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(57) ABSTRACT

The present invention provides devices and systenis for use at
the point of care. The methods devices of the invention are
directed toward automatic detection of analytes in a bodily
fluid. The components of the device are modular to allow for
flexibility and robustness of use with the disclosed methods
for a variety of medical applications.
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MODULAR POINT-OF-CARE DEVICES,
SYSTEMS, AND USES THEREOF

CROSS-REFERENCE

[0001] This application is a continuation application of
U.S. application Ser. No. 12/244,723, filed Oct. 2, 2008,
which claims the benefit of U.S. Provisional Application No.
60/997,460, filed Oct. 2, 2007, which application is incorpo-
rated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The discovery of a vast number of disease biomar-
kers and the establishment of miniaturized medical systems
have opened up new avenues for the prediction, diagnosis and
monitoring of treatment of diseases in a point-of-care setting.
Point-of-care systems can rapidly deliver test results to medi-
cal personnel, other medical professionals and patients. Early
diagnosis of a disease or disease progression can allow medi-
cal personnel to begin or modify therapy in a timely manner.
[0003] Multiplexed biomarker measurement can provide
additional knowledge of the condition of a patient. For
example, when monitoring the effects of a drug, three or more
biomarkers can be measured in parallel. Typically, microtiter
plates and other similar apparatuses have been used to per-
form multiplexed separation-based assays. A microtiter plate
(for example, a 384 well microtiter plate) can perform a large
number of assays in parallel.

[0004] In a Point-of-Care (POC) device, the number of
assays that can be performed in parallel is often limited by the
size of the device and the volume of the sample to be ana-
lyzed. In many POC devices, the number assays performed is
about 2 to 10. A POC device capable of performing multi-
plexed assays on a small sample would be desirable.

[0005] A shortcoming of many multiplexed POC assay
devices is the high cost of manufacturing the components of
the device. If the device is disposable, the high cost of the
components can make the manufacturing of a POC device
impractical. Further, for multiplexed POC devices that incor-
porate all of the necessary reagents onboard of the device, if
any one of those reagents exhibit instability, an entire manu-
factured Iot of devices may have to be discarded even if all the
other reagents are still usable.

[0006] When a customer is interested in a customizing a
POC device to a particular set of analytes, manufacturers of
multiplexed POC assay systems are often confronted with a
need to mix-and-match the assays and reagents of the device.
A multiplexed POC assay suitable to each customer can be
very expensive, difficult to calibrate, and difficult to maintain
quality control.

[0007] POC methods have proven to be very valuable in
monitoring disease and therapy (for example, blood glucose
systems in diabetes therapy, Prothrombin Time measurement
in anticoagulant therapy using Warfarin). By measuring mul-
tiple markers, it is believed that complex diseases (such as
cancer) and therapies such as multi-drug therapy for cancer
can be better monitored and controlled.

SUMMARY OF THE INVENTION

[0008] Thus, there remains an unmet need for alternative
designs of POC devices. A desirable design provides modular
capture surfaces and assay incubation elements. Furthermore,
modular capture surfaces and assay incubation elements need
to be integrated into POC disposables suited for just-in-time
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(JIT) manufacturing methods. It would be desirable to pro-
vide a customizable POC device at a practical cost to user and
the manufacturer. The present invention addresses these
needs and provides related advantages as well.

[0009] In an aspect, a cartridge is disclosed for automated
detection of an analyte in a bodily fluid sample conprising: an
array of addressable assay units configured to run a chemical
reaction that yields a detectable signal indicative of the pres-
ence or absence of the analyte; and an array of addressable
reagent units, wherein an individual addressable reagent unit
of the array is addressed to correspond to an individual
addressable assay unit of the array of assay units, and wherein
the individual reagent units are configured to be calibrated in
reference to the corresponding individual assay unit before
the arrays are assembled on the cartridge. The device can
further comprise a sample collection unit configured to
receive the bodily fluid sample.

[0010] In another aspect, a cartridge is disclosed for auto-
mated detection of an analyte in a bodily fluid sample com-
prising: a sample collection unit configured to receive the
bodily fluid sample; an array of assay units configured to
receive a portion of the sample from the sample collection
unitand run a chemical reaction that yields a detectable signal
indicative of the presence of the analyte in the sample; and an
array of reagent units containing reagents for running the
chemical reaction; wherein an individual assay unit of the
array of assay units and an individual reagent unit of the array
of reagents units are configured to be movable into fluid
commuuication such that reagents for running the chemical
reaction are brought to contact with the bodily fluid sample in
the assay unit.

[0011] An individual reagent unit can be configured to
receive a movable assay unit. In some embodiments, the
individual assay unit comprises an assay tip. In some embodi-
ments, the individual assay unit is configured to run an immu-
noassay.

[0012] The bodily fluid sample can be a blood sample. In
some instances, a sample collection unit is configured to
receive a volume of the bodily fluid sample about 50, 20, 10,
5or3 microliters or less. In an instance, the sample collection
unit is configured to receive a volume of the bodily fluid
sample equivalent to a single drop of blood.

[0013] A device as described herein can comprise a pre-
treatment unit configured to retrieve a portion of the bodily
fluid sample for running the chemical reaction to detect the
analyte and the pretreatment unit can be configured to retrieve
plasma from whole blood sample received in the sample
collection unit.

[0014] In an aspect, a system is described herein for auto-
mated detection of an analyte in a bodily fluid sample com-
prising: a device as described herein; and a detection assem-
bly for detecting the detectable signal indicative of the
presence or absence of the analyte. The system can further
comprise a programmable mechanical device configured to
move the individual assay unit from a first location to a second
location. In some instances, a system comprises a fluid trans-
fer device. The fluid transfer device can be a pipette and can
be automated. A system can also comprise a communication
assembly for transmitting a protocol based on the analyte to
be detected. In some instances, a system herein comprises a
heating block configured to receive an individual assay unit
and can also comprise a magnetic block, for example, thatcan
be used for separation of red cells from the sample.
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[0015] 1In another aspect, a system is disclosed for auto-
mated detection of a plurality of analytes in a bodily fluid
sample, comprising: a fluidic device comprising: a sample
collection unit configured to contain the bodily fluid sample;
an array of assay units, wherein an individual assay unit of
said array of assay units is configured to run a chemical
reaction that yields a signal indicative of anindividual analyte
of said plurality of analytes being detected; and an array of
reagent units, wherein an individual reagent unit of said array
of reagent units contains a reagent; and a fluid transfer device
comprising a plurality of heads, wherein an individual head of
the plurality of heads is configured to engage the individual
assay unit, and wherein said fluid transfer device comprises a
programmable processor configured to direct fluid transfer of
the bodily fluid sample from the sample collection unit and
the reagent from the individual reagent unit into the indi-
vidual assay unit. In some embodiments, the configuration of
the processor to direct fluid transfer effects a degree of dilu-
tion of the bodily fluid sample in the array of assay units to
bring signals indicative of the plurality of analytes being
detected within a detectable range, such that said plurality of
analytes are detectable with said system.

[0016] In some instances, a bodily fluid sample comprises
at least two analytes that are present at concentrations that
differ by at least 2, 5, 10, 15, 50, or 100 orders of magnitude.
The degree of dilution of the bodily fluid sample can bring the
signals indicative of the at least two analytes within the
detectable range.

[0017] A system herein can further comprise a detector
configured to detect signal intensities of the detectable range.
An exemplary detector is a photomultiplier and a detectable
range of the detector can be about 20 to about 10 million
counts.

[0018] Insome embodiments, wherein the individual head
of a fluid transfer device is configured to adhere to the indi-
vidual assay unit. The individual assay unit can provide an
immunoassay reaction site. In some instances, the individual
assay unit is a pipette tip. The fluid transfer device can be a
pipette such as an air-displacement pipette. The fluid transfer
device can also comprises a motor in communication with the
programmable processor, wherein the motor can move said
plurality of heads based on a protocol from said program-
mable processor.

[0019] In another aspect, a system is described herein for
automated detection of a plurality of analytes in a plasma
portion of a whole blood sample, comprising: a device con-
figured to automatically receive and process the whole blood
sample to yield the plasma portion, from which a detectable
signal indicative of the presence or absence of the analyte of
interest is generated onboard the device; and a detection
assembly for detecting the detectable signal indicative of the
presence or absence of the analyte.

[0020] In an aspect, provided herein is a method of detect-
ing an analyte in a bodily fluid sample comprising: providing
a blood sample to a device as described herein; allowing said
sample to react within at least one assay unit; and detecting
said detectable signal generated from said analyte collected in
said sample of bodily fluid. The bodily fluid sample can be
blood and the method can comprise retrieving plasma from
the blood.

[0021] In an aspect as provided herein, a method of on-
demand assembly of a cartridge for automated detection of an
analyte in a bodily fluid sample, wherein the device com-
prises a housing, said housing comprising: an array of addres-
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sable assay units, wherein an individual assay unit of the array
is configured to run a chemical reaction that yields a detect-
able signal indicative of the presence or absence of the ana-
lyte; and an array of addressable reagent units, wherein an
individual reagent unit of the array is addressed to correspond
to the individual assay unit, said method comprises: (i) plac-
ing according to the analyte to be detected an array of addres-
sable assay units, wherein an individual assay unit of the array
is configured to run a chemical reaction that detects an analyte
of interest ordered by said end user, into the housing; (ii)
placing according to the analyte to be detected an array of
reagent units, wherein an individual reagent unit of the array
corresponds to the individual assay unit, into the housing; and
(ii1) securing the arrays of (i) and (ii) within the housing of the
device. The method can comprise selecting an analyte to be
detected. In some embodiments, the method comprises seal-
ing the cartridge. In an embodiment, the method comprises
labeling the cartridge with a readable label indicating the
analyte to be detected, for example with a bar code or RFID.
[0022] In an aspect, a method is provided for automated
detection of a plurality of analytes in a bodily fluid sample,
comprising: providing the bodily fluid sample to a fluidic
device, wherein the fluidic device comprises: a sample col-
lection unit configured to contain the bodily fluid sample; an
array of assay units, wherein an individual assay unit of said
array of assay units is configured to run a chemical reaction
that yields a signal indicative of an individual analyte of said
plurality of analytes being detected; and an array of reagent
units, wherein an individual reagent unit of said array of
reagent units contains a reagent; engaging the individual
assay unit using a fluid transfer device; transferring the bodily
fluid sample from the sample collection unit to the individual
assay unit using the fluid transfer device; and transferring the
reagent from the individual reagent unit to the individual
assay unit, thereby reacting the reagent with the bodily fluid
sample to yield the signal indicative of the individual analyte
of the plurality of analytes being detected.

[0023] In an embodiment, the fluid transfer device com-
prises a plurality of heads, wherein an individual head of the
plurality of heads is configured to engage the individual assay
unit; and wherein said fluid transfer device comprises a pro-
grammable processor configured to direct fluid transfer of the
bodily fluid sample from the sample collection unit and the
reagent from the individual reagent unit into the individual
assay unit. The method can further comprise providing
instructions to the programmable processor, wherein the
instructions can direct the step of transferring the bodily fluid
sample to the individual assay unit.

[0024] Inanembodiment, the step oftransferring the bodily
fluid sample effects a degree of dilution of the bodily fluid
sample in the individual assay unit to bring the signal indica-
tive the individual analyte of the plurality of analytes being
detected within a detectable range. The bodily fluid sample
can comprise at least two individual analytes that are present
at concentrations that differ by atleast 2, 5, 10, 15, 50, or 100
orders of magnitude. In some instances, the degree of dilution
of the bodily fluid sample brings the signals indicative of the
atleast two individual analytes within the detectable range. In
an embodiment, the detectable range is about 1000 to about 1
million counts per second using a photomultiplier.

[0025] In an embodiment, the reagent in the individual
reagent unit is an enzyme substrate for an immunoassay and
the method can further comprise repeating the step of trans-
ferring the reagent from the individual reagent unit after the
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reaction to yield the signal indicative of the individual analyte
of the plurality of analytes being detected is complete,
thereby creating a second reaction to yield a second signal
indicative of the individual analyte. An intensity of the signal
and a second intensity of the second signal indicative of the
individual analyte can be averaged to calculate the final inten-
sity of the signal indicative of the individual analyte.

[0026] In an aspect, a method is described herein of mea-
suring a volume of a liquid sample, comprising: reacting a
known quantity of a control analyte in a liquid sample with a
reagent to yield a detectable signal indicative of the control
analyte; and comparing said detectable signal with an
expected detectable signal, wherein the expected signal is
indicative of an expected volume of the liquid sample, and
wherein said comparison provides a measurement of said
volume of said liquid sample being measured. In some
instances, the control analyte is not normally present in said
liquid sample in a detectable amount. The method can com-
prise verifying the volume of said liquid sample when the
measurement of the volume of the sample is within about
50% of'the expect volume of the liquid sample. In an embodi-
ment, the method further comprises: reacting a bodily fluid
sample containing a target analyte with a reagent to yield a
detectable signal indicative of the target analyte; and measur-
ing the quantity of the target analyte in the bodily fluid sample
using an intensity of said detectable signal indicative of the
target analyte and the measurement of said volume of said
liquid sample. The liquid sample and the bodily fluid sample
can be the same sample and the control analyte does not react
with the target analyte in the bodily fluid sample. In some
instances, the liquid sample and the bodily fluid sample are
different liquid samples. The control analyte can be, for
example, fluorescein-labeled albumin, fluorescein labeled
1gG, anti-fluorescein, anti-digoxigenin, digoxigenin-labeled
albumin, digoxigenin-labeled IgG, biotinylated proteins,
non-human IgG.

[0027] In another aspect, a method of retrieving plasma
from a blood sample is provided herein that comprises: mix-
ing a blood sample in the presence of magnetizable particles
in a sample collection unit, wherein the magnetizable par-
ticles comprise an antibody capture surface for binding to
non-plasma portions of the blood sample; and applying a
magnetic field above a plasma collection area to the mixed
blood sample to effect suspension of the non-plasma portions
of the blood sample on top of the plasma collection area. In
some instances, the sample collection unit is a capillary tube.
The blood sample can be less than about 20 microliters and
the plasma retrieved can be less than about 10 microliters. In
some instances, the blood sample is not diluted. In some
instance, mixing occurs in the presence of antibodies
unbound to a solid surface. The mixing can comprise mixing
by syringe action.

[0028] Inyetanotheraspect,a methodis provided herein of
using automated immunoassay for detecting an analyte
present in plasma portion of a whole blood sample, compris-
ing: providing a whole blood sample to a device that is con-
figured to automatically receive and process on board the
whole blood sample to yield the plasma portion, from which
adetectable signal indicative of the presence or absence of the
analyte of interest is generated on board; detecting said signal
that is indicative of the presence or absence of the analyte in
said bodily fluid sample; and transmitting result of (b) to an
end user. The immunoassay can be an ELISA. In some
instances, the result is transmitted wirelessly.
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[0029] Insomeembodiments, amethod as described herein
is carried out in a system as described herein.

INCORPORATION BY REFERENCE

[0030] 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

[0031] Many novel features of the invention are set forth
with particularity in the appended claims A better understand-
ing of the features and advantages of the invention will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which many prin-
ciples of the invention are utilized, and the accompanying
drawings of which:

[0032] FIG. 1illustrates an exemplary device of the inven-
tion comprising assay units, reagents unit, and other modular
components of the device.

[0033] FIG. 2 illustrates two side-cut away views of the
exemplary device of FIG. 1 comprising cavities in the hous-
ing of the device shaped to accommodate an assay unit, a
reagent unit, and a sample tip.

[0034] FIG. 3A demonstrates an exemplary assay unit that
comprises a small tip or tubular formation.

[0035] FIG. 3B demonstrates an example of a sample tip as
described herein.

[0036] FIGS. 4A and 4B illustrate two examples of a
reagent unit comprising a cup.

[0037] FIG. 5 demonstrates an example of a system com-
prising a device and a fluid transfer device.

[0038] FIG. 6 illustrates an exemplary system of the inven-
tion comprising a heating block for temperature control and a
detector.

[0039] FIG. 7 demonstrates an exemplary a system wherein
a patient delivers blood to a device and then the device is
inserted into a reader.

[0040] FIG. 8 illustrates the process flow of building a
system for assessing the medical condition of a patient.

[0041] FIGS. 9A through 9E demonstrate an example of a
plasma separation method wherein a whole blood sample has
been aspirated into a sample tip and a magpetic reagent is
mixed and suspended with the sample, then a magnetic field
is applied to the whole blood sample and magnetic reagent
mixture. Separated blood plasma sample can then be distrib-
uted into a well of a device.

[0042] FIG. 10 demonstrates an exemplary method of a
control assay as described herein comprising a known quan-
tity of control analyte.

[0043] FIG. 11 illustrates a thin film, for example, contami-
nation, within the tip when a liquid is expelled and another
liquid aspirated.

[0044] FIG. 12 illustrates a calibration curve correlating an
assay unit and a reagent unit for conducting an assay for
VEGFR2.

[0045] FIG. 13 illustrates a calibration curve correlating
results for an assay unit and a reagent unit for conducting an
assay for PIGF in a system, as measured with a luminometer.
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[0046] FIG. 14 illustrates CRP concentration plotted
against the assay signal (photon counts) and the data fitted to
a 5-term polynomial function to generate a calibration func-
tion.

[0047] FIG. 15 shows a fit was achieved between a model
and the values of the parameters Smax, C0.5 and D as
described herein.

[0048] FIG. 16 displays data according to the dilution used
to achieve the final concentration in an assay tip.

[0049] FIG. 17 illustrates the normalized assay response
(B/Bmax) is plotted against the log normalized concentration
(C/C0.5) for relative dilutions: 1:1 (solid line), 5:1 (dashed
line), and 25:1 (dotted line).

[0050] FIGS. 18 and 19 illustrate a similar example as FIG.
17 at different normalized concentrations.

[0051] FIG. 20 demonstrates the assay response for a con-
trol analyte after the steps of: removal of the detector anti-
body, washing the assay, and adding a substrate, as read in a
spectro-luminometer for 0.5 s.

[0052] FIG.21 demonstrates the results of an assay that was
evaluated by measuring photons produced over about 10 s in
a system herein.

DETAILED DESCRIPTION OF THE INVENTION

[0053] The embodiments and aspects of the invention
described herein pertain to devices, systems, and methods for
automated detection of an analyte in a sample of bodily fluid.
The invention is capable of detecting and/or quantifying ana-
lytes that are associated with specific biological processes,
physiological conditions, disorders or stages of disorders, or
effects of biological or therapeutic agents. The embodiments
and examples of the invention described herein are not
intended to limit the scope of invention.

Devices

[0054] Inan aspect ofthe invention, a device for automated
detection of an analyte in a bodily fluid sample comprises an
array of addressable assay units configured to run a chemical
reaction that yields a detectable signal indicative of the pres-
ence or absence of the analyte, and an array of addressable
reagent units, each of which is addressed to correspond to one
or more addressable assay units in said device, such that
individual reagent units can be calibrated in reference to the
corresponding assay unit(s) before the arrays are assembled
on the device.

[0055] In another aspect of the invention, a device for auto-
mated detection of an analyte in a bodily fluid sample com-
prises an array of assay units configured to run a chemical
reaction that yields a detectable signal indicative of the pres-
ence of the analyte, and an array of reagent units containing
reagents for running the chemical reaction, wherein at least
one of the assay units and at least one of the reagent units are
movable relative to each other within the device such that
reagents for running the chemical reaction are automatically
brought to contact with the bodily fluid sample in the assay
unit.

[0056] In an embodiment of a device of the invention, the
array of assay units or reagent units can be addressed accord-
ing to the chemical reaction to be run by the configured assay
unit. In another embodiment, at least one of the assay units
and at least one of the reagent units are movable relative to
each other within the device such that reagents for running the
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chemical reaction are automatically brought to contact with
the bodily fluid sample in the assay unit.

[0057] In one embodiment, the device of the invention is
self-contained and comprises all reagents, liquid- and solid-
phase reagents, required to perform a plurality of assays in
parallel. Where desired, the device is configured to perform at
least2,3,4,5,6,7,8,9,10, 20,30,40, 50, 100, 200, 500, 1000
or more assays. One or more control assays can also be
incorporated into the device to be performed in parallel if
desired.

[0058] The assays can be quantitative immunoassays and
can be conducted in a short period of time. Other assay type
can be performed with a device of the invention including, but
not limited to, measurements of nucleic acid sequences and
measurements of metabolytes, such as cholesterol. In some
embodiments, the assay is completed in no more than one
hour, preferably less than 30, 15, 10, or 5 minutes. In other
embodiments, the assay is performed in less than 5 minutes.
The duration of assay detection can be adjusted accordingly
to the type of assay that is to be carried out with a device of the
invention. For example, if needed for higher sensitivity, an
assay can be incubated for more than one hour or up to more
than one day. In some examples, assays that require a long
duration may be more practical in other POC applications,
such as home use, than in a clinical POC setting.

[0059] 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.

[0060] A bodily fluid may be drawn from a patient and
provided to a device in a variety of ways, including but not
limited to, lancing, injection, or pipetting. As used herein, the
terms subject and patient are used interchangeably herein,
and refer to a vertebrate, preferably a mammal, more prefer-
ably a human Mammals include, but are not limited to,
murines, simians, humans, farm animals, sport animals, and
pets. In one embodiment, a lancet punctures the skin and
withdraws a sample using, for example, gravity, capillary
action, aspiration, or vacuum force. The lancet may be part of
the device, or part of a system, or a stand alone component.
Where needed, the lancet may be activated by a variety of
mechanical, electrical, electromechanical, 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 a bodily fluid to the
device, as for example, could occur with a saliva sample. The
collected fluid can be placed in the sample collection unit
within the device. In yet another embodiment, the device
comprises at least one microneedle which punctures the skin.
3

[0061] The volume of bodily fluid to be used with a device
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 microliters, 1 to 30 microliters, 1 to 10
microliters or even 1 to 3 microliters can be used for detecting
an analyte using the device.

[0062] In an embodiment, the volume of bodily fluid used
for detecting an analyte utilizing the subject devices or sys-
tems 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 device, system or method described herein.
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[0063] A sample of bodily fluid can be collected from a
subject and delivered to a device of the invention as described
hereinafter.

[0064] In an embodiment, the arrays of assay and reagent
units are configured to be a set of mix-and-match compo-
nents. The assay units can comprise at least one capture
surface capable ofreacting with an analyte from the sample of
bodily fluid. The assay unit may be a tubular tip with a capture
surface within the tip. Examples of tips of the invention are
described herein. A reagent unit typically stores liquid or
solid reagents necessary for conducting an assay that detect a
give analyte. Each individual assay and reagent unit can be
configured for assay function independently. To assemble a
device, the units can be assembled in a just-in-time fashion for
use in integrated cartridges.

[0065] Separate components, both liquid and solid phase,
canbe made and then be tested for performance and stored. In
an embodiment, the assembly of the device is carried out in
on-demand fashion at a manufacturing location. The device
can be modular and include components such as a housing
that is generic for all assays, assay units, such as tips, and
reagent units, such as a variety of frangible or instrument
operable containers that encapsulate liquid reagents. In some
instances, an assembled device is then tested to verify cali-
bration (the relation of the system response to known analyte
levels). Assay devices can be assembled from a library of
pre-manufactured and calibrated elements on demand. In
some embodiments, fluidic pathways within a device can be
simple and obviate any chance of trapping bubbles and pro-
viding an efficient way to wash away excess labeled reagents
in reagent excess assays such as ELISAs.

[0066] A housing for a device of the invention can be made
of polystyrene or another moldable or machinable plastic and
can have defined locations to place assay units and reagent
units. In an embodiment, the housing has means for blotting
tips or assay units to remove excess liquid. The means for
blotting can be a porous membrane, such as cellulose acetate,
or a piece bibulous material such as filter paper.

[0067] In some embodiments, at least one of the compo-
nents of the device may be constructed of polymeric materi-
als. Non-limiting examples of polymeric materials include
polystyrene, polycarbonate, polypropylene, polydimethysi-
loxanes (PDMS), polyurethane, polyvinylchloride (PVC),
polysulfone, polymethylmethacrylate (PMMA), acryloni-
trile-butadiene-styrene (ABS). and glass.

[0068] The device or the subcomponents of the device may
be manufactured by variety of methods including, without
limitation, stamping, injection molding, embossing, casting,
blow molding, machining, welding, ultrasonic welding, and
thermal bonding. In an embodiment, a device in manufac-
tured by injection molding, thermal bonding, and ultrasonic
welding. The subcomponents of the device can be affixed to
each other by thermal bonding, ultrasonic welding, friction
fitting (press fitting), adhesives or, in the case of certain sub-
strates, for example, glass, or semi-rigid and non-rigid poly-
meric substrates, a natural adhesion between the two compo-
nents.

[0069] An exemplary device as described herein is illus-
trated in FIG. 1. The is also sometimes referred to herein as a
cartridge 100. The device 100 comprises a housing 130 with
locations to accommodate assay units 121 and reagent units
103, 122, 124, 125. In the exemplary embodiment of FIG. 1,
assay units 121 occupy a center row of the housing 130 of the
device 100. The assay units 121 can optionally include at least
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one calibration unit 126. In an example, the assay units 121
are similar to pipette tips and are referred to as assay tips 121
and the calibration units 126 are referred to as calibration tips
126 herein, however, the assay units 121 can be of any shape
and size as are accommodated broadly by a device 100 as
described herein. The assay units 121 and calibration units
126 are exemplary assay units 121 and are described in more
detail herein. The assay units 121 in FIG. 1 can comprise a
capture surface and are capable, for example, of performing a
chemical reaction such as nucleic acid assays and immunoas-
says. The assay units 121 can be assembled into the housing
according to instructions or the assays that a user wishes to
perform on a sample.

[0070] As shown in FIG. 1, the housing of the device 100
can comprise a sample collection unit 110 configured to con-
tain a sample A sample, such as ablood sample, can be placed
into the sample collection unit 110. A sample tip 111 (for
example, a pipette tip that couples to a fluid transfer device as
described in more detail herein) can occupy another portion
of the housing 130. When an assay is to be run the sample tip
111 can distribute the sample to pretreatment reagent units or
pretreatment units 103, 104,105,106,107, or assay units 121.
Exemplary pretreatment units 103, 104, 105, 106, 107
include but are not limited to: mixing units 107, diluent or
dilution units 103, 104, and, if the sample is a blood sample,
plasma removal or retrieval units 105, 106. The pretreatment
units 103, 104, 105, 106, 107 can be the same type of unit or
different types of units. Other pretreatment units 103, 104,
105, 106, 107 as are necessary to run a chemical reaction can
be incorporated into device 100 as would be obvious to one
skilled in the art with knowledge of this disclosure. The units
103, 104, 105, 106, 107 can contain various amounts of
reagents or diluents, flexible to whatever is needed to run the
assay on the current cartridge 100.

[0071] Often, the assay units 121 can be manufactured
separately from the housing 130 and then inserted into the
housing 130 with pick-and-place methods. The assay units
121 can fit snugly into the housing 130 or can fit loosely into
the housing 130. In some embodiments, the housing 130 is
manufactured such that is holds the reagent units 103, 122,
124, 125 and/or assay units 121 snugly in place, for example
during shipping or manipulation a cartridge. Reagents units
103, 122, 124, 125 are shown in FIG. 1 that contain a conju-
gate reagent 122 (for example, for use with an immunoassay),
awash reagent 125 (for example, to wash said conjugate from
capture surfaces), and a substrate 124 (for example, an
enzyme substrate). Other embodiments of the device 100 and
the components in the example in F1G. 1 are described herein.
Reagent units 103, 122, 124, 125 can be manufactured and
filled separately from the housing 130 and then placed into the
housing 130. In this way, a cartridge 100 can be built in a
modular manner, therefore increasing the flexibility of the
cartridge 100 to be used for a variety of assays. Reagents ina
reagent unit 103, 122, 124, 125 can be chosen according to the
assay to be run. Exemplary reagents and assays are described
herein.

[0072] A device, such as the example shown in FI1G. 1, can
also comprise other features as may be needed to run a chemi-
cal reaction. For example, if the assay units 121 are assay tips
121 as described herein, the device can comprise tip touch-off
pads 112 to remove excess sample or reagent from an assay
tip 121 or a sample tip 111 after fluid transfer, for example, by
asystem as described herein. The housing 130 can also com-
prise units or areas 101, 102 within the device 100 for placing
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a used tip or unit, for example, in order to avoid cross-con-
tamination ofa sample tip 111 or assay unit 121. InF1G. 1, the
device 100 comprises a sample tip 111 for transferring a
sample between units of the device 100. The device 100 as
illustrated in FIG. 1 also comprises a pretreatment tip 113 for
transferring a sample that has been pretreated in a unit of the
device 100 to other units of a device 100 to perform a chemi-
cal reaction. For example, the sample tip 111 can be used to
remove a blood sample from the sample collection unit 110
and transfer the blood sample to pretreatment units 103, 104,
105,106,107 as described. Red cells can be removed from the
blood sample in the pretreatment units 103, 104, 105, 106,
107 and the pretreatment tip 113 can then be used to collect
the blood plasma from the pretreatment units 103, 104, 105,
106, 107 and transfer the blood plasma to another pretreat-
ment unit (for example, a diluent unit) 103, 104, 105,106,107
and/or to at least one assay unit 121. In an embodiment, a
sample tip 111 is the sample collection unit 110. In another
embodiment, the sample collection unit 110 is similar to a
well and is configured to contain a sample as received by a
user.

[0073] Assayunits 121 and reagent units 103, 122,124,125
as shown in FIG. 1 can be addressable to indicate the location
of the units on the cartridge 100. For example, a column of the
cartridge 100 as shown in FIG. 1 can contain an assay unit 121
to run an assay configured to detect C-reactive protein, and
the column can contain corresponding reagent units 103, 122,
124, 125 for that assay in the same column, wherein the units
are addressed to correspond to each other. For example, the
addresses can be entered and stored in a computer system, and
the cartridge 100 can be given a label, such as a bar code.
When the bar code of the cartridge 100 is scanned for use, the
computer system can send the addresses of the units to a
system, such as those described herein, to transfer the fluids
and run a reaction according to the addresses entered into the
computer. The addresses can be part of a protocol sent to
operate the system. The addresses can be in any configuration
and can be altered if need be to change the protocol of running
an assay, which in turn can offer a change in assay protocol or
steps to a user of the cartridge that has not been typically
available in prior art POC devices. In some embodiments, the
housing 130 and units are configured in a 6 by 8 array of units
as shown in FIG. 1. The layout of the units can be of any
format, for example, rectangular arrays or random layouts. A
cartridge 100 can comprise any number of units, for example
between 1 and about 500. In some embodiments, a cartridge
100 has between 5-100 units. As an example as shown in FIG.
1, the cartridge 100 has 48 units.

[0074] Two side cut-away views of the exemplary device
200 of FIG. 1 are illustrated in FIGS. 2A and 2B. A cavity can
be shaped in a housing 220 of a device to accommodate assay
units (for example, assay tips) 201 in a vertical orientation
(housing horizontal) with their bosses toward the top of the
device 200. As shown in FIG. 2, a cavity can also be shaped to
accommodate a reagent unit 210, 212 or a sample collection
unit or tip 202. There may be features in the housing 220 to
capture the units precisely and hold them securely. Such
features can also be designed to operate with a mechanism for
moving the tips, such as tip pick-up and drop-off. In another
embodiment, the sample collection unit comprises a bendable
or breakable element that serves to protect a small collection
tube during shipment and to hold a plunger device in place
within a capillary. Also shown in FIG. 2A are two exemplary
embodiments of reagent units 210, 212 as are described
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herein. The bottom of the housing 220 can be configured to
collect waste liquids, for example, wash reagents after use
that are transferred back through a hole in the housing 220 to
the bottom. The housing 220 can comprise an absorbent pad
to collect waste fluids. The assay units 201 and sample units
202 can be positioned to fit through a cavity of the housing
220 of the device 200 and extend beyond an inner support
structure. The reagent units 210, 212 fit snugly into the hous-
ing as is shown in FIG. 2 and do not extend beyond the inner
support structure. The housing 220 and the areas in which the
assay units 201 and reagents units 210, 212 can be held and
positioned may adapt a variety of patterns.

[0075] Insome embodiments, each tip provides for a single
assay and can be paired with or corresponded to an appropri-
ate reagent, such as required reagents for running the desig-
nated assay. Some tips provide for control assay units and
have known amounts of analyte bound to their capture sur-
faces either in the manufacturing process or during the per-
formance of an assay. In case of a control assay unit, the unit
is configured to run a control assay for comparison. The
control assay unit may comprise, for example, a capture sur-
face and analyte that are in a solid or liquid state.

[0076] In many embodiments, the device holds all reagents
and liquids required by the assay. For example, for a lumino-
genic ELISA assay the reagents within the device may
include a sample diluent, a detector conjugate (for example,
three enzyme-labeled antibodies), a wash solution, and an
enzyme substrate. Additional reagents can be provided as
needed.

[0077] Insomeembodiments, reagents can be incorporated
into a device to provide for sample pretreatment. Examples of
pretreatment reagents include, without limitation, white cell
lysis reagents, reagents for liberating analytes from binding
factors in the sample, enzymes, and detergents. The pretreat-
ment reagents can also be added to a diluent contained within
the device.

[0078] An individual reagent unit can be configured to
receive a movable assay unit. In some embodiments, the
individual assay unit comprises an open ended hollow cylin-
drical element comprising a capture surface and a reaction
cuvette. A cylindrical assay unit can be referred to as an assay
tip herein. In some embodiments, the individual assay unit is
configured to run an immunoassay. An assay unit 301 that
comprises a small tip or tubular formation is shown in FIG.
3A.In some instances, the tip 301 is configured to provide an
interior cylindrical capture surface 311 and a boss 321
capable of engaging with the housing of device. In some
instances, the boss 321 and the tip 301 is configured to engage
with a mechanism of moving the tip 301 such as a system as
described herein or for example, a fluid transfer device. An
assay tip 301 as shown in FIG. 3A can comprise an opening
331 at the bottom of the tip. The opening 331 can be utilized
for transferring fluids or reagents in and out of an assay umt
301. In an embodiment, an assay unit 301 as described is or is
similar to a pipette tip with the improvement that the assay
unit 301 comprises a capture surface 311 configured to detect
an analyte in a sample.

[0079] The tip 301 can be manufactured by an injection-
molded process. In an embodiment, the tip 301 is made of a
clear polystyrene for use with chemiluminescence assays. As
shown in FIG. 3A, an exemplary tip 301 comprises a boss
(shown as the larger top half of the tip 301), which can engage
with a housing and can engage. for example, with tapered
elements of a fluid transfer device and/or pipetting devices so
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as to form a pressure-tight seal. Also shown in FIG. 3A, the
exemplary tip 301 comprises a smaller cylindrical part. In
many embodiments, an assay capture surface is contained
within the smaller cylindrical part. The assay capture surface
can be anywhere within the tip 301 or on the outside of the tip
301. The surface of the tip 301 can be of many geometries
including, but not limited to, tubular, cubic, or pyramidal. In
chemiluminescence and fluorescence-based assays, the tip
301 can serve as a convenient means to present the assay
product to the assay optics.

[0080] FIG. 3B demonstrates an exemplary sample collec-
tion unit302 comprising a sample tip 302. The sample tip 302
as shown in FIG. 3B can also be separate from a sample
collection unit 302 and used to transfer sample from the
sample collection units to other units on a device as described
herein. The sample tip as shown in FIG. 3B comprises a boss
322 as described herein to couple the tip 302 with a housing
ofadevice and a fluid transfer device. The sample tip 302 also
comprises an opening 332 to allow the transfer of fluids or
samples in and out of the sample tip. In some embodiments,
the sample tip 302 is of the same shape as an assay tip 301. In
other embodiments (such as those shown in FIGS. 3A and
3B), the sample tip 302 is a different shape than the assay tip
301.

[0081] Inanembodiment, one function of a tip is to enable
samples and liquid reagents to be brought into contact with
the capture surface of the assay unit. The movement can occur
by a variety of means including, but not limited to, capillary
action, aspiration, and controlled pumping. The small size of
the tips enables rapid control of the required temperature for
achemical reaction. Heat transfer and/or maintenance can be
carried out by simply placing the tip in a temperature con-
trolled block.

[0082] In some embodiments, the tip is able to contain
about 1 to 40 microliters of fluid. In a further embodiment, the
tip is able to contain about 5 to 25 microliters of fluid. In an
embodiment, the tip contains 20 microliters of fluid. In some
instances, a tip can contain 1 microliter of fluid or less. In
other instances, a tip can contain up to 100 microliters.

[0083] Where desired, the end of the tip can be blotted onto
an absorbent material (for example incorporated into a dis-
posable cartridge) prior to introduction of the next assay
component to avoid contamination with a small amount of
sample and/or reagent. Due to physical forces, any liquid
drawn into a subject tip can be held at any desired location
with minimal risk of the liquid draining out, even when held
in a vertical orientation.

[0084] The assay unit (for example, an assay tip) can be
coated with assay capture reagents prior to use, using similar
fluidics as in the assay (for example, controlled capillary or
mechanical aspiration).

[0085] A capture surface (also referred to herein as a reac-
tion site) can be formed by a binding antibody or other capture
reagents bound covalently or by adsorption to the assay unit.
The surface can then dried and maintained in dry condition
until used in an assay. In an embodiment, there is a reaction
site for each analyte to be measured.

[0086] Inan embodiment, the assay unit can be moved into
fluid communication with the reagent unit and/or a sample
collection unit, such that a reagent or sample can interact with
a reaction site where bound probes can detect an analyte of
interest in the bodily fluid sample. A reaction site can then
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provide a signal indicative of the presence or concentration of
the analyte of interest, which can then be detected by a detec-
tion device described herein.

[0087] In some embodiments, the location and configura-
tion of a reaction site is an important element in an assay
device. Most, if not all, disposable immunoassay devices
have been configured with their capture surface as an integral
part of the device.

[0088] In one embodiment, a molded plastic assay unit is
either commercially available or can be made by injection
molding with precise shapes and sizes. For example, the
characteristic dimension can be a diameter of 0.05-3 mm or
can be a length of 3 to 30 mm. The units can be coated with
capture reagents using 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, holders, and the
like to recover the pieces and wash them as needed.

[0089] The assay unit can offer a rigid support on which a
reactant can be immobilized. The assay unit is also chosen to
provide appropriate characteristics with respect to interac-
tions with light. For example, the assay unit can be made of a
material, such as functionalized glass, Si, Ge, GaAs, GaP,
SiQ,, SiN,, modified silicon, or any one of a wide variety of
gels or polymers such as (poly)tetrafluoroethylene, (poly)
vinylidenedifluoride, polystyrene, polycarbonate, polypro-
pylene, PMMA, ABS, or combinations thereof. In an embodi-
ment, an assay unit comprises polystyrene. Other appropriate
materials may be used in accordance with the present inven-
tion. A transparent reaction site may be advantageous. In
addition, in the case where there is an optically transmissive
window permitting light to reach an optical detector, the
surface may be advantageously opaque and/or preferentially
light scattering.

[0090] A reactant immobilized at the capture surface 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.

[0091] 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
covalentor noncovalent, via a linker moiety, or tethering them
to an immobilized moiety. 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 linkages, carbamate linkages,
ester linkages, amide, thiolester, (N)-functionalized thiourea,
functionalized maleimide, amino, disulfide, amide, hydra-
zone linkages, and among others. In addition, a silyl moiety
canbe 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 pro-
vides a charge-charge coupling to the surface.

[0092] The assay units can be dried following the last step
of incorporating a capture surface. For example, drying can
be performed by passive exposure to a dry atmosphere or via
the use of a vacuum manifold and/or application of clean dry
air through a manifold.

[0093] In many embodiments, an assay unit is designed to
enable the unit to be manufactured in a high volume, rapid
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manufacturing processes. For example, tips can be mounted
in large-scale arrays for batch coating of the capture surface
into oronto the tip. In another example, tips can be placed into
a moving belt or rotating table for serial processing. In yet
another example, a large array of tips can be connected to
vacuum and/or pressure manifolds for simple processing.
[0094] In an embodiment, an assay unit can be operably
coupled with a fluid transfer device. The fluid transfer device
can be operated under automatic control without human inter-
action. In assay units comprising tips, the control of the
installed height of a disposable liquid tip relies on the tapered
interference attachment of the tip to the liquid dispenser. A
fluid transfer device can engage the tip. In some instances, the
immersion length of a tip in liquid to be transferred must be
known to minimize the liquid contact with the outside of the
tip which may be uncontrolled. In order to couple or adhere a
tip to the fluid transfer device a hard stop can be molded at the
bottom of the tapered connector which engages the nozzle of
the dispenser. An air tight seal can be made by an o-ring that
is half way up the taper or in the flat bottom of the nozzle. By
separating the seal function of the tip from the controlled
height of the tip both can be separately adjusted. The modular
device and fluid transfer device can enable many assays to be
performed in parallel.

[0095] The reagent units of a device can store reagents that
are required to perform a give chemical reaction for detecting
a given analyte of interest. Liquid reagents can be dispensed
into small capsules that can be manufactured from a variety of
materials including, without limitation, plastic such as poly-
styrene, polyethylene, or polypropylene. In some embodi-
ments, the reagent units are cylindrical cups. Two examples of
areagent unit 401, 402 comprising a cup are shown in FIGS.
4A and 4B. Where desired, the units 401, 402 fit snugly into
cavities in a housing of a device. The units 401, 402 can be
sealed on the open surface to avoid spilling the reagents 411,
412 onboard. In some embodiments, the seal is an aluminized
plastic and can be sealed to the cup by thermal bonding. A unit
can be of any shape as is necessary to contain a reagent. For
example, a cylindrical shaped reagent unit 401 is shown in
FIG. 4A, and the reagent unit contains a liquid reagent 411. A
different shaped reagent unit 402 is illustrated in FIG. 4B also
contain a liquid reagent 412. Both exemplary reagent units
401, 402 comprise optional slight modifications near the top
surface that allow the units 401, 402 to fit snugly into a
housing of a device as described herein.

[0096] In many embodiments of the invention the reagent
units are modular. The reagent unit can be designed to enable
the unit to be manufactured in a high volume, rapid manufac-
turing processes. For example, many reagent units can be
filled and sealed in a large-scale process simultaneously. The
reagent units can be filled according to the type of assay or
assays to be run by the device. For example, if one user desires
different assays than another user, the reagent units can be
manufactured accordingly to the preference of each user,
without the need to manufacture an entire device. In another
example, reagent units can be placed into a moving belt or
rotating table for serial processing.

[0097] In another embodiment, the reagent units are
accommodated directly into cavities in the housing of a
device. In this embodiment, a seal can be made onto areas of
housing surrounding the units.

[0098] Reagents according to the present invention include
without limitation wash buffers, enzyme substrates, dilution
buffers, conjugates, enzyme-labeled conjugates, DNA ampli-
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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,
antibodies, or other materials necessary to run an assay on a
device. An enzyme-labeled 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
separately in a defined region (for example, a reagent unit)
within the device.

[0099] In some embodiments, a reagent unit contains
approximately about 5 microliters to about 1 milliliter of
liquid. In some embodiments, the unit may contain about
20-200 microliters of liquid. In a further embodiment, the
reagent unit contains 100 microliters of fluid. In an embodi-
ment, a reagent unit contains about 40 microliters of fluid.
The volume of liquid in a reagent unit 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 device.

[0100] In an embodiment, the reagent units can be filled
using a siphon, a funnel, a pipette, a syringe, a needle, or a
combination thereof. The reagent units may be filled with
liquid using a fill channel and a vacuum draw channel. The
reagent units can be filled individually or as part of a bulk
manufacturing process.

[0101] In an embodiment, an individual reagent unit com-
prises a different reagent as a means of isolating reagents
from each other. The reagent units may also be used to contain
a wash solution or a substrate. In addition, the reagent units
may be used to contain a luminogenic substrate. In another
embodiment, a plurality of reagents are contained within a
reagent unit.

[0102] In some instances, the setup of the device enables
the capability of pre-calibration of assay units and the reagent
units prior to assembly of disposables of the subject device.

Systems

[0103] 1In an aspect, a system of the invention comprises a
device comprising assay units and reagent units comprising
reagents (both liquid and solid phase reagents). In some
embodiments, at least one of the whole device, an assay unit,
a reagent unit, or a combination thereof is disposable. In a
system of the invention, the detection of an analyte with a
device is operated by an instrument. In most embodiments,
the instrument, device, and method offer an automated detec-
tion system. The automated detection system can be auto-
mated based upon a defined protocol or a protocol provided to
the system by a user.

[0104] In an aspect, a system for automated detection an
analyte in a bodily fluid sample comprises a device or car-
tridge, and a detection assembly or detector for detecting the
detectable signal indicative of the presence or absence of the
analyte.

[0105] In an embodiment, the user applies a sample (for
example, a measured or an unmeasured blood sample) to the
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device and inserts the device into the instrument. All subse-
quent steps are automatic, programmed either by the instru-
ment (hard wired), the user, a remote user or system, or
modification of the instrument operation according to a iden-
tifier (for example, a bar code or RFID on the device).
[0106] Examples of different functions of that can be car-
ried out using a system of the invention include, but are not
limited to, dilution of a sample, removal of parts of a sample
(forexample, red blood cells (RBCs)), reacting a sample in an
assay unit, adding liquid reagents to the sample and assay
unit, washing the reagents from the sample and assay unit,
and containing liquids during and following use ofthe device.
Reagents can be onboard the device in a reagent unit or in a
reagent unit to assembled onto the device.

[0107] Anautomated system can detect a particular analyte
in a biological sample (for example, blood) by an enzyme-
linked immunosorbent assay (ELISA). The system is ame-
nable to multiplexing and is particularly suited for detecting
an analyte of interest present in a small volume of a whole
blood sample (for example, 20 microliters or less). The sys-
tem can also detect analytes in different dilutions of a single
sample, allowing different sensitivities to be tested on the
same device, when desired. All reagents, supplies, and wastes
can be contained on the device of the system.

[0108] In use, a sample from a subject is applied to the
assembled device and the device is inserted into an instru-
ment. In an embodiment, an instrument can begin processing
the sample by some combination of removal of red cells
(blood sample), dilution of the sample, and movement the
sample to the assay unit. In an embodiment with multiplexed
assays, a plurality of assay units are used and a portion of the
sample is moved to individual assay units in sequence or in
parallel. Assays can then be performed by a controlled
sequence of incubations and applications of reagents to the
capture surfaces.

[0109] An exemplary fluid transfer device is comprised of
any component required to perform and/or read the assay.
Example of components include, but are not limited to,
pumps to aspirate and eject accurately known fluid volumes
from wells or units of the device, at least one translational
stage for improving the precision and accuracy of the move-
ment within the system, a detector to detect an analyte in an
assay unit, and temperature regulation means to provide a
regulated temperature environment for incubation of assays.
In an embodiment of the invention, the instrument controls
the temperature of the device. In a further embodiment, the
temperature is in the range of about 30-40 degrees Celsius. In
some embodiments, the temperature control by the system
can comprise active cooling. In some instances, the range of
temperature is about 0-100 degrees Celsius. For example, for
nucleic acid assays, temperatures up to 100 degrees Celsius
can be achieved. In an embodiment, the temperature range is
about 15-50 degrees Celsius. A temperature control unit of
the system can comprise a thermoelectric device, such as a
Peltier device.

[0110] Cartridges, devices, and systems as described herein
can offer many features that are not available in existing POC
systems or integrated analysis systems. For example, many
POC cartridges rely on a closed fluidic system or loop to
handle small volumes of liquid in an efficient manner. The
cartridges and fluidic devices described herein can have open
fluid movement between units of the cartridge. For example,
areagent can be stored in a unit, a sample in a sample collec-
tion unit, a diluent in a diluent unit, and the capture surface
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canbe in an assay unit, wherein in one state of cartridge, none
of the units are in fluid communication with any of the other
units. Using a fluid transfer device or system as described
herein, the units do not have to be in fluid communication
with each other in a state. The units can be movable relative to
each other in order to bring some units into fluid communi-
cation. For example, a fluid transfer device can comprise a
head that engages an assay unit and moves the assay unit into
fluidic communication with a reagent unit.

[0111] The devices and systems herein can provide an
effective means for high throughput and real-time detection
of analytes present in a bodily fluid from a subject. The
detection methods may be used in a wide variety of circum-
stances including identification and quantification of analytes
that are associated with specific biological processes, physi-
ological conditions, disorders or stages of disorders. As such,
the systems have a broad spectrum of utility in, for example,
drug screening, disease diagnosis, phylogenetic classifica-
tion, parental and forensic identification, disease onset and
recurrence, individual response to treatment versus popula-
tion bases, and monitoring of therapy. The subject devices and
systems are also particularly useful for advancing preclinical
and clinical stage of development of therapeutics, improving
patient compliance, monitoring ADRs associated with a pre-
scribed drug, developing individualized medicine, outsourc-
ing blood testing from the central laboratory to the home or on
a prescription basis, and monitoring therapeutic agents fol-
lowing regulatory approval. The devices and systems can
provide a flexible system for personalized medicine. Using
the same system, a device can be changed or interchanged
along with a protocol or instructions to a programmable pro-
cessor of the systems to perform a wide variety of assays as
described. The systems and devices herein offer many fea-
tures of a laboratory setting in a desk-top or smaller size
automated instrument.

[0112] In some embodiments a patient may be provided
with a plurality of devices to be used for detecting 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. In another embodiment, the patient
is provided different reagent units and assay units that can be
fit into a housing of a device interchangeably. In yet another
embodiment, as described the patient does not need a new
device for each day of testing, but rather, the system can be
programmed or reprogrammed by downloading new instruc-
tions from, e.g. an external device such as a server. 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 of the proper device and/or proper instructions
for the system. This example is only illustrative and can easily
be extended to, for example, notifying a subject that a fluidic
device is not being used at the correct time of day.

[0113] For example, a cartridge as illustrated in FIG. 1 can
comprise a variety of assay units and reagent units. The assay
units can comprise a capture surface according to an analyte
to be detected. The assay units can then be assembled with the
rest of the device in a just-in-time fashion. In many prior art
POC devices, the capture surface is integral to the device and
if the capture surface is incorrect or not properly formed, the
whole device is bad. Using a device as described herein, the
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capture surface and/or assay unit can be individually quality
controlled and customized independently of the reagent units
and the housing of the device.

[0114] Reagent units can be filled with a variety of reagents
in a similar just-in-time fashion. This provides flexibility of
the device being customizable. In addition, the reagent units
can be filled with different volumes of reagents without
affecting the stability of a device or the chemical reactions to
be run within the device. Coupled with a system as described
with a fluid transfer device, the devices and units described
herein offer flexibility in the methods and protocols of the
assays to be run. For example, a batch of similar devices
containing the same reagents can be given to a patient pool for
a clinical trial. Half way through the clinical trial, a user
identifies that the assay could be optimized by changing the
dilution of the sample and the amount of reagent provided to
the assay unit. As provided herein, the assay can be changed
or optimized by only changing the instructions to a program-
mable processor of the fluid transfer device. For example, the
batch of cartridges in the patient pool had excess diluent
loaded on the cartridge. The new protocol demands four times
as much diluent as the previous protocol. Due to the methods
and systems provided herein, the protocol can be changed at
a central server and sent to all the systems for executing the
methods with the devices without having to provide new
devices to the patient pool. In other words, a POC device and
system as described herein can offer much of the flexibility of
a standard laboratory practice where excess reagents and
often excess sample are often available.

[0115] Insome instances, wherein the units of the cartridge
are separate, devices and systems provide flexibility in con-
struction of the systems described herein. For example, a
cartridge can be configured to run 8 assays using an array of
assay units and an array of reagent units. Due to the features
of the cartridge as described herein, the same housing, or a
housing of the same design can be used to manufacture a
cartridge with up to 8 different assays than the previous car-
tridge. This flexibility is difficult to achieve in many current
POC device designs because of the closed systems and fluid
channels, and therefore the devices may not be modular or as
easy to assemble as described.

[0116] 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 range and another is in the ug/ml concentration
range. The system as described herein has the ability to simul-
taneously 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
multiple 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.

[0117] Being able to monitor the rate of change of an ana-
lyte concentration and/or or concentration of PD or PK mark-
ers over a period of time in a single subject, or performing
trend analysis on the concentration, or markers of PD, or PK,
whether they are concentrations of drugs or their metabolites,
can help prevent potentially dangerous situations. For
example, if glucose were the analyte of interest, the concen-
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tration of glucose in a sample at a given time as well as the rate
of change of the glucose concentration over a given petiod of
time could be highly useful in predicting and avoiding, for
example, hypoglycemic events. Such trend analysis has wide-
spread beneficial implications in drug dosing regimen. When
multiple drugs and their metabolites are concerned, the ability
to spot a trend and take proactive measures is often desirable.
[0118] 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.

[0119] Often, 8 assays on the same cartridge may require
different dilutions or pre-treatments. The range of dilution
can be substantial between assays. Many current POC
devices offer a limited range of dilution and therefore a lim-
ited number of assays that can be potentially carried out on the
POC device. However, a system and/or cartridge as described
herein can offer a large range of dilutions due to the ability of
to serially dilute a sample Therefore, a large number of poten-
tial assays can be performed on a single cartridge or a plural-
ity of cartridges without modifying the detector or reading
instrument for the assays.

[0120] In an example, a system as provided herein is con-
figured to run multiple (e.g., five or more) different target
analyte detection assays. In order to bring the expected ana-
lyte concentration within the range of detection of an immu-
noassay as described herein and commonly used in the POC
field, a sample must be diluted e.g., 3:1, 8:1, 10:1, 100:1, and
2200:1, to run each of the five assays. Because the fluid
transfer device is able to hold and move fluid within the
device, serial dilutions can be performed with a system as
described herein to achieve these five different dilutions and
detect all five different target analytes. As described above,
the protocol for performing the assays is also capable of being
adjusted without modifying the device or the system.

[0121] In a laboratory setting with traditional pipetting,
typically larger volumes of sample are used than in a POC
setting. For example, a laboratory may analyze a blood
sample withdrawn from the arm ofa patientin a volume inthe
milliliter range. In a POC setting, many devices and users
demand that the process is fast, easy and/or minimally inva-
sive, therefore, small samples (on the order of a volume in the
microliter range) such as one obtained by a fingerstick) are
typically analyzed by a POC device. Because of the differ-
ence in sample, current POC devices can lose flexibility in
running an assay that is afforded in a laboratory setting. For
example, to run multiple assays from a sample, a certain
minimum volume can be required for each assay to allow for
accurate detection of an analyte, therefore putting some limits
on a device in a POC setting.

[0122] In another example, a system and/or fluid transfer
device as described herein provides a great deal of flexibility.
For example, the fluid transfer device can be automated to
move an assay unit, an assay tip, or an empty pipette from one
unit of the device to a separate unit of the device, not in fluid
communication with each other. In some instances, this can
avoid cross-contamination of the units of a device as
described. In other instances, it allows for the flexibility of
moving several fluids within a device as described into con-
tact with each other according to a protocol or instructions.
For example, a cartridge comprising 8 different reagents in 8
different reagent units can be addressed and engaged by a
fluid transfer device in any order or combination as is
instructed by a protocol. Therefore, many different sequences
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can be run for any chemical reaction to run on the device.
Without changing the volume of the reagents in the cartridge
or the type of reagents in the cartridge, the assay protocol can
be different or modified without the need for a second car-
tridge or a second system.

[0123] Forexample, a user orders a cartridge with a specific
type of capture surface and specific reagents to run an assay to
detect an analyte (for example, C-reactive protein (CRP))ina
sample. The protocol the user originally planned for may
require 2 washing steps and 3 dilution steps. After the userhas
received the device and system, the user has decided that the
protocol should actually have 5 washing steps and only 1
dilution step. The devices and systems herein can allow the
flexibility for this change in protocol without having to recon-
figure the device or the system. In this example, only a new
protocol or set of instructions are needed to be sent to the
programmable processor of the system or the fluid transfer
device.

[0124] In another example, a system as provided herein is
configured to run five different target analyte detection
assays, wherein each assay needs to be incubated at a different
temperature. In many prior art POC devices, incubation of
multiple assays at different temperatures is a difficult task
because the multiple assays are not modular and the capture
surfaces cannot be moved relative to the heating device. Ina
system as described herein, wherein an individual assay unit
1s configured to run a chemical reaction, an individual assay
unit can be place in an individual heating unit. In some
embodiments, a system comprises a plurality ofheating units.
In some instances, a system comprises at least as many heat-
ing units as assay units. Therefore, a plurality of assays can be
run as a plurality of temperatures.

[0125] Systems and devices as described herein can also
provide a variety of quality control measures not previously
available with many prior art POC devices. For example,
because of the modularity of a device, the assay units and
reagents units can be quality controlled separately from each
other and/or separately from the housing and/or separately
from a system or fluid transfer device. Exemplary methods
and systems of quality control offered by the systems and
devices herein are described.

[0126] A system as described can run a variety of assays,
regardless of the analyte being detected from a bodily fluid
sample. A protocol dependent on the identity of the 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 device. In some embodi-
ments, the device has an identifier (ID) that is detected or read
by an identifier detector described herein. The identifier
detector can communicate with a communication assembly
via a controller 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 system
may comprise instructions to the controller of the system to
perform the protocol, including but not limited to a particular
assay to be run and a detection method to be performed. Once
the assay is performed by the system, a signal indicative of an
analyte in the bodily fluid sample is generated and detected by
a detection assembly of the system. The detected signal may
then be communicated to the communications assembly,
where it can be transmitted to the external device for process-
ing, including without limitation, calculation of the analyte
concentration in the sample.
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[0127] 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 device and be detected or
read by an identifier detector. The identifier detector may also
be an LED that emits light which can interact with an identi-
fier which reflects light and is measured by the identifier
detector to determine the identity of a device. In some
embodiments the identifier may comprise a storage or
memory device and can transmit information to an identifi-
cation detector. In some embodiments a combination of tech-
niques may be used. In some embodiments, the detector is
calibrated by used of an optical source, such as an LED.

[0128] Inanexample, abodily fluid sample canbe provided
to a device, and the device can be inserted into a system. In
some embodiments the device is partially inserted manually,
and then a mechanical switch in the reader assembly auto-
matically properly positions the device inside the system.
Any other mechanism known in the art for inserting a disk or
cartridge into a system may be used. In some embodiments,
manual insertion may be required.

[0129] In some embodiments a method of automatically
selecting a protocol to be run on a system comprises provid-
ing a device comprising an identifier detector and an identi-
fier; detecting the identifier; transferring said identifier to an
external device; and selecting a protocol to be run on the
system from a plurality of protocols on said external device
associated with said identifier.

[0130] In an aspect, a system for automated detection of a
plurality of analytes in a bodily fluid sample is disclosed that
comprises: a fluidic device (such as those described herein)
comprising: a sample collection unit configured to contain the
bodily fluid sample; an array of assay units, wherein an indi-
vidual assay unit of said array of assay units is configured to
run a chemical reaction that yields a signal indicative of an
individual analyte of said plurality of analytes being detected,
and an array of reagent units, wherein an individual reagent
unit of said array of reagent units contains a reagent. The
system further comprises a fluid transfer device comprising a
plurality ofheads, wherein an individual head of the plurality
ofheads is configured to engage the individual assay unit, and
wherein said fluid transfer device comprises a programmable
processor configured to direct fluid transfer of the bodily fluid
sample from the sample collection unit and the reagent from
the individual reagent unit into the individual assay unit. For
example, an individual assay unit comprises a reagent and is
configured is to run a chemical reaction with that reagent.

[0131] In some instances, the configuration of the proces-
sor to direct fluid transfer effects a degree of dilution of the
bodily fluid sample in the array of assay units to bring signals
indicative of the plurality of analytes being detected within a
detectable range, such that said plurality of analytes are
detectable with said system. In an example, the bodily fluid
sample comprises at least two analytes that are present at
concentrations that differ by at least 2, 5, 10, 15, 50, or 100
orders of magnitude. In an example the bodily fluid sample is
asingle drop of blood. In an embodiment, the concentrations
of at least two analytes present in a sample differs by up to 10
orders of magnitude (for example, a first analyte is present at
0.1 pg/mL and a second analyte is present at 500 ug/mL. In
another example, some protein analytes are found at concen-
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trations of greater than 100 mg/ml, which can extend the
range of interest to about twelve orders of magnitude.
[0132] A degree of dilution of the bodily fluid sample can
bring the signals indicative of the at least two analytes within
the detectable range. In many instances, a system further
comprises a detector, such as a photomultiplier (PMT). With
a photomultiplier, for example, a detectable range of the
detector can be about 10 to about 10 million counts per
second. Each count corresponds to a single photon. In some
instances, PMTs are not 100% efficient and the observed
count rate may be slightly lower than, but still close to, the
actual number of photons reaching the detector per unit time.
In some instances, counts are measured in about ten intervals
of about one second and the results are averaged. In some
embodiments, ranges for assays are 1000-1,000,000 counts
per second when using a PMT as a detector. In some
instances, count rates as low as 100 per second and count rates
as high as 10,000,000 are measurable. The linear response
range of PMTs (for example, the range where count rate is
directly proportional to number of photons per unit time) can
be about 1000-3,000,000 counts per second. In an example,
an assay has a detectable signal on the low end of about
200-1000 counts per second and on the high end of about
10,000-2,000,000 counts per second. In some instances for
protein biomarkers, the count rate is directly proportional to
alkaline phosphatase bound to the capture surface and also
directly proportional to the analyte concentration. Other
exemplary detectors include avalanche photodiodes, ava-
lanche photodiode arrays, CCD arrays, super-cooled CCD
arrays. Many other detectors have an output that is digital and
generally proportional to photons reaching the detector. The
detectable range for exemplary detectors can be suitable to
the detector being used.

[0133] An individual head of a fluid transfer device can be
configured to adhere to the individual assay unit. The fluid
transfer device can be a pipette, such as an air-displacement
pipette. The fluid transfer device can be automated. For
example, a fluid transfer device can further comprise a motor
in communication with a programmable processor and the
motor can move the plurality of heads based on a protocol
from the programmable processor. As described, an indi-
vidual assay unit can be a pipette tip, for example, a pipette tip
with a capture surface or reaction site.

[0134] Often times, in a POC device, such as the systems
and devices described herein, the dilution factor must be
estimated and reasonably precise. For example, in environ-
ments where non-expert users operate the system there needs
to be ways of ensuring a dilution of a sample.

[0135] As described herein, a fluid transfer device can
affect a degree of dilution of a sample to provide accurate
assay results. For example, a programmable fluid transfer
device can be multi-headed) to dilute or serially dilute
samples as well as provide mixing of a sample and diluent. A
fluid transfer device can also provide fluid movement in POC
devices.

[0136] As described, the systems and devices herein can
enable many features of the flexibility of laboratory setting in
a POC environment. For example, samples can be collected
and manipulated automatically in a table top size or smaller
device or system. A common issue in POC devices is achiev-
ing different dilution ranges when conducting a plurality of
assays, wherein the assays may have significantly different
sensitivity or specificity. For example, there may be two ana-
lytes in a sample, but one analyte has a high concentration in
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the sample and the other analyte has a very low concentration.
As provided, the systems and devices herein can dilute the
sample to significantly different levels in order to detect both
analytes. For example, if the analyte is in a high concentra-
tion, a sample can be serially diluted to the appropriate detec-
tion range and provided to a capture surface for detection. In
the same system or device, a sample with an analyte in a low
concentration may not need to be diluted. In this manner, the
assay range of the POC devices and systems provided herein
can be expanded from many of the current POC devices.
[0137] A fluid transfer device can be part of a system that is
a bench-top instrument. The fluid transfer device can com-
prise a plurality ofheads. Any number ofheads as is necessary
to detect a plurality of analytes in a sample is envisioned for
a fluid transfer device of the invention. In an example, a fluid
transfer device has about eight heads mounted in a line and
separated by a distance. In an embodiment, the heads have a
tapered nozzle that engages by press fitting with a variety of
tips, such as assay unit or sample collection units as described
herein. The tips can have a feature that enables them to be
removed automatically by the instrument and disposed into in
a housing of a device as described after use. In an embodi-
ment, the assay tips are clear and transparent and can be
similar to a cuvette within which an assay is run that can be
detected by an optical detector such as a photomultiplier tube.
[0138] In an example, the programmable processor of a
system can comprise instructions or commands and can oper-
ate a fluid transfer device according to the instructions to
transfer liquid samples by either withdrawing (for drawing
liquid in) or extending (for expelling liquid) a piston into a
closed air space. Both the volume of air moved and the speed
of movement can be precisely controlled, for example, by the
programmable processor.

[0139] Mixing of samples (or reagents) with diluents (or
other reagents) can be achieved by aspirating components to
be mixed into a common tube and then repeatedly aspirating
a significant fraction of the combined liquid volume up and
down into a tip. Dissolution of reagents dried into a tube can
be done is similar fashion. Incubation of liquid samples and
reagents with a capture surface on which is bound a capture
reagent (for example an antibody) can be achieved by draw-
ing the appropriate liquid into the tip and holding it there for
a predetermined time. Removal of samples and reagents can
be achieved by expelling the liquid into a reservoir or an
absorbent pad in a device as described. Another reagent can
then be drawn into the tip according to instructions or proto-
col from the programmable processor.

[0140] Inanexampleasillustrated in FIG. 11,a liquid 1111
previously in a tip 1101 can leave a thin film 1113 within the
tip 1101 when expelled. Therefore, a system can use the
action of the leading (for example uppermost) portion of the
next liquid 1112 to scour the previously present liquid 1111
from the tip 1101. The portion of the subsequent liquid con-
taminated with the liquid previously present 1113 can be held
within the top of the tip 1101 where it does not continue to
interact with the capture surface 1102. The capture surface
1102 can be in a defined area of the tip 1101 such that the
previous liquid 1111 does not react with the capture surface
1102, for example as shown in FIG. 11, the capture surface
1102 occupies a defined portion of the cylindrical part of the
tip 1101 not extending all the way up to the boss of the tip. In
many instances, incubation time is short (for example 10
minutes) and separation of the contaminated zone of liquid is
relatively large (>1 mm) so diffusion or the active compo-
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nents of the contaminated portion of liquid 1113 does not
occur rapidly enough react with the capture surface 1102
during the incubation. For many high sensitivity assays, there
is a requirement to remove one reagent or wash the capture
surface (for example, a detector antibody which is labeled
with the assay signal generator). In an example, a fluid trans-
fer device of a system described herein can provide washing
by adding further removal and aspiration cycles of fluid trans-
fer, for example, using a wash reagent. In an example, four
wash steps demonstrated that the unbound detector antibody
in contact with the capture surface is reduced by a factor of
better than 10°-fold. Any detector antibody non-specifically
bound to the capture surface (highly undesirable) can also be
removed during this wash process.

[0141] Extension of the range of an assay can be accom-
plished by dilution of the sample. In POC assay systems using
disposable cartridges containing the diluent there is often a
practical limit to the extent of dilution. For example, if a small
blood sample is obtained by fingerstick (for example, about
20 microliters) is to be diluted and the maximum volume of
diluent that can be placed in a tube is 250 microliters, the
practical limit of dilution of the whole sample is about
10-fold. In an example herein, a system can aspirate a smaller
volume of the sample (for example about 2 microliters) mak-
ing the maximum dilution factor about 100-fold. For many
assays, such dilution factors are acceptable but for an assay
like that of CRP (as described in the examples herein) there is
a need to dilute the sample much more. Separation-based
ELISA assays can have an intrinsic limitation in thee capacity
of the capture surface to bind the analyte (for example about
a few hundred ng/ml for a typical protein analyte). Some
analytes are present in blood at hundreds of micrograms/ml.
Even when diluted by 100-fold, the analyte concentration
may be outside the range of calibration. In an exemplary
embodiment of a system, device, and fluid transfer device
herein, multiple dilutions can be achieved by performing
multiple fluid transfers of the diluent into an individual assay
unit or sample collection unit. For example, if the concentra-
tion of an analyte is very high in a sample as described above,
the sample can be diluted multiple times until the concentra-
tion of the analyte is within an acceptable detection range.
The systems and methods herein can provide accurate mea-
surements or estimations of the dilutions in order to calculate
the original concentration of the analyte.

[0142] In an embodiment, a system herein can move a
liquid sample and move an assay unit. A system can comprise
a heating block and a detector. In order to move a liquid
sample, a system may provide aspiration-, syringe-, or
pipette-type action. In an exemplary embodiment, a fluid
transfer device for moving a liquid sample is a pipette and
pipette head system. The number of pipette devices required
by the system can be adjusted according to the type of analyte
to be detected and the number of assays being run. The actions
performed by the pipette system can be automated or oper-
ated manually by a user.

[0143] FIG. 5 demonstrates an example of a fluid transfer
device 520 and system 500 as described herein. The fluid
transfer device system can move eight different or identical
volumes of liquid simultaneously using the eight different
heads 522. For example, the cartridge (or device as described
herein) 510 comprises eight assay units 501. Individual assay
units 501 are configured according to the type of assay to be
run within the unit 501. Individual assay units 501 may
require a certain volume of sample. An individual head 522
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can be used to distribute a proper amount of sample to an
individual assay unit 501. In this example, each head 522
corresponds to an addressed individual assay unit 501.
[0144] Thefluid transfer device mechanism 520 can also be
used to distribute reagents from the reagent units. Different
types of reagents include a conjugate solution, a wash solu-
tion, and a substrate solution. In an automated system, the
stage 530 on which the device 510 sits can be moved to move
the device 510 relative to the positioning of the assay units
501 and heads 522 and according to the steps necessary to
complete an assay as demonstrated in FIG. 5. Alternatively,
the heads 522 and tips 501 or the fluid transfer device 520 can
be moved relative to the position of the device 510.

[0145] In some embodiments, a reagent is provided in dry
form and rehydrated and/or dissolved during the assy. Dry
forms include lyophilized materials and films coated on sur-
faces.

[0146] A system can comprise a holder or engager for mov-
ing the assay units or tips. An engager may comprise a
vacuum assembly or an assembly designed to fit snugly into a
boss of an assay unit tip. For example, a means for moving the
tips can be moved in a manner similar to the fluid transfer
device heads. The device can also be moved on a stage
according to the position of an engager or holder.

[0147] Inanembodiment,aninstrument for moving the tips
is the same as an instrument for moving a volume of sample,
such as a fluid transfer device as described herein. For
example, a sample collection tip can be fit onto a pipette head
according to the boss on the collection tip. The collection tip
can then be used to distribute the liquid throughout the device
and system. After the liquid has been distributed, the collec-
tion dip can be disposed, and the pipette head can be fit onto
an assay unit according to the boss on the assay unit. The
assay unit tip can then be moved from reagent unit to reagent
unit, and reagents can be distributed to the assay unit accord-
ing to the aspiration- or pipette-type action provided by the
pipette head. The pipette head can also perform mixing within
a collection tip, assay unit, or reagent unit by aspiration- or
syringe-type action.

[0148] A system can comprise a heating block for heating
the assay or assay unit and/or for control of the assay tem-
perature. Heat can be used in the incubation step of a assay
reaction to promote the reaction and shorten the duration
necessary for the incubation step. A system can comprise a
heating block configured to receive an assay unit of the inven-
tion. The heating block can be configured to receive a plural-
ity of assay units from a device of the invention. For example,
if 8 assays are desired to be run on a device, the heating block
can be configured to receive 8 assay units. In some embodi-
ments, assay units can be moved into thermal contact with a
heating block using the means for moving the assay units. The
heating can be performed by a heating means known in the
art.

[0149] An exemplary system 600 as described herein is
demonstrated in FIG. 6. The system 600 comprises a transla-
tional stage 630 onto which a device 610 (or cartridge in this
example) is placed either manually or automatically or a
combination of both. The system 600 also comprises a heat-
ing block 640 that can be aligned with the assay units 611 of
the device 610. As shown in FIG. 6, the device 610 comprises
a series of 8 assay units 611 and multiple corresponding
reagent units 612, and the heating block 640 also comprises
an area 641 for at least 8 units to be heated simultaneously.
Each of the heating areas 641 can provide the same or differ-
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ent temperatures to each individual assay unit 611 according
to the type of assay being run or the type of analyte being
detected. The system 600 also comprises a detector (such as a
photomultiplier tube) 650 for detection of a signal from an
assay unit 611 representative of the detection of an analyte in
a sample.

[0150] Inanembodiment, a sensor is provided to locate an
assay unit relative to a detector when an assay is detected.
[0151] Inanembodiment, the detector is a reader assembly
housing a detection assembly for detecting a signal produced
by at least one assay on the device. The detection assembly
may be above the device or at a different orientation in rela-
tion to the device based on, for example, the type of assay
being performed and the detection mechanism being
employed. The detection assembly can be moved into com-
munication with the assay unit or the assay unit can be moved
into communication with the detection assembly.

[0152] In many instances, an optical detector is provided
and 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 com-
parable to a PMT. Some assays may generate luminescence as
described herein. In some embodiments chemiluminescence
1s 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.

[0153] A detector can also comprise a light source, such as
a bulb or light emitting diode (LED). The light source can
illuminate an assay in order to detect the results. For example,
the assay can be a fluorescence assay or an absorbance assay,
as are commonly used with nucleic acid assays. The detector
can also comprise optics to deliver the light source to the
assay, such as a lens or fiber optics.

[0154] In some embodiments, the detection system may
comprise non-optical detectors or sensors for detecting a
particular parameter of a subject. Such sensors may include
temperature, conductivity, potentiometric signals, and
amperometric signals, for compounds that are oxidized or
reduced, for example, O,. H,0,, and I, or oxidizable/reduc-
ible organic compounds.

[0155] A device and system may, after manufacturing, be
shipped to the end user, together or individually. The device or
system of the invention can be packaged with a user manual or
instructions for use. In an embodiment, the system of the
invention is generic to the type of assays run on different
devices. Because components of the device can be modular, a
user may only need one system and a variety of devices or
assay units or reagent units to run a multitude of assays in a
point-of-care environment. In this context, a system can be
repeatedly used with multiple devices, and it may be neces-
sary to have sensors on both the device and the system to
detect such changes during shipping, for example. During
shipping, pressure or temperature changes can impact the
performance of a number of components of the present sys-
tem, and as such a sensor located on either the device or
system can relay these changes to, for example, the external
device so that adjustments can be made during calibration or
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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 device could detect
this change and convey this information to the system when
the device is inserted into the system by the user. There may
be an additional detection device in the system to perform
these tasks, or such a device may be incorporated into another
system component. In some embodiments information may
be wirelessly transmitted to either the system or the external
device, such as a personal computer or a television. Likewise,
a sensor in the system can detect similar changes. In some
embodiments, it may be desirable to have a sensor in the
shipping packaging as well, either instead of in the system
components or in addition thereto. For example, adverse con-
ditions that would render an assay cartridge or system invalid
that can be sensed can include exposure to a temperature
higher than the maximum tolerable or breach of the cartridge
integrity such that moisture penetration.

[0156] Inanembodiment, the system comprises a commu-
nication assembly capable of transmitting and receiving
information wirelessly from an external device. Such wire-
less communication may be Bluetooth or RTM technology.
Various communication methods can be utilized, such as a
dial-up wired connection with a modem, a direct link such as
aT1, ISDN, or cable line. In some embodiments, a wireless
connection is established using exemplary wireless networks
such as cellular, satellite, or pager networks, GPRS, or alocal
data transport system such as Ethernet or token ring over a
local area network. In some embodiments the information is
encrypted before it is transmitted over a wireless network. In
some embodiments the communication assembly may con-
tain a wireless infrared communication component for send-
ing and receiving information. The system may include inte-
grated graphic cards to facilitate display of information.
[0157] 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 device identifier in the storage
device. In some embodiments the communication assembly
can retry sending the stored information after a certain
amount of time.

[0158] In some embodiments an external device communi-
cates with the communication assembly within the reader
assembly. An external device can wirelessly or physically
communicate with a system, 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.

[0159] An exemplary method and system 1s demonstrated
in FIG. 7. In the example of FIG. 7, a patient delivers a blood
sample to a device as described herein and then the device is
inserted into a reader, wherein the reader can be desktop
system capable of reading an analyte in the blood sample. The
reader can be a system as described herein. The reader can be
abench-top or desk-top system and can be capable of reading
aplurality of different devices as described herein. The reader
or system is capable of carrying out a chemical reaction and
detecting or reading the results of the chemical reaction. In
the example in FIG. 7, a reader is automated according to a
protocol sent from an external device (for example, a server
comprising a user interface). A reader can also send the
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results of the detection of the chemical reaction to the server
and user interface. In an exemplary system, the user (for
example, medical personnel such as a physician or
researcher) can view and analyze the results as well as decide
or develop the protocol used to automate the system. Results
can also be stored locally (on the reader) or on the server
system. The server can also host patient records, a patient
diary, and patient population databases.

[0160] FIG. 8 illustrates the process flow of building a
system for assessing the medical condition of a subject. The
patient inputs personal data and or measurements from a
device, reader, and/or system as described herein into a data-
base as may be present on a server as described. The system
can configured to display the personal data ona patient station
display. In some embodiments, the patient station display is
interactive and the patient can modify inputted data. The same
or a different database contains data from other subjects with
asimilar medical condition. Data from the other subjects can
be historical data from public or private institutions. Data
from other subjects may also be internal data from a clinical
study.

[0161] FIG. 8 also illustrates the flow of data from reader
collection data that includes the data from the subject to a
server that is connected over a public network. The server can
manipulate the data or can just provide the data to a user
station. The patient data may also be input to the server
separately from the data pertaining to a medical condition that
is stored in a database. FIG. 8 also demonstrates a user station
display and the flow of information to medical personnel or a
user. For example. using the exemplary process flow of FIG.
8, a patient at home can input a bodily fluid sample into a
cartridge of the invention as described herein and place it ina
system or reader as described herein. The patient can view the
data from the system at a patient station display and/or modify
or input new data into the process flow. The data from the
patient can then travel over a public network, such as the
internet, for example, in an encrypted format, to a server
comprising a network interface and a processor, wherein the
server is located at a central computing hub or in a clinical
trial center. The server can use medical condition data to
manipulate and understand the data from the user and then
send the results over a public network as described to a user
station. The user station can be in a medical office or labora-
tory and have a user station display to display the results of the
assay and manipulation of the patient data to the medical
personnel. In this example, the medical personnel can receive
results and analysis of a sample from a patient from a test that
the patient administered in an alternate location such as the
patient’s home. Other embodiments and example of systems
and components of systems are described herein.

[0162] 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. An external device can store protocols to be run
on a system which can be transmitted to the communication
assembly of a system when it has received an identifier indi-
cating which device has been inserted in the system. In some
embodiments a protocol can be dependent on a device iden-
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tifier. In some embodiments the external device stores more
than one protocol for each device. In other embodiments
patient information on the external device includes more than
one protocol. In some instances, the external server stores
mathematical algorithms to process a photon count sent from
a communication assembly and in some embodiments to
calculate the analyte concentration in a bodily fluid sample.
[0163] In some embodiments, the external device can
include one or more servers as are known in the art and
commercially available Such servers can provide load bal-
ancing, task management, and backup capacity in the event of
failure of one or 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 processing according to the present invention reside on
workstations such as computers, thereby eliminating the need
for a server.

[0164] 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.

[0165] One advantage of some of the features described
herein is that information 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 limita-
tion, 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 personnel or the patient.

[0166] Accordingly, the data generated with the use of the
subject devices and systems can be utilized for performing a
trend analysis on the concentration of an analyte in a subject.
[0167] Another advantage as described herein 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.

[0168] By detecting a device based on an identifier associ-
ated with a fluidic device after it is inserted in the system, the
system allows for fluidic device-specific protocols to be
downloaded from an external device and run. In some
embodiments an external device can store a plurality of pro-
tocols associated with the system or associated with a par-
ticular 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 of the system. The
ability to use protocols specifically associated with a device
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allows for any component of a device of the invention to be
used with a single system, and thus virtually any analyte of
interest can be detected with a single system.

[0169] 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-
tifier is detected, the software on the external device can select
a specific protocol that is associated with the day of the week.

[0170] In some embodiments a patient may be provided
with a plurality of devices to use to detect a variety of ana-
lytes. A subject may, for example, use different devices on
different days of the week. In some embodiments the soft-
ware on the external device associating the identifier with a
protocol may include a process to compare the current day
with the day the 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 device is in
the system and also of the correct device to use that day. This
example is only illustrative and can easily be extended to, for
example, notifying a subject that a device is not being used at
the correct time of day.

[0171] The system can also use a networking method of
assessing the medical condition of a subject. A system of
communicating information may or may not include a reader
for reading subject data. For example, if biomarker data is
acquired by a microfluidic point-of-care device, the values
assigned to different individual biomarkers may be read by
the device itself or a separate device. Another example of a
reader would be a bar code system to scan in subject data that
has been entered in an electronic medical record or a physi-
cian chart. A further example of a reader would consist of an
electronic patient record database from which subject data
could be directly obtained via the communications network.
In this way, the efficacy of particular drugs can be demon-
strated in real-time, thus justifying reimbursement of the
therapy.

[0172] 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
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 sys-
tem may be at an elevated level compared to a known profile
that will indicate multiple doses of the pharmaceutical agent
have been taken. The patient or medical personnel may be
notified of such noncompliance via any or the wireless meth-
ods discussed herein, including without limitation notifica-
tion 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.

[0173] In an embodiment, the system can be used to iden-
tify sub-populations of patients which are benefited or
harmed by a therapy. In this way, drugs with varying toxicity
that would otherwise be forced from the market can be saved
by allocating them only to those who will benefit.
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Methods

[0174] Thedevices and methods of the invention provide an
effective means for real-time detection of analytes present in
a bodily fluid from a subject. The detection methods may be
used in a wide variety of circumstances including identifica-
tion and quantification of analytes that are associated with
specific biological processes, physiological conditions, dis-
orders, stages of disorders or stages of therapy. As such, the
devices and methods have a broad spectrum of utility in, for
example, drug screening, disease diagnosis, phylogenetic
classification, parental and forensic identification, disease
onset and recurrence, individual response to treatment versus
population bases, and monitoring of therapy. The devices and
methods are also particularly useful for advancing preclinical
and clinical stage of development of therapeutics, improving
patient compliance, monitoring ADRs associated with a pre-
scribed drug, individualized medicine, outsourcing blood
testing from the central laboratory to the residence of the
patient. The device can be employed on a prescription basis,
utilized by pharmaceutical companies for monitoring thera-
peutic agents following regulatory approval or utilized for
payors outsourcing blood tests from a central lab.

[0175] Accordingly, in an embodiment, the present inven-
tion provides a method of detecting an analyte in a bodily
fluid sample comprising providing a blood sample to a device
or system of the invention, allowing the sample to react within
at least one assay unit of the device, and detecting the detect-
able signal generated from the analyte in the blood sample.
[0176] FIG. 1 demonstrates an exemplary embodiment of a
device of the invention comprising at least one assay unit and
at least one reagent unit. The assay units (for example, des-
ignated as sample tips and calibrator tips in FIG. 1) can
contain a capture surface and the reagent units can contain
items such as conjugates, washes, and substrates. The device
exemplified in FIG. 1 also comprises a whole blood sample
collection tip, a plasma sample collection tip, a blood input
well, a beads well or plasma separation well, a tip touch-off or
blotting pad, a dilution well, a diluted plasma sample well or
plasma diluent well, collection tip disposal areas.

[0177] Inan embodiment, a method comprises performing
an Enzyme-linked Immunosorbent Assay (ELISA). In an
example as described in this paragraph, a sample is provided
to a sample collection unit of a device as described herein.
The device is then inserted into a system, wherein system
detects the type of cartridge or device that is inserted. The
system can then communicate with an external device to
receive a set of instructions or protocol that allow the system
to perform the desired assay or assays of the cartridge. The
protocol can be sent to the programmable processor of a fluid
transfer device of the system. In an example, the fluid transfer
device engages a sample tip of the cartridge and picks up a
certain volume of the sample from the sample collection umt
and moves it to a pretreatment unit where red blood cells are
removed. The plasma of the sample can then be aspirated into
a plasma tip or any assay tip by the fluid transfer device
according to the protocol. The tip containing the plasma can
then pick up a diluent to dilute the sample as is necessary for
the assays to be run. Many different dilutions can be carried
by using serial dilutions of the sample. For example, each
assay tip or assay unit can contain a sample of a different
dilution. After the sample is aspirated into an assay unit by the
fluid transfer device, the assay unit can then be incubated with
the sample to allow any target analyte present to attach to the
capture surface. Incubations as described in this example can
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be at the system or room temperature for any period of time,
for example 10 minutes, or can in a heating device of the
system as described herein. The assay unit can engage a
reagent unit addressed with a reagent corresponding to the
assay to be run in each individual assay unit that have a
capture surface for that assay. In this example, the first reagent
is a detector solution of an ELISA, for example, comprising a
detector antibody such as a labeled anti-protein antibody
different than the capture surface. The detector solution is
then aspirated out of the assay unit and then a wash solution
can be aspirated into the assay unit to remove any excess
detector solution. Multiple wash steps can be used. The final
reagent to be added is an enzymatic substrate which causes
the bound detector solution to chemiluminesce. The enzy-
matic substrate is then expelled from the assay unit and the
results of the assay are read by a detector of the system. At
each step as described, incubations can occur as necessary as
described herein. In this example, the entire process after
putting the cartridge into the system is automated and carried
out by a protocol or set of instructions to the programmable
system.

[0178] One exemplary method proceeds with delivering a
blood sample into the blood input well. The sample can then
be picked up by a collection tip and inserted into the plasma
separation well. Alternatively, the blood can be deposited
directly into a well containing a blood separator. For example,
plasma separation can be carried out by a variety of methods
as described herein. In this example, plasma separation pro-
ceeds using magnetizable beads and antibodies to remove the
components of the blood that are not plasma. The plasma can
then be carried by a plasma collection tip as to not contami-
nate the sample with the whole blood collection tip. In this
example, the plasma collection tip can pick-up a predeter-
mined amount of diluent and dilute the plasma sample. The
diluted plasma sample is then distributed to the assay units
(sample tips) to bind to a capture surface. The assay units can
be incubated to allow for a capture reaction to be carried out.
The assay unit then can be used to collect a conjugate to bind
with the reaction in the assay unit. The conjugate can com-
prise an entity that allows for the detection of an analyte of
interest by a detector, such as an optical detector. Once con-
jugate has been added to the assay unit, the reaction can be
incubated. In an exemplary method using an exemplary
device of FIG. 1, a reagent unit containing a wash for the
conjugate is then accessed by the assay unit (sample tip) to
remove any excess conjugate that can interfere with any ana-
lyte detection. After washing away excess conjugate, a sub-
strate can be added to the assay unit for detection. In addition,
in the example of FIG. 1 and this method, a calibrator tip assay
unit can be used to carry out all of the methods described in
this paragraph except the collection and distribution of the
sample Detection and measurements using the calibrator tip
assay unit can be used to calibrate the detection and measure-
ments of the analyte from the sample. Other processes and
methods similar to those used in this example are described
hereinafter.

[0179] Any bodily fluids suspected to contain an analyte of
interest can be used in conjunction with the system or devices
of the invention. For example, the input well or sample col-
lection unit in the example of FIG. 1 can collect of contain any
type of commonly employed bodily fluids that 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 liquids extracted from
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tissue samples, and cerebrospinal fluid. In an embodiment,
the bodily fluid is blood and can be obtained by a fingerstick.
In an embodiment, the bodily fluid sample is a blood plasma
sample.

[0180] A bodily fluid may be drawn from a patient and
distributed to the device in a variety of ways including, but not
limited to, lancing, injection, or pipetting. In one embodi-
ment, a lancet punctures the skin and delivers the sample into
the device using, for example, gravity, capillary action, aspi-
ration, or vacuum force. The lancet may onboard the device,
or part of a reader assembly, or a stand alone component.
Where needed, the lancet may be activated by a variety of
mechanical, electrical, electromechanical, 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 a bodily fluid to the
device, as could occur, for example, with a saliva sample. The
collected fluid can be placed into a collection well or unit of
the device. In some embodiments, there is a user activated
lancet and sample collecting capillary within the device.
[0181] The volume of bodily fluid to be used with a method
or device described herein is generally less than about 500
microliters, further can be 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. In an embodiment, the sample is 20
microliters.

[0182] In an embodiment, the volume of bodily fluid used
for detecting an analyte utilizing the devices, systems, or
methods 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 device, system, or method of the invention.
[0183] In some embodiments, the bodily fluids are used
directly for detecting the analytes present in the bodily fluid
without further processing. Where desired, however, the
bodily fluids can be pre-treated before performing the analy-
sis with a device. 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 ana-
lyte. Methods of concentrating 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 or using nucleic acid binding resins
following the accompanying instructions provided by manu-
facturers. Where the analyte is a molecule present on or
within a cell, extraction can be performed using lysing agents
including but not limited to anticoagulants such as EDTA or
heparin, denaturing detergent such as SDS or non-denaturing
detergent such as Thesit, sodium deoxylate, triton X-100, and
tween-20.

[0184] In an embodiment, the subject collects a sample of
bodily fluid with a syringe. 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 some instances, the sample volume is
known. In some embodiments, the sample volume is in the
range of about 5-20 microliters or other volume ranges as
described herein.
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[0185] In another embodiment, a method and system is
provided to obtain a plasma sample substantially free of red
blood cells from a blood sample. When conducting an assay,
the analytes are often contained in the blood plasma, and the
red blood cells can interfere with a reaction.

[0186] Often, when measuring a blood sample, the analytes
of interest are in the serum or plasma. For clinical purposes,
the final reported concentration of multiple blood tests often
needs to relate to the concentration of blood serum or blood
plasma in a diluted sample. In many cases, blood serum or
blood plasma is the test medium of choice in the lab. Two
operations may be necessary prior to running an assay, dilu-
tion and red blood cell removal. Blood samples vary signifi-
cantlyin the proportion of the sample volume occupied by red
cells (the hematocrit which varies from about 20-60%). Fur-
thermore, in a point-of-care environment when assay systems
are operated by non-expert personnel, the volume of sample
obtained may not be that which is intended. If a change in
volume is not recognized, it can lead to error in the reported
analyte concentrations.

[0187] In related but separate embodiment, the present
invention provides a method of retrieving plasma from a
blood sample is provided that comprises mixing a blood
sample in the presence of magnetizable particles in a sample
collection unit, wherein the magnetizable particles comprise
an antibody capture surface for binding to non-plasma por-
tions of the blood sample, and applying a magnetic field
above a plasma collection area to the mixed blood sample to
effect suspension of the non-plasma portions of the blood
sample on top of the plasma collection area, thereby retriev-
ing the plasma from a blood sample.

[0188] In order to process blood samples, the device or
system of the invention may include a magnetic reagent or
object which binds to red cells and enables magnetic removal
of red cells from plasma. The reagent can be provided in
lyophilized form but also can be present as a liquid dispersion.
A reagent comprised of magnetizable particles (for example,
about 1 micrometer in size) can be coated with an antibody to
a red cell antigen or to some adaptor molecule. In some
embodiments, the reagent also contains unbound antibodies
to red cell surface antigens, which may be unlabeled or
labeled with an adaptor moiety (such as biotin, digoxigenin,
or fluorescein). In an embodiment analyzing a blood sample,
the red blood cells in a diluted sample co-agglutinate with the
magnetizable particles aided by a solution phase antibody.
Alternatively, a lectin that recognizes a red cell surface car-
bohydrate can be used as a co-agglutination agent. Some-
times, combinations of red cell agglutinating agents are used.
Alternatively, a device of the invention can comprise a blood
filter, such as a pad of glass fiber, to aid in the separation ofred
blood cells from a sample.

[0189] When blood is mixed with a magnetic reagent, a
co-agglutination can occur in which many, if notall, of the red
cells form a mixed agglutinate with the magnetizable par-
ticles. The reagent dissolution and mixing process is driven
by repeated aspiration using a tip or collection tip of the
invention or a pipette-like tip. After the magnetizable mass
has formed, the mass can be separated from the blood plasma
by use of a magnet to hold the mass in place as plasma is
allowed to exit the tip. In an embodiment, the plasma exits the
tip by gravity in a vertical orientation, while the magnet holds
the mass in place. In another embodiment, the plasma exits
the tip by vacuum or pressure means, while the mass is held
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within the tip. The plasma can be deposited into a well,
another collection tip, or assay unit of the invention.

[0190] An example of a plasma separation method of the
invention is demonstrated in FIGS. 9A through 9E. In FIG.
9A, a whole blood sample 901 has been aspirated into a
sample tip 910 as described herein, for example in the amount
of about 20 microliters. The whole blood sample 901 is then
deposited into a separation well 920 (for example, a well
containing magnetic beads or particles) of an example device.
FIG. 9B illustrates a method of suspending and mixing a
magnetic reagent in the whole blood sample 902 in a separa-
tion well (for example, magnetic bead particles and free bind-
ing molecules). F1G. 9C demonstrates a 10 microliter air slug
930 that can be used to prevent loss from the tip 910. The
mixed whole blood sample and magnetic reagent 902 are
incubated for several seconds (for example, 60 to 180 sec-
onds) to allow an agglutination reaction to occur.

[0191] FIG. 9D demonstrates the application of a magnetic
field 940 to the whole blood cell and magnetic reagent mix-
ture 902. The magnetic field 940 can be applied by a magnetic
collar 942 that is incorporated with a system or with any
magnetic means known in the art. The magnetic field 940
attracts any particles that have adhered to the magnetic
reagent. In this way, the plasma 903, which does not adhere
with the magnetic reagent, can be separated from non-plasma
portions of a whole blood sample.

[0192] FIG. 9E demonstrates a method of distributing a
blood plasma sample 903, as separated by the magnetic
reagent described herein, into a well or unit 950 ofa device as
described herein. The blood plasma sample 903 can also be
distributed to a collection tip or assay unit, as well as any other
sortofassay device as obvious to one skilled in the art. In FIG.
9E, the magnetic field 940 is shown to move with the tip 910
distributing the blood plasma sample 903. In this example, 5
to 8 microliters of plasma have been removed from a 20
microliter whole blood sample. 1 10 99% of a whole blood
sample can be plasma separated using a method of the inven-
tion. In an embodiment, 25 to 60% ofthe volume of the whole
blood sample is plasma that can be separated.

[0193] Other exemplary steps of a method as described can
be completed. In order to move the blood plasma sample to
another well or unit, a capillary plasma collection tip (which
can be operated by a robotic system or any other system of the
invention) collects the blood plasma sample by capillary and
aspiration force. Another step can comprise distributing the
plasma sample in a diluent, and the sample can then be diluted
by the diluent. The diluted blood plasma sample can then be
collected by the collection tip in a predetermined volume. The
diluted blood plasma sample can then be mixed and distrib-
uted into a well or unit of a device to be distributed to one or
a plurality of assay units of a device of the invention. The
sample can also be distributed into any other type of device,
such as a microtiter plate, as would be obvious to those skilled
in the art.

[0194] The example process demonstrated in FIGS. 9A
through 9E can be used with other devices and systems, other
than those disclosed herein. For example, a fluid transfer tip
can contain the agglutinated mass and the plasma could be
deposited into a microtiter plate. Other devices and systems
as would be obvious to those skilled in the art could be utilized
to execute the example blood plasma separation as disclosed
herein.

[0195] The sample of bodily fluid can also be diluted in a
variety of other manners, such as using a sample collection
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device capable of dilution. The housing of the sample collec-
tion device can comprise a tube. In the tube, two moveable
seals can contain a volume of a diluent. In a preferable
embodiment, the volume of the diluent is predetermined, e.g.,
in about the range of 50 microliters to 1 milliliter, preferably
in the range of about 100 microliters to 500 microliters.

[0196] In an aspect, a method for automated detection of a
plurality of analytes in a bodily fluid sample is provided that
comprises: providing the bodily fluid sample to a fluidic
device, wherein the fluidic device comprises: a sample col-
lection unit configured to contain the bodily fluid sample; an
array of assay units, wherein an individual assay unit of said
array of assay units is configured to run a chemical reaction
that yields a signal indicative of an individual analyte of said
plurality of analytes being detected; and an array of reagent
units, wherein an individual reagent unit of said array of
reagent units contains a reagent. The method can also com-
prise engaging the individual assay unit using a fluid transfer
device. Continuing the method, bodily fluid sample can be
transferred from the sample collection unit to the individual
assay unit using the fluid transfer device and the reagent from
the individual reagent unit can be transferred to the individual
assay unit, thereby reacting the reagent with the bodily fluid
sample to yield the signal indicative of the individual analyte
of the plurality of analytes being detected. In some embodi-
ments, the fluid transfer device comprises a plurality of heads,
wherein an individual head of the plurality of heads is con-
figured to engage the individual assay unit; and wherein said
fluid transfer device comprises a programmable processor
configured to direct fluid transfer of the bodily fluid sample
from the sample collection unit and the reagent from the
individual reagent unit into the individual assay unit.

[0197] In some instances, instructions are provided to the
programmable processor, for example, by a user, a subject, or
the manufacturer. Instructions can be provided from an exter-
nal device, such as a personal electronic device or a server.
The instructions can direct the step of transferring the bodily
fluid sample to theindividual assay unit. For example, the step
of transferring the bodily fluid sample can affect a degree of
dilution of the bodily fluid sample in the individual assay unit
to bring the signal indicative the individual analyte of the
plurality of analytes being detected within a detectable range.
In some examples, the degree of dilution of the bodily fluid
sample brings the signals indicative of the at least two indi-
vidual analytes within a detectable range as described herein.

[0198] Pattern recognition techniques can be used to deter-
mine if the detection of an analyte or a plurality of analytes by
a method as described herein is within or outside a certain
range. For example, detectable signals outside the reportable
range can be rejected. The certain range can be established
during calibration of a fluidic device the reagent and assay
units. For example, the range is established when a device is
assembled in a just-in-time fashion.

[0199] In some instances, if the detectable signal of an
analyte as detected with a lower dilution factor or degree of
dilution exceeds that for a higher dilution factor, the lower
dilution result can be rejected as invalid. In most instances,
concentrations of an analyte in a sample as derived from
signals from samples with different degrees of dilution get
lower as the degree of dilution becomes greater. If this does
happen, an assay result can be verified. The systems, devices,
and methods herein provide the flexibility of quality control
rules such as those described that many POC devices cannot

Sep. 15, 2016

offer. The systems, devices, and methods provide many of the
quality control features as would be expected in a laboratory
setting.

[0200] Inanembodiment, a sample is diluted in a ratio that
is satisfactory for both high senstivity and low sensitivity
assays. For example, a dilution ratio of sample to diluent can
be in the range of about 1:10,000-1:1. The device can enable
a sample to be diluted into separate locations or extents. The
device can also enable the sample to be subject to serial
dilutions. In further instances, serial dilution within the
device or system can dilute the sample up to 10,000,000,000:
L.

[0201] Inembodiments, a sample containing an analyte for
detection can be moved from a first location to a second
location by aspiration-, syringe-, or pipette-type action. The
sample can be drawn into the reaction tip by capillary action
or reduced atmospheric pressure. In some embodiments, the
sample 1s moved to many locations, including an array of
assay units of a device of the invention and different wells in
the housing of a device of the invention. The process of
moving the sample can be automated by a system of the
invention, as described herein.

[0202] Theassay units and/or collection tips containing the
sample can also be moved from a first location to a second
location. The process of moving an assay unit or a collection
tip can be automated and carried out by a user-defined proto-
col.

[0203] In an embodiment, the assay units are moved to
collect reagent from a reagent unit of the invention. In many
embodiments, movement of an assay unit is automated. Aspi-
ration-, syringe-, or pipette-type action can be used to collect
reagent from a reagent unit into an assay unit.

[0204] Once a sample has been added to an assay unit that
comprises a capture surface, the entire unit can be incubated
for a period of time to allow for a reaction between the sample
and the capture surface of the assay unit. The amount of time
needed to incubate the reaction is often dependent on the type
of assay being run. The process can be automated by a system
of the invention. In an embodiment, the incubation time is
between 30 seconds and 60 minutes. In another embodiment,
the incubation time is 10 minutes.

[0205] An assay unit can also be incubated at an elevated
temperature. In an embodiment, the assay unit is incubated at
temperature in a range of about 20 to 70 degrees Celsius. The
assay unit can be inserted into a heating block to elevate the
temperature of the assay unit and/or the contents of the assay
unit.

[0206] In an embodiment of a method of the invention, a
conjugate is added to the assay unit after a sample has been
added to the unit. The conjugate can contain a molecule for
labeling an analyte captured by a capture surface in the assay
unit. Examples of conjugates and capture surface are
described hereinafter. The conjugate can be a reagent con-
tained within a reagent unit. The conjugate can be distributed
to the assay unit by aspiration-, syringe-, or pipette-type
action. Once a conjugate has been distributed to an assay unit,
the assay unit can be incubated to allow the conjugate to react
with an analyte within the assay unit. The incubation time can
be determined by the type of assay or the analyte to be
detected. The incubation temperature can be any temperature
appropriate for the reaction.

[0207] In an aspect, a method of calibrating a device for
automated detection of an analyte in a bodily fluid sample is
provided. A device can comprise an array of addressable
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assay units configured to run a chemical reaction that yields a
detectable signal indicative of the presence or absence of the
analyte, and an array of addressable reagent units, each of
which is addressed to correspond to one or more addressable
assay units in said device, such that individual reagent units
are calibrated in reference to the corresponding assay unit(s)
before the arrays are assembled on the device. The device is
calibrated by calibrating the assay units and reagent units
before they are assembled on the device. The device can then
be assembled using the calibrated components, making the
device, and a method and system that utilize the device,
modular components.

[0208] Calibration can be pre-established by measuring the
performance of assay reagents, such as conjugates, before the
assay units and reagent unit are assembled in a device of the
invention. Calibration information and algorithms can be
stored on a server linked wirelessly to the assay system.
Calibration can be performed in advance or retrospectively by
assays performed in replicate systems at a separate location or
by using information obtained when the assay system is used.

[0209] In an aspect, a control material can be used in a
device or system to measure or verify the extent of dilution of
a bodily fluid sample. For example, another issue of solid-
phase based assays such as ELISA is that an assay uses a
solid-phase reagent that is difficult to quality control without
destruction of its function. The systems and methods herein
provide methods to determine the dilution achieved in a POC
system using a disposable device with automated mixing
and/or dilution.

[0210] In an embodiment, a method provides retrospective
analysis, for example, by use of a server in real time to analyze
data prior to reporting results. For example, an assay can be
performed and a control assay can be run in parallel to the
assay. The control assay provides a measurement of an
expected dilution of the sample. In some examples, the con-
trol assay can verify the dilution of the sample and thus,
dilution of a sample for the assay or plurality of assays run
within the system can be considered accurate.

[0211] A method of measuring a volume of a liquid sample
can comprise: reacting a known quantity of a control analyte
in a liquid sample with a reagent to yield a detectable signal
indicative of the control analyte; and comparing an intensity
of said detectable signal with an expected intensity of said
detectable signal, wherein the expected intensity of said sig-
nal is indicative of an expected volume of the liquid sample,
and wherein said comparison provides a measurement of said
volume of said liquid sample being measured. In many
instances, the control analyte is not present in said liquid
sample in a detectable amount.

[0212] In an embodiment, a method can further comprise
verifying the volume of said liquid sample when the measure-
ment of the volume of the sample is within about 50% of the
expected volume of the liquid sample.

[0213] For example, a method utilized a device or system
described herein can further comprise: reacting a bodily fluid
sample containing a target analyte with a reagent to yield a
detectable signal indicative of the target analyte; and measur-
ing the quantity of the target analyte in the bodily fluid sample
using an intensity of said detectable signal indicative of the
target analyte and the measurement of said volume of said
liquid sample. The liquid sample and the bodily fluid sample
can be the same sample. In some embodiments, the control
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analyte does not react with the target analyte in the bodily
fluid sample, therefore providing not interacting with detec-
tion of the target analyte.

[0214] Insome instances, the liquid sample and the bodily
fluid sample are different liquid samples. For example, a
control liquid, such as water, and a blood sample. Or in
another example, a saliva sample and a blood sample.
[0215] A control analyte can be, without limitation, fluo-
rescein-labeled albumin, fluorescein labeled IgG, anti-fluo-
rescein, anti-digoxigenin, digoxigenin-labeled albumin,
digoxigenin-labeled IgG, biotinylated proteins, non-human
IgG. Other exemplary control analytes can be obvious to one
skilled in the art. In an embodiment, the control analyte does
not occur in a human bodily fluid sample.

[0216] Ina POC system as described herein configured to
detect a plurality of analytes within a sample, the system can
have capabilities to dilute and mix liquids. In many instances,
an automated system or user can use a control assay to mea-
sure the dilution actually achieved and factor that dilution into
the system calibration. For example, a control analyte can be
never found in the sample of interest and dried into a reagent
unit. The quantity of the dried control analyte can be known
and mixed with a sample in the reagent unit. The concentra-
tion of analyte can be measured to indicate the volume of
sample and any dilution performed on the sample.

[0217] Examples of control analytes for an immunoassay
include, but are not limited to: fluorescein-labeled protein,
biotinylated protein, fluorescein-labeled, Axlexa™-labeled,
Rhodamine-labeled, Texas Red-labeled, immunoglobulin.
For example the labelingcan be achieved by having at least
two haptens linked per molecule of protein. In some embodi-
ments, 1-20 haptens are linked per molecule of protein. In a
further embodiment, 4-10 haptens are linked per molecule of
protein. Many proteins have large numbers of free amino
groups to which the haptens can be attached. In many
instances, hapten-modified proteins are stable and soluble.
Also, haptens such as fluorescein and Texas Red are suffi-
ciently large and rigid that antibodies with high affinity can be
made (for example, a hapten is large enough to fill the anti-
body binding site). In some embodiments, haptens can be
attached to proteins using reagents, such as fluorescein iso-
thocyanate, and fluorescein carboxylic acid NHS ester to
create control analytes in which the part recognized by the
assay system is the hapten.

[0218] Insome embodiments, a method utilizes dried con-
trol analyte. In some examples, a dried control analyte avoids
dilution of the sample and can make the control analyte more
stable. Dried control analyte can be formulated so it dissolves
rapidly and/or completely on exposure to a liquid sample. In
some embodiments, a control analyte can be an analyte for
which antibodies with high affinity. In some instances, a
control analyte can be an analyte that has no cross reaction
with any endogenous sample component. Additionally, for
example, the analyte can be inexpensive and/or easy to make.
In some embodiments, the control analyte is stable over the
lifetime of the device or system described herein. Exemplary
carriers used to create analytes with covalently linked haptens
include proteins such as, but not limited to: albumin, 1gG, and
casein. Exemplary polymer carriers used to create novel ana-
lytes with covalently linked haptens include, but are not lim-
ited to: Dextran, Poly-vinylpyrolidone. Exemplary excipients
used to formulate and stabilize control analytes include, but
are not limited to: sucrose, salts, and buffers (such as sodium
phosphate and tris chloride).
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[0219] A control analyte and method as described herein
can be used in a variety of ways including the examples
described herein. For example, a method can measure a vol-
ume of a sample. In some embodiments, a method measures
dilution or a dilution factor or a degree of dilution of a sample.
In some instances, a method provides a concentration of the
control analyte in a sample. In a system or device described
herein to detect a plurality of analytes, measurements from a
method herein using a control analyte can be used to verify or
describe measurements of target analytes. For example, a
fluid transfer device with multiple heads may be used to
distribute liquid into a plurality of assay units, including a
control unit. In some instances, it can be assumed that liquid
amount distributed into the plurality of units is the same or
similar between the individual units. In some embodiments, a
method described herein with a control analyte can be used to
verify that the correct volume of sample has been collected or
utilized within a device or system. In another embodiment, a
method verifies the correct volume of diluent has been pro-
vided to the sample. Also, the dilution factor or degree of
dilution can also be verified. In yet another embodiment, a
method with a control analyte verifies the correct volume of
diluted sample has been distributed to the plurality of units.

[0220] FIG. 10 demonstrates an exemplary method of a
control assay as described herein comprising a known quan-
tity of control analyte. A unit 1010 before assembly into a
cartridge can be filled with a solution 1001 comprising a
known mass of control analyte 1002. The liquid of the solu-
tion can be removed and the unit 1010 dried to leave the
control analyte 1002 in the unit 1010. The unit 1010 can then
be inserted into a device and transported for use. When the
unit 1010 is used and receives a sample or diluent 1003, the
sample 1003 can be delivered in an expected volume and
mixed with the dried control analyte 1002 within the unit
1010 to create a control solution 1004 with an expected con-
centration. The control solution 1004 can be optionally
diluted. In an embodiment, the control analyte 1002 can be
detected by the same manners as a target analyte in the device.
The control analyte concentration in the control solution 1004
is measured. The measurement of the concentration can be
used to calculate the volume of the sample 1003 added to
create the control solution 1004. In this manner, a user can
compare the measured volume of the sample 1003 with the
expected volume of the sample 1003.

[0221] Inanexample, red blood cells can be removed from
a blood sample. However, if some red blood cells remain, or
red blood cells are not removed from a blood sample, a
method with a control analyte can be used to correct for
effects from red blood cells in the blood sample Because
hematocrit can vary significantly (for example, from 20-60%
of the total volume of a sample), the quantity of an analyte in
a fixed or expected volume (v) of blood can be a function of
the hematocrit (H expressed here as a decimal fraction). For
example, the quantity of analyte with a concentration C in
plasma is C*v*(1-H). Thus the quantity for a sample with
hematocrit 0.3 is 1.4 times that for a sample with hematocrit
0.5. In an exemplary embodiment, undiluted blood can be
dispensed into a device as described and red cells can be
removed. A control analyte concentration in the plasma frac-
tion can then be measured to estimate the volume of sample
plasma and determine the hematocrit.

[0222] In some embodiments, unbound conjugate may
need to be washed from a reaction site to prevent unbound
conjugates from producing inaccurate detection. The limiting
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step of many immunoassays is a washing step. The compro-
mise of minimum carryover and high sensitivity is dependent
on the wash removal of unbound conjugate. The wash step
can be severely limited in a microtiter plate format due to the
difficulty of removing the wash liquid from a well (for
example, by automatic means). An assay unit device and
system of the invention can have a number of advantages in
the way liquids are handled. An advantage may be an
improvement in the signal to noise ratio of an assay.

[0223] Removal of the conjugate can be difficult to if con-
jugates are sticking to the edges of the assay units of a device
if, for example, there is not an excess of a wash solution.
[0224] A wash of the conjugate can occur by either pushing
the wash solution from above or drawing the wash solution up
and expelling the liquid similar to the loading of the sample.
The washing can be repeated as many times as necessary.
[0225] When using a wash buffer in an assay, the device can
store the wash buffer in reagent units and the assay unit can be
brought into fluid communication with the wash. In an
embodiment, the wash reagent is able to remove unbound
reagent from the assay units by about 99, 99.9, or 99.999% 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 can be 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 50 ul to about 5000 ul of washing buffer, preferably
between about 50 ul to about 500 ul washing buffer, for about
10 to about 300 seconds.

[0226] 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 unit such as the edges or surfaces
where it is loosely bound and can then be removed when the
wash solution is moved from the reaction site.

[0227] In many embodiments, the last step is to distribute
an enzymatic substrate to detect the conjugate by optical or
electrical means. Examples of substrates are described here-
inafter.

[0228] For example, the reagent in the individual reagent
unit of a device herein can be an enzyme substrate for an
immunoassay. In another embodiment, the step of transfer-
ring the substrate reagent from the individual reagent unit can
be repeated after a reaction at the capture site. For example,
enzymatic substrate is transferred to a reaction site and incu-
bated. After measuring the assay signal produced, used sub-
strate can be removed and replaced with fresh substrate and
the assay signal remeasured. A signal indicative of the indi-
vidual analyte being can be detected using a system as
described herein from both the first and the second applica-
tion of substrate. The second substrate is usually the same as
the original substrate. In an embodiment, the second substrate
is transferred to a reaction site from a second reagent unit of
adevice herein. In another embodiment, the second substrate
is transferred to a reaction site from the same reagent unit as
the original substrate. Transferring a second substrate thereby
creates a second reaction to yield a second signal indicative of
the individual analyte. The intensity of the original signal and
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a second intensity of the second signal can be compared to
calculate the final intensity of the signal indicative of the
individual analyte and whether the assay was properly con-
ducted.

[0229] In an embodiment, the intensities of the multiple
signals can be used for quality control of an assay. For
example, if the signals differ by 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100% or more, the assay results may be
disregarded.

[0230] In an embodiment, a method as described herein
comprises re-loading sample and or detector-conjugate (en-
zyme-labeled antibody) and or the enzyme substrate and
sample to rectify or confirm an assay signal or to use as an
internal control. For example, re-use of an assay tip or unit as
described can be provided to verify function and/or to add
further sample or control materials obtain a second signal.
[0231] In some instances, a method of re-loading a sub-
strate to an enzyme unit is enabled by the ability of a system
as described herein to automatically to transfer liquid samples
and reagents into the assay units. Some assays do not require
the system to deliver a result immediately or on a schedule,
therefore, a control method as described offers an opportunity
to possibly enhance the reliability of the results. A response
observed following iterations of adding an enzyme substrate
can be used to verify the initial response or to calculate spike
recovery.

[0232] Experiments have shown that by adding a second
enzyme substrate to an assay unit, the reproducibility of
results can be maintained. In some embodiments, a control
method provides replicate analyses using an assay unit gave a
response significantly lower than that expected.

[0233] With any control methods described herein, there
are numerous possible errors that can be accounted for or
postulated from executing a control method. Exemplary
assay errors include, but are not limited to, improper manu-
facturing of an assay unit or device, improper aspiration of a
sample and/or one or more reagents, an assay unit is not
positioned properly relative to the photomultiplier during
detection, and a missing assay unit in the device or system.
[0234] 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.

[0235] 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 over several different
time points, thus allowing for a more effective evaluation of
the effects of an agent on single animals. 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 embodiments between about 1 microliter and about 50
microliters are drawn. In an embodiment between about 1
microliter and 10 microliters are drawn. In preferred embodi-
ments about 5 microliters of blood are drawn.

[0236] A further advantage of keeping the test animal alive
is evident in a preclinical time course study. When multiple
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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.

[0237] In some embodiments a method of automatically
monitoring patient compliance with a medical treatment
using the subject devices or systems is provided. The method
comprises the steps of allowing a sample of bodily fluid to
react with assay reagents in a device to yield a detectable
signal indicative of the presence of an analyte in said sample;
detecting said signal with said device; comparing said signal
with a known profile associated with said medical treatment
to determine if said patient is compliant or noncompliant with
said medical treatment; and notifying a patient of said com-
pliance or noncompliance.

[0238] In another embodiment, the system and methods of
the invention provide a means of discovering new biomarkers
and/or validating by association of trends in such markers
with disease and therapy outcomes.

[0239] In another embodiment, the system and methods of
the invention can identify trends in biomarker levels and daily
patient diary information over time that can be used to adjust
a drug dose to an optimal level for particular patients (for
example, adaptive dose-ranging).

[0240] Insome embodiments noncompliance may include
taking an improper dose of a pharmaceutical agent including
without limitation multiple doses or no dose, or may include
inappropriately mixing pharmaceutical agents. In preferred
embodiments a patient is notified substantially immediately
after the signal is compared with a known profile.

[0241] A patient or subject of a clinical trial may forget to
take a bodily fluid sample for analysis as described herein. In
some embodiments a method of alerting a patient to test a
sample of bodily fluid using a device as described herein
comprises providing a protocol to be run on said 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. Compliance with therapeutic regimes can be
improved by use of prompts on a display and obtaining
responses from patients (for example, by way of a touch-
screen).

[0242] A patient may be provided with a device when pro-
curing a prescription of drugs by any common methods, for
example, at a pharmacy. Likewise, a clinical trial subject may
be provided with such devices when starting a clinical trial.
The patient or subject’s contact information, including with-
out 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 gener-
ated 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.

[0243] In one embodiment, the system is provided directly
to a consumer and is used in lifestyle and/or athletic manage-
ment. Relevant lifestyle and exercise data can be input and
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measurements of parameters indicative of muscle damage,
anaerobic metabolism (for example, lactic acid) can be mea-
sured. In some embodiments, the system can be sufficiently
small to be portable.

[0244] In another embodiment, the system is particularly
suited for measurement of markers in the blood of small
animals such as rats and mice that are commonly used in
pre-clinical work. Such animals only have a small volume of
blood and so assay systems requiring very small volumes of
sample are particularly useful, especially in longitudinal
studies where several samples from a single animal are
needed in rapid succession. These considerations canbe espe-
cially important when several analytes need to be measured in
parallel.

[0245] In one embodiment, the system includes a conve-
nient way to package the several elements required for mul-
tiple complex assays in a secure form for shipping. For
example, assay elements click fit into a housing.

Assays

[0246] 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, electrochemical,
immunochemical, or other chemical means. For example,
useful nucleic acid labels include the radioisotopes 32P, 35S,
fluorescent dyes, electron-dense reagents, enzymes. A wide
variety of labels suitable for labeling biological components
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 biological components.
Suitable labels include radionucleotides, enzymes, sub-
strates, cofactors, inhibitors, fluorescent moieties, chemilu-
minescent moieties, bioluminescent labels, or colorimetric
labels. Reagents defining assay specificity optionally include,
for example, monoclonal antibodies, polyclonal antibodies,
proteins, nucleic acid probes or other polymers such as affin-
ity matrices, carbohydrates or lipids. Detection can proceed
by any of a variety of known methods, including spectropho-
tometric or optical tracking of radioactive, fluorescent, or
luminescent markers, or other methods which track a mol-
ecule based upon size, charge or affinity. A detectable moiety
can be of any material having a detectable physical or chemi-
cal property. Such detectable labels have been well-devel-
oped in the field of gel electrophoresis, column chromatog-
raphy, solid substrates, spectroscopic techniques, and the
like, and in general, labels useful in such methods can be
applied to the present invention. Thus, a label includes with-
out limitation any composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, nucleic acid
probe-based, electrical, optical thermal, or other chemical
means.

[0247] 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 in the
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-ra-
dioactive labels are often attached by indirect means. Gener-
ally, a receptor specific to the analyte is linked to a signal
generating moiety. Sometimes the analyte receptor 1s linked
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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 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 bound to a signal sys-
tem, such as a detectable enzyme, a fluorescent compound, a
chemiluminescent compound, or a chemiluminogenic entity
such as an enzyme with a luminogenic substrate. A number of
ligands and anti-ligands can be used. Where a ligand has a
natural anti-ligand, for example, biotin, thyroxine, digoxige-
nin, and cortisol, it can be used in conjunction with labeled,
anti-ligands. Alternatively, any haptenic or antigenic com-
pound can be used in combination with an antibody.

[0248] 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 groups, and umbelliferone. Chemilumi-
nescent compounds include dioxetanes, acridinium esters,
luciferin, and 2,3-dihydrophthalazinediones, such as lumi-
nol.

[0249] Methods of detecting labels are well known to those
of skilled 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 fluorescent, it may be detected by exciting the fluo-
rochrome with light of an appropriate wavelength and detect-
ing the resulting fluorescence by, for example, microscopy,
visual inspection, via photographic film, by the use of elec-
tronic 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 colorimetric
labels are often detected simply by observing the color asso-
ciated with the label. For example, conjugated gold often
appears pink, while various conjugated beads appear the
color of the bead.

[0250] 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 sub-
stance for any reason other than a rise in its temperature. In
general, atoms or molecules emit photons of electromagnetic
energy (e.g., 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 photo-
luminescence. If the exciting cause is an electron, the lumi-
nescence process can be referred to as electroluminescence.
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 chemilumines-
cence. Luminescence produced by a living organism is usu-
ally referred to as bioluminescence. If photoluminescence is
the result of a spin-allowed transition (e.g., a single-singlet
transition, triplet-triplet transition), the photoluminescence
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process is usually referred to as fluorescence. Typically, fluo-
rescence 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 photo-
luminescence is the result of a spin-forbidden transition (e.g.,
atriplet-singlet transition), the photoluminescence process is
usually referred to as phosphorescence. Typically, phospho-
rescence emissions 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 lumi-
nescent label may have any one of the above-described prop-
erties.

[0251] Suitable chemiluminescent sources include a com-
pound which becomes electronically excited by a chemical
reaction and may then emit light which serves as the
detectible 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
5-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.

[0252] The term analytes as used herein includes without
limitation drugs, prodrugs, pharmaceutical agents, drug
metabolites, biomarkers such as expressed proteins and cell
markers, antibodies, serum proteins, cholesterol and other
metabolites, polysaccharides, nucleic acids, biological ana-
lytes, biomarkers, genes, proteins, or hormones, or any com-
bination thereof. Analytes can be combinations of polypep-
tides, glycoproteins, polysaccharides, lipids, and nucleic
acids.

[0253] 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, metabolic disorders, inflamma-
tion, cardiovascular diseases, sepsis, angiogenesis, cancers,
Alzheimer’s disease, athletic complications, and any combi-
nations thereof.

[0254] 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.

[0255] Also of interest are analytes that are indicative of a
microorganism, virus, or Chlamydiaceae. Exemplary micro-
organisms include but are not limited to bacteria, viruses,
fungi and protozoa. Analytes that can be detected by the
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subject method also include blood-born pathogens selected
from a non-limiting group that consists of Staphylococcus
epidermidis, Escherichia coli, methicillin-resistant Staphylo-
coccus aureus (MSRA), Staphylococcus aureus, Staphylo-
coccus  hominis, FEnterococcus faecalis, Pseudomonas
aeruginosa, Staphylococcus capitis, Staphylococcus warneri,
Klebsiella pneumoniae, Haemophilus influenzae, Staphylo-
coccus simulans, Streptococcus pneumoniae and Candida
albicans.

[0256] 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), yeast infection (Candida albicans), chancroid (Haemo-
philus ducreyi), trichomoniasis (Trichomonas vaginalis),
genital herpes (HSV type I & II), HIV I, HIV 11 and hepatitis
A, B, C, G, as well as hepatitis caused by TTV.

[0257] 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, Staphylococcus
aureus, Stenotrophomonas maltophilia, Haemophilis parain-
[fluenzae, Escherichia coli, Enterococcus faecalis, Servatia
marcescens, Haemophilis parahaemolyticus, Enterococcus
cloacae, Candida albicans, Moraxiella catarrhalis, Strepto-
coccus pneumoniae, Citrobacter freundii, Enterococcus
Sfaecium, Klebsella oxytoca, Pseudomonas fluorscens, Neise-
ria meningitidis, Streptococcus pyogenes, Pneumocystis
carinii, Klebsella pneumoniae Legionella pneumophila,
Mycoplasma pneumoniae, and Mycobacterium tuberculosis.
[0258] 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, Triglycerides, Tryptase, Low density lipopro-
tein Cholesterol, High density lipoprotein Cholesterol, Cho-
lesterol, IGFR.

[0259] Exemplary liver markers include without limitation
LDH, (LD3), (ALT), Arginase 1 (liver type), Alpha-fetopro-
tein (AFP), Alkaline phosphatase, Alanine aminotransferase,
Lactate dehydrogenase, and Bilirubin.

[0260] 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).

[0261] Exemplary heart markers include without limitation
Troponin I (Tal), Troponin T (TnT), CK, CKMB, Myoglo-
bin, Fatty acid binding protein (FABP), CRP, D-dimer, S-100
protein, BNP, NT-proBNP, PAPP-A, Myeloperoxidase
(MPQO), 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).

[0262] Exemplary pancrease markers include without limi-
tation Amylase, Pancreatitis-Assocoated protein (PAP-1),
and Regeneratein proteins (REG).

[0263] Exemplary muscle tissue markers include without
limitation Myostatin.

[0264] Exemplary blood markers include without limita-
tion Erythopoeitin (EPO).
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[0265] 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), RANKI., sRANK, TRAP 5 (TRACP
5), Osteoblast Specific Factor 1 (OSF-1, Pleiotrophin),
Soluble cell adhesion molecules, sTTR, sCD4, sCDS8, sCD44,
and Osteoblast Specific Factor 2 (OSF-2, Periostin).

[0266] 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-
lar endothelial growth factor receptor, Stem cell factor recep-
tor, c-kit/KDR, KDR, and Midkine.

[0267] Exemplary infectious disease conditions include
without limitation: Viremia, Bacteremia, Sepsis, and mark-
ers: PMN Elastase, PMN elastase/o1-PI complex, Surfactant
Protein D (SP-D), HBVc antigen, HBVs antigen, Anti-
HBVc, Anti-HIV, T-supressor cell antigen, T-cell antigen
ratio, T-helper cell antigen, Anti-HCV, Pyrogens, p24 anti-
gen, Muramyl-dipeptide.

[0268] 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.

[0269] Exemplary inflammation markers include without
limitation Rheumatoid factor (RF), Antinuclear Antibody
(ANA), C-reactive protein (CRP), Clara Cell Protein (Utero-
globin).

[0270] Exemplary allergy markers include without limita-
tion Total IgE and Specific IgE.

[0271] Exemplary autism markers include without limita-
tion Ceruloplasmin, Metalothioneine, Zinc, Copper, B6, B12,
Glutathione, Alkaline phosphatase, and Activation of apo-
alkaline phosphatase.

[0272] Exemplary coagulation disorders markers include
without limitation b-Thromboglobulin, Platelet factor 4, Von
Willebrand factor.

[0273] 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).

[0274] Other markers of the present include without limi-
tation Leptin, Leptin receptor, and Procalcitonin, Brain S100
protein, Substance P, 8-Iso-PGF-2a.

[0275] Exemplary geriatric markers include without limi-
tation, Neuron-specific enolase, GFAP, and S100B.
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[0276] 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, PY'Y, RELMs, Resistin,
amd sT1R (soluble Transferrin Receptor).

[0277] Exemplary markers of Lipid metabolism include
without limitation Apo-lipoproteins (several), Apo-Al, Apo-
B, Apo-C-CII, Apo-D, Apo-E.

[0278] 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 XI: Plasma thromboplastin ante-
cedent, Factor XII: Hageman factor, Factor X1II: 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).

[0279] Exemplary monoclonal antibodies include those for
EGFR, ErbB2, and IGFIR.

[0280] Exemplary tyrosine kinase inhibitors include with-
out limitation Ab 1, Kit, PDGFR, Src, ErtbB2, ErbB 4, EGFR,
EphB, VEGFR1-4, PDGFRb, FLt3, FGFR, PKC, Met, Tie2,
RAF, and TrkA.

[0281] Exemplary Serine/Threoline Kinas Inhibitors
include without limitation AKT, Aurora AB/B, CDK, CDK
(pan), CDK1-2, VEGFR2, PDGFRb, CDK4/6, MEK1-2,
mTOR, and PKC-beta.

[0282] GPCR targets include without limitation Histamine
Receptors, Serotonin Receptors, Angiotensin Receptors,
Adrenoreceptors, Muscarinic Acetylcholine Receptors,
GnRH Receptors, Dopamine Receptors, Prostaglandin
Receptors, and ADP Receptors.

[0283] In a separate embodiment, a method of monitoring
more than one pharmacological parameter useful for assess-
ing efficacy and/or toxicity of a therapeutic agent is provided.
For example, a therapeutic agent can include any substances
that have therapeutic utility and/or potential Such substances
include but are not limited to biological or chemical com-
pounds such as simple or complex organic or inorganic mol-
ecules, peptides, proteins (e.g. antibodies) or a polynucle-
otides (e.g. anti-sense). A vast array of compounds can be
synthesized, for example polymers, such as polypeptides and
polynucleotides, and synthetic organic compounds based on
various core structures, and these can also be included as
therapeutic agents. 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. For example, small molecule
drugs are often measured by mass-spectrometry which can be
imprecise. ELISA (antibody-based) assays can be much more
accurate and precise.
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[0284] Physiological parameters according to the present
invention include without limitation parameters such as tem-
perature, heart rate/pulse, blood pressure, and respiratory
rate. Pharmacodynamic parameters include concentrations of
biomarkers such as proteins, nucleic acids, cells, and cell
markers. Biomarkers could be indicative of disease or could
be a result of the action of a drug. Pharmacokinetic (PK)
parameters according to the present invention include without
limitation drug and drug metabolite concentration. Identify-
ing 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 concentrations
are outside a desired range and/or unexpected metabolites are
generated due to an unexpected reaction to the drug, imme-
diate 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.

[0285] Being able to monitor the rate of change of an ana-
lyte concentration or PD or PK parameters over a period of
time in a single subject, or performing trend analysis on the
concentration, PD, or PK parameters, whether they are con-
centrations of drugs or their metabolites, can help prevent
potentially dangerous situations. 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 dosing regimen. When mul-
tiple drugs and their metabolites are concerned, the ability to
spot a trend and take proactive measures is often desirable.

[0286] In some embodiments, the present invention pro-
vides a business method of assisting a clinician in providing
an individualized medical treatment. A business method can
comprise post prescription monitoring of drug therapy by
monitoring trends in biomarkers over time. The business
method can comprise 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 pro-
vided to said individual to yield a detectable signal indicative
of said at least one pharmacological parameter; and cross
referencing with the aid of a computer medical records of said
individual with the at least one pharmacological parameter of
said individual, thereby assisting said clinician in providing
individualized medical treatment.

[0287] The devices, systems, and methods herein allow for
automatic quantification 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 ana-
lyte 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 cur-
rent patient data with past patient data. Therefore, also pro-
vided herein is a business method which effectively performs
at least part of the monitoring of a patient that is currently
performed by medical personnel.
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Example 1

[0288] Inthis example, a device, method, and system of the
invention are used to perform an assay for human VEGFR2.
The example demonstrates a type of assay that can be per-
formed at the point of care. The capture surface of an assay
unit can be coated onto the assay unit according to the assay,
this example a VEGFR2 assay. The inner surface of the assay
unit (made from injection molded polystyrene similar to
example in FIG. 3A) was exposed to a succession of coating
reagents by aspiration and pneumatic ejection. Twenty micro-
liters of each coating reagents were drawn into assay units and
incubated at room temperature for 10 minutes. The coating
reagents used in this example are, as used in succession,
Neutravidin (20ug/mL) in Carbonate-Bicarbonate buffer (pH
9), biotinylated “capture antibody” (a monoclonal antibody
directed to VEGFR2 at 20 ug/mL) in Tris buffered saline, (pH
8), and a “fixative” reagent containing 3% bovine serum
albumin in Tris-buffered saline. After the succession of coat-
ings, the assay units were dried by exposure to dry air and
stored desiccated.

[0289] Samples for analysis are then distributed to the
assay unit diluted in a solution of 50 mM tris-buffer (pH 8)
containing bovine serum albumin and isotonic sucrose for 20
minutes. In a reagent unit comprising a conjugate, a solution
of Alkaline phosphatase (bovine intestine)-labeled mono-
clonal antibody directed to VEGFR2 (binding to a distinct
epitope to the antibody of the capture surface) at 250 ng/mL
in a stabilizer reagent from Biostab is provided to the assay
unit for 10 minutes. After the conjugate has been allowed to
bind with the complex of the analyte bound to the capture
surface, the assay unit was washed with a solution contained
in a reagent unit (commercially available wash buffer from
Assay Designs). The assay unit was washed 5 times. Then the
assay unit was moved to collect and mix with another reagent
contained in a different reagent, a solution of a commercially
available luminogenic substrate for alkaline phosphatase
(KPL Phosphaglo), and incubated for 10 minutes. The reac-
tion of the assay in the assay unit was then detected by a
detector assembly of the invention.

[0290] FIG. 12 demonstrates the VEGFR2 assay response
using the method of the example. The x axis scale is VEGFR2
concentration (pg/mL); the y scale is relative luminescence
(counts). The curve was used to calibrate the modular assay
unit and reagent units.

Example 2

[0291] An assay for human PI1GF was performed using the
assay units and reagent units of the invention and read in a
commercial instrument. In parallel, an assay using the same
reagents was done in prototype disposable cartridges (as
described below) in a prototype reader. Analyte concentra-
tions were 0, 4, 80 and 400 pg/mL respectively. The measure-
ments illustrated in FIG. 13 were used to calibrate an assay
unit and reagent unit necessary for conducting an assay for
human PIGFE.

Example 3

[0292] Magnetizable beads are 1.3 um diameter BioMag
magnetic particles from Bangs Laboratories. Beads are
coated (by the manufacturer) with anti-Rabbit IgG. Beads are
dispersed at 14 mg/mL in tris-buffered sucrose (or, alterna-
tively, tris buffered saline) containing 3% bovine serum albu-
min and rabbit anti-human red blood cell IgG, from Cedar-
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Lane at >=1.15 mg/mL. Aliquots (10 ul of this dispersion
were dispensed into conical tubes and lyophilized (frozen in
liquid N2 and lyophilized for approximately 24 hrs. at =70 C)
prior to insertion into a slot in the cartridge housing. The
rabbit antibody binds both to the red cells and to the anti-
rabbit IgG-coated beads and forms a co-agglutinate of beads
and red cells.

[0293] The lyophilized magnetizable bead pellet was re-
suspended by adding 20 uL of whole blood then aspirating
and dispensing at least 8 times (approximately 1.5 min) into a
conical tube.

[0294] Blood was separated by placing the tip (in a vertical
orientation) in a strong, horizontally oriented magnetic field.
Typically 8 ulL of essentially red cell free plasma with no
observable hemolysis was recovered from a 20 ul blood
sample (70% yield). Recovery of analytes (compared to
plasma not exposed to the magnetic separation) was close to
100% for Protein-C, VEGF, PIGF, Insulin, GIP and GIP-1.

Example 4

[0295] Serial dilution of a sample for analyses of an analyte
can be carried out in a system as described herein. C-reactive
protein (CRP) is an acute-phase marker. Normal levels are in
the high ng/mL to low ug/ml range. In any acute disease
process, the human liver produces CRP and levels in blood
can increase to hundreds of ug/ml. CRP has presented issues
for prior art POC analytic systems because of the wide
dynamic range of analyte to be measured (>10°-fold).
[0296] A system as described herein comprising a fluid
transfer device and a cartridge or device with arrays of assay
and reagent units was developed. Assay tips having mono-
clonal anti-CRP bound to their inner surface were mounted in
cartridge together with a detector-antibody solution (alka-
line-phosphatase labeled monoclonal anti-CRP (having a dif-
ferent epitope specificity than that on the tips), a wash solu-
tion and a chemiluminogenic alkaline phosphatase
(PhosphaGLO™) substrate from KPL.

[0297] To assay CRP, the cartridges were loaded with pre-
diluted solutions of CRP used without further dilution. The
cartridges were processed by a system. Successively the CRP
solution (10 uL), detector antibody (12 ul) were drawn into
the tips incubated for 10 minat34° C. then discarded. The tips
were washed by four aspirations of 20 ulL wash solution
before 15 uL of substrate was aspirated into the tips. After 10
minat37° C., light emission was measured by the instrument
for 5 s. CRP concentration was plotted against the assay
signal (photon counts) and the data fitted to a 5-term polyno-
mial function as shown below to generate a calibration func-
tion as shown in FIG. 14.

Example 5

[0298] An experiment was then executed using serial dilu-
tions of a sample containing highly concentrated analyte to
obtain an unambiguous assay response in a system and device
as described herein. Solutions of CRP (20 uL) were loaded
into cartridges and serially diluted by the instrument (to dilu-
tions of 1:50, 250, 750 and 1500-fold respectively). The
diluted solutions were then processed as in Example 4. When
the diluted CRP concentration exceeded the calibration range
of the assay (300 ng/mL), a downward response was seen (as
shown below; data from two instruments).

[0299] The response as shown in FIG. 15 can be modeled
using a modification of the Scatchard binding isotherm
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(S/Smax=C/(C+C0.5). The modification assumes that the
response of the assay is linearly proportional to the concen-
tration of the detector antibody, as is the case in this example
(data not shown). Any carry-over of CRP in the diluted
sample into the next reagent (detector antibody) will react
rapidly with the reagent rendering it incapable of binding to
antigen bound to the solid phase antibody. The reduction in
effective concentration is reduced in proportion to the CRP
carried-over and can be accounted for with a factor (D-C*f)/
D.

[0300] Therefore, S=Smax*(C/(C+C0.5))*(D-C*f)/D,
wherein S is the assay signal, Smax is the maximum signal
(corresponding to zero carry-over), C is the concentration of
analyte, C0.5 is the concentration for half-maximal signal (no
carry-over), D is the detector antibody concentration, and f'is
the fractional carryover.

[0301] Values used to fit the data, were derived by optimiz-
ing each of the four parameters below using the technique of
minimization of least square differences between the data and
the model fit. As can be seen in FIG. 15, an excellent fit was
achieved and the values of the parameters Smax, C0.5 and D
(seetable 2) are close to the values that can be estimated from
the maximum signal reached, the observed C0.5 and the
known detector antibody concentration. This model esti-
mated the extent of carry-over as 0.034% (decimal 3.83E-04).

TABLE 1

Best fit parameters to model describing biphasic CRP assay response

Parameter Value Units
Smax 7.24E405 Counts
C0.3 5.02E+01 ng/mL
D 5.72E+00 ng/mL
f 3.83E-04

[0302] Datacanbe thenbe viewed according to the dilution
used to achieve the final concentration in each assay tip, and
for each dilution level the responses fit to the same response
showing that the dilutions are accurate and precise as shown
in FI1G. 16.

[0303] The model as described herein can be used to com-
pute responses for any given dilution and set up algorithms to
ensure that the analyte concentration in any tip within the
calibration range. Graphic means of representing the data are
shown in FIG. 17, wherein the normalized assay response
(B/Bmax) is plotted against the log normalized concentration
(C/CO0.5) for relative dilutions: 1:1 (solid line), 5:1 (dashed
line), and 25:1 (dotted line). FIGS. 18 and 19 illustrate a
similar example as FI1G. 17 at different normalized concen-
trations. Simple pattern recognition algorithms can be used to
identify valid data for high concentration samples. For
example, for most of the dose-response, the signal decreases
with dilution. When signal for any dilution equal or exceed
that of the next higher dilution, the lower dilution result is
rejected. In another example, concentrations derived by using
the calibration function shown in Example 4, should corre-
spond within some system imprecision with the known dilu-
tions. If the calculated concentration for a low dilution is
lower than would correspond with those for higher dilutions,
the lower dilution result can be rejected.

[0304] When the assay dose-response approaches a maxi-
mum, the slope of the concentration (AC/AS) versus signal
increases. For assays in which the relative variation in signal
(AS/S) is essentially constant (for example some instances of
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the system as described) this translates to a bigger variation in
the calculated concentration result at higher concentrations.
As provided herein, dilution or serial dilution can provide a
concentration precision as achieved by immunoassays at sig-
nal levels significantly greater (for example, >10-fold) higher
than the blank (zero analyte) signal but not close to the maxi-
mum signal (for example <0.3*Max. signal). Serial dilution
can allow the assay signal to be in this range.

[0305] By making several estimates of the analyte concen-
tration from different dilutions, an average value can be
obtained. An average value can also be achieved by making
replicate measurements at a single dilution level. In some
instances, a serial dilution approach as offered by the meth-
ods, systems, and device described herein can often eliminate
errors due to non-linearity of dilution due to (for example)
matrix effects from the sample.

Example 6

[0306] Fluorescein is a well-known chemical and high
affinity antibodies are known which are specific for the mol-
ecule. By attaching several fluorescein moieties to a protein
such as albumin, an artificial analyte is created that can be
measured by ELISA. The example herein is set up on a
microtiter plate to show the feasibility of such an assay and is
easily translatable to a device or system of the invention as
described herein.

[0307] Anti-fluorescein monoclonal antibody was attached
to wells of 384-well microtiter plates to create a capture
surface. An assay is performed by adding a series of solutions
to the wells and incubating at room temperature for 10 min at
each stage when necessary. 30 ul of known concentrations of
a commercially available preparation of fluorescein-labeled
bovine albumin (sample) with a ratio of about five fluoresce-
ins per molecule were added to the wells. After mechanical
removal of the sample, 30 ul of alkaline phosphatase-labeled
anti-fluorescein (detector antibody) was added at a concen-
tration of 100 ng/ml. After removal of the detector antibody,
the wells were washed three times 40 ul of wash solution
(“Wash Buffer” Cat#80-1351 [Assay Designs, Ann Arbor,
Mich.] diluted 1:20 before use). PhosphaGLO™ (40 uL)
substrate was then added and the assay response was then
read in an M5 spectro-luminometer for 0.5 s. The assay
response is shown in FIG. 20.

[0308] Fluorescein-labeled albumin (5 ul. at various con-
centrations up to 80 ng/mlL) dissolved in Tris-buffered saline
containing bovine albumin at 3 mg/mL (buffer) was placed in
polypropylene tubes and dried by exposure to low humidity
air overnight. Complete drying was verified by weighing
many tubes before and after drying and verifying the appro-
priate weight loss and a near-constant final weight was
achieved. The analyte was recovered by adding 5 ul, water, 20
ulL human serum and 180 ul, buffer and mixing. Control
experiments were made by mixing 5 ul aliquots of analyte
solution with 20 uL serum and 180 uL. buffer.

[0309] Analyte recovery was measured using the assay as
described herein. As shown below, the recovery of assay
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signal (and analyte) is essentially quantitative at all concen-
trations. It can be desirable to have good recovery (>90%),
whichis precise (<2% CV inrecovery). In some instances, the
assay dose-response is linear over the range of interest by
having a low concentration of analyte and excess of the
reagents. For example, a linear assay dose-response can be
achieved by having sufficient capacity for antigen binding on
the capture surface such that even at the highest level of
analyte only a moderate proportion (for example, <30%) of
sites are occupied at the end of the binding reaction. As
described herein, for analytes in the ng/ml range and assays
with short incubation times (<say 30 m) this condition is
achieved with capture surfaces coated as described previ-
ously. In another example, sufficient concentration of detec-
tor antibody such that the concentration is not significantly
depleted during the detector antibody incubation (for
example, <30% of the reagent binds to the surface at the
highest antigen levels), and this condition can be satisfied by
use of detector antibody concentrations in about 5 to 100
ng/mL. In yet another example, a linear assay dose-response
can be achieved by having development of a signal less than
the linear response of the detector (for example, a PMT with
up to about 4 million photons per second). As described
herein, systems and methods can fall within this range. In yet
another example, a linear assay dose-response can be
achieved by development of a signal sufficiently high as to be
precisely measured (for example, photon count rates greater
than about 1,000 per second).

[0310] Assay tips (as described herein) were coated by
aspiration of the following succession of reagents: 20 ul. 5
ug/ml Rabbit anti-fluorescein (Molecular Probes # A6413)
in carbonate buffer pH 9. 20 uL, 3% bovine albumin in tris-
buffered saline pH 8, and 20 uL. 2.5 ug/mL bovine albumin
labeled with fluorescein (Sigma-Aldrich A9771), each fol-
lowed by incubation for 10 m and ejection of liquid. The tips
were then washed three times by aspiration of bovine albumin
in tris-buffered saline pH 8 followed by incubation 3% bovine
albumin in tris-buffered saline pH 8. Tips were then dried as
described herein. These tips were used to assay samples con-
taining goat anti-fluorescein by incubation of 20 uL aliquots
of the following solutions in sequence: goat anti-fluorescein
(sample) in tris-buffered saline pH 8 containing 3% BSA,
alkaline phosphatase labeled Rabbit-anti-goat fluorescein at
100 ng/mL in Stabilzyme™ (a commercially available sol-
vent), washing four times with Wash Buffer, and Phospha-
GLO™ alkaline phosphatase chemiluminogenic substrate,
each with an incubation at room temperature for 10 min. The
assay was evaluated by measuring photons produced over
about 10 s in the instrument using a photomultiplier tube in
Molecular Devices M5 luminometer by placing each tip in a
custom-modified frame which fits the instrument microtiter
plate stage and the results are demonstrated in F1G. 21. In this
example, FIG. 21 shows a linear response similar to that in
FIG. 20.

TABLE 2

Configurations of assays for candidate control analytes

Capture surface reagent 1

Capture surface reagent 2

Analyte Detector: APase-labeled

Anti-fluorescein
Anti-fluorescein
Avidin

Fluorescein-labeled albumin

Anti-fluorescein
Anti X-Ig
Anti X-Ig

Fluorescein-labeled albumin
Anti-fluorescein (species X)
Biotinylated-species X-1gG
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TABLE 2-continued
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Configurations of assays for candidate control analytes

Capture surface reagent 1 Capture surface reagent 2 Analyte

Detector: APase-labeled

Anti-biotin
Anti-digoxin

Biotin-labeled albumin
Digoxin-labeled albumin

Anti-biotin or Streptavidin
Anti-digoxin

Fluorescein-labeled albumin Anti-fluorescein (species X)  Anti-X-Ig
Anti-biotin Biotinylated anti-fluorescein  Anti-fluorescein (species X)  Anti-X-Ig
Example 7 respective instrument. After the second aspiration, tips one
. . . . and two gave results in line with the other four in instrument
[0311] This example illustrates the predictability of

response from an immunoassay for CRP using assay tips as
described herein following initial addition of reagents,
removal of the reaction product, washing the tips then rein-
troduction of some or all assay components. The assay
sequence was: tips were incubated in prototype instruments at
34 Cfor 10 min in succession with (1) sample (CRP 0.3, 3,30,
150 and 300 ug/mL), diluted by the instrument 500 then
2000-fold (2) alkaline phosphatase labeled rabbit anti-goat
IgG [“Dab”] (5 ng/mL) then washed three times and (3) with
PhosphaGLO™ alkaline phosphatase chemiluminogenic
substrate [“Substrate”]. The experiment was performed on
several instruments which also read the proton production
rate over 10 seconds after step 3. Final (in tip) CRP concen-
trations were 0.15, 0.6, 1.5, 6, 15, 60, 75, 300 and 600 ng/mL
and glow levels ranged from 2,000 to 600,000 counts/0.5 sec.
In some experiments, after step (3) in the assay, the reaction
product was discarded and variously steps 3 (diamonds and
solid line), steps 243 (squares and dashed line), or steps
1+2+3 (triangles and dotted line) were repeated and ther
esults are presented as re-processed assay signal versus origi-
nal assay signal as shown in FIG. 22.

[0312] There-processed assay signals were linearly related
(proportional) to the original assay signal. The second sub-
strate addition gave a higher signal relative to the original
whereas reprocessed assays in which Dab and substrate were
both introduced or those where sample, Dab and substrate
were all reintroduced gave lower signals than the original. In
an example using this method, all steps in an assay sequence
can be examined for quality control to understand if they went
as expected according to the expected relationship between
the first and subsequent iterations of assay steps.

[0313] Forexample as described herein, if an assay step has
not happened properly, then the assay result can either be
rejected as incorrect or the later iterations of the assay result
can be used as the appropriate assay response.

[0314] An immunoassay for C-reactive protein was pre-
formed in a system as described herein. Six equivalent assay
tips were incubated in succession with sample (200 ng/mL
CRP), alkaline phosphatase labeled rabbit anti-goat IgG then
washed and incubated with PhosphaGLO™ alkaline phos-
phatase chemiluminogenic substrate. Incubations were for 10
min at 34 C. The experiment was performed on three instru-
ments which also read the proton production rate over 10
seconds. On average about 40,000 counts (photons) per 0.5
second read time were detected. In this example, the glow
level on tips one and two on instrument three gave clearly
different results as shown in Table 3. The instrument was then
used to wash the tips and to introduce fresh PhosphaGLO™
substrate (aspiration 2). Results are presented as ratios of
glow rate for each tip to the average for the six tips on each

three indicating that whatever problem had been responsible
for low signal in tips one and two had been rectified.

TABLE 3

Recovery of appropriate signal from malfunctioning tips

Signal, Ratio to average

Instrument # 1 2 3
Aspiration # 1 1 1 2
Tip #
1 1.002 0.988 0.460 1.043
2 0.848 1.045 0.917 0.929
3 0.959 0.893 1.141 1.035
4 1.062 1.067 1.103 1.028
5 1.049 0.981 1.171 1.022
6 1.079 1.025 1.207 0.942
CV, % 8.6 5.2 283 5.0

1-78. (canceled)

79. A device for use with a sample processing instrument to
detect at least two analytes present in a sample, the device
comprising:

a cartridge comprising:

a plurality of reagent units; a plurality of assay units; at
least one pipette tip, and

at least one absorbent pad, all of the foregoing arranged
in a two-dimensional pattern and not together in a
single row;

wherein the cartridge is configured to contain all reagents

and supplies used to detect said at least two analytes;
wherein the cartridge comprises at least one cartridge sur-
face sized and shaped to guide the cartridge to a receiv-
ing location of the sample processing instrument to posi-
tion the cartridge effective that an automated fluid
transfer device of the instrument can engage at least one
sample vessel, one of said reagent units, one of said
assay units, or at least one pipette tip in the cartridge.

80. The device of claim 79, wherein said cartridge com-
prises at least one component configured to contain any waste
generated from detection of said at least two analytes.

81. The device of claim 79, wherein at least one of said
assay units comprises a pipette tip with a capture surface.

82. The device of claim 79, wherein at least one of said
assay units comprises a pipette tip with a reaction site.

83. The device of claim 79, wherein the cartridge further
comprises a housing for holding said reagent units and said
assay units.

84. The device of claim 79, wherein the reagent units
comprise instrument-operable containers that encapsulate
liquid reagents.
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85. The device of claim 79, wherein said reagents include
liquid-phase and solid-phase reagents.

86. The device of claim 79 further comprising at least one
storage area to store waste from performing at least one of the
assays.

87. The device of claim 79 wherein the absorbent pad
comprises a touch-off pad.

88. The device of claim 79 wherein the cartridge further
comprises a housing, wherein a bottom of the housing is
configured to collect waste liquids.

89. The device of claim 79 wherein the cartridge is config-
ured to collect waste liquids after use that are transferred
through a hole in a housing of the cartridge.

90. The device of claim 79, wherein the cartridge further
comprises a sample vessel containing said sample.

91. The device of claim 79, wherein the absorbent pad is
positioned on the cartridge between at least some cavity open-
ings on the cartridge.

92. The device of claim 90 wherein the sample vessel is
sized to hold a sample volume of between about 1 pL to about
100 pL.

93. The device of claim 90, wherein the sample comprises
a fingerstick blood sample.

94. The device of claim 79, further comprises a cartridge
identifier on the cartridge.

95. The device of claim 79, wherein the cartridge further
comprises a beads well.

I I T T
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