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Description

Background

[0001] Point-of-care testing and the search for effec-
tive biomarkers are important themes in biomedical re-
search, e.g. Holland et al. Curr. Opin. Microbiol. 8:
504-509 (2005): Yager et al, Nature. 442: 412-418
(2006); Frank et al. Nature Reviews Drug Discovery, 2:
566-580 (2003); Sidransky, Nature Reviews Drug Dis-
covery, 2: 210-218 (2002). Both endeavors are meant to
improve the access and effectiveness of healthcare while
reducing its costs. Point-of-care testing is analytical test-
ing performed outside a central laboratory using a device
that can be easily transported to the vicinity of the patient
and that can be operated under field conditions without
highly specialized personnel. In many acute care medical
and bio-defense monitoring applications, rapid sample
processing and test readouts are also required, e.g. Raja
et al, Clinical Chemistry, 48: 1329-1337 (2002).
[0002] A biomarker is a characteristic that is objectively
measured and evaluated as an indicator of normal bio-
logical processes, pathogenic processes, or pharmaco-
logical responses to a therapeutic intervention. Atkinson
et al, Clin. Pharmacol. Ther . 69: 89-95 (2001). Biomar-
kers vary widely in nature, ease of measurement, and
correlation with physiological states of interest, e.g. Frank
et al (cited above). Most point-of-care devices are de-
signed to measure molecular biomarkers that have been
extracted from a sample or specimen or that are found
directly in a biological fluid, such as blood, Holland et al
(cited above). There is significant interest in measuring
cellular markers in point-of-care devices, but cellular
markers typically require some form of imaging or a flu-
idics system in order to make cell-specific measure-
ments, thereby adding a significant technical challenge
over that posed by the measurement of molecular mark-
ers, e g. Shapiro, Cytometry A, 60A: 115-124 (2004);
Shapiro et al, Cytometry A, 69A: 620-630 (2006); Ro-
driquez et al, PLOS Medicine, 2(7): e182 (2005); Janossy
et al. Clinical Cytometry, 50: 78-85 (2002); Toner et al,
Annu. Rev- Biomed. Eng., 7: 77-103 (2005): and the like.
[0003] Point-of-care tests could be carried out on a
wide range of sample types, including not only samples
from individual organisms, such as medical, veterinary,
or plant samples, but also samples from various environ-
ments, such as soils, water systems, air conditioner sys-
tems, surfaces in public places, such as transportation
systems, and the like. Among medical samples, biolog-
ical fluids, such as blood, saliva, tear duct fluid, urine,
and the like, are especially amenable for use with point-
of-care assays, as they are usually much more accessi-
ble than solid tissues. Among such biological fluids from
which cellular or molecular markers can be obtained,
blood is the sample of choice, whenever biologically rel-
evant, because it systemic, it is easily accessible, and it
contains a rich and dynamic suspension of cells and mol-
ecules whose composition reflects states of health and

disease. In particular, there is great interest in being able
to count certain subsets of non-red blood cells that are
correlated with disease susceptibilities, disease progres-
sion, drug responsiveness, and the like. e.g. Guisset et
al, Intensive Care Med, Epub (November 8. 2006 ):
Shaked et al. Curr. Cancer Drug Targets, 5: 551-559
(2005 ): Madjid et al, J Am. Coll. Cardiol., 44: 1945-1956
(2004 ): Janossy et al (cited above); Rodriquez et al (cited
above). Unfortunately, currently available analyzers for
such markers suffer from one or more drawbacks that
limit their widespread use, including complex preparation
steps involving separation and/or cell lysis, involvement
of specialized personnel, lack- of portability, high cost.
lack of sensitivity, and the like.
[0004] In view of the above, several medical and bio-
technology fields would be significantly advanced with
the availability of techniques, capable of point-of-care op-
eration, which permitted facile and flexible measure-
ments of cellular markers, particularly in biological fluids,
such as blood.
[0005] EP 1 701 150 A1 describes a cuvette compris-
ing a main body and a sample chamber. The sample
chamber can be filled with a sample through the inlet by
the capillary action. In the sample chamber a dried rea-
gent is arranged to be dissolved by the sample. Further,
the sample chamber comprises an optically transmissive
wall through which the sample can be analyzed.
[0006] In WO 00/28297 a disposable cuvette is dis-
closed comprising a mixing chamber and fluidly connect-
ed to that a sample chamber. Further, the disposable
cuvette comprises a component in which a reagent is
contained. The sample is transferred from the inlet by a
pump to the mixing chamber to be mixed with the reagent.
From there the sample is transferred to the sample cham-
ber to be analyzed.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a disposable blood
collection cuvette for optical analysis of non-red blood
cells, the cuvette that comprises (a) a mixing chamber
having an inlet for accepting a sample of whole blood,
the mixing chamber further comprising a dried reagent
capable of dissolving on contact with the whole blood
sample and containing a probe composition that com-
prises a plurality of analyte-specific probes, each capable
of binding specifically to a different cellular analyte of a
non-red blood cell, wherein each probe is characterized
by (i) a binding compound specific for a cellular analyte
under binding conditions, and (ii) attached to the binding
compound an optical label, wherein the optical label of
each different probe has a different excitation band and
the optical labels of all probes emit optical signals within
the same wavelength range; and (b) a sample chamber
fluidly connected to the mixing chamber so that a sample
in the mixing chamber is transferred to the sample cham-
ber by capillary action, the sample chamber having an
optically transmissive wall and a dimension perpendicu-
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lar thereto substantially equivalent to the diameter of a
non-red blood cell so that optical signals generated by
probes attached to cellular analytes thereof are not ob-
structed by red blood cells of the sample. Preferably, said
dimension is selected so that it substantially precludes
the formation of a light-obstructing layer of enucleate red
blood cells between a cell of interest and said optically
transmissive wall.
[0008] The invention overcomes many cost and effi-
ciency drawbacks of prior art approaches to point-of-care
systems for rapid analysis of blood samples. The inven-
tion is well suited for low cost and efficient detection and
counting of non-red blood cells.

Brief Description of the Drawings

[0009]

Fig. 1 illustrates diagrammatically an optical system
for use with the invention.
Fig. 2 illustrates diagrammatically a system of optical
components which is not part of the present invention
for use with LEDs to condition excitation beams.
Fig 3 illustrates the principle for selecting optical la-
bels for probe compositions used in the invention.
Fig. 4A shows absorption curves for two fluorescent
labels used in the example that have distinct excita-
tion bands but that are capable of emitting substan-
tial fluorescence within the same wavelength range.
Fig. 4B shows absorption and emission curves of
three fluorescent labels that may be sequentially ex-
cited by three different excitation beams and that
emit fluorescence signals in the wavelength range
above 650 nm.
Fig 5A-5C illustrate diagrammatically an embodi-
ment of a sample cuvette for detecting and analyzing
non-red blood cells and/or other cells or microorgan-
isms in whole blood.
Fig. 6A is an image of commercially available phy-
coerythrin-labeled beads disposed on a slide.
Fig. 6B shows data demonstrating the linear rela-
tionship between labeled bead concentration and
bead counts.
Fig. 7A is an image of cells from whole blood dually
labeled with APC-labeled anti-CD3 antibody and
PECy5-labeled anti-CD4 antibody.
Fig. 7B shows data from Fig. 5A in a two-dimensional
plot of APC signal intensity versus PE signal inten-
sity, which shows distinct clusters of three cell types,
monocytes, CD4+T cells, and CD4-T cells.
Figs 8A-8B show data comparing whole blood cell
counts from the apparatus of Example 1 to counts
obtained using a flow cytometer, both for different
sample cuvette depths (Fig.
6A) and for different labels with a 50 [mu]m (depth)
sample cuvette (Fig 6B).
Fig. 9 shows data from a bead-based assay for in-
terleukin-2 concentration.

Fig. 10 diagrammatically illustrates an optical system
for use with the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The practice of the present invention may em-
ploy, unless otherwise indicated, conventional tech-
niques from molecular biology (including recombinant
techniques), cell biology, immunoassay technology, mi-
croscopy, image analysis, and analytical chemistry,
which are within the skill of the art Such conventional
techniques include, but are not limited to, detection of
fluorescent signals, image analysis, selection of illumi-
nation sources and optical signal detection components,
labeling of biological cells, and the like. Such convention-
al techniques and descriptions can be found in standard
laboratory manuals such as Genome Analysis; A Labo-
ratory Manual Series (Vols. I-IV), Using Antibodies: A
Laboratory Manual. Cells: A Laboratory Manual, PCR
Primer: A Laboratory Manual, and Molecular Cloning. A
Laboratory Manual (all from Cold Spring Harbor Labora-
tory Press ); Murphy, Fundamentals of Light Microscopy
and Electronic Imaging (Wiley-Liss, 2001 ); Shapiro,
Practical Flow Cytometry, Fourth Edition (Wiley-Liss,
2003 ): Herman et al, Fluorescence Microscopy, 2nd Edi-
tion (Springer, 1998 ); all of which are herein incorporated
in their entirety by reference for all purposes.
[0011] The invention provides a disposable cuvette for
measuring and counting non-red blood cells, in a whole
blood sample by sequentially illuminating the sample with
illumination beams having different wavelength ranges
that correspond to the excitation bands of labels directly
or indirectly bound or attached to the cells in the sample.
After each illumination in such a sequence, optical sig-
nals are collected to form an image, so that a set of im-
ages are formed each containing image data that is an-
alyzed to provide counts and/or measurements of the
population of cells. A plurality of illumination beams is
employed that have substantially non-overlapping wave-
length ranges. Such plurality of illumination beams may
be in the range of from 2 to 6, or in the range of from 2
to 4, or in the range of from 2 to 3, A plurality of illumination
beams may be generated by a variety of methods and
apparatus available to those of ordinary skill, including
by lasers, filament and arc lamps, and the like. In one
example, illumination beams are generated using light
emitting diodes (LEDs), or like solid state devices. Ex-
emplary LED light sources include Luxeon TM LEDs that
have wavelength peaks in green (530 nm), cyan (505
nm), blue (470 nm), and royal blue (455 nm), commer-
cially available from Lumileds Lighting LLC (San Jose,
CA). Guidance in selecting particular LEDs for use with
the invention is widely available in the technical literature,
such as Luxeon Star Technical Data Sheet DS23 (Philips
Lumileds Lighting Company, San Jose, 2006); Luxeon
Star V Technical Data Sheet DS30 (Lumileds Lighting,
U.S., LLC, San Jose, CA. September 20, 2004); and the
like Usually, light sources are used with conventional fil-
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ters and other optical components for generating illumi-
nation beams of desired wavelength ranges and intensity
distributions.

1. Optical Systems

[0012] A wide variety of optical systems can be em-
ployed with the invention Generally, such systems pro-
vide one or more illumination beams for sequentially il-
luminating a sample in distinct wavelength ranges, an
image collection device for recording image data from
the illuminated sample, and a controller that controls the
operation of the illumination beams and image collection
device so that image data sets are sequentially collected.
[0013] In one example, such an optic system includes
a system comprising an image collection device used in
concert with sets of differentially excitable dyes attached
to probes specific for cell, particles, or analytes of interest
in a sample. In other words, such a system comprises
an apparatus of the following components for imaging
samples or specimens labeled with a plurality differen-
tially excitable labels: (a) multiple light sources each ca-
pable of illuminating the specimen with an illumination
beam having a distinct wavelength band; (b) a controller
coupled to the multiple light sources for successively di-
recting the illumination beam of each light source onto
the specimen so that each of the plurality of differentially
excitable labels is successively caused to emit an optical
signal within the same wavelength band; and (c) an op-
tical system capable of collecting such emitted optical
signals and forming successive images corresponding
there to on a light-responsive surface to form successive
sets of image data. One example of the above apparatus
is illustrated in Fig- 1. System (100) comprises several
components, including a plurality of light sources, shown
as LED 1 (102) and LED 2 (104), for sequentially illumi-
nating observation area (107) of sample (114) disposed
on or in sample platform (116), imaging optics (106) for
collecting optical signals (109) generated from probes in
and/or on the sample in response to illumination beams
(103) and (105) and for directing (111) the collected sig-
nals to detector (108), which comprises a light-respon-
sive surface, such as a CCD or CMOS element, on which
optical signals (109) form an image and from which suc-
cessive sets of image data are recorded Preferably, op-
eration of system (100) is under the control of computer
(110) that (a) controls the timing and duration of illumi-
nation beams (103) and (105), (b) controls detector (108)
for collecting and transferring image data to one or more
databases, (c) analyzes image data to produce a readout
for readout component (112), and like operation Sample
platform (116) may vary widely in design and functional
capabilities, but generally requires that a sample be dis-
posed in a substantially planar geometry that is consist-
ent with collecting a plurality of optical signals in parallel
and forming an image on a detector. Preferably, a sample
disposed on sample platform (116) is static and not flow-
ing or moving; or if motion is present, it is sufficiently slow

that successive images may be collected that are capa-
ble of alignment during image analysis. Sample platform
(116) may comprise conventional microscope slides,
sample chambers or cuvettes used in microscopy, cul-
ture plates, microfluidic devices, or the like. As described
more fully below, the sample platform (116) comprises a
disposable cuvette that is designed for detection of non-
red cell components in whole blood. In one aspect, sam-
ple platform (116) comprises a cuvette having a sample
chamber with a geometry that permits a known volume
to be surveyed whenever such cuvette is used with sys-
tem (100). In one embodiment, such a sample chamber
has a substantially planar geometry wherein (a) a floor
(or bottom wall) and a ceiling (or top wall) are parallel to
one another and (preferably) perpendicular to the mini-
mal light path to imaging optics (106) and (b) the perpen-
dicular distance between the top and bottom walls is sub-
stantially equivalent to the diameter of the cells or parti-
cles being detected. Whenever such sample chamber is
disposed in observation area (107), which is known or
determinable, the cells or particles will be in a known (or
determinable) volume, thereby permitting concentrations
of the particles or cells to be measured "Substantially
equivalent" in reference to the perpendicular distance,
or dimension, between the top and bottom walls of a sam-
ple chamber means that, in a whole blood sample, optical
signals from non-red cells or particles in observation area
(107) are detectable. In other words, a layer of red blood
cells (or other debris) that may be between a labeled cell
or particle and the top wall of the chamber does not com-
pletely obstruct transmission of optical signals. In one
aspect, where white blood cells are labeled and detected,
such as CD4+ cells, the perpendicular distance between
a top wall and a bottom wall is in the range of from 40 to
120 mm, or in the range of from 50 to 100 mm The nature
of readout component (112) may vary widely from a sim-
ple numerical display to a information-rich graphic user
interface. In one example, a simple numerical readout is
provided by readout component (112) that gives counts
of one or more predetermined cell or particle types. In
another example, readouts comprise concentrations of
or one or more predetermined cell or particle types. And
in still another example, readouts comprise simple "yes
or no" indicators as to whether threshold levels (e.g
counts or concentrations) of cells, particles, or other an-
alytes have or have not been passed.
[0014] LEDs generate illumination beams, the emis-
sions from the selected LED may be conditioned using
optical components, as illustrated in Fig. 2 for a two-LED
system First LED (202) and second LED (206) have con-
ditioning optics (200) and (204), respectively, that each
comprise diffuser (208), lens (210), bandpass filter (212),
and lens (216). A purpose of conditioning optics (200)
and (204) is to provide spatially uniform illumination of
sample (220)
[0015] Fig. 10 illustrates an epi-illumination optical sys-
tem for use with the invention. LED (1000) generates
illumination beam (1002) that is collimated by lens (1004)
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and directed to dichroic mirror (1006) and then to objec-
tive (1008) Light from illumination beam (1002) is focused
onto sample (1010) where fluorescent labels are excited
to emit fluorescent signals. Fluorescent signals collected
by objective (100B) are directed through dichroic mirror
(1006), optionally through emission filter (1012), then on-
to a light-responsive surface (1014), in this illustration, a
camera of a commercially available personal digital as-
sistant. Zire 72 Palm Pilot, which also contains a display
for observing a sample. Additional illumination beams
may be added by adding additional dichotic mirrors along
the optical path between objective (1008) and emission
filter (1012).

II. Differentially Excitable Probes

[0016] The invention uses compositions of differential-
ly excitable probes for use in labeling one or more of a
plurality of different analytes in a sample. Generally,
probe compositions used in the invention comprise a mix-
ture of analyte-specific probes, each capable of binding
specifically to a different analyte. wherein each probe is
characterized by (a) a binding compound specific for an
analyte, such as a cellular analyte, under binding condi-
tions, and (b) attached to the binding compound an op-
tical label, wherein the optical label of each different
probe has a different excitation band and the optical la-
bels of all probes emits optical signals within the same
wavelength range. Usually, the latter wavelength range
does not overlap with any of the excitation bands. Pref-
erably, optical labels are fluorescent labels, such as flu-
orescent dyes, capable of generating fluorescent signals.
However, other optical labels may be used with the in-
vention, such as plasmon resonance particle when used
under dark field illumination conditions. Probe composi-
tions used in the invention include at least one probe
specific for each of a plurality of different analytes. Such
plurality is in the range of from 2 to 8; or in the range of
from 2 to 4; or in the range of from 2 to 3; or such plurarlity
is at least 3; or is in the range of from 3 to 4. An important
feature of a probe composition used in the invention is
that analytes in a sample labeled with different probes of
the composition may be detected sequentially by the suc-
cessive excitation of the optical labels of each probe us-
ing the illumination beam specific for such optical label
Usually, such successive excitation is temporally non-
overlapping in that when each illumination beam is di-
rected to the sample in a separate time interval. In other
words, the illumination beams are successively directed
to a sample one at a time. Preferably, in operation, optical
signals from each excitation are imaged on a light-re-
sponsive surface of a detector from which image data is
generated and stored for analysis. When optical signals
of the probes are restricted to a narrow wavelength range,
image degradation due to chromatic aberrations of lens
in the optical path is reduced or eliminated.
[0017] The principle of operation of one embodiment
of probe compositions used in the invention are illustrated

in Fig. 3, which shows the excitation and emission spectra
of optical labels of a composition of the invention that
consists of two probes A first probe has an optical label
that employs fluorescence resonance energy transfer
(FRET), wherein a donor molecule has absorption, or
excitation, spectrum (300)(dashed curve) and emission
spectrum (302)(solid curve) and an acceptor molecule
has absorption spectrum (304)(dashed curve), which
overlaps (302), and emission spectrum (306)(solid
curve) A second probe has as an optical label a fluores-
cent molecule with absorption spectrum (310)(dashed
curve) and emission spectrum (312) (solid curve).
Dashed line (320) indicated the highest wavelength
boundary of the range over which optical signals are col-
lected. Thus, whenever a sample labeled with the first
and second probes are illuminated with a first illumination
beam (330) having wavelength range as indicated a first
optical signal is collected consisting of acceptor molecule
emissions (306), and whenever such sample is illuminat-
ed with a second illumination beam (340) having wave-
length range as indicated a second optical signal is col-
lected within the same wavelength range, but consisting
of emissions (312). An exemplary donor-acceptor pair
for the first probe is cyanine 3-allophycocyanin (Cy3-
APC), and an exemplary optical label of the second probe
is cyanine 5 (Cy5). Exemplary optical labels for a three-
probe composition includes cyanine 7 (Cy7) (as donor
and acceptor for a first probe). APC-Cy7 (APC as donor
and Cy7 as acceptor for a second probe), and PE-Cy7
(PE as a donor and Cy7 as acceptor for a third probe).
[0018] Further exemplary probe compositions for two-
label and three-label probes are illustrated in Figs. 4A
(described below) and 4B, respectively. Fig. 4B illustrates
excitation and emission wavelength profiles for three flu-
orescent dyes and wavelength bands of associated illu-
mination beams of a probe composition of the invention.
The dyes are peridinin chlorophyll protein (PerCP) having
excitation profile (422) and emission profile (428), phy-
coerythrin-Cy5 (PECy5) conjugate having excitation pro-
file (424) and emission profile (430), and allophycocyanin
(APC) having excitation profile (426) and emission profile
(432). Such dyes may be sequentially excited by applying
illumination beams having wavelengths in the ranges of
about 420-470 nm for PerCP (434), about 515-550 nm
for PECy5 (436), and about 590-640 nm for APC (438).
Such illumination beams may be generated by LEDs, for
example. Luxeon Star Royal Blue, Green, and Red-Or-
ange LEDs, respectively. The fluorescent signals gener-
ated by the probes are conveniently separated from scat-
tered light using bandpass filter (440) that transmits light
only above about 650 nm. The above dyes are readily
conjugated to binding compounds, such as antibodies,
using conventional techniques. e.g. Hemanson. Biocon-
jugate Techniques (Academic Press, New York, 1996).
[0019] Probe compositions may comprise binding
compounds labeled with plasmon resonance particles
(PRPs). Such probe compositions are particularly useful
when employed with a dark-field illumination system so
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that only scattered light from the PRPs is collected. PRPs
suitable for use with probe compositions are disclosed
in the following references that are incorporated by ref-
erence: Schultz et al, Proc. Natl. Acad. Sci., 97: 996-1001
(2000); Schultz et al, U.S patent 6,180,415 ; Prober et
al, U.S. patent 7,122,384 ; and the like In this embodi-
ment, PRPs are selected so that each scatters maximally
the light from a distinct illumination beam.

III. Cuvette for Whole Blood Measurements

[0020] In an aspect of the invention, a disposable cu-
vette is provided for use with the system described above
for making measurements on whole blood In one exam-
ple, such a cuvette is used to count predetermined non-
red blood cells, in a determinable volume; thus, either
cell counts or concentrations of such predetermined cell
types can be given as a readout. Generally, a disposable
blood collection cuvette for optical analysis of non-red
blood cells of the invention comprises (a) a mixing cham-
ber having an inlet for accepting a sample of whole blood,
the mixing chamber further comprising a dried reagent
capable of dissolving on contact with the whole blood
sample and containing a probe composition that com-
prises a plurality of analyte-specific probes, each capable
of binding specifically to a different cellular analyte of a
non-red blood cell, wherein each probe is characterized
by (i) a binding compound specific for a cellular analyte
under binding conditions, and (ii) attached to the binding
compound an optical label, wherein the optical label of
each different probe has a different excitation band and
the optical labels of all probes emit optical signals within
the same wavelength range; and (b) a sample chamber
fluidly connected to the mixing chamber so that a sample
in the mixing chamber is transferred to the sample cham-
ber by capillary action, the sample chamber having an
optically transmissive wall and a dimension perpendicu-
lar thereto substantially equivalent to the diameter of a
non-red blood cell so that optical signals generated by
probes attached to cellular analytes thereof are not ob-
structed by red blood cells of the sample. Preferably, such
a disposable cuvette is used with an optical system as
described above, which includes a platform for receiving
the cuvette so that it has a fixed position with respect to
the illumination beams and imaging optics. Such fixed
position will align the imaging optics so that optical signals
can be collected from the sample chamber of the cuvette,
The design and fabrication of disposable sample holders
for observing or measuring properties of biological fluids,
such as blood parameters, are disclosed in the following
references: US. patents 6,723,290 ; 6,869,570 ;
5,674,457 ; 5,200,152 ; 6,638,769 ; 4,088,448 ; and the
like.
An example of a cuvette is illustrated diagrammatically
in Figs 5A-5C. In one form, cuvette (500) comprises body
(501), that may be glass, plastic, or like materials, or com-
binations thereof; and at least one sample chamber (502)
that is connected to inlet port (504) by passage (506).

For use in whole blood measurements, sample chamber
(502) may hold a volume of sample fluid in the range of
from 5 to 100 mL, or from 5 to 50 mL. Cuvette (500) may
also include an exhaust port (not shown) connect to sam-
ple chamber (502) to allow sample to enter the chamber
without the formation of back pressure. Alternative ap-
proaches for loading sample into sample chamber (502)
may also be employed, such as capillary action, suction,
centrifugal force, and the like An important feature of cu-
vette (500) is the collection of optical signals from a de-
fined or determinable volume (512) so that concentration
determinations can be made from image data, eg af se-
lected cell types. Volume (512) is defined by the distance
(e.g. 528 in Fig. 5C) between top wall (514) and bottom
wall (516) of cuvette (500) and the area, or field of view,
of the imaging optics, indicated by cone (508) and direc-
tion (510) at which optical signals are collected An im-
portant feature of the optical system of the invention in
this embodiment is that the depth of field of the objective
be greater than or equal to the distance (528 or 518)
between top wall (514) and bottom wall (516), so that
optical signals from all the objects in volume (512) are
collected. Preferably, top wall (S14) is suitable for pass-
ing optical signals for collection and is substantially par-
allel with bottom wall (516). The cuvette of the invention
includes a mixing chamber comprising a dried reagent
containing a probe composition. Further dried reagents,
e.g. salts, buffers, lysing agents if necessary, and the
like, may be either directly disposed in the sample cham-
ber (502), or contained in the mixing chamber for activa-
tion and mixing with a sample prior to transfer to sample
chamber (502).
[0021] As mentioned above, the distance between the
top wall (514) and bottom wall (516) of sample chamber
(502) is important for analysis of whole blood samples.
If the distance is too great, eg. (518) of Fig. 5B, then
enucleate red blood cells (520) may obstruct (526) the
passage optical signals generated from cell types of in-
terest (522), in which case such cells may not be counted,
leading to an under estimate of cell numbers or concen-
tration. As illustrated in Fig. 5C, distance (518) between
top wall (514) and bottom wall (516) of sample chamber
(502) is substantially equivalent to the diameter, or ef-
fective diameter, of cell types of interest (522), so that
obstructing layers of enucleate red blood cells cannot
form between a cell of interest (522) and top wall (514),
and optical signals therefrom (524) all from sample cham-
ber (502) to the imaging optics. In one example, sample
chamber (502) has a distance (518) substantially equiv-
alent to the depth of field of the imaging optics In one
aspect, sample chamber (502) has a distance (518) in
the range of from 10 to 100 mm, or from 10 to 50 mm, or
from 20 to 50 mm.

EXAMPLE

[0022] In this example, an imaging system for use with
the invention was constructed and tested by counting
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cells or particles in various samples. The system had a
design that followed that illustrated in Fig 1. Two different
grey scale cameras were employed as detectors. The
first was a Sensovation Samba EZ140 TC-cooled
(20[deg.]C below ambient) camera with 1392 x 1024 pix-
els with square 6.45 um pixel The second camera was
a Point Grey Research Dragonfly2 industrial vision cam-
era with 1024 x 768 square (4 6S um) pixels. Either of
two imaging lens designs was used One design was a
pair of doublet spherical lenses with the excitation filter
positioned between them. This system possessed a rel-
atively high 1V A (-0.33) and worked well for fields of view
up to about 2 mm, Beyond this distance, astigmatic dis-
tortion is noticeably and increases rapidly as image field
increased To address this condition, a second lens setup
was employed This was a commercial camera lens
(Nikon 18-55mm f/3.5-5,60 LED AF-S DX Zoom) with
one hybrid aspherical element and one extra-low disper-
sion element This lens has excellent low distortion, better
depth-of-field, and enabled imaging over a 4mm field of
view with no detectable astigmatism, although it has a
lower N.A. of -0.1 This decrease in light collection effi-
ciency was not enough to cause any detectable decline
in accuracy for cell enumeration. The design with the
DragonFly2 camera and Nikon DX zoom lens is the pre-
ferred configuration for cost and image quality.
[0023] LED light sources, or illuminators, were each
fitted with their own excitation filter within the lamp hous-
ings. In the case of propidium iodide (PI) or phycoeryth-
rin/phycoerythrin (PE/PE) tandem illumination, the lamp
is a Luxeon V Star Cyan LED with a Lambertian radiation
pattern, nominal peak wavelength of 505 nm (spectral
half width of 6 30 nm), and a nominal flux of 570 mW at
700 mA current. The excitation filter is a HQ510/50 filter
from Chroma. For SYTO 17 or APC excitation, the lamp
is a Luxeon III Star Red-Orange LED (Lambertian radi-
ation pattern) with a nominal peak wavelength of 617 nm
(spectral half-width of 6 18 nm) and nominal flux of 600
mW at 1400 mA current. A Chroma HQ610/30 emission
filter was used for the Red-Orange light. LEDs were used
at lower than maximum rated currents. Specifically, Cyan
at 500 mA (with -75% maximum flux) and Red-Orange
at 700 mA (with -55% maximum flux), unless otherwise
stated. As illustrated in Fig. 2. to smooth the LED element
pattern from the excitation light, holographic diffusers
(15° angle, from Edmunds Scientific) were placed in front
of the LEDs. Light was focused onto the sample imaging
area by pairs of 25 mm focal length lenses.
[0024] Throughout this investigation, it was necessary
to use software algorithms to process and analyze the
images to identify beads, cells or other particles and to
parameterize them in terms of fluorescence intensity and
particle size. Image processing was kept to a relative
minimum in order to maintain the integrity of the original
raw data, and only consisted of scaling the image to com-
pensate for variation in illumination intensity over the im-
age. Specifically, this consisted of an algorithm which
scaled each pixel using the local background compared

to the average whole-image background. The size of the
local background was modified as appropriate to take
into account the expected size range of the particles of
interest and the distance represented per pixel (after
magnification of the image). For example, in the most
common cases in this investigation, of beads with diam-
eters from 3 to 8 um and for cells of diameters from 7 to
15 um, with each pixel representing 4 um of the sample,
a window of 60 um (15 pixels across) was found to work
quite well in this exemplary system, while not consuming
excessive CPU time for processing. After images were
compensated for illumination variation, another algorithm
searched for particles of interest by identifying local in-
tensity maxima that satisfied statistical rules designed to
avoid false positives from random noise. foreign particles
(dust, etc.) and structural patterns of the sample chamber
(e.g. hemacytometer scribe lines). Primarily, the algo-
rithm looks for a local maximum (bright pixel) that is at
least 3 standard deviations above background noise, sur-
rounded by a ring of pixels that are all at least 1 5 standard
deviations above background noise, and has subsequent
rings of decreasing intensity (allowing for statistical noise
variation). Additional checks for culling duplicate particle
identifications and checking for reasonable standard de-
viation values are included. When a particle is identified,
another algorithm finds the best-fit simple (circular, not
elliptical) Gaussian curve to the particle’s intensity profile,
using a steepest-descent fitting algorithm on a form of
the Gaussian expression optimized for this fitting algo-
rithm. The standard parameters of height, radius, offset
and X-Y location are reported, along with fitting statistics
(sum of squared residuals and chi-squared) are recorded
for each identified particle. Particles are then categorized
(or "gated") based on their radius, height and integrated
intensity (volume under the Gaussian curve), to separate
them into different cytometric populations.
[0025] Sensitivity was demonstrated using various
specifically prepared beads with low quantities of bound
phycoerythrin (PE) molecules per bead. These particles
were prepared by incubating BD α-Mouse-Igk Compen-
sation Beads (Becton Dickinson p/n 552843) incubated
with mixtures of antibody specific for CD3 antigen labeled
with PE (CD3-PE) and antibody specific for CD3 antigen
labeled with biotine (CD3-biotin) in ratios that generated
stable beads with very low levels of PE molecules bound
per bead. Beads were imaged with the DragonFly2 CCD
camera (Point Grey Research, Vancouver, BC) at vari-
ous exposure durations and internal gain settings. The
number of PE molecules per particle for the resulting
beads were determined by scaling against PE Quan-
tibrite beads (Becton Dickinson p/n 30495). In this study,
the dimmest bead preparation (shown in Fig. 6A) yielded
825 PE molecules per particle, and was detectable from
background noise at high gain (24 dB) and intermediate
exposure duration (1 s). The 825 PE-molecule bead was
the dimmest particle tested and represents a more than
adequate level of sensitivity to satisfy any DNA-based
cell counting assay (hundreds of thousands of fluoro-
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phores per cell), most relevant cell surface markers such
as CD3 and CD4 antigens on T-cells (staining at -150,000
and -50,000 PE molecules per cell respectively), and
many other applications including parasite detection and
clinical bead-based assays. e.g. the cytometric bead ar-
ray disclosed in Morgan et al, Clinical Immunol. 110:
252-266 (2004).
[0026] The dynamic range for electronic detectors (in-
cluding this one) is primarily set by the dynamic range of
the A-D converter, and then reduced by signal noise. The
12-bit A-D converter of the Dragonfly2 camera sets a
theoretical maximum dynamic range to 1-4096 within a
single image Noise characteristics were investigated for
the Dragonfly2 camera, with the two main contributors
being read noise and dark current. These were measured
by analyzing images taken with gains from 0 to 24 dB
and exposure times ranging from 0 to 10 seconds. Fitting
the calculated intensity of noise in the images yielded
read noise and dark current values for each gain setting.
Noise increased linearly with gain and, for a practical
range of measurement conditions, consumed from 1.62
bits for 0.1 s exposure at 0 dB gain, to 6.24 bits at 10 s
exposure at 24 dB gain. This reduces the dynamic range
of a single image to 1-1334 for the best case or 1-54 for
the worst case. It is noted that for this system, wherein
the sample remains stationary in front of the camera, the
effective dynamic range of the instrument can be consid-
erably enhanced by taking multiple images while chang-
ing the CCD gain setting and exposure durations on the
fly. Since intensity is directly proportional to exposure
duration and CCD amplification, under practical condi-
tions this increases the available dynamic range by two
to three orders of magnitude.
[0027] PE Quantibrite beads, which span -100-fold in-
tensity change, were used to test this. PE Quantibrite
beads consist of a mixture of four populations of beads,
each with a specific average number of PE molecules
per bead. In this way, detectors can be calibrated to ab-
solute intensity values in terms of PE molecules. Thus.
the brightest population contains (on average) 66408 PE
molecules per bead, the next population contains 31779
PE molecules per bead, followed by 8612 and 863 PE
molecules per bead. PE Quantibrite beads were imaged
in a series of increasing exposure durations of 0.1 to 20
seconds and at a span of gain settings (1-15 X amplifi-
cation). As duration and gain was increased, the dynamic
range window moved to detect each bead in turn, at in-
creasing intensity levels, until all beads were measured
(Fig 9) In this method, the slope of the best fit lines is
proportional to the number of PE molecules per bead and
gives a more precise value than using only single images.
[0028] The first application investigated on the device
was the absolute counting of cultured cells in a volumetric
chamber. A live/dead assay was designed in accordance
with the two-color excitation and common emission range
aspects of the instrument, with the impermeant Propid-
ium Iodide (PI) dye staining dead cells and the permeant
SYTO-17 dye staining all celts. PI was excited with the

505 nm (Cyan) LED behind a 510/50 bandpass filter and
SYTO-17 was excited with the 617 nm (Red-Orange)
LED behind a 610/30 bandpass filter The emission filter
used was a 720/150 bandpass filter, which encompasses
roughly one third of the PI emission spectrum and one
half of the SYTO-17 emission spectrum (see Fig 4A,
where the following are illustrated: PI adsorption spec-
trum (400), PI emission spectrum (402), SYTO-17 ab-
sorption spectrum (404). SYTO-17 emission spectrum
(406). first excitation wavelength range (408), second ex-
citation wavelength range (410), and wavelength range
(412) over which optical signals are collected).
[0029] Three cell lines (A549, HeLa and U20S) as well
as DNA QC particles (Becton Dickinson p/n 349523, in-
cluding chick erythrocyte nuclei and calf thymus nuclei)
were used in the investigation. Since DNA staining is
extremely bright relative to cell surface markers or PE
Quantibrite beads, the instrument sensitivity was re-
duced by either decreasing exposure time, gain or exci-
tation LED current (all of which yielded satisfactory re-
sults). Image quality and fidelity was excellent for both
PI and SYTO-17 staining (Fig 6A). SYTO-17 can pass
through live cell membranes while PI can only pass
through membranes which have lost some structural in-
tegrity. As the membrane permeability of dying cells in-
creases, PI staining of the nucleus increases. Thus, the
balance of PI staining versus SYTO-17 staining in these
cells can range from roughly 1:1 to PI intensities several
fold higher as PI displaces SYTO-17 from the DNA.
[0030] Live and dead cells were differentiated in the
resulting image to separately determine live and dead
cell counts, as well as total cell counts In one study, A549
cells, recently trypsinized and detached from a culture
flask, were spiked into DMEM cell medium at concentra-
tions ranging from 50 to 500 cells/uL. Each sample was
incubated with 10 uM SYTO-17 + 10 uM PI for 10 minutes
and then aliquots from each sample were transferred into
a hemacytometer chamber. The sample was imaged in
the hemacytometer chamber as described above, and
the images were analyzed for live, dead and total cell
counts. The linearity results were excellent (see Fig 6B),
with all three counts having R2 values of 0.99 or better
No optimization of the image analysis algorithms or gat-
ing processes were conducted, and a background count
of -25 cells/uL from false positives was apparent, al-
though this can be resolved by improvements in the anal-
ysis and gating algorithms.
[0031] The above system was used to detect and count
CD4+ cells in blood samples. With lysed blood samples,
results compare very favorably with flow cytometry for
enumerating CD3-, CD4- and CD45-positive cells. Both
CD3 and CD4 cell surface markers have been used to
identify cells in whole blood, by adding fluorescently la-
beled anti-CD3 and anti-CD4 antibodies respectively
with excellent image quality, as illustrated by the data
shown in Figs 7A-7B and 8A-8B.
[0032] The performance of the above system was fur-
ther tested by counting and quantifying optical signals
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from conventional bead-based immunoassays. Beads
from a BD Bioscience (San Jose, CA) cytometric bead
assay (CBA) for measuring interleukin-2 (IL.-2) were
combined with several concentrations of IL-2 and stained
with a labeled anti-IL-2 antibody using the manufacturer’s
protocol, e.g. Morgan et al, Clinical Immunology, 110:
252-266 (2004). Instead of analyzing signals from the
bead with a flow cytometer, the labeled beads were im-
aged in the above system, after which they were counted
and classified according to signal intensity. Results are
illustrated in Fig. 9.

DEFINITIONS

[0033] Generally, terms used herein not otherwise
specifically defined have meanings corresponding to
their conventional usage in the fields related to the in-
vention, including analytical chemistry, biochemistry,
molecular biology, cell biology, microscopy, image anal-
ysis, and the like, such as represented in the following
treatises: Alberts et al, Molecular Biology of the Cell,
Fourth Edition (Garland, 2002); Nelson and Cox. Lehnin-
ger Principles of Biochemistry. Fourth Edition (W.H.
Freeman, 2004); Murphy, Fundamentals of Light Micro-
scopy and Electronic Imaging (Wiley-Liss, 2001); Sha-
piro, Practical Flow Cytometry, Fourth Edition (Wiley-
Liss, 2003); and the like.
[0034] "Analyte" means a substance, compound, or
component in a sample whose presence or absence is
to be detected or whose quantity is to be measured. An-
alytes include but are not limited to peptides, proteins,
polynucleotides, polypeptides, oligonucleotides, organic
molecules, haptens, epitopes, pans of biological cells,
posttranslational modifications of proteins, receptors,
complex sugars, vitamins, hormones, and the like. There
may be more than one analyte associated with a single
molecular entity, e.g. different phosphorylation sites on
the same protein.
[0035] "Antibody" or "immunoglobulin" means a pro-
tein, either natural or synthetically produced by recom-
binant or chemical means, that is capable of specifically
binding to a particular antigen or antigenic determinant.
Antibodies are usually heterotetrameric glycoproteins of
about 150,000 daltons, composed of two identical light
(L) chains and two identical heavy (H) chains. Each light
chain is linked to a heavy chain by one covalent disulfide
bond, while the number of disulfide linkages varies be-
tween the heavy chains of different immunoglobulin iso-
types. Each heavy and light chain also has regularly
spaced intrachain disulfide bridges. Each heavy chain
has at one end a variable domain (VH) followed by a
number of constant domains. Each light chain has a var-
iable domain at one end (VL) and a constant domain at
its other end; the constant domain of the light chain is
aligned with the first constant domain of the heavy chain,
and the light chain variable domain is aligned with the
variable domain of the heavy chain. The constant do-
mains are not involved directly in binding an antibody to

an antigen. Depending on the amino acid sequence of
the constant domain of their heavy chains, immunoglob-
ulins can be assigned to different classes. There are five
major classes of immunoglobulins: IgA, IgD. IgE, IgG,
and IgM, and several of these can be further divided into
subclasses (isotypes), e.g., IgG1, EgG2, IgG3, IgG4, IgA1,
and IgA2, "Antibody fragment", and all grammatical var-
iants thereof, as used herein are defined as a portion of
an intact antibody comprising the antigen binding site or
variable region of the intact antibody, wherein the portion
is free of the constant heavy chain domains (i e. CH2,
CH3. and CH4, depending on antibody isotype) of the Fc
region of the intact antibody Examples of antibody frag-
ments include Fab, Fab’, Fab’-SH, F(ab’)2, and Fv frag-
ments; diabodies; any antibody fragment that is a
polypeptide having a primary structure consisting of one
uninterrupted sequence of contiguous amino acid resi-
dues (referred to herein as a "single-chain antibody frag-
ment" or "single chain polypeptide"), including without
limitation (I)single-chain Fv (scFv) molecules (2)single
chain polypeptides containing only one light chain vari-
able domain, or a fragment thereof that contains the three
CDRs of the light chain variable domain, without an as-
sociated heavy chain moiety and (3)single chain polypep-
tides containing only one heavy chain variable region, or
a fragment thereof containing the three CDRs of the
heavy chain variable region, without an associated light
chain moiety; and multispecific or multivalent structures
formed from antibody fragments. The term "monoclonal
antibody" (mAb) as used herein refers to an antibody
obtained from a population of substantially homogene-
ous antibodies, i.e., the individual antibodies comprising
the population are identical except for possible naturally
occurring mutations that may be present in minor
amounts. Monoclonal antibodies are highly specific, be-
ing directed against a single antigenic site. Furthermore,
in contrast to conventional (polyclonal) antibody prepa-
rations which typically include different antibodies direct-
ed against different determinants (epitopes), each mAb
is directed against a single determinant on the antigen.
In addition to their specificity, the monoclonal antibodies
are advantageous in that they can be synthesized by
hybridoma culture, uncontaminated by other immu-
noglobulins. Guidance in the production and selection of
antibodies for use in immunoassays can be found in read-
ily available texts and manuals, e.g. Harlow and Lane,
Antibodies: A Laboratory Manual (Cold Spring Harbor
Laboratory Press. New York, 1988); Howard and Bethell.
Basic Methods in Antibody Production and Characteri-
zation (CRC Press, 2001); Wild, editor. The Immu-
noassay Handbook (Stockton Press. New York, 1994),
and the like.
[0036] "Antigenic determinant," or "epitope" means a
site on the surface of a molecule, usually a protein, to
which a single antibody molecule binds; generally a pro-
tein has several or many different antigenic determinants
and reacts with antibodies of many different specificities.
A preferred antigenic determinant is a phosphorylation
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site of a protein.
[0037] "Binding compound" means a compound that
is capable of specifically binding to a particular target
molecule. Examples of binding compounds include anti-
bodies, lectins, nucleic acids, aptamers, and the like, e.g.
Sharon and Lis. Lectins, 2nd Edition (Springer, 2006);
Klussmann. The Aptamer Handbook: Functional Oligo-
nucleotides and Their Applications (John Wiley & Sons,
New York, 2006).
[0038] "Complex" as used herein means an assem-
blage or aggregate of molecules in direct or indirect con-
tact with one another. In one aspect, "contact," or more
particularly, "direct contact" in reference to a complex of
molecules, or in reference to specificity or specific bind-
ing, means two or more molecules are close enough so
that attractive noncovalent interactions, such as Van der
Waal forces, hydrogen bonding, ionic and hydrophobic
interactions, and the like, dominate the interaction of the
molecules. In such an aspect, a complex of molecules is
stable in that under assay conditions the complex is ther-
modynamically more favorable than a non-aggregated,
or non-complexed, state of its component molecules. As
used herein. "complex" usually refers to a stable aggre-
gate of two or more proteins. In one aspect, a "complex"
refers to a stable aggregate of two proteins, such as an
antibody specifically bound to an antigenic determinant
of a target protein.
[0039] "Dried reagents" mean assay reagents, such as
buffers, salts, active compounds, such as enzymes, co-
factors, and the like, or binding compounds, such as an-
tibodies, aptamers, or the like, that are provided in a de-
hydrated formulation for the purpose of improved shelf-
life, ease of transport and handling, improved storage,
and the like. The nature, composition, and method of
producing dried reagents vary widely and the formulation
and production of such materials is well-known to those
of ordinary skill in the art as evidenced by the following
references: Franks et al, U.S. patent 5,098,893; Cole,
U.S. patent 5,102,788; Shen et al, U.S. patent 5.556.771:
Treml et al, U.S. patent 5,763,157; De Rosier et al, U.S.
patent 6,294,365; Buhl et al, U.S. patent 5,413,732; Mc-
Millan. U.S. patent publication 2006/0068398; McMillan
et al, U.S. patent publication 2006/0068399; Schwegman
et la (2005), Pharm. Dev. Techno 10:151-173; Nail et al
(2002), Pharm. Biotechnol. 14: 281-360; and the like.
Dried reagents include, but are not limited to, solid and/or
semi-solid particulates, powders, tablets, crystals, cap-
sules and the like, that are manufactured in a variety of
ways. In one aspect, dried reagents are lyophilized par-
ticulates. L.yophilized particulates may have uniform
compositions, wherein each particulate has the same
composition, or they may have different compositions,
such that two or more different kinds of lyophilized par-
ticulates having different compositions are mixed togeth-
er. Lyophilized particulates can contain reagents for all
or part of a wide variety of assays and biochemical reac-
tions, including immunoassays, enzyme-based assays,
enzyme substrate assays, DNA sequencing reactions,

and the like. In one aspect, a lyophilized particulate of
the invention comprises an excipient and at least one
reagent of an assay. Lyophilized particulates may be
manufactured in predetermined sizes and shapes, which
may be determined by the type of assay being conducted,
desired reaction volume, desired speed of dissolution,
and the like. Dried reagents may include excipients,
which are usually inert substances added to a material
in order to confer a suitable consistency or form to the
material. A large number of excipients are known to those
of skill in the an and can comprise a number of different
chemical structures. Examples of excipients, which may
be used in the present invention. include carbohydrates,
such as sucrose, glucose, trehalose, melezitose, dex-
tran, and mannitol; proteins such as BSA, gelatin, and
collagen; and polymers such as PEG and polyvinyl pyr-
rolidone (PVP). The total amount of excipient in the
lyophilized particulate may comprise either single or mul-
tiple compounds- In some embodiments, the type of ex-
cipient is a factor in controlling the amount of hygroscopy
of a dried reagent. Lowering hygroscopy can enhance
the dried reagent’s integrity and cryoprotectant abilities
However, removing all water from such a composition
would have deleterious effects on those reaction com-
ponents, proteins for example, that require certain
amounts of bound water in order to maintain proper con-
formations.
[0040] "Readout" means a parameter, or parameters,
which are measured and/or detected that can be con-
verted to a number or value. In some contexts, readout
may refer to an actual numerical representation of such
collected or recorded data For example, a readout of flu-
orescent intensity signals from a microarray is the posi-
tion and fluorescence intensity of a signal being gener-
ated at each hybridization site of the microarray: thus,
such a readout may be registered or stored in various
ways. for example, as an image of the microarray, as a
table of numbers, or the like.
[0041] "Sample" means a quantity of material from a
biological, environmental, medical, or patient source in
which detection or measurement of target cells, particles,
beads, and/or analytes is sought. The term "sample" en-
compasses biological samples, e.g. a quantity of blood,
a microbiological culture, or the like; environmental sam-
ples, e.g. a soil or water sample; medical samples or
specimens, e.g. a quantity of blood or tissue; or the like.
A sample may include a specimen of synthetic origin.
Biological samples may be animal, including human, flu-
id, solid (e.g. stool) or tissue, as well as liquid and solid
food and feed products and ingredients such as dairy
items, vegetables, meat and meat by-products, and
waste Biological samples may include materials taken
from a patient including, but not limited to cultures, blood,
saliva. cerebral spinal fluid, pleural fluid, milk, lymph, spu-
tum, semen, needle aspirates, and the like. Biological
samples may be obtained from all of the various families
of domestic animals, as well as feral or wild animals, in-
cluding, but not limited to, such animals as ungulates,
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bear, fish, rodents, etc. Environmental samples include
environmental material such as surface matter, soil, wa-
ter and industrial samples, as well as samples obtained
from food and dairy processing instruments, apparatus,
equipment, utensils, disposable and non-disposable
items. These examples are not to be construed as limiting
the sample types applicable to the present invention. The
terms "sample" and "specimen" are used interchangea-
bly.
[0042] "Specific" or "specificity" in reference to the
binding of one molecule to another molecule means the
recognition, contact, and formation of a stable complex
between the two molecules, together with substantially
less recognition, contact, or complex formation of that
molecule with other molecules. In one aspect, "specific"
in reference to the binding of a first molecule to a second
molecule means that to the extent the first molecule rec-
ognizes and forms a complex with another molecules in
a reaction or sample, it forms the largest number of the
complexes with the second molecule. Preferably, this
largest number is at least thirty percent Generally, mol-
ecules involved in a specific binding event have areas
on their surfaces, and/or in the case of proteins in cavities,
giving rise to specific recognition between the molecules
binding to each other. Examples of specific binding in-
clude antibody-antigen interactions, enzyme-substrate
interactions, formation of duplexes or triplexes among
polynucleotides and/or oligonucleotides, receptor-ligand
interactions, and the like. As used herein, "contact" in
reference to specificity or specific binding means two
molecules are close enough that weak noncovalent
chemical interactions, such as Van der Waal forces, hy-
drogen bonding, base-stacking interactions, ionic and
hydrophobic interactions, and the like, dominate the in-
teraction of the molecules.
[0043] The above teachings are intended to illustrate
the invention and do not by their details limit the scope
of the claims of the invention. While preferred illustrative
embodiments of the present invention are described, it
will be apparent to one skilled in the art that various
changes and modifications may be made therein without
departing from the scope of the invention as defined by
the appended claims.

Claims

1. A disposable blood collection cuvette for optical anal-
ysis of non-red blood cells, the cuvette comprising:

a mixing chamber having an inlet for accepting
a sample of whole blood, the mixing chamber
further comprising a dried reagent capable of
dissolving on contact with the whole blood sam-
ple and containing a probe composition that
comprises a plurality of analyte-specific probes,
each capable of binding specifically to a different
cellular analyte of a non-red blood cell, wherein

each probe is characterized by (a) a binding
compound specific for a cellular analyte under
binding conditions, and (b) attached to the bind-
ing compound an optical label, wherein the op-
tical label of each different probe has a different
excitation band excitable by a different light
source and the optical labels of all probes emit
optical signals within the same wavelength
range detectable by a single detector; and
a sample chamber fluidly connected to the mix-
ing chamber so that a sample in the mixing
chamber is transferred to the sample chamber
by capillary action, the sample chamber having
an optically transmissive wall and a dimension
perpendicular thereto, wherein the dimensions
of the sample chamber perpendicular to said op-
tically transmissive wall is in the range from 10
to 120 mm.

2. The disposable blood collection cuvette of claim 1
wherein said dimension substantially precludes the
formation of a light-obstructing layer of enucleate red
blood cells between a cell of interest and said opti-
cally transmissive wall.

3. The disposable blood collection cuvette of claim 1,
wherein the dimension of the sample chamber per-
pendicular to an optically transmissive wall is in the
range from 40 to 120 mm.

4. The disposable blood collection cuvette of claim 1,
wherein the dimension of the sample chamber per-
pendicular to an optically transmissive wall is in the
range from 50 to 100 mm.

5. The disposable blood collection cuvette of claim 1,
wherein the dimension of the sample chamber per-
pendicular to an optically transmissive wall is in the
range from 10 to 100 mm.

6. The disposable blood collection cuvette of claim 1,
wherein the dimension of the sample chamber per-
pendicular to an optically transmissive wall is in the
range from 20 to 50 mm.

Patentansprüche

1. Einweg-Blutsammelküvette für die optische Analyse
nicht roter Blutzellen, wobei die Küvette aufweist:

eine Mischkammer mit einem Einlass zum Auf-
nehmen einer Vollblutprobe, wobei die Misch-
kammer ferner ein getrocknetes Reagens auf-
weist, das in der Lage ist, bei Kontakt mit der
Vollblutprobe gelöst zu werden, und eine Son-
denzusammensetzung enthält, die mehrere
analytenspezifische Sonden aufweist, die je-
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weils in der Lage sind, spezifisch an einen an-
deren zellulären Analyten einer nicht roten Blut-
zelle zu binden, wobei jede Sonde gekenn-
zeichnet ist, durch (a) eine Bindesubstanz, die
unter Bindebedingungen für einen zellulären
Analyten spezifisch ist, und (b) einen an der Bin-
desubstanz angebrachten optische Marker, wo-
bei der optische Marker der jeweiligen unter-
schiedlichen Sonden jeweils ein anderes Erre-
gungs-band aufweist, das jeweils von einer an-
deren Lichtquelle erregbar ist, und die optischen
Marker sämtlicher Sonden emittieren optische
Signale innerhalb des gleichen Wellenlängen-
bereichs, die von einem einzelnen Detektor er-
kennbar sind; und
eine Probenkammer, die in Fluidverbindung mit
der Mischkammer steht, so dass eine Probe in
der Mischkammer durch Kapillarwirkung in die
Probenkammer überführt wird, wobei die Pro-
benkammer eine optisch durchlässige Wand
und eine dazu senkrechte Abmessung aufweist,
wobei die Abmessung der Probenkammer senk-
recht zu der optisch durchlässigen Wand im Be-
reich zwischen 10 und 120 mm liegt.

2. Einweg-Blutsammelküvette nach Anspruch 1, bei
welcher die Abmessung im Wesentlichen die Bil-
dung einer Licht behindernden Schicht aus enukle-
ierten roten Blutzellen zwischen einer interessieren-
den Zelle und der optisch durchlässigen Wand ver-
hindert.

3. Einweg-Blutsammelküvette nach Anspruch 1, bei
welcher die Abmessung der Probenkammer senk-
recht zu der optisch durchlässigen Wand im Bereich
zwischen 40 und 120 mm liegt.

4. Einweg-Blutsammelküvette nach Anspruch 1, bei
welcher die Abmessung der Probenkammer senk-
recht zu der optisch durchlässigen Wand im Bereich
zwischen 50 und 100 mm liegt.

5. Einweg-Blutsammelküvette nach Anspruch 1, bei
welcher die Abmessung der Probenkammer senk-
recht zu der optisch durchlässigen Wand im Bereich
zwischen 10 und 100 mm liegt.

6. Einweg-Blutsammelküvette nach Anspruch 1, bei
welcher die Abmessung der Probenkammer senk-
recht zu der optisch durchlässigen Wand im Bereich
zwischen 20 und 50 mm liegt.

Revendications

1. Cuvette de prélèvement de sang jetable pour une
analyse optique de cellules sanguines autres que
les globules rouges, la cuvette comprenant:

une chambre de mélange ayant une entrée pour
recevoir un échantillon de sang entier, la cham-
bre de mélange comprenant en outre un réactif
séché capable de se dissoudre au contact de
l’échantillon de sang entier et contenant une
composition de sondes qui comprend une plu-
ralité de sondes spécifiques à des analytes, cha-
cune étant capable de se lier spécifiquement à
un analyte cellulaire différent d’une cellule san-
guine autre qu’un globule rouge, où chaque son-
de est caractérisée par (a) un composé de
liaison spécifique à un analyte cellulaire dans
des conditions de liaison, et (b) un marqueur
optique fixé au composé de liaison, où le mar-
queur optique de chaque sonde différente a une
bande d’excitation différente pouvant être exci-
tée par une source de lumière différente et les
marqueurs optiques de toutes les sondes émet-
tent des signaux optiques dans la même plage
de longueurs d’onde détectable par un détec-
teur unique ; et
une chambre d’échantillon en communication
fluidique avec la chambre de mélange de sorte
qu’un échantillon dans la chambre de mélange
soit transféré à la chambre d’échantillon par ac-
tion capillaire, la chambre d’échantillon ayant
une paroi à transmission optique et une dimen-
sion perpendiculaire à celle-ci, où la dimension
de la chambre d’échantillon perpendiculaire à
ladite paroi à transmission optique se trouve
dans la plage allant de 10 à 120 mm.

2. Cuvette de prélèvement de sang jetable de la reven-
dication 1, dans laquelle ladite dimension empêche
essentiellement la formation d’une couche d’obs-
truction de lumière des globules rouges énucléés
entre une cellule d’intérêt et ladite paroi à transmis-
sion optique.

3. Cuvette de prélèvement de sang jetable de la reven-
dication 1, dans laquelle la dimension de la chambre
d’échantillon perpendiculaire à une paroi à transmis-
sion optique se trouve dans la plage allant de 40 à
120 mm.

4. Cuvette de prélèvement de sang jetable de la reven-
dication 1, dans laquelle la dimension de la chambre
d’échantillon perpendiculaire à une paroi à transmis-
sion optique se trouve dans la plage allant de 50 à
100 mm.

5. Cuvette de prélèvement de sang jetable de la reven-
dication 1, dans laquelle la dimension de la chambre
d’échantillon perpendiculaire à une paroi à transmis-
sion optique se trouve dans la plage allant de 10 à
100 mm.

6. Cuvette de prélèvement de sang jetable de la reven-
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dication 1, dans laquelle la dimension de la chambre
d’échantillon perpendiculaire à une paroi à transmis-
sion optique se trouve dans la plage allant de 20 à
50 mm.
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