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MICROIMAGER ANALYSIS SYSTEM COMPRISING OPTICS AND METHODS
OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to United States Provisional Patent Application
Serial No. 61/903,804, filed on November 13, 2013, and United States Provisional
Patent Application Serial No. 61/949,833 filed on March 7, 2014, the disclosures of

which applications are incorporated herein by reference.

INTRODUCTION

The characterization of analytes in biological fluids has become an integral part
of medical diagnoses and assessments of overall health and wellness of a patient. In
particular, analyte detection in physiological fluids, e.g., blood or blood derived products
is of ever increasing importance where the results may play a prominent role in the
treatment protocol of a patient in a variety of disease conditions. In response to this
growing importance of analyte detection, a variety of analyte detection protocols and
devices for laboratory, clinical and at-home use have been developed.

For example, patients having abnormal levels of hemoglobin often suffer from
various conditions including anemia, sickle cell anemia, loss of blood, nutritional
deficiency, bone marrow problems and disorders, including polycythemia rubra vera,
dehydration, lung disease, certain tumors, and drug abuse, including abuse of the drug
erythropoietin. Specific treatment of these conditions often depends on the duration
and level of hemoglobin abnormality. Therefore, being able to rapidly and accurately
determine the concentration of hemoglobin in the blood of a patient would substantially
help in diagnosing and managing conditions in a patient which arise due to abnormal

levels of hemoglobin.

SUMMARY

Aspects of the present disclosure include methods for assaying a sample for an
analyte. Methods according to certain embodiments include illuminating a sample in a
sample chamber with a light source through a slit projection module, detecting light
transmitted through the sample and calculating absorbance of the detected light at one

or more wavelengths to assay the sample for the analyte. A slit projection module
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having a slit that narrows a beam of light from the light source coupled to a focusing lens
to focuses light from the slit, a microcartridge device having a sample chamber for
assaying the sample and imaging systems having a light source, a slit projection
module, an objective lens for focusing light transmitted through the sample and a
detector for detecting one or more wavelengths of the transmitted light suitable for
practicing the subject methods are also described.

As summarized above, aspects of the present disclosure include a method of
assaying a sample for an analyte where the method includes the steps of illuminating a
sample in a sample chamber with a light source through a slit projection module,
detecting light transmitted through the sample and calculating the absorbance of the
detected light at one or more wavelengths to assay the sample for the analyte.

In some embodiments, the sample is illuminated with one or more broad
spectrum light sources. The sample may be illuminated with light using one or more
visible or near infrared light sources, in certain instances, with wavelengths which range
from 500 nm to 850 nm. For example, the sample may be illuminated with two broad
spectrum light sources where the sample is illuminated with first broad spectrum light
source having a wavelength range from 500 nm to 700 nm and a second broad
spectrum light source having a wavelength range from 700 nm to 850 nm. In certain
embodiments, the one or more broad spectrum light sources have an irradiation profile
with emission peaks at about 450 nm, 550 nm and 830 nm.

In embodiments, the sample is illuminated with the broad spectrum light source
through a slit projection module having a slit that narrows a beam of light coupled to a
focusing lens to focused narrowed light from the light source. The slit projection module,
when illuminated projects a beam of light in the shape of a slit onto the sample chamber.
In some embodiments, the sample chamber is illuminated by moving the sample
chamber across the slit-shaped beam. In other embodiments, the sample chamber is
illuminated by moving the slit-shaped projection module along the length of the sample
chamber.

In some instances, the slit projection module narrows the beam of light such that
length of the slit-shaped beam projection is less than the width of the sample chamber.
In other instances, the slit projection module narrows the beam of light such that the
length of the slit-shaped beam projection is greater than the width of the sample
chamber. In yet other instances, the slit projection module narrows the beam of light

such that the length of the slit-shaped beam projection is substantially the same as the
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width of the sample chamber. In these embodiments, the slit projection module narrows
the beam of light such that the slit-shaped beam projection has a length of from about
2.5 mm to about 3.5 mm, such as about 3 mm. In some embodiments, the slit projection
module is configured to project a light beam in the shape of a slit having a width of from

about 25 um to about 75 um, such as for example about 50 um.

In some embodiments, the sample is illuminated by moving the microfluidic
chamber containing sample across the slit-shaped beam projection along 75% or more
of the length of the microfluidic chamber. In certain instances, the sample is illuminated
by moving the length of the sample chamber along the slit-shaped beam projection. In
some instances, the method includes moving the length of the microfluidic chamber
along the slit-shaped beam projection in discrete increments, such as for example in 1
mm or greater increments, such as 2 mm or greater increments and including 5 mm or
greater increments. In other instances, methods also include continuously moving the
length of the sample chamber along the slit-shaped beam projection. In some
embodiments, the absorbance of light is measured continuously as the length of the
sample chamber is moved along the slit.

In other embodiments, the sample is illuminated by moving the slit-projection
module in a manner sufficient to displace the slit-shaped beam projection along 75% or
more of the length of the microfluidic chamber. In certain instances, the sample is
illuminated by moving the slit-projection module in a manner sufficient to displace the
slit-shaped beam projection along the length of the sample chamber. In some instances,
the method includes moving the slit-projection module in a manner sufficient to displace
the slit-shaped beam projection along the length of the sample chamber in discrete
increments, such as for example in 1 mm or greater increments, such as 2 mm or
greater increments and including 5 mm or greater increments. In other instances,
methods includes moving the slit-projection module in a manner sufficient to
continuously move the slit-shaped beam projection along the length of the sample
chamber. In some embodiments, the absorbance of light is measured continuously.

In some embodiments, detecting light transmitted through the sample includes
spatially separating wavelengths of the transmitted light. In certain instances, spatially
separating wavelengths of the transmitted light includes using a diffraction grating. In
certain embodiments, detecting light transmitted through the sample includes projecting
a non-diffracted image of the slit on the detector, such as for example for use in

calibrating the detector.
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In embodiments, methods also include calculating absorbance of the detected
light at one or more wavelengths to assay the sample for the analyte. For example, the
absorbance of the detected light may be calculated at two different wavelengths. In
certain instances, to assay the sample for the analyte the absorbance of transmitted light
is calculated at a wavelength between 500 nm and 600 nm, such as at 548 nm. In other
instances, to assay the sample for the analyte the absorbance of transmitted light is
calculated at a wavelength between 600 nm and 700 nm, such as 650 nm and such as
at 675 nm. In yet other instances, to assay the sample for the analyte a first absorbance
of transmitted light is calculated at a wavelength between 500 nm and 600 nm and a
second absorbance is calculated at a wavelength between 600 nm and 700 nm, such as
calculating absorbance of transmitted light at 548 nm and at 675 nm. In still another
instance, to assay the sample for the analyte a first absorbance of transmitted light is
calculated at a wavelength between 500 nm and 600 nm and a second absorbance is
calculated at a wavelength between 600 nm and 700 nm, such as calculating
absorbance of transmitted light at 548 nm and at 650 nm.

Aspects of the present disclosure also include systems for practicing the subject
methods. Systems, according to certain embodiments, include a light source for
illuminating a sample chamber and a slit projection module which contains a slit that
narrows the beam of light from the light source and a focusing lens for focusing the light
narrowed by the slit to provide a slit-shaped beam projection at the sample chamber.
Systems also include an objective lens for focusing light transmitted through the sample
and a detector for detecting one or more wavelengths of light transmitted through the
sample.

In some embodiments, systems include one or more broad spectrum light
sources. The broad spectrum light sources, in certain instances, include one or more
visible or near infrared light sources, such as with wavelengths which range from 500 nm
to 850 nm. For example, the first broad spectrum light source may have emission
wavelengths ranging from 500 nm to 700 nm and the second broad spectrum light
source having emission wavelengths ranging from 700 nm to 850 nm. In certain
embodiments, the one or more broad spectrum light sources have an irradiation profile
with emission peaks at about 450 nm, 550 nm and 830 nm.

Systems also include a slit projection module having a slit that narrows a beam of
light from the light source and a focusing lens which focuses the narrowed beam of light

to provide a projection of the beam of light in the shape of a slit. The slit projection
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module may be configured such that the length of the slit-shaped beam projection is
orthogonal to the width of the sample chamber. The width of the light beam projected in
the shape of a slit may vary, such as ranging from 75 um to 125 um, including 100 pm.
The length of the light beam projected in the shape of a slit may also vary, ranging from
2 mm to 3 mm, such as 2.5 mm. The slit projection module may be configured to project
a beam of light in the shape of a slit which is greater than the width of the sample
chamber. Alternatively, the slit projection module may be configured to project a beam
of light in the shape of a slit which is equal to the width of the sample chamber.
Likewise, the slit projection module may be configured to project a beam of light in the
shape of slit which is less than the width of the sample chamber.

In some instances, the slit projection module also includes an optical adjustment
protocol. By “optical adjustment” is meant that the beam of light in the shape of a slit
may be changed as desired, such as to increase or decrease the dimensions or to
enhance the optical resolution of the slit shaped beam. In some instances, optical
adjustment is a magnification protocol configured to increase the width of the slit, such
as by 5% or greater, such as by 10% or greater, such as by 25% or greater, such as by
50% or greater and including increasing the width of the slit shaped beam by 75% or
greater. In other instances, optical adjustment is a de-magnification protocol configured
to decrease the width of the slit, such as by 5% or greater, such as by 10% or greater,
such as by 25% or greater, such as by 50% or greater and including decreasing the
width of the slit shaped beam by 75% or greater. In certain embodiments, optical
adjustment is an enhanced resolution protocol configured to improve the resolution of
the slit shaped beam, such as by 5% or greater, such as by 10% or greater, such as by
25% or greater, such as by 50% or greater and including enhancing the resolution of the
slit shaped beam by 75% or greater. The slit shaped beam may be adjusted with any
convenient optical adjustment protocol, including but not limited to lens, mirrors,
pinholes, slits, and combinations thereof. In certain embodiments, the slit projection
module includes a focusing lens coupled to the slit to focus the light narrowed by the slit.
The focusing lens, for example may be a de-magnifying lens, such as having a
magnification ratio from about 0.5 to 0.75. For instance, the de-magnifying lens may be
a doublet achromatic de-magnifying lens having a magnification ratio of about 0.6.

Systems according to some embodiments also include an objective lens for
focusing light transmitted through the sample chamber. In some instances, the objective

lens is a magnifying lens, such as having a magnification ratio of from 1.5 t0 2.5. For
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example, the objective lens may be a double achromatic magnifying lens having a
magnification ratio of about 1.7.

As described above, the collected light transmitted through the sample may be
spatially separated into distinct wavelengths for detection. In some embodiments,
systems include a diffraction grating for separating light into separate wavelengths. In
other embodiments, systems may include a plurality of filters for separating light into
distinct wavelengths for detection. In yet other embodiments, systems may include a
combination of one or more diffraction gratings and a plurality of filters.

Systems also include a detector for detecting transmitted light from the sample.
In some embodiments, the detector is a charged coupled device. The detector, in
certain instances, is configured to detect light transmitted through the sample at
wavelengths ranging from 400 nm to 900 nm. For example, the detector may be
configured to detect a spectrum of transmitted light from 500 nm to 800 nm.

In embodiments of the present disclosure, systems are configured to provide a
spatial separation resolution of from 5 nm or less, such as 4 nm or less, such as 3 nm or
less, such as 2 nm or less and including 1 nm or less. As such, in some embodiments
systems including the slit projection module, objective lens, diffraction grating and
detector for detecting transmitted light are configured to provide a spatial separation
resolution of from 5 nm or less, such as 4 nm or less, such as 3 nm or less, such as 2
nm or less and including 1 nm or less. In other embodiments, systems including the slit
projection module, objective lens, filter wheel and detector detecting transmitted light are
configured to provide a spatial resolution of from 5 nm or less, such as 4 nm or less,
such as 3 nm or less, such as 2 nm or less and including 1 nm or less.

Aspects of the present disclosure also include a slit projection module for
assaying a sample according to the subject methods. The slit projection module, in
some embodiments, includes a slit that narrows a beam of light from the light source and
a focusing lens which focuses the narrowed beam of light to provide a beam of light in
the shape of a slit. The slit projection module may be configured such that the length of
the slit is orthogonal to the width of the sample chamber. In certain instances, the slit
projection module is configured to project a light beam in the shape of a slit illuminating
the sample chamber. The width of the light beam projected in the shape of a slit may
vary, such as ranging from 75 pm to 125 um, including 100 um. The length of the light
beam projected in the shape of a slit may also vary, ranging from 2 mm to 3 mm, such

as 2.5 mm. The slit projection module may be configured to project a beam of light in the
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shape of a slit which is greater than the width of the sample chamber. Alternatively, the
slit projection module may be configured to project a beam of light in the shape of a slit
which is equal to the width of the sample chamber. Likewise, the slit projection module
may be configured to project a beam of light in the shape of slit which is less than the
width of the sample chamber. In certain embodiments, the slit projection module
includes a focusing lens coupled to the slit to focus the light narrowed by the slit. The
focusing lens, in certain embodiments, is a de-magnifying lens, such as having a
magnification ratio from about 0.5 to 0.75. For example, the de-magnifying lens may be
a doublet achromatic de-magnifying lens having a magnification ratio of about 0.6.

Methods also include calculating absorbance of the detected light at one or more
wavelengths to assay the sample for the analyte. For example, the absorbance of the
detected light may be calculated at two different wavelengths. In certain instances, to
assay the sample for the analyte the absorbance of transmitted light is calculated at a
wavelength between 500 nm and 600 nm, such as at 548 nm. In other instances, to
assay the sample for the analyte the absorbance of transmitted light is calculated at a
wavelength between 600 nm and 700 nm, such as at 675 nm. In yet other instances, to
assay the sample for the analyte a first absorbance of transmitted light is calculated at a
wavelength between 500 nm and 600 nm and a second absorbance is calculated at a
wavelength between 600 nm and 700 nm, such as calculating absorbance of transmitted
light at 548 nm and at 675 nm, including calculating absorbance of transmitted light at
548 nm and at 650 nm.

Aspects of the present disclosure also include a micro-fluidic device configured to
perform an assay of a liquid sample, where the device includes a connected sample
application site, and inlet, a capillary channel sample and a reagent mixing chamber for
contacting a sample with one or more reagents. The microfluidic device in certain
embodiments also includes a blank reference window configured for providing a blank

during absorbance measurement.

BRIEF DESCRIPTION OF THE FIGURES
The invention may be best understood from the following detailed description

when read in conjunction with the accompanying drawings. Included in the drawings are
the following figures:
Figure 1 illustrates an example of illuminating a sample chamber with a slit-

shaped beam provided by a slit projection module according to certain embodiments.

7



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

Figures 2a and 2b illustrates an example of configurations of absorbance
systems having a slit projection module for illuminating a sample chamber with a slit-
shaped beam according to certain embodiments. Figure 2a depicts a side view of
absorbance systems having a slit projection module. Figure 2b depicts a top view of
absorbance systems having a slit projection module.

Figure 3 illustrates an example of a configuration of absorbance systems having
a slit-projection module coupled to a fluorescence detection system according to certain
embodiments.

Figure 4 depicts an example of a system of interest according to certain
embodiments.

Figure 5 illustrates an example a microfluidic cartridge having a microfluidic
sample chamber and a reference slit window for providing blank transmittance according
to certain embodiments.

Figure 6 shows an example of a kit having a microfluidic cartridge according to
certain embodiments.

Figure 7 shows an example of a collection of different types of kits provided
together in a box according to certain embodiments.

Figure 8 shows a schematic of determining hemoglobin concentration according
to certain embodiments.

Figures 9a-c illustrate example hemoglobin absorbance spectra acquired by
illuminating a sample chamber through a slit projection module according to certain
embodiments. Figure 9a depicts an absorbance spectrum of hemoglobin at
concentration of 25 g/dL in whole blood. Figure 9b depicts an absorbance spectrum of
hemoglobin at concentration of 7 g/dL in whole blood. Figure 9c depicts a plot of
hemoglobin concentration and absorbance at 569 nm.

Figure 10 illustrates a comparison of hemoglobin measurement in whole blood

with methods according to certain embodiments and a hematology analyzer.

DETAILED DESCRIPTION
Before the present invention is described in greater detail, it is to be understood

that this invention is not limited to particular embodiments described, as such may vary.
Itis also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting, since the

scope of the present invention will be limited only by the appended claims.
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Where a range of values is provided, it is understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any other stated or intervening value
in that stated range, is encompassed within the invention. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges and are also
encompassed within the invention, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding
either or both of those included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention,
representative illustrative methods and materials are now described.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
indicated to be incorporated by reference and are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the
publications are cited. The citation of any publication is for its disclosure prior to the filing
date and should not be construed as an admission that the present invention is not
entitled to antedate such publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publication dates which may need
to be independently confirmed.

It is noted that, as used herein and in the appended claims, the singular forms
“a’, “an”, and “the” include plural referents unless the context clearly dictates otherwise.
It is further noted that the claims may be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis for use of such exclusive

terminology as “solely,” “only” and the like in connection with the recitation of claim
elements, or use of a “negative” limitation.

As will be apprent to those of skill in the art upon reading this disclosure, each of
the individual embodiments described and illustrated herein has discrete components
and features which may be readily separated from or combined with the features of any
of the other several embodiments without departing from the scope or spirit of the
present invention. Any recited method can be carried out in the order of events recited or

in any other order which is logically possible.
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As summarized above, the present disclosure provides methods for assaying a
sample for one or more analytes. In further describing embodiments of the disclosure,
methods for assaying a sample for an analyte are first described in greater detail. Next,
systems suitable for practicing the subject methods to assay the sample for the analyte

are described. Microcartridges, computer controlled systems and kits are also provided.

METHODS FOR ASSAYING A SAMPLE FOR AN ANALYTE

As summarized above, aspects of the present disclosure include methods for
assaying a sample for one or more analytes. The term “assaying” is used herein in its
conventional sense to refer to qualitatively assessing or quantitatively measuring the
presence or amount of a target analyte species. In certain embodiments, methods
include assaying a sample for hemoglobin.

A variety of different samples may be assayed according to methods of the
invention, e.g., as described herein. In some instances, the sample is a biological
sample. The term “biological sample” is used in its conventional sense to refer to a
whole organism, plant, fungi or a subset of animal tissues, cells or component parts
which may in certain instances be found in blood, mucus, lymphatic fluid, synovial fluid,
cerebrospinal fluid, saliva, bronchoalveolar lavage, amniotic fluid, amniotic cord blood,
urine, vaginal fluid and semen. As such, a “biological sample” refers to both the native
organism or a subset of its tissues as well as to a homogenate, lysate or extract
prepared from the organism or a subset of its tissues, including but not limited to, for
example, plasma, serum, spinal fluid, lymph fluid, sections of the skin, respiratory,
gastrointestinal, cardiovascular, and genitourinary tracts, tears, saliva, milk, blood cells,
tumors, organs. Biological samples may be any type of organismic tissue, including both
healthy and diseased tissue (e.g., cancerous, malignant, necrotic, etc.). In certain
embodiments, the biological sample is a liquid sample, such as blood or derivative
thereof, e.g., plasma, tears, urine, semen, etc., where in some instances the sample is a
blood sample, including whole blood, such as blood obtained from venipuncture or
fingerstick (where the blood may or may not be combined with any reagents prior to
assay, such as preservatives, anticoagulants, etc.).

In certain embodiments the source of the sample is a “mammal” or “mammalian”,
where these terms are used broadly to describe organisms which are within the class

mammalia, including the orders carnivore (e.g., dogs and cats), rodentia (e.g., mice,
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guinea pigs, and rats), and primates (e.g., humans, chimpanzees, and monkeys). In
some instances, the subjects are humans. The methods may be applied to samples
obtained from human subjects of both genders and at any stage of development (i.e.,
neonates, infant, juvenile, adolescent, adult), where in certain embodiments the human
subject is a juvenile, adolescent or adult. While the present invention may be applied to
samples from a human subject, it is to be understood that the methods may also be
carried-out on samples from other animal subjects (that is, in “non-human subjects”)
such as, but not limited to, birds, mice, rats, dogs, cats, livestock and horses.

In embodiments, the amount of sample assayed in the subject methods may
vary, for example, ranging from 0.01 pL to 1000 pL, such as from 0.05 ulL to 900 uL ,
such as from 0.1 ulL to 800 uL, such as from 0.5 uL to 700 ulL, such as from 1 ulL to 600
ul, such as from 2.5 ulL to 500 uL, such as from 5 uL to 400 ulL, such as from 7.5 ulL to
300 pL and including from 10 uL to 200 pL of sample.

In some embodiments, the biological sample is a specimen that has been
preloaded into a container (e.g., blender cup, vortex microtube, sonicator vessel, etc.)
and stored for a predetermined period of time before the biological sample is assayed.
For example, the biological sample may be preloaded into a microfluidic cartridge, as
described in greater detail below, for a period of time before the biological sample is
assayed according to the subject methods. The amount of time the biological sample is
stored following preloading into the container before assaying the biological sample may
vary, such as 0.1 hours or more, such as 0.5 hours or more, such as 1 hour or more,
such as 2 hours or more, such as 4 hours or more, such as 8 hours or more, such as 16
hours or more, such as 24 hours or more, such as 48 hours or more, such as 72 hours
or more, such as 96 hours or more, such as 120 hours or more, such as 144 hours or
more, such as 168 hours or more and including preloading the biological sample into the
container 240 hours or more before assaying the biological sample or may range such
as from 0.1 hours to 240 hours before assaying the biological sample, such as from 0.5
hours to 216 hours, such as from 1 hour to 192 hours and including from 5 hours to 168
hours before assaying the biological sample. For example, the biological sample may be
preloaded into a container (e.g.,microfluidic cartridge) configured for use with a system
(as described below) for assaying the sample at a remote location (e.g., at home using
an at-home kit or in a physician’s office) and sent to a laboratory for assaying in
accordance with the subject methods. By "remote location" is meant a location other

than the location at which the sample is contained and preloaded into the container. For
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example, a remote location could be another location (e.g. office, lab, etc.) in the same
city, another location in a different city, another location in a different state, another
location in a different country, etc., relative to the location of the processing device, e.g.,
as described in greater detail below. In some instances, two locations are remote from
one another if they are separated from each other by a distance of 10 m or more, such
as 50 m or more, including 100 m or more, e.g., 500 m or more, 1000 m or more, 10,000
m or more, etc.

In practicing methods according to certain embodiments, a sample in a sample
chamber is illuminated with a light source through a slit projection module, detecting light
transmitted through the sample and calculating absorbance of the detected light at one
or more wavelengths to assay the sample for the analyte. Depending on the target
analyte, the sample may be illuminated with one or more sources of light. In some
embodiments, the sample is illuminated with one or more broadband light sources. The
term “broadband” is used herein in its conventional sense to refer to a light source which
emits light having a broad range of wavelengths, such as for example, spanning 50 nm
or more, such as 100 nm or more, such as 150 nm or more, such as 200 nm or more,
such as 250 nm or more, such as 300 nm or more, such as 350 nm or more, such as
400 nm or more and including spanning 500 nm or more. For example, one suitable
broadband light source emits light having wavelengths from 400 nm to 700 nm. Another
example of a suitable broadband light source includes a light source that emits light
having wavelengths from 500 nm to 700 nm. Any convenient broadband light source
protocol may be employed, such as a halogen lamp, deuterium arc lamp, xenon arc
lamp, stabilized fiber-coupled broadband light source, a broadband LED with continuous
spectrum, superluminescent emitting diode, semiconductor light emitting diode, wide
spectrum LED white light source, an multi-LED integrated white light source, among
other broadband light sources or any combination thereof.

In other embodiments, the sample is illuminated with one or more narrow band
light sources emitting a particular wavelength or narrow range of wavelengths. The term
“narrow band” is used herein in its conventional sense to refer to a light source which
emits light having a narrow range of wavelengths, such as for example, 50 nm or less,
such as 40 nm or less, such as 30 nm or less, such as 25 nm or less, such as 20 nm or
less, such as 15 nm or less, such as 10 nm or less, such as 5 nm or less, such as 2 nm
or less and including light sources which emit a specific wavelength of light (i.e.,

monochromatic light). Any convenient narrow band light source protocol may be
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employed, such as a narrow wavelength LED, laser diode or a broadband light source
coupled to one or more optical bandpass filters, diffraction gratings, monochromators or
any combination thereof.

Depending on the analyte being assayed as well as interferents present the
biological sample, the biological sample may be illuminated using one or more light
sources, such as two or more light sources, such as three or more light sources, such as
four or more light sources, such as five or more light sources and including ten or more
light sources. Any combination of light sources may be used, as desired. For example,
where two lights sources are employed, a first light source may be a broadband white
light source (e.g., broadband white light LED) and second light source may be a
broadband near-infrared light source (e.g., broadband near-IR LED). In other instances,
where two light sources are employed, a first light source may be a broadband white
light source (e.g., broadband white light LED) and the second light source may be a
narrow spectra light source (e.g., a narrow band visible light or near-IR LED). In yet
other instances, the light source is an plurality of narrow band light sources each
emitting specific wavelengths, such as an array of two or more LEDs, such as an array
of three or more LEDs, such as an array of five or more LEDs, including an array of ten
or more LEDs.

Where more than one light source is employed, the sample may be illuminated
with the light sources simultaneously or sequentially, or a combination thereof. For
example, where the sample is illuminated with two light sources, the subject methods
may include simultaneously illuminating the sample with both light sources. In other
embodiments, the sample may be sequentially illuminated by two light sources. Where
the sample is sequentially illuminated with two or more light sources, the time each light
source illuminates the same may independently be 0.001 seconds or more, such as 0.01
seconds or more, such as 0.1 seconds or more, such as 1 second or more, such as 5
seconds or more, such as 10 seconds or more, such as 30 seconds or more and
including 60 seconds or more. In embodiments where the sample is sequentially
illuminated by two or more light sources, the duration the sample is illuminated by each
light source may be the same or different.

The time period between illumination by each light source may also vary, as
desired, being separated independently by a delay of 1 second or more, such as 5
seconds or more, such as by 10 seconds or more, such as by 15 seconds or more, such

as by 30 seconds or more and including by 60 seconds or more. In embodiments where
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the sample is sequentially illuminated by more than two (i.e., three or more) light
sources, the delay between illumination by each light source may be the same or
different.

Depending on the assay protocol, illumination of the sample may be continuous
or in discrete intervals. For example, in some embodiments, the sample may be
illuminated continuously throughout the entire time the sample is being assayed. Where
the light includes two or more light sources, the sample may be continuously illuminated
by all of the light sources simultaneously. In other instances, the sample is continuously
illuminated with each light source sequentially. In other embodiments, the sample may
be illuminated in regular intervals, such as illuminating the sample every 0.001
microseconds, every 0.01 microseconds, every 0.1 microseconds, every 1 microsecond,
every 10 microseconds, every 100 microseconds and including every 1000
microseconds. The sample may be illuminated with the light source one or more
times at any given measurement period, such as 2 or more times, such as 3 or more
times, including 5 or more times at each measurement period.

As described in greater detail below, the light source for illuminating the sample
may emit a spectrum of light having wavelengths ranging from 400 nm to 900 nm, such
as from 450 nm to 850 nm, such as from 500 nm to 800 nm, such as from 550 nm to 750
nm and including from 600 nm to 700 nm. In some embodiments, the sample is
illuminated with a single broad band light source emitting light with wavelengths from
400 nm to 900 nm. In other embodiments, the sample is illuminated with light with
wavelengths from 400 nm to 900 nm using a plurality of light sources. For example, the
sample may be illuminated with by a plurality of narrow band light sources each
independently emitting light having wavelengths in the range of 400 nm to 900 nm.

In certain embodiments, the sample is illuminated with two broadband light
sources emitting light with wavelengths from 400 nm to 900 nm. For example, the light
sources may be white light LED emitting light having wavelengths ranging from 400 nm
to 700 nm and a near-infrared LED emitting light having wavelengths ranging from 700
nm to 900 nm. Depending on the type of light source, as described above, the irradiation
profile of each light source may vary, having any number of emission peaks. In certain
instances, the sample is illuminated with a white light LED emitting light having
wavelengths ranging from 400 nm to 700 nm and having emission peaks at about 450
nm and 550 nm and a near-infrared LED emitting light having wavelengths ranging from

700 nm to 900 nm and having an emission peak at about 830 nm.
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In other embodiments, the sample is illuminated with by a plurality of narrow
band lamps or LEDs each independently emitting specific wavelengths of light in the
range of 400 nm to 900 nm. In one example, the narrow band light source is one or
more monochromatic LEDs emitting light in the range of 500 nm to 700 nm, such as at
504 nm, 506 nm, 514 nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm,
580 nm, 585 nm, 586 nm or any combination thereof. In another example, the narrow
band light source is one or more narrow band lamps emitting light in the range of 500 nm
to 700 nm, such as a narrow band cadmium lamp, cesium lamp, helium lamp, mercury
lamp, mercury-cadmium lamp, potassium lamp, sodium lamp, neon lamp, zinc lamp or
any combination thereof.

In embodiments of the present disclosure the sample is illuminated with a slit of
illuminating light. The slit of illuminating light, e.g., as described in greater detail below,
may be produced using any convenient protocol. In some embodiments, the slit of
illuminating light is produced using a slit projection module, which includes a slit that may
or may not be optically coupled to one or more additional components, e.g., one or more
lenses. For example, in some instances the slit of illuminating light is produced from one
or more light sources through a slit projection module having a slit that narrows a beam
of light coupled to a focusing lens to focus the narrowed beam of light from the light
source. The slit projection module narrows the beam of light and produces a beam of
light in the shape of a slit projected onto the sample chamber. During interrogation of
the sample, the sample chamber, the slit projection module or both the sample chamber
and slit projection module may be moved (if desired) to displace the slit-shaped beam of
light across the sample chamber.

As described above, the slit projection module is configured to provide a slit-
shaped beam having a length and width, where the length and width of the illuminating
slit may vary. The slit projection module includes a slit having an aperture configured to
narrow the beam of light from the one or more light sources and a focusing lens coupled
to the slit for focusing the light passing through the slit aperture. The slit aperture may
be any convenient shape, including but not limited to an oval, rectangle or other polygon.
In certain embodiments, the slit aperture is rectangular. Depending on the desired
dimensions of slit-shaped beam provided by the light source, as described above, the
dimensions of the slit aperture may vary, having a length which ranges from 01 mm to
10 mm, such as from 1.25 mm to 9.5 mm, such as from 1.5 mm to 9 mm, such as from 2

mm to 8 mm, such as from 2.5 mm to 7 mm, such as from 3 mm to 6 mm and including
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from 3.5 mm to 5 mm. The width of the slit aperture may range from 1 um to 250 um,
such as from 2 um to 225 um, such as from 5 um to 200 um, such as from 10 um to 150
um, and including from 15 um to 125 um, for example a slit having an aperture width of
100 pum.

The light beam narrowed by the slit may, where desired, be focused using a
focusing lens coupled to the slit. In some embodiments, the narrowed light beam is
focused through a de-magnifying lens having a magnification ratio ranging from 0.1 to
0.95, such as a magnification ratio of from 0.2 to 0.9, such as a magnification ratio of
from 0.3 to 0.85, such as a magnification ratio of from 0.35 to 0.8, such as a
magnification ratio of from 0.5 to 0.75 and including focusing the narrowed light beam
through a de-magnifying lens having a magnification ratio of from 0.55 to 0.7, for
example a magnification ratio of 0.6. For example, the narrowed light beam is, in
certain instances, focused through a double achromatic de-magnifying lens having a
magnification ratio of about 0.6.

As described in greater detail below, the slit projection module may be configured
to provide a slit-shaped beam having a length and width which varies. In some
embodiments, the slit projection module is configured to provide a slit-shaped beam
having a length which ranges from 1 mm to 5 mm, such as from 1.5 mm to 4.5 mm, such
as from 2 mm to 4 mm, such as from 2.5 mm to 3.5 mm and including a slit-shaped
beam having a length of 3 mm. In these embodiments, the slit projection module is
configured to provide a slit-shaped beam having a width which ranges from 10 um to
100 um, such as from 15 um to 95 um, such as from 20 um to 90 um, such as from 25
um to 85 um, such as from 30 um to 80 um, such as from 35 um to 75 um, such as from
40 pm to 70 um, such as from 45 um to 65 um, and including from 50 um to 60 um.

In some embodiments, the slit projection module is configured to provide a slit-
shaped beam of light where the length of the slit-shaped beam is orthogonal to the
length of a sample chamber being assayed. In other words, the length of the slit-shaped
beam is positioned along the width of the sample chamber being assayed. Depending
on the size of the sample chamber (as described in greater detail below) and slit-shaped
beam projection, the slit-shaped beam may illuminate 50% or more of the width of the
sample chamber, such as 55% or more, such as 60% or more, such as 65% or more,
such as 70% or more, such as 75% or more, such as 80% or more, such as 85% or

more, such as 90% or more, such as 95% or more, such as 97% or more and including
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iluminating 99% or more of the width of the sample chamber. In certain instances, the
slit-shaped beam projection has a length which is substantially the same as width of the
sample chamber. In other embodiments, the slit-projection module is configured to
provide a slit-shaped beam projection which has a length that is greater than the width of
the sample chamber. For example, the slit-shaped beam of light may have a length
which is 1% or greater than the width of the sample chamber, such as 2% or greater,
such as 5% or greater, such as 10% or greater, such as 15% or greater, such as 20% or
greater and including a length which is 25% greater than the width of the sample
chamber. In yet other embodiments, the slit-projection module is configured to provide a
slit-shaped beam projection which has a length that is less than the width of the sample
chamber. For example, the slit-shaped beam of light may have a length is which 1% or
greater less than the width of the sample chamber, such as a length which is 2% or
greater less than the width of the sample chamber, such as a length which is 5% or
greater less than the width of the sample chamber, such as a length which is 10% or
greater less than the width of the sample chamber, such as a length which is 15% or
greater less than the width of the sample chamber, such as a length which is 20% or
greater less than the width of the sample chamber and including a length which is 25%
or greater less than the width of the sample chamber.

During interrogation of the sample, the sample chamber, the slit projection
module or both the sample chamber and slit projection module may be moved (if
desired) to displace the slit-shaped beam of light across the sample chamber. The term
“‘move” refers to displacement between slit projection module and the sample chamber
such that the slit-shaped beam of light projected onto the sample chamber changes
position with time along the sample chamber during assay of the sample. In some
embodiments, the sample chamber is moved while the slit-projection module is
maintained in a stationary position in order to laterally displace the slit-shaped beam of
light along the sample chamber during interrogation. In other embodiments, the slit-
projection module is moved and the sample chamber is maintained in a stationary
position in order to laterally displace the slit-shaped beam of light along the sample
chamber during interrogation. In yet other embodiments, both the slit projection module
and the sample are moved in order to laterally displace the slit-shaped beam of light
along the sample chamber during interrogation.

In embodiments, the sample chamber or the slit-projection module may be

moved such that the slit-shaped beam of light is displaced laterally relative to the sample
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chamber in any direction, where in some instances the length of the slit-shaped beam
remains orthogonal to the length of the sample chamber. In some instances, the sample
chamber or the slit-projection module is moved such that the slit-shaped beam of light is
displaced from a distal end to a proximal end of the sample chamber. In other
instances, the sample chamber or the slit-projection module is moved such that the slit-
shaped beam of light is displaced from a proximal end to a distal end of the sample
chamber. The sample chamber or the slit-projection module may be configured to move
such that the slit-shaped beam of light is displaced along all or a portion of the length of
the sample chamber to interrogate the sample. In some embodiments, the slit-shaped
beam of light is displaced along 50% or more of the sample chamber, such as 55% or
more, such as 60% or more, such as 65% or more, such as 70% or more, such as 75%
or more, such as 80% or more, such as 85% or more, such as 90% or more, such as
95% or more, such as 97% or more and including along 99% or more of the length of the
sample chamber. In certain instances, the slit-shaped beam is displaced along
substantially the entire length of the sample chamber.

In certain embodiments, sample chamber or slit-projection module is moved so
that the slit-shaped beam light is displaced in a back-and-forth motion relative to the
sample chamber, such as moving from a distal end to a proximal end of the sample
chamber and back from the proximal end to the distal end of the sample chamber. In
other instances, the sample chamber or slit-projection module is moved so that the slit-
shaped beam of light is displaced relative to the sample chamber from the proximal end
to distal end of the sample chamber and back from the distal end to the proximal end of
the sample chamber. The sample chamber or slit-projection module is moved so that
the slit-shaped beam of light is, in certain instances, displaced in a back-and-forth
motion along only a portion of the sample chamber. For example, the sample chamber
or slit-projection module is moved so that the slit-shaped beam may be displaced in a
back-and-forth motion along 99% or less of the sample chamber, such as 95% or less,
such as 90% or less, such as 85% or less, such as 80% or less, such as 75% or less,
such as 70% or less, such as 65% or more, including moving the sample chamber or
slit-projection module is moved so that the slit-shaped beam is displaced in a back-and-
forth motion along 50% or less of the length of the sample chamber.

Where the slit-shaped beam of light is moved in a back-and-forth motion, the
movement of the sample chamber or slit-projection module may be repeated one or

more times during any given interrogation period, such as 2 or more times, such as 5 or
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more times, such as 10 or more times, such as 15 or more times and including 25 or
more times during each interrogation period.

The amplitude of displacement of the slit-shaped beam of light along the sample
chamber during interrogation may vary. By “amplitude of displacement” or “total
displacement” is meant the sum total of distance traversed by the slit-shaped beam of
light along the sample chamber. In one example, where the slit-shaped beam of light is
moved from a proximal end to a distal end of a 60 mm sample chamber, the total
displacement of the slit-shaped beam of light is 60 mm. In another example, where the
slit-shaped beam is moved from a distal end to a proximal end of a 60 mm sample
chamber, the total displacement of the slit-shaped beam of light is 60 mm. In yet
another example, where the slit-shaped beam is moved in a back-and-forth motion from
the proximal end to a distal end and back from the distal end to the proximal end of a 60
mm sample chamber, the total displacement is 120 mm. In still another example, where
the slit-shaped beam is moved in a back-and-forth motion (e.g., from proximal end to
distal end and back from distal end to proximal end) along 50% of a 60 mm sample
chamber, the total displacement is 60 mm. In still another example, where the slit-
shaped beam is moved in a back-and-forth motion (e.g., from distal end to proximal end
and back from proximal end to distal end) along 50% of a 60 mm sample chamber and
repeated 5 times, the total displacement is 300 mm.

In embodiments of the present disclosure, the total displacement varies, ranging
from 0.1 mm to 1000 mm, such as from 0.2 mm to 950 mm, such as from 0.3 mm to 900
mm, such as from 0.4 mm to 850 mm, such as from 0.5 mm to 800 mm, such as from
0.6 mm to 750 mm, such as from 0.7 mm to 700 mm, such as from 0.8 mm to 650 mm,
such as from 0.9 mm to 600 mm, such as from 1 mm to 550 mm, such as from 1.25 mm
to 500 mm, such as from 1.5 mm to 450 mm, such as from 1.75 mm to 400 mm, such as
from 2 mm to 300 mm, such as from 2.5 mm to 250 mm and including from 3 mm to 200
mm.

The slit-shaped beam of light may be moved along the sample chamber at a rate
which varies, such as at a rate of 0.001 mm/second or more, such as at a rate of 0.005
mm/second or more, such as at a rate of 0.01 mm/second or more, such as at a rate of
0.05 mm/second or more, such as at a rate of 0.1 mm/second or more, such as at a rate
of 0.5 mm/second or more, such as at a rate of 1 mm/second or more, such as at a rate
of 1.5 mm/second or more, such as at a rate of 2 mm/second or more, such as at a rate

of 2.5 mm/second or more, such as at a rate of 3 mm/second, such as at a rate of 5
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mm/second or more, such as at a rate of 10 mm/second or more, such as at a rate of 20
mm/second or more, such as at a rate of 30 mm/second or more, such as at a rate of 40
mm/second or more and including moving the slit-shaped beam along the sample
chamber at a rate of 60 mm/second or more. Where the slit-shaped beam is moved
along the sample chamber in a back-and-forth motion, the rate may be 1 back-and-forth
cycle per minute or more, such as 2 cycles per minute or more, such as 3 cycles per
minute or more, such as 4 cycles per minute or more, such as 5 cycles per minute or
more, such as 10 cycles per minute or more, such as 15 cycles per minute or more,
such as 20 cycles per minute or more, such as 30 cycles per minute or more, such as 45
cycles per minute or more and including 60 back-and-forth cycles per minute or more.

Movement of the sample chamber or slit-projection module to displace the slit-
shaped beam along the sample chamber may be continuous or in discrete increments.
In some embodiments, the sample chamber or slit-projection module is moved so that
the slit-shaped beam of light is displaced along the sample chamber continuously
throughout the entire time the sample is being assayed, such as at a rate of 0.001
mm/second or more, such as at a rate of 0.005 mm/second or more, such as at a rate of
0.01 mm/second or more, such as at a rate of 0.05 mm/second or more, such as at a
rate of 0.1 mm/second or more, such as at a rate of 0.5 mm/second or more, such as at
a rate of 1 mm/second or more, such as at a rate of 1.5 mm/second or more, such as at
a rate of 2 mm/second or more, such as at a rate of 2.5 mm/second or more, such as at
a rate of 3 mm/second, such as at a rate of 5 mm/second or more, such as at a rate of
10 mm/second or more, such as at a rate of 20 mm/second or more, such as at a rate of
30 mm/second or more, such as at a rate of 40 mm/second or more and including
moving the sample chamber or slit-projection module so that the slit-shaped beam of
light is continuously displaced relative to the sample chamber at a rate of 60 mm/second
or more.

In other embodiments, the sample chamber or slit-projection module is moved so
that the slit-shaped beam is displaced relative to the sample chamber in discrete
increments. In these embodiments, the slit-shaped beam of light is, in some instances,
displaced relative to the sample chamber in regular increments, such as at 0.01 mm
increments, 0.05 mm increments, 0.1 mm increments, 0.2 mm increments, 0.3 mm
increments, 0.5 mm increments, 0.75 mm increments, 1 mm increments, 2.5 mm
increments, 5 mm increments, 7.5 mm increments, 10 mm increments, 15 mm

increments, 20 mm increments or some other increment. In other instances, the slit-
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shaped beam of light is displaced relative to the sample chamber in random increments
ranging from 0.01 mm to 20 mm increments, such as from 0.1 mm to 17.5 mm, such as
from 0.5 mm to 15 mm increments, including random increments ranging from 1 mm to
10 mm increments.

As described above, in some embodiments the sample chamber is sequentially
illuminated with a plurality of light sources. Where the sample chamber is sequentially
illuminated with more than one light source, each light source independently provides a
slit-shaped beam of light which is displaced relative to the sample chamber. The
movement of each slit-shaped light beam of light relative to the sample chamber
provided by the plurality of light sources may be the same or different, as described
above. For example, where the sample chamber is sequentially illuminated with two
light sources (e.g., a broadband white light LED and a near-IR LED), a first slit-shaped
beam produced by the first light source (e.g., broadband white light LED) interrogates
the sample chamber sequentially with a second slit-shaped beam produced by the
second light source (e.g., near-IR LED). In other words, in these embodiments at least
two slit-shaped beams are provided to interrogate the sample chamber. For example, in
some embodiments a first light source providing a first slit-shaped beam may be moved
along the sample chamber in a back-and-forth motion while a second light source
providing a second slit-shaped beam may be moved along the sample chamber in only a
single direction. In other embodiments, a first light source providing a first slit-shaped
beam may be moved along the sample chamber in a back-and-forth motion for a
plurality of cycles while the second light source providing a second slit-shaped beam
may be moved in a back-and-forth motion for a single cycle.

Figure 1 depicts displacement of a slit-shaped beam of light relative to a sample
chamber. The slit-shaped beam (101) provided by a slit projection module is oriented
across the width of the sample chamber (102) and the sample chamber is moved
laterally (103) across the slit-shaped beam of light to illuminating all or part of the sample
chamber. As desired, the sample chamber or the slit-projection module may be moved
so that the slit-shaped beam can be displaced relative to the sample chamber one or
more times or in a back-and-forth motion.

In some embodiments, the light transmitted though the sample chamber is
collected and passed through one or more objective lenses. In certain instances, light
transmitted through the sample chamber is collected and passed through a magnifying

lens with a nominal magnification ranging from 1.2 to 2.5, such as a nominal
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magnification of from 1.3 to 2.4, such as a nominal magnification of from 1.4 to 2.3, such
as a nominal magnification of from 1.5 to 2.2, such as a nominal magnification or from
1.6 to 2.1, including passing the transmitted light through a magnifying lens having a
nominal magnification of from 1.7 to 2.0, for example a nominal magnification of 1.7. For
example, the transmitted light is, in certain instances, collected and passed through a
magnifying achromatic doublet lens with a nominal magnification of 1.7. Depending on
the configuration of the light source, sample chamber and detector, properties of the
objective lens may vary. For example, the numerical aperture of the subject objective
lens may also vary, ranging from 0.01 to 1.7, such as from 0.05 to 1.6, such as from 0.1
to 1.5, such as from 0.2 to 1.4, such as from 0.3 to 1.3, such as from 0.4 to 1.2, such as
from 0.5 to 1.1 and including a numerical aperture ranging from 0.6 to 1.0. Likewise, the
focal length of the objective lens varies, ranging from 10 mm to 20 mm, such as from
10.5 mm to 19 mm, such as from 11 mm to 18 mm and including from 12 mm to 15 mm.

In some embodiments, the slit-shaped beam projection transmitted through the
sample chamber is also focused using an autofocus module. For example, suitable
protocols for focusing the slit-shaped beam projection transmitted through the sample
chamber may include, but are not limited, to those described in United States Patent No.
6,441,894, filed on October 29, 1999, the disclosure of which is herein incorporated by
reference.

Methods according to some embodiments of the present disclosure also include
passing the transmitted light through one or more wavelength separators. The term
“wavelength separator” is used herein in its conventional sense to refer to an optical
protocol for separating polychromatic light into its component wavelengths for detection.
Wavelength separation, according to certain embodiments, may include selectively
passing or blocking specific wavelengths or wavelength ranges of the polychromatic
light. To separate wavelengths of light, the transmitted light may be passed through any
convenient wavelength separating protocol, including but not limited to colored glass,
bandpass filters, interference filters, dichroic mirrors, diffraction gratings,
monochromators and combinations thereof, among other wavelength separating
protocols.

In some embodiments, methods include separating the light transmitted from the
sample chamber by passing the transmitted light through one or more diffraction
gratings. Diffraction gratings of interest may include, but are not limited to transmission,

dispersive or reflective diffraction gratings. Suitable spacings of the diffraction grating
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may vary depending on the configuration of the light source, slit projection module,
sample chamber, objective lens, ranging from 0.01 um to 10 um, such as from 0.025 um
to 7.5 um, such as from 0.5 um to 5 um, such as from 0.75 pm to 4 um, such as from 1
pum to 3.5 um and including from 1.5 um to 3.5 um. In other embodiments, methods
include separating the light transmitted from the sample chamber by passing the
transmitted light through one or more optical filters, such as one or more bandpass
filters. For example, optical filters of interest may include bandpass filters having
minimum bandwidths ranging from 2 nm to 100 nm, such as from 3 nm to 95 nm, such
as from 5 nm to 95 nm, such as from 10 nm to 90 nm, such as from 12 nm to 85 nm,
such as from 15 nm to 80 nm and including bandpass filters having minimum
bandwidths ranging from 20 nm to 50 nm. In certain instances, methods include passing
the transmitted light from the sample chamber through one or more bandpass filters
which selectively pass wavelengths in the ranges of: 498 nm — 510 nm; 500 nm — 600
nm; 500 nm — 520 nm; 540 nm - 550 nm; 545 nm — 555 nm; 550 nm — 570 nm; 550 nm
— 580 nm; 560 nm — 590 nm; 575 nm — 595 nm; 580 nm — 590 nm; 600 nm — 700 nm;
600 nm — 630 nm; 650 nm — 750 nm; 750 nm — 850nm; 810 nm — 830 nm; 815 nm — 825
nm or any combination thereof.

For example, in one instance methods include passing the transmitted light from
the sample chamber through one or more bandpass filters which selectively passes
wavelengths ranging from 500 nm — 520 nm and from 650 nm — 750 nm. In another
instance, methods include passing the transmitted light from the sample chamber
through one or more bandpass filters which selectively passes wavelengths ranging from
540 nm — 560 nm and from 650 nm — 750 nm. In yet another instance, methods include
passing the transmitted light from the sample chamber through one or more bandpass
filters which selectively passes wavelengths ranging from 560 nm — 590 nm and from
650 nm — 750 nm. In still another instance, methods include passing the transmitted
light from the sample chamber through one or more bandpass filters which selectively
passes wavelengths ranging from 500 nm — 520 nm; 560 nm — 590 nm and from 650 nm
—750 nm.

In practicing methods according to aspects of the present disclosure, the light
transmitted through the sample chamber is measured at one or more wavelengths. In
embodiments, the transmitted light is measured at one or more wavelengths, such as at
5 or more different wavelengths, such as at 10 or more different wavelengths, such as at

25 or more different wavelengths, such as at 50 or more different wavelengths, such as
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at 100 or more different wavelengths, such as at 200 or more different wavelengths,
such as at 300 or more different wavelengths and including measuring the light
transmitted through the sample chamber at 400 or more different wavelengths.

In some embodiments, measuring light transmitted through the sample chamber
includes measuring transmitted light over a range of wavelengths (e.g., 400 nm — 800
nm; 495 nm — 525 nm; 800nm — 835 nm, etc.). For example, methods may include
measuring light transmitted through the sample chamber over one or more of the
wavelength ranges of: 400 nm — 800 nm; 498 nm — 510 nm; 500 nm — 600 nm; 500 nm —
700 nm; 500 nm — 575 nm; 500 nm — 550 nm; 540 nm - 550 nm; 545 nm — 555 nm; 550
nm — 570 nm; 550 nm — 580 nm; 560 nm — 590 nm; 575 nm — 595 nm; 580 nm — 590
nm; 600 nm — 700 nm; 600 nm — 630 nm; 650 nm — 750 nm; 650 nm — 830; 750 nm —
850nm; 810 nm — 830 nm; 815 nm — 825 nm and any combinations thereof. In one
instance, methods include measuring transmitted light over the wavelengths ranging
from 400 nm — 800 nm. In another instance, methods include measuring transmitted
light over the wavelengths ranging from 500 nm — 520 nm and 650 nm — 750 nm. In
another instance, methods include measuring transmitted light over wavelengths ranging
from 540 nm — 560 nm and 650 nm — 750 nm. In yet another instance, methods include
measuring transmitted light over wavelengths ranging from 560 nm — 590 nm and 650
nm — 750 nm. In still another instance, methods include measuring transmitted light over
wavelengths ranging from 500 nm — 520 nm, 560 nm — 590 nm, and 650 — 750 nm.

Measuring transmitted light over a range of wavelengths, in certain instances,
includes collecting the spectra of the transmitted light over the range of wavelengths.
For example, methods may include collecting the spectra of light transmitted through the
sample chamber over one or more of the wavelength ranges of: 400 nm — 800 nm; 498
nm — 510 nm; 500 nm — 600 nm; 500 nm — 700 nm; 500 nm — 520 nm; 540 nm - 550
nm; 545 nm — 555 nm; 550 nm — 570 nm; 550 nm — 580 nm; 560 nm — 590 nm; 575 nm
—595 nm; 580 nm — 590 nm; 600 nm — 700 nm; 600 nm — 630 nm; 650 nm — 750 nm;
750 nm — 850nm; 810 nm — 830 nm; 815 nm — 825 nm and any combinations thereof. In
one instance, methods include collecting the spectra of transmitted light over the
wavelengths ranging from 400 nm — 800 nm. In another instance, methods include
collecting the spectra of transmitted light over the wavelengths ranging from 500 nm —
700 nm.

In certain embodiments, the light transmitted through the sample chamber is

detected at one or more specific wavelengths (e.g., 548 nm or 675 nm). For example,
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methods may include detecting the transmitted light at 2 or more specific wavelengths,
such as at 3 or more specific wavelengths, such as at 4 or more specific wavelengths,
such as at 5 or more specific wavelengths, such as at 10 or more specific wavelengths
and including detecting the transmitted light at 25 or more specific wavelengths. In
some instances, methods include detecting the transmitted light at one or more of 504
nm, 506 nm, 514 nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm, 580
nm, 585 nm, 586 nm, 675 nm, 710 nm, 808 nm, 815 nm, 830 nm and any combinations
thereof. In certain embodiments, the transmitted light is detected at 548 nm. In other
embodiments, the transmitted light is detected at 675 nm. In yet other embodiments, the
transmitted light is detected at 830 nm. In still other embodiments, the transmitted light
is detected at 548 nm and 675 nm. In still other embodiments, the transmitted light is
detected at 548 nm, 675 nm and 830 nm. In still another embodiment, the transmitted
light is detected at 504 nm, 506 nm, 514 nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm,
568 nm, 579 nm, 580 nm, 585 nm, 586 nm, 650 nm, 675 nm, 710 nm, 808 nm, 815 nm
and 830 nm.

Depending on the specific assay protocol, transmitted light may be measured
continuously or in discrete intervals. For example, in some embodiments, measuring
transmitted light is continuous throughout the entire time the sample is being assayed.
Where measuring the transmitted light includes measuring two or more wavelengths or
wavelength ranges, the wavelengths or wavelength ranges may be all measured
simultaneously, or each wavelength or wavelength range may be measured
sequentially.

In other embodiments, transmitted light is measured in discrete intervals, such as
measuring light transmitted through the sample every 0.001 microseconds, every 0.01
microseconds, every 0.1 microseconds, every 1 microsecond, every 10 microseconds,
every 100 microseconds and including every 1000 microseconds.

Depending on the quality (e.g., homogeneity) of the biological sample, presence
of interferents, light source and wavelengths being measured, the light transmitted
through sample chamber may be measured one or more times during the subject
methods, such 2 or more times, such as 3 or more times, such as 5 or more times and
including 10 or more times. In certain embodiments, the transmitted light is measured
two or more times, with the data being averaged to calculate absorbance by the target

analyte, as described below.
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In certain embodiments, methods include projecting a slit-shaped beam onto the
detector to provide a blank measurement. In these embodiments, the slit-shaped beam
may be accomplished by illuminating a blank reference window with the slit-shaped
beam and focusing the slit-shaped beam projected through the blank reference window
onto the detector.

For example, the blank reference window may be integrated into the subject
systems (as described below) where light from the light source is directed through the
integrated blank reference window. In some instances, light transmitted through the
blank reference window is directed through the objective lens and onto the wavelength
separator and detector. In other instances, light transmitted through the blank reference
window is provided directly onto the detector. In some instances, the blank reference
window may be positioned on the microfluidic cartridge, such as along the same optical
axis as the sample chamber.

The absorbance by the blank reference window is in certain embodiments,
configured to be identical to absorbance by the sample chamber such that transmission
through the blank reference window can be used to correct for absorption, scatter, etc.
by the microfluidic cartridge when practicing the methods described herein. In certain
embodiments, the blank reference window has an absorbance and transmission at the
one or more wavelengths of incident light which is substantially the same as the capillary
channel sample chamber. In other embodiments, the blank reference window scatters
light at the one or more wavelengths which is substantially the same as the capillary
channel sample chamber. In yet other embodiments, the blank reference window has
an absorbance, transmission and scatters light at the one or more incident wavelengths
which is substantially the same as the capillary channel sample chamber. In still other
embodiments, the blank reference window has the same index of refraction as the
capillary channel sample chamber.

In other embodiments, methods include projecting non-diffracted light from the
light source onto the detector to provide for a blank of incident light. In certain
embodiments, the non-diffracted light is used for calibrating the detector.

Light transmitted through the sample chamber may be measured by any
convenient light detecting protocol, including but not limited to photosensors or
photodetectors, such as active-pixel sensors (APSs), avalanche photodiode, image
sensors, charge-coupled devices (CCDs), intensified charge-coupled devices (ICCDs),

light emitting diodes, photon counters, bolometers, pyroelectric detectors, photoresistors,
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photovoltaic cells, photodiodes, photomultiplier tubes, phototransistors, quantum dot
photoconductors or photodiodes and combinations thereof, among other photodetectors.
In certain embodiments, the transmitted light is measured with a charge-coupled device
(CCD). Where the transmitted light is measured with a CCD, the active detecting surface
area of the CCD may vary, such as from 0.01 cm? to 10 cm?, such as from 0.05 cm? to 9
cm?, such as from, such as from 0.1 cm? to 8 cm?, such as from 0.5 cm? to 7 cm? and
including from 1 cm? to 5 cm?.

As summarized above, aspects of the present disclosure include methods for
assaying a sample for one or more analytes. In embodiments, to assay for the analyte,
the absorbance of light by the target analyte is calculated using the measured
transmitted light. In some embodiments, the absorbance is calculated at one or more
wavelengths, such as at 2 or more different wavelengths, such as at 3 or more different
wavelengths, such as at 4 or more different wavelengths and including calculating the
absorbance of the target analyte at 5 or more different wavelengths. For example,
absorbance of the target analyte may be calculated using the detected transmitted light
at one or more of 504 nm, 506 nm, 514 nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm,
568 nm, 579 nm, 580 nm, 585 nm, 586 nm, 675 nm, 710 nm, 808 nm, 815 nm, 830 nm
or any combinations thereof. In certain embodiments, absorbance of the analyte is
calculated using the detected transmitted light at 548 nm. In other embodiments,
absorbance of the analyte is calculated using the detected transmitted light at 675 nm.
In yet other embodiments, absorbance of the analyte is calculated using the detected
transmitted light at 830 nm. In still other embodiments, absorbance of the analyte is
calculated using the detected transmitted light at 548 nm and 675 nm. In still other
embodiments, absorbance of the analyte is calculated using the detected transmitted
light at 548 nm, 675 nm and 830 nm.

In some embodiments, calculating absorbance of light by the target analyte
includes calculating absorbance over a range of wavelengths (e.g., 400 nm — 800 nm;
495 nm — 525 nm; 800nm — 835 nm, etc.). For example, methods may include
calculating absorbance over one or more of the wavelength ranges of: 400 nm — 800
nm; 498 nm — 510 nm; 500 nm — 600 nm; 500 nm — 700 nm; 500 nm — 520 nm; 540 nm
- 550 nm; 545 nm — 555 nm; 550 nm — 570 nm; 550 nm — 580 nm; 560 nm — 590 nm;
575 nm — 595 nm; 580 nm — 590 nm; 600 nm — 700 nm; 600 nm — 630 nm; 650 nm —
750 nm; 750 nm — 850nm; 810 nm — 830 nm; 815 nm — 825 nm and any combinations

thereof. For example, methods include calculating absorbance of light by the target
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analyte over the wavelengths ranging from 400 nm — 800 nm. In another instance,
methods include calculating absorbance of light by the target analyte over the
wavelengths ranging from 500 nm — 520 nm and 650 nm — 750 nm. In another instance,
methods include calculating absorbance of light by the target analyte over the
wavelengths ranging from 540 nm — 560 nm and 650 nm — 750 nm. In yet another
instance, methods include calculating absorbance of light by the target analyte over the
wavelengths ranging from 560 nm — 590 nm and 650 nm — 750 nm. In still another
instance, methods include calculating absorbance of light by the target analyte over the
wavelengths ranging from 500 nm — 520 nm, 560 nm — 590 nm, and 650 — 750 nm.

For example, where the sample is whole blood and the analyte of interest is
hemoglobin, the concentration of hemoglobin in whole blood may be calculated by
measuring transmitted light at a first and a second wavelength, where the wavelengths
may vary, and include, but are not limited to, isobestic points, etc. In some instances,
the first wavelength is an isosbestic point for hemoglobin with one or more of
oxyhemoglobin, carboxyhemoglobin, methemoglobin, sulfo-hemoglobin, azide-
methemoglobin and cyano-methemoglobin, such as an isosbestic point for hemoglobin
and oxyhemoglobin or a triple isosbestic point for hemoglobin, oxyhemoglobin and
carboxyhemoglobin. For example, a first wavelength is, in certain instances, 506 nm,
548 nm, 569 nm, 579 nm, 585 nm or 586 nm. The second wavelength is, in these
embodiments, a low absorbing wavelength (e.g., near-IR) and may be also be an
isosbestic point for hemoglobin with one or more of oxyhemoglobin, carboxyhemoglobin,
methemoglobin, sulfo-hemoglobin, azide-methemoglobin and cyano-methemoglobin,
such as a isosbestic point for hemoglobin and oxyhemoglobin or a triple isosbestic point
for hemoglobin, oxyhemoglobin and carboxyhemoglobin. For example, a second
wavelength is, in certain instances, 650 nm, 675 nm, 710 nm, 785 nm, 808 nm, 815 nm
or 830 nm.

The absorbance of light by the target analyte may be calculated using any
convenient priniciple, e.g., the the Beer-Lambert Law:

Absorbance (L) = -Logo(l/lp)

where | is the intensity of the light transmitted through the sample chamber and |y
is the intensity of incident light used to interrogate the sample.

Depending on the path length of the sample chamber (as described below), the
concentration of the analyte can be determined using the calculated absorbance of the

analyte:
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Absorbance (L) = [molar absorptivity] x [concentration] x [pathlength]

Absorbance may be calculated in conjunction with measurement of the
transmitted light or may be conducted after a predetermined duration following
measurement of the transmitted light. In some embodiments, absorbance is
continuously calculated in conjunction with measurement of the transmitted light, such
as where transmitted light is measured at one or more specific wavelengths. Where the
subject methods include calculating absorbance of the analyte at two or more
wavelengths, the absorbance may be calculated at both wavelengths simultaneously or
absorbance may be calculated at each wavelength sequentially.

In other embodiments, absorbance is calculated a predetermined duration after
measurement of the transmitted light, such as 0.001 seconds or longer after
measurement, such as 0.01 seconds or longer after measurement, such as 0.1 seconds
or longer after measurement, such as 0.5 seconds or longer after measurement, such as
1 second or longer after measurement and including 5 seconds or longer after
measurement of the transmitted light. For example, in embodiments where a spectrum
over a range of wavelengths is collected, absorbance may be calculated a
predetermined duration after the entire spectrum is collected.

In some embodiments, methods include calculating concentration based on
absorbance determined from the transmitted light. In embodiments, the concentration of
the analyte can be calculated using the absorbance at any desired wavelength, such as
at two or more wavelengths, such as at three or more wavelengths and including at five
or more wavelengths. In some embodiments, concentration of the analyte in the sample
is calculated at one or more peak absorbance values in the absorbance spectrum. In
other embodiments, concentration of the analyte in the sample is calculated using one or
more wavelengths where the analyte has the largest molar absorptivity. Where two or
more analytes are of interest, the concentration of the analytes may, in certain instances,
be calculated using the absorbance at a wavelength corresponding to an isosbestic point
for the two or more analytes.

In calculating concentration of the analyte, the absorbance of light by the target

analyte is first determined using the Beer-Lambert Law:
Absorbance () = -Logio(l/l)

where | is the intensity of the light transmitted through the sample chamber and |, is the

intensity of incident light used to interrogate the sample. Depending on the path length

29



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

of the sample chamber, the concentration of the analyte is then determined using the

calculated absorbance of the analyte:
Absorbance () = [molar absorptivity] x [concentration] x [pathlength]

In one embodiment, methods include calculating concentration of the analyte
while accounting for scatter by the sample by measuring transmitted light at a first and a
second wavelength. The first wavelength, in some instances, is a wavelength where the
analyte has a high molar absorptivity. In other instances, the first wavelength is a
wavelength at an isosbestic point with one or more derivatives of the analyte that are
included in the analyte concentration. The second wavelength is, in these embodiments,
a wavelength where the analyte has low molar absorptivity. The second wavelength
may also be a wavelength at an isosbestic point with one or more derivatives of the
analyte. To calculate concentration of the analyte accounting for scatter:

Concentrationgnayte = A*(Abs; 1) + B*(Abs;») + C,
where A, B, and C are coefficients which depend on the wavelengths interrogated and
analytes being measured. In embodiments, the value of A may vary, in certain
instances, ranging from 20 g/dL to 60 g/dL, such as from 25 g/dL to 57.5 g/dL, such as
from 30 g/dL to 55 g/dL, such as from 35 g/dL to 50 g/dL and including from 37.5 g/dL to
45 g/dL. The value of B may also vary, in certain instances, ranging from 0.01 g/dL to 5
g/dL, such as from 0.05 g/dL to 4.5 g/dL, such as from 0.1 g/dL to 4 g/dL, such as from
0.25 g/dL to 3.5 g/dL, such as from 0.5 g/dL to 3 g/dL and including from 0.5 g/dL to 2
g/dL. Likewise, the value of C may also vary, ranging from 0.01 g/dL to 2 g/dL, such as
from 0.025 g/dL to 1.75 g/dL, such as from 0.05 g/dL to 1.5 g/dL, such as from 0.1 g/dL
to 1.25 g/dL and including from 0.25 g/dL to 2 g/dL.

As discussed above, in certain embodiments the sample is whole blood and the
analyte of interest is hemoglobin. In some instances, methods include calculating
concentration of total hemoglobin in whole blood while accounting for scatter by the
sample by measuring transmitted light at a first and a second wavelength. The first
wavelength may be a wavelength where hemoglobin has a high molar absorptivity. In
some instances, the first wavelength may be an isosbestic point for hemoglobin with one
or more of oxyhemoglobin, carboxyhemoglobin, methemoglobin, sulfo-hemoglobin,
azide-methemoglobin and cyano-methemoglobin, such as a isosbestic point for
hemoglobin and oxyhemoglobin or a triple isosbestic point for hemoglobin,

oxyhemoglobin and carboxyhemoglobin. For example, a first wavelength is, in certain
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instances, 506 nm, 548 nm, 569 nm, 579 nm, 585 nm or 586 nm. To account for scatter,
a second wavelength where hemoglobin has low absorptivity may be chosen, such as a
near infrared wavelength. In some instances, the second wavelength is an isosbestic
point for hemoglobin with one or more of oxyhemoglobin, carboxyhemoglobin,
methemoglobin, sulfo-hemoglobin, azide-methemoglobin and cyano-methemoglobin,
such as a isosbestic point for hemoglobin and oxyhemoglobin or a triple isosbestic point
for hemoglobin, oxyhemoglobin and carboxyhemoglobin. For example, a second
wavelength is, in certain instances, 650 nm, 675 nm, 710 nm, 785 nm, 808 nm, 815 nm
or 830 nm.

For example, where the first wavelength is 548 nm and the second wavelength is
675 nm, to calculate concentration of hemoglobin accounting for scatter:

Concentrationy, = A*(AbSsys nm) + B*(Absers nm) + C,

In embodiments, the value of A for a whole blood sample may vary, in certain instances,
ranging from 20 g/dL to 60 g/dL, such as from 25 g/dL to 57.5 g/dL, such as from 30
g/dL to 55 g/dL, such as from 35 g/dL to 50 g/dL and including from 37.5 g/dL to 45 g/dL.
The value of B for a whole blood sample may also vary, in certain instances, ranging
from 0.01 g/dL to 5 g/dL, such as from 0.05 g/dL to 4.5 g/dL, such as from 0.1 g/dL to 4
g/dL, such as from 0.25 g/dL to 3.5 g/dL, such as from 0.5 g/dL to 3 g/dL and including
from 0.5 g/dL to 2 g/dL. Likewise, the value of C of a whole blood sample may also vary,
ranging from 0.01 g/dL to 2 g/dL, such as from 0.025 g/dL to 1.75 g/dL, such as from
0.05 g/dL to 1.5 g/dL, such as from 0.1 g/dL to 1.25 g/dL and including from 0.25 g/dL to
2 g/dL.

In another example, where the first wavelength is 548 nm and the second
wavelength is 650 nm, to calculate concentration of hemoglobin accounting for scatter:
Concentrationy, = A*(AbSsyg nm) + B*(AbSsgso nm) + C,

In embodiments, the value of A for a whole blood sample may vary, in certain instances,
ranging from 20 g/dL to 60 g/dL, such as from 25 g/dL to 57.5 g/dL, such as from 30
g/dL to 55 g/dL, such as from 35 g/dL to 50 g/dL and including from 37.5 g/dL to 45 g/dL.
The value of B for a whole blood sample may also vary, in certain instances, ranging
from 0.01 g/dL to 5 g/dL, such as from 0.05 g/dL to 4.5 g/dL, such as from 0.1 g/dL to 4
g/dL, such as from 0.25 g/dL to 3.5 g/dL, such as from 0.5 g/dL to 3 g/dL and including
from 0.5 g/dL to 2 g/dL. Likewise, the value of C of a whole blood sample may also vary,
ranging from 0.01 g/dL to 2 g/dL, such as from 0.025 g/dL to 1.75 g/dL, such as from
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0.05 g/dL to 1.5 g/dL, such as from 0.1 g/dL to 1.25 g/dL and including from 0.25 g/dL to
2 g/dL.

In another embodiment, methods include calculating concentration of the analyte
while accounting for interferents by measuring the transmitted light and determining the
absorbance at a first wavelength and a second wavelength. In this embodiment, a
concentration of the analyte is calculated by determining the concentration from the
absorbance at the first wavelength and determining the concentration from the
absorbance at the second wavelength and subtracting the concentration obtained at
second wavelength from the concentration at the first wavelength.

In certain embodiments, the subject methods may be coupled with methods for
interrogating the sample for one or more analytes by a fluorescence assay. For
example, as described in greater detail below, the sample may be contacted with one or
more reagents having fluorescent markers, the emission being detectable by one or
more photosensors or photodetectors. As such, aspects of the present disclosure
according to certain embodiments include assaying a sample for one or more analytes
by contacting the sample with one or more reagents and optically interrogating the
sample by an absorption assay (as discussed above) in combination with a fluorescence
assay.

In embodiments, samples assayed for fluorescence may be illuminated with one
or more light sources. Depending on the target analyte, the sample may be illuminated
with one or more broadband light sources (e.g., a halogen lamp, deuterium arc lamp,
xenon arc lamp, stabilized fiber-coupled broadband light source, a broadband LED with
continuous spectrum, superluminescent emitting diode, semiconductor light emitting
diode, wide spectrum LED white light source, an multi-LED integrated white light source,
combinations thereof, as described above) or may be illuminated with one or more
narrow band light sources emitting a particular wavelength or narrow range of
wavelengths (e.g., narrow wavelength LED, laser diode or a broadband light source
coupled to one or more optical bandpass filters, diffraction gratings, monochromators,
combination thereof, as described above).

Depending on the dimensions and positioning of the sample chamber, the angle
of incident illumination for fluorescence assay may vary, ranging from 30° to 60° with
respect to the plane of the sample chamber, such as from 35° to 55°, such as from 40°
to 50° and including illuminating the sample chamber at a 45° with respect to the plane

of the sample chamber.
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Where more than one light source is employed, the sample may be illuminated
with the light sources simultaneously or sequentially, or a combination thereof. Where
the sample is sequentially illuminated with two or more light sources, the time each light
source illuminates the same may independently be 0.001 seconds or more, such as 0.01
seconds or more, such as 0.1 seconds or more, such as 1 second or more, such as 5
seconds or more, such as 10 seconds or more, such as 30 seconds or more and
including 60 seconds or more. In embodiments where the sample is sequentially
illuminated by two or more light sources, the duration the sample is illuminated by each
light source may be the same or different. The time period between illumination by each
light source may also vary, as desired, being separated independently by a delay of 1
second or more, such as 5 seconds or more, such as by 10 seconds or more, such as
by 15 seconds or more, such as by 30 seconds or more and including by 60 seconds or
more.

Depending on the specific analytes being assayed as well as the reagents and
fluorescent markers employed, illumination of the sample may be continuous or in
discrete intervals. For example, in some embodiments, the sample may be illuminated
continuously throughout the entire time the sample is being assayed. In other
embodiments, the sample may be illuminated in regular intervals, such as illuminating
the sample every 0.001 microseconds, every 0.01 microseconds, every 0.1
microseconds, every 1 microsecond, every 10 microseconds, every 100 microseconds
and including every 1000 microseconds. The sample may be illuminated with the light
source one or more times at any given measurement period, such as 2 or more times,
such as 3 or more times, including 5 or more times at each measurement period.

During fluorescence assay, the sample may be illuminated with a broadband light
source having wavelengths ranging from 300 nm to 900 nm, such as from 325 nm to 875
nm, such as from 350 nm to 850 nm, such as from 375 nm to 825 nm and including from
400 nm to 800 nm or some other range. In other embodiments, the sample is
illuminated with specific wavelengths of light or a narrow range of specific wavelengths
(such as with a narrow band lamp or LED). For example, the sample may be illuminated
for fluorescence with a narrow band light source or one or more monochromatic LEDs
emitting light in the range of 450 nm to 700 nm, such as at 480 nm, 565 nm and 650 nm.

As the subject fluorescence assay is coupled with methods for absorption assay
described above, emitted light from the sample may be collected, spatially separated

into component wavelengths and detected in a similar manner as described above. As
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described in detail below, fluorescence detection systems and the absorbance detection
systems employ one or more common components as described herein. For example,
in some instances both fluorescence assay and absorbance assay employ a common
objective lens module for collecting and focusing light from the sample chamber (e.g.,
emitted light or transmitted light). In other instances, both fluorescence assay and
absorbance assay employ a common wavelength separation protocol (e.g., diffraction
grating, optical filters, filter wheel having one or more diffraction gratings and optical
filters) to spatially separate the collected light into component wavelengths. In yet other
instances, both fluorescence assay and absorbance assay employ the same detection
protocol for measuring light (e.g., emitted light or transmitted light) from the sample
chamber.

In certain embodiments, the subject fluorescence assay may include methods for
imaging samples in capillary channels such as those described in U.S. Patent Nos.
8,248,597; 7,927,561 and 7,738,094 as well as those described in co-pending U.S.
Patent Application No. 13/590,114 filed August 20, 2012, the disclosures of which are
herein incorporated by reference.

In certain specific embodiments, the subject methods provide an absorbance
assay for hemoglobin. As discussed above, hemoglobin may be present in any type of
diagnostic sample, such as supernatants, lysates, buffered solution, as well as in
biological samples including whole blood. In accordance with the methods described
above, an amount of the sample is loaded into a sample chamber and illuminated
through a slit projection module with one or more light sources, with light transmitted
through the whole blood sample in the sample chamber being collected and spatially
separated into component wavelengths for detection. Depending on the size of the
whole blood sample, the sample chamber may be a microfluidic capillary channel
sample chamber. Hemoglobin absorbance can be determined from the transmitted light
at one or more wavelengths or alternatively, an entire spectrum of hemoglobin
absorption may be calculated. Based on the absorbance at one or more wavelengths,
the hemoglobin concentration in the whole blood sample can be determined in these
embodiments of the subject methods.

In certain other specific embodiments, the subject methods provide a reagent
free hemoglobin absorbance assay. By “reagent free” is meant that the assay of
hemoglobin employs no reagents that interact or are used to visualize hemoglobin in the

sample. As such, hemoglobin (including derivatives such oxy-hemoglobin and
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carboxyhemoglobin) is assayed in its native state without reagent modification. In these
instances, an unaltered whole blood sample is loaded into a sample chamber and
illuminated with one or more light sources through a slit projection module, with light
transmitted through the whole blood sample in the sample chamber being collected and
spatially separated into component wavelengths for detection. Depending on the size of
the whole blood sample, the sample chamber may be a microfluidic capillary channel
sample chamber. Hemoglobin absorbance can be detected at one or more wavelengths
or alternatively, an entire spectrum of hemoglobin absorption may be calculated. Based
on the absorbance at one or more wavelengths, the hemoglobin concentration in the
unaltered whole blood sample can be determined in these embodiments of the subject
methods.

In certain other specific embodiments, the subject methods provide a hemoglobin
absorbance assay on a sample also being assayed for one or more additional analytes,
such as for example cell surface markers. In these embodiments, one or more reagents,
including specific binding members, enzymes, substrates, oxidizers as well as binding
molecules coupled to one or more fluorescent markers are contacted with the whole
blood and the reagent-mixed whole blood sample is loaded into a sample chamber. The
loaded sample chamber (such as a microfluidic capillary channel sample chamber) is
illuminated with one or more light sources through a slit projection module, with light
transmitted through the whole blood sample in the sample chamber being collected and
spatially separated into component wavelengths for detection. Hemoglobin absorbance
can be detected at one or more wavelengths or alternatively, an entire spectrum of
hemoglobin absorption may be calculated. Based on the absorbance at one or more
wavelengths, the hemoglobin concentration in the reagent-mixed whole blood sample
can be determined in these embodiments of the subject methods. In conjunction with
assaying for hemoglobin in the reagent-mixed sample, one or more additional analytes
may be assayed. In some instances, the subject methods provide a fluorescence assay
performed in conjunction with the hemoglobin absorbance assay to assay for one or
more cell surface markers binding to the one or more reagents mixed into the whole
blood sample. In these instances, a fluorescence light source illuminates the sample
chamber loaded with reagent-mixed whole blood sample and fluorescence emission
from fluorescence tags bound to target analytes is collected and spatially separated for

detection.
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In certain other specific embodiments, the subject methods provide a hemoglobin
absorbance assay on a sample for which is also fluorescence assayed for CD4
and %CD4. In these instances, the whole blood sample is applied to the sample
application site of a microfluidic cartridge having a capillary channel sample chamber.
The applied sample is carried through the inlet of the microfluidic capillary channel into a
reagent mixing chamber having a porous disc for contacting the reagent mixture with the
whole blood sample. The reagent mixture, in these instances, includes dried storage
stable reagents CD4-PECy5, CD3-APC, CD45RA-APC and CD14-PE. The reagent
mixed whole blood sample is carried by capillary action through to the sample chamber
where the sample chamber is illuminated for hemoglobin assay by two light sources, a
broadband white light LED and a near-infrared LED through a slit projection module
which is moved laterally across the sample chamber. Light transmitted though the
sample chamber is collected with an objective, magnifying lens and autofocused onto a
diffraction grating to spatially separate the transmitted light on the surface of a CCD
detector. The absorbance at two wavelengths, 548 nm and 675 nm are determined and
the total hemoglobin absorbance accounting for scatter is calculated to assay for
hemoglobin.

The reagent mixed whole blood sample in the capillary channel sample chamber
is also assayed for CD4 by detecting fluorescence by fluorescent tags in the reagent
mixture. CD4 may be assayed for by illuminating the reagent mixed whole blood sample
in the capillary channel sample chamber with a light source and emission from the
fluorescent tags in the reagent mixed whole blood sample is collected with a common
objective, magnifying lens and autofocused onto the surface of the CDD detector. CD4
cell counting is then conducted by fluorescent image cytometry.

In certain embodiments, aspects of the methods include applying a sample to a
microfluidic device configured to perform an assay of a liquid sample having a sample
application site, an inlet for inputting the sample from the sample application site, a
reagent contacting chamber for contacting the sample with one or more reagents and a
capillary sample chamber in fluid communication with the reagent contacting chamber.

In some embodiments, the sample is applied to the application site of the
microfluidic device and allowed to flow through the inlet and into the reagent contacting
chamber, followed by flow through the capillary sample chamber such that sufficient
sample is provided to be interrogated in the capillary sample chamber as described

above.
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In certain instances, methods include providing a sample contacted sample
application site of the microfluidic device. By “sample-contacted sample application site”
is meant a sample application site that has been contacted by the sample. In practicing
methods of the present disclosure, a sample-contacted application site is provided by
applying a sample to the sample application site of the microfluidic device. The amount
of sample that is applied to the sample application site may vary, so long as it is
sufficient to provide desired capillary flow through the sample chamber and adequate
sample for interrogation by the subject methods described herein. For example, the
amount of sample applied to the application site may range from 0.01 pL to 1000 uL,
such as from 0.05 ulL to 900 uL , such as from 0.1 uL to 800 ulL, such as from 0.5 ulL to
700 puL, such as from 1 uL to 600 ul, such as from 2.5 ul to 500 uL, such as from 5 uL
to 400 L, such as from 7.5 uL to 300 uL and including from 10 uL to 200 uL of sample.

The sample may be applied to the sample application site using any convenient
protocol, e.g., via dropper, pipette, syringe and the like. The sample may be applied in
conjunction or incorporated into a quantity of a suitable liquid, e.g., buffer, to provide for
adequate fluid flow. Any suitable liquid may be employed, including but not limited to
buffers, cell culture media (e.g., DMEM), etc. Buffers include, but are not limited to: tris,
tricine, MOPS, HEPES, PIPES, MES, PBS, TBS, and the like. Where desired,
detergents may be present in the liquid, e.g., NP-40,TWEEN™ or TritonX100
detergents.

In certain embodiments, the sample-contacted sample application site is
provided by combining the sample with one or more assay components (e.g., a reagent,
a buffer, and the like) prior to applying the sample which has the assay component(s) to
the sample application site. When the sample is combined with one or more assay
components prior to the application of the sample having the assay component(s) to the
sample application site, the combination may be achieved using any convenient
protocol. The amount of an assay component(s), when combined with the sample, may
vary as desired. In some embodiments, the sample-contacted sample application site is
provided by applying one or more assay components to the sample receiving application
site prior to applying the sample to the sample application site. In some embodiments,
the sample-contacted sample application site is provided by applying the sample to the
sample application site prior to applying one or more assay components to the sample
application site. As mentioned above, in some embodiments, the device includes one or

more assay components (e.g., reagent). In such cases, the sample-contacted sample
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application site is provided by applying the sample to the sample application site, e.g.,
without prior combination with one or more assay components.

Following sample application, the sample is allowed to flow through the capillary
sample chamber, and one or more portions of the channel, e.g., the detection region,
including the entire channel, is then interrogated assay for the target analyte(s) in the
sample. Depending on the target analyte and presence of one or more reagents, the
sample may be interrogated immediately after sample application or following a
predetermined period of time after sample application, such as a period of time ranging
from 10 seconds to 1 hour, such as 30 seconds to 30 minutes, e.g., 30 seconds to 10
minutes, including 30 seconds to 1 minute.

One example of suitable methods and microfluidic devices for preparing a
sample for interrogation by the subject methods may include, but are not limited to those
described in copending United States Patent Application No. 14/152,954 filed on

January 10, 2014, the disclosure of which is herein incorporated by reference.

SYSTEMS FOR ASSAYING A SAMPLE FOR AN ANALYTE

Aspects of the present disclosure further include systems for practicing the
subject methods. In embodiments, systems which include a light source, a slit projection
module (e.g., a slit for narrowing a beam of light or a slit coupled to a focusing lens that
focuses the narrowed light) and a detector for detecting one or more wavelengths of the
transmitted light are provided. In certain embodiments, systems further include a
microfluidic device for preparing and providing the sample for assay using the subject
systems.

As summarized above, aspects of the present disclosure include assaying a
sample for one or more analytes. Systems include one or more light sources for
interrogating a sample chamber containing a sample of interest. In some embodiments,
the light source is a broadband light source, emitting light having a broad range of
wavelengths, such as for example, spanning 50 nm or more, such as 100 nm or more,
such as 150 nm or more, such as 200 nm or more, such as 250 nm or more, such as
300 nm or more, such as 350 nm or more, such as 400 nm or more and including
spanning 500 nm or more. For example, one suitable broadband light source emits light
having wavelengths from 400 nm to 800 nm. Another example of a suitable broadband
light source includes a light source that emits light having wavelengths from 500 nm to

700 nm. Any convenient broadband light source protocol may be employed, such as a
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halogen lamp, deuterium arc lamp, xenon arc lamp, stabilized fiber-coupled broadband
light source, a broadband LED with continuous spectrum, superluminescent emitting
diode, semiconductor light emitting diode, wide spectrum LED white light source, an
multi-LED integrated white light source, among other broadband light sources or any
combination thereof.

In other embodiments, the light source is a narrow band light source emitting a
particular wavelength or a narrow range of wavelengths. In some instances, the narrow
band light sources emit light having a narrow range of wavelengths, such as for
example, 50 nm or less, such as 40 nm or less, such as 30 nm or less, such as 25 nm or
less, such as 20 nm or less, such as 15 nm or less, such as 10 nm or less, such as 5 nm
or less, such as 2 nm or less and including light sources which emit a specific
wavelength of light (i.e., monochromatic light). Any convenient narrow band light source
protocol may be employed, such as a narrow wavelength LED, laser diode or a
broadband light source coupled to one or more optical bandpass filters, diffraction
gratings, monochromators or any combination thereof.

The subject systems may include one or more light sources, as desired, such as
two or more light sources, such as three or more light sources, such as four or more light
sources, such as five or more light sources and including ten or more light sources. The
light source may include an combination of types of light sources, for example, where
two lights sources are employed, a first light source may be a broadband white light
source (e.g., broadband white light LED) and second light source may be a broadband
near-infrared light source (e.g., broadband near-IR LED). In other instances, where two
light sources are employed, a first light source may be a broadband white light source
(e.g., broadband white light LED) and the second light source may be a narrow spectra
light source (e.g., a narrow band visible light or near-IR LED). In yet other instances, the
light source is an plurality of narrow band light sources each emitting specific
wavelengths, such as an array of two or more LEDs, such as an array of three or more
LEDs, such as an array of five or more LEDs, including an array of ten or more LEDs.

In some embodiments, light sources emit light having wavelengths ranging from
400 nm to 900 nm, such as from 450 nm to 850 nm, such as from 500 nm to 800 nm,
such as from 550 nm to 750 nm and including from 600 nm to 700 nm. For example, the
light source may include a broadband light source emitting light having wavelengths from
400 nm to 900 nm. In other instances, the light source includes a plurality of narrow

band light sources emitting wavelengths ranging from 400 nm to 900 nm. For example,
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the light source may be plurality of narrow band LEDs (1 nm — 25 nm) each
independently emitting light having a range of wavelengths between 400 nm to 900 nm.

In certain embodiments, systems include two broadband light sources,
configured to collectively emit light having wavelengths ranging from 400 nm to 900 nm.
For example, the light sources may be a white light LED emitting light having
wavelengths ranging from 400 nm to 700 nm and a near-infrared LED emitting light
having wavelengths ranging from 700 nm to 900 nm. In some embodiments, the
irradiation profile of each light source may vary, having any number of emission peaks.
In certain instances, the light source includes a white light LED emitting light having
wavelengths ranging from 400 nm to 700 nm and having emission peaks at about 450
nm and 550 nm and a near-infrared LED emitting light having wavelengths ranging from
700 nm to 900 nm and having an emission peak at about 830 nm.

In other embodiments, the light source is a plurality of narrow band lamps or
LEDs each independently emitting specific wavelengths of light in the range of 400 nm to
900 nm. In one example, the narrow band light source is one or more monochromatic
LEDs emitting light in the range of 500 nm to 700 nm, such as at 504 nm, 506 nm, 514
nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm, 580 nm, 585 nm, 586
nm or any combination thereof. In another example, the narrow band light source is an
array of LEDs emitting light with wavelengths ranging from 400 nm to 900 nm. In another
example, the narrow band light source is one or more narrow band lamps emitting light
in the range of 500 nm to 700 nm, such as a narrow band cadmium lamp, cesium lamp,
helium lamp, mercury lamp, mercury-cadmium lamp, potassium lamp, sodium lamp,
neon lamp, zinc lamp or any combination thereof.

As summarized above, systems include a slit projection module configured to
narrow a beam of light and produce a beam of light in the shape of a slit projected onto
the sample chamber. In some embodiments, the slit projection module includes a slit.
In other embodiments, the slit projection module includes a slit coupled to a focusing
lens configured to focus the narrow slit-shaped beam of light at the sample chamber.

In some embodiments, systems of the present disclosure are configured such
that the sample chamber, the slit projection module or both the sample chamber and slit
projection module may be moved to displace the slit-shaped beam of light across the
sample chamber. Where movement of the slit-shaped beam of light across the sample
chamber is desired, in some embodiments systems are configured to move the sample

chamber while the slit-projection module is maintained in a stationary position. In other
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embodiments, systems are configured to move the slit-projection and the sample
chamber is maintained in a stationary. In yet other embodiments, the system is
configured to move both the slit projection module and the sample chamber. Any
displacement protocol may be employed in the subject systems to move the slit-shaped
beam of light across the sample chamber, such as manually (i.e., movement of the
sample chamber or slit projection module directly by hand), with assistance by a
mechanical device or by a motor actuated displacement device. For example, in some
embodiments the sample chamber is moved in the subject systems with a mechanically
actuated translation stage, mechanical leadscrew assembly, mechanical slide device,
mechanical lateral motion device, mechanically operated geared translation device. In
other embodiments, the sample chamber is moved with a motor actuated translation
stage, leadscrew translation assembly, geared translation device, such as those
employing a stepper motor, servo motor, brushless electric motor, brushed DC motor,
micro-step drive motor, high resolution stepper motor, among other types of motors. In
certain instances, the sample chamber is housed in a cartridge holder which is operably
or mechanically connected to the translation or displacement device. In these instances,
the sample chamber (or microcartridge containing the sample chamber) is first loaded
into the cartridge housing and the entire housing is displaced during the subject
methods.

Likewise, the slit projection module, in certain instances, is moved in the subject
systems with a mechanically actuated translation stage, mechanical leadscrew
assembly, mechanical slide device, mechanical lateral motion device, mechanically
operated geared translation device. In other embodiments, the slit projection module is
moved with a motor-actuated translation stage, leadscrew translation assembly, geared
translation device, such as those employing a stepper motor, servo motor, brushless
electric motor, brushed DC motor, micro-step drive motor, high resolution stepper motor,
among other types of motors.

In some embodiments, the system is configured to move the sample chamber
relative to a stationary slit projection module to displace the slit-shaped beam laterally
across the sample chamber in a single direction during interrogation of the sample. In
other embodiments, the system is configured to move the sample chamber relative to a
stationary slit projection module to displace the slit-shaped beam laterally across the
sample chamber in back-and-forth motion during interrogation of the sample. For

example, the sample chamber may be moved such that the slit-shaped beam is moved
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along 50% or more of the sample chamber, such as 55% or more, such as 60% or more,
such as 65% or more, such as 70% or more, such as 75% or more, such as 80% or
more, such as 85% or more, such as 90% or more, such as 95% or more, such as 97%
or more and including along 99% or more of the length of the sample chamber. In
certain instances, the sample chamber is moved such that slit-shaped beam is moved
along substantially the entire length of the sample chamber.

In other embodiments, the system is configured to move the slit projection
module relative to a stationary sample chamber to displace the slit-shaped beam
laterally across the sample chamber in a single direction during interrogation of the
sample. In other embodiments, the system is configured to move the slit projection
module relative to a stationary sample chamber to displace the slit-shaped beam
laterally across the sample chamber in back-and-forth motion during interrogation of the
sample. For example, the slit projection module may be moved such that the slit-shaped
beam is moved along 50% or more of the sample chamber, such as 55% or more, such
as 60% or more, such as 65% or more, such as 70% or more, such as 75% or more,
such as 80% or more, such as 85% or more, such as 90% or more, such as 95% or
more, such as 97% or more and including along 99% or more of the length of the sample
chamber. In certain instances, the slit projection module is moved such that slit-shaped
beam is moved along substantially the entire length of the sample chamber.

In yet other embodiments, the system is configured to move both the slit projection
module and the sample chamber to displace the slit-shaped beam laterally across the
sample chamber in a single direction during interrogation of the sample. In other
embodiments, the system is configured to move both the slit projection module and
sample chamber to displace the slit-shaped beam laterally across the sample chamber
in back-and-forth motion during interrogation of the sample. For example, the slit
projection module and the sample chamber may be both moved such that the slit-
shaped beam is moved along 50% or more of the sample chamber, such as 55% or
more, such as 60% or more, such as 65% or more, such as 70% or more, such as 75%
or more, such as 80% or more, such as 85% or more, such as 90% or more, such as
95% or more, such as 97% or more and including along 99% or more of the length of the
sample chamber. In certain instances, the slit projection module and sample chamber
are both moved such that slit-shaped beam is moved along substantially the entire

length of the sample chamber.
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The slit aperture may be any convenient shape, including but not limited to an
oval, rectangle or other suitable polygon. In certain embodiments, the slit aperture is
rectangular. Depending on the size of the sample chamber and slit-shaped beam
provided by the light source as well as the distance between the slit projection module,
light source, sample chamber and detector, the dimensions of the slit aperture may vary,
having a length which ranges from 1 mm to 10 mm, such as from 1.25 mm to 9.5 mm,
such as from 1.5 mm to 9 mm, such as from 2 mm to 8 mm, such as from 2.5 mm to 7
mm, such as from 3 mm to 6 mm and including from 3.5 mm to 5 mm. The width of the
slit aperture may range from 1 um to 250 um, such as from 2 um to 225 um, such as
from 5 pm to 200 um, such as from 10 um to 150 um, and including from 15 um to 125
um, for example a slit having an aperture width of 100 um. Any convenient slit device
may be employed so long as it is sufficient to provide the desired slit-shaped beam of
light for interrogating the sample chamber. For example, the slit may be gold, silver,
gold-plated copper, ceramic, chromium, copper, molybdenum and tungsten.

In some instances, the slit projection module also includes an optical adjustment
protocol. By “optical adjustment” is meant that the beam of light in the shape of a slit
may be changed as desired, such as to increase or decrease the dimensions or to
enhance the optical resolution of the slit shaped beam. In some instances, optical
adjustment is a magnification protocol configured to increase the width of the slit, such
as by 5% or greater, such as by 10% or greater, such as by 25% or greater, such as by
50% or greater and including increasing the width of the slit shaped beam by 75% or
greater. In other instances, optical adjustment is a de-magnification protocol configured
to decrease the width of the slit, such as by 5% or greater, such as by 10% or greater,
such as by 25% or greater, such as by 50% or greater and including decreasing the
width of the slit shaped beam by 75% or greater. In certain embodiments, optical
adjustment is an enhanced resolution protocol configured to improve the resolution of
the slit shaped beam, such as by 5% or greater, such as by 10% or greater, such as by
25% or greater, such as by 50% or greater and including enhancing the resolution of the
slit shaped beam by 75% or greater. The slit shaped beam may be adjusted with any
convenient optical adjustment protocol, including but not limited to lens, mirrors,
pinholes, slits, and combinations thereof.

In certain embodiments, the slit projection module may also include a focusing
lens coupled to the slit that is configured to focus the narrowed slit-shaped beam of light.

In some embodiments, the focusing lens is a de-magnifying lens having a magnification
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ratio ranging from 0.1 to 0.95, such as a magnification ratio of from 0.2 t0 0.9, such as a
magnification ratio of from 0.3 to 0.85, such as a magnification ratio of from 0.35 to 0.8,
such as a magnification ratio of from 0.5 to 0.75 and including a magnification ratio of
from 0.55 to 0.7, for example a magnification ratio of 0.6. For example, the focusing lens
is, in certain instances, a double achromatic de-magnifying lens having a magnification
ratio of about 0.6. Depending on the distance between the slit projection module, light
source, sample chamber and detector as well as the size of the sample chamber and
desired size of slit-shaped beam, the focal length of the focusing lens may vary, ranging
from 5 mm to 20 mm, such as from 6 mm to 19 mm, such as from 7 mm to 18 mm, such
as from 8 mm to 17 mm, such as from 9 mm to 16 and including a focal length ranging
from 10 mm to 15 mm. In certain embodiments, the focusing lens has a focal length of
about 13 mm.

In some embodiments, the slit and the focusing lens are in optical
communication, but are not physically in contact. Depending on the size of the sample
chamber as well as the desired shape and size of the slit-shaped beam projected onto
the sample chamber, the slit may be positioned a distance from the focusing lens which
varies and may be 0.1 mm or more, such as 0.2 mm or more, such as 0.5 mm or more,
such as 1 mm or more, such as 5 mm or more, such as 10 mm or more, such as 25 mm
or more, such as 50 mm or more, including 100 mm or more. In other embodiments, the
slit is physically coupled to the focusing lens, such as with an adhesive, co-molded
together or integrated together in a housing having the focusing lens positioned adjacent
to the slit. As such, the slit and focusing lens may be integrated into a single unit.

As described above, the slit projection module is configured to provide a slit-
shaped beam having a length and width which varies. In some embodiments, the slit
projection module is configured to provide a slit-shaped beam having a length which
ranges from 1 mm to 5 mm, such as from 1.5 mm to 4.5 mm, such as from 2 mmto 4
mm, such as from 2.5 mm to 3.5 mm and including a slit-shaped beam having a length
of 3 mm. In these embodiments, the slit projection module is configured to provide a slit-
shaped beam having a width which ranges from 10 um to 100 um, such as from 15 um
to 95 um, such as from 20 um to 90 um, such as from 25 pm to 85 um, such as from 30
um to 80 um, such as from 35 um to 75 um, such as from 40 um to 70 um, such as from

45 um to 65 um, and including from 50 um to 60 um.

44



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

As described above, in some embodiments the slit projection module is
configured to provide a slit-shaped beam having a length that is orthogonal to the length
of the sample chamber. Depending on the size of the sample chamber, as described
below, the slit-projection module may be configured to provide a slit-shaped beam
having a length that is 50% or more of the width of the sample chamber, such as 55% or
more, such as 60% or more, such as 65% or more, such as 70% or more, such as 75%
or more, such as 80% or more, such as 85% or more, such as 90% or more, such as
95% or more, such as 97% or more and including a slit projection module configured to
provide a slit-shaped beam having a length that is 99% or more of the width of the
sample chamber. In certain instances, the slit projection module is configured to provide
a slit-shaped beam that has a length which is substantially the same as width of the
sample chamber. In other embodiments, the slit-projection module is configured to
provide a slit-shaped beam projection which has a length that is greater than the width of
the sample chamber. For example, the slit projection module is, in certain instances,
configured to provide a slit-shaped beam of light that has a length which is 1% or greater
than the width of the sample chamber, such as 2% or greater, such as 5% or greater,
such as 10% or greater, such as 15% or greater, such as 20% or greater and including a
length which is 25% greater than the width of the sample chamber. In yet other
instances, the slit projection module is configured to provide a slit-shaped beam of light
that has a length which is less than the width of the sample chamber, such as a length
that is 1% or greater less than the width of the sample chamber, such as a length that is
2% or greater less than the width of the sample chamber, such as a length that is 5% or
greater less than the width of the sample chamber, such as a length that is 10% or
greater less than the width of the sample chamber, such as a length that is 15% or
greater less than the width of the sample chamber, such as a length that is 20% or
greater less than the width of the sample chamber and including a length that 25% or
greater less than the width of the sample chamber.

As discussed in greater detail below, in certain embodiments the subject systems
are configured to receive a microfluidic cartridge device having a capillary sample
chamber. In these embodiments, systems may also include a cartridge holder for
receiving the cartridge into the system For example, the cartridge holder may include a
support for receiving the microfluidic cartridge device and one or more cartridge
retainers for maintaining the microfluidic cartridge device in the cartridge holder. In

some instances, the cartridge holder includes vibration dampers for reducing agitation of
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the microfluidic cartridge device positioned in the cartridge holder as well as one or more
cartridge presence flags configured to indicate that a microfluidic cartridge device is
present in the cartridge holder.

Where the subject systems are configured to move the sample chamber during
interrogation (as discussed above), systems may also include a cartridge shuttle coupled
to the cartridge holder for moving the microfluidic cartridge device. In some
embodiments, the cartridge shuttle is coupled to one or more translation or lateral
movement protocols to move the microfluidic cartridge device. For example, the
cartridge shuttle may be coupled to a mechanically actuated translation stage,
mechanical leadscrew assembly, mechanical slide device, mechanical lateral motion
device, mechanically operated geared translation device, a motor-actuated translation
stage, leadscrew translation assembly, geared translation device, such as those
employing a stepper motor, servo motor, brushless electric motor, brushed DC motor,
micro-step drive motor, high resolution stepper motor, among other types of motors.
Systems may also include a set of rails for positioning the cartridge shuttle to facilitate
lateral movement of the cartridge holder.

In some embodiments, systems further include a blank reference window to
provide a blank absorbance for use in calculating analyte concentration. The
absorbance by the blank reference window is in certain embodiments, configured to be
identical to absorbance by the sample chamber such that transmission through the blank
reference window can be used to correct for absorption, scatter, etc. by the microfluidic
cartridge when practicing the methods described herein. In certain embodiments, the
blank reference window has an absorbance and transmission at the one or more
wavelengths of incident light which is substantially the same as the capillary channel
sample chamber. In other embodiments, the blank reference window scatters light at
the one or more wavelengths which is substantially the same as the capillary channel
sample chamber. In yet other embodiments, the blank reference window has an
absorbance, transmission and scatters light at the one or more incident wavelengths
which is substantially the same as the capillary channel sample chamber. In still other
embodiments, the blank reference window has an index of refraction which is the same
as the capillary channel sample chamber.

The blank reference window integrated into the subject systems may be any
convenient size and shape. For example, the blank reference window may be in the

form of a square, circle, oval, rectangle, pentagon, hexagon, octagon or any other
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suitable polygon. In some embodiments, the blank reference window has a ratio of
length to width which ranges from 1 to 50, such as 3 to 25, such as from 4 to 10, such as
from 5 to 8, including 15 to 20. In certain embodiments, the blank reference window is a
square and has a ratio of length to width of 1. The length of the blank reference window
may vary, ranging from 1 mm to 50 mm, such as 2 mm to 25 mm and including 5 mm to
20 mm. The width of the blank reference window may vary, ranging from 0.001 mm to 20
mm, such as from 0.005 mm to 19 mm, such as from 0.01 mm to 18 mm, such as from
0.05 mm to 17 mm, such as from 0.1 mm to 15 mm, such as from 0.5 mm to 12.5 mm,
such as 1 to 10 and including 3 to 5 mm. In some instances the height of the channel
ranges from 5 um to 500 um, such as 10 um to 150 um and including 20 um to 70 um.
In certain embodiments, the blank reference window has a width which is substantially
the same as the width of the capillary channel sample chamber. As described above,
the slit-shaped beam of light that is transmitted through the sample chamber is collected
and detected using one or photodetectors. In certain embodiments, systems include
one or more objective lenses for collecting light transmitted through the sample
chamber. For example, the objective lens may be a magnifying lens with a nominal
magnification ranging from 1.2 to 2.5, such as a nominal magnification of from 1.3 to 2.4,
such as a nominal magnification of from 1.4 to 2.3, such as a nominal magnification of
from 1.5 to 2.2, such as a nominal magnification or from 1.6 to 2.1, including passing the
transmitted light through a magnifying lens having a nominal magnification of from 1.7 to
2.0, for example a nominal magnification of 1.7. In certain instances, the objective lens
is a magnifying achromatic doublet lens with a nominal magnification of 1.7. Depending
on the configuration of the light source, sample chamber and detector, properties of the
objective lens may vary. For example, the numerical aperture of the subject objective
lens may also vary, ranging from 0.01 to 1.7, such as from 0.05 to 1.6, such as from 0.1
to 1.5, such as from 0.2 to 1.4, such as from 0.3 to 1.3, such as from 0.4 to 1.2, such as
from 0.5 to 1.1 and including a numerical aperture ranging from 0.6 to 1.0. Likewise, the
focal length of the objective lens varies, ranging from 10 mm to 20 mm, such as from
10.5 mm to 19 mm, such as from 11 mm to 18 mm and including from 12 mm to 15 mm.
In some embodiments, the objective lens is coupled to an autofocus module for
focusing the slit-shaped beam projection transmitted through the sample chamber onto
the detector for detection. For example, a suitable autofocus module for focusing the

slit-shaped beam projection transmitted through the sample may include, but is not
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limited, to those described in United States Patent No. 6,441,894, filed on October 29,
1999, the disclosure of which is herein incorporated by reference.

Systems of the present disclosure may also include one or more wavelength
separators. As discussed above, a “wavelength separator” is configured to separate
polychromatic light into component wavelengths such that each wavelength may be
suitably detected. Examples of suitable wavelength separators in the subject systems
may include but are not limited to colored glass, bandpass filters, interference filters,
dichroic mirrors, diffraction gratings, monochromators and combinations thereof, among
other wavelength separating protocols. Depending on the light source and sample being
assayed, systems may include one or more wavelength separators, such as two or
more, such as three or more, such as four or more, such as five or more and including
10 or more wavelength separators. In one example, systems include two or more
bandpass filters. In another example, systems include two or more bandpass filters and
a diffraction grating. In yet another example, systems include a plurality of bandpass
filters and a monochromator. In certain embodiments, systems include a plurality of
bandpass filters and diffraction gratings configured into a filter wheel setup. Where
systems include two or more wavelength separators, the wavelength separators may be
utilized individually or in series to separate polychromatic light into component
wavelengths. In some embodiments, wavelength separators are arranged in series. In
other embodiments, wavelength separators are arranged individually such that one or
more measurements are conducted to collect the desired absorbance data using each of
the wavelength separators.

In some embodiments, systems include one or more diffraction gratings.
Diffraction gratings of interest may include, but are not limited to transmission, dispersive
or reflective diffraction gratings. Suitable spacings of the diffraction grating may vary
depending on the configuration of the light source, slit projection module, sample
chamber, objective lens, ranging from 0.01 um to 10 um, such as from 0.025 um to 7.5
um, such as from 0.5 um to 5 um, such as from 0.75 um to 4 um, such as from 1 um to

3.5 um and including from 1.5 um to 3.5 um.

In some embodiments, systems include one or more optical filters. In certain
instances, systems include bandpass filters having minimum bandwidths ranging from 2
nm to 100 nm, such as from 3 nm to 95 nm, such as from 5 nm to 95 nm, such as from
10 nm to 90 nm, such as from 12 nm to 85 nm, such as from 15 nm to 80 nm and

including bandpass filters having minimum bandwidths ranging from 20 nm to 50 nm.

48



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

For example, systems may include one or more bandpass filters which selectively pass
wavelengths in the ranges of: 498 nm — 510 nm; 500 nm — 600 nm; 500 nm — 520 nm;
540 nm - 550 nm; 545 nm — 555 nm; 550 nm — 570 nm; 550 nm — 580 nm; 560 nm —
590 nm; 575 nm — 595 nm; 580 nm — 590 nm; 600 nm — 700 nm; 600 nm — 630 nm; 650
nm — 750 nm; 750 nm — 850nm; 810 nm — 830 nm; 815 nm — 825 nm or any
combination thereof.

In certain instances, systems include one or more bandpass filters which
selectively pass wavelengths ranging from 500 nm — 520 nm and from 650 nm — 750
nm. In other instances, systems include one or more bandpass filters which selectively
pass wavelengths ranging from 540 nm — 560 nm and from 650 nm — 750 nm. In yet
other instances, systems include one or more bandpass filters which selectively pass
wavelengths ranging from 560 nm — 590 nm and from 650 nm — 750 nm. In still other
instances, systems include one or more bandpass filters which selectively pass
wavelengths ranging from 500 nm — 520 nm; 560 nm — 590 nm and from 650 nm — 750
nm.

Systems of the present disclosure also include one or more detectors. Examples
of suitable detectors may include, but are not limited to optical sensor or photodetectors,
such as active-pixel sensors (APSs), avalanche photodiode, image sensors, charge-
coupled devices (CCDs), intensified charge-coupled devices (ICCDs), light emitting
diodes, photon counters, bolometers, pyroelectric detectors, photoresistors, photovoltaic
cells, photodiodes, photomultiplier tubes, phototransistors, quantum dot photoconductors
or photodiodes and combinations thereof, among other photodetectors. In certain
embodiments, the transmitted light is measured with a charge-coupled device (CCD).
Where the transmitted light is measured with a CCD, the active detecting surface area of
the CCD may vary, such as from 0.01 cm? to 10 cm?, such as from 0.05 cm? to 9 cm?,
such as from, such as from 0.1 cm? to 8 cm?, such as from 0.5 cm? to 7 cm? and
including from 1 cm? to 5 cm?.

In embodiments of the present disclosure, detectors of interest are configured to
measure light transmitted through the sample chamber at one or more wavelengths,
such as at 2 or more wavelengths, such as at 5 or more different wavelengths, such as
at 10 or more different wavelengths, such as at 25 or more different wavelengths, such
as at 50 or more different wavelengths, such as at 100 or more different wavelengths,

such as at 200 or more different wavelengths, such as at 300 or more different
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wavelengths and including measuring the light transmitted through the sample chamber
at 400 or more different wavelengths.

In some embodiments, detectors of interest are configured to measure light
transmitted through the sample chamber over a range of wavelengths (e.g., 400 nm —
800 nm; 495 nm — 525 nm; 800nm — 835 nm, etc.). For example, systems may include
one or more detectors configured to measure light transmitted through the sample
chamber over one or more of the wavelength ranges of: 400 nm — 800 nm; 498 nm —
510 nm; 500 nm — 600 nm; 500 nm — 700 nm; 500 nm — 520 nm; 540 nm - 550 nm; 545
nm — 555 nm; 550 nm — 570 nm; 550 nm — 580 nm; 560 nm — 590 nm; 575 nm — 595
nm; 580 nm — 590 nm; 600 nm — 700 nm; 600 nm — 630 nm; 650 nm — 750 nm; 750 nm
—850nm; 810 nm — 830 nm; 815 nm — 825 nm and any combinations thereof. In certain
instances, the detector is configured to measure transmitted light over the wavelengths
ranging from 400 nm — 800 nm. In other instances, the detector is configured to
measure transmitted light over the wavelengths ranging from 500 nm — 520 nm and 650
nm — 750 nm. In other instances, the detector is configured to measure transmitted light
over wavelengths ranging from 540 nm — 560 nm and 650 nm — 750 nm. In yet other
instances, the detector is configured to measure transmitted light over wavelengths
ranging from 560 nm — 590 nm and 650 nm — 750 nm. In still other instances, the
detector is configured to measure transmitted light over wavelengths ranging from 500
nm — 520 nm, 560 nm — 590 nm, and 650 — 750 nm.

In certain embodiments, detectors of interest are configured to collect spectra of
light over a range of wavelengths. For example, systems may include one or more
detectors configured to collect spectra of light over one or more of the wavelength
ranges of: 400 nm — 800 nm; 498 nm — 510 nm; 500 nm — 600 nm; 500 nm — 700 nm;
500 nm — 520 nm; 540 nm - 550 nm; 545 nm — 555 nm; 550 nm — 570 nm; 550 nm —
580 nm; 560 nm — 590 nm; 575 nm — 595 nm; 580 nm — 590 nm; 600 nm — 700 nm; 600
nm — 630 nm; 650 nm — 750 nm; 750 nm — 850nm; 810 nm — 830 nm; 815 nm — 825 nm
and any combinations thereof. In certain instances, the detector is configured to collect
spectra of light having wavelengths ranging from 400 nm — 800 nm. In other instances,
the detector is configured to collect spectra of light having wavelengths ranging from 500
nm — 700 nm.

In yet other embodiments, detectors of interest are configured to measure light at
one or more specific wavelengths. For example, systems may include one or more

detectors configured to measure light at one or more of 504 nm, 506 nm, 514 nm, 532
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nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm, 580 nm, 585 nm, 586 nm, 675
nm, 710 nm, 808 nm, 815 nm, 830 nm and any combinations thereof. In certain
instances, the detector is configured to measure light at 548 nm. In other instances,
the detector is configured to measure light at 675 nm. In other instances, the detector is
configured to measure light at 830 nm. In yet other instances, the detector is configured
to measure light at 548 nm and 675 nm. In still other embodiments, the detector is
configured to measure at 548 nm, 675 nm and 830 nm.

In embodiments, the detector may be configured to measure light continuously or
in discrete intervals. In some instances, detectors of interest are configured to measure
light continuously. In other instances, detectors of interest are configured to take
measurements in discrete intervals, such as measuring light every 0.001 millsecond,
every 0.01 millsecond, every 0.1 millsecond, every 1 millsecond, every 10 millseconds,
every 100 millseconds and including every 1000 millseconds, or some other interval.

Embodiments of the subject systems may also include one or more optical
components as desired to provide any desired configuration. For example, systems may
having each component (i.e., light source, slit projection module, sample chamber,
objective lens, wavelength separator and detector) in an “in-line” configuration where
light emitted from the light source travels through each component without substantial
diversion form its inline pathway. Where desired, one or more mirrors, beam splitters or
other types of light diversion components may be used to divert light along a different
path or to separate light into separate beams for detection.

Figure 2a depicts a side configuration of the subject systems according to one
embodiment. A light source (201) provides light emitting one or more wavelengths of
light through a slit projection module which includes a slit (202a) for narrowing the beam
of light producing a slit-shaped beam and an objective lens (202b) for focusing and de-
magnifying the slit-shaped beam. The slit-shaped beam illuminates a sample chamber
(203) where analyte in the sample absorbs light and a remaining portion of the light is
transmitted and collected by an objective lens (204) which is configured to focus the light
onto a wavelength separator (e.g., diffraction grating 205) that spatially separates the
light into its component wavelengths. The spatially separated light is then detected by a
detector (e.g., CCD, 206).

Figure 2b depicts a top view of a configuration of the subject systems according
to another embodiment. A light source (207) provides light emitting one or more

wavelengths of light through a slit projection module (208) which includes a slit and an
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objective lens for providing a slit-shaped beam. The slit-shaped beam illuminates a
sample chamber (209) where analyte in the sample absorbs light and a remaining
portion of the light is transmitted and collected by an objective lens (210) and provided
onto a wavelength separator (211) that spatially separates the light into its component
wavelengths. The spatially separated light is then detected by a detector (212).

In some embodiments, systems are configured having one or more of the light
source, slit projection module, sample chamber, objective lens, wavelength separator
and detector is in an offset position. By “offset” is meant that the geometric center of the
system component is positioned at a point in space not along the central optical axis that
connects the light source and the detector. For example, in some embodiments, light
source is in an offset position. In other embodiments, the slit projection module is in an
offset position. Where the slit projection module includes a focusing lens, the focusing
lens is, in certain instances, in an offset position. In yet other embodiments, the sample
chamber is in an offset position. In still other embodiments, the objective lens for
collecting and focusing transmitted light is in an offset position. In still other
embodiments, the wavelength separator is in an offset position. In certain embodiments,
the detector is in an offset position. In some instances, all of the light source, slit
projection module, sample chamber, objective lens, wavelength separator and detector
are in an offset position.

The offset distance may vary, as desired, ranging from 0.1 mm to 100 mm, such
as from 0.2 mm to 95 mm, such as from 0.3 mm to 90 mm, such as from 0.4 mm to 85
mm, such as from 0.5 mm to 80 mm, such as from 0.6 mm to 75 mm, such as from 0.7
mm to 70 mm, such as from 0.8 mm to 65 mm, such as from 0.9 mm to 60 mm, such as
from 1 mm to 55 mm, such as from 1.25 mm to 50 mm, such as from 1.5 mm to 45 mm,
such as from 1.75 mm to 40 mm, such as from 2 mm to 30 mm, such as from 2.5 mm to
25 mm and including from 1 mm to 20 mm.

For example, where the wavelength separator is a diffraction grating, the
diffraction grating may be in an offset position to facilitate diffraction of desired
wavelengths (e.g., 548 nm, 675 nm, etc.) for a specific assay protocol. In another
example, where the detector is a CCD detector, the CCD detector may be in an offset
position to facilitated collection of light (e.g., transmitted or emitted) at position on the

detector with calibrated pixels.
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In certain embodiments, systems of interest include an integrated microfluidic
sampling device having a capillary channel sample chamber with a sample application
site coupled to an inlet for inputting a fluid sample. Accordingly, in these embodiments,
the subject systems are not configured to receive the microfluidic cartridge device
described above, but instead are configured to receive the fluid sample directly, which is
subsequently removed following assay of the sample.

In embodiments, the integrated sampling device includes a capillary channel
sample chamber and a sample application site coupled to an inlet for inputting the fluid
sample. The capillary channel sample chamber of the integrated microfluidic sampling
device may have an elongated structure, such that it has a length that is longer than its
width. While the ratio of length to width may vary, in some instances the ratio of length to
width ranges from 2 to 5000, such as 3 to 2500, such as from 4 to 1000, such as from 5
to 500, such as from 6 to 100, such as from 10 to 50 and including 15 to 20. In some
instances, the length of the channel ranges from 10 mm to 500 mm, such as 20 mm to
250 mm and including 50 mm to 75 mm. In some instances, the channels have a
micrometer sized cross-sectional dimension, e.g., a longest cross-sectional dimension
(e.g., diameter in the case of the tubular channel) ranging from 0.1 mm to 20 mm, such
as 1 mm to 10 mm and including 3 mm to 5 mm. In some instances the width of the
channel ranges from 0.001 mm to 20 mm, such as from 0.005 mm to 19 mm, such as
from 0.01 mm to 18 mm, such as from 0.05 mm to 17 mm, such as from 0.1 mm to 15
mm, such as from 0.5 mm to 12.5 mm, such as 1 to 10 and including 3 to 5 mm. In some
instances the height of the channel ranges from 5 um to 500 um, such as 10 um to
150 um and including 20 um to 70 um. Likewise, the capillary channel may have a
cross sectional shape such as rectilinear cross sectional shapes, e.g., squares,
rectangles, trapezoids, triangles, hexagons, etc., curvilinear cross-sectional shapes, e.g.,
circles, ovals, etc., as well as irregular shapes, e.g., a parabolic bottom portion coupled
to a planar top portion, etc.

The sample application site of the integrated microfluidic sampling device is a
structure configured to receive a sample having a volume ranging from 5 uL to 100 L,
such as 10 uL to 50 uL and including 20 uL to 30 uL. The sample application site can
have any convenient shape, so long as it provides for fluid access, either directly or
through an intervening component(s) that provides for fluidic communication, to the

capillary channel.
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The inlet of the integrated microfluidic sampling device is in fluidic communication
with sample application site and the capillary channel sample chamber and may be any
suitable shape, where cross-sectional shapes of inlets of interest include, but are not
limited to: rectilinear cross sectional shapes, e.g., squares, rectangles, trapezoids,
triangles, hexagons, etc., curvilinear cross-sectional shapes, e.g., circles, ovals, etc., as
well as irregular shapes, e.g., a parabolic bottom portion coupled to a planar top portion,
etc. Depending on the shape of the inlet, the sample inlet may have an opening size
which varies, ranging from 0.1 mm?to 100 mm?, such as 1 mm? to 75 mm? and including
5 mm? to 50 mmZ.

In some instances, the integrated microfluidic sampling device includes a mixing
chamber positioned in the fluidic path between the sample application site and the
capillary channel sample chamber that is configured to combine sample which has been
applied to the sample application and is flowing through the capillary channel with one or
more reagents.

In some instances, the mixing chamber of the integrated microfluidic sampling
device includes a contacting structure that provides for high surface area (e.g., porous
disc) upon which one or more reagents may be positioned, where in certain instances
the high surface area structure is configured to filter or facilitate contact between one or
more components of the sample with reagents present in the mixing chamber. In certain
instances, the high surface area structure is configured to not filter components of the
sample and to simply facilitate contact between the reagents and the sample flowing
therethrough. For example, where the sample is a whole blood sample, the high surface
area structure may be one that is configured not to impede the flow of any of the whole
blood components, e.g., white blood cells, red blood cells, platelets, etc., through the
high surface area structure. In such instances, the high surface area structure may have
a porosity ranging from 20 to 80, such as 30 to 70 and including 40 to 60. Suitable high
surface area, porous materials for facilitating contact between sample and reagents
include, but are not limited to, polymeric materials, glass materials, ceramic materials,
metallic materials, etc. such as for example, polyethylene, polypropylene, polyvinylidine
fluoride, and the like.

The reagents contained in the mixing chamber may, for example, include specific
binding members, enzymes, substrates, oxidizers, fluorescent markers, etc., such as
those described below. Likewise, the amount of reagent present in the mixing chamber

or contacting structure of the integrated microfluidic sampling device may vary, e.g.,
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depending on the particular type of assay for which the device is configured. In some
instances, the amount of a reagent is sufficient to provide for a concentration of reagent
in the sample following flow through the mixing chamber that ranges from 0.002
microgram/mL to 100 microgram/mL, such as 0.02 microgram/mL to 10 microgram/mL
and including 0.2 to 1 microgram/mL. While the dry weight of a reagent present in the
mixing chamber may vary, in some instances the dry weight ranges from 0.01 ng to 500
ng, such as 0.3 ng to 120 ng and including 3 ng to 12 ng.

As discussed above, where the subject systems include an integrated
microfluidic sampling device, the sampling device is configured to receive a fluid sample
which is subsequently removed following assay of the sample. By “removed” is meant
that no amount of the sample remains in contact with the subject systems, including any
of the capillary channel sample chamber, sample application site, inlet, as well as mixing
chamber. In other words, when the sample is removed, all traces of the sample are
cleared from the components of the system. In some embodiments, systems may
further include one or more washing devices for cleaning the integrated microfluidic
sampling device. For example, the washing devices may include microconduits with or
without spray nozzles for delivering wash buffer to clean the sampling device. In certain
embodiments, these systems include a reservoir for storage of one or more wash
buffers.

In some instances, the subject systems may include one or more components for
reading or interrogating a unique identifier (e.g., barcode, serial number) on the
microfluidic cartridge, where identifiers of interest may provide information about the
device, e.g., the particular assay for which it is configured, manufacturing lot number,
etc., which identifiers may be unique identifiers. The identifiers may, in certain instances,
provide information or characteristics about the microfluidic cartridge, including but not
limited to index of refraction of the sample channel, index of refraction of the blank
reference window, sample channel dimensions including sample channel height, sample
channel width, sample channel length, overall sample channel depth, thickness of the
sample channel walls. Likewise, the identifiers may include information about the blank
reference window, such as index of refraction of the blank reference window, blank
reference window dimensions including blank reference window height, blank reference
window width, blank reference window length, overall blank reference window, thickness

of the blank reference window walls.

95



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

Any convenient identification reader or interrogation protocol may be employed,
including but not limited to a bar code reader, RFID interrogation systems, magnetic strip
readers, tactile code identifiers, among other identification protocols.

In certain embodiments, the subject absorbance detection systems may be
coupled to one or more fluorescence detection systems for interrogating the sample
chamber for fluorescence. For example, fluorescence detection systems may include
one or more light sources (e.g., broadband or narrow band light sources, such as those
described above), optical module for collecting and focusing emission light, wavelength
separators for spatially separating the collected light to be detected and one or more
photosensors or photodetectors.

In certain embodiments, both the fluorescence detection systems and the
absorbance detection systems employ one or more common components as described
herein. For example, in some instances both fluorescence detection systems and
absorbance detection systems employ a common objective lens module for collecting
and focusing light from the sample chamber (e.g., emitted light or transmitted light). In
other instances, both fluorescence detection systems and absorbance detection systems
employ a common wavelength separator apparatus (e.g., diffraction grating, optical
filters, filter wheel having one or more diffraction gratings and optical filters). In yet other
instances, both fluorescence detection systems and absorbance detection systems
employ the same detector for measuring light from the sample chamber.

Fluorescence imaging and digital processing systems which may be coupled to
the subject systems, in certain instances, include systems for imaging samples in
capillary channels such as those described in U.S. Patent Nos. 8,248,597; 7,927,561
and 7,738,094 as well as those described in co-pending U.S. Patent Application No.
13/590,114 filed August 20, 2012, the disclosures of which are herein incorporated by
reference.

Figure 3 depicts a configuration of the subject systems according to another
embodiment where an absorbance detection system is coupled to a fluorescence
detection system. As discussed above, the absorbance detection systems includes a
light source (301) emitting one or more wavelengths of light through a slit projection
module (302) which includes a slit for narrowing the beam of light producing a slit-
shaped beam and an objective lens for focusing and de-magnifying the slit-shaped
beam. The slit-shaped beam illuminates a sample chamber in a microfluidic cartridge

(303) where analyte in the sample absorbs light and a remaining portion of the light is
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transmitted and collected by an objective lens (304) which is configured to focus the light
onto a wavelength separator 305 (e.qg., filter wheel having one or more optical filters and
diffraction gratings) that spatially separates the light into its component wavelengths.
The spatially separated light is then detected by a detector (e.g., CCD, 306). For
fluorescence detection, the system includes a second light source (307) which is
positioned above the sample chamber to illuminate the sample chamber and
fluorescence produced by the analytes is collected with objective lens (304), spatially
separated using filter wheel 305 and detected by detector 306. In this embodiment, the
fluorescence detection system and the absorbance detection system employs a
common objective lens (304) for collecting light from the sample chamber (303),
wavelength separator apparatus (305) and detector (306).

In some embodiments, systems of interest also include one or more processors
for processing assay data collected, a display, such as a liquid crystal display (LCD) for
displaying raw data collected during assay or processed results received from the
processor, as well as input devices, such as buttons, a keyboard, mouse or touch-
screen. In addition, systems may include one or more of a wired or wireless
communication protocols or an integrated printer to communicate the results to one or
more users. For example, systems may include one or more computer system
components, such as those as described in greater detail below.

Figure 4 depicts an example of an assay reader system of interest according one
embodiment. System includes a housing (400) having a front side (400a) and a back
side (400b). Front side (400a) includes a display (401), such as a liquid crystal display
(LCD) for displaying raw data collected during assay or processed results received from
the processor, an integrated printer (403) for communicating assay data to the user, as
well as a slot for inserting (404) microfluidic cartridge device into the assay reader
system. The assay reader system also includes a communication interface (405) to
allow data communication (e.g., USB port) between the subject system and one or more
other external devices such as a computer terminal that is configured for similar
complementary data communication. Back side (400b) can include cable connections
for power and data communication protocols (not shown) as well as cooling vents
operably connected to cooling fans and heat sinks. Back side (400b) can also include
one or more lift handles for manually moving or carrying the assay reader system. As
shown in Figure 4, the subject systems can be configured to be a unitary, “all-in-one”-

type system which all of the optics, electronics (described in greater detail below),
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display, communication protocols in a single housing. In certain embodiments, systems
of interest are configured to be capable for movement (lifted or carried a distance of 50
meters or more) by a human without machine assistance (e.g., with lift handles). As
such, systems of interest, in these embodiments, are 25 kg or less, such as 20 kg or
less, such as 15 kg or less and including 10 kg or less, e.g., 5 kg or less, and may
include, as desired, a built in handle or other structure to provide for ease of

manipulation/transportation.

MicROFLUIDIC CARTRIDGE DEVICES

Aspects of the present disclosure also include a microfluidic cartridge device that
is configured to be received by certain systems described herein. In embodiments, the
microfluidic cartridge device includes a capillary channel sample chamber in fluid
communication with a sample application site coupled to an inlet for inputting the fluid
sample. The term “microfluidic” is used herein in its conventional sense to refer to a
device that is configured to control and manipulate fluids geometrically constrained to a
small scale (e.g., sub-millimeter). As the devices include a capillary channel sample
chamber, they include an elongated structure that is configured to provide for capillary
flow of liquid therethrough. In addition to the sample application site, capillary channel
sample chamber and inlet, aspects of the microfluidic device includes a reagent mixing
chamber in communication with the sample application site and inlet for contacting and
mixing the fluidic sample with one or more reagents. In certain embodiments, the mixing
chamber is configured as a porous disc containing reagents for contacting with the
sample.

In embodiments of the present disclosure, the capillary channel sample chamber
is an elongated structure, such that it has a length that is longer than its width. While the
ratio of length to width may vary, in some instances the ratio of length to width ranges
from 2 to 5000, such as 3 to 2500, such as from 4 to 1000, such as from 5 to 500, such
as from 6 to 100, such as from 10 to 50 and including 15 to 20. In some instances, the
length of the channel ranges from 10 mm to 500 mm, such as 20 mm to 250 mm and
including 50 mm to 75 mm. In some instances, the channels have a micrometer sized
cross-sectional dimension, e.g., a longest cross-sectional dimension (e.g., diameter in
the case of the tubular channel) ranging from 0.1 mm to 20 mm, such as 1 mm to 10 mm
and including 3 mm to 5 mm. In some instances the width of the channel ranges from

0.001 mm to 20 mm, such as from 0.005 mm to 19 mm, such as from 0.01 mm to 18
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mm, such as from 0.05 mm to 17 mm, such as from 0.1 mm to 15 mm, such as from 0.5
mm to 12.5 mm, such as 1 to 10 and including 3 to 5 mm. In some instances the height
of the channel ranges from 5 um to 500 um, such as 10 um to 150 um and including

20 um to 70 pm.

The cross sectional shape of the capillary channels may vary, in some instances,
cross-sectional shapes of channels of interest include, but are not limited to: rectilinear
cross sectional shapes, e.g., squares, rectangles, trapezoids, triangles, hexagons, etc.,
curvilinear cross-sectional shapes, e.g., circles, ovals, etc., as well as irregular shapes,
e.g., a parabolic bottom portion coupled to a planar top portion, etc.

Positioned at one end of capillary channel (i.e., the proximal end) is a sample
application site having a fluidic inlet for conveying the sample into the capillary channel
sample chamber. The sample application site is a site or location configured to receive a
volume of sample, e.g., a biological sample, to be analyzed. In some instances, the
sample application site is a structure configured to receive a sample having a volume
ranging from 5 pL to 100 uL, such as 10 pL to 50 ulL and including 20 uL to 30 uL. The
sample application site can have any convenient shape, so long as it provides for fluid
access, either directly or through an intervening component(s) that provides for fluidic
communication, to the capillary channel.

The sample application site is in communication with an inlet to one end of the
capillary channel sample chamber. The sample application site may be positioned along
a side of the microfluidic device such that sample applied to the sample application site
is drawn into the inlet of the capillary channel sample chamber. The inlet for conveying
the sample into the capillary channel sample chamber may be any suitable shape,
where cross-sectional shapes of channels of interest include, but are not limited to:
rectilinear cross sectional shapes, e.g., squares, rectangles, trapezoids, triangles,
hexagons, etc., curvilinear cross-sectional shapes, e.g., circles, ovals, etc., as well as
irregular shapes, e.g., a parabolic bottom portion coupled to a planar top portion, etc.
Depending on the shape of the inlet as well as the dimensions of the microfluidic
cartridge, the sample inlet may have an opening size which varies, ranging from 0.1 mm?
to 100 mm?, such as 1 mm? to 75 mm? and including 5 mm? to 50 mm?.

In some embodiments, the fluid sample is preloaded onto the sample application
site and the preloaded microfluidic device is stored for a predetermined period of time

before the sample is assayed. As such, systems of the present disclosure may also
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include one or more preloaded microfluidic cartridges. For example, the fluid sample
may be preloaded onto the sample application site before assaying the sample for 0.001
hours or more, such as 0.005 hours or more, such as 0.01 hours or more, such as 0.05
hours or more, such as 0.1 hours or more, such as 0.5 hours or more, such as 1 hour or
more, such as 2 hours or more, such as 4 hours or more, such as 8 hours or more, such
as 16 hours or more, such as 24 hours or more, such as 48 hours or more, such as 72
hours or more, such as 96 hours or more, such as 120 hours or more, such as 144
hours or more, such as 168 hours or more and storing the preloaded microfluidic device
for 240 hours or more before assaying the sample or the amount of storage time may
range such as from 0.1 hours to 240 hours, such as from 0.5 hours to 216 hours, such
as from 1 hour to 192 hours and including from 5 hours to 168 hours before assaying the
sample.

In some embodiments, the microfluidic device includes a mixing chamber
positioned in the fluidic path between the sample application site and the capillary
channel sample chamber. By mixing chamber is meant an area or location in the fluidic
path that is configured to combine sample which has been applied to the sample
application and is flowing to the capillary channel with one or more reagents.

In some instances, the mixing chamber includes a contacting structure that
provides for high surface area (e.g., porous disc) upon which one or more reagents may
be positioned, where in certain instances the high surface area structure is configured to
filter or facilitate contact between one or more components of the sample with reagents
present in the mixing chamber. In certain instances, the high surface area structure is
configured to not filter components of the sample and to simply facilitate contact
between the reagents and the sample flowing therethrough. For example, where the
sample is a whole blood sample, the high surface area structure may be one that is
configured not to impede the flow of any of the whole blood components, e.g., white
blood cells, red blood cells, platelets, etc., through the high surface area structure. In
such instances, the high surface area structure may have a porosity ranging from 20 to
80, such as 30 to 70 and including 40 to 60. Suitable high surface area, porous materials
for facilitating contact between sample and reagents include, but are not limited to,
polymeric materials, glass materials, ceramic materials, metallic materials, etc. such as
for example, polyethylene, polypropylene, polyvinylidine fluoride, and the like.

Present in the mixing chamber is one or more reagents, which reagents may be

present on a surface of a high surface area structure when present. A variety of different
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reagents may be present in the mixing chamber or domain of the device, depending on
the particular assay for which the device is configured. Reagents of interest include
labeled specific binding members, enzymes, substrates, oxidizers, etc., among others. In
certain embodiments, the one or more reagents in the mixing chamber include a labeled
specific binding member. For example, the labeled specific binding member may include

a specific binding domain and a label domain. The terms “specific binding,” “specifically
binds,” and the like, refer to the preferential binding of a domain (e.g., one binding pair
member to the other binding pair member of the same binding pair) relative to other
molecules or moieties in a solution or reaction mixture. The specific binding domain may
bind (e.g., covalently or non-covalently) to a specific epitope of an analyte of interest. In
certain aspects, specific binding domain non-covalently binds to a target. In such
instances, the specific binding domain association with the binding target (e.g., cell
surface marker) may be characterized by a KD (dissociation constant) of 10-5 M or less,
10-6 M or less, such as 10-7 M or less, including 10-8 M or less, e.g., 10-9 M or less, 10-
10 M or less, 10-11 M or less, 10-12 M or less, 10-13 M or less, 10-14 M or less, 10-15
M or less, including 10-16 M or less.

A variety of different types of specific binding domains may be employed as the
capture ligands. Specific binding domains of interest include, but are not limited to,
antibody binding agents, proteins, peptides, haptens, nucleic acids, etc. The term
"antibody binding agent" as used herein includes polyclonal or monoclonal antibodies or
fragments that are sufficient to bind to an analyte of interest. The antibody fragments can
be, for example, monomeric Fab fragments, monomeric Fab' fragments, or dimeric
F(ab)2 fragments. Also within the scope of the term "antibody binding agent” are
molecules produced by antibody engineering, such as single-chain antibody molecules
(scFv) or humanized or chimeric antibodies produced from monoclonal antibodies by
replacement of the constant regions of the heavy and light chains to produce chimeric
antibodies or replacement of both the constant regions and the framework portions of
the variable regions to produce humanized antibodies. In certain embodiments, reagents
of interest include, CD4-PECy5, CD3-APC, CD45RA-APC, CD14-PE.

The label domain may be detectible based on, for example, fluorescence
emission maxima, fluorescence polarization, fluorescence lifetime, light scatter, mass,
molecular mass, or combinations thereof. In certain aspects, the label domain may be a
fluorophore (i.e., a fluorescent label, fluorescent dye, etc.). Fluorophores can be

selected from any of the many dyes suitable for use in analytical applications (e.g., flow
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cytometry, imaging, etc.). A large number of dyes are commercially available from a
variety of sources, such as, for example, Molecular Probes (Eugene, OR) and Exciton
(Dayton, OH). Examples of fluorophores that may be incorporated into the microparticles
include, but are not limited to, 4-acetamido-4'-isothiocyanatostilbene-2,2'disulfonic acid;
acridine and derivatives such as acridine, acridine orange, acrindine yellow, acridine red,
and acridine isothiocyanate; 5-(2'-aminoethyl)aminonaphthalene-1-sulfonic acid
(EDANS); 4-amino-N-[3-vinylsulfonyl)phenyllnaphthalimide-3,5 disulfonate (Lucifer
Yellow VS); N-(4-anilino-1-naphthyl)maleimide; anthranilamide; Brilliant Yellow;
coumarin and derivatives such as coumarin, 7-amino-4-methylcoumarin (AMC,
Coumarin 120), 7-amino-4-trifluoromethylcouluarin (Coumaran 151); cyanine and
derivatives such as cyanosine, Cy3, Cy5, Cy5.5, and Cy7; 4',6-diaminidino-2-
phenylindole (DAPI); §', 5"-dibromopyrogallol-sulfonephthalein (Bromopyrogallol Red); 7-
diethylamino-3-(4'-isothiocyanatophenyl)-4-methylcoumarin; diethylaminocoumarin;
diethylenetriamine pentaacetate; 4,4'-diisothiocyanatodihydro-stilbene-2,2'-disulfonic
acid; 4,4'-diisothiocyanatostilbene-2,2'-disulfonic acid; 5-[dimethylamino]naphthalene-1-
sulfonyl chloride (DNS, dansyl chloride); 4-(4'-dimethylaminophenylazo)benzoic acid
(DABCYL); 4-dimethylaminophenylazophenyl-4'-isothiocyanate (DABITC); eosin and
derivatives such as eosin and eosin isothiocyanate; erythrosin and derivatives such as
erythrosin B and erythrosin isothiocyanate; ethidium; fluorescein and derivatives such as
5-carboxyfluorescein (FAM), 5-(4,6-dichlorotriazin-2-yl)aminofluorescein (DTAF), 2'7'-
dimethoxy-4'5'-dichloro-6-carboxyfluorescein (JOE), fluorescein isothiocyanate (FITC),
fluorescein chlorotriazinyl, naphthofluorescein, and QFITC (XRITC); fluorescamine;
IR144; IR1446; Green Fluorescent Protein (GFP); Reef Coral Fluorescent Protein
(RCFP); Lissamine™; Lissamine rhodamine, Lucifer yellow; Malachite Green
isothiocyanate; 4-methylumbelliferone; ortho cresolphthalein; nitrotyrosine;
pararosaniline; Nile Red; Oregon Green; Phenol Red; B-phycoerythrin; o-
phthaldialdehyde; pyrene and derivatives such as pyrene, pyrene butyrate and
succinimidyl 1-pyrene butyrate; Reactive Red 4 (Cibacron™ Brilliant Red 3B-A);
rhodamine and derivatives such as 6-carboxy-X-rhodamine (ROX), 6-carboxyrhodamine
(R6G), 4,7-dichlororhodamine lissamine, rhodamine B sulfonyl chloride, rhodamine
(Rhod), rhodamine B, rhodamine 123, rhodamine X isothiocyanate, sulforhodamine B,
sulforhodamine 101, sulfonyl chloride derivative of sulforhodamine 101 (Texas Red),
N,N,N',N'-tetramethyl-6-carboxyrhodamine (TAMRA), tetramethyl rhodamine, and

tetramethyl rhodamine isothiocyanate (TRITC); riboflavin; rosolic acid and terbium
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chelate derivatives; xanthene; or combinations thereof. Other fluorophores or
combinations thereof known to those skilled in the art may also be used, for example
those available from Molecular Probes (Eugene, OR) and Exciton (Dayton, OH). The
fluorescent label may be distinguishable based on fluorescence emission maxima, and
optionally further based on light scatter or extinction.

The amount of reagent present in the mixing chamber or contacting structure
may vary, e.g., depending on the particular type of assay for which the device is
configured. In some instances, the amount of a reagent is sufficient to provide for a
concentration of reagent in the sample following flow through the mixing chamber that
ranges from 0.002 microgram/mL to 100 microgram/mL, such as 0.02 microgram/mL to
10 microgram/mL and including 0.2 to 1 microgram/mL. While the dry weight of a
reagent present in the mixing chamber may vary, in some instances the dry weight
ranges from 0.01 ng to 500 ng, such as 0.3 ng to 120 ng and including 3 ng to 12 ng.

In some instances, the device may include an analyte specific capture domain.
An analyte specific capture domain is a domain or region of the capillary channel from
which a result may be read during use of the device. The analyte specific capture
domain is positioned at some distance downstream from the sample application site of
the device. By "downstream" is meant the direction that the sample flows by capillary
action, i.e., the direction of fluid flow from the sample application site. The total distance
fluid flows between the sample receiving region and the detection region may vary,
ranging in some instances from 2 ¢cm to 500 cm, such as 10 cm to 100 cm and including
20 cm to 50 cm.

The analyte specific capture domain is a region that includes an amount of a
capture probe, also referred to herein as a “detection capture probe.” A detection
capture probe is immobilized in the analyte specific capture domain and specifically
binds to target molecule of interest, e.g., an analyte, a control molecule, etc. The size of
the detection capture probe region may vary, and in some instances the capture probe
region can have an area ranging from 0.01 cm?to 0.5 cm?, such as 0.05 cm?to 0.1 cm?
and including 0.1 cm?to 0.2 cm?. An analyte specific capture domain can have a variety
of different configurations, where the configuration can be random or the configuration
can have a specific shape such as a line, circle, square, or more complex shape, such
as a cross-shape, as desired. A given analyte specific capture domain can include a
single capture probe or two or more different capture probes, where each of the two or

more different capture probes, where when the detection region includes two or more
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capture probes, the capture probes can be distinct from each other (i.e., bind to different
target molecules), as desired.

In some embodiments an analyte specific capture domain may be provided that
includes particles displaying a specific binding member(s) for a target molecule(s), e.g.,
an analyte(s) of interest, a control or reference molecule, etc. For example, in some
embodiments the device may include an analyte specific capture domain comprised of
capture beads immobilized on a convenient surface, e.g., the upper surface, of a domain
of the capillary channel, e.g., a capillary chamber in the capillary channel, e.g., as
described in PCT Application Serial No. PCT/US2012/065683 filed on November 16,
2012 and hereby incorporated by reference. The capture beads may be coated with a
binding reagent that specifically binds to the analyte of interest. In some embodiments,
the capture beads are coated with an antigen to which the antibody of interest
specifically binds. In such instances, a fluorescently labeled reagent for detection may
be added that specifically binds to the analyte, enabling the detection of the captured
analyte by its fluorescence emissions. The capture beads may be immobilized to a spot
on the upper surface of the capillary chamber through any suitable means. In some
instances, beads stayed localized in the spot by passive interactions between the beads
and the capillary chamber surface, but covalent binding can be used, as desired.

Capture beads coated with different antigens can be localized in different spots
within the capillary chamber to enable the multiplexed detection of multiple analytes.
Alternatively, capture beads coated with different antigens can be distinguishably labeled
using fluorescent dyes that are distinguishable from each other and from the dye-labeled
detection reagents that are used to measure the captured analytes. In this manner, the
beads can be immobilized in the same spot, but distinguished by their fluorescent
emissions. In other embodiments, labeling reagents may be disposed at an analyte
specific capture domain disposed at the sample application site and labeled sample may
flow to a reaction chamber in the capillary channel for detection.

In some instances, the microfluidic cartridge may include a quality control domain
in the capillary channel, e.g., positioned near the end of the channel furthest from the
sample application site. The quality control channel may vary, and may for example
include a capture member, e.g., antibody, specific for a labeled reagent, etc., such as
described in greater detail below, e.g., to provide a confirmation that sample flows

through the device during a given assay.
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In some instances, the microfluidic cartridge may include one or more identifiers,
which identifiers may provide information about the device, e.g., the particular assay for
which it is configured, manufacturing lot number, etc., which identifiers may be unique
identifiers. The identifiers may be human and/or machine readable, e.g., may be text
(e.g., serial numbers) or a bar code, as desired. The identifiers may, in certain
instances, provide information or characteristics about the microfluidic cartridge,
including but not limited to index of refraction of the sample channel, index of refraction
of the blank reference window, sample channel dimensions including sample channel
height, sample channel width, sample channel length, overall sample channel depth,
thickness of the sample channel walls. Likewise, the identifiers may include information
about the blank reference window, such as index of refraction of the blank reference
window, blank reference window dimensions including blank reference window height,
blank reference window width, blank reference window length, overall blank reference
window, thickness of the blank reference window walls.

In some embodiments, the microfluidic cartridge further includes a blank
reference window which is also interrogated by the slit projection module to provide a
blank absorbance for use in calculating analyte concentration. The absorbance by the
blank reference window is in certain embodiments, configured to be identical to
absorbance by the sample chamber such that transmission through the blank reference
window can be used to correct for absorption, scatter, etc. by the microfluidic cartridge
when practicing the methods described herein. In certain embodiments, the blank
reference window has an absorbance and transmission at the one or more wavelengths
of incident light which is substantially the same as the capillary channel sample
chamber. In other embodiments, the blank reference window scatters light at the one or
more wavelengths which is substantially the same as the capillary channel sample
chamber. In yet other embodiments, the blank reference window has an absorbance,
transmission and scatters light at the one or more incident wavelengths which is
substantially the same as the capillary channel sample chamber. In still other
embodiments, the blank reference window has the same index of refraction as the
capillary channel sample chamber.

The blank reference window may be any convenient size and shape. For
example, the blank reference window may be in the form of a square, circle, oval,
rectangle, pentagon, hexagon, octagon or any other suitable polygon. In some

embodiments, the blank reference window has a ratio of length to width which ranges

65



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

from 1 to 50, such as 3 to 25, such as from 4 to 10, such as from 5 to 8, including 15 to
20. In certain embodiments, the blank reference window is a square and has a ratio of
length to width of 1. The length of the blank reference window may vary, ranging from 1
mm to 50 mm, such as 2 mm to 25 mm and including 5 mm to 20 mm. The width of the
blank reference window may vary, ranging from 0.001 mm to 20 mm, such as from 0.005
mm to 19 mm, such as from 0.01 mm to 18 mm, such as from 0.05 mm to 17 mm, such
as from 0.1 mm to 15 mm, such as from 0.5 mm to 12.5 mm, such as 1 to 10 and
including 3 to 5 mm. In some instances the height of the channel ranges from 5 pm to
500 um, such as 10 um to 150 um and including 20 um to 70 um. In certain
embodiments, the blank reference window has a width which is substantially the same
as the width of the capillary channel sample chamber.

The blank reference window may be positioned at any convenient location on the
microfluidic cartridge. In certain embodiments, the blank reference window is positioned
along the same axis as the capillary channel sample chamber. For example, the blank
reference window may be positioned along the same axis as the capillary channel
sample chamber at a position that is 1 mm away or more from the capillary channel
sample chamber, such as 2 mm or more, such as 3 mm or more, such as 4 mm or more,
such as 5 mm or more and including 10 mm or more away from the capillary channel
sample chamber.

Figure 5 illustrates one example of a microfluidic cartridge having a microfluidic
sample chamber for absorbance measurement (501) and a reference window to provide
for a blank during absorbance measurement (502).

One example of a suitable microfluidic cartridge which may be received into the
systems described herein may include, but are not limited to those described in
copending United States Patent Application No. 14/152,954 filed on January 10, 2014,

the disclosure of which is herein incorporated by reference.

COMPUTER-CONTROLLED SYSTEMS

Aspects of the present disclosure further include computer controlled systems for
practicing the subject methods, where the systems further include one or more
computers for automation or semi-automation of a system for practicing methods
described herein. In certain embodiments, systems include a computer having a

computer readable storage medium with a computer program stored thereon, where the
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computer program when loaded on the computer includes algorithm illuminating a
sample in a sample chamber with a light source; algorithm for moving a slit projection
module along a length of the sample chamber; algorithm for detecting light transmitted
through the sample chamber, algorithm for calculating absorbance of light at one or
more wavelengths using the detected transmitted light and algorithm for calculating
concentration of an analyte based on the absorbance determined from the transmitted
light.

In some embodiments, systems include a computer program that includes
algorithm for calculating absorbance of light at one or more wavelengths based on
transmitted light detected by the detector. Absorbance of light by the target analyte is
determined by inputting transmittance data from the detector into a processor which
applies the Beer-Lambert Law to calculate absorbance at a given wavelength:

Absorbance () = -Logo(l/1p)
where | is the intensity of the light transmitted through the sample chamber and |, is the
intensity of incident light used to interrogate the sample.

Systems also include a computer program that includes algorithm for calculating
concentration of the analyte based on calculated absorbance at one or more
wavelengths. The concentration of analyte, in certain embodiments, is calculated by
inputting absorbance values calculated based on transmittance data into a processor
which applies the formula:

Absorbance (1) = [molar absorptivity,] x [concentration] x [pathlength].

In some embodiments, systems include algorithm for calculating absorbance of
the analyte while accounting for scatter by the sample. The absorbance by the analyte
while accounting for scatter by the sample is determined, in certain instances, by
inputting absorbance values calculated based on transmittance data into a processor
which applies the formula:

Concentrationanayie = A*(Abs;1) + B*(Abs;,) + C,
where A, B, and C are coefficients which depend on the wavelengths interrogated and
analytes being measured. In embodiments, the value of A may vary, in certain
instances, ranging from 20 g/dL to 60 g/dL, such as from 25 g/dL to 57.5 g/dL, such as
from 30 g/dL to 55 g/dL, such as from 35 g/dL to 50 g/dL and including from 37.5 g/dL to
45 g/dL. The value of B may also vary, in certain instances, ranging from 0.01 g/dL to 5
g/dL, such as from 0.05 g/dL to 4.5 g/dL, such as from 0.1 g/dL to 4 g/dL, such as from
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0.25 g/dL to 3.5 g/dL, such as from 0.5 g/dL to 3 g/dL and including from 0.5 g/dL to 2
g/dL. Likewise, the value of C may also vary, ranging from 0.01 g/dL to 2 g/dL, such as
from 0.025 g/dL to 1.75 g/dL, such as from 0.05 g/dL to 1.5 g/dL, such as from 0.1 g/dL
to 1.25 g/dL and including from 0.25 g/dL to 2 g/dL.

For example, in certain instances systems are configured to calculate the
concentration of hemoglobin in whole blood while accounting for scatter. In these
instances, systems include algorithm for calculating absorbance of hemoglobin in whole
blood while accounting for scatter by the whole blood sample. The system includes a
computer program with algorithm for choosing a first wavelength and second wavelength
to interrogate the sample. In these embodiments, the computer algorithm includes
choosing a first wavelength where hemoglobin has a high molar absorptivity, which may
be an isosbestic point for hemoglobin with one or more of oxyhemoglobin,
carboxyhemoglobin, methemoglobin, sulfo-hemoglobin, azide-methemoglobin and
cyano-methemoglobin, such as a isosbestic point for hemoglobin and oxyhemoglobin or
a triple isosbestic point for hemoglobin, oxyhemoglobin and carboxyhemoglobin. For
example, thea first wavelength is, in certain instances, 506 nm, 548 nm, 569 nm, 579
nm, 585 nm or 586 nm. The computer algorithm also includes choosing a second
wavelength to account for scatter. In some instances, the computer algorithm includes
choosing a second wavelength is an isosbestic point for hemoglobin with one or more of
oxyhemoglobin, carboxyhemoglobin, methemoglobin, sulfo-hemoglobin, azide-
methemoglobin and cyano-methemoglobin, such as a isosbestic point for hemoglobin
and oxyhemoglobin or a triple isosbestic point for hemoglobin, oxyhemoglobin and
carboxyhemoglobin. For example, a second wavelength is, in certain instances, 650
nm, 675 nm, 710 nm, 785 nm, 808 nm, 815 nm or 830 nm.

For example, in certain embodiments systems include a computer program that
includes algorithm for choosing a first wavelength of 548 nm and a second wavelength
of 675 nm and determining the concentration of hemoglobin in whole blood while
accounting for scatter in the whole blood sample by:

1) inputting transmittance data in to a processor applying the Beer Lambert Law; and 2)

inputting the calculated absorbance values into a processor which applies the formula:
Concentrationy, = A*(AbSsyg nm) + B*(Absgzs nm) + C,

where the value of A for a whole blood sample ranges from 20 g/dL to 60 g/dL, such as

from 25 g/dL to 57.5 g/dL, such as from 30 g/dL to 55 g/dL, such as from 35 g/dL to 50

g/dL and including from 37.5 g/dL to 45 g/dL; the value of B for a whole blood sample
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ranges from 0.01 g/dL to 5 g/dL, such as from 0.05 g/dL to 4.5 g/dL, such as from 0.1
g/dL to 4 g/dL, such as from 0.25 g/dL to 3.5 g/dL, such as from 0.5 g/dL to 3 g/dL and
including from 0.5 g/dL to 2 g/dL and where the value of C of a whole blood sample
ranges from 0.01 g/dL to 2 g/dL, such as from 0.025 g/dL to 1.75 g/dL, such as from
0.05 g/dL to 1.5 g/dL, such as from 0.1 g/dL to 1.25 g/dL and including from 0.25 g/dL to
2 g/dL.

In embodiments, the system includes an input module, a processing module and
an output module. In some embodiments, the subject systems may include an input
module such that parameters or information about each fluidic sample, intensity and
wavelengths (discrete or ranges) of the applied light source, amplitude of movement by
the slit projection module, number of scans and movement by the slit projection module,
duration of illumination by the light source, number of different light sources, distance
from light source to sample chamber, focal length of objective lens, parameters of the
focusing module, path length of sample chamber, refractive index of sample, refractive
index of sample chamber, number of wavelength separators, properties of wavelength
separators including bandpass width, opacity, grating spacting and resolution as well as
properties and sensitivity of photodetectors.

The processing module includes memory having a plurality of instructions for
performing the steps of the subject methods, such as illuminating a sample in a sample
chamber with a light source; moving a slit projection module along a length of the
sample chamber; detecting light transmitted through the sample chamber and
calculating absorbance of light at one or more predetermined wavelengths using the
detected transmitted light.

After the processing module has performed one or more of the steps of the
subject methods, an output module communicates the results (e.g., absorbance of the
analyte at one or more wavelengths) to the user, such as by displaying on a monitor or
by printing a report.

The subject systems may include both hardware and software components,
where the hardware components may take the form of one or more platforms, e.g., in the
form of servers, such that the functional elements, i.e., those elements of the system that
carry out specific tasks (such as managing input and output of information, processing
information, etc.) of the system may be carried out by the execution of software
applications on and across the one or more computer platforms represented of the

system.
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Systems may include a display and operator input device. Operator input
devices may, for example, be a keyboard, mouse, or the like. The processing module
includes a processor which has access to a memory having instructions stored thereon
for performing the steps of the subject methods, such as illuminating a sample in a
sample chamber with a light source; moving a slit projection module along a length of
the sample chamber; detecting light transmitted through the sample chamber and
calculating absorbance of light at one or more predetermined wavelengths using the
detected transmitted light.

The processing module may include an operating system, a graphical user
interface (GUI) controller, a system memory, memory storage devices, and input-output
controllers, cache memory, a data backup unit, and many other devices. The processor
may be a commercially available processor or it may be one of other processors that are
or will become available. The processor executes the operating system and the
operating system interfaces with firmware and hardware in a well-known manner, and
facilitates the processor in coordinating and executing the functions of various computer
programs that may be written in a variety of programming languages, such as Java, Perl,
C++, other high level or low level languages, as well as combinations thereof, as is
known in the art. The operating system, typically in cooperation with the processor,
coordinates and executes functions of the other components of the computer. The
operating system also provides scheduling, input-output control, file and data
management, memory management, and communication control and related services,
all in accordance with known techniques.

The system memory may be any of a variety of known or future memory storage
devices. Examples include any commonly available random access memory (RAM),
magnetic medium such as a resident hard disk or tape, an optical medium such as a
read and write compact disc, flash memory devices, or other memory storage device.
The memory storage device may be any of a variety of known or future devices,
including a compact disk drive, a tape drive, a removable hard disk drive, or a diskette
drive. Such types of memory storage devices typically read from, and/or write to, a
program storage medium (not shown) such as, respectively, a compact disk, magnetic
tape, removable hard disk, or floppy diskette. Any of these program storage media, or
others now in use or that may later be developed, may be considered a computer
program product. As will be appreciated, these program storage media typically store a

computer software program and/or data. Computer software programs, also called
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computer control logic, typically are stored in system memory and/or the program
storage device used in conjunction with the memory storage device.

In some embodiments, a computer program product is described comprising a
computer usable medium having control logic (computer software program, including
program code) stored therein. The control logic, when executed by the processor the
computer, causes the processor to perform functions described herein. In other
embodiments, some functions are implemented primarily in hardware using, for
example, a hardware state machine. Implementation of the hardware state machine so
as to perform the functions described herein will be apparent to those skilled in the
relevant arts.

Memory may be any suitable device in which the processor can store and
retrieve data, such as magnetic, optical, or solid state storage devices (including
magnetic or optical disks or tape or RAM, or any other suitable device, either fixed or
portable). The processor may include a general purpose digital microprocessor suitably
programmed from a computer readable medium carrying necessary program code.
Programming can be provided remotely to processor through a communication channel,
or previously saved in a computer program product such as memory or some other
portable or fixed computer readable storage medium using any of those devices in
connection with memory. For example, a magnetic or optical disk may carry the
programming, and can be read by a disk writer/reader. Systems of the invention also
include programming, e.g., in the form of computer program products, algorithms for use
in practicing the methods as described above. Programming according to the present
invention can be recorded on computer readable media, e.g., any medium that can be
read and accessed directly by a computer. Such media include, but are not limited to:
magnetic storage media, such as floppy discs, hard disc storage medium, and magnetic
tape; optical storage media such as CD-ROM; electrical storage media such as RAM
and ROM; portable flash drive; and hybrids of these categories such as magnetic/optical
storage media.

The processor may also have access to a communication channel to
communicate with a user at a remote location. By remote location is meant the user is
not directly in contact with the system and relays input information to an input manager
from an external device, such as a a computer connected to a Wide Area Network
("WAN?”), telephone network, satellite network, or any other suitable communication

channel, including a mobile telephone (i.e., smartphone).
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In some embodiments, systems according to the present disclosure may be
configured to include a communication interface. In some embodiments, the
communication interface includes a receiver and/or transmitter for communicating with a
network and/or another device. The communication interface can be configured for wired
or wireless communication, including, but not limited to, radio frequency (RF)
communication (e.g., Radio-Frequency ldentification (RFID), Zigbee communication
protocols, WiFi, infrared, wireless Universal Serial Bus (USB), Ultra Wide Band (UWB),
Bluetooth® communication protocols, and cellular communication, such as code division
multiple access (CDMA) or Global System for Mobile communications (GSM).

In one embodiment, the communication interface is configured to include one or
more communication ports, e.g., physical ports or interfaces such as a USB port, an RS-
232 port, or any other suitable electrical connection port to allow data communication
between the subject systems and other external devices such as a computer terminal
(for example, at a physician’s office or in hospital environment) that is configured for
similar complementary data communication.

In one embodiment, the communication interface is configured for infrared
communication, Bluetooth® communication, or any other suitable wireless
communication protocol to enable the subject systems to communicate with other
devices such as computer terminals and/or networks, communication enabled mobile
telephones, personal digital assistants, or any other communication devices which the
user may use in conjunction therewith, in managing the treatment of a health condition,
such as HIV, AIDS or anemia.

In one embodiment, the communication interface is configured to provide a
connection for data transfer utilizing Internet Protocol (IP) through a cell phone network,
Short Message Service (SMS), wireless connection to a personal computer (PC) on a
Local Area Network (LAN) which is connected to the internet, or WiFi connection to the
internet at a WiFi hotspot.

In one embodiment, the subject systems are configured to wirelessly
communicate with a server device via the communication interface, e.g., using a
common standard such as 802.11 or Bluetooth® RF protocol, or an IrDA infrared
protocol. The server device may be another portable device, such as a smart phone,
Personal Digital Assistant (PDA) or notebook computer; or a larger device such as a

desktop computer, appliance, etc. In some embodiments, the server device has a
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display, such as a liquid crystal display (LCD), as well as an input device, such as
buttons, a keyboard, mouse or touch-screen.

In some embodiments, the communication interface is configured to
automatically or semi-automatically communicate data stored in the subject systems,
e.g., in an optional data storage unit, with a network or server device using one or more
of the communication protocols and/or mechanisms described above.

Output controllers may include controllers for any of a variety of known display
devices for presenting information to a user, whether a human or a machine, whether
local or remote. If one of the display devices provides visual information, this information
typically may be logically and/or physically organized as an array of picture elements. A
graphical user interface (GUI) controller may include any of a variety of known or future
software programs for providing graphical input and output interfaces between the
system and a user, and for processing user inputs. The functional elements of the
computer may communicate with each other via system bus. Some of these
communications may be accomplished in alternative embodiments using network or
other types of remote communications. The output manager may also provide
information generated by the processing module to a user at a remote location, e.g.,
over the Internet, phone or satellite network, in accordance with known techniques. The
presentation of data by the output manager may be implemented in accordance with a
variety of known techniques. As some examples, data may include SQL, HTML or XML
documents, email or other files, or data in other forms. The data may include Internet
URL addresses so that a user may retrieve additional SQL, HTML, XML, or other
documents or data from remote sources. The one or more platforms present in the
subject systems may be any type of known computer platform or a type to be developed
in the future, although they typically will be of a class of computer commonly referred to
as servers. However, they may also be a main-frame computer, a work station, or other
computer type. They may be connected via any known or future type of cabling or other
communication system including wireless systems, either networked or otherwise. They
may be co-located or they may be physically separated. Various operating systems may
be employed on any of the computer platforms, possibly depending on the type and/or
make of computer platform chosen. Appropriate operating systems include Windows
NT®, Windows XP, Windows 7, Windows 8, iOS, Sun Solaris, Linux, 0S/400, Compaq
Tru6e4 Unix, SGI IRIX, Siemens Reliant Unix, and others.
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KiTs

Aspects of the invention further include kits, where kits include one or more
microfluidic assay cartridges. In some instances, the kits can include one or more assay
components (e.g., labeled reagents, buffers, etc., such as described above). In some
instances, the kits may further include a sample collection device, e.g., a lance or needle
configured to prick skin to obtain a whole blood sample, a pipette, etc., as desired.

Figure 6 shows an example of a kit having a microfluidic cartridge packaged
together with a lancet for obtaining whole blood. Figure 7 shows an example of a
collection of different types of kits, which in certain embodiments may be packaged
together and provided in a box.

The various assay components of the kits may be present in separate containers,
or some or all of them may be pre-combined into a reagent mixture. For example, in
some instances, one or more components of the kit, e.g., the device, are presentin a
sealed pouch, e.g., a sterile foil pouch or envelope.

In addition to the above components, the subject kits may further include (in
certain embodiments) instructions for practicing the subject methods. These instructions
may be present in the subject kits in a variety of forms, one or more of which may be
present in the kit. One form in which these instructions may be present is as printed
information on a suitable medium or substrate, e.g., a piece or pieces of paper on which
the information is printed, in the packaging of the kit, in a package insert, and the like.
Yet another form of these instructions is a computer readable medium, e.g., diskette,
compact disk (CD), portable flash drive, and the like, on which the information has been
recorded. Yet another form of these instructions that may be present is a website

address which may be used via the internet to access the information at a removed site.

uTILITY

Methods, systems, microfluidic cartridges and kits of the present disclosure find
use in a variety of different applications and can be used to determine the presence and
amount of an analyte in a large number of different sample types from a multitude of
possible sources. Depending on the application and the desired output of the methods
described herein, an analyte may be detected in a qualitative manner (“present” vs
“absent”; “yes, above a predetermined threshold” vs “no, not above a predetermined
threshold”; etc.) or a quantitative manner, e.g., as an amount in a sample (such as

concentration in sample).

74



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

The subject methods and systems can be employed to characterize many types
of analytes, in particular, analytes relevant to medical diagnosis or protocols for caring
for a patient, including but not limited to: proteins (including both free proteins and
proteins bound to surface of a structure, such as a cell), nucleic acids, viral particles, and
the like. Further, samples can be from in vitro or in vivo sources, and samples can be
diagnostic samples.

In practicing methods of the invention, the samples can be obtained from in vitro
sources (e.g., extract from a laboratory grown cell culture) or from in vivo sources (e.g.,
a mammalian subject, a human subject, a research animal, etc.). In some embodiments,
the sample is obtained from an in vitro source. In vitro sources include, but are not
limited to, prokaryotic (e.g., bacterial) cell cultures, eukaryotic (e.g., mammalian, fungal)
cell cultures (e.g., cultures of established cell lines, cultures of known or purchased cell
lines, cultures of immortalized cell lines, cultures of primary cells, cultures of laboratory
yeast, etc.), tissue cultures, column chromatography eluants, cell lysates/extracts (e.g.,
protein-containing lysates/extracts, nucleic acid-containing lysates/extracts, etc.), viral
packaging supernatants, and the like. In some embodiments, the sample is obtained
from an in vivo source. In vivo sources include living multi-cellular organisms and can
yield diagnostic samples.

In some embodiments, the analyte is a diagnostic analyte. A "diagnostic analyte"
is an analyte from a sample that has been obtained from or derived from a living multi-
cellular organism, e.g., mammal, in order to make a diagnosis. In other words, the
sample has been obtained to determine the presence of one or more disease analytes in
order to diagnose a disease or condition. Accordingly, the methods are diagnostic
methods. As the methods are "diagnostic methods," they are methods that diagnose
(i.e., determine the presence or absence of) a disease (e.g., sickness, diabetes, etc.) or
condition (e.g., pregnancy) in a living organism, such as a mammal (e.g., a human). As
such, certain embodiments of the present disclosure are methods that are employed to
determine whether a living subject has a given disease or condition (e.g., diabetes).
“Diagnostic methods” also include methods that determine the severity or state of a
given disease or condition.

In certain embodiments, the methods are methods of determining whether an
analyte is present in a diagnostic sample. As such, the methods are methods of
evaluating a sample in which the analyte of interest may or may not be present. In some

cases, it is unknown whether the analyte is present in the sample prior to performing the
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assay. In other instances, prior to performing the assay, it is unknown whether the
analyte is present in the sample in an amount that is greater than (exceeds) a
predetermined threshold amount. In such cases, the methods are methods of evaluating
a sample in which the analyte of interest may or may not be present in an amount that is
greater than (exceeds) a predetermined threshold.

Diagnostic samples include those obtained from in vivo sources (e.g., a
mammalian subject, a human subject, and the like.) and can include samples obtained
from tissues or cells of a subject (e.g., biopsies, tissue samples, whole blood,
fractionated blood, hair, skin, and the like). In some cases, cells, fluids, or tissues
derived from a subject are cultured, stored, or manipulated prior to evaluation and such
a sample can be considered a diagnostic sample if the results are used to determine the
presence, absence, state, or severity of a disease (e.g., sickness, diabetes, etc.) or
condition (e.g., pregnancy) in a living organism.

In some instances, a diagnostic sample is a tissue sample (e.g., whole blood,
fractionated blood, plasma, serum, saliva, and the like) or is obtained from a tissue
sample (e.g., whole blood, fractionated blood, plasma, serum, saliva, skin, hair, and the
like). An example of a diagnostic sample includes, but is not limited to cell and tissue
cultures derived from a subject (and derivatives thereof, such as supernatants, lysates,
and the like); tissue samples and body fluids; non-cellular samples (e.g., column eluants;
acellular biomolecules such as proteins, lipids, carbohydrates, nucleic acids; synthesis
reaction mixtures; nucleic acid amplification reaction mixtures; in vitro biochemical or
enzymatic reactions or assay solutions; or products of other in vitro and in vivo reactions,
etc.); etc.

In some embodiments, the subject methods provide an assay for hemoglobin.
As discussed above, hemoglobin may be present in any type of diagnostic sample, such
as supernatants, lysates, buffered solution, as well as in biological samples including
whole blood. An amount of whole blood is loaded into a sample chamber and
illuminated through a slit projection module with one or more light sources, with light
transmitted through the whole blood sample in the sample chamber being collected and
spatially separated into component wavelengths for detection. Depending on the size of
the whole blood sample, the sample chamber may be a microfluidic capillary channel
sample chamber. Hemoglobin absorbance can be determined from the transmitted light
at one or more wavelengths or alternatively, an entire spectrum of hemoglobin

absorption may be calculated. Based on the absorbance at one or more wavelengths,

76



10

15

20

25

30

WO 2015/073384 PCT/US2014/064873

the hemoglobin concentration in the whole blood sample can be determined in these
embodiments of the subject methods.

In certain other instances, the subject methods provide a reagent free
hemoglobin assay. As discussed above, a reagent free assay is an assay of
hemoglobin which employs no reagents to interact or visualize hemoglobin in the
sample. As such, hemoglobin (including derivatives such oxy-hemoglobin and
carboxyhemoglobin) is assayed in its native state without reagent modification. In these
instances, an unaltered whole blood sample is loaded into a sample chamber and
illuminated with one or more light sources through a slit projection module, with light
transmitted through the whole blood sample in the sample chamber being collected and
spatially separated into component wavelengths for detection. Depending on the size of
the whole blood sample, the sample chamber may be a microfluidic capillary channel
sample chamber. Hemoglobin absorbance can be detected at one or more wavelengths
or alternatively, an entire spectrum of hemoglobin absorption may be calculated. Based
on the absorbance at one or more wavelengths, the hemoglobin concentration in the
unaltered whole blood sample can be determined in these embodiments of the subject
methods.

In certain other instances, the subject methods provide a hemoglobin assay on a
sample also being assayed for one or more additional analytes, such as for example cell
surface markers. In these embodiments, one or more reagents, including specific
binding members, enzymes, substrates, oxidizers as well as binding molecules coupled
to one or more fluorescent markers are contacted with the whole blood and the reagent-
mixed whole blood sample is loaded into a sample chamber. The loaded sample
chamber (such as a microfluidic capillary channel sample chamber) is illuminated with
one or more light sources through a slit projection module, with light transmitted through
the whole blood sample in the sample chamber being collected and spatially separated
into component wavelengths for detection. Hemoglobin absorbance can be detected at
one or more wavelengths or alternatively, an entire spectrum of hemoglobin absorption
may be calculated. Based on the absorbance at one or more wavelengths, the
hemoglobin concentration in the reagent-mixed whole blood sample can be determined
in these embodiments of the subject methods. In conjunction with assaying for
hemoglobin in the reagent-mixed sample, one or more additional analytes may be
assayed. In some instances, the subject methods provide a fluorescence assay

performed in conjunction with the hemoglobin absorbance assay to assay for one or
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more cell surface markers binding to the one or more reagents mixed into the whole
blood sample. In these instances, a fluorescence light source illuminates the sample
chamber loaded with reagent-mixed whole blood sample and fluorescence emission
from fluorescence tags bound to target analytes is collected and spatially separated for
detection.

In certain specific instances, the subject methods provide a hemoglobin assay on
a sample for which is being fluorescence assayed for CD4 and %CD4. In these
instances, the whole blood sample is applied to the sample application site of a
microfluidic cartridge having a capillary channel sample chamber. The applied sample is
carried through the inlet of the microfluidic capillary channel into a reagent mixing
chamber having a porous disc for contacting the reagent mixture with the whole blood
sample. The reagent mixture, in these instances, includes dried storage stable reagents
CD4-PECy5, CD3-APC, CD45RA-APC and CD14-PE. The reagent mixed whole blood
sample is carried by capillary action through to the sample chamber where the sample
chamber is illuminated for hemoglobin assay by two light sources, a broadband white
light LED and a near-infrared LED through a slit projection module which is moved
laterally across the sample chamber. Light transmitted though the sample chamber is
collected with an objective, magnifying lens and autofocused onto a diffraction grating to
spatially separate the transmitted light on the surface of a CCD detector. The
absorbance at two wavelengths, 548 nm and 675 nm are determined and the total
hemoglobin absorbance accounting for scatter is calculated to assay for hemoglobin.

The reagent mixed whole blood sample in the capillary channel sample chamber
is also assayed for CD4 by detecting fluorescence by fluorescent tags in the reagent
mixture. CD4 may be assayed for by illuminating the reagent mixed whole blood sample
in the capillary channel sample chamber with a light source and emission from the
fluorescent tags in the reagent mixed whole blood sample is collected with a common
objective, magnifying lens and autofocused onto the surface of the CDD detector. CD4
cell counting is then conducted by fluorescent image cytometry.

The subject methods can be employed with samples from a variety of different
types of subjects. In some embodiments, a sample is from a subject within the class
mammalia, including e.g., the orders carnivore (e.g., dogs and cats), rodentia (e.g.,
mice, guinea pigs, and rats), lagomorpha (e.g. rabbits) and primates (e.g., humans,
chimpanzees, and monkeys), and the like. In certain embodiments, the animals or hosts,

i.e., subjects are humans.
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EXAMPLES

As can be appreciated from the disclosure provided above, the present
disclosure has a wide variety of applications. Accordingly, the following examples are
put forth so as to provide those of ordinary skill in the art with a complete disclosure and
description of how to make and use the present invention, and are not intended to limit
the scope of what the inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only experiments performed. Those
of skill in the art will readily recognize a variety of noncritical parameters that could be
changed or modified to yield essentially similar results. Thus, the following examples
are put forth so as to provide those of ordinary skill in the art with a complete disclosure
and description of how to make and use the present invention, and are not intended to
limit the scope of what the inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only experiments performed. Efforts
have been made to ensure accuracy with respect to numbers used (e.g. amounts,

temperature, etc.) but some experimental errors and deviations should be accounted for.

Example 1

A droplet (~25 uL) of whole blood sample is applied to the sample application site
of a microfluidic cartridge device having a mixing chamber containing dried storage
stable CD4 reagents (e.g., CD4-PECy5, CD3-APC, CD45RA-APC and CD14-PE) which
are hydrated when mixed with the whole blood sample. The microfluidic cartridge device
is allowed to sit until capillary action carries the reagent mixed sample into the capillary
channel sample chamber. The sample chamber is illuminated by a broad spectrum LED
light source (one white light LED and one near-IR LED, sequentially illuminated) with a
wavelength range of 500 nm to 850 nm through a slit projection module having a slit and
demagnifying lens to focus the slit-shaped beam at the surface of the sample chamber.
The sample chamber is moved in a back-and-forth motion to pass light through the
sample chamber which is diffracted using a diffraction grating having 300 um spacings
onto a CCD detector. Figure 8 illustrates light detected by the CCD detector in a plot of
pixel column with respect to wavelength (801) where white pixels indicate detected light.
The plot at 801 is compressed into a 1-D spectrum at (802) by plotting each pixel column
with respect to wavelength to detect a spectrum of transmitted light with respect to
wavelength (803). Using the Beer-Lambert Law, absorbance is calculated at (804) to

provide spectrum of absorbance by the sample at (805). The concentration of
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hemoglobin can be calculated based on the determined absorbance and the reference
blank obtained during light measurement through the blank reference window on the

microfluidic cartridge.

Example 2

A droplet (~25 uL) of whole blood samples having either 25 g/L or 7 g/L
hemoglobin is applied to the sample application site of a microfluidic cartridge device
having a mixing chamber containing dried storage stable reagents. After the reagent-
mixed sample reaches the capillary channel sample chamber, the sample chamber is
illuminated by a broad spectrum LED light source (one white light LED and one near-IR
LED, sequentially illuminated) with a wavelength range of 500 nm to 850 nm through a
slit projection module having a slit and demagnifying lens to focus the slit-shaped beam
at the surface of the sample chamber. The sample chamber is moved passing light
through the sample chamber which is diffracted using a diffraction grating onto a CCD
detector. Pixel plots from the CCD detector are compressed to a one-dimensional
spectrum of transmitted light with respect to wavelength. Using the Beer-Lambert Law,
absorbance spectra were calculated from the spectra of transmitted light. Figure 9a
shows absorbance spectra of hemoglobin in whole blood at a concentration of 25 g/dL.
Figure 9b shows absorbance spectra of hemoglobin in whole blood at a concentration of
7 g/dL. The absorbance at 569 nm was determined at each concentration of
hemoglobin from the obtained spectra. The protocol was repeated with whole blood
samples having hemoglobin concentrations of 3 g/dL, 13 g/dL, 19 g/dL and absorbance
at 569 nm for each of the whole blood samples was plotted with respect to
concentration. Figure 9c¢ illustrates a linear relationship between hemoglobin
concentration and absorbance at 569 nm indicating that measurements using the slit-

projection module can be used over a wide range of hemoglobin concentrations.

Example 3

120 fresh HIV+ patient whole blood samples (both venipuncture and fingerstick
samples) were analyzed using a Sysmex XS-1000i automated hematology system to
determine concentration of hemoglobin in the whole blood samples. In conjunction,
each sample was applied to the sample application site of a separate microfluidic

cartridge device having a mixing chamber containing dried storage stable CD4 assay
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reagents. The sample chamber of each of the 120 microfluidic cartridge devices were
illuminated by a broad spectrum LED light source (one white light LED and one near-IR
LED, sequentially illuminated) with a wavelength range of 500 nm to 850 nm through a
slit projection module having a slit and demagnifying lens to focus the slit-shaped beam
at the surface of the sample chamber. The sample chamber is moved through the slit-
shaped beam passing light through the sample chamber which is diffracted using a
diffraction grating onto a CCD detector. Pixel plots from the CCD detector are
compressed to a one-dimensional spectrum of transmitted light with respect to
wavelength. Using the Beer-Lambert Law, absorbance spectra were calculated from the
spectra of transmitted light. Concentration of hemoglobin for each sample was
calculated using absorbance at 548 nm and corrected for scatter by measuring
absorbance at 650 nm or 675 nmFigure 10 shows a plot of the hemoglobin
concentration as determined using the absorbance assay described herein and
hemoglobin concentration determined using the Sysmex XS-1000i automated
hematology system. As shown in Figure 10, there is a strong linear relationship between
the hemoglobin concentrations determined using the subject methods as compared to
the hematology analyzer. This shows that the subject methods are suitable for providing
clinically accurate concentrations of hemoglobin in whole blood (venipuncture or

fingerstick).

Notwithstanding the appended clauses, the disclosure set forth herein is also
defined by the following clauses:
1. A method of assaying a sample for an analyte, the method comprising:

illuminating a sample in a sample chamber with a light source through a slit
projection module to provide a slit-shaped beam on the sample chamber;

detecting light transmitted through the sample; and

calculating absorbance of the detected light at one or more wavelengths to assay
the sample for the analyte in the sample.
2. The method according to clause 1, wherein the method further comprises
calculating absorbance of detected light at one or more wavelengths to compensate for
scatter by the sample.
3. The method according to any of clauses 1-2, wherein the method comprises
calculating absorbance of detected light at a wavelength of 700 nm or less to

compensate for scatter by the sample.
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4. The method according to clause 3, wherein the method comprises calculating
absorbance of detected light at 650 nm to compensate for scatter by the sample.

5. The method according to any of clauses 1-4, wherein the sample is illuminated
with one or more broad spectrum light sources.

6. The method according to clause 5, wherein the sample is illuminated with two
broad spectrum light sources.

7. The method according to clause 6, wherein the sample is illuminated with light
having wavelength range of from 500 nm to 700 nm with a first broad spectrum light
source and illuminated with light having wavelengths range of from 700 nm to 830 nm
with a second broad spectrum light source.

8. The method according to any of clauses 1-7, wherein the broad spectrum light
source comprises a visible light source and a near infrared light source.

9. The method according to any of clauses 1-8, wherein illuminating through the slit
projection module produces a beam of light that has the shape of a slit.

10. The method according to clause 9, wherein slit-shaped beam has a length that is
greater than the width of the microfluidic chamber.

11. The method according to any of clauses 9, wherein slit-shaped beam has a
length that is less than the width of the microfluidic chamber.

12. The method according to clause 9, wherein slit-shaped beam has a length that is
substantially the same as the width of the microfluidic chamber.

13. The method according to any of clauses 9-12, wherein illuminating the sample
chamber through the slit projection module produces a slit-shaped beam having a length
of from about 2.5 mm to about 3.5 mm.

14. The method according to clause 13, wherein illuminating the sample chamber
through the slit projection module produces a slit-shaped beam having a length of about
3 mm.

15. The method according to any of clauses 9-12, wherein illuminating the sample
chamber through the slit projection module produces a slit-shaped beam having a width
of from about 25 um to about 75 um.

16. The method according to clause 15, wherein illuminating the sample chamber
through the slit projection module produces a slit-shaped beam having a width of about

50 um.

82



WO 2015/073384 PCT/US2014/064873

17. The method according to any of clauses 9-16, wherein the method comprises
moving the sample chamber or the slit-projection module in a manner sufficient to
displace the slit-shaped beam along a length of the sample chamber.

18. The method according to any of clauses 9-16, wherein the sample chamber is
moved in a manner sufficient to displace the slit-shaped beam in a back-and-forth
motion.

19. The method according to any of clauses 9-16, wherein the sample chamber is
moved in a manner sufficient to displace the slit-shaped beam along 75% or more of the
length of the sample chamber.

20. The method according to any of clauses 9-16, wherein the sample chamber is
moved in a manner sufficient to displace the slit-shaped beam along the entire length of
the sample chamber.

21. The method according to any of clauses 1-20, wherein the sample chamber is
moved in a manner sufficient to displace the slit shaped beam along the length of the
sample chamber in discrete increments.

22. The method according to clause 21, wherein the sample chamber is moved in a
manner sufficient to displace the slit shaped beam along the length of the sample
chamber in 3 mm increments.

23. The method according to any of clauses 21-22, wherein light is detected at each
discrete increment.

24. The method according to clause 23, wherein absorbance of light by the analyte is
calculated from the detected light.

25. The method according to any of clauses 1-20, wherein the sample chamber is
moved in a manner sufficient to continuously displace the slit-shaped beam along the
length of the sample chamber.

26. The method according to clause 25, wherein light is detected continuously during
movement of the sample chamber.

27. The method according to clause 26, wherein absorbance of light by the analyte is
calculated from the detected light.

28. The method according to any of clauses 1-27, wherein detecting light transmitted
through the sample comprises spatially separating wavelengths of light collected from
the sample chamber.

29. The method according to any of clauses 1-27, wherein spatially separating

wavelengths of light comprises diffracting light with a diffraction grating.
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30. The method according to any of clauses 1-29, wherein the method further

comprises illuminating a blank reference window.

31. The method according to any of clauses 1-30, wherein the method further

comprises projecting a non-diffracted image of the slit on a detector.

32. The method according to clause 31, wherein the method comprises using the

non-diffracted image of the slit for calibration.

33. The method according to clause 32, wherein absorbance is calculated at a

wavelength between 500 nm and 600 nm.

34. The method according to clause 33, wherein the absorbance is calculated at one

or more wavelengths selected from the group consisting of: 504 nm, 506 nm, 514 nm,

532 nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm, 580 nm, 585 nm and 586

nm.

35. The method according to any of clauses 33-34, wherein absorbance is calculated

at about 548 nm.

36. The method according to any of clauses 33-34, wherein absorbance is calculated

at a wavelength between 600 nm and 700 nm.

37. The method according to any of clauses 33-34, wherein the absorbance is

calculated at one or more wavelengths selected from the group consisting of: 650 nm,

675 nm, 710 nm, 808 nm, 815 nm, 830 nm.

38. The method according to any of clauses 36-37, wherein absorbance is calculated

at 675 nm.

39. The method according to any of clauses 33-38, wherein absorbance is calculated

at first wavelength that is between 500 nm and 600 nm and at a second wavelength that

is between 600 nm and 700 nm.

40. The method according to clause 39, wherein absorbance is calculated at 548 nm

and 675 nm.

41. The method according to clause 39, wherein absorbance is calculated at 548 nm

and 650 nm.

42. The method according to any of clauses 1-41, wherein the analyte is hemoglobin.

43. A method of assaying a sample for an analyte, the method comprising:
illuminating a sample in a sample chamber with a light source at a first

wavelength between 500 nm and 600 nm and a second wavelength between 600 nm

and 700 nm;

detecting light transmitted through the sample; and
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calculating absorbance of the detected light at the first and second wavelengths
to assay the sample for the analyte in the sample.
44, The method according to clause 43, wherein the first wavelength is 548 nm.
45. The method according to clause 43, wherein the second wavelength is 675 nm.
46. The method according to clause 43, wherein the second wavelength is 650 nm.
47. The method according to clause 43, wherein the first wavelength is 548 nm and
the second wavelength is 675 nm.
48. The method according to clause 43, wherein the first wavelength is 548 nm and
the second wavelength is 650 nm.
49. A method of assaying a sample for an analyte, the method comprising:

positioning a microfluidic device having a capillary channel sample chamber in a
stationary holder for the microfluidic device;

illuminating a sample in a sample chamber with a light source through a slit
projection module to provide a slit-shaped beam on the sample chamber;

illuminating a blank reference window with the light source through the slit
projection module;

detecting light transmitted through the sample; and

calculating absorbance of the detected light at one or more wavelengths to assay
the sample for the analyte in the sample.
50. A system for assaying a sample for an analyte, the system comprising:

a broad spectrum light source;

a slit projection module coupled to the broad spectrum light source, wherein the
slit projection module comprises:

a slit that narrows a beam of light from the broad spectrum light source to
a width equal to the width of the slit; and
a focusing lens that focuses light from the slit;

an objective lens which focuses light transmitted from a sample;

a diffraction grating; and

a detector for detecting one or more predetermined wavelengths of the
transmitted light.
51. The system according to clause 50, wherein the broad spectrum light source

comprises a visible light source and a near infrared light source.
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52. The system according to clause 51, wherein the broad spectrum light source
comprises an irradiation profile having emission peaks at about 450 nm, about 550 nm
and about 830 nm.
53. The system according to any of clauses 50-53, wherein the slit projection module
comprises:

a slit configured to narrow a beam of light from the broad spectrum light source;
and

a focusing lens coupled to the slit for focusing light which passes through the slit.
54. The system according to clause 53, wherein the slit has a width of from about 75
pm to 125 um.
55. The system according to clause 53, wherein the slit has a width of about 100 um.
56. The system according to clause 53, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length that is greater
than the width of the microfluidic chamber.
57. The system according to clause 53, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length that is
substantially the same as the width of the microfluidic chamber.
58. The system according to clause 53, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length that is less than
the width of the microfluidic chamber.
59. The system according to any of clauses 50-58, wherein the slit projection module
is configured to project a light beam in the shape of a slit having a length of from about
2.5 mm to about 3.5 mm.
60. The system according to any of clauses 50-58, wherein the slit projection module
is configured to project a light beam in the shape of a slit having a length of about 3 mm.
61. The system according to any of clauses 50-58, wherein the slit projection module
is configured to project a light beam in the shape of a slit having a width of from about 25
um to about 75 um.
62. The system according to clause 61, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a width of about 50 um.
63. The system according to any of clauses 50-62, wherein the slit comprises a
material selected from the group consisting of gold-plated copper, ceramic, chromium,

copper, molybdenum and tungsten.

86



WO 2015/073384 PCT/US2014/064873

64. The system according to any of clauses 50-62, wherein the focusing lens
coupled to the slit comprises a de-magnifying lens.

65. The system according to clause 64, wherein the focusing lens is a doublet
achromatic lens.

66. The system according to any of clauses 64-65, wherein the focusing lens
coupled to the slit has a magnification ratio of from about 0.5 to about 0.75.

67. The system according to any of clauses 64-65, wherein the focusing lens
coupled to the slit has a magnification ratio of about 0.6.

68. The system according to any of clauses 50-67, wherein the slit projection module
is configured to move along the length of a microfluidic chamber.

69. The system according to clause 68, wherein the slit projection module is
configured to move along the length of the microfluidic chamber in discrete increments.
70. The system according to clause 68, wherein the slit projection module is
configured to continuously move along the length of the microfluidic chamber.

71. The system according to any of clauses 50-67, wherein the system is configured
to move a microfluidic chamber relative to the slit projection module.

72. The system according to clause 71, wherein the microfluidic chamber is
configured to move in discrete increments.

73. The system according to clause 71, wherein the microfluidic chamber is
configured to move continuously.

74. The system according to clause 50-67, wherein the objective lens has a
magnification ratio of from 1.5 to 2.5.

75. The system according to clause 74, wherein the objective lens has a
magnification ratio of about 1.7.

76. The system according to any of clauses 50-67, wherein the objective lens is a
doublet achromatic lens.

77. The system according to any of clauses 50-67, wherein the system further
comprises a diffraction grating configured to spatially separate light into separate
wavelengths.

78. The system according to clause 77, wherein the diffraction grating is positioned
in a filter wheel.

79. The system according to clause 77, wherein the slit projection module, objective

lens and diffraction grating provide a spatial separation resolution of 5 nm or less.
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80. The system according to clause 79, wherein the slit projection module, objective
lens and diffraction grating provide a spatial separation resolution of 2 nm or less.
81. The system according to any of clauses 50-80, wherein the detector is a charged
coupled device.
82. The system according to any of clauses 50-80, wherein the detector is configured
to detect light transmitted through the sample at a wavelength between 500 nm and 600
nm.
83. The system according to clause 82, wherein the detector is configured to detect
light transmitted through the sample at about 548 nm.
84. The system according to any of clauses 50-83, wherein the detector is configured
to detect light transmitted through the sample at a wavelength between 600 nm and 700
nm.
85. The system according to clause 84, wherein the detector is configured to detect
light transmitted through the sample at about 675 nm.
86. The system according to any of clauses 50-85, wherein the detector is configured
to detect light transmitted through the sample at a first wavelength that is between 500
nm and 600 nm and at a second wavelength that is between 600 nm and 700 nm.
87. The system according to clause 86, wherein the first wavelength is about 548 nm
and the second wavelength is about 675 nm.
88. A system comprising:
a broad spectrum light source;
a slit projection module coupled to the broad spectrum light source, wherein the
slit projection module comprises:
a slit that narrows a beam of light from the broad spectrum light source to
a width equal to the width of the slit; and
a focusing lens that focuses light from the slit;
a cartridge holder configured to receive a microfluidic device having a capillary
channel sample chamber; and
a detector for detecting one or more predetermined wavelengths of the
transmitted light; and
a microfluidic device configured to perform an assay of a liquid sample
positioned in the cartridge holder , the device comprising:
a sample application site in fluid communication with an inletinto a

capillary channel sample chamber;
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a capillary channel sample chamber; and
a reagent mixing chamber positioned between the sample application site

and the capillary channel sample chamber.
89. The system according to clause 88, wherein the broad spectrum light source
comprises a visible light source and a near infrared light source.
90. The system according to any of clauses 88-89, wherein the broad spectrum light
source comprises an irradiation profile having emission peaks at about 450 nm, about
550 nm and about 830 nm.
91. The system according to any of clauses 88-90, wherein the slit projection module
comprises:

a slit configured to narrow a beam of light from the broad spectrum light source;
and

a focusing lens coupled to the slit for focusing light which passes through the slit.
92. The system according to clause 91, wherein the slit has a width of from about 75
pm to 125 um.
93. The system according to clause 91, wherein the slit has a width of about 100 um.
94. The system according to clause 91, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length that is greater
than the width of the microfluidic chamber.
95. The system according to clause 91, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length that is
substantially the same as the width of the microfluidic chamber.
96. The system according to clause 91, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length that is less than
the width of the microfluidic chamber.
97. The system according to clause 91, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length of from about 2.5
mm to about 3.5 mm.
98. The system according to clause 97, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a length of about 3 mm.
99. The system according to clause 91, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a width of from about 25

um to about 75 um.
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100. The system according to clause 99, wherein the slit projection module is
configured to project a light beam in the shape of a slit having a width of about 50 um.
101. The system according to any of clauses 88-100, wherein the slit comprises a
material selected from the group consisting of gold-plated copper, ceramic, chromium,
copper, molybdenum and tungsten.

102. The system according to any of clauses 88-100, wherein the focusing lens
coupled to the slit comprises a de-magnifying lens.

103. The system according to clause 102, wherein the focusing lens is a doublet
achromatic lens.

104. The system according to clause 102, wherein the focusing lens coupled to the slit
has a magnification ratio of from about 0.5 to about 0.75.

105. The system according to clause 102, wherein the focusing lens coupled to the slit
has a magnification ratio of about 0.6.

106. The system according to any of clauses 88-105, wherein the slit projection
module is configured to move along the length of the microfluidic chamber.

107. The system according to clause 106, wherein the slit projection module is
configured to move along the length of the microfluidic chamber in discrete increments.
108. The system according to clause 106, wherein the slit projection module is
configured to continuously move along the length of the microfluidic chamber.

109. The system according to any of clauses 88-108, wherein the system is
configured to move a microfluidic chamber relative to the slit projection module.

110. The system according to clause 109, wherein the microfluidic chamber is
configured to move in discrete increments.

111.  The system according to clause 109, wherein the microfluidic chamber is
configured to move continuously.

112.  The system according to any of clauses 88-111, wherein the objective lens has a
magnification ratio of from 1.5 to 2.5.

113. The system according to clause 112, wherein the objective lens has a
magnification ratio of about 1.7.

114. The system according to any of clauses 88-113, wherein the objective lens is a
doublet achromatic lens.

115.  The system according to any of clauses 88-114, wherein the system further
comprises a diffraction grating configured to spatially separate light into separate

wavelengths.
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116. The system according to clause 115, wherein the diffraction grating is positioned
in a filter wheel.

117. The system according to clause 115, wherein the slit projection module, objective
lens and diffraction grating provide a spatial separation resolution of 5 nm or less.

118. The system according to clause 115, wherein the slit projection module, objective
lens and diffraction grating provide a spatial separation resolution of 2 nm or less.

119. The system according to any of clauses 88-118, wherein the detector is a
charged coupled device.

120. The system according to any of clauses 88-119, wherein the detector is
configured to detect light transmitted through the sample at a wavelength between 500
nm and 600 nm.

121. The system according to clause 120, wherein the absorbance is calculated at
one or more wavelengths selected from the group consisting of: 504 nm, 506 nm, 514
nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm, 580 nm, 585 nm and
586 nm.

122. The system according to clause 120, wherein the detector is configured to detect
light transmitted through the sample at about 548 nm.

123. The system according to any of clauses 88-119, wherein the detector is
configured to detect light transmitted through the sample at a wavelength between 600
nm and 700 nm.

124. The system according to clause 123, wherein the absorbance is calculated at
one or more wavelengths selected from the group consisting of: 650 nm, 675 nm, 710
nm, 808 nm, 815 nm, 830 nm.

125. The system according to clause 123, wherein the detector is configured to detect
light transmitted through the sample at about 675 nm.

126. The system according to clause 123, wherein the detector is configured to detect
light transmitted through the sample at about 650 nm.

127. The system according to any of clauses 88-119, wherein the detector is
configured to detect light transmitted through the sample at a first wavelength that is
between 500 nm and 600 nm and at a second wavelength that is between 600 nm and
700 nm.

128. The system according to clause 127, wherein the first wavelength is about 548

nm and the second wavelength is about 675 nm.
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129. The system according to clause 127, wherein the first wavelength is about 548
nm and the second wavelength is about 650 nm.
130. The system according to any of clauses 88-119, wherein the capillary sample

chamber has a depth of from 20 um to 70 pm.

131. The system according to any of clauses 88-119, wherein the reagent mixing
chamber comprises a porous disc for contacting the sample with one or more reagents.
132. The system according to clause 131, wherein the one or more reagents comprise
CD4-PECy5, CD3-APC, CD45RA-APC, CD14-PE.
133. The system according to any of clauses 88-132, wherein the microfluidic device
further comprises a reference window which is not in fluid communication with the
capillary channel sample chamber.
134. The system according to clause 133, wherein the reference window is configured
as a reference blank when illuminated with one or more light sources.
135. The system according to clause 133, wherein the reference window has the
same index of refraction as the capillary channel sample chamber.
136. A method comprising:
providing a system for assaying a sample for an analyte, the system comprising:
a broad spectrum light source;
a slit projection module coupled to the broad spectrum light source,
wherein the slit projection module comprises:
a slit that narrows a beam of light from the broad spectrum light
source to a width equal to the width of the slit; and
a focusing lens that focuses light from the slit;
a cartridge holder configured to receive a microfluidic device having a
capillary channel sample chamber; and
a detector for detecting one or more predetermined wavelengths of the
transmitted light;
positioning the microfluidic device into the cartridge holder;
illuminating a sample in a sample chamber with a light source through a slit projection
module to provide a slit-shaped beam on the sample chamber;
detecting light transmitted through the sample; and
calculating absorbance of the detected light at one or more wavelengths to assay

the sample for the analyte in the sample.
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137. The method according to clause 136, wherein the sample has a volume of
between 1 uL and 100 pL.

138. The method according to clause 137, wherein the sample has a volume of 25 pL.
139. The method according to any of clauses 136-138, wherein positioning the
microfluidic device into the cartridge holder comprises sliding the microfluidic device into
the interior of the system.

140. The method according to any of clauses 136-138, wherein the cartridge holder is
configured to slide out of the system to receive the microfluidic device.

141. The method according to any of clauses 136-140, wherein the method further
comprises calculating absorbance of detected light at one or more wavelengths to
compensate for scatter by the sample.

142. The method according to any of clauses 136-140, wherein the method comprises
calculating absorbance of detected light at a wavelength of 700 nm or less to
compensate for scatter by the sample.

143. The method according to clause 142, wherein the method comprises calculating
absorbance of detected light at 650 nm to compensate for scatter by the sample.

144. The method according to any of clauses 136-143, wherein the sample is
illuminated with one or more broad spectrum light sources.

145. The method according to any of clauses 136-143, wherein the sample is
illuminated with two broad spectrum light sources.

146. The method according to any of clauses 136-143, wherein the broad spectrum
light source comprises a visible light source and a near infrared light source.

147. The method according to any of clauses 136-143, wherein illuminating through
the slit projection module produces a beam of light that has the shape of a slit.

148. The method according to clause 147, wherein slit-shaped beam has a length that
is greater than the width of the microfluidic chamber.

149. The method according to clause 147, wherein slit-shaped beam has a length that
is less than the width of the microfluidic chamber.

150. The method according to clause 147, wherein slit-shaped beam has a length that
is substantially the same as the width of the microfluidic chamber.

151.  The method according to clause 147, wherein illuminating the sample chamber
through the slit projection module produces a slit-shaped beam having a length of from

about 2.5 mm to about 3.5 mm.
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152. The method according to clause 151, wherein illuminating the sample chamber
through the slit projection module produces a slit-shaped beam having a length of about
3 mm.

153. The method according to clause 147, wherein illuminating the sample chamber
through the slit projection module produces a slit-shaped beam having a width of from
about 25 um to about 75 um.

154. The method according to clause 153, wherein illuminating the sample chamber
through the slit projection module produces a slit-shaped beam having a width of about
50 um.

155. The method according to clause 147, wherein the method comprises moving the
sample chamber or the slit-projection module in a manner sufficient to displace the slit-
shaped beam along a length of the sample chamber.

156. The method according to clause 147, wherein the sample chamber is moved in a
manner sufficient to displace the slit-shaped beam in a back-and-forth motion.

157. The method according to clause 147, wherein the sample chamber is moved in a
manner sufficient to displace the slit-shaped beam along 75% or more of the length of
the sample chamber.

158. The method according to clause 147, wherein the method comprises moving the
slit-shaped beam along a length of the sample chamber.

159. The method according to clause 147, wherein the method comprises moving the
slit-shaped beam in a back-and-forth motion along a length of the sample chamber.

160. The method according to any of clauses 136-159, wherein absorbance of light by
the analyte is calculated from the detected light.

161. The method according to any of clauses 136-160, wherein light is detected
continuously.

162. The method according to clause 161, wherein absorbance of light by the analyte
is calculated from the detected light.

163. The method according to any of clauses 136, wherein absorbance of light by the
analyte is calculated at two or more different wavelengths.

164. The method according to clause 163, wherein absorbance is calculated at a
wavelength between 500 nm and 600 nm.

165. The method according to clause 164, wherein the absorbance is calculated at

one or more wavelengths selected from the group consisting of: 504 nm, 506 nm, 514
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nm, 532 nm, 543 nm, 548 nm, 550 nm, 561 nm, 568 nm, 579 nm, 580 nm, 585 nm and
586 nm.
166. The method according to clause 164, wherein absorbance is calculated at about
548 nm.
167. The method according to clause 166, wherein absorbance is calculated at a
wavelength between 600 nm and 700 nm.
168. The method according to clause 167, wherein the absorbance is calculated at
one or more wavelengths selected from the group consisting of: 650 nm, 675 nm, 710
nm, 808 nm, 815 nm, 830 nm.
169. The method according to clause 167, wherein absorbance is calculated at 675
nm.
170. The method according to clause 167, wherein absorbance is calculated at 650
nm.
171.  The method according to any of clauses 136-170, wherein the analyte is
hemoglobin.
172. A kit comprising:

(@) a micro-fluidic device comprising:

a sample application site in fluid communication with an inlet into a capillary
channel sample chamber;

a capillary channel sample chamber; and

a reagent mixing chamber positioned between the sample application site and
the capillary channel sample chamber; and

(b) a container housing the device.

173. The kit according to clause 172, wherein the container comprises a pouch.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this disclosure that certain
changes and modifications may be made thereto without departing from the spirit or
scope of the appended claims.

Accordingly, the preceding merely illustrates the principles of the invention. It will
be appreciated that those skilled in the art will be able to devise various arrangements

which, although not explicitly described or shown herein, embody the principles of the
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invention and are included within its spirit and scope. Furthermore, all examples and
conditional language recited herein are principally intended to aid the reader in
understanding the principles of the invention being without limitation to such specifically
recited examples and conditions. Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof. Additionally, it
is intended that such equivalents include both currently known equivalents and
equivalents developed in the future, i.e., any elements developed that perform the same
function, regardless of structure. The scope of the present invention, therefore, is not
intended to be limited to the exemplary embodiments shown and described herein.

Rather, the scope and spirit of present invention is embodied by the appended claims.
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What is claimed is:

1. A method of assaying a sample for an analyte, the method comprising:
iluminating a sample in a sample chamber with a light source through a
slit projection module to provide a slit-shaped beam on the sample chamber;
detecting light transmitted through the sample; and
calculating absorbance of the detected light at one or more wavelengths to
assay the sample for the analyte in the sample.

2. The method according to claim 1, wherein the sample is illuminated with a
light source at a first wavelength between 500 nm and 600 nm and at a second

wavelength between 600 nm and 700 nm.

3. The method according to claim 1, further comprising moving the sample
chamber in a manner sufficient to displace the slit-shaped beam along 75% or

more of the length of the sample chamber.

4. The method according to claim 1, wherein detecting light transmitted
through the sample comprises spatially separating wavelengths of light collected
from the sample chamber.

5. The method according to claim 1, wherein the method further comprises
calculating absorbance of detected light at one or more wavelengths to
compensate for scatter by the sample.

6. The method according to claim 5, wherein the method comprises
calculating absorbance of detected light at a wavelength of 700 nm or less to
compensate for scatter by the sample.

7. The method according to claim 1, wherein absorbance is calculated at 548

nm and 675 nm.

97



WO 2015/073384 PCT/US2014/064873

8. The method according to claim 1, wherein the method further comprises

iluminating a blank reference window.

9. The method according to claim 1, wherein the method further comprises

projecting a non-diffracted image of the slit on a detector.

10. A system for assaying a sample for an analyte, the system comprising:
a broad spectrum light source;
a slit projection module coupled to the broad spectrum light source,
wherein the slit projection module comprises:
a slit that narrows a beam of light from the broad spectrum light
source to a width equal to the width of the slit; and
a focusing lens that focuses light from the slit;
an objective lens which focuses light transmitted from a sample;
a diffraction grating; and
a detector for detecting one or more predetermined wavelengths of the

transmitted light.

11.  The system according to claim 10, wherein the focusing lens is coupled to
the slit and comprises a de-magnifying lens.

12.  The system according to claim 10, wherein the broad spectrum light

source comprises a visible light source and a near infrared light source.

13.  The system according to claim 10, further comprising:
a cartridge holder configured to receive a microfluidic device having a
capillary channel sample chamber; and

a microfluidic device configured to perform an assay of a liquid sample

positioned in the cartridge holder, the device comprising:
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a sample application site in fluid communication with an inlet into a

capillary channel sample chamber;
a capillary channel sample chamber; and

a reagent mixing chamber positioned between the sample
application site and the capillary channel sample chamber.

14.  The system according to claim 13, wherein the microfluidic device

comprises a reference window which is not in fluid communication with the

capillary channel sample chamber.

15.  The system according to claim 14, wherein the reference window has the

same index of refraction as the capillary channel sample chamber.
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