reasons. For example, sample dilu-
tion can help removal of matrix effects, unbind the target
molecules from other binding proteins in the sample, bring
the target analyte concentration into the measurable range of
the assay, and/or provide sufficient liquid to perform multiple
assays (especially when the available sample is small, such as
adrop offluid). In most cases, the dilution must be exquisitely
precise or risk compromising the precision of the assay result.
Devices such as those constructed by Abaxis (U.S. Pat. No.
5,472,603), Biotrack (U.S. Pat. Nos. 4,946,795 and 5,104,
813), and Miles (U.S. Pat. No. 5,162,237) typically perform
dilutions precise to about 2%; however, such devices may
require a large volume of test sample, which is more difficult
to obtain in a point-of-care setting.

[0004] Often, when measuring a blood sample, analytes in
serum or plasma are of interest. One reason is that many
analytes are found in the fluid part of blood namely plasma.
For numerous blood tests performed for clinical purposes, the
final reported concentration typically needs to relate to the
concentration of blood serum or blood plasma in a diluted
sample. In most cases, blood serum or blood plasma is the test
medium of choice in the lab. Two operations may be neces-
sary prior to running an assay, dilution and red blood cell
removal. Blood samples vary significantly in the proportion
of the sample volume occupied by red cells (the hematocrit
which varies from about 20-60%). Furthermore, in a point-
of-care environment when assay systems are operated by
non-expett personnel, the volume of sample obtained may not
be that which is intended. If a change in volume is not recog-
nized, it can lead to etror in the reported analyte concentra-
tions.

[0005] Thus, there remains a considerable need for point-
of-care devices that can provide accurate and rapid data col-
lection, transmission, analysis, and/or real-time medical con-
sultation or decision making. In particular, there remains a
need in the art for a point-of-care fluidic device that can
measure the concentration of plasma in a sample, and deter-
mined the apparent dilution ratio to effect an accurate quan-
tification of an analyte of interest present in a small sample of
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blood. The present invention satisfies these needs and pro-
vides related advantages as well.

SUMMARY OF THE INVENTION

[0006] In an aspect of the invention, a fluidic device for
detecting the presence or absence of an analyte in a bodily
fluid from a subject comprises a sample collection unit, an
assay assembly, and a calibration unit, wherein the sample
collection unit contains a diluent and is removable from the
device. In an embodiment, the sample collection unit is con-
figured to collect a sample of bodily fluid from a subject. In an
embodiment, the assay assembly comprises at least one reac-
tion site containing a reactant that reacts with an analyte to
vield a detectable signal indicative of the presence of the
analyte.

[0007] In another embodiment, a device comprises a cali-
bration unit, wherein the calibration unit is configured to
provide a measurement of a sample used for calibrating a
detectable signal.

[0008] In a further aspect of the invention, a fluidic device
is disclosed for detecting the presence or absence of an ana-
lyte in a bodily fluid from a subject comprising a sample
collection unit, an assay assembly, and a calibration unit. The
sample collection unit is configured to collect said sample of
bodily fluid from said subject. The assay assembly comprises
at least one reaction site containing a reactant that reacts with
the analyte to yield a detectable signal indicative of the pres-
ence of the analyte. The calibration unit is configured to
provide a measurement of said sample used for calibrating
said detectable signal.

[0009] In an embodiment, the measurement of a sample is
used for determining concentration of the detected analyte.
[0010] In another embodiment, a sample collection unit of
the device allows a sample of bodily fluid to react with a
reactant contained within an assay assembly based on a pro-
tocol transmitted from an external device.

[0011] Insome embodiments, a sample of bodily fluid is a
blood sample. Preferably, the sample is less than 50 microli-
ters. In an embodiment, the sample is a single drop of fluid.
[0012] In an embodiment, the sample collection unit is
removable from the device. In another embodiment, the
sample collection unit is further configured to dilute a sample.
The sample collection unit can contain a diluent for diluting a
sample.

[0013] In another embodiment, the sample collection unit
is further configured to remove a part of a sample. For
example, the unit can remove cells from a sample such as
blood.

[0014] In an embodiment, a reaction site within an assay
assembly is immobilized in a fluidic channel. In an embodi-
ment of the device, the reaction site receives reagents from a
first direction and a sample of bodily fluid from a second
direction. The reagents and the sample can be delivered to the
reaction site by syringe action.

[0015] In an embodiment, the device conducts an immu-
noassay. The reagents for carrying out the reaction comprise
immunoassay reagents. In an embodiment, the detectable
signal yielded at a reaction site is a luminescent signal. The
device can also be configured to detect a plurality of analytes
useful for assessing efficacy and/or toxicity of a therapeutic
agent.

[0016] In another embodiment, a calibration unit of the
device is configured to measure the conductivity of a sample.
To measure the conductivity of a sample, the device can



US 2015/0168384 A1

comprise electrodes. In a preferable embodiment, the elec-
trodes are positioned within a fluidic channel.

[0017] Inanembodiment, the sample collection unit, assay
assembly, and calibration unit can also be configured for one
time use.

[0018] In an embodiment, the device of the invention fur-
ther comprises a waste chamber.

[0019] In another aspect of the invention, a system for
detecting an analyte in a bodily fluid from a subject is dis-
closed. The system comprises a fluidic device of the inven-
tion, a reader assembly comprising a detection assembly for
detecting a signal, and a communication assembly for trans-
mitting the signal to an external device.

[0020] In an embodiment, a sample collection unit of the
system of the invention allows a sample of bodily fluid to
react with reactants contained within an assay assembly
based on a protocol transmitted from an external device to
yield a detectable signal indicative of the presence of an
analyte. In a further embodiment, the protocol is transmitted
wirelessly from an external device. In another embodiment, a
fluidic device further comprises an identifier to provide the
identity of said fluidic device that is adapted to trigger the
transmission of a protocol.

[0021] Inanembodiment, a system of the invention is con-
figured to detect a plurality of analytes useful for assessing
efficacy and/or toxicity of a therapeutic agent.

[0022] In an aspect of the invention, a method of detecting
an analyte in a bodily fluid from a subject is disclosed, which
comprises providing a fluidic device or system of the inven-
tion, allowing a portion of a sample to react with assay
reagents contained within an assay assembly of the device to
vield a signal indicative of the presence of an analyte in the
sample, and detecting the signal generated from the analyte
collected in the sample of bodily fluid.

[0023] Inan embodiment, a method of the invention com-
prises calibrating the measurement of a signal generated from
an analyte in a sample based upon a measurement by a cali-
bration unit of an embodiment of a device of the invention. In
a further embodiment, an additional step of quantifying the
amount of an analyte present in a bodily fluid based on the
measurement provided by the calibration unit can be
executed.

[0024] In an embodiment, a fluidic device can detect a
plurality of analytes and the fluidic device comprises immu-
noassay reagents for the plurality of analytes.

[0025] Inan aspect of the invention a method of measuring
plasma concentration of a blood sample comprises providing
a plasma sample substantially free of removing red blood
cells, passing a current through the plasma sample, and mea-
suring at least one of conductivity or impedance of the plasma
sample, thereby measuring the plasma concentration of said
blood sample.

[0026] In an embodiment, the blood sample is diluted with
adiluent prior to passing a current through the plasma sample.
[0027] Inanembodiment, measuring of plasma concentra-
tion occurs in a fluidic channel.

[0028] In another embodiment, a method of measuring
plasma concentration of a blood sample comprises compar-
ing the measured conductivity to a set of predetermined val-
ues showing relationship of conductivity values and plasma
concentrations.

[0029] In an embodiment, a method of measuring plasma
concentration of a blood sample comprises comparing the
measured conductivity to a set of predetermined values show-
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ing relationship of conductivity values and dilution ratios that
are employed to dilute the blood sample. In a further embodi-
ment, the set of predetermined values is a calibration curve.
The calibration curve can be normalized. In some embodi-
ments, normalizing accounts for at least one factor selected
from the group consisting of surface area of an electrode,
temperature of the sample, gain of a circuit wherein the circuit
delivers the current to the sample, volume of the sample, and
red blood cell quantity of the sample.

[0030] In an aspect, a method of calculating an apparent
dilution ratio utilized in diluting a blood sample for running a
blood test comprises providing a plasma sample derived from
adiluted blood sample, measuring conductivity of the plasma
sample, and comparing the measured conductivity to a set of
predetermined values showing relationship of conductivity
values and dilution ratios that are employed to dilute a blood
sample, thereby calculating the apparent dilution ratio.

[0031] In an embodiment of the method of the invention,
the blood sample is diluted prior to running the blood test.

[0032] In another embodiment, the plasma sample derived
from a diluted blood sample is substantially free of red blood
cells.

[0033] In an embodiment, the conductivity of the plasma
sample is inversely proportional to the apparent dilution ratio.

[0034] The present invention also provides a business
method of monitoring a clinical trial of a therapeutic agent,
comprising: a) collecting at least one pharmacological
parameter from a subject in said clinical trial at a plurality of
time intervals, said collecting step is effected at each time
interval by subjecting a sample of bodily fluid from said
subject to reactants contained in the fluidic device of claim 1,
wherein said fluidic device is provided to said subject to yield
detectable signals indicative of the values of said at least one
pharmacological parameter at a plurality of time intervals; b)
comparing the detected values to a threshold value predeter-
mined for said pharmacological parameter; ¢) notifying a
clinician and/or a sponsor involved in said clinical trial when
a statistically significant discrepancy exists between the
detected values and the threshold value. In one embodiment,
the business method involves the step of taking a medical
action based on the statistically significant discrepancy. Such
method action can involve adjusting dosage of the therapeutic
agent, continuing, modifying, or terminating the clinical trial.

INCORPORATION BY REFERENCE

[0035] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Thenovel features of the invention are set forth with
particularity in the appended claims. A better understanding
of the features and advantages of the present invention will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which the prin-
ciples of the invention are utilized, and the accompanying
drawings of which:

[0037]
cessing.

FIG. 1 illustrates a device for fluidic sample pro-
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[0038] FIG. 2 illustrates the components of a device for
fluidic sample processing and demonstrates some relation-
ships between the components.

[0039] FIG.3illustrates a sample collection unit containing
a diluent.
[0040] FIG. 4 illustrates a sample dilution syringe for col-

lecting and diluting a sample with a diluent.

[0041] FIG.5illustrates a part of a device for fluidic sample
processing comprising a cartridge, a liquid routing manifold,
and a sample collection well.

[0042] FIG. 6 illustrates a liquid routing manifold for rout-
ing reagents to a cartridge for sample processing.

[0043] FIG. 7 illustrates a vial for containing reagents for
fluidic sample processing and demonstrates the assembly of
the vial.

[0044] FIG. 8 illustrates a reagent container formed by
blow molding.

[0045] FIG. 9 demonstrates a cartridge for sample process-
ing.

[0046] FIG. 10 demonstrates a circuit block diagram for
measuring electrical conductivity of a fluidic sample.

[0047] FIG. 11 demonstrates a microfluidic channel adja-
cent to electrodes that can be incorporated in a sample pro-
cessing cartridge for measuring electronic conductivity of a
fluidic sample.

[0048] FIG. 12 demonstrates an exemplary chart compar-
ing the concentration of plasma in a plasma dilution to the
reference measurement of the plasma dilution fluidic sample.
[0049] FIG. 13 demonstrates the measurable range of con-
centration to conductivity signal and the effect of changing
the gain setting on the circuit.

[0050] FIG. 14 demonstrates effect of the distance between
electrodes adjacent to amicrofluidic channel on the measure-
ment of plasma concentration.

[0051] FIG. 15 illustrates of a plot of the surface area of an
electrode as it relates to the voltage measured by the circuit.
[0052] FIG. 16 demonstrates the effect of a change in vol-
ume of the plasma dilution sample on the signal measured to
determine the conductivity of the sample.

[0053] FIG. 17 demonstrates that the temperature of fluidic
sample can effect the conductivity measurement.

[0054] FIG. 18 illustrates a method of normalizing the con-
ductivity measurement of the plasma concentration by mea-
suring the conductivity of a reference buffer.

[0055] FIG. 19 demonstrates the result of a method of nor-
malizing the conductivity measurement of the plasma con-
centration according to temperature of the fluidic sample.
[0056] FIG.20 demonstrates the effect of the amount ofred
blood cells in the plasma dilution sample on the measured
conductivity of the solution.

[0057] FIG. 21 demonstrates the effect of the amount of
lysed red blood cells in the plasma dilution sample on the
measured conductivity of the solution.

[0058] FIG. 22 illustrates the result of the measuring the
plasma dilution ratio of four subjects and demonstrates a
comparison to a standard calibration line.

[0059] FIG. 23 illustrates an exemplary assay response for
detecting Protein C in a blood sample using a fluidic process-
ing device of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

Fluidic Devices and Systems

[0060] One aspect of the present invention is a system for
detecting an analyte in a sample of bodily fluid. The system is
capable of detecting and/or quantifying analytes that are asso-
ciated with specific biological processes, physiological con-
ditions, disorders or stages of disorders, or effects of biologi-
cal or therapeutic agents.

[0061] In an aspect, a fluidic device for detecting the pres-
ence or absence of an analyte in a bodily fluid from a subject
comprises a sample collection unit and an assay assembly,
wherein the sample collection unit contains a diluent and is
removable from the device. In an embodiment, the sample
collection unit is configured to collect a sample of bodily fluid
from a subject. In an embodiment, the assay assembly com-
prises at least one reaction site containing a reactant that
reacts with an analyte to yield a detectable signal indicative of
the presence of the analyte.

[0062] In another embodiment, a device comprises a cali-
bration unit, wherein the calibration unit is configured to
provide a measurement of a sample used for calibrating a
detectable signal.

[0063] The system comprises a fluidic device having one or
more of the following components: a sample collection unit,
an assay assembly, and a calibration unit. The sample collec-
tion unitis configured to collect a sample of bodily fluid from
asubject. The assay assembly comprises at least one reaction
site containing a reactant that reacts with an analyte from the
bodily fluid, which yields a detectable signal indicative of the
presence of the analyte.

[0064] In general, the calibration unit is configured to pro-
vide a measurement of the sample used for calibrating the
detected signal. For example, the calibration unit can be any
unit or device part that measures a parameter for calibrating
the measurement of the concentration of an analyte in a
sample. Exemplary calibration units can provide without
limitation volume measurement, flow measurement, and cell
count. In one aspect, measurement provided by the calibra-
tion unit is used for determining the concentration of the
detected analyte. For example, where a diluted blood sample
is used for detecting analyte present in the plasma portion, the
calibration unit provides a measurement of the diluted plasma
concentration, and hence the apparent dilution ratio which is
then in turn used for determining the initial concentration of
the analyte of interest.

[0065] Any bodily fluids suspected to contain an analyte of
interest can be used in conjunction with the system or devices
of the invention. Commonly employed bodily fluids include
but are not limited to blood, serum, saliva, urine, gastric and
digestive fluid, tears, stool, semen, vaginal fluid, interstitial
fluids derived from tumorous tissue, and cerebrospinal fluid.
[0066] A bodily fluid may be drawn from a patient and
brought into the fluidic device in a variety of ways, including
but not limited to, lancing, injection, or pipetting. In one
embodiment, a lancet punctures the skin and draws the
sample into the fluidic device using, for example, gravity,
capillary action, aspiration, or vacuum force. The lancet may
be part of the fluidic device, or part of a reader assembly, or as
a stand alone component. Where needed, the lancet may be
activated by a variety of mechanical, electrical, electrome-
chanical, or any other known activation mechanism or any
combination of such methods. In another embodiment where
no active mechanism is required, a patient can simply provide
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abodily fluid to the fluidic device, as for example, could occur
with a saliva sample. The collected fluid can be placed in the
sample collection unit within the fluidic device. Inyet another
embodiment, the fluidic device comprises at least one
microneedle which punctures the skin. The microneedle can
be used with a fluidic device alone, or can puncture the skin
after the fluidic device is inserted into a reader assembly.
[0067] The volume of bodily fluid to be used with a fluidic
device of the present invention is generally less than about
500 microliters, typically between about 1 to 100 microliters.
Where desired, a sample of 1 to 50 microliters, 1 to 40 micro-
liters, 1 to 30 microliters, 1 to 10 microliters or even 1 to 3
microliters can be used for detecting an analyte using the
subject fluidic device.

[0068] In an embodiment, the volume of bodily fluid used
for detecting an analyte utilizing the subject devices or meth-
ods is one drop of fluid. For example, one drop of blood from
a pricked finger can provide the sample of bodily fluid to be
analyzed with a fluidic device system or method of the inven-
tion.

[0069] In some embodiments, the bodily fluids are used
directly for detecting the analytes present therein with the
subject fluidic device without further processing. Where
desired, however, the bodily fluids can be pre-treated before
performing the analysis with the subject fluidic devices. The
choice of pre-treatments will depend on the type of bodily
fluid used and/or the nature of the analyte under investigation.
For instance, where the analyte is present at low level in a
sample of bodily fluid, the sample can be concentrated via any
conventional means to enrich the analyte. Methods of con-
cenfrating an analyte include but are not limited to drying,
evaporation, centrifugation, sedimentation, precipitation, and
amplification. Where the analyte is a nucleic acid, it can be
extracted using various lytic enzymes or chemical solutions
according to the procedures set forth in Sambrook et al.
(“Molecular Cloning: A Laboratory Manual”), or using
nucleic acid binding resins following the accompanying
instructions provided by manufacturers. Where the analyte is
a molecule present on or within a cell, extraction can be
performed using lysing agents including but not limited to
denaturing detergent such as SDS or non-denaturing detet-
gent such as Thesit, sodium deoxylate, triton X-100, and
tween-20.

[0070] In an embodiment, pretreatment can include dilut-
ing and/or mixing the sample. In addition, the pretreatment
can include filtering the sample to remove, for example, red
blood cells from a blood sample. In one aspect, the subject
systems and fluidic devices are provided with the capability
of on-board sample pretreatment, including without limita-
tion dilution, concentration, and separation of a particular
sample fraction (for example, separating bodily fluid from
cells contained therein).

[0071] In an embodiment, the sample is diluted in a ratio
that is satisfactory for a both a high sensitivity and low sen-
sitivity assays. For example, a dilution ratio of sample to
diluent can be in the range of about 1:100-1:1. In another
example, the dilution ratio is about 1:15.

[0072] In an embodiment, the device of the invention is
self-contained and contains all reagents (liquid and solid-
phase) required to perform several quantitative immunoas-
says in a short period of time. The device can use a small
volume of bodily fluid, for example, a single drop. In an
embodiment, the bodily fluid is blood and can be obtained by
a fingerstick. The device can be operated by a small instru-
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ment. Different functions of that can be carried out by the
device include, but are not limited to, dilution of a sample,
removal of parts of a sample (for example, red blood cells
(RBCs), fluidic routing of a sample to an assay assembly,
routing of the liquid reagents to the assay assembly, and
containing liquids during and following use of the device. The
device can also include an optical interface.

[0073] Insome embodiments, the sample collection unit is
configured to collect a sample of bodily fluid from the subject
and to deliver a predetermined portion of the sample to be
assayed by the assay assembly. In this manner, the device
automatically meters the appropriate volume of the sample
that is to be assayed. In an embodiment, the sample collection
unit can comprise a sample collection well and/or a sample
dilution syringe. Generally, the sample dilution syringe col-
lects bodily fluid from the patient.

[0074] FIG. 1illustrates an exemplary system of the present
invention. In the embodiment illustrated in FIG. 1, a sample
dilution syringe (SDS) is inserted into a fully assembled
device. The fluidic device of the invention may take a variety
of configurations, including a single-use unit. In an exem-
plary system, the device contains the reactants necessary to
perform one or more assays in a plurality of vials within the
device. The vials can contain one or more reactants, a wash
buffer, or a combination thereof. In other examples, reagents
with a relatively short shelf-life can be supplied separately
and be utilized, for example, by the end user.

[0075] A sample collection unit in a fluidic device may
provide a bodily fluid sample from a patient by any of the
methods described above. Where desired, the sample may
first be processed by diluting the bodily fluid, and or may be
filtered by separating the plasma from the red blood cells. In
some embodiments there may be more than one sample col-
lection unit in the fluidic device.

[0076] FIG. 2 illustrates exemplary layers of a fluidic
device according to the present invention prior to assembly of
the fluidic device. The sample collection unit can be a sample
dilution syringe for sample acquisition and capable of dilut-
ing a sample that is inserted into the body of the device. The
sample dilution syringe can contain a capillary tube, which
press-fits into the housing of the sample dilution syringe. The
capillary tube can be made from a variety of materials, includ-
ing plastic or a variety of polymeric materials such as poly-
styrene, polycarbonate, polypropylene, polydimethysilox-
anes (PDMS), polyurethane, polyvinylchloride (PVC), and
polysulfone, or glass, or semi-conducting material such as
silicon and its derivatives. The tube can also be optionally
coated with anti-coagulant. An example of the sample dilu-
tion syringe is illustrated in FIGS. 3 and 4.

[0077] Insome embodiments the inner surface of the cap-
illary tube, the sample dilution syringe, and/or the sample
collection unit may be coated with a surfactant and/or an
anti-coagulant solution. The surfactant provides a wettable
surface to the hydrophobic layers of the fluidic device and
facilitate filling of the capillary tube and sample dilution
syringe with a liquid sample, for example, blood. The anti-
coagulant solution helps prevent a sample, for example,
blood, from clotting when provided to the fluidic device.
Exemplary surfactants that can be used include without limi-
tation, Tween, Triton, Pluronics and other non-hemolytic
detergents that provide the proper wetting characteristics of a
surfactant. EDTA and heparin are non-limiting anti-coagu-
lants that can be used.
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[0078] In one embodiment, a coating can be made a solu-
tion comprising, for example, 2% Tween, 25 mg/mL EDTA in
50% Methanol/50% H,O, which is then air dried. A metha-
nol/water mixture provides a means of dissolving the EDTA
and Tween, and also dries quickly from the surface of the
material. The solution can be applied to the layers of the
fluidic device by any means that will ensure an even film over
the surfaces to be coated, such as pipetting, spraying, printing,
or wicking.

[0079] The housing of the sample dilution syringe com-
prises a tube. In the tube, two movable seals can contain a
volume of a diluent. In an embodiment, the volume of the
diluent is predetermined, for example, in about the range of
50 microliters to 1 ml, preferably in the range of about 100
microliters to 500 microliters.

[0080] The diluent is preferably a buffered solution con-
taining anti-coagulant, sugar, antibodies to a common red cell
antigen. The diluent can also contain a dispersion of magne-
tizable particles to which are bound antibodies typically
directed to red cell antigen. The housing can also contain a
mixing ball that can aid in re-suspending the magnetizable
particles.

[0081] In some embodiments the housing includes a mov-
able mixing element that causes the mixing of the predeter-
mined portion of the sample with the diluent. Exemplary
movable mixing element is with a general ball shape. The
movable mixing elements may have any shape, such as, for
example, a cube shape.

[0082] In one embodiment the movable mixing element is
magnetically controlled, for example, a magnetically con-
trolled ball in the mixing chamber that, when magnetically
controlled, will cause the mixing of the predetermined por-
tion of the sample and the diluent. The ball can be about 5%
of the combined volume of the sample and diluent. The ball
can be magnetically controlled to move in a reciprocal, linear
fashion, within the mixing chamber. The ball may be pre-
magnetized or unmagnetized, but susceptible to magnetic
forces.

[0083] The movable mixing element can be contained in
the sample dilution syringe or in a sample collection well. Tt
is also contemplated that the mixing element might operate
outside of the fluidic device, such as if the reader assembly
were adapted to agitate the fluidic device and thereby mix the
predetermined portion of sample and the diluent.

[0084] In some embodiments the sample collection unit
further comprises a filter configured to filter the diluted
sample before it is assayed.

[0085] FIG. 2 also illustrates a bottom part covered by the
body of an exemplary device and below the sample collection
unit. An exemplary bottom part of the device is illustrated in
FIG. 5 which contains a clear material bottom, an assay
assembly unit, a liquid reagent distribution manifold, and
reagent containers. The clear bottom part can comprise
energy directors, which enable ultrasonic welding to the
assay assembly unit. When the two parts are welded together,
they can define a fluid path. In a preferable embodiment, the
fluid path comprises a calibration unit, followed by at least
one assay assembly. In an embodiment, a plurality of assay
assemblies (two, three, four, five, six, or more) is incorporated
into the device. Multiple assay assemblies preferably consti-
tute optically and chemically isolated zones.

[0086] Also illustrated in FIG. 5 is a cartridge body with
features that form a fluid channel connecting a sample col-
lection well that is designed to hold a diluted sample to an
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assay assembly. Where desired, the cartridge can be made of
substantially opaque material. In a preferable embodiment,
the opaque cartridge body is constructed of a white material,
for example, white plastic. The features of the cartridge can
include a Greek letter Psi-shaped channel and “vias” (through
holes) that are in fluid communication with reagent reser-
VOIrs.

[0087] At least one of the fluidic channels will typically
have small cross sectional dimensions. In some embodiments
the dimensions are from about 0.01 mm to about 5 mm,
preferably from about 0.03 mm to about 3 mm, and more
preferably from about 0.05 mm to about 2 mm. Fluidic chan-
nels in the fluidic device may be created by, for example
without limitation, precision injection molding, laser etching,
embossing or any other technique known in the art to carry out
the intent of the invention.

[0088] Reagent reservoirs contained within a device of the
invention canbe coupled to the assay assembly for delivering
the reagents to the assembly. One method of coupling the
reagent reservoirs and the assay assembly is by utilizing a
distribution manifold. FIG. 6 demonstrates an embodiment of
a liquid reagent distribution manifold fitted with a set of
needles that engage with reagent reservoirs. The manifold
comprises needles or pins for coupling to a vial containing a
reagent.

[0089] FIG. 2 illustrates a set of vertically oriented cylin-
drical reagent reservoirs or vials. In an embodiment, the
reagent reservoirs are constructed of glass. The vials can be
fitted with one upper movable seal and a lower septum. The
lower septum can be held in place by a crimpable metal cap.
Liquid reagents can be contained the seal and the lower sep-
tum. In one version of the invention, during manufacture of
the device, the lower septum of each reagent reservoir is
pierced the corresponding needles without the needles pen-
etrating into the liquid compartments. An example of a vial
useful for constructing the device of the invention is illus-
trated in FI1G. 7.

[0090] In a preferred embodiment there is at least one
reagent reservoir. In some embodiments there is any number
of reagent reservoirs as are necessary to fulfill the purposes of
the invention. A reagent reservoir is preferably in fluid com-
munication with at least one reaction site, and the reagents
contained in the reagent reservoirs can be released into the
fluidic channels within the fluidic device.

[0091] In an embodiment, the reagent reservoir contains a
plurality of reagents. The plurality of reagents can be sepa-
rated from each other, to avoid interaction between the
reagents. In a further embodiment, a reagent reservoir con-
tains a plurality of movable seals. For example, there may be
four movable seals. Three voids can be created between the
movable seals and the voids can be filled with a reagent. The
seals can be moved by pump or syringe-like action. If there is
a hole, for example, in the side of the reagent reservoir, each
void can be moved into position with the hole, and a reagent
contained within the void is then released through the hole to
the reaction site. As such, the reagent reservoir can contain all
of the agents or wash buffers necessary for a single assay.
[0092] Reagents according to the present invention include
without limitation wash buffers, enzyme substrates, dilution
buffers, conjugates, enzyme-labeled conjugates, DNA ampli-
fiers, sample diluents, wash solutions, sample pre-treatment
reagents including additives such as detergents, polymers,
chelating agents, albumin-binding reagents, enzyme inhibi-
tors, enzymes, anticoagulants, red-cell agglutinating agents,
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antibodies, or other materials necessary to run an assay on a
fluidic device. An enzyme conjugate can be either a poly-
clonal antibody or monoclonal antibody labeled with an
enzyme that can yield a detectable signal upon reaction with
an appropriate substrate. Non-limiting examples of such
enzymes are alkaline phosphatase and horseradish peroxi-
dase. In some embodiments the reagents comprise immu-
noassay reagents. In general, reagents especially those that
are relatively unstable when mixed with liquid are confined in
a defined region (for example, a reagent reservoir) within the
subject fluidic device. The containment of reagents can be
effected by valves that are normally closed and designed for
one-time opening, preferably in a unidirectional manner.
[0093] In some embodiments a reagent reservoir contains
approximately about 10 pl to about 1 ml of fluid. In some
embodiments the chamber may contain about 100-500 pl of
fluid. The volume of liquid in a reagent chamber may vary
depending on the type of assay being run or the sample of
bodily fluid provided. In an embodiment, the volumes of the
reagents do not have to predetermined, but must be more than
a known minimum. In some embodiments the reagents are
initially stored dry and dissolved upon initiation of the assay
being run on the fluidic device.

[0094] Inanembodiment, the reagent reservoir can be filled
using a syringe, a needle, or a combination thereof. The
reagent reservoirs may be filled with fluid using a fill channel
and a vacuum draw channel.

[0095] In an embodiment of the invention, multiple vials
are utilized to isolate reagents from each other. The vials may
also be used to contain a wash solution. In addition, the vials
may be used to contain a luminogenic substrate.

[0096] Another embodiment can feature a reagent reservoir
vial, a wash solution vial, and a luminogenic substrate vial all
in relation to the same assay assembly.

[0097] Other configurations of reservoirs are contemplated
such as collapse-able (concertina-like) plastic vials made of,
for example, polypropylene or polyethylene. An example of
the collapse-able plastic vials is illustrated in FIG. 8.

[0098] The cartridge of the device as shown in FIG. 2
comprises an assay assembly. The assay assembly comprises
a “capture surface” or reaction site, may be placed on any of
several locations within the cartridge. Another view of the
cartridge is illustrated in FIG. 9. The assay assembly can be
located in the “vias” of the cartridge. In an embodiment, the
assay assembly is located on the clear cartridge bottom. In a
preferable embodiment, the assay assembly is located on or in
a fluidic channel feature of the cartridge body.

[0099] The reaction site can be bound covalently or by
adsorption antibodies to an area of the device. The surface is
then dried and maintained in dry condition until used in an
assay. In an embodiment, there is one reaction site for each
analyte to be measured.

[0100] Inpreferred embodimentsthe reagent reservoirs and
sample collection unit are fluidly connected to reaction sites
where bound probes can detect an analyte of interest in the
bodily fluid sample using the assay. A reaction site could then
provide a signal indicative of the presence of the analyte of
interest, which can then be detected by a detection device
described in detail herein below.

[0101] In an alternative embodiment, the capture surface
can be located in a fluidic channel. In an embodiment, the
reaction site can be located in three, horizontally oriented,
fluidic channels. The reaction site can be immobilized to
either the clear bottom surface and/or the cartridge body. In
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another embodiment, the reaction site can be located in the
vias of a device of the invention. The vias are fluidly con-
nected to the fluidic channel and to the reagent manifold.

[0102] Inan embodiment, a reaction site can be on a chan-
nel that was made separately and inserted into or onto the
device. One version of this approach utilizes molded polysty-
rene surfaces with the inner surface coated with a reaction
site, wherein the surfaces can be fitted into or adjacent to the
channels or vias of the device. Similarly, a reaction site can be
coated onto the inside of cylindrical polystyrene tubes which
are press fitted into a fluid channel or fitted into a via. These
molded surfaces can provide an assay capture surface that can
be made and evaluated before the assembly of the cartridge
for bulk manufacturing for one-time use and replacement of
the reaction site. In another embodiment, a molded plastic
piece can be placed in the device of the present disclosure by
a variety of methods. For example, it can be compressed into
a fluid channel. In another example, the reaction site can be fit
into a cavity in a fluidic channel with inlets and outlets smaller
than the reaction site (for example, a cavity is formed when
two parts of the disposable are welded together). Some advan-
tages of this embodiment include, but are not limited to,
eliminating press fit methods; and making large quantities of
the reaction site as mentioned previously. The reaction site
may be quality controlled before assembly of the overall
cartridge.

[0103] Inanother alternative embodiment, an object can be
placed into a via or fluid channel of the device. The object
within a via or fluid channel can be coated with a capture
surface, creating a reaction site of the invention. The object
can be placed in the vias or channels of the device before,
during, or after device construction and incorporating the
reaction site into the device. In one embodiment, molded
plastic (such as polystyrene) pieces such as spheres, beads,
elliptical forms, torroidal elements, and the like are either
commercially available or can be made by injection molding
with precise shapes and sizes. For example, the characteristic
dimension can be in the 0.05-3 mm range. These pieces can be
coated with capture reagents using a method similar to those
used to coat microtiter plates but with the advantage that they
can be processed in bulk by placing them in a large vessel,
adding coating reagents and processing using sieves and the
like to recover the pieces and wash them as needed. In this
way, a large number of reaction sites can be manufactured on
the vias or the channels of the microfluidic device for mass
production of the devices.

[0104] In another embodiment, an area of the device com-
prises projections that are coated with capture reagents to
carry out an assay with the device of the invention.

[0105] Insome embodiments the reactions sites are flat but
they may take on a variety of alternative surface configura-
tions. The reaction site preferably forms a rigid support on
which a reactant can be immobilized. The reaction site sur-
face is also chosen to provide appropriate characteristics with
respect to interactions with light. For instance, the reaction
site may be functionalized glass, Si, Ge, GaAs, GaP, SiO,,
SiN,,, modified silicon, or any one of a wide variety of gels or
polymers such as (poly)tetrafluoroethylene, (poly)vinyliden-
edifluoride, polystyrene, polycarbonate, polypropylene, or
combinations thereof. Other appropriate materials may be
used in accordance with the present invention. A transparent
reaction site may be advantageous. In addition, in the case
where there is an optically transmissive ‘window” permitting
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light to reach an optical detector, the surface may be advan-
tageously opaque and preferentially light scattering.

[0106] A reactant immobilized at a reaction site can be
anything useful for detecting an analyte of interest in a sample
of bodily fluid. For instance, such reactants include without
limitation nucleic acid probes, antibodies, cell membrane
receptors, monoclonal antibodies and antisera reactive with a
specific analyte. Various commercially available reactants
such as a host of polyclonal and monoclonal antibodies spe-
cifically developed for specific analytes can be used.

[0107] One skilled in the art will appreciate that there are
many ways of immobilizing various reactants onto a support
where reaction can take place. The immobilization may be
covalent or non-covalent, via a linker moiety, or tethering
them to an immobilized moiety. These methods are well
known in the field of solid phase synthesis and micro-arrays
(Beier et al., Nucleic Acids Res. 27:1970-1-977 (1999). Non-
limiting exemplary binding moieties for attaching either
nucleic acids or proteinaceous molecules such as antibodies
to a solid support include streptavidin or avidin/biotin link-
ages, carbamate linkages, ester linkages, amide, thiolester,
(N)-functionalized thiourea, functionalized maleimide,
amino, disulfide, amide, hydrazone linkages, and among oth-
ers. Inaddition, a silyl moiety can be attached to a nucleic acid
directly to a substrate such as glass using methods known in
the art. Surface immobilization can also be achieved via a
Poly-L Lysine tether, which provides a charge-charge cou-
pling to the surface.

[0108] Insomeembodiments there are more than one reac-
tion sites which can allow for detection of multiple analytes of
interest from the same sample of bodily fluid. In some
embodiments there are 2, 3, 4, 5, 6, or more reaction sites, or
any other number of reaction sites as may be necessary to
carry out the intent of the invention.

[0109] In embodiments with multiple reaction sites on a
fluidic device, each reaction site may be immobilized with a
reactant different from a reactant on a different reaction site.
Inafluidic device with, for example, three reaction sites, there
may be three different probes, each bound to a different
reaction site to bind to three different analytes of interest in
the sample. In some embodiments there may be different
reactants bound to a single reaction site if, for example, a
CCD with multiple detection areas were used as the detection
device, such that multiple different analytes could be detected
in a single reaction site. The capability to use multiple reac-
tion sites in addition to multiple different probes on each
reaction site enables multiple analyte measurement charac-
teristics of the present invention.

[0110] The present invention allows for the detection of
multiple analytes on the same fluidic device. If assays with
different luminescent intensities are run in adjacent reaction
sites, photons (signals that emanate from the reactions) may
travel from one reaction site to an adjacent reaction site, as
reaction sites may be constructed of materials that allow
photons to travel through the fluidic channels that connect the
sites. This optical cross talk may compromise the accuracy of
the detected photons. Different embodiments of this inven-
tion can eliminate or reduce the amount of optical cross-talk.
Non-linear channels prevent photons to pass through. Addi-
tionally, the edges or walls of a reaction site may be con-
structed using optically opaque or light scattering materials
so that light will not escape. In some embodiments the reac-
tion sites are white or opaque.
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[0111] In some embodiments, unbound signal-generating
conjugates may need to be washed from a reaction site to
prevent unbound conjugates from activating the substrate and
producing and inaccurate signal. It may be difficult to remove
conjugates sticking to the edges of the reaction sites in such a
fluidic device if, for example, there is not an excess of a wash
solution. To decrease the signal contributed from unbound
conjugates stuck to the edge of a reaction site, it may be
advantageous to expand the reaction site edge or wall radius
in order to distance non-specifically bound conjugate from
the desired actual detection area, represented by bound reac-
tant.

[0112] When using a wash buffer in an assay, the devicecan
store buffer in vials in fluid communication with the reaction
site. In an embodiment, the wash reagent is able to remove
reagent from the reaction sites by about 99.9% by washing. In
general, a high washing efficiency resulting in a high degree
of reduction of undesired background signals is preferred.
Washing efficiency is typically defined by the ratio of signal
from a given assay to the total amount of signal generated by
an assay with no wash step and can be readily determined by
routine experimentation. It is generally preferred to increase
the volume of washing solution and time of incubation but
without sacrificing the signals from a given assay. In some
embodiments, washing is performed with about 200 ul to
about 5000 ul of washing buffer, preferably between about
250ul to about 1000 ul washing buffer, for about 10 to about
300 seconds. To facilitate this efficiency, the sides of the
reaction sites are adapted for smooth flow of the reagents and
for minimal boundary layer effects. Where desired, the chan-
nels cornecting the reaction sites can be configured as a
chicane so as to reduce cross-talk of any kind and also uncon-
trolled fluid flow.

[0113] Additionally, it can be advantageous to use several
cycles of small volumes of wash solution which are separated
by periods of time where no wash solution is used. This
sequence allows for diffusive washing, where labeled anti-
bodies diffuse over time into the bulk wash solution from
protected parts of the assay such as the well edges or surfaces
where it is loosely bound and can then be removed when the
wash solution is moved from the reaction site.

[0114] Where desired, the subject systems and fluidic
devices can be configured to contain any reagents necessary
to perform an assay on a fluidic device according to the
present invention on-board, or housed within the fluidic
device before, during, and after the assay. In this way the only
inlet or outlet from the fluidic device is preferably the bodily
fluid sample initially provided by the fluidic device. This
design also helps create an easily disposable fluidic device
where all fluids or liquids remain in the device. The on-board
design also prevents leakage from the fluidic device into the
reader assembly which should remain free from contamina-
tion from the fluidic device.

[0115] In embodiments of the invention the fluidic device
includes at least one waste chamber to trap or capture all
liquids after they have been used in the assay. In an embodi-
ment, there is more than one waste chamber, at least one of
which is to be used with a calibration assembly described
herein below. On-board waste chambers also allow the device
to be easily disposable. The waste chamber is preferably in
fluidic communication with at least one reaction site.

[0116] In addition, a bubble trapper can be positioned
betweena sample collection unit and reactionssite. The bubble
trapper can have such geometry that the bubbles tend to
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migrate towards the edges of this surface and remain stuck at
that service, thereby not entering into the reaction sites.
[0117] The size of the channels in the fluidic device can
reduce the amount of air that enters the reaction sites. As the
reagent passes through, the width of a first channel is about
double the width of a channel leading to the reaction sites. The
potential for air to enter into the channel leading to the reac-
tion sites 1s reduced or eliminated as the air would be forced
to squeeze in the smaller channel.

[0118] In some embodiments the fluidic device comprises
valves that prevent backflow through the circuitry. During
assays the volume, velocity, and timing of the liquid move-
ment can be controlled. Assays may incorporate prolonged
incubations where very little, if any, liquid movement should
occur. During these stages no or substantially no back-flow of
liquid should occur in the fluidic device.

[0119] In certain applications of the subject systems or
fluidic devices, calibration of the detected signal is desirable
in order to ascertain the concentration of an analyte present in
the initial sample of bodily fluid under investigation. Accord-
ingly, in a featured embodiment of the present invention, the
calibration unit can be any unit or device part that measures a
quantity for calibrating the measurement of the concentration
of an analyte in a sample. Example calibration units include,
but are not limited to, a volume measurement, a flow mea-
surement, and a cell counter. In a preferable embodiment of
the invention there is a separate control circuit which provides
known quantities of analytes that can be measured in parallel
with analytes in the sample. In another embodiment, the
sample is mixed with a known quantity of a substance not
found in a sample, and a measurement of the added substance
is made. By comparison of the known added analyte quantity
with that measured, the analyte “recovery” can be determined
and used to correct possible errors in measurements of ana-
lytes in the sample.

[0120] To measure the quantity of plasma in a diluted
sample, it is often desirable to measure the apparent dilution
ratio (sample plasma to final volume of diluted plasma). In an
embodiment, the conductivity of the diluted sample can be
measured to determine the apparent dilution ratio. For mea-
surement of conductivity of a test sample, at least two elec-
trodes are typically placed adjacent to a fluidic channel
between the sample collection well and the assay assembly.
The electrodes may or may not be in fluid communication
with the fluidic channel. In an embodiment, the electrodes are
adjacent to the same surface of the fluidic channel. The car-
tridge illustrated in FIG. 9 demonstrates two electrodes in a
fluidic channel between a sample collection well and the
reaction sites. The electrodes can be spaced at different dis-
tances in the fluidic channel. The spacing and size of the
electrodes has an effect on the measurement of electrical
conductivity of a sample as discussed later herein. Where
desired, the electrodes can be connected to a control circuit
when the methods and systems of the invention are executed.
[0121] Depending on the intended application, it may be
advantageous to measure conductivity in a control as a means
to check the measurement system. For example, the control
part is exposed to reagents of known conductivity provided by
the manufacturer.

[0122] In some embodiments, a sensor for assessing the
reliability of an assay for an analyte in a bodily fluid with the
use of the subject fluidic device can be provided together with
the fluidic device, the reader and/or within the packaging of
the subject system. The sensor is capable of detecting a
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change in operation parameters under which the subject sys-
tem normally operates. The operation parameters include but
are not limited to temperature, humidity, and pressure, which
may affect the performance of the present system.

[0123] A fluidic device and reader assembly may, after
manufacturing, be shipped to the end user, together or indi-
vidually. As a reader assembly is repeatedly used with mul-
tiple fluidic devices, it may be necessary to have sensors on
both the fluidic device and reader assembly to detect such
changes during shipping, for example. During shipping, pres-
sure or temperature changes can impact the performance of a
number of components of the present system, and as such a
sensor located on either the fluidic device or reader assembly
canrelay these changes to, for example, the external device so
that adjustments can be made during calibration or during
data processing on the external device. For example, if the
temperature of a fluidic device is changed to a certain level
during shipping, a sensor located on the fluidic device could
detect this change and convey this information to the reader
assembly when it is inserted into the reader assembly by the
user. There may be an additional detection device in the
reader assembly to perform this, or such a device may be
incorporated into another system component. In some
embodiments this information may be wirelessly transmitted
to either the reader assembly or the external device. Likewise,
a sensor in the reader assembly can detect similar changes. In
some embodiments, it may be desirable to have a sensor inthe
shipping packaging as well, either instead of in the system
components or in addition thereto.

[0124] Manufacturing of the fluidic channels may gener-
ally be carried out by any number of microfabrication tech-
niques that are well known in the art. For example, litho-
graphic techniques are optionally employed in fabricating,
forexample, glass, quartz orsilicon substrates, using methods
well known in the semiconductor manufacturing industries
such as photolithographic etching, plasma etching or wet
chemical etching. Alternatively, micromachining methods
such as laser drilling, micromilling and the like are optionally
employed. Similarly, for polymeric substrates, well known
manufacturing techniques may also be used. These tech-
niques include injection molding or stamp molding methods
where large numbers of substrates are optionally produced
using, for example, rolling stamps to produce large sheets of
microscale substrates or polymer microcasting techniques
where the substrate is polymerized within a micromachined
mold.

[0125] In some embodiments at least one of the different
layers of the fluidic device may be constructed of polymeric
substrates. Non limiting examples of polymeric materials
include polystyrene, polycarbonate, polypropylene, poly-
dimethysiloxanes (PDMS), polyurethane, polyvinylchloride
(PVC), and polysulfone.

[0126] The subject fluidic devices can comprise a waste
chamber that contains unreacted reagents. Where desired, the
waste chamber can contain an absorbent material comprises
at least one quenching agent which reacts with at least one
reagent from said assay assembly to reduce interference of
the optical signal indicative of the presence of the analyte in
the sample. The quenching agent can inhibit the binding
between reagents, or in preferred embodiments the quench-
ing agent inactivates at least one and more preferably all
reagents which may contribute to an interfering optical sig-
nal.
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[0127] The reagent or reagents with which the quenching
agent in the waste chamber reacts to reduce the interference
can be, for example without limitation, an unbound enzyme
and/or an unbound substrate. The reagent with which the
quenching agent reacts to reduce the interference is generally
notas important as the reduction of the interference itself. The
quenching agent in the waste chamber can vary depending on
the type of assay that is being performed in the fluidic device.
Preferably a subject quenching agent reduces an interfering
optical signal by at least about 95%, at least about 98%, at
least about 99%, at least about 99.9%, or more. In a preferred
embodiment the quenching agent reduces an interfering opti-
cal signal by about 99%. In another preferred embodiments
the waste chamber reduces optical interference by at least
about 99.5%. In more preferred embodiments the quenching
agent reduces optical interference by at least about 99.9%.
The quenching effect should preferably be rapid, typically
within a few minutes and more preferably within a few sec-
onds. It also should preferably be as complete as possible to
ensure the interference is reduced as much as possible. In
preferred embodiments the inactivation of the enzyme reac-
tion should be more than 99% complete before the optical
signal indicative of the presence of the analyte in the sample
is detected by any detection mechanism that may be used with
the fluidic device as described herein.

[0128] Insome embodiments the quenching agent can be a
chemical that is a strong non-volatile acid such as trichloro-
acetic acid or its salt sodium trichloracetate. The substance
can also be a strong alkali such as sodium hydroxide. Other
strong non-volatile acids and strong alkalis can be used in
accordance with the present invention. In some embodiments
the quenching agent reduces the optical interference by inhib-
iting the enzyme. In an ELISA, for example, the quenching
agent can interfere with the enzyme’s ability to convert the
substrate to produce a luminescent signal. Exemplary enzyme
inhibitors include lactose which inhibits the action of f-ga-
lactosidase on luminogenic galactosides, and phosphate salts
which inhibit phosphatases. In other embodiments the
quenching agent can reduce the interference by denaturing
the enzyme. Once denatured the enzyme it is unable to carry
out it enzymatic function and the optical interference is sup-
pressed or reduced. Exemplary denaturants include deter-
gents such as sodium dodecyl sulfate (SDS), heavy metal salts
such as mercuric acetate, or chelating agents such as EDTA
which can sequester metal ions essential for activity of certain
enzymes such as alkaline phosphatase. All types of surfac-
tants may be used including cationic (CTMAB) and anionic
(SDS). In a preferable embodiment, azobenzene compounds
can be used as a quenching agent.

[0129] Inaddition, the quenching agent can be a non-dena-
turing chemical that is incompatible with enzyme activity.
Exemplary chemicals include buffers and the like that change
the pH to a value where the enzyme becomes inactive and thus
unable to catalyze the production of the interfering signal.

[0130] Furthermore, the quenching agent can be, for
example, an organic charge-transfer molecule, including 7,7,
8,8-tetracyanoquinodimethane (TCNQ), 2,3.5,6-tetrafluoro-
7,7,8,8-tetracyanoquinodimethane (TFTCNQ), carbon nano-
tubes, mordant yellow 10 (MY) and 4-amino-1,1'-
azobenzene-3,4'-disulfonic acid (AB). In preferred
embodiments the azobenzene compounds are MY and AB, as
they are considerably more water-soluble than TCNQ,
TFTCNQ and carbon nanotubes. The structure of AB is
shown below in:
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[0131] In some embodiments the quenching agent can be
heavy atoms such as iodine which reduces the interference by
quenching a fluorescent species used to enhance a chemilu-
minescent signal. [n other embodiments the quenching agent
can be an organic compound with an absorption spectrum
overlapping the fluorescence emission spectrum of a fluores-
cent species used to enhance a chemiluminescent signal. In
some embodiments such a quenching agent is a dark
quencher such as a dispersion of carbon particles (for
example, carbon black, charcoal). Carbon can inactivate
chemiluminescence by absorbing actives species, and it is
also a very good quenching agent that is substantially inca-
pable of emitting fluorescence.

[0132] In yet some embodiments the quenching agent can
be an antioxidant, which can reduce the interference by dis-
rupting the chemiluminescent reaction. Quenching agents
that may be used in some embodiments of the invention
include but are not limited to Trolox, butylated hydroxytolu-
ene (BHT), ascorbic acid, citric acid, retinol, carotenoid tet-
penoids, non-carotenoid terpenoids, phenolic acids and their
esters, and bioflavinoids.

[0133] Instill other embodiments, the quenching agent can
be a singlet oxygen quencher, which can reduce the interfer-
ence by disrupting the chemiluminescent reaction. Some sin-
glet oxygen quenchers include but are not limited to 1,4
diazabicyclo[2,2,2]octane, thiol containing compounds such
as methionine or cysteine, and carotenoids such as lycopene.
In general, the substance used to impregnate or saturate the
absorbent material is preferably highly concentrated, typi-
cally in large molar excess of the assay reagents.

[0134] The fluidic device may be manufactured by stamp-
ing, thermal bonding, adhesives or, in the case of certain
substrates, for example, glass, or semi-rigid and non-rigid
polymeric substrates, a natural adhesion between the two
components. In some embodiments the fluidic device is
manufactured by ultrasonic or acoustic welding.

[0135] The present system also provides a fluidic device
thatcan run a variety of assays, regardless of the analyte being
detected from abodily fluid sample. A protocol dependent on
the identity of the fluidic device may be transferred from an
external device where it can be stored to a reader assembly to
enable the reader assembly to carry out the specific protocol
on the fluidic device. In preferred embodiments, the fluidic
device has an identifier (ID) that is detected or read by an
identifier detector described herein. The identifier detector
communicates with a communication assembly via a control-
ler which transmits the identifier to an external device. Where
desired, the external device sends a protocol stored on the
external device to the communication assembly based on the
identifier. The protocol to be run on the fluidic device may
comprise instructions to the controller of the reader assembly
to perform the protocol on the fluidic device, including but not
limited to a particular assay to be run and a detection method
to be performed. Once the assay is performed on the fluidic
device, a signal indicative of an analyte in the bodily fluid
sample is generated and detected by a detection assembly.
The detected signal may then be communicated to the com-
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munications assembly, where it can be transmitted to the
external device for processing, including without limitation,
calculation of the analyte concentration in the sample.
[0136] In some embodiments the identifier may be a bar
code identifier with a series of black and white lines, which
can be read by an identifier detector such as a bar code reader,
which are well known. Other identifiers could be a series of
alphanumerical values, colors, raised bumps, or any other
identifier which can be located on a fluidic device and be
detected or read by an identifier detector. In some embodi-
ments the identifier may comprise a storage or memory
device and can transmit information to an identification
detector. In some embodiments both techniques may be used.
[0137] Once a bodily fluid sample is provided to a fluidic
device, it is inserted in a reader assembly. In some embodi-
ments the fluidic device is partially inserted manually, and
then a mechanical switch in the reader assembly automati-
cally properly positions the fluidic device inside the reader
assembly. Any other mechanism known in theart for inserting
a disk or cartridge into a device may be used as well. In some
embodiments only manual insertion may be required.
[0138] In some embodiments the reader assembly com-
prises an identifier detector for detecting or reading an iden-
tifier on the fluidic device, a controller for automatically
controlling the detection assembly and also mechanical com-
ponents of the reader assembly, for example, pumps and/or
valves for controlling or directing fluid through the fluidic
device, a detection device for detecting a signal created by an
assay run on the fluidic device, and a communication assem-
bly for communicating with an external device.

[0139] An identifier detector detects an identifier on the
fluidic device which is communicated to a communication
assembly. In some embodiments the identifier detector can be
abar code scanner-like device, reading a bar code on a fluidic
device. The identifier detector may also be an LED that emits
light which can interact with an identifier which reflects light
and is measured by the identifier detector to determine the
identity of a fluidic device.

[0140] A reader assembly preferably houses a detection
assembly for detecting a signal produced by at least one assay
on the fluidic device. The detection assembly may be above
the fluidic device or at a different orientation in relation to the
fluidic device based on, for example, the type of assay being
performed and the detection mechanism being employed.
[0141] Inpreferred embodiments anoptical detector is used
as the detection device. Non-limiting examples include a
photodiode, photomultiplier tube (PMT), photon counting
detector, avalanche photo diode, or charge-coupled device
(CCD). In some embodiments a pin diode may be used. In
some embodiments a pin diode can be coupled to an amplifier
to create a detection device with a sensitivity comparable to a
PMT. Some assays may generate luminescence as described
herein. In some embodiments chemiluminescence is
detected. In some embodiments a detection assembly could
include a plurality of fiber optic cables connected as a bundle
to a CCD detector or to a PMT array. The fiber optic bundle
could be constructed of discrete fibers or of many small fibers
fused together to form a solid bundle. Such solid bundles are
commercially available and easily interfaced to CCD detec-
tors.

[0142] In some embodiments, the detection system may
comprise non-optical detectors or sensors for detecting a
particular parameter of a patient. Such sensors may include
temperature, conductivity, potentiometric, and amperomet-
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ric, for compounds that are oxidized or reduced, for example,
0,, H,0,, and 1,, or oxidizable/reducible organic com-
pounds.

[0143] A communication assembly is preferably housed
within the reader assembly and is capable of transmitting and
receiving information wirelessly from an external device.
Such wireless communication may be bluetooth or RTM
technology. Various communication methods can be utilized,
such as a dial-up wired connection with amodem, a direct link
such as a T1, ISDN, or cable line. In preferred embodiments
awireless connection is established using exemplary wireless
networks such as cellular, satellite, or pager networks, GPRS,
or a local data transport system such as Ethernet or token ring
over a local area network. In some embodiments the infor-
mation is encrypted before it is transmitted over a wireless
network. In some embodiments the communication assembly
may contain a wireless infrared communication component
for sending and receiving information.

[0144] Insomeembodiments the communication assembly
can have a memory or storage device, for example localized
RAM, in which the information collected can be stored. A
storage device may be required if information can not be
transmitted at a given time due to, for example, a temporary
inability to wirelessly connect to a network. The information
can be associated with the fluidic device identifier in the
storage device. In some embodiments the communication
assembly can retry sending the stored information after a
certain amount of time. In some embodiments the memory
device can store the information for a period of ten days
before it is erased.

[0145] In preferred embodiments an external device com-
municates with the communication assembly within the
reader assembly. An external device can wirelessly commu-
nicate with a reader assembly, but can also communicate with
a third party, including without limitation a patient, medical
personnel, clinicians, laboratory personnel, or others in the
health care industry.

[0146] In some embodiments the external device can be a
computer system, server, or other electronic device capable of
storing information or processing information. In some
embodiments the external device includes one or more com-
puter systems, servers, or other electronic devices capable of
storing information or processing information. In some
embodiments an external device may include a database of
patient information, for example but not limited to, medical
records or patient history, clinical trial records, or preclinical
trial records. In preferred embodiments, an external device
stores protocols to be run on a fluidic device which can be
transmitted to the communication assembly of a reader
assembly when it has received an identifier indicating which
fluidic device has been inserted in the reader assembly. In
some embodiments a protocol can be dependent on a fluidic
device identifier. In some embodiments the external device
stores more than one protocol for each fluidic device. In other
embodiments patient information on the external device
includes more than one protocol. In preferred embodiments
the external server stores mathematical algorithms to process
a photon count sent from a communication assembly and in
some embodiments to calculate the analyte concentrationin a
bodily fluid sample.

[0147] Insomeembodimentthe external device caninclude
one or more servers as are known in the art and commercially
available. Such servers can provide load balancing, task man-
agement, and backup capacity in the event of failure of one or
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more of the servers or other components of the external
device, to improve the availability of the server. A server can
also be implemented on a distributed network of storage and
processor units, as known in the art, wherein the data process-
ing according to the present invention reside on workstations
such as computers, thereby eliminating the need for a server.
[0148] A server can includes a database and system pro-
cesses. A database can reside within the server, or it can reside
on another server system that is accessible to the server. As the
information in a database may contains sensitive information,
a security system can be implemented that prevents unautho-
rized users from gaining access to the database.

[0149] One advantage of the present invention is that infor-
mation can be transmitted from the external device back to
not only the reader assembly, but to other parties or other
external devices, for example without limitation, a PDA or
cell phone. Such communication can be accomplished via a
wireless network as disclosed herein. In some embodiments a
calculated analyte concentration or other patient information
can be sent to, for example but not limited to, medical pet-
sonal or the patient.

Methods of Use

[0150] The subjectapparatus and systems provide an effec-
tive means for high throughput and real-time detection of
analytes presentina bodily fluid from a subject. The detection
methods may be used in a wide variety of circumstances
including identification and quantification of analytes that are
associated with specific biological processes, physiological
conditions, disorders or stages of disorders. As such, the
subject apparatus and systems have a broad spectrum of util-
ity in, for example, drug screening, disease diagnosis, phylo-
genetic classification, parental and forensic identification,
disease onset and recurrence, individual response to treat-
ment versus population bases, and monitoring of therapy. The
subject apparatus and systems are also particularly useful for
advancing preclinical and clinical stage of development of
therapeutics, improving patient compliance, monitoring
ADRs associated with a prescribed drug, developing indi-
vidualized medicine, outsourcing blood testing from the cen-
tral laboratory to the home or on a prescription basis, and
monitoring therapeutic agents following regulatory approval.
[0151] Accordingly, in one embodiment, the present inven-
tion provides a method of detecting an analyte in a bodily
fluid from a subject. The method involves the steps of a)
providing a subject fluidic device or system; b) allowing a
portion of said sample to react with assay reagents contained
within said assay assembly to yield a signal indicative of the
presence of said analyte in said sample; and c¢) detecting said
signal generated from said analyte collected in said sample of
bodily fluid. In one aspect, the invention may further com-
prise calibrating the measurement of said signal generated
from said analyte based upon a measurement by said calibra-
tion unit. In another aspect, the method may further comprise
the step of quantifying the amount of said analyte present in
said bodily fluid based on the measurement provided by the
calibration unit. The method can be employed to detect a
plurality of analytes and said fluidic device comprises immu-
noassay reagents for said plurality of analytes.

[0152] As used herein, the term “subject” or “patient” is
used interchangeably herein, which refers to a vertebrate,
preferably a mammal, more preferably a human. Mammals
include, but are not limited to, murines, simians, humans,
farm animals, sport animals, and pets.
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[0153] Insome embodiments a sample of bodily fluid can
first be provided to the fluidic device by any of the methods
described herein. The fluidic device can then be inserted into
the reader assembly. An identification detector housed within
the reader assembly can detect an identifier of the fluidic
device and communicate the identifier to a communication
assembly, which is preferably housed within the reader
assembly. The communication assembly then transmits the
identifier to an external device which transmits a protocol to
run on the fluidic device based on the identifier to the com-
munication assembly. In some embodiments the first step of
the assay is a wash cycle where all the surfaces within the
fluidic device are wetted using a wash buffer. The fluidic
device is then calibrated using a calibration assembly by
running the same reagents as will be used in the assay through
the calibration reaction sites, and then a luminescence signal
from the reactions sites is detected by the detection means,
and the signal is used in calibrating the fluidic device. The
sample containing the analyte is introduced into the fluidic
channel. The sample may be diluted and further separated
into plasma or other desired component by a filter. The sample
can also be separated into plasma by use of magnetic means.
The separated sample now flows through the reaction sites
and analytes present therein will bind to reactants bound
thereon. The plasma of the sample is then flushed out of the
reaction wells into a waste chamber. Depending on the assay
being run, appropriate reagents are directed through the reac-
tion sites to carry out the assay. All the wash buffers and other
reagents used in the various steps, including a calibration
step, are collected in wash tanks. The signal produced in the
reaction sites is then detected by any of the methods described
herein.

[0154] In some embodiments the method of detecting an
analyte in a bodily fluid from a subject includes metering a
predetermined portion of the sample to be assayed in the
sample collection unit and allowing the predetermined por-
tion of the sample to react with assay reagents contained
within the assay assembly to yield a signal indicative of the
presence of the analyte in the sample.

[0155] Inoneembodiment, the subject collects a sample of
bodily fluid with the sample dilution syringe. The syringe can
be inverted to re-suspend any magnetizable particles con-
tained therein. The sample can enter the syringe through a
capillary tube. In an embodiment measuring an analyte in a
blood sample, the subject performs a fingerstick and touches
the outer end of the glass capillary to the blood so that blood
is drawn by capillary action and fills the capillary with a
volume. In preferable embodiments, the sample volume is
known. In some embodiments, the sample volume is in the
range of about 5-20 microliters.

[0156] Thesample dilution syringe is reinserted into device
after collecting the sample. The entire device is then inserted
into the reader (instrument). In a preferred embodiment, the
rest of the steps of the method for conducting an assay are
performed automatically by a reader, optionally under pro-
gram control through a wireless link with a server.

[0157] Theinstrument pushes a piston vertically so that the
seal of the sample dilution syringe are displaced downwards
until fluid connection is made with a hole in fluid communi-
cation with the capillary tube. The sample and diluent are
displaced completely into the well and mixed together by a
moving magnetic field provided by the instrument. No liquid
proceeds down the capillary tube as it is sealed at its distal end
by a feature in the instrument. The sample collection unit
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allows for a precise sample dilution to occur because, at least,
the sample dilution syringe is adapted to provide a predeter-
mined volume of diluted sample to the sample collection well
because of the capillary tube and a precise volume of diluent
is stored in the sample dilution syringe. Because the diluent
volume is accurately filled during manufacturing, the sample
is diluted with a high degree of precision.

[0158] Inanembodiment analyzing a blood sample, thered
blood cells in a diluted sample co-agglutinate with the mag-
netizable particles aided by a solution phase antibody.
[0159] In another embodiment, a method and system is
provided to obtain a plasma sample substantially free of red
blood cells from a blood sample from the sample collection
unit. When conducting an immunoassay, the analytes are
typically contained in the blood plasma, and the red blood
cells can interfere with a reaction.

[0160] The sample is transferred from the sample dilution
syringe to a sample collection well in the device. The instru-
ment contains a method of offering a magnetic force to the
sample collection well. In the case of blood analysis, after a
short time, the magnetically susceptible mass ofred cells and
magnetizable particles are held in the well by the magnetic
force. By removing the red blood cells, a blood sample ana-
lyzed by the invention is intended to only comprise plasma
and diluent. The plasma and diluent can also be referred to
herein as a diluted plasma sample.

[0161] The sample cannot proceed from the sample collec-
tion well until a seal the well and a fluidic channel is opened
by the instrument. When the seal between the channel and the
instrument is opened, the sample moves by capillarity
through the fluid channel and vias.

[0162] 1In a preferable embodiment of the invention, the
instrument precisely and accurately controls the temperature
of the device. In a further embodiment, the temperature is in
the range of about 30-40 degrees Celsius.

[0163] As the sample flows through the device, it passes
through a fluidic channel with electrodes located within the
channel. The conductivity of the sample can be measured at
this point of the method. The method of measuring the con-
ductivity of a sample is described later herein.

[0164] Inanembodiment,the sample is a blood sample that
has had the red blood cells removed from the sample. The
sample has also been diluted with a diluent. The resulting
diluted plasma sample passes through the assay assembly for
analysis.

[0165] Before or after the conductivity of the sample has
been measured, the sample passes to one or more reaction
sites. At the reaction sites, the analytes bind to their respective
capture surfaces. Once the analytes have bound to the reaction
site, the sample is displaced after a known time by the liquid
reagents in turn flowing in the reverse direction to that by
which the sample entered the channel.

[0166] Each assay has its own set of reagents that flow
uniquely to the appropriate capture surfaces. Flow is initiated
by forcing each reservoir onto the corresponding needle until
the needle completely pierces the lower septum of the vial
containing the reagent. Liquid movement is propelled by
plungers in the instrument that engage the top septum of each
reagent reservoir. The plungers push the reagent through the
needles and into the reagent manifold then into the fluidic
channel. Each step for delivering the reagent to the reaction
site can be timed precisely and accurately. After one reagent
has been delivered and reacted, it can be displaced by another
reagent. The displaced reagent can then travel into a waste
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chamber surrounding the reaction site and be captured by an
absorbent material in the waste chamber.

[0167] In a preferable embodiment, the final step in the
assay is the reaction between enzyme captured on the capture
surfaces and a chemiluminogenic substrate. There is a known
relationship between the analyte concentration and the rate of
production of photons. This rate can be measured by the
instrument.

[0168] A variety of assays may be performed on a fluidic
device according to the present invention to detect an analyte
of interest in a sample. A wide diversity of labels is available
in the art that can be employed for conducting the subject
assays. In some embodiments labels are detectable by spec-
troscopic, photochemical, biochemical, immunochemical, or
chemical means. For example, useful nucleic acid labels
include 32P, 35S, fluorescent dyes, electron-dense reagents,
enzymes, biotin, dioxigenin, or haptens and proteins for
which antisera or monoclonal antibodies are available. A
wide variety of labels suitable for labeling biological compo-
nents are known and are reported extensively in both the
scientific and patent literature, and are generally applicable to
the present invention for the labeling of biclogical compo-
nents. Suitable labels include radionucleotides, enzymes,
substrates, cofactors, inhibitors, fluorescent moieties, chemi-
luminescent moieties, bioluminescent labels, or colorimetric
labels. Reagents defining assay specificity optionally include,
for example, monoclonal antibodies, polyclonal antibodies,
proteins, or other polymers such as affinity matrices, carbo-
hydrates or lipids. Detection can proceed by any of a variety
of known methods, including spectrophotometric or optical
tracking of radioactive, fluorescent, or luminescent markers,
or other methods which track a molecule based upon size,
charge or affinity. A detectable moiety can be of any material
having a detectable physical or chemical property. Such
detectable labels have been well-developed in the field of gel
electrophoresis, column chromatography, solid substrates,
spectroscopic techniques, and the like, and in general, labels
useful in such methods can be applied to the present inven-
tion. Thus, a label includes without limitation any composi-
tion detectable by spectroscopic, photochemical, biochemi-
cal, immunochemical, electrical, optical thermal, or other
chemical means.

[0169] In some embodiments the label is coupled directly
or indirectly to a molecule to be detected such as a product,
substrate, or enzyme, according to methods well known inthe
art. As indicated above, a wide variety of labels are used, with
the choice of label depending on the sensitivity required, ease
of conjugation of the compound, stability requirements,
available instrumentation, and disposal provisions. Non
radioactive labels are often attached by indirect means. Gen-
erally, a receptor specific to the analyte is linked to a signal
generating moiety. Sometimes the analyte receptor is linked
to an adaptor molecule (such as biotin or avidin) and the assay
reagent set includes a binding moiety (such as a biotinylated
reagent or avidin) that binds to the adaptor and to the analyte.
The analyte binds to a specific receptor on the reaction site. A
labeled reagent can form a sandwich-like complex in which
the analyte is in the center. The reagent can also compete with
the analyte for receptors on the reaction site or bind to vacant
receptors on the reaction site not occupied by analyte. The
label is either inherently detectable or covalently bound to a
signal system, such as a detectable enzyme, a fluorescent
compound, a chemiluminescent compound, or a chemilumi-
nogenic. A number of ligands and anti-ligands can be used.



US 2015/0168384 A1

Where a ligand has a natural anti-ligand, for example, biotin,
thyroxine, digoxigenin, and cortisol, it can be used in con-
junction with labeled, anti-ligands. Alternatively, any hap-
tenic or antigenic compound can be used in combination with
an antibody.

[0170] In some embodiments the label can also be conju-
gated directly to signal generating compounds, for example,
by conjugation with an enzyme or fluorophore. Enzymes of
interest as labels will primarily be hydrolases, particularly
phosphatases, esterases and glycosidases, or oxidoreduc-
tases, particularly peroxidases. Fluorescent compounds
include fluorescein and its derivatives, rhodamine and its
derivatives, dansyl, and umbelliferone. Chemiluminescent
compounds include dioxetanes, luciferin, and 2,3-dihydro-
phthalazinediones, such as luminol.

[0171] Methods of detecting labels are well known to those
of skill in the art. Thus, for example, where the label is
radioactive, means for detection include scintillation count-
ing or photographic films as in autoradiography. Where the
label is a fluorescent label, it may be detected by exciting the
fluorochrome with the appropriate wavelength of light and
detecting the resulting fluorescence by, for example, micros-
copy, visual inspection, via photographic film, by the use of
electronic detectors such as digital cameras, charge coupled
devices (CCDs) or photomultipliers and phototubes, or other
detection device. Similarly, enzymatic labels are detected by
providing appropriate substrates for the enzyme and detect-
ing the resulting reaction product. Finally, simple colorimet-
ric labels are often detected simply by observing the color
associated with the label. For example, conjugated gold often
appears pink, while various conjugated beads appear the
color of the bead.

[0172] Insome embodiments the detectable signal may be
provided by luminescence sources. “Luminescence” is the
term commonly used to refer to the emission of light from a
substance for any reason other than a rise inits temperature. In
general, atoms or molecules emit photons of electromagnetic
energy (for example, light) when then move from an “excited
state” to a lower energy state (usually the ground state). If
exciting cause is a photon, the luminescence process is
referred to as “photoluminescence”. If the exciting cause is an
electron, the luminescence process is referred to as “elec-
troluminescence”. More specifically, electroluminescence
results from the direct injection and removal of electrons to
form an electron-hole pair, and subsequent recombination of
the electron-hole pair to emit a photon. Luminescence which
results from a chemical reaction is usually referred to as
“chemiluminescence”. Luminescence produced by a living
organism is usually referred to as “bioluminescence”. If pho-
toluminescence is the result of a spin-allowed transition (for
example, a single-singlet transition, triplet-triplet transition),
the photoluminescence process is usually referred to as “fluo-
rescence”. Typically, fluorescence emissions do not persist
after the exciting cause is removed as a result of short-lived
excited states which may rapidly relax through such spin-
allowed transitions. If photoluminescence is the result of a
spin-forbidden transition (for example, a triplet-singlet tran-
sition), the photoluminescence process is usually referred to
as “phosphorescence”. Typically, phosphorescence emis-
sions persist long after the exciting cause is removed as a
result of long-lived excited states which may relax only
through such spin-forbidden transitions. A “luminescent
label” may have any one of the above-described properties.
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[0173] Suitable chemiluminescent sources include a com-
pound which becomes electronically excited by a chemical
reaction and may then emit light which serves as the detect-
able signal or donates energy to a fluorescent acceptor. A
diverse number of families of compounds have been found to
provide chemiluminescence under a variety or conditions.
One family of compounds is 2,3-dihydro-1,4-phthalazinedi-
one. A frequently used compound is luminol, which is a
5-amino compound. Other members of the family include the
S5-amino-6,7,8-trimethoxy- and the dimethylamino[ca]benz
analog. These compounds can be made to luminesce with
alkaline hydrogen peroxide or calcium hypochlorite and
base. Another family of compounds is the 2,4,5-triphenylimi-
dazoles, with lophine as the common name for the parent
product. Chemiluminescent analogs include para-dimethy-
lamino and -methoxy substituents. Chemiluminescence may
also be obtained with oxalates, usually oxalyl active esters,
for example, p-nitrophenyl and a peroxide such as hydrogen
peroxide, under basic conditions. Other useful chemilumi-
nescent compounds that are also known include —N-alkyl
acridinum esters and dioxetanes. Alternatively, luciferins
may be used in conjunction with luciferase or lucigenins to
provide bioluminescence.

[0174] Insome embodiments immunoassays are run on the
fluidic device. While competitive binding assays, which are
well known in the art, may be run in some embodiments, in
preferred embodiments a two-step method is used which
eliminates the need to mix a conjugate and a sample before
exposing the mixture to an antibody, which may be desirable
when very small volumes of sample and conjugate are used,
as in the fluidic device of the present invention. A two-step
assay has additional advantages over the competitive binding
assays when use with a fluidic device as described herein. It
combines the ease of use and high sensitivity of a sandwich
(competitive binding) immunoassay with the ability to assay
small molecules.

[0175] Inanexemplary two-step assay, the sample contain-
ing analyte first flows over a reaction site containing antibod-
ies. The antibodies bind the analyte present in the sample.
After the sample passes over the surface, a solution with
analyte conjugated to a marker at a high concentration is
passed over the surface. The conjugate saturates any of the
antibodies that have not yet bound the analyte. Before equi-
librium is reached and any displacement of pre-bound unla-
beled analyte occurs, the conjugate is washed off. The amount
of conjugate bound to the surface is then measured by the
appropriate technique, and the detected conjugate is inversely
proportional to the amount of analyte present in the sample.

[0176] An exemplary measuring technique for a two-step
assay is a chemiluminescence enzyme immunoassay. As is
known in the field, the marker can be a commercially avail-
able marker such as dioxitane-phosphate, which is not lumi-
nescent but becomes luminescent after hydrolysis by, for
example, alkaline phosphatase. An enzyme such as alkaline
phosphatase is also passed over the substrate to cause the
marker to luminesce. In some embodiments the substrate
solution is supplemented with enhancing agents such as,
without limitation, fluorescein in mixed micelles, soluble
polymers, or PVC which create a much brighter signal than
the luminophore alone. Moreover, an alkaline phosphatase
conjugate with a higher turnover number than that used in the
commercial assay is employed. This allows signal generation
to proceed much more rapidly and a higher overall signal is
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achieved. Use of a two-step binding assay thus contributes to
higher sensitivity capabilities of the present invention.
[0177] Additionally, TOSCA is less sensitive to matrix
effects than other methodologies. This allows one to work
with samples that have not been extensively pre-processed
using standard laboratory techniques such as, for example,
solid phase extraction and chromatography. Compared to
competitive binding assay, for all sample preparations (and
dilutions), TOSCA has better sensitivity than competitive
binding assays.

[0178] The term “analytes” according to the present inven-
tion includes without limitation drugs, prodrugs, pharmaceu-
tical agents, drug metabolites, biomarkers such as expressed
proteins and cell markers, antibodies, serum proteins, choles-
terol, polysaccharides, nucleic acids, biological analytes,
biomarker, gene, protein, or hormone, or any combination
thereof. At a molecular level, the analytes can be polypeptide
glycoprotein, polysaccharide, lipid, nucleic acid, and a com-
bination thereof.

[0179] Of particular interest are biomarkers are associated
with a particular disease or with a specific disease stage. Such
analytes include but are not limited to those associated with
autoimmune diseases, obesity, hypertension, diabetes, neu-
ronal and/or muscular degenerative diseases, cardiac dis-
eases, endocrine disorders, any combinations thereof.
[0180] Of also interest are biomarkers that are present in
varying abundance in one or more of the body tissues includ-
ing heart, liver, prostate, lung, kidney, bone marrow, blood,
skin, bladder, brain, muscles, nerves, and selected tissues that
are affected by various disease, such as different types of
cancer (malignant or non-metastatic), autoimmune diseases,
inflammatory or degenerative diseases.

[0181] Also of interest are analytes that are indicative of a
microorganism. Exemplary microorganisms include but are
not limited to bacterium, virus, fungus and protozoa. Analytes
that can be detected by the subject method also include blood-
born pathogens selected from a non-limiting group that con-
sists of Staphylococcus epidermidis, Escherichia coli, methi-
cillin-resistant ~ Staphylococcus ~ aureus ~ (MSRA),
Staphylococcus aureus, Staphylococcus hominis, Enterococ-
cus faecalis, Pseudomonas aeruginosa, Staphylococcus
capitis, Staphylococcus warneri, Klebsiella preumoniae,
Haemophilus influnzae, Staphylococcus simulans, Strepto-
coccus pneumoniae and Candida albicans.

[0182] Analytes that can be detected by the subject method
also encompass a variety of sexually transmitted diseases
selected from the following: gonorrhea (Neisseria gor-
rhoeae), syphilis (Treponena pallidum), clamydia (Clamyda
tracomitis), nongonococcal urethritis (Ureaplasm urealyti-
cum), yeastinfection (Candida albicans), chancroid (Haemo-
philus ducreyi), trichomoniasis (Trichomonas vaginalis),
genital herpes (HSV type I & 1), HIV I, HIV Il and hepatitis
A, B, C, G, as well as hepatitis caused by TTV.

[0183] Additional analytes that can be detected by the sub-
ject methods encompass a diversity of respiratory pathogens
including but not limited to Pseudomonas aeruginosa, methi-
cillin-resistant Staphlococccus aureus (MSRA), Klebsiella
preumoniae, Haemophilis influenzae, Staphlococcus aureus,
Stenotrophomonas maltophilia, Haemophilis parainfluen-
zae, Escherichia coli, Enterococcus faecalis, Serratia marce-
scens, Haemophilis parahaemolyticus, Enterococcus cloa-
cae, Candida  albicans, Moraxiella  catarrhalis,
Streptococcus pneumoniae, Citrobacter freundii, Enterococ-
cus faecium, Klebsella oxytoca, Pseudomonas fluorscens,
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Neiseria meningitidis, Streptococcus pyogenes, Preumocys-
tis carinii, Klebsella pneumoniae Legionella pneumophila,
Mycoplasma pneumoniae, and Mycobacterium tuberculosis.
[0184] Listed below are additional exemplary markers
according to the present invention: Theophylline, CRP,
CKMB, PSA, Myoglobin, CA125, Progesterone, TxB2,
6-keto-PGF-1-alpha, and Theophylline, Estradiol, Luteniz-
ing hormone, High sensitivity CRP, Triglycerides, Tryptase,
Low density lipoprotein Cholesterol, High density lipopro-
tein Cholesterol, Cholesterol, IGFR.

[0185] Exemplary liver markers include without limitation
LDH, (LD5), (ALT), Arginase 1 (liver type), Alpha-fetopro-
tein (AFP), Alkaline phosphatase, Alanine aminotransferase,
Lactate dehydrogenase, and Bilirubin.

[0186] Exemplary kidney markers include without limita-
tion TNFa Receptor, Cystatin C, Lipocalin-type urinary pros-
taglandin D, synthatase (LPGDS), Hepatocyte growth factor
receptor, Polycystin 2, Polycystin 1, Fibrocystin, Uromodu-
lin, Alanine, aminopeptidase, N-acetyl-B-D-glucosamini-
dase, Albumin, and Retinol-binding protein (RBP).

[0187] Exemplary heart markes include without limitation
Troponin I (Tnl), Troponin T (TnT), CK, CKMB, Myoglo-
bin, Fatty acid binding protein (FABP), CRP, D-dimer, S-100
protein, BNP, NT-proBNP, PAPP-A, Myeloperoxidase
(MPO), Glycogen phosphorylase isoenzyme BB (GPBB),
Thrombin Activatable Fibrinolysis Inhibitor (TAFI), Fibrino-
gen, Ischemia modified albumin (IMA), Cardiotrophin-1,
and MLC-I (Myosin Light Chain-I).

[0188] Exemplary pancrease markers include without limi-
tation Amylase, Pancreatitis-Assocoated protein (PAP-1),
and Regeneratein proteins (REG).

[0189] Exemplary muscle tissue markers include without
limitation Myostatin.

[0190] Exemplary blood markers include without limita-
tion Erythopoeitin (EPO).

[0191] Exemplary bone markers include without limita-
tion, Cross-linked N-telopeptides of bone type I collagen
(NTx) Carboxyterminal cross-linking telopeptide of bone
collagen, Lysyl-pyridinoline (deoxypyridinoline), Pyridino-
line, Tartrate-resistant acid phosphatase, Procollagen type I C
propeptide, Procollagen type 1 N propeptide, Osteocalcin
(bone gla-protein), Alkaline phosphatase, Cathepsin K,
COMP (Cartillage Oligimeric Matrix Protein), Osteocrin
Osteoprotegerin (OPG), RANKL, sSRANK, TRAP 5 (TRACP
5), Osteoblast Specific Factor 1 (OSF-1, Pleiotrophin),
Soluble cell adhesion molecules, sT{R, sCD4, sCDS, sCD44,
and Osteoblast Specific Factor 2 (OSF-2, Periostin).

[0192] In some embodiments markers according to the
present invention are disease specific. Exemplary cancer
markers include without limitation PSA (total prostate spe-
cific antigen), Creatinine, Prostatic acid phosphatase, PSA
complexes, Prostrate-specific gene-1, CA 12-5, Carcinoem-
bryonic Antigen (CEA), Alpha feto protein (AFP), hCG (Hu-
man chorionic gonadotropin), Inhibin, CAA Ovarian C1824,
CA 27.29, CA 15-3, CAA Breast C1924, Her-2, Pancreatic,
CA 19-9, Carcinoembryonic Antigen, CAA pancreatic, Neu-
ron-specific enolase, Angiostatin DcR3 (Soluble decoy
receptor 3), Endostatin, Ep-CAM (MK-1), Free Immunoglo-
bulin Light Chain Kappa, Free Inmunoglobulin Light Chain
Lambda, Herstatin, Chromogranin A, Adrenomedullin, Inte-
grin, Epidermal growth factor receptor, Epidermal growth
factor receptor-Tyrosine kinase, Pro-adrenomedullin N-ter-
minal 20 peptide, Vascular endothelial growth factor, Vascu-
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lar endothelial growth factor receptor, Stem cell factor recep-
tor, ¢c-kit/KDR, KDR, and Midkine.

[0193] Exemplary infectious disease markers include with-
out limitation Viremia, Bacteremia, Sepsis, PMN Elastase,
PMN elastase/c.1-P1 complex, Surfactant Protein D (SP-D),
HBVc antigen, HBVs antigen, Anti-HBV¢, Anti-HIV, T-su-
pressor cell antigen, T-cell antigen ratio, T-helper cell antigen,
Anti-HCV, Pyrogens, p24 antigen, Muramyl-dipeptide.
[0194] Exemplary diabetes markers include without limi-
tation C-Peptide, Hemoglobin Alc, Glycated albumin,
Advanced glycosylation end products (AGEs), 1,5-anhydro-
glucitol, Gastric Inhibitory Polypeptide, Glucose, Hemoglo-
bin, ANGPTL3 and 4.

[0195] Exemplary inflammation markers include without
limitation Rheumatoid factor (RF), Antinuclear Antibody
(ANA), C-reactive protein (CRP), Clara Cell Protein (Utero-
globin).

[0196] Exemplary allergy markers include without limita-
tion Total IgE and Specific IgE.

[0197] Exemplary autism markers include without limita-
tion Ceruloplasmin, Metalothioneine, Zinc, Copper, B6, B12,
Glutathione, Alkaline phosphatase, and Activation of apo-
alkaline phosphatase.

[0198] Exemplary coagulation disorders markers include
without limitation b-Thromboglobulin, Platelet factor 4, Von
Willebrand factor.

[0199] In some embodiments a marker may be therapy
specific. COX inhibitors include without limitation TxB2
(Cox-1), 6-keto-PGF-1-alpha (Cox 2), 11-Dehydro-TxB-1a
(Cox-1).

[0200] Other markers of the present include without limi-
tation Leptin, Leptin receptor, and Procalcitonin, Brain S100
protein, Substance P, 8-Iso-PGF-2a.

[0201] Exemplary geriatric markers include without limi-
tation, Neuron-specific enolase, GFAP, and S100B.

[0202] Exemplary markers of nutritional status include
without limitation Prealbumin, Albumin, Retinol-binding
protein (RBP), Transferrin, Acylation-Stimulating Protein
(ASP), Adiponectin, Agouti-Related Protein (AgRP),
Angiopoietin-like Protein 4 (ANGPTL4, FIAF), C-peptide,
AFABP (Adipocyte Fatty Acid Binding Protein, FABP4)
Acylation-Stimulating Protein (ASP), EFABP (Epidermal
Fatty Acid Binding Protein, FABPS), Glicentin, Glucagon,
Glucagon-Like Peptide-1, Glucagon-Like Peptide-2, Ghre-
lin, Insulin, Leptin, Leptin Receptor, PYY, RELMs, Resistin,
amd sTfR (soluble Transferrin Receptor).

[0203] Exemplary markers of Lipid metabolism include
without limitation Apo-lipoproteins (several), Apo-Al, Apo-
B, Apo-C-CII, Apo-D, Apo-E.

[0204] Exemplary coagulation status markers include with-
out limitation Factor I: Fibrinogen, Factor II: Prothrombin,
Factor III: Tissue factor, Factor IV: Calcium, Factor V: Proac-
celerin, Factor VI, Factor VII: Proconvertin, Factor VIII:
Anti-hemolytic factor, Factor IX: Christmas factor, Factor X:
Stuart-Prower factor, Factor X1I: Plasma thromboplastin ante-
cedent, Factor XII: Hageman factor, Factor X1III: Fibrin-sta-
bilizing factor, Prekallikrein, High-molecular-weight kinino-
gen, Protein C, Protein S, D-dimer, Tissue plasminogen
activator, Plasminogen, a2-Antiplasmin, Plasminogen activa-
tor inhibitor 1 (PAI1).

[0205] Exemplary monoclonal antibodies include those for
EGFR, ErbB2, and IGFIR.
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[0206] Exemplary tyrosine kinase inhibitors include with-
out limitation Ab1, Kit, PDGFR, Src, ErbB2, EtbB 4, EGFR,
EphB, VEGFR1-4, PDGFRb, FLt3, FGFR, PKC, Met, Tie2,
RAF, and TrkA.

[0207] Exemplary Serine/Threoline Kinas Inhibitors
include without limitation AKT, Aurora A/B/B, CDK, CDK
(pan), CDK1-2, VEGFR2, PDGFRb, CDK4/6, MEK1-2,
mTOR, and PKC-beta.

[0208] GPCR targets include without limitation Histamine
Receptors, Serotonin Receptors, Angiotensin Receptors,
Adrenoreceptors, Muscarinic Acetylcholine Receptors,
GnRH Receptors, Dopamine Receptors, Prostaglandin
Receptors, and ADP Receptors.

[0209] In a separate embodiment, the present invention
provides a method of monitoring more than one pharmaco-
logical parameter useful for assessing efficacy and/or toxicity
of a therapeutic agent. The method comprises subjecting a
sample of bodily fluid from a subject administered with the
therapeutic agent to a fluidic device for monitoring said more
than one pharmacological parameter, said fluidic device com-
prising at least one sample collection unit, and an assay
assembly comprising reaction reagents; allowing said sample
of bodily fluid to react with immunoassay reagents to yield
detectable signals indicative of the values of the more than
one pharmacological parameter from said sample; and detect-
ing said detectable signal generated from said sample of
bodily fluid. Where desired, the method further involves
repeating the steps at a time interval prompted by a wireless
signal communicated to the subject.

[0210] For the purposes of this invention, a “therapeutic
agent” is intended to include any substances that have thera-
peutic utility and/or potential. Such substances include but
are not limited to biological or chemical compounds such as
a simple or complex organic or inorganic molecule, peptides,
proteins (for example antibodies) or a polynucleotide (for
example anti-sense). A vast array of compounds can be syn-
thesized, for example polymers, such as polypeptides and
polynucleotides, and synthetic organic compounds based on
various core structures, and these are also included in the term
“therapeutic agent”. In addition, various natural sources can
provide compounds for screening, such as plant or animal
extracts, and the like. It should be understood, although not
always explicitly stated that the agent is used alone or in
combination with another agent, having the same or different
biological activity as the agents identified by the inventive
screen. The agents and methods also are intended to be com-
bined with other therapies.

[0211] Pharmacodynamic (PD) parameters according to
the present invention include without limitation physical
parameters such as temperature, heart rate/pulse, blood pres-
sure, and respiratory rate, and biomarkers such as proteins,
cells, and cell markers. Biomarkers could be indicative of
disease or could be a result of the action of a drug. Pharma-
cokinetic (PK) parameters according to the present invention
include without limitation drug and drug metabolite concen-
tration. Identifying and quantifying the PK parameters in real
time from a sample volume is extremely desirable for proper
safety and efficacy of drugs. If the drug and metabolite con-
centrations are outside a desired range and/or unexpected
metabolites are generated due to an unexpected reaction to the
drug, immediate action may be necessary to ensure the safety
of the patient. Similarly, if any of the pharmacodynamic (PD)
parameters fall outside the desired range during a treatment
regime, immediate action may have to be taken as well.
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[0212] In preferred embodiments physical parameter data
is stored in or compared to store profiles of physical param-
eter data in a bioinformatics system which may be on an
external device incorporating pharmacogenomic and phar-
macokinetic data into its models for the determination of
toxicity and dosing. Not only does this generate data for
clinical trials years prior to current processes but also enables
the elimination of current disparities between apparent effi-
cacy and actual toxicity of drugs through real-time continu-
ous monitoring. During the go/no go decision process in
clinical studies, large scale comparative population studies
can be conducted with the data stored on the database. This
compilation of data and real-time monitoring allows more
patients to enter clinical trials in a safe fashion earlier than
currently allowed. In another embodiment biomarkers dis-
covered in human tissue studies can be targeted by the device
for improved accuracy in determining drug pathways and
efficacy in cancer studies.

[0213] In another embodiment, the present invention pro-
vides a method of detecting at least two distinct analytes of
different concentrations in a bodily fluid from a subject com-
prises providing a fluidic device comprising a sample collec-
tion unit, an assay assembly, and a plurality of channels in
fluid communication with said sample collection unit and/or
said assay assembly; allowing a sample of bodily fluid to react
with a plurality of reactants contained in said assay assembly
to yield signals indicative of the concentrations of said at least
two analytes; and detecting said signals that are indicative of
the presence or absence of the at least two distinct analytes,
wherein said signals are detectable over a range of 3 orders of
magnitude.

[0214] Currently, a need exists for the detecting more than
one analyte where the analytes are present in widely varying
concentration range, for example, one analyte is in the pg/ml
concentration and another is in the ng/ml concentration.
TOSCA described herein has the ability to simultaneously
assay analytes that are present in the same sample in a wide
concentration range. Another advantage for being able to
detect concentrations of different analytes present in a wide
concentration range is the ability to relate the ratios of the
concentration of these analytes to safety and efficacy of mul-
tiple drugs administered to a patient. For example, unex-
pected drug-drug interactions can be a common cause of
adverse drug reactions. A real-time, concurrent measurement
technique for measuring different analytes would help avoid
the potentially disastrous consequence of adverse drug-drug
interactions.

[0215] Being able to monitoring the rate of change of an
analyte concentration or PD or PK over a period of time in a
single subject, or performing trend analysis on the concentra-
tion, PD, or PK, whether they are concentrations of drugs or
their metabolites, can help prevent potentially dangerous situ-
ations. For example, if glucose were the analyte of interest,
the concentration of glucose in a sample at a given time as
well as the rate of change of the glucose concentration over a
given period of time could be highly useful in predicting and
avoiding, for example, hypoglycemic events. Such trend
analysis has widespread beneficial implications in drug dos-
ing regimen. When multiple drugs and their metabolites are
concerned, the ability to spot a trend and take proactive mea-
sures 1s often desirable.
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[0216] Accordingly, the data generated with the use of the
subject fluidic devices and systems can be utilized for per-
forming a trend analysis on the concentration of an analyte in
a subject.

[0217] In some embodiments, a method of detecting an
analyte in a bodily fluid from a subject using an assay trans-
mitted from an external device is provided. The method com-
prises providing a fluidic device comprising at least one
sample collection unit and an immunoassay assembly con-
taining immunoassay reagents; detecting said fluidic device
and wirelessly transmitting an immunoassay protocol to said
device; allowing a sample of bodily fluid to react with immu-
noassay reagents to yield a detectable signal indicative of the
presence of said analyte using said transmitted immunoassay
protocol; and detecting said detectable signal.

[0218] Communication between a reader assembly and an
external storage device allows for a reader assembly of the
present invention to download a fluidic device-specific pro-
tocol to run on the fluidic device based on the identity of the
fluidic device. This allows a reader assembly to be used inter-
changeably with any appropriate fluidic device described
herein. In addition, the external device can store a plurality of
protocols associated with a given fluidic device, and depend-
ing on, for example, a subject’s treatment regime or plan,
different protocols can be communicated from the external
device to the reader assembly to be run on the fluidic device to
detect a variety of analytes. The external device can also store
a plurality of protocols associated not only with a fluidic
device, but also with a particular subject or subjects, such that
a protocol can be associated with a subject as well as with a
fluidic device.

[0219] In some embodiments, the present invention pro-
vides a business method of assisting a clinician in providing
an individualized medical treatment comprises collecting at
least one pharmacological parameter from an individual
receiving a medication, said collecting step is effected by
subjecting a sample of bodily fluid to reactants contained in a
fluidic device, which is provided to said individual to yield a
detectable signal indicative of said at least one pharmacologi-
cal parameter; and cross referencing with the aid of a com-
puter medical records of said individual with the at least one
pharmacological parameter of said individual, thereby assist-
ing said clinician in providing individualized medical treat-
ment.

[0220] The present invention allows for automatic quanti-
fication of a pharmacological parameter of a patient as well as
automatic comparison of the parameter with, for example, the
patient’s medical records which may include a history of the
monitored parameter, or medical records of another group of
subjects. Coupling real-time analyte monitoring with an
external device which can store data as well as perform any
type of data processing or algorithm, for example, provides a
device that can assist with typical patient care which can
include, for example, comparing current patient data with
past patient data. The present invention therefore creates a
business method which effectively performs at least part of
the monitoring of a patient that is currently performed by
medical personnel.

[0221] In some embodiments, the present invention pro-
vides a business method of monitoring a clinical trial of a
pharmaceutical agent comprises collecting at least one phar-
macological parameter from a subject in said clinical trial at
a plurality of time intervals, said collecting step is effected at
each time interval by subjecting a sample of bodily fluid from
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said subject to reactants contained in a fluidic device, wherein
said fluidic device is provided to said subject to yield detect-
able signals indicative of the values of said at least one phar-
macological parameter at a plurality of time intervals; com-
paring the detected values to a threshold value predetermined
for said pharmacological parameter; notifying a clinician
and/or a sponsor involved in said clinical trial when a statis-
tically significant discrepancy exists between the detected
values and the threshold value. Such business methods can
provide rapidly publishing or generating early reads on new
indications, both with respect to sub-patient populations and
indications, as well as ameliorating safety concerns. Such
methods are also amenable to conducting a trial involving
multiple compounds. In this way, multiple compounds can be
taken into serially in patient groups by leveraging this inte-
grated, actionable system.

[0222] One advantage of the current invention is that assay
results can be substantially immediately communicated to
any third party that may benefit from obtaining the results. For
example, once the analyte concentration is determined at the
external device, it can be transmitted to a patient or medical
personnel who may need to take further action. The commu-
nication step to a third party can be performed wirelessly as
described herein, and by transmitting the data to a third par-
ty’s hand held device, the third party can be notified of the
assay results virtually anytime and anywhere. Thus, in a time-
sensitive scenario, a patient may be contacted immediately
anywhere if urgent medical action may be required.

[0223] In some embodiments a method of automatically
selecting a protocol to be run on a fluidic device comprises
providing a fluidic device comprising an identifier detector
and an identifier; detecting said identifier with said identifier
detector; transferring said identifier to an external device; and
selecting a protocol to be run on said fluidic device from a
plurality of protocols on said external device associated with
said identifier.

[0224] By detecting each fluidic device based on an iden-
tifier associated with the fluidic device after it is inserted in
the reader assembly, the system of the present invention
allows for fluidic device-specific protocols to be downloaded
from an external device and run on the fluidic device. In some
embodiments the external device can store a plurality of pro-
tocols associated with the fluidic device or associated with a
particular patient or group of patients. For example, when the
identifier is transmitted to the external device, software on the
external device can obtain the identifier. Once obtained, soft-
ware on the external device, such as a database, can use the
identifier to identify protocols stored in the database associ-
ated with the identifier. If only one protocol is associated with
the identifier, for example, the database can select the proto-
col and software on the external device can then transmit the
protocol to the communication assembly on the reader assem-
bly. The ability to use protocols specifically associated with a
fluidic device allows for any appropriate fluidic device to be
used with a single reader assembly, and thus virtually any
analyte of interest can be detected with a single reader assem-
bly.

[0225] In some embodiments multiple protocols may be
associated with a single identifier. For example, if it is ben-
eficial to detect from the same patient an analyte once a week,
and another analyte twice a week, protocols on the external
device associated with the identifier can also each be associ-
ated with a different day of the week, so that when the iden-
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tifier is detected, the software on the external device can select
aspecific protocol that is associated with the day of the week.
[0226] In some embodiments a patient may be provided
with a plurality of fluidic devices to use to detect a variety of
analytes. A subject may, for example, use different fluidic
devices on different days of the week. In some embodiments
the software on the external device associating the identifier
with a protocol may include a process to compare the current
day with the day the fluidic device is to be used based on a
clinical trial for example. If for example, the two days of the
week are not identical, the external device can wirelessly send
notification to the subject using any of the methods described
herein or known in the art to notify them that an incorrect
fluidic device is in the reader assembly and also ofthe correct
fluidic device to use that day. This example is only illustrative
and can easily be extended to, for example, notifying a subject
thata fluidic device is not being used at the correct time of day.
[0227] In some embodiments, the present invention pro-
vides a method of obtaining pharmacological data useful for
assessing efficacy and/or toxicity of a pharmaceutical agent
from a test animal utilizing the subject fluidic devices or
systems.

[0228] When using laboratory animals in preclinical test-
ing of a pharmaceutical agent, it is often necessary to kill the
test subject to extract enough blood to perform an assay to
detect an analyte of interest. This has both financial and
ethical implications, and as such it may be advantageous to be
able to draw an amount of blood from a test animal such that
the animal does not need to be killed. In addition, this can also
allow the same test animal to be tested with multiple pharma-
ceutical agents at different times, thus allowing for a more
effective preclinical trial. On average, the total blood volume
in a mouse, for example, is 6-8 ml of blood per 100 gram of
body weight. A benefit of the current invention is that only a
very small volume of blood is required to perform preclinical
trials on mice or other small laboratory animals. In some
embodiment between about 1 microliter and about 50 micro-
liters are drawn. In an embodiment between about 1 microli-
ter and 10 microliters are drawn. In preferred embodiments
about 5 microliters of blood are drawn.

[0229] A further advantage of keeping the test animal alive
is evident in a preclinical time course study. When multiple
mice, for example, are used to monitor the levels of an analyte
in a test subject’s bodily fluid over time, the added variable of
using multiple subjects is introduced into the trial. When,
however, a single test animal can be used as its own control
over a course of time, a more accurate and beneficial preclini-
cal trial can be performed.

[0230] In some embodiments a method of automatically
monitoring patient compliance with a medical treatment
using the subject fluidic devices or systems is provided. The
method comprises the steps of allowing a sample of bodily
fluid to react with assay reagents in a fluidic device to yield a
detectable signal indicative of the presence of an analyte in
said sample; detecting said signal with said fluidic device;
comparing said signal with a known profile associated with
said medical treatment to determine if said patient is compli-
ant or noncompliant with said medical treatment; and notify-
ing a patient of said compliance or noncompliance.

[0231] Noncompliance with a medical treatment, including
a clinical trial, can seriously undermine the efficacy of the
treatment or trial. As such, in some embodiments the system
of the present invention can be used to monitor patient com-
pliance and notify the patient or other medical personnel of
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such noncompliance. For example, a patient taking a phar-
maceutical agent as part of medical treatment plan can take a
bodily fluid sample which is assayed as described herein, but
a metabolite concentration, for example, detected by the
reader assembly may be at an elevated level compared to a
known profile that will indicate multiple doses of the phar-
maceutical agent have been taken. The patient or medical
personnel may be notified of such noncompliance via any or
the wireless methods discussed herein, including without
limitation notification via a handheld device such a PDA or
cell phone. Such a known profile may be located or stored on
an external device described herein.

[0232] In some embodiments noncompliance may include
taking an improper dose of a pharmaceutical agent including
without limitation multiple doses and no doses, or may
include inappropriately mixing pharmaceutical agents. In
preferred embodiments a patient is notified substantially
immediately after the signal is compared with a known pro-
file.

[0233] A patient or subject of a clinical trial may forget to
take a bodily fluid sample as described herein. In some
embodiments a method of alerting a patient to test a sample of
bodily fluid using a fluidic device as described herein com-
prises providing a protocol to be run on said fluid device, said
protocol located on an external device, associated with said
patient, and comprising a time and date to test said sample of
bodily fluid; and notifying patient to test said bodily fluid on
said date and time if said sample has not been tested. In some
embodiments a patient can be notified wirelessly as described
herein.

[0234] A patient may be provided with a fluidic device or
devices when procuring a prescription of drugs by any com-
mon methods, for example, at a pharmacy. Likewise, a clini-
cal trial subject may be provided with such devices when
starting a clinical trial. The patient or subject’s contact infor-
mation, including without limitation cell phone, email
address, text messaging address, or other means of wireless
communication, may at that time be entered into the external
device and associated with the patient or subject as described
herein, for example, in a database. Software on the external
device may include a script or other program that can detect
when a signal generated from a detection device has not yet
been sent to the external device, for example at a given time,
and the external device can then send an alert notifying the
patient to take a bodily fluid sample.

Methods of Measuring a Plasma Dilution Ratio

[0235] In another aspect, the present invention provides a
method of measuring plasma concentration in a blood
sample. The method comprises the steps of running a current
through the sample and measuring the conductivity of the
sample. In a related but separate embodiment, the present
invention provides a method of calculating an apparent dilu-
tion ratio utilized in diluting a blood sample for running a
blood test. This method comprises the steps of (a) providing
a plasma sample derived from a diluted blood sample; (b)
measuring conductivity of the plasma sample; and d) com-
paring the measured conductivity to a set of predetermined
values showing relationship of conductivity values and dilu-
tion ratios that are employed to dilute a blood sample, thereby
calculating the apparent dilution ratio.

[0236] The device of the invention can be constructed to
detect an analyte utilizing a small volume of bodily fluid. A
workable volume of bodily fluid may range from about 1
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microliter to about 500 microliters, from about 1 microliter to
about 100 microliters, from about 1 microliter to about 50
microliters, from about 1 microliter to about 30, 20, or even
10 microliters.

[0237] When such a sample is diluted, the measurement of
the analyte in the sample depends on the concentration of the
sample in the sample diluent solution. Traditionally, the
sample and the diluent have been carefully metered and the
calculation of the concentration of the sample in a diluted
solution was calculated based on the ratio of sample to dilu-
ent. In the case of dilution, there can be a target of staying
within 2% of the metered volumes. This requires a precision
of 0.2 microliters for a 10 microliter blood sample. In an
embodiment where the sample is blood, wherein the whole
blood is a somewhat viscous fluid comprising a high volume
fraction (28-58%) of blood cells, it is often more difficult to
meter than water or other simple aqueous liquids. It can be
difficult to extract and recover blood plasma from such a
small sample. The theoretical maximum recoverable volume
of blood plasma from a 10 microliter blood sample with a
50% hematocrit is typically 5 microliters.

[0238] It can be advantageous to first dilute the blood
sample and then remove the red cells to retrieve only a plasma
diluent solution (or a plasma dilution sample). The problem
introduced by this approach is that the hematocrit (the per-
centage of red blood cells in blood) has a wide variance,
typically from ~28-58% in adults. Therefore, the volume and
percentage of the blood plasma recovered can vary signifi-
cantly from patient to patient. To determine the amount of
analyte ina blood sample, the result needs to be concentration
per the amount of plasma (or serum) to correspond with
clinical laboratory results.

[0239] Furthermore, single use devices intended for point-
of-care applications suffer from the risk that the user will not
provide a sample of sufficient volume and the resulting ana-
Iytical result will be in error. Even when the device is
designed automatically to meter the correct volume of blood,
users can compromise the operation of the device if the drop
of blood obtained is insufficient or the user fails to contact the
device to the blood drop long enough.

[0240] A method to measure the percentage of plasma in a
diluted plasma sample is disclosed. The method solves some
of blood processing problems described herein. Since the
measurement is made after all blood cells have been removed,
it can be made independent of the hematocrit. The method
enables a method of pre-treating a blood sample wherein the
blood is first diluted and then processed for red cell removal.
Very precise metering of the initial blood sample and the
diluent is no longer a strict requirement as small errors in
dilution will be detected by the plasma percentage measure-
ment. The method enables the reduction of the blood volume
required by the device.

[0241] The device of the invention comprises a calibration
unit, wherein the calibration unit can comprise two electrodes
precisely and accurately positioned therein with fixed and
precise dimensions. When diluted plasma travels over the
electrodes, the plasma dilution conductivity can be measured.
It is preferred that the temperature of the calibration unit is
controlled and fixed. When an AC voltage is applied to the
sample, the impedance is inversely related to the relative
concentration of plasma.

[0242] A block diagram of the circuit is shown in FIG. 10.
An AC waveform is sent by the microprocessor and driven
through the sample via the electrodes. The signal is attenuated
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by an amount proportional to the conductivity of the sample.
The resultant signal is then amplified, reshaped, buffered and
sent back to the microprocessor, which then outputs a DC
voltage that correlates with the conductivity of the sample.

[0243] Inanembodiment of the device of the invention, the
electrodes can be embedded in the straight sample inlet chan-
nel before a reaction site. An example of a channel adjacent to
electrodes is illustrated in FIG. 11. Variations to the conduc-
tivity cell can be made to accommodate sample size and
accessibility.

[0244] In an embodiment, the material of the electrodes is
stainless steel. Other materials that can be used include, but
are not limited to, platinum, nickel, and gold. In preferable
embodiments, the material of the electrodes is inert. In some
embodiments, the device of the invention is intended for
single use and the electrode material is chosen based on cost
efficiency.

[0245] Inanexample, the spacing of the electrodes is § mm
and each electrode is 1.5 mm in diameter. In other embodi-
ments, the spacing can be of a range of about 5-20 mm.

[0246] To measure the conductivity of a diluted plasma
sample, the fact that the conductivity of whole plasma is a
tightly controlled parameter can be taken advantage of. The
total conductivity of blood plasma is primarily attributed to
the concentration of sodium and chloride ions, which is rela-
tively constant among most people. The sodium ion concen-
tration in plasma varies from 136-143 mg/ml (Tietz Textbook
of Clinical Chemistry, 2" ed. p 2206). In cases where a
patient’s sodium concentration falls outside this range, it is
generally indicative of very serious organ damage such as
kidney failure or heart failure.

[0247] Data from eight samples is shown in FIG. 12.
Plasma was collected by spinning down whole blood in a
centrifuge. The plasma was then diluted and the conductivity
was measured using a prototype circuit and conductivity cell.
The signal for each is referenced to a NaCl control to account
for day to day changes in temperature and the conductivity
cell.

[0248] The plot in FIG. 12 demonstrates a linear relation-
ship between conductivity and relative concentration of
plasma in the diluent. A diluent of low conductivity can be
used so that in the diluted plasma, the dominant ionic (current
carrying) species derives from the plasma. A calibration curve
is created by measuring the conductivity of known dilutions
of plasma. Then, the dilution of plasma can be calculated
using the calibration curve.

[0249] When measuring the conductivity of sample to
obtain the relationship of the conductivity and plasma con-
centration of a diluted sample, a set of predetermined values
showing relationship of conductivity values and plasma con-
centrations are plotted and used as a comparison tool.

[0250] An apparent dilution ratio refers to the ratio of
plasma volume to sample volume as measured by a calibra-
tion unit that is configured to measure the conductivity of a
diluted sample. The apparent dilution ratio reflects the actual
dilution factor resulting from adding a diluent to a test sample
of bodily fluid. Errors in diluent volume, blood sample vol-
ume, and variation in the sample hematocrits results in a
discrepancy between the expected dilution ratio and the
actual or apparent dilution ratio. To ascertain the concentra-
tion of an analyte initially present in an undiluted fluidic
sample, an accurate reading of the apparent dilution ratio is
desirable.
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[0251] 1Inanexample, the measurable range of the conduc-
tivity device was derived from the following design goals. In
certain cases, blood is diluted 1:10. The conductivity mea-
surement may need to be able to correct for errors of up ~20%.
Therefore, the lowest blood dilution in range is 1:8. In other
cases, blood is diluted 1:20. Again, a ~20% error must be
corrected. The highest blood dilution is then 1:24. Finally, the
detectable range of hematocrit is 28-58%, which makes up
most of the rest of the blood sample other than the plasma.
Using the following relationship between plasma dilution and
blood dilution:

Plasma dilution=Blood dilution*(1/(1-HCT %/100)

it can be determined that the measurable range of plasma
dilutions needs to be 1:12-1:58. This range can account for the
extremes of the design goals. As this is a fairly large range,
two separate gain settings are used on the circuit depending
on which dilution is required (1:10 or 1:20). This allows
maximum resolution in each range of operation. The effect of
changing the gain setting on the signal and the measurable
range is shown in FIG. 13. The dotted red line indicates the
saturation signal of the detector.

[0252] There are several variables that must be optimized
when designing the conductivity cell. FIG. 14 demonstrates
sample data showing the dependence on electrode spacing
and surface area. The output shown is DC voltage, which, as
explained in the description of the block diagram, is repre-
sentative of the signal attenuation due to the ion carriers in the
sample and is thus directly proportional to conductivity. The
Figure shows that the closer the electrodes are to one another,
the greater the modulation due to changes in salt concentra-
tion. However, a secondary effect is also observed. When the
probes are too close together, they can begin to act as a single
capacitor. Thus, as shown by the data, the background signal
goes up and the response becomes increasingly noisy. In a
preferable embodiment, a probe spacing of 8 mm was
selected.

[0253] Probes of different diameters were used to expose a
different surface area to the same volume of fluid. The con-
ductivity of a 40 microliter sample of 15 mM NaCl can be
measured. As demonstrated in FIG. 15, a direct relationship is
seen between surface area and measured signal, but the slope
is fairly shallow, indicating that the signal is only moderately
sensitive to surface area of the probe.

[0254] A more pronounced effect of the relationship of
measured signal and volume is demonstrated in FIG. 16.
Smaller volumes result in fewer overall charge carriers and
thus a smaller signal.

[0255] The measurement of conductivity is temperature
sensitive. As the temperature of the solution increases the
viscosity decreases and the ions move through the solution
more rapidly. This can cause an increase in conductivity of
approximately 2% per degree Celsius. This effect is shown in
FIG. 16.

[0256] One can account for variations in the manufacturing
of the conductivity cell or variations in temperature of the
conductivity cell by measuring the conductivity of a reference
buffer and normalizing the signal. In FIG. 17, conductivity
measurements were taken of a series of NaCl solutions (100
microliter volume). The conductivity of a reference buffer
(TBS) was also taken with each probe. As seen in the first
graph the larger diameter probe yields a higher conductivity
for a given NaCl solution. The second graph shows all of the
points normalized by the reference buffer conductivity.
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[0257] The temperature effect can also be corrected by
normalizing the signal to a reference solution. The reference
solution must be read at the same temperature as the corre-
sponding samples. In the experiment demonstrated by FIG.
18, a 15 mM NaCl solution was used as a reference. The
Figure shows a full set of NaCl dilutions referenced to the 15
mM solution at three different temperatures.

[0258] The ability to normalize the signal is a feature of the
device. As shown in the above characterization studies, the
signal is sensitive to almost all dimensional parameters of the
cell as well as to temperature. The ability to normalize these
variations out with a reference buffer greatly improves the
reliability of the device.

[0259] In another embodiment, the device can measure the
conductivity of a sample after the red blood cells have been
removed. FIG. 19 demonstrates the effect of red blood cells
on the measured conductivity of the solution. In a device that
has a standard dilution of 1:10, the 10x data represents nored
blood cell removal. The effect on the response is slight but
there is a noticeable offset from the response of the pure salt
samples. When 90% ofthe cells are removed (100x blood) the
line basically overlays the “No blood” line. The conductivity
measurement systeni is thus robust enough to tolerate a 10%
failure in red blood cell removal.

[0260] Another possible failure mode of the blood separa-
tion mechanism is cell lysis. When the cells are lysed, their
contents are released into the medium and the salt concentra-
tion of the resulting solution can become significantly altered.
This is illustrated by FIG. 20.

[0261] A far more pronounced offset in the case of 100%
lysed blood (10x lysed blood accounting for the standard 10x
dilution) is seen than in the previous case of unfiltered blood
as shown in FIG. 21. However, once 90% of the lysed blood
cells are removed (100x lysed blood), the curve overlays the
base case of “No blood.” The conductivity system is therefore
also tolerant of up to 10% of the blood cells being lysed with
no measurable effect on the signal.

[0262] FIG. 22 illustrates an example of clinical data show-
ing the blood samples from four patients at varying dilutions
and their relation to a standard calibration curve.

EXAMPLE

[0263] Cloned human protein-C was diluted into Tris buffer
and processed in an embodiment of the device of the present
invention. Monoclonal antibody against protein C was
adsorbed at 10 ug/mL onto a polystyrene bottom part of a
cartridge and then dried. Cartridges were then assembled with
a different monoclonal antibody to protein-C labeled with
alkaline phosphatase at 25 ng/mL, Tris buffered saline con-
taining BSA (wash solution), and KPL Phosphoglo lumino-
genic substrate. The reaction site of the device was incubated
with diluted sample and the reagents including a different
monoclonal antibody to protein-C labeled with alkaline phos-
phatase for 10 minutes at room temperature. Following incu-
bation, the reaction site was washed with 300 microliters of
the wash solution, Tris buffered saline containing BSA. Then,
the reaction site was incubated with KPL Phosphoglo lumi-
nogenic substrate for 10 minutes at room temperature. The
assay signal was recorded for 0.5 ms by a photomultiplier in
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the instrument after the final incubation step. The results of
the experiment are illustrated in FIG. 23.

1. A fluidic device for detecting the presence or absence of
an analyte in a bodily fluid from a subject, comprising a
sample collection unit, an assay assembly, and a calibration
unit, wherein:

a) said sample collection unit is configured to collect said

sample of bodily fluid from said subject;

b) said assay assembly comprises at least one reaction site
containing a reactant configured to react with said ana-
lyte to yield adetectable signal indicative of the presence
of said analyte; and

¢) said calibration unit is configured to provide a measure-
ment of said sample used for calibrating said detectable
signal.

2. The device of claim 1, wherein said sample collection
unit allows the sample of bodily fluid to react with the reactant
contained within said assay assembly based on a protocol
transmitted from an external device.

3. The device of claim 1, wherein said sample of bodily
fluid is a blood sample.

4. The device of claim 1, wherein said sample collection
unit contains a diluent.

5. The device of claim 4, wherein said sample collection
unit is further configured to dilute said sample.

6. The device of claim 1, wherein said sample collection
unit is further configured to remove a part of said sample.

7. The device of claim 6, wherein said part of said sample
comprises cells.

8. The device of claim 1, wherein the sample collection unit
comprises magnetize or magnetizable particles.

9. The device of claim 1, wherein said sample collection
unit is removable from said device.

10. The device of claim 1, wherein said reaction site is
immobilized in a fluidic channel.

11. The device of claim 1, wherein said reaction site is
configured to receive reagents from a first direction and said
sample of bodily fluid from a second direction.

12. The device of claim 11, wherein said reagents and said
sample are delivered to said reaction site by syringe action.

13. The device of claim 1, wherein said reagents comprise
immunoassay reagents.

14. The device of claim 1, wherein said calibration unit
comprises electrodes.

15. The device of claim 14, wherein said calibration unit is
further configured to measure the conductivity of said
sample.

16. The device of claim 1, wherein the sample of bodily
fluid is less than about 50 ul.

17. The device of claim 1, wherein said sample of bodily
fluid is a single drop of fluid.

18. The device of claim 1, wherein at least one of said
sample collection unit, said assay assembly, and said calibra-
tion unit is configured for one time use.

19. The device of claim 1, wherein said detectable signal is
a luminescent signal.

20. The device of claim 1, wherein the device is configured
to detect a plurality of analytes useful for assessing efficacy
and/or toxicity of a therapeutic agent.

21-48. (canceled)
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