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Description
Background

[0001] Importance of detecting specific targets.
Methods for detecting specific molecular, cellular, and
viral targets are fundamental tools for medical and vet-
erinary diagnostics, environmental testing, and industrial
quality control. Examples of methods for detecting spe-
cific targets in clinical medicine include over-the-counter
rapid pregnancy tests, microbiological culture tests for
determining the resistance of infectious agents to specific
antibiotics, and highly automated tests for cancer mark-
ers in blood samples. Detecting pathogen contaminants
in food, high throughput screening of candidate com-
pounds for drug discovery, and quantifying active ingre-
dients in pharmaceuticals exemplify industrial manufac-
turing applications that depend on methods for determin-
ing the presence of specific targets. Environmental ap-
plications requiring testing for specific targets include de-
tecting water supply contamination, airborne biothreat
agents, and household fungal contaminants.

[0002] Desirable attributes of methods for detect-
ing specific targets. Methods for detecting specific tar-
gets should be accurate, that is they should be sensitive
and specific. The methods should be sensitive enough
to detect the target when it is present in significant
amounts. And they should be specific; they should not
indicate the presence of the target when it is not present
in significant amounts. Other beneficial attributes include
breadth of potential target analytes, rapid results, ease-
of-use, cost-effectiveness, target quantification, and au-
tomation. The importance of the various desirable at-
tributes can depend on the particular application and test-
ing venue.

[0003] Breadth of targets. Testing methods should
be capable of detecting a wide range of specific targets.
Representative target classes include human cells (e.g.,
CD4+ cells in HIV/AIDS diagnostics), bacterial cells (e.g.,
Methicillin Resistant Staphylococcus Aureus or MRSA
or E. coli), viruses (e.g., Hepatitis C virus), prions (e.g.,
Bovine spongiform encephalopathy agent, the cause of
"mad cow" disease), macromolecules (e.g., proteins,
DNA, RNA, carbohydrates), and small molecules (e.g.,
chemotherapeutic drugs, lipids, sugars, amino acids, nu-
cleotides),

[0004] Labeling specific targets. One important ap-
proach for detecting specific cells, viruses, or molecules
is to tag the targets with optically detectable labels that
bind specifically to the target. Target-specific labels can
have various types of target binding moieties including
macromolecules (e.g., antibodies, protein receptors, nu-
cleic acids, carbohydrates, and lectins) and small mole-
cules (e.g., hormones, drugs of abuse, metabolites). The
detectable signaling moieties of the target-specific labels
can use a variety of signaling modes including fluores-
cence, phosphorescence, chromogenicity, chemilumi-
nescence, light-scattering, and Raman scattering.
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[0005] Methods for determining the presence of
specifically labeled targets. A variety of methodologies
have been developed for testing samples for the pres-
ence of specifically labeled target molecules, cells, and
viruses. The technologies differ in the types of samples
accommodated, mode of binding of the label to the target,
type of signal delivered by the label, plurality of labeled
targets detected, method for distinguishing bound from
unbound labels, and technology for detecting the specif-
ically labeled targets.

[0006] Which method is used depends on the type of
analyte to be detected, testing venue, degree of automa-
tion required, clinically relevant concentration range, skill
of the operator, and price sensitivity. For example immu-
noassays use target-specific antibodies for detection. To
make them optically detectable, antibodies can be at-
tached to signaling moieties including radioactive iso-
topes, fluorescent molecules, chemiluminescent mole-
cules, enzymes producing colored products, particles
dyed with fluorescent compounds, resonance light scat-
tering particles, or quantum dots. Antibody-based tech-
nologies include manual lateral flow, ELISA, flow cytom-
etry, direct fluorescence immunoassays, western blots,
and highly automated central laboratory methods. Simi-
larly, detection of specific nucleic acid sequences can
use complementary nucleic acid probes associated with
a variety of types of signal moieties using methods that
include nucleic acid amplification, Southern and Northern
blots, and in situ hybridization.

[0007] Using imaging to count labeled targets. Im-
aging is a powerful method for detecting specifically se-
lected labeled targets on a detection surface. Imaging
methods map the optical signal emanating from each
pointin the detection area to a corresponding pointin the
image. In contrast, non-imaging detection methods gen-
erally integrate the optical signal emanating from the en-
tire detection area.

[0008] Some imaging methods can detect and count
individual labeled target molecules. Enumerating specif-
ically labeled target molecules can result in detection at
very low target levels compared to detection area inte-
gration methods. The sensitivity advantage of imaged-
based target counting methods stems chiefly from the
fact that the optical signal to background stays essentially
constant as target levels decrease. In contrast, for de-
tection area integration methods the signal to back-
ground decreases as the target levels decrease.

[0009] One type of method builds animage by system-
atically scanning the detection area with a microscopic
beam. Scanning methods are more time consuming than
methods that use digital array detectors (e.g., CCD or
CMOS cameras) to simultaneously enumerate specifi-
cally labeled targets in the entire detection area.

[0010] Large areaimaging at low magnification for
sensitive target counting. Some methods use high
magnification microscopy to enumerate the individual mi-
croscopic targets. Microscopic imaging lacks sensitivity
because each image only samples a small area. Larger
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areas can be successively imaged but acquisition of
many images can be laborious, expensive and time con-
suming. Alternatively, labeled microscopic targets can
be individually detected and enumerated using large area
imaging at low magnification. Low magnification imaging
can enumerate a small number of microscopic targets in
a relatively large area in a single image.

[0011] Some methods that use large area automated
digital imaging have been developed for simultaneously
detecting individual labeled targets. These methods gen-
erally detect labeled targets in a capillary chamber and
use lateral flow to remove unbound label. As for other
lateral flow methods, this technical approach complicates
automation and limits the volume of sample that can be
conveniently analyzed.

[0012] Using selection to isolate specifically la-
beled targetfrom free label and other labeled entities.
To detect specifically labeled targets methods generally
must remove or distinguish unbound label and other la-
beled entities from the bound label. One common ap-
proach uses physical selection of the labeled target com-
plexes after which the free labeled can be removed by
repeated washing. This approach, while effective, gen-
erally requires labor for manual methods or sophisticated
liquid handling engineering for automated systems.
[0013] Selection of labeled target complexes can be
mediated by physical capture on a surface coated with
a binding moiety specific for the target (e.g., capture an-
tibodies in ELISA or lateral flow assays or DNA probes
in microarray assays). Similarly, separating labeled tar-
get complexes from free label can be done by using se-
lection particles coated with target-binding moieties. For
example, magnetic selection can be used to select la-
beled target complexes bound to target-specific magnet-
ic particles during wash steps that remove free label.
[0014] Lateral flow methods can simplify the washing
process to some extent by using capillary flow to wash
free label from labeled targets that are selected by cap-
ture on a surface. This type of washing may require an
addition of a wash solution as an extra user step. Lateral
flow methods are not very sensitive and not generally
amenable image analysis, automation, or high through-
put.

[0015] Methods that do not require washing to re-
move free label from specifically labeled targets. Sev-
eral methods have been developed that detect targets
specifically complexed with labeled target-specific bind-
ing moieties. One type of method uses labels that do not
emit signal unless they are bound to the target molecules.
These labels have the limitation that they do not emit a
strong enough signal for efficient large area detection of
individual labeled targets. Another method that does not
require washes uses selection through a liquid phase
barrier to separate labeled target complexes from un-
bound label. This approach uses detection area integra-
tion rather than sensitive image analysis and thus lacks
high sensitivity.

[0016] As relevant us
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2003/170613 A1 discloses a method for detecting indi-
vidual target cells or viruses in a liquid sample added to
a container with a particular detection surface, wherein
the targets can measure less than 50 microns in at least
two orthogonal dimensions. Here, the method comprises
the steps of contacting the individual targets with signal-
ing moieties that specifically bind to the targets, depos-
iting the targets on the detection surface so that they are
randomly dispersed in a predetermined detection zone,
illuminating the individual targets to generate a detecta-
ble signal from the signaling moieties, and, finally, simul-
taneously detecting the individual targets by detecting
the signals in the detection area using a photoelectric
detector with a particular magnification, wherein signal-
ing moieties that do not bind to the targets can remain in
the container during the step of detecting.

Summary of the invention

[0017] Theinvention provides an improved method for
sensitive and specific detection of target molecules, cells,
orviruses. The inventive method uses large area imaging
to detect individual labeled targets complexed with a tar-
get-specific selection moiety. The invention eliminates
wash steps through the use of target-specific selection
through one or more liquid layers that can contain optical
dye and density agents. By eliminating washes the in-
vention simplifies instrumentation engineering and min-
imizes user steps and costs. The invention uses sensitive
image analysis to enumerate individual targets in a large
area, is scalable, and can be deployed in systems ranging
in complexity from manual to highly automated.

[0018] Accordingly, the present invention in accord-
ance with independent claim 1 provides an improved
method comprising the steps of providing a vessel com-
prising a detection surface with a detection area having
a shortest linear dimension of > 1 mm; contacting, in a
liquid overlying layer in the vessel, signaling moieties,
selection moieties, and a composition comprising the tar-
gets to form complexes of the targets; applying a selec-
tion force to move the selection moieties in the overlying
layer through an underlying cushion layer to deposit the
selection moieties within a detection zone corresponding
to the detection area, wherein the cushion layer is a sub-
stantially liquid layer which is denser than the overlying
layer and provides a physical separation between the
overlying layer and the detection area; and simultane-
ously detecting individual complexes of the signaling moi-
eties within the detection zone corresponding to the de-
tection area, thereby detecting the targets, wherein the
detection employs magnification of less than 5%, and
wherein the method does not comprise a washing step
and wherein the targets measure less than 50 microns
in at least two orthogonal dimensions.

[0019] Further developments of the improved method
can be gathered from the dependent claims, such as fol-
lows:

[0020] The underlying cushion layer or the overlying
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layer may include a dye that interferes with the production
or transmission of light to or from the signaling moieties.
[0021] Preferably, the signaling moieties or selection
moieties are conjugated to a category-binding molecule,
such as an antibody, an antigen, a lectin, a nucleic acid
molecule, a ligand, a receptor, or a small molecule. Fur-
ther preferably, exemplary targets are cells, such as bac-
terial cells (e.g., Staphylococcus aureus cells or Bacillus
anthracis) or molecules secreted by microbial cells. The
composition including the targets may hydrate an under-
lying cushion. Further preferably, targets may be present
in, or obtained from, a biological fluid, e.g., human whole
blood, serum, plasma, mucus, or urine. Exemplary se-
lection forces include gravity, magnetism, electrical po-
tential, centrifugal force, centripetal force, buoyant den-
sity, filtration, and pressure. Signaling moieties may in-
clude fluorophores, chemiluminescent agents, biolumi-
nescentagents, resonance light scattering particles, light
absorption or chromogenic signaling agents, or up-con-
verting phosphors. Selection moieties may include mag-
netic particles, silica particles, or ferritin. Also preferably,
the vessel is an imaging well having an imaging depth of
greater than 2mm.

[0022] By imaging is meant simultaneous acquisition
of an image from a detection area.

[0023] By washing is meant a process for physically
removing, from a container or a surface, liquid containing
undesirable components from targets, which, in contrast
to the undesired components, are either retained, select-
ed, or captured in the container or on the surface.
[0024] By a test not requiring washing is meant a
test in which targets are detected without using wash
steps.

[0025] By an analyzer or imaging analyzer is meant
an apparatus having an array photodetector and imaging
optics allowing simultaneous imaging of a detection area,
as defined herein. Analyzers can have many other func-
tions for enhancing detection including modules for ap-
plying selective forces on selection moieties, convey-
ance, or incubation.

[0026] By a wellis meant a vessel that can hold liquid.
Wells generally have a well depth > 1 mm.

[0027] By an imaging well is meant a well through
which labeled targets can be detected by imaging. Im-
aging wells have a detection surface on which animaging
analyzer can detect labeled target particles. The material
lying between the detection surface and the imaging an-
alyzer’s photodetector has optical properties for support-
ing imaging detection of labeled targets. For example,
the material is generally transparent and has low optical
background in the spectral region corresponding to the
signal signature of the device’s signaling moieties.
[0028] By imaging well depth is meant the height of
the imaging well along an axis that is perpendicular to
the detection surface.

[0029] By cushion, density cushion, liquid cushion,
cushion layer, or liquid density cushion is meant a
substantially liquid layer which is denser than the over-
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lying layer (e.g., the liquid layer has a density that is at
least 1%, 2%, 5%, 8%, 10%, 15%, 20%, 30%, 35%, 40%,
or 50% or more greater than the overlying layer). The
cushion is found in the imaging well lying between the
detection surface and the liquid layer including the sam-
ple and test reagents. This cushion provides a physical
separation between the test’s reagents and the detection
surface. Using selection, labeled targets complexed with
selection moieties are moved through the cushion and
deposited on the detection surface for imaging. Signaling
moieties which are not complexed with a selection moiety
are excluded from the detection zone by the dense liquid
layer of the cushion.

[0030] By dye is meant a substance or mixture added
to the reaction which interferes with the production or
transmission of light to or from signaling moieties. The
dye reduces or eliminates signal originating outside of
the detection zone while allowing detection of the signal
derived from signaling moieties within the detection zone.
For devices that include fluorescent signaling moieties,
dyes can absorb light of the fluorescent excitation fre-
quencies, the fluorescent emission frequencies, or both.
Various dye properties can be useful for this purpose
including light scattering and absorbance. In various em-
bodiments, the dye reduces signal by at least 50%, 75%,
85%), 90%, 95%, or even 99%.

[0031] By dyed cushion is meant a cushion that in-
cludes dye. The dyed cushion simultaneously provides
a physical exclusion of the bulk reaction from the detec-
tion zone (as afunction of the density of the dyed cushion)
while preventing or reducing the transmission of signal
from the overlying reaction to the detector (as a function
of the dye included in the dense layer).

[0032] By sampling device is meant a device used to
collect a sample. Examples of sampling devices include
swabs, capillary tubes, wipes, beakers, porous filters,
bibulous filters, and pipette tips.

[0033] By target is meant a cell, virus, molecule (e.g.,
a macromolecule, such as, e.g., a protein, DNA, RNA,
or carbohydrate, and a small molecule, such as, e.g., a
chemotherapeutic drug, a lipid, a sugar, an amino acid,
or a nucleotide), or molecular complex that is potentially
present in a sample and the presence of which is tested
by the method of the present disclosure.

[0034] Bytarget competitoris meanta cell, virus, mol-
ecule (e.g., a macromolecule, such as, e.g., a protein,
DNA, RNA, or carbohydrate, and a small molecule, such
as, e.g., a chemotherapeutic drug, a lipid, a sugar, an
amino acid, or a nucleotide), or molecular complex that
competes with target for binding to a category-binding
molecule. A target competitor may be a target that is con-
jugated or stably attached to a selection moiety.

[0035] By category of target is meant one or more fea-
tures shared by multiple targets so that the multiple tar-
gets are considered identical for the purposes of a test
constructed using the method of the present disclosure.
For example, for a test designed to detect all HIV viruses,
the category is HIV. Such a test would detect all HIV
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viruses, without differentiating the HIV-1 and HIV-2 var-
iants. In this case, the category of the target includes
both HIV-1 and HIV-2. The goal of another test might be
to distinguish HIV-1 from HIV-2. In this case, each type
of HIV would be considered a different category. If the
goal of the test is to detect C. albicans, three probes
considered identical for the purpose of the test because
they share the common feature that they bind specifically
to C. albicans would be considered to be in the same
category of target molecules.

[0036] By category-binding molecule is meant a
molecule or molecular complex that specifically binds to
a category-specific binding site. Examples of category-
binding molecules are nucleic acid probes that hybridize
to genomic DNA; nucleic acid aptamers that have been
selected or "evolved" in vitro to bind specifically to sites
on proteins; antibodies that bind to cellular antigens or
serum proteins; and ligands such as epidermal growth
factor or biotin that bind specifically to hormone receptors
or to binding molecules, such as avidin. Two category-
binding molecules are distinct if they bind to distinct and
non-overlapping category-specific binding sites. Catego-
ry-binding molecules may be referred to according to
their molecular composition, e.g., a category binding ol-
igonucleotide, probe, antibody, ligand, efc. The term "an-
tibody" includes, e.g., any polypeptide capable of binding
with specificity to a molecule or molecular complex, in-
cluding e.g., complete, intact antibodies, chimeric anti-
bodies, diabodies, bi-specific antibodies, Fab fragments,
F(ab’)2 molecules, single chain Fv (scFv) molecules, tan-
dem scFv molecules, and aptamers. Complete, intactan-
tibodies include monoclonal antibodies such as murine
monoclonal antibodies (mAb), polyclonal antibodies, chi-
meric antibodies, humanized antibodies and human an-
tibodies. The antibody can also include synthetically de-
rived sequences.

[0037] By specifically binds is meant that a category-
binding molecule binds to a molecule or molecular com-
plex with a dissociation constant less than 10-6M, more
preferably less than 107M, 10-8M, 10-°M, 10-10M, 10-11M,
or 10-12M, and most preferably less than 10-13M, 10-14M,
or 10-15M. Specific binding of a category-binding mole-
cule to a category of target may occur under binding con-
ditions to essentially all targets (e.g., at least about 70%,
80%, 90%, 95%, 99%, or more targets bind to the cate-
gory-binding molecule) that are members of a category
scanned for by a test, but to substantially no other mol-
ecules (e.g., less than about 1%, 5%, 10%, 15%, 20%,
or 25% non-target molecules bind to the category-binding
molecules) that are likely to be present in the sample.
The number of category-binding molecules that are
bound by targets in a category scanned for as compared
to the number bound by targets not in such a category,
are typically two-fold, five-fold, ten-fold, or greater than
fifty-fold greater.

[0038] By capture moleculeis meanta category-bind-
ing molecule thatis stably bound to a surface, membrane,
or other matrix that is not a particle.
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[0039] By signal element is meant a molecule or par-
ticle that directly generates a detectable signal. The
phrase "directly generates" refers to the fact that signal
elements are the immediate source or critical modulator
of the detectable signal. Thus, if the signal is photons
that arise from a fluorophore, the fluorophore is the im-
mediate source of the photons and, therefore, is a signal
element. If the signal is photons scattered by an RLS
particle, the RLS particle is a signal element. Alternative-
ly, if the signal is the light transmitted or scattered from
achromogenic precipitated product of the enzyme horse-
radish peroxidase, the chromogenic product is the signal
element.

[0040] A characteristic of a signal element is that such
an element cannot be divided into parts such that each
part generates a signal that is comparable (in character,
not necessarily in intensity) to the whole. Thus, a 2 nM
diameter quantum dot is a signal element, as dividing it
changes the character (emission spectrum) of the result-
ing nanocrystals. A5 um particle impregnated with a flu-
orescent dye such as fluorescein, is not a signaling ele-
ment, since it could be divided into parts such that each
part has signaling characteristics comparable to the in-
tact particle. The molecule fluorescein, in contrast, is a
signaling element. The detectable products of signal gen-
erating enzymes (e.g., luciferase, alkaline phosphatase,
horseradish peroxidase) are also considered signal ele-
ments. Such signal elements (or their precursors when
there is a chemical conversion of a precursor to a signal
element) may be diffusible substances, insoluble prod-
ucts, and/or unstable intermediates. For example, the
enzyme alkaline phosphatase converts the chemilumi-
nescent substrate CDP-Star (NEN; catalog number NEL-
601) to an activated product, which is a photon-emitting
signal element.

[0041] By signaling moiety is meant a molecule, par-
ticle, or substance including or producing (in the case of
enzymes) one or more signal elements and that is or can
be stably attached to a category-binding molecule. The
signaling moiety can be attached to the category-binding
molecule either covalently or non-covalently and either
directly or indirectly (e.g., via one or more adaptor or
"chemical linker" moieties or by both moieties being con-
jugated to the same particle). Examples of signaling moi-
eties include carboxylated quantum dots; a fluorophore
such as Texas Red thatis modified for binding to a nucleic
acid probe or an antibody probe; streptavidin-coated flu-
orescent polystyrene particles (which can be conjugated
to biotinylated category-specific binding proteins); a roll-
ing-circle replication product containing repeated nucleic
acid sequences each of which can hybridize to several
oligonucleotides tailed with fluorescently modified nucle-
otides and which contains a category-specific binding ol-
igonucleotide atthe 5’ end. A signaling moiety caninclude
physically distinct elements. For example, in some cases
the signaling moiety is an enzyme (e.g., alkaline phos-
phatase) that is conjugated to a category-binding mole-
cule (an antibody, forexample). Signal is generated when
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a substrate of alkaline phosphatase (e.g., CDP-Star, or
BM purple from NEN and Roche, respectively) is con-
verted to products that are signal elements (e.g., an un-
stable intermediate that emits a photon, or a precipitable
chromogenic product). It is not unusual for the category-
binding molecules, enzymatic signaling moieties, and
substrate to be applied to the reaction at distinct times.
[0042] By particle is meant a matrix which is less than
50 microns in size. The size of a population or batch of
particles is defined as the mean measurement of the
longest pair of orthogonal dimensions for a sample of the
particles. The longest pair of orthogonal dimensions is
the pair of orthogonal dimensions of a particle, the sum
of the lengths of which is the maximum for all such sums
for the particle. If a sample of two particles has a longest
pair of orthogonal dimensions of 1 micron X 2 micron
and 2 micron X 3 micron, respectively, the mean meas-
urement of the longest pair of orthogonal dimensions is
2 microns [(1+2+2+3)/4 = 2 microns]. The mean meas-
urement of the longest pair of orthogonal dimensions for
a sample of particles is, e.g., less than 50 microns, less
than 20 microns, or less than 5 microns.

[0043] Many particles have some characteristics of a
solid. However, molecular scaffolds or complexes, which
may not be rigid, are also defined as particles. For ex-
ample, dendrimers or other branching molecular struc-
tures are considered to be particles. Similarly, liposomes
are another type of particle. Particles can be associated
with or conjugated to signal elements. Particles are often
referred to with terms that reflect their dimensions or ge-
ometries. For example, the terms nanosphere, nano-
particle, or nanobead are used to refer to particles that
measures less than 1 micron along any given axis. Sim-
ilarly, the terms microsphere, microparticle, or mi-
crobead are used to refer to particles that measure less
than one millimeter along any given axis. Examples of
particlesinclude latex particles, polyacrylamide particles,
magnetite microparticles, ferrofluids (magnetic nanopar-
ticles), quantum dots, efc.

[0044] By labeling particle is meant a particle that can
specifically bind to targets and generate a signal. Labe-
ling particles are conjugated to both signaling moieties
and to category-binding molecules.

[0045] By target-labeling particle complex is meant
a labeling particle to which one or more targets are spe-
cifically bound.

[0046] By labeling ratio is meant the ratio of targets
to labeling particles during a contacting step. For exam-
ple, if 1 X 107 labeling particles are contacted with a
sample containing 1 X 108 targets, the labeling ratio is
0.1. For the purposes of calculating labeling ratios, only
the targets that can specifically bind to labeling particles
are considered. For example, targets that are physically
inaccessible (e.g., sequestered in a cellular compart-
ment) are not included in the calculation.

[0047] By signal character of a signal element or sig-
nal moiety is meant the aspect or aspects of a signal
generated by the signal element or signaling moiety that
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is useful for distinguishing it from other signal elements
or signaling moieties. For example, the signal character
of a signaling moiety labeled with fluorescein and rhod-
amine is fluorescence. The character of a radio trans-
ponder is radio frequency. Examples of photonic signal-
ing character are fluorescence, light scattering, phospho-
rescence, reflectance, absorbance, chemilumines-
cence, and bioluminescence. All but the latter two exam-
ples of photonic signaling character depend on external
illumination (e.g., a white light source, alaser light source,
or daylight). In contrast, chemiluminescence and biolu-
minescence are signaling characters that are independ-
ent of external light sources.

[0048] By signal signatureis meantthe distinctive sig-
naling quality of the combination of signaling moieties
that bind to a category of targets in a test. A target that
is bound to four types of antibodies, one of which is con-
jugated to a fluorescein molecule, and three of which are
conjugated with rhodamine molecules has a signal sig-
nature that is described by the combined weighted ab-
sorbance and emission spectra of fluorescein and rhod-
amine.

[0049] By selection force is meant a force thatis used
to capture, isolate, move, or sequester targets. Examples
of selection forces include gravity, magnetism, electrical
potential, centrifugal force, centripetal force, buoyant
density, and pressure. Targets can be mobilized by a
selection force acting on the targets alone. Alternatively,
selection forces can act specifically on targets that are
associated with selection moieties (see definition below).
[0050] Examples of the application of selection forces
to mobilize targets include centrifugation of targets; mag-
netic selection of targets bound to magnetic particles;
gravitational sedimentation of targets labeled with metal-
lic particles; and deposition of targets on a porous mem-
brane by vacuum filtration. Further instances of the use
of selection forces are included in the examples below.
[0051] By selection moiety is meantanatom, molecule,
particle, or other entity that can be conjugated to a cat-
egory-binding molecule and that confers on the category-
binding molecule the ability to be selectively captured,
isolated, moved, or sequestered by a selection force.
When a category-binding molecule-selection moiety
complex is specifically bound to a target, the target can
also generally be selectively captured, isolated, moved,
or sequestered by the selection force. Selective refers to
the preferential conferring of susceptibility to mobilization
by the selection force on selection moieties and associ-
ated entities over entities not associated with selection
moieties.

[0052] Paramagnetic particles and ferritin are exam-
ples of selection moieties. A dense silica particle that
sinks in solution is another type of selection moiety. Such
particles, when coated with category-binding molecules
and bound to a microbial target will cause the target to
sink in aqueous solution, thus separating of the bound
target from other sample unbound constituents.

[0053] By selective character is meant the aspect or
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aspects of a selection moiety that are useful for capturing,
selecting, or moving the selection moiety. For example,
the selective character of a paramagnetic particle is mag-
netism. The selective character of a silica particle that
rapidly sinks in aqueous solution is density.

[0054] By a roughly planar surface or substrate is
meant a surface that can be aligned in parallel to an im-
aginary plane such that when the distance is measured
from points in any 1 mm X 1 mm square on the surface
to the closest points on the imaginary plane, the absolute
value of the mean distance is less than 50 micrometers.
[0055] By detection surface is meant the surface of a
roughly planar substrate onto which targets are deposit-
ed. In embodiments using photonic signaling character,
if the detection surface is optically transparent, detection
can be effected via either face of the detection surface.
If the detection surface is opaque, detection is effected
via the face of the detection surface on which the targets
are deposited.

[0056] By detection area is meant the area of the de-
tection surface or detection zone that is simultaneously
analyzed by the method of the present disclosure. The
detection areais typically greaterthan 1 mm, e.g., greater
than 5mm, 10 mm, or 15 mm, in its longest linear dimen-
sion. For example, the section of a glass slide that is
simultaneously imaged by an optical device that includes
a collection lens and a CCD chip might measure 0.8 cm
X 0.5 cm. The detection area is then 0.4 cm2.

[0057] By detection zone is meant the volume in
which targets can be detected. The detection zone has
the same dimensions as the detection area but has a
depth corresponding to the depth in which a labeling par-
ticle can be detected and identified. The depth of the
detection zone is therefore dependent on the threshold
criteria used to score for positive signal. When optical
detection is used, the depth of the detection zone is de-
pendent on the optical depth of field.

[0058] Bythelongestdimensionofthe detectionarea
is meant the line of maximum length that can be drawn
between two points on the perimeter of the detection ar-
ea. For example, if the detection area is a rectangle
measuring 0.3 cm X 0.4 cm, the longest dimension of
the detection areais the diagonal, 0.5 cm. If the detection
area is an ellipse with semi-major axis of length 7 mm
and semi-minor axis of length 2.5 mm, the longest di-
mension of the detection area is 14 mm.

[0059] By the shortest dimension of the detection ar-
ea is meant the line of minimum length that can be drawn
between two points on the perimeter of the detection ar-
ea. For example, if the detection area is a rectangle
measuring 0.3 cm X 0.4 cm, the shortest dimension of
the detection area is 0.3 cm. If the detection area is an
ellipse with semi-major axis of length 7 mm and semi-
minor axis of length 2.5 mm, the shortest dimension of
the detection area is 5 mm.

[0060] By large areadetection orlarge areaimaging
is meant a method for detecting microscopic targets in
which the detection area (the area that is simultaneously
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analyzed by the detection device) is much larger than
the target. The detection area for large area detection
has linear dimensions > 1 mm. In contrast, the micro-
scopic targets are substantially smaller, typically meas-
uring less than 50 um in at least two orthogonal dimen-
sions. Examples of large area detection include imaging
a 9 mm diameter detection area with a CCD camera;
imaging a 2 cm X 1 cm rectangle by scanning with a
CCD line scanner that has a long dimension of 1 cm;
imaging a 4 cm X 4 cm filter containing microbial targets
using direct exposure on photographic film; and visual
detection of colored spots corresponding to microscopic
targets on a 1 cm X 3 cm test area in a rapid lateral flow
strip test.

[0061] By conjugated or stably associated is meant
a physical association between two entities in which the
mean half-life of association is least one day in PBS at
4°C.

[0062] By simultaneously detecting targetsin a sec-
tion of the detection area is meant detection of the signal
from a section of a roughly planar detection surface in
one step. Large area imaging of targets in a detection
area using a CCD chip, visual detection, or photodiode-
based signal integration are examples of simultaneous
detection.

[0063] By sample is meant material that is scanned
by the method of the present disclosure for the presence
of targets.

[0064] By direct visual detection is meant visual de-
tection without the aid of instrumentation other than wear-
able corrective lenses. For example, direct visual detec-
tion can be used to detect the reddish reflective signal of
nanogold particles in some rapid lateral flow tests.
[0065] By photoelectric detector is meant a man-
made device or instrument that transduces photonic sig-
nals into electric signals. Examples of photoelectric de-
tectors include CCD detectors, photomultiplier tube de-
tectors, and photodiode detectors, e.g., avalanche pho-
todiodes.

[0066] By illuminating is meant irradiating with elec-
tromagnetic radiation. Electromagnetic radiation of vari-
ous wavelengths can be used to illuminate. It includes,
for example, radiation with wavelengths in the X-ray, UV,
visible, or infrared regions of the spectrum. Note that il-
luminating radiation is not necessarily in the visible range.
[0067] By signal elements or signaling moieties with
photonic signaling character is meant signal elements
or signaling moieties that are detectable through the
emission, reflection, scattering, refraction, absorption,
capture, or redirection of photons, or any other modula-
tion or combination of photon behavior. Some examples
of signal elements or signaling moieties that have phot-
onic signaling character include: the fluorophore Texas
Red (fluorescent signaling character); CDP-Star (chemi-
luminescent signaling character); luciferase (biolumines-
cent signaling character); resonance light scattering par-
ticles (light scattering signaling character); BM purple
(light absorption or chromogenic signaling character);
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and up-converting phosphors (absorption of two long
wavelength photons and emission of one shorter wave-
length photon).

[0068] PBS is a phosphate-buffered saline solution
containing: 120 mM NacCl, 2.7 mM KCI and 10 mM phos-
phate buffer (sodium salt) pH 7.4.

[0069] PBS-TBP is a phosphate-buffered saline solu-
tion containing: 120 mM NaCl, 2.7 mM KCI and 10 mM
phosphate buffer (sodium salt) pH 7.4 containing 2 mg/ml
BSA, 0.05% Tween 20 and 0.05% v/v Proclin® 300
[0070] Tris-TBP is 20 mM Tris HCL pH 7.4 containing
2 mg/ml BSA, 0.05% Tween 20 and 0.05% v/v Proclin®
300

[0071] EDAC is (1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide.

[0072] BSA is bovine Serum Albumin.

[0073] CCD is charged coupled device.

[0074] CFU is colony forming unit (a measure of bac-

terial concentration that corresponds to the number of
viable bacterial cells).

[0075] HBV is Hepatitis B virus.

[0076] HCV is Hepatitis C virus.

[0077] HIV is Human Immunodeficiency virus.

[0078] TSH is thyroid stimulating hormone

[0079] Unless otherwise noted, microbiological strains

described in the specifications are obtained from the
American Type Culture Collection (ATCC), Manassas,
VA.

Brief Description of the Drawings
[0080]

Figure 1. Specific vs. Nonspecific Labeling;

Figure 2. Methods for contacting the sample with
other reaction components;

Figure 3. Different methods for capture of targets;

Figure 4. Labeling of S. aureus with Fluorogenic
DNA stain- Relative log fluorescence in-
tensity of SYTO-13® staining of S. aureus
DNA;

Figure 5. Labeling of Staphylococcus aureus cells
with chicken anti-protein A antibodies con-
jugated to fluorescent nanoparticles. Rel-
ative log fluorescence intensity of S. au-
reus cells stained by antibody coated fluo-
rescent particles;

Figure 6. Determining binding efficiency of S. aureus
specific fluorescent particles by flow cy-
tometry;

Figure 7. Testing magnetic particles coated with an-
ti-Staphylococcus aureus antibodies. Bio-
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Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 19.

14

assay shows number of magnetic particles
vs. percentage magnetic capture of S. au-
reus after magnetic selection;

Chromotrope 2R dye absorbs light at
wavelengths corresponding to light passed
by the excitation and emission filters used
in the imager;

Dye can be used to attenuate the signal
from fluorescent particles;

Assay of Human Thyroid Stimulating Hor-
mone (hTSH) in human serum using mag-
netic capture and dye;

Test of Dye-cushion reagent demonstrat-
ing the effect of dye and cushion using hu-
man Thyroid Stimulating Hormone assay
reagents;

Test of dye cushion reagent demonstrating
the effect of dye and of cushion using TSH
assay reagents. Magnetic selection exper-
iment for hTSH;

Concentration of density agent needed to
form a bilayer system when the sample is
whole blood;

Sensitive detection of hTSH in whole blood
by enumeration of individual fluorescent
microparticles after selection through a
dye cushion;

Detection of human Thyroid Stimulating
Hormone (hTSH) in human whole blood
using magnetic capture, cushion dye rea-
gent, carrier magnets (Example 8);

Assay of Human Thyroid Stimulating Hor-
mone (hTSH) in human plasma using dis-
persed magnetic capture and cushion dye
reagent (Example 9);

Assay of Human Thyroid Stimulating Hor-
mone (hTSH) in human plasma using dis-
persed magnetic capture and cushion dye
reagent (Example 9);

Detection of bacterial Bacillus anthracis
Lethal Factor (LF) in human plasma using
magnetic capture and cushion dye reagent
(Example 10);

Detection of bacterial Bacillus anthracis
Lethal Factor (LF) in human plasma using
magnetic capture and cushion dye reagent



Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.
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(Example 10);

Detection of bacterial Bacillus anthracis
Protective Antigen (PA) in human plasma
using magnetic capture and cushion dye
reagent (Example 11);

Detection of bacterial Bacillus anthracis
Protective Antigen (PA) in human plasma
using magnetic capture and cushion dye
reagent (Example 11);

Detection of bacterial Bacillus anthracis
poly-D-y-glutamic acid (PDGA) capsule
polypeptide in human urine (Example 12);

Detection of bacterial Bacillus anthracis
poly-D-y-glutamic acid (PDGA) capsule
polypeptide in human urine (Example 12);

Detection of bacterial Bacillus anthracis
Lethal Factor in human whole blood by au-
tomated analysis (Example 13);

Competitive immunoassay for detection of
bacterial protein Bacillis anthracis poly-D-
y-glutamic acid capsule polypeptide (Ex-
ample 14);

Positive and negative internal assay con-
trols for human TSH and bacterial Bacillus
anthracis PA and PDGA (Example 15);

Enumeration of individual Staphylococcus
aureus cells labeled with DNA stain, after
magnetic selection through a dye cushion
(Example 16);

Specificity of S. aureus dye cushion assay
using nonspecific labeling with DNA stain
and specific magnets (Example 16);

Detection of S. aureus by detection with
non-specific Sybr Green DNA staining and
magnetic selection with dye cushion rea-
gent (Example 16);

Labeling of Staphylococcus aureus cells
with chicken anti-protein A antibodies con-
jugated to fluorescent nanoparticles (Ex-
ample 17);

Specificity of Staphylococcus aureus as-
say with a specific label, chicken anti-pro-
tein A antibodies conjugated to fluorescent
nanoparticles (Example 17);

Detection of S. aureus cells by detection
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with chicken anti-Protein A antibodies con-
jugated to Fluorescent Particles and Mag-
netic selection with dye cushion reagents
(Example 17);

Protocol for detection of methicillin resist-
ant S. aureus (MRSA) through selective
growth and immunodetection of cells (Ex-
ample 18);

Figure 33.

Detection of methicillin resistant S. aureus
(MRSA) through selective growth and im-
munodetection of cells (Example 18);

Figure 34.

Figure 35.  Stabilization of Reagents-Lyophilization of
human Thyroid Stimulating Hormone rea-
gents (Example 19);

Figure 36.  Assay of human Thyroid Stimulating Hor-
mone utilizing lyophilized reagents (Exam-
ple 19);

Figure 37.  Stabilization of reagents-Lyophilization of
Methicillin resistant S. aureus reagents
(Example 20);

Figure 38.  Assay for S. aureus utilizing lyophilized re-
agents (Example 20);

Figure 39.  Specific detection of biotin by movement
of the selected complexes (Example 21);
Figure 40.  Specific detection of S. aureus in an assay
utilizing photobleaching (Example 22);
Figure 41.  Use of photobleaching to identify debris in
an image where the label is susceptible to
photobleaching (Example 23).

Detailed Description of the Invention

[0081] Overview of the invention. The tests samples
for the presence of microscopic targets (cells, viruses,
molecules (e.g., a macromolecule, such as, e.g., a pro-
tein, DNA, RNA, or carbohydrate, and a small molecule,
such as, e.g., a chemotherapeutic drug, a lipid, a sugar,
an amino acid, or a nucleotide), or molecular complexes)
using sensitive large area to count individual labeled tar-
gets and methodology that does not require wash steps.
These attributes allow for accurate, sensitive, specific,
rapid, easy-to-use, and cost-effective testing while sim-
plifying instrumentation engineering and minimizing user
steps. The methods may be carried out using an imaging
analyzer as described herein and in

[0082] Some of the key functions and attributes of the
method are described in the following sections:

1. Samples
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. Targets

. Sample processing
. Test device

. Labeling

. Selection

. Assay format.

. Contacting

9. Depositing

10. Distinguishing labeled targets
11. Detection

12. Analysis

13. Assembly

0N O~ WN

1. Samples

[0083] Samples that potentially contain targets and
that can be tested by the method of the present disclosure
may be liquid, solid, gaseous, or a combination of all
three. Sample types include clinical (e.g., blood or urine),
manufacturing (e.g., foodstuffs or pharmaceuticals), and
environmental (e.g., air, surface, or water). Samples may
be substantially homogeneous, e.g. a liquid containing
solutes and few particulates, or sample may be hetero-
geneous, such as suspension of clay or other particles
from environmental samples such as soil. Samples may
contain one or more types of targets, and the targets may
be natural or synthetic targets, or a mix of natural and
synthetic targets, e.g. a blood sample may contain both
a hormone (a natural substance) and a synthetic drug.
[0084] Samples sources that can be tested using the
method of the present disclosure can include humans,
animals, plants and sample types may include urine,
blood, bile, synovial joint fluid, serum, plasma, spinal flu-
id, amniotic fluid, sweat, nasal and respiratory fluid, vag-
inal secretions, ejaculate, wound exudates, sputum and
bronchoalveloar lavage fluids, hemolymph from an ar-
thropod or mollusc, or fluids obtained from plants such
as cell sap. Samples may also include solids from hu-
mans or other organisms, and samples which may have
liquid or solid character, such as feces, which can vary
from a clear liquid to a firm solid, and others such as
bone, hair, dried cells, skin samples, fresh, frozen or fixed
pathology samples, and swabs taken from nasal, na-
sopharyngeal, throat, axillar, perineal or rectal sites. Oth-
er biological samples include gases from biological
sources, such as flatus, or gas which may be collected
from the oral or nasal cavity.

[0085] Samples include materials from natural, indus-
trial or commercial sources, including raw materials, in
process, manufactured or finished products, such as
foods, beverages, animal feeds, cosmetics, pharmaceu-
tical or veterinary products, fertilizers, polymers, plastics,
rubbers, wood or paper products, fabrics, and products
for topical or internal use on humans, or animals or in-
termediates of any of the above. Other types of samples
include material from research or testing laboratories,
such as cell culture supernatants, cells grown in vitro,
samples from animals such as mice or guinea pigs used

10

15

20

25

30

35

40

45

50

55

10

for research or testing, or plant samples grown or taken
for testing purposes. Samples may include liquids, solids
or gases from natural sources, such as lake or river water
samples monitored for bacteria or chemicals, soils to be
tested for chemicals, toxins or micro organisms.

[0086] Manufacturing environmental monitoring sam-
ples, such as are obtained from industrial or medical
equipmentfor environmental or chemical monitoring may
also be tested using the method of the present disclosure.
For example, a sample may be obtained by wiping or
swabbing the surface of equipment used for manufacture
or storage of foods or beverages.

[0087] Samples may contain living microorganisms,
for example as in fermentor broth, blood samples from a
person with a blood infection, or some food products.
[0088] The volume of the sample can vary from liters
to nanoliters. For instance, in testing drinking water for
the presence of contaminants, the sample may be liters
of water; the sample may be processed to concentrate
any targets which may be present. Conversely, if a re-
searcher desires to do a long term study on the effect of
a toxin or pharmaceutical on a living mouse and the
sample is whole blood obtained from the mouse, it is
desirable to limit the sample volume.

2. Targets

[0089] A targetis a cell, virus, molecule (e.g., a mac-
romolecule, such as, e.g., a protein, DNA, RNA, or car-
bohydrate, and a small molecule, such as, e.g., a chem-
otherapeutic drug, a lipid, a sugar, an amino acid, or a
nucleotide), or molecular complex that is potentially
present in a sample, and whose presence is tested for
by the method of the present disclosure. Many different
types of targets can be detected and or quantified using
of the method of the present disclosure. The ability to
sensitively detect many different types of targets is an
advantage of the method of the present disclosure.
[0090] Targets may vary in size. Targets such as hu-
man egg cells or megakaryocytes may be 100 microns
or more in diameter; circulating tumor cells may be sev-
eral microns; bacteria may be one micron in diameter;
while protein or nucleic acid targets may range in size
from a few to hundreds of nanometers. Smaller targets,
such as antibiotics, toxins and pesticides, may be 10 na-
nometers or less in size.

[0091] Targets may vary in abundance. For example,
the concentration of bacteria or viruses present in blood
samples can vary from less then 1 cell or CFU or virus
per 10 mL to greater then 1X108 CFU or virus particles
per mL; similarly, the concentration of proteins such as
thyroid stimulating hormone, human chorionic gonado-
tropin or prostate specific antigen can vary greatly. For
example, the concentration of human chorionic gonado-
tropin in serum can vary over more then 4 orders of mag-
nitude, from less than 5 to greater than 150,000 mIU/mL.
[0092] A target may be a cell or cell fragment from a
multicellular organism. Examples of cellular targets might
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include cells such as sperm, pollen, fungal or plant
spores, and cells obtained from blood or other biological
fluids. For example, CD4+ cells and circulating tumor
cells may be found in blood; the former are used in HIV
testing, and the latter may be useful in cancer diagnos-
tics. Examples of cell fragments include platelets, a nor-
mal component of human blood, and subcellular fractions
such as nuclei, mitochondria, lysosomes, or peroxi-
somes which result from sample processing.

[0093] A target may be a microorganism, or a part of
a microorganism, such as a fragment of a cell wall, or an
agglomeration of two or more microorganisms. Microor-
ganisms may include viruses, bacteria, bacterial spores,
archeabacteria, fungi, protists, or multicellular microor-
ganisms such as nematodes, copepods or rotifers. In
many samples, such as environmental soil samples, or
samples from the human digestive system, microorgan-
isms may be bound to particulates, or may be present
as part of a mixed flora.

[0094] Atarget may be a biological or artificial polymer,
including nucleic acids, proteins and peptides, polysac-
charides, and complexes, either covalent or noncovalent,
between different types of polymers or between different
types of polymers and nonpolymeric compounds, such
as enzymes covalently modified by a prosthetic group.
Targets may also include biological polymers which have
been damaged, such as DNA molecules which have
been damaged by UV radiation. Polymeric targets may
also include synthetic polymers and synthetic analogues
of biological polymers which have been modified to in-
clude synthetic compounds, such as a synthetic oligonu-
cleotide, which may include moieties not normally found
in nature. Peptides and peptide analogues, such as retro-
reverso peptides, are another class of compounds which
may be targets.

[0095] A target may be a natural molecule or a syn-
thetic molecule. Examples of natural compounds include
vitamins, hormones, neurotransmitters, lipids, amino ac-
ids, sugars, secondary metabolites, toxins, and pherom-
ones. Examples of synthetic molecules include pesti-
cides, chemical intermediates, monomers, plasticizers,
surfactants, and otherindustrial products. The target may
also be a pharmaceutical compound, e.g., a drug.
[0096] Proteins may be detected or quantified using
the method of the present disclosure. Proteins include,
for instance, cytokines, hormones, enzymes, structural
proteins, receptors and so forth. Protein targets may also
undergo modification, and the presence of such a mod-
ification may be of interest, such as the amount of glyc-
osylated hemoglobin in blood, which is a marker used in
diagnosis and treatment of diabetes. Proteins may occur
in various complexes, either with other proteins, or other
molecules, such as nucleic acids or low molecular weight
molecules such as FAD.

[0097] In the case of enzymes, it may be useful to de-
tect either the enzyme (a primary target) or a product of
the enzyme (a secondary target). For instance, detection
of lactamase may be done by providing alactam antibiotic
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such as benzyl penicillin, and detecting benzyl penicilloic
acid.

3. Sample processing

[0098] Sample can be presented to the assay in vari-
ous ways, depending on the sample to be tested and the
assay. These include, but are not limited to, swabs in
transport medium or swabs obtained from a sampling
site; tubes of whole blood, serum or plasma; a drop of
whole blood presented at the end of a finger after a use
of a lance, or a drop of whole blood presented on the
earlobe or other surface such as the forearm; formed or
unformed stool present in a container; samples such as
whole blood spotted onto a transport medium such as a
filter paper or membrane; tear or sweat drops present on
the skin or other bodily surface.

[0099] Sample processing may have several functions
depending on the nature of the sample and the test re-
quirements, but generally serves to improve the availa-
bility of targets for testing. Ideally, sample processing re-
quires minimal effort on the part of the user. Sample
processing can occurat various times andin various plac-
es. Sample processing can occur before the sample
reaches the testing site, either at the collection point or
some point in transit, or sample processing can occur as
part of the testing process, or sample processing can
occur at the testing site, but not as part of the testing
process. Sample processing may occur in two or more
discrete stages or steps, e.g. there may be processing
to preserve targets at the collection site and further
processing at the testing site to make targets amenable
to the assay.

[0100] Sample processing may occuras partof sample
collection. Forinstance, ifa blood collection tube contains
EDTA, coagulation of the blood will be prevented during
collection; the user does not need to do anything other
then select the right collection tube.

[0101] Some sample processing operations involve
extraction of the target from a solid, semisolid, or liquid
matrix or from a collection device. For example, a test to
detect targets in a bone sample might involve steps of
mechanical disruption and liquid extraction to solubilize
thetargetsinto the liquid phase so thatthey are amenable
to the assay, and to concentrate the targets, so as to
improve the sensitivity of the assay. Other processes,
including filtration or centrifugation of a sample can be
used to remove particulates from a soluble sample to
allow testing of a uniform liquid. This might include
processing of blood to produce plasma or serum, or re-
moval of solids from a fecal sample before testing for C.
difficile toxin. Sample processing methods may include
steps such as purification, elution from a sampling device
such as a swab or a filter, centrifugation in batch or con-
tinuous mode, electrophoresis or diaphoresis, chroma-
tography, extraction or mixing with an aqueous or organic
diluent or solvent, two-phase partitioning using polymers
or salt, ultrasonic treatment for homogenization or dis-
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ruption, pressure, for example using a French press to
disrupt microorganisms. Mechanical sample treatments
include sorting with a sieve; mechanical disruption, such
as cutting, chopping, pressing or crushing, and grinding.
[0102] Other processing operations involve dilution or
concentration of a sample or otherwise conditioning the
sample for testing. For instance, a test to detect low con-
centrations of microorganisms present in a large sample
of water might involve filtration and concentration steps.
Pooling or combination of samples may be performed to
reduce the total number or tests required. Sample
processing may also be used to improve the quality of
test results. In some cases, the sample may be suitable
for testing without sample processing, but processing will
improve the quality of results. For instance, the detection
of a protein target in blood or plasma may be possible
without sample processing, but the sensitivity of the as-
say may be improved by steps such as centrifugation.
Thus, the amount and type of sample processing is de-
termined both by the nature of the sample, the nature of
the target, and the needs of the user for speed, ease of
use, cost-effectiveness, reproducibility, freedom from in-
terference, resolution and sensitivity.

[0103] Sample processing may involve adding various
chemicals. For example, it may be necessary to adjust
the pH of a sample by addition of acid or base, or adjust
the salt concentration by adding NaCl, or to add reagents
to cause either targets or other substances to precipitate.
Addition of chemicals can cause several steps to occur
simultaneously, for instance, addition of a polymer may
cause the sample to form a two phase system, where
the target is enriched in one phase and interfering sub-
stances are enriched in the other phase. Chemicals may
be added to color the sample, for example, addition of
colors may help users identify samples. Detergents may
be added to effect lysis of cells (for instance saponin may
be added to lyse mammalian cells without lysis of bac-
terial cells), to solubilize components, or to improve the
wetting or flow of the sample during other steps such as
filtration. Chemicals may be added prior to other steps
as a pretreatment, forinstance, detergents may be added
to solubilize the sample prior to filtration.

[0104] Enzymes may be added for various reasons as
part of the sample processing step. Disaggregation of
tissues may be necessary to render cells suitable for test-
ing. Also, it is well known that certain enzymes, such as
lysozyme or lysostaphin, will degrade the cell walls of
bacteria; addition of these enzymes may be used to lib-
erate targets from the inside of the bacterial cell. Nucle-
ases may be added during sample processing, for in-
stance to reduce the viscosity of biological samples after
processing. Enzymes may also be used to convert sub-
strates into targets.

[0105] Sample processing may be used to preserve
targets from degradation or modification For instance,
protease inhibitors may be added to the sample at col-
lection, to ensure that protein targets are not degraded
by proteases and rendered undetectable. Preservatives,
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such as Proclin® or sodium azide may also be added at
any point to prevent the growth of organisms; for in-
stance, it is well known that many microorganisms se-
crete proteases and nucleases, and these enzymes may
degrade the target of interest. Sample processing may
involve a step where the sample is heated or cooled. For
instance, refrigeration of a sample may be used to inhibit
the growth of microorganisms between sample collection
and testing; freezing may be used to prevent the degra-
dation of labile targets.

[0106] When a sample contains microorganisms, it
may be useful to process the sample under conditions
that allow growth or selective growth of the organisms.
Forinstance, in a test to determine if bacteria are present
in blood, it may be useful to know if a single bacterium
is present in a sample of several milliliters in volume. In
this case, incubation of the sample, with or without dilu-
tioninto bacterial growth medium, will allow the bacterium
to divide and grow. In some cases, such as detection of
one particular microorganism present in a sample that
may contain other microorganisms, it may be useful to
treat the sample so that only the organism(s) of interest
survive, or to subject the sample to growth conditions
which reveal a particular growth property of the organ-
isms. For example, to detect the presence of methicillin
resistant Staphylococcus aureus in a blood sample, it
may be useful to mix the sample with a growth medium
that contains an antibiotic, so that methicillin resistant
organisms grow while methicillin sensitive organisms do
not grow.

[0107] Sample processing methods may be combined.
For instance, it might be necessary to centrifuge or filter
a sample to remove particulates, and then remove inter-
fering substances, and concentrate and purify the targets
with chromatography. Processing steps may be per-
formed manually or by automated equipment.

4. Test device

[0108] The method of the present disclosure can be
carried out in test devices of many configurations. To
carry out the inventive steps the device generally com-
prises a reaction well which allows the sample and other
components to contact each other and an imaging well
comprising a detection surface which allows imaging of
individual labeled target complexes by the detector. The
detection surface allows transmission of the signal from
the detection zone to the detector. The imaging well can
also serve as thereaction well. Alternatively, a testdevice
might comprise separate reaction and imaging wells. Or,
separate devices containing the two types of wells can
be used. The test reaction can be moved from the reac-
tion well to the imaging well manually or automatically.

[0109] The reaction and imaging wells may also serve
other functions. Forinstance, there may be fiducial marks
in or near the detection surface of the imaging well to
assist in focusing or to allow for alignment of images dur-
ing analysis, or the container can be designed for the
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containment of biohazardous samples. The wells of the
test device can be manufactured to contain test compo-
nents, reducing later reagent addition steps. The test de-
vice can be disposable (thatis, used once and discarded)
or can be cleaned and reused.

[0110] Material and manufacturing methods for the test
device are chosen based on the functional requirements
of the test device, costs, and manufacturing complexity.
For example, transparent low fluorescence plastics are
generally used to construct imaging wells. Costs can be
minimized by using commodity plastics and high volume
manufacturing methods. One useful type of container is
made of low cost materials, such as polystyrene, formed
by high volume methods, such as injection molding, that
result in very reproducible parts with low cost per part.

5. Labeling

[0111] Todetectthe presence oftargetsinthereaction,
targets are contacted with and complexed to signaling
moieties. Labeled targets within the detection zone pro-
duce a detectable signal when they are imaged.

[0112] The signaling moieties useful in the target labe-
ling process can have a variety of signaling characters,
including fluorescence, light-scattering, Raman scatter-
ing, phosphorescence, luminescence, chemilumines-
cence, bioluminescence, and color.

[0113] A variety of types of signaling moieties can be
used in conjunction with the assay, as demonstrated in
the examples below. These include but are not limited to
single fluorophores, including fluorescent dyes like fluo-
rescein, rhodamine, the Cy® dye series (GE healthcare)
and the Alexa® series (Invitrogen), which can be modi-
fied for chemical coupling to proteins or nucleic acids;
fluorescent nucleic acid stains like propidium iodide or
the SYBR® and SYTO® stains (Invitrogen) which are
fluorescentwhen complexed to nucleic acids; fluorescent
proteins similar to green fluorescent protein or phyco-
biliproteins; and quantum dots. Higher intensity signals
can be generated by incorporating multiple fluorophores
into the signaling moiety. For example, fluorescently la-
beled polymers, and fluorescent microparticles can carry
multiple fluorophores and generate high-intensity signal.
Enzymes which generate a chemiluminescent, biolumi-
nescent, or chromogenic signal when incubated with an
appropriate substrate can, in the presence of their sub-
strates, also comprise signaling moieties. In general, sig-
naling moieties are selected taking the nature of the sam-
ple to be tested (e.g. intrinsic fluorescence) and the de-
tection method (e.g. CCD-based imaging through a spe-
cific filter set) into account.

[0114] In some embodiments of the method of the
present disclosure, a specific label is used to selectively
label targets. A specific label includes one or more cat-
egory binding molecules conjugated or stably associated
with one or more signaling moieties described above.
Examples of category binding molecules include: anti-
bodies (if the target is an antigen); antigens (if the target
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is an antibody); lectins (if the target contains appropriate
sugar moieties); nucleic acid probes complementary to
a target sequence of interest; receptors (if the targetis a
receptor ligand); and ligands (if the target is a receptor).
[0115] Methods for covalent linkage of category bind-
ing molecules to signaling moieties are selected based
on the chemical groups available on the two moieties to
be linked. References such as Hemanson (Bioconjugate
Techniques by Greg T. Hermanson and Chemistry of
Protein Conjugation and Cross-Linking by Shan S.
Wong) allow those skilled in the art to make use of a
variety of conjugation methods. In one commonly used
method, a chemically activated signaling moiety (e.g.,
fluorescent particle or dye molecule modified with N-hy-
droxysuccinimide) is conjugated to free amino groups on
the specific binding moiety (e.g., an antibody) under re-
action conditions appropriate to the molecules to be con-
jugated. In another common method, fluorescently la-
beled nucleotides are incorporated into an oligonucle-
otide probe when the probe is synthesized.

[0116] Some signaling moiety complexes can be
formed by non-covalent association between signaling
moieties and category binding molecules. For example,
in the case of fluorescent polystyrene microparticles, a
stably associated labeled specific binding moiety can be
produced by adsorbing the specific binding moiety onto
the surface of the microparticle.

[0117] A combination of covalent linkage and non-cov-
alent stable association can also be used to generate
signaling moiety complexes. For example, a category
binding molecule can be chemically conjugated to biotin,
and a signaling moiety can be chemically conjugated to
streptavidin or avidin. When these components are con-
tacted, a specific label is formed. This type of specific
label can be formed before the test is carried out, or the
components can be added separately to the reaction so
that the specific label is produced during the reaction.
[0118] Some aspects of the present disclosure make
use of labels that are not complexed with category bind-
ing molecules. These nonspecific labels generally pro-
duce a detectable signal by binding to or reacting with
chemical classes or functional classes of molecules in
the sample. Figure 1 illustrates the distinction between
specific and nonspecific labeling. One type of non-spe-
cific label can chemically modify ubiquitous chemical
groups present in the sample, including the target. For
example, N-hydroxysuccinimide-activated fluorescent
dyes can couple to free amines throughout the sample,
and if the target is present in the sample and contains
free amines, it will be fluorescently labeled. Alternatively,
N-hydroxysuccinimide-activated biotin can be used to
couple biotin to free amines throughout the sample. In
this case, the target and other amine-containing compo-
nents of the sample can be labeled by addition of a sig-
naling moiety complexed with biotin or streptavidin. Nu-
cleic acid labeling agents (examples include propidium
iodide and the SYTO and SYBR dye series, from Invit-
rogen) can be used to label all accessible nucleic acids
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in the sample, including the target if it contains nucleic
acid. Another example of nonspecific labeling is the la-
beling of all metabolically active cells in the sample when
the target is a live cell. This might be achieved through
use of live cell stains or metabolic dyes like fluorescein
diacetate which are metabolized by living cells to produce
a signaling moiety.

6. Selection

[0119] The method of the present disclosure generally
uses selection to deposit labeled targets in the detection
zone for imaging and to separate or distinguish bound
from free signaling moieties.

[0120] A variety of selective characters can be em-
ployed, each associated with particular sets of selection
moieties. Selective characters include but are not limited
to magnetic selection, buoyant density-based selection,
either by gravity or centrifugation, electrophoresis, die-
lectrophoresis, filtration, and simple capture onto a solid
phase.

[0121] Selection moieties are chosen to be compat-
ible with the selective force corresponding to the selective
character. For magnetic selection, the compatible selec-
tion moieties include superparamagnetic particles, fer-
rofluids, and ferritin. For density-based selections, com-
patible selection moieties are denser than the reaction
as a whole, including moieties like silica particles, mela-
mine particles, polystyrene particles, or other dense par-
ticles. Filtration can be used as a selection mode when
the labeled target can be selected by its size or by its
ability to bind to a particular type of filter. Capture selec-
tion modes include the specific or nonspecific capture of
labeled target complexes by capture molecules immobi-
lized on a surface. Capture selection is most useful in
the method of the present disclosure when the binding
agents are immobilized at or near the detection zone, so
that capture of labeled target complexes immobilizes the
complexes within the detection zone for imaging.
[0122] According to many aspects of the disclosure,
for example in the case of magnetic selection, the selec-
tion process is effected through the binding of a selection
moiety to a labeled target to produce a selectable com-
plex. Inother cases, the selective character of the labeled
target allows selection to be performed without prelimi-
nary formation of a selectable complex. For instance, fil-
tration of specifically labeled bacteria makes use of the
size of the target in the selection process to select all
bacteria, including the labeled targets, onto the filter,
where imaging will identify the labeled targets.

[0123] Selection moieties can specifically or non-
specifically bind to a target. A target-specific selection
moiety complex has a selection moiety linked to one or
more category-specific binding moieties. An anti-TSH
antibody-conjugated magnetic particle is an example of
a target-specific selection moiety complex. Category-
specific selection moiety complexes bind to the target
but not to other components present in the sample. Non-
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specific selection moiety complexes can also be pro-
duced, which will bind to broad classes of components
in the sample including the target. One example of a non-
specific selection moiety complex is a magnetic particle
conjugated to a poly-cation which binds to all poly-anionic
components in the sample, including a poly-anionic tar-
get.

[0124] Producing target-specific and non-specific
selection moiety complexes. Methods for production
of target-specific and nonspecific selection moieties can
be identical to those described for production of specific
labels in the labeling section above. The specific or non-
specific binding moieties are linked covalently or non-
covalently to selection moieties to form a stable associ-
ation between the components. In some cases, the bind-
ing characteristics of a selection moiety are intrinsic to
the selection moiety. For instance, if a polycationic se-
lection agent is desired, a particle which is itself polyca-
tionic could be used without further modification.

[0125] A combination of covalent linkage and non-cov-
alent stable association can also be used to generate
target-specific selection moieties. For example, a cate-
gory binding molecule can be chemically conjugated to
biotin, and a selection moiety can be chemically conju-
gated to streptavidin or avidin. This type of target-specific
signaling moiety can be formed before the test is carried
out, or the components can be added separately to the
reaction so that the target-specific signaling moiety is pro-
duced during the reaction.

7. Assay format.

[0126] The method ofthe presentdisclosure candetect
a wide range of targets. Many examples are carried out
in a"sandwich" format, where targets are labeled to allow
detection by an imaging method, and are additionally
complexed to a selection moiety to allow deposition of
labeled targets within the detection zone so that they can
be imaged. The precise selection of labeling and selec-
tion methods depends on properties of the sample, on
the detection method to be used, and on properties of
the target itself.

[0127] With respect to their reaction with specific bind-
ing moieties, targets fall into three classes: Small mole-
cule targets, macromolecular targets without repeating
determinants, and multivalent targets.

[0128] Small molecules (haptens) generally can be
bound only by a single specific binding moiety. This does
not permit their simultaneous binding by category binding
moieties linked to signaling and selection moieties. In the
current disclosure, detection of small molecules can be
achieved via a competitive format where the addition of
target inhibits the capture of signaling moieties within the
detection zone. There are three basic competitive format
aspects of the disclosure for the detection of small mol-
ecules. In one competitive assay aspect the category
binding molecules used for signaling and for selection
are complementary to each other, where one category
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binding molecule is a target competitor and the other is
a category binding molecule that binds the target or the
target competitor. In the absence of target in the sample,
the signaling moiety and selection moiety bind directly to
each other, so that when the deposition step is carried
out, measurable signal can be deposited in the detection
zone and imaged. If target molecules are present in the
sample, the formation of complexes between the signal-
ing and selection moieties is inhibited, so that the quantity
of signal deposited in the detection zone is an inverse
function of the quantity of target added to the reaction.
In a second competitive assay embodiment, both the sig-
naling moiety and the selection moiety are conjugated
to target competitor. The crosslinking of signaling moiety
and capture moiety is effected by an at least bivalent
category-specific molecule (e.g. an antibody) supplied in
the reaction. The crosslinking reaction is inhibited by the
binding of added target to the bivalent category-specific
binding molecule resulting in a reduction in the quantity
of signal when target is present in the reaction. In a third
competitive aspect (c), the signaling and selection moi-
eties are each conjugated to category-binding molecules
which can bind to the target. The addition of an at least
bivalent target competitor conjugate induces the forma-
tion of selectable signal-selection moiety complexes.
Again, the formation of crosslinked complexes between
signaling moiety and selection moiety is reduced by the
addition of target.

[0129] Macromolecular targets are generally large
enough to accommodate at least two non-overlapping
binding sites for independent category specific binding
moieties (including most proteins without multiple iden-
tical subunits and nucleic acid sequences without repeat-
ing sequences). Macromolecular targets without repeat-
ing sequences or determinants may be detected by the
use of binding molecules, including category-specific
binding molecules, which bind to non-overlapping re-
gions on the target, allowing both the signaling moiety
and the selection moiety to be complexed to the target
without interfering with each other. Macromolecules with
repeating sequences of amino acids or nucleotides, mul-
timeric proteins with at least two identical subunits, and
viruses or cells with multiple copies of specific binding
determinants can accommodate the binding of more than
one category-specific binding agent on a single target,
allowing but not requiring use of a single category-spe-
cific binding moiety conjugated to both the signaling moi-
ety and the selection moiety.

8. Contacting

[0130] The contacting step allows the formation of a
labeled target complexed with a selection moiety. For-
mation of the labeled target and of the target complexed
with selection moiety can occur sequentially in any order,
or may occur concurrently.

[0131] Those skilled in the art will appreciate that ad-
ditional components may be added to improve the rate,
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reproducibility, stability or quality of the reaction. These
additional components may include buffers to control the
pH of the reaction, as well as diluents, detergents, and
other additives to reduce nonspecific binding between
components, enhance the availability of the target in the
reaction, increase the efficiency of complex formation, or
for other purposes. The rationale for and selection of ad-
ditional components are discussed in references like
Christopher Price & David Newman, Principles and Prac-
tice of Immunoassay.

[0132] The components of the reaction, including tar-
get, label, selection moiety, and additional components
can be added to the reaction in a variety of physical con-
figurations and degrees of pre-assembly and in a variety
of sequences. If sequential reactions are desired, incu-
bation of afirst set of components can be carried out (e.g.
a mixture of target, additives and label) before subse-
quent additions are made (for instance, of selection moi-
ety and optionally additional additives). All components
can be added in the liquid form with each component
added separately to the reaction well. Alternatively, liquid
components can be pre-mixed to allow fewer liquid ad-
dition steps. Additionally, some or all of the supplied com-
ponents of the reaction (e.g. all components but the sam-
ple) can be lyophilized or dried before their addition to
the reaction, and the drying can be carried out separately
for each component or on a mixture of components. Dry-
ing can be carried out in many formats, including drying
reagents in the form of a cake in the reaction well, drying
reagents in bulk and dispensing dried powder, or lyophi-
lizing unit-dose reagent spheres and dispensing spheres
into the reaction well. Reconstitution of the dried reagent
can be due to addition of sample alone, or the addition
of sample and diluent. Figure 2 illustrates some embod-
iments of component addition to the reaction.

[0133] Addition of the sample and reagent component
(s) can be performed manually by the operator, automat-
ed through use of an instrument or cartridge to manipu-
late liquid flow, or a by a combination of automated and
manual methods. Reagents can be supplied to the op-
erator or to an automated instrument in bulk and dis-
pensed at the time of reaction, or can be pre-dispensed
onboard within a single-use reaction well or cartridge.
[0134] A mixing method can optionally be applied to
the reaction to make the reaction uniform and/orincrease
the rate of reaction. Mixing might be effected by methods
including agitation, inclusion of a mechanical mixer (for
instance, a propeller) in the sample, or by externally ap-
plied ultrasound or piezoelectric mixing devices.

[0135] An incubation period is provided to allow the
contacting reaction to occur preferably to completion, or
optionally to a sufficient degree of reaction that, for the
smallest quantity of target to be detected, detectable
quantities of labeled target-selection moiety complexes
can be deposited in the detection zone and imaged by
the detector.

[0136] After the contacting step is carried out, the re-
action mixture contains a series of reaction products, in-



29 EP 2 340 300 B1 30

cluding labeled target-selection moiety complexes, la-
beled target which failed to bind selection moiety, target-
selection moiety complexes which failed to bind label,
along with unreacted target, label, and selection agent.
These reactants and reaction products are generally dis-
persed in a uniform manner throughout the mixture.

9. Depositing

[0137] An aspect of the disclosure involves depositing
labeled target within the detection zone for imaging. As
an alternative, the method of the present disclosure may
involve detection of a target competitor within the detec-
tion zone (the target competitor may or may not be de-
posited on the detection surface) as a proxy for the pres-
ence of the target in a sample. The mode of deposition
used is a function of the type of selection moiety em-
ployed. Examples of selection modes are demonstrated
in Figure 3.

[0138] In the case of direct capture, the selection moi-
ety consists of category-specific or non-specific binding
moieties coated or conjugated within the detection zone,
for instance, conjugated directly onto the inner surface
of the imaging window or conjugated onto linkers or spac-
ing polymers which are conjugated to the imaging win-
dow. In this case, contacting the target with the selection
moiety and performing the deposition of complexes oc-
curs in a single step.

[0139] In the case where filtration is the mode for de-
positing labeled filterable complexes into the detection
zone, the size or other properties of the labeled target or
labeled target-selection moiety complex lead to deposi-
tion of the labeled target or labeled target-selection moi-
ety complex onto the filter which is placed within the de-
tection zone.

[0140] Other modes of deposition require applying
force to the selection moieties, including the set of selec-
tion moieties which are complexed to labeled target,
causing them to be deposited within the detection zone.
In the case of magnetic selection, a magnetically respon-
sive selection moiety is deposited into the detection zone
by the application of magnetic force. If the force applied
is substantially uniform and has a vector of force orthog-
onal to the detection surface, for instance by placing the
imaging well over an array of permanent magnets in an
appropriate configuration deposition of labeled complex-
es can be essentially uniform across the detection win-
dow. Uniform deposition of labeled target across the de-
tection area can be useful for enumerating targets in the
reaction, as they are spread apart allowing enumeration
of labeled objects. When magnetic force is non-uniform
across the plane of the imaging window, the labeled com-
plexes can be deposited in patterns within the detection
zone (Figure 3). For instance, use of a strong magnet of
dimensions smaller than the dimensions of the imaging
window can result in deposition of magnetically-respon-
sive selection moieties, including those complexed with
labeled targets, in a dot or pile inside the boundaries of
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the imaging window. This deposition of labeled targets
in a non-uniform pattern can be useful for data analysis,
as a plurality of labels detected within the deposition zone
are components of labeled target-selection moiety com-
plexes.

[0141] Density separation. Gravity can be used as
the deposition force if the selection moieties used in the
assay are more dense than the reaction liquid, and if the
detection zone is at the bottom of the reaction well. In
this case, deposition can be achieved by allowing the
selection moieties, with any labeled target bound to them,
to settle tothe detection zone, where they can be imaged.
Alternatively, a centrifugal force can be applied to dense
selection moieties to accelerate their deposition to the
detection zone. The shape of the reaction well can be
used to control the pattern of deposition in density-me-
diated selection processes. A planar imaging area at the
bottom of the well will lead to uniform deposition of dense
selection moieties and the bound labeled target associ-
ated with them, making it easier to enumerate the objects
in the resulting image. Non-planar surfaces can be de-
signed to result in deposition of complexes at the lowest
point in the reaction well, allowing geometrical discrimi-
nation between labeled targets bound to selection moi-
eties and labels which are unbound in the reaction mix-
ture (Figure 3).

[0142] Deposition is not always required, in particular
if the dimensions of the container in which the reaction
is run allow all of the labels in the reaction to fall within
the detection zone. In this case, other methods are used
to distinguish labeled target- selection moiety complexes
from unbound label.

10. Distinguishing labeled targets

[0143] Theinvention provides an improved method for
distinguishing between signaling moieties deposited in
the detection zone as a result of binding to target and
label which is not bound to a selected target. Discrimi-
nation of bound from free label is a particular issue when
label is present in great excess over target, as is required
when assays are designed to have high sensitivity with
a short incubation time. Improving the discrimination be-
tween bound and free label improves the sensitivity and
the specificity of assays by reducing background signal
(signal detected in an image which is not due to labeled
target-selection moiety complexes). Complexes are
physically concentrated in the detection zone by the dep-
osition step above; however both unbound label within
the detection zone and unbound label outside of the de-
tection zone can contribute a detectable optical signal to
the image.

[0144] Dye as an optical screen for imaging. The
incorporation of an appropriate dye can be used as an
optical separation device to increase the discrimination
of label in the detection zone from label that is not in the
detection zone. When optical detection is used for imag-
ing, and the reaction medium is substantially transparent
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to excitation light or other illuminating light, as well as to
reflected or emitted light producing the imaging signal, it
can be appreciated that unbound label which is outside
of the detection zone can contribute a large nonspecific
optical signal to the image. This is illustrated on the left
images of Figures 9 and 11. Inclusion of a dye into the
reaction before imaging can be used to reduce the signal
produced by unbound label residing outside of the de-
tection zone. Dye at an appropriate concentration allows
detection of fluorescence in the detection zone at or near
the detection surface, while masking the signaling con-
tribution from unbound label in the remainder of the so-
lution. In the case where the signaling moiety is fluores-
cent, the dye used can have an absorbance of light over-
lapping the excitation or emission wavelengths of the flu-
orescent signaling moiety, or can absorb both exciting
and emitted light. Figure 8 demonstrates the absorbance
spectrum of one such dye, Chromotrope 2R, overlaid with
the transmission profiles of the excitation and emission
filters used for imaging detection of the invitrogen yellow-
green Fluospheres® used as signaling moieties in the
example. Figure 9 illustrates that the addition of Chro-
motrope 2R dye to the well shields the detection zone
from signal arising from label outside of the detection
zone. Surprisingly, it can be seen in the figure that addi-
tion of dye still allows the discrimination of fluorescent
particles within the detection zone.

[0145] The concentration of dye added to the reaction
can be manipulated to control the depth of the detection
zone. At concentrations of dye which are preferred, sig-
naling moieties within approximately 50-100 microns of
the detection surface can be discriminated, while the con-
tribution of signaling moieties further than approximately
100 microns from the detection surface is minimized. The
efficiency of optical shielding provided by a dye relates
to the capacity of the dye to absorb light, and to the
number of dye molecules encountered by light passing
through the sample (the path length). If the dye concen-
tration is too low, signals from more of the overlying un-
bound signaling moieties will be detected, while if the dye
concentration is too high, signals from labeled targets
which are close to the imaging surface will be diminished.
In effect, regardless of the depth of field of the imaging
system, the concentration of dye used in the reaction can
be used to optically define the detection zone.

[0146] Dye can be added to the reaction at any time
during the reaction sequence.

[0147] The dye of the present disclosure can be a sin-
gle dye or a blend of dyes designed to absorb light at
appropriate wavelengths; selection of an appropriate dye
is a function of the signaling moiety used and the optical
imaging system to be applied. For example, for yellow
green fluorescent Fluospheres®, with an emission max-
imum of 515 nm, and an excitation maximum of 505 nm,
using an imaging system with excitation bandpass filters
475 +/- 29.5 nm and emission filters of 535 +/- 25 nm,
Chromotrope 2R or Acid Red 1 dyes are two examples
of appropriate dyes to produce an optical shielding effect.
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Those skilled in the art will be able to find other dyes
which are suitable for this purpose. References like Floyd
Green’s The Sigma-Aldrich Handbook of Stains, Dyes
and Indicators (Aldrich Chemical Company, Inc. 1990)
list many possible dyes with utility in the present disclo-
sure.

[0148] Other types of dyes useful for optical shielding
of signaling can be envisioned. When the signaling moi-
ety is distinguished by its color, dyes absorbing lightin a
wavelength complementary to the color to be detected
would be expected to act as optical shields for embodi-
ments of the presentdisclosure. Light scattering particles
may also be used as a "dye" for optical shielding of color
reactions. Black particles, including black India ink, ab-
sorb light at a variety of wavelengths, and can also pro-
vide an optical shield.

[0149] Inthe case where iron-containing magnetic par-
ticles are used as selection moieties, the use of large
numbers of magnetic particles in the reaction can deposit
a layer of opaque particles in the detection zone. The
passage of light through this layer is occluded, and only
signaling moieties which reside between the magnetic
particle layer and the imaging surface are imaged.
[0150] Use of a cushion to exclude unbound sign-
aling moieties from the detection zone. In addition to
signal contributed by unbound signaling moieties outside
of the detection zone, which can be addressed by addi-
tion of dye, unbound label can also be found within the
detection zone as a function of its random distribution
throughout the reaction volume. This label is not optically
distinguishable from specifically deposited signaling moi-
eties in the image, and reduces the sensitivity of detec-
tion.

[0151] Withinthe method ofthe presentdisclosure, un-
bound signal can be minimized within the detection zone
by excluding unselected components of the reaction from
the detection zone. This can be accomplished by placing
a liquid layer which is of higher density than the bulk
reaction, and which is at least as deep as the detection
zone, between the bulk reaction and the imaging surface
before beginning the process of depositing selection moi-
eties into the detection zone. Use of a dense layer or
"cushion" between the reaction mixture and the imaging
window can be incorporated into the assay in several
ways. Itis preferred but notrequired that the bulk reaction
have no direct contact with the imaging surface. The
dense layer or "cushion" can be placed into an imaging
well and the reaction mixture then layered above it. This
is one preferred approach because it avoids contact be-
tween the reaction mixture and the detection surface, so
that signaling moieties enter the detection zone only by
deposition. In another preferred aspect, the components
required to produce a dense cushion are pre-dispensed
into the imaging well and dried, so that the dried material
is reconstituted during the incubation of the reaction in
the contacting step above, and forms a dense underlayer
filling at least the volume of the detection zone. In a less-
preferred alternative, the dense cushion can be layered
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under the bulk reaction in the imaging well to occupy the
detection zone before deposition of selection moieties is
initiated.

[0152] In each case, the deposition of selection moie-
ties, together with any labeled targets bound to them,
causes the transport of the selection moieties out of the
bulk reaction mixture and into the dense cushion layer
residing within the detection zone. This process minimiz-
es the quantity of unbound label found within the detec-
tion zone and therefore detectable by imaging.

[0153] A variety of dense materials can be used to con-
stitute the dense layer within the detection zone. Liquids
which are denser than water and immiscible with water
are one alternative. Solutions containing high solute con-
centrations, like sucrose in concentrations of 7.5% w/v
to 35% wl/v, iodixanol, tradenamed Optiprep®, at con-
centrations of 10% or higher, more preferably at 15% or
higher, most preferably at 15-30%, diatrizoate or Per-
coll® can be used to produce the dense underlayer. Oth-
er solutes which can be dissolved to produce solutions
of high density might include NaCl, MgCl, Ficoll, CsCl,
metrizamide, or albumin. It is preferred that the underly-
ing solution be sufficiently different in density from the
bulk reaction that mixing between the two layers is min-
imized, and that particulate components in the reaction
do not sediment through the cushion spontaneously. For
example, the underlying solution (the dense layer or
cushion) may have a density that is at least 0.1, 0.2, 0.3,
0.4,0.5,1.0,1.5,2.0,2.5, 3.0, 4.0, 5.0, 10.0, 12.0, 15.0,
or 20.0 kg/L or more greater than the overlying layer. It
is also preferred thatthe dense solution be low in viscosity
to avoid impeding the deposition of labeled selection moi-
ety complexes within the detection zone. The ability of a
dense layer to maintain separation between an overlying
bulk reaction and the imaging surface is illustrated in fig-
ure 8, where whole blood layered over a dense cushion-
ing layer does not sediment to the bottom of an imaging
well.

[0154] When the detector is configured so that only the
detection zone is illuminated by the excitation source, a
dense underlayer can be sufficient to permit selective
imaging of signaling moieties in the detection zone. This
might be accomplished by providing excitation light in a
beam parallel to the plane of the detection window, and
detecting a fluorescent signal through the detection win-
dow. This approach minimizes the optical contribution of
the overlying signal moieties in the bulk reaction.
[0155] Dye cushion layers. The combination of the
dense cushioning layer with the addition of dye provides
an efficient reduction of background signal due to un-
bound signaling moieties in the reaction. The cushion
prevents unbound signaling moieties from appearing in
the detection zone, while the dye prevents the detection
of signal due to unbound signal in the overlying bulk re-
action, thereby isolating the signaling contribution of la-
beled targets complexed to selection moieties deposited
within the detection zone. The cushion embodiments de-
scribed above can be combined with the dyes of the
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present disclosure for use in the dyed cushion embodi-
ments of the present disclosure. A direct example of the
addition of dye to a cushion reagent is illustrated in Figure
11. Examples of the use of dyed cushion are illustrated
in examples 8 through 13 and 15 through 20 below. They
demonstrate use of this format in a variety of sample
types, including human whole blood, serum, plasma and
urine with a variety of targets including human thyroid
stimulating hormone, protein and polypeptide antigens
of B. anthracis, and in the detection of S. aureus and
methicillin-resistant S. aureus (MRSA) cells. Three dif-
ferent signaling moieties are used in the examples, in-
cluding 0.5 pM fluorescent particles, 0.2 uM fluorescent
particles, and SYBR nucleic acid staining.

[0156] The dyed dense layer occupying a volume at
least equal to the volume of the detection zone can be
placed in the imaging well, and the reaction mixture lay-
ered above it, before the deposition step is carried out.
Alternatively, the materials required for formation of the
dyed dense layer within the imaging zone can be dried
into the imaging well in such a way that the reaction mix-
ture reconstitutes the dyed dense layer during the incu-
bation of the mixture to allow labeled target-signaling
moiety complexes to form. While itis possible to underlay
the dyed dense cushion layer between the reaction mix-
ture and the imaging surface, it is preferred that the un-
bound label of the reaction mixture does not come into
direct contact with the imaging surface during the reac-
tion.

[0157] Photobleached detection zone. Another as-
pect of the presentdisclosure that does notrequire wash-
ing makes use of dye addition in a reaction where the
fluorescent signaling moiety can be photobleached by
exposure to light of the excitation wavelength of the flu-
orescent moiety. The reaction can be carried out in the
imaging well. Dye is incorporated into the reaction either
during the contacting step or after the contacting step of
thereaction. Lightis applied to the detection zone in such
way as to photobleach the signaling moieties present
within the detection zone without photobleaching the
overlying signaling moieties. The deposition step is car-
ried out, depositing labeled target-selection moieties into
the detection zone where other fluors have previously
been photobleached. When the detection zone is im-
aged, the detected signal is due to labeled target-selec-
tion moiety complexes, allowing sensitive detection of
signal from the bound label fraction while excluding the
signal from unbound label in a single reaction mixture
without physical manipulation of the reaction liquids.
[0158] Anotheraspectof the presentdisclosure is use-
fulin enumerating microbial cells in a sample. This aspect
uses photobleaching to differentiate the fraction of la-
beled target-selection moiety complexes due to target
cells from the fraction due to reaction with soluble target
in the reaction. An example would be a reaction detecting
S. aureus cells by labeling the protein A on the bacterial
cell wall with fluorescent particles which are not suscep-
tible to photobleaching. Selection is accomplished by an-
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tibodies reactive with protein A on superparamagnetic
microparticles. Samples containing S. aureus can also
contain free protein A, which can cause formation of a
labeled target-selection moiety complex in this format. If
it is desired to know which signal detected in the image
is due to cells in the reaction, and which is due to soluble
material, the cells can be additionally labeled with a nu-
cleic acid stain detectable by the same filter set as the
signaling particles but susceptible to photobleaching. Af-
ter deposition of labeled target-signaling moiety com-
plexes through a dyed cushion into the detection zone,
the detection zone is imaged, providing detection of both
labeled cells and complexed signaling particles. The de-
tection zone is then subjected to sufficient light to cause
photobleaching of the labeled cells, and another image
is acquired. The difference between the first image and
the second defines complexes formed due to cells.
[0159] Distinguishinglabeled target-selection moi-
ety complexes by tracking movement. Separation of
bound from free label can be performed making use of
the fact that bound label takes on the selection properties
of selection moiety to which it binds. For instance, fluo-
rescent labeling particles complexed by target to mag-
netic particles gain the property of motion directed by a
magnetic field. If the reaction is configured so that indi-
vidual bound and unbound labels can be imaged, then
when a magnetic field is applied with the vector of force
in a direction substantially parallel to the imaging surface,
the labels complexed with magnetic particles move in the
direction of the magnetic force, while unbound labels
move at random. If a long exposure is used for imaging,
each of the moving labels can be seen as a streak or
"comet" on the image. This is illustrated in Example 21.
Alternatively, a series of images can be obtained during
the time period when motion is directed by the magnetic
field, and the motion of labels can be tracked through the
video record of the motion.

[0160] One advantage of this assay is that it is non-
destructive and can therefore be used to determine the
kinetics of the binding reaction. During the initial stages
of the reaction between target, label and selection moi-
eties, a small amount of labeled target will be observed
moving in response to the application of selective forces.
As the reaction progresses, increasing quantities of label
will become responsive to selective forces. Additionally,
the direction of the force vector can be varied while keep-
ing the force substantially parallel to the plane of the de-
tection surface, allowing confirmation of the magnetic re-
sponsiveness of the signaling moieties under observa-
tion.

[0161] This assay could also be constructed using
dense particles as the selection moiety. The reaction well
could be configured with a detection window at the center
of a reaction chamber. The chamber, designed so that
individual bound and unbound labels can be imaged,
when oriented with the detection window in the vertical
position, allows the dense particles to settle due to the
force of gravity, thereby flowing past the vertically orient-
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ed detection window. Images are acquired to determine
the fraction of dense particles carrying a bound label, or
the frequency of bound label moving in the direction of
gravitational force, parallel to the plane of the detection
window. These images can be in the form of single im-
ages with long exposure allowing analysis to track the
motion of signaling moieties through production of a
streak or "comet" oriented in the direction of the force
vector on the image, or video sequences. The cartridge
could be inverted like an hourglass, providing both the
potential for a series of observations on the number of
signaling moieties which become responsive to gravity,
and a continued mixing of the reaction due to the settling
of the dense particles.

11. Detection

[0162] Inthe method of the present disclosure, labeled
target-selection moiety complexes deposited in the de-
tection zone are detected by use of digital imaging. A
digital imager appropriate for detection of the signaling
moieties must be provided. If the signaling moiety is flu-
orescent or phosphorescent, appropriate excitation light
sources and excitation and emission filters are also pro-
vided. If the signaling moiety is chemi- or bio-lumines-
cent, or chromogenic, the dense cushion will also contain
appropriate substrates and co-factors for the production
of signal.

[0163] Detectors for use in the method of the present
disclosure include any detector which can produce a dig-
ital image of the label present in the detection zone when
supplied with appropriate lenses, optical filters and illu-
mination sources. Detectors might include CCD camer-
as, CMOS cameras, line scan cameras, CMOS ava-
lanche photodiodes (APD'’s), photodiode arrays, photo-
multiplier tube arrays, or other types of digital imaging
detectors.

[0164] The detector is used to generate one or more
digital images of the detection zone. These can include
one or a series of single images or a set of sequential
images (e.g. video).

[0165] Imaging can be carried out under a single set
of imaging conditions or the imaging conditions can be
altered between images. For instance, multi-color fluo-
rescent imaging can be used to detect a multiplexed as-
say where separate and optically distinguishable signal-
ing moieties are each used to detect a distinct target. To
image multiple fluors, the wavelengths of excitation light
and the filter sets for emitted light can be varied to image
a series of different signaling moieties in the same reac-
tion well.

[0166] Insome cases, sequential images can be used
to distinguish debris. In the case of a signaling moiety
which is susceptible to photobleaching, an initial image
can be acquired which detects the signal due to the sig-
naling moiety but which also contains debris which can
be detected by intrinsic fluorescence or light scattering.
After providing sufficient excitation light to photobleach
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the signaling moiety, a second image can be obtained.
Fluorescent signal in the second image is due to debris
and can be eliminated from the analysis of specific target
capture. Example 23 provides an illustration of this ap-
proach to debris detection.

12. Analysis

[0167] The use of digital imaging can expand the dy-
namic range of an assay of the method of the present
disclosure. In an aspect of the present disclosure, each
captured target deposited in the detection zone can,
when imaged, result in the production of a detectable
object in the digital image. When few enough objects are
present in the image for separate bright objects to be
detected, the individual objects can be identified as blobs
in the image and enumerated. This approach allows ac-
curate counting of low numbers of signal moieties even
when the total signal detected occupies only a small
proportion of the total pixels in the image. If the total signal
in every pixel in the image were integrated across the
image, the specific signal would be lost by averaging it
with the noise of a much larger number of pixels with
intensity in the background range. As the number of de-
tected objects increases, the signal from these objects
begins to merge, and simple object enumeration be-
comes inaccurate. In this case, the total intensity of the
signal can be integrated, allowing accurate quantification
and use of the complete dynamic range of the imaging
device.

[0168] Standard curves can be used to relate the sig-
nal derived from analysis of digital images of the samples
containing unknown quantities of target to the signal pro-
duced with known levels of targets. In the case of non-
competitive assay embodiments, the specific signal in-
creases with the number of targets present in the sample.
In the case of competitive assays, the signal decreases
as the quantity of target present in the sample increases.
[0169] Detecting sample interference by inclusion
of parallel internal controls. It is well known that some
samples can interfere with the detection of target, even
under the most optimal analysis conditions. This interfer-
ence can be positive, causing a high signalin the absence
of target, or negative, causing an assay to fail to detect
a positive sample. The addition of internal controls run
in parallel with the test sample in the actual sample matrix
can be used to distinguish true and false test results. A
representation of this control scheme is diagrammed in
Figure 26. A positive control (for instance, adding a pre-
determined quantity of target to the test sample) would
be expected to add a definable incremental signal when
the control is added to the test sample. If the positive
control is not detected, the sample can be considered to
have a negative interference and interpreted appropri-
ately. Similarly, a negative control, designed to inhibit the
production of signal due to target in the sample (for in-
stance, by adding alarge quantity of the category-specific
binding moiety used to bind label to the target), should
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result in a reduction of the signal produced by a positive
sample. A positive sample which does not demonstrate
a decreased signal in the negative control well is either
a false positive or an extremely high true positive. These
alternatives can be distinguished by dilution of the sam-
ple. The negative control could alternatively contain an
irrelevant (signaling moiety-specific capture moiety com-
plex) which does not react with the target. Example 16
illustrates assays carried out using parallel internal pos-
itive and negative controls.

13. Assembly

[0170] In general, each of the components required for
the detection of target according to the presentdisclosure
will be provided to the user, who will supply the sample
to be tested for the presence of target. These compo-
nents include:

Components of the contacting reaction:

- Areactionwell either separate from or combined
with an imaging well

- signaling moiety conjugated to a binding moiety
as required for the detection of target

- selection moiety conjugated to a binding moiety
as required for the detection of target

- Additives required for optimal performance of
the reaction

- Dye, cushion and/or dyed cushion to optically
and/or physically separate the bulk reaction
from the detection zone

[0171] In one set of embodiments, the components of
the reaction are combined with sample in a reaction well.
After all reactants have been mixed with the sample the
reaction is transferred to an imaging well before deposi-
tion of selection moieties into the detection zone and im-
aging. Each of the liquid components can be added to
the reaction well as individual additions. This method of
assembly is embodied in the high-throughput surge test-
ing instrument of Example 13. Alternatively, liquids can
be combined and added to the reaction as one or two
additions, reducing the number of dispensing steps re-
quired to carry out the method of the present disclosure.
The dye, cushion, or dyed cushion can be dispensed as
a liquid into the imaging well, with the reaction mixture
overlaid above the cushion, as demonstrated in Example
13, or can be dried in the imaging well, and rehydrated
by the addition of the reaction mixture. The components
of the reaction can alternatively be pre-dispensed into
the reaction well in dried or lyophilized form, rehydrated
by the addition of sample or diluent plus sample and then
transferred to dye, cushion, or dyed cushion in the imag-
ing well. Drying can be carried out in many formats, in-
cluding drying reagents in the form of a cake in the reac-
tion well, drying reagents in bulk and dispensing dried
powder, or lyophilizing unit-dose reagent spheres and



39 EP 2 340 300 B1 40

dispensing spheres into the reaction well.

[0172] The practice of the method of the present dis-
closure is greatly simplified when all of the components
including the dyed cushion are pre-dispensed and dried
in a single reaction/imaging well. The dyed cushion can
be dried adjacent to the detection surface, so that it re-
hydrates during the reaction and protects the imaging
surface from the reactants. Dried reaction components
can be provided in a form that rehydrates instantly upon
the addition of sample, a diluent, or sample plus diluent,
and forms a separate layer above the rehydrating dye
cushion. The reaction components can be in the form of
a cake layered directly above the dried cushion, as dem-
onstrated in Example 20, or can be dried separately as
unit dose reagent spheres (Example 19) or as bulk rea-
gents dispensed into the reaction well above the dried
dyed cushion. In this embodiment, a single liquid addition
is sufficient to carry out all of the steps of the method of
the present disclosure, and no transfer of reagents from
one vessel to another is required. This format is amena-
ble to being carried out manually, by an automated in-
strument, or by fluidic transfer within a self-contained car-
tridge.

[0173] Addition of the sample and reagent component
(s) can be performed manually by the operator, automat-
ed through use of an instrument or cartridge to manipu-
late liquid flow, or a by a combination of automated and
manual methods. Reagents can be supplied to the op-
erator or to an automated instrument in bulk and dis-
pensed at the time of reaction, or can be pre-dispensed
onboard within a single-use reaction well or cartridge.

Examples

Example 1. Labeling of Staphylococcus aureus with
Fluorogenic DNA stain

[0174] This example describes the labeling of S. au-
reus bacterial cells with a fluorogenic DNA stain which
demonstrates a method to label bacterial targets for de-
tection by imaging. Labeling bacterial targets is important
in a number of analytical situations as applied in clinical,
industrial, and environmental analysis. Use of bacterial
labeling with fluorogenic dyes has a general use in the
context of the present disclosure because of the prodi-
gious signal that can be generated allowing the bacteria
to be easily enumerated using non-magnified imaging.

[0175] Method. Labeling of S. aureus with SYTO-13®
was carried out as follows. A culture of S. aureus (ATCC
strain 29213) was grown in Tryptic Soy Broth (Acumedia,
Catalog No. 7164A) at 35°C for 2 hours to achieve log-
phase growth. The cellnumbers were counted in a count-
ing chamber on Zeiss microscope and diluted to
1.67x108cells/mL in a PBS-TBP solution (10 mM Phos-
phate, 140 mM sodium chloride, 3 mM Potassium Chlo-
ride (Calbiochem, Catalog No0.524650), 0.05% wi/v
Tween 20 (Acros, Catalog No. 2333600010), 2 mg/mL
Bovine serum albumin (Sigma-Aldrich, Catalog No.
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A3059) and 0.05% v/v ProClin™ 300 (Supelco Catalog
No. 48912-U) adjusted to pH 7.4. SYTO-13® (Invitrogen/
Molecular Probes, Catalog No. S7575) was diluted 1:20
with saline solution (0.9 % w/v Sodium Chloride, JT Bak-
er, Catalog No. 3629-07). The labeling reaction mixture
contained 6 pL diluted S. aureus cell solution, 10 pL of
the diluted SYTO-13® solution and 984 pL PBS-TBP.
The reaction mixture was incubated for 2 min. The sam-
ple was then analyzed on a Partec Cyflow flow cytometer
set to trigger on green fluorescence at an emission wave-
length of 520 nm with the gain set at 300.

[0176] Results. Figure 4 shows the log fluorescence
intensity of S. aureus cells not labeled with SYTO-13®
(left) versus cells labeled with SYTO-13® (right). It can
be seen that labeled cells are readily detected by fluo-
rescence at 520 nm.

[0177] Conclusions. The result in example 1 demon-
strates that bacterial cell targets can be fluorescently la-
beled with a high intensity.

[0178] Alternative embodiments. Later examples
will demonstrate that bacteria labeled with nucleic acid
stains like SYTO-13® are detectable by non-magnified
imaging techniques. Other nucleic acid stains may be
used in a similar fashion to fluorescently label bacterial
cells with fluorescent excitation and emission at a variety
of wavelengths; these stains include other members of
the SYTO® family of stains (Invitrogen) and members of
the SYBR® family of nucleic acid stains, propidium io-
dide, or hexidium iodide. This type of staining method
labels all nucleic acid containing cells in a sample. The
specificity of the assay for a particular category of targets
can be enhanced by combining the nucleic acid-based
labeling of cells with a category specific selection meth-
od, as seen in examples below. This allows, for example,
detection of one particular category of cells from a mixture
of labeled cells, resulting in a target specific assay, for
example detection of S. aureus in a mixed bacterial cul-
ture from a wound. A variety of selection methods are
described below as alternative embodiments in example
4 (e.g. S. aureus can be labeled with SYTO-13® and
selected with magnetic particles conjugated with anti S.
aureus antibodies, through a dye-cushion reagent see
example 18 below). Other types of chemical classes
could be labeled by this approach and detected by spe-
cific selection followed by imaging; an exampleis labeling
of lipids within human serum lipoproteins with Nile Red
followed by selection of low-density lipoproteins specifi-
cally with magnetic particles conjugated with anti-human
apolipoprotein B antibodies. This allows the determina-
tion of the lipid content of low-density lipoprotein com-
plexes in a sample. Many similar embodiments can be
readily contemplated.

[0179] Labels with different signal characters can be
used (e.g. fluorescence, chemiluminescence, light ab-
sorbing, light scattering, phosphorescence, enzymatic
reactivity and Raman scattering). Different signaling moi-
eties can be also used (with different signaling character)
e.g., fluorescein diacetate (fluorescent esterase sub-
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strate), SYBR® Green® (fluorescent DNA stain), Sudan
black (lipid staining), enzyme substrates that resulting
insoluble products, polystyrene particles, polystyrene
particles containing fluorescent dyes, colloidal gold and
others.

[0180] The method described can be used in the labe-
ling of targets which can include, but are not limited to:
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0181] Samplescan alsobe processed priortolabeling
- e.g. Cells can be fixed with methanol. DNA can be ex-
tracted and purified.

Example 2. Manufacture of fluorescent particles con-
jugated with Chicken anti-Staphylococcus aureus
Protein A antibody

[0182] This example describes the manufacture of flu-
orescent particles conjugated with chicken anti-S. aureus
protein A antibodies. These particles serve as specific
labels for S. aureus, as they comprise signaling moieties
that are complexed with category binding moieties and
therefore specifically bind target. Target-specific fluores-
cent particles have general use in the context of the
present disclosure because these particles emit a prodi-
gious signal and can be easily enumerated using non-
magnified imaging.

[0183] The particles can be used in methods to detect
and enumerate individual cellular and molecular targets
at low concentrations in many samples including clinical,
industrial, and environmental samples. The method can
also be used to improve the signal stability in complex
matrices (e.g. the use of fluorescent particles can reduce
quenching by non-target components in a sample).
[0184] Method. Carboxylated yellow-green fluores-
cent particles (FluoSpheres) having 200 nm diameter (In-
vitrogen, Catalog No. 8811) were washed and resus-
pended to 1% w/v in 50 mM 2-morpholinoethanesulfonic
acid (Aldrich, Catalog No. 69889) adjusted to pH5.5. The
microparticles were then activated by sequential addition
of Sulfo-N-hydroxysuccinimide (Thermo Pierce, Catalog
No. 24510) and 1-ethyl-3-(dimethylaminopropyl) carbo-
diimide (Thermo Pierce, Catalog No. 22980) each at a
final concentration of 2 mg/mL and incubated for 30 min-
utes. The particles were washed and chicken anti-S. au-
reus Protein A antibody (Meridian OEM, Catalog No.
C5B01-296) was slowly added to a final concentration of
2.0 mg/mL; this mixture was incubated with mixing for 16
hours at room temperature. The mixture was then mixed
1:1 with a 50 mg/mL solution of bovine serum albumin
(Sigma-Aldrich, Catalog No. A3059) and incubated for 2
hours. After incubation a solution of 1 M ethanolamine
(Sigma-Aldrich, Catalog No. E9508) adjusted to pH 8.0
was added so that the final concentration of eth-
anolamine was 100 mM and the mixture incubated for 1
hour. The antibody derivatized fluorescent microparticles
were then washed and resuspended in a solution of 20
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mM Tris (JT Baker Catalog No. 4109-02), 0.05% wi/v
Tween 20 (Acros Catalog No. 2333600010), 2 mg/mL
Bovine serum albumin (Sigma-Aldrich, Catalog No.
A3059), 0.05% wi/v ProClin 300 (Supelco, Catalog No.
48912-U) with the pH adjusted to 7.8 and sonicated brief-
ly to ensure the particles were monomeric as confirmed
by Partec Cyflow flow cytometer.

[0185] Alternate Embodiments. There are a multi-
tude of methods for the manufacture of a signaling moiety
complex. Category binding moieties can be passive ad-
sorbed or linked through non-covalent or covalent chem-
ical links (e.g. antibodies can be passively adsorbed onto
polystyrene particles, linked through a non-covalent bi-
otin - streptavidin link or through covalent links between
protein amino groups and particle carboxylate groups on
carboxylated particles via carbodiimide chemistry). Many
useful conjugation methods are known (Bioconjugate
Techniques Hermanson 1996 Academic Press).

[0186] Different category labeling moieties can be
used including butare notlimited to: Antibodies (including
various immunoglobulin types) and other proteins (e.g.
lectins, hormone receptors and others), Oligonucleotides
and their synthetic analogs (e.g. peptide nucleic acids,
aptamers and others), Oligosaccharides (e.g. heparin
and others), Organic polymers (e.g. dextran sulfate and
others) and Small molecules (e.g. drugs, non-peptide
hormones, biotin, dyes and others)

[0187] Specific labels having a variety of specificities
can be manufactured. The specificity of an assay using
fluorescent particles as the signaling moiety is controlled
through the selection of the category binding molecules
conjugated to the particle surface. For instance, use of
anti-TSH antibodies produces a fluorescent particle
which labels TSH and allows its detection by imaging.
[0188] The method described can be used in the labe-
ling of targets which can include, but are not limited to:
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0189] Specificity of the assay for a target can be en-
hanced by combining labeling of a target with a target
specific selection method (as discussed in example 1
and described in examples 6, 9-19, 21-24).

[0190] Different signal characters can be used e.g. flu-
orescence, chemiluminescence, light absorbing, light
scattering, phosphorescence, enzymatic reactivity and
Raman scattering.

[0191] Particles of different signal signatures can be
conjugated to distinct category specific binding mole-
cules to allow simultaneous detection of multiple targets
in a single reaction. Different signaling moieties can be
also used (with different signaling character) e.g., fluo-
rescein diacetate (fluorescent esterase substrate),
SYBR® Green (fluorescent DNA stain), Sudan black (li-
pid staining), enzyme substrates that yield insoluble
products, polystyrene particles, polystyrene particles
containing fluorescent dyes, colloidal gold and others.
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Example 3. Labeling of Staphylococcus aureus cells
with fluorescent nanoparticles that bind specifically
to Protein A on the cell surface

[0192] This example describes a method for labeling
of S. aureus bacterial cells with target-specific fluores-
cent particles. Use of target-specific fluorescent particles
has general use in the context of the present disclosure
because these particles emit a prodigious signal and can
be easily enumerated using non-magnified imaging. The
method can thus be used to detect and enumerate indi-
vidual cellular and molecular targets at low concentra-
tions in clinical, industrial, and environmental samples.
[0193] The example demonstrates using flow cytome-
try that S. aureus can be labeled with target-specific flu-
orescent particles.

[0194] Method. S. aureus cells were labeled with anti-
protein A antibody coated fluorescent particles manufac-
tured as described in Example 2. A culture of S. aureus
(ATCC strain 29213) was grown in Tryptic Soy Broth
(Acumedia, Catalog No. 7164A) at 35°C for 2 hours to
achieve log-phase growth (ODggo =0.3). The S. aureus
cells were counted in a hemocytometer on a Zeiss mi-
croscope and cells were diluted to 1x107 cells/mL in PBS-
TBP solution. These cells were stained with hexidium
iodide (Molecular Probes, L-7005) by incubating 1 mL of
diluted cells with 1.5 pL of 4.67 mM hexidium iodide at
room temperature for 10 minutes.

[0195] A series of S. aureus labeling reaction mixtures
were constructed with the number of input antibody coat-
ed fluorescent particles varying within the series. Each
50 pL mixture contained 30 wL of PBS-TBP, 10 pL of
hexidium iodide stained S. aureus cells (1X107 cells/mL)
and 10 pL of antibody-coated fluorescent particles from
example 2 at concentrations from 0.5x1010 to 5X1010
particles/mL. The reaction was incubated for 30 min at
room temperature. After the incubation, the reaction mix-
ture was diluted to 1 mL of PBS-TBP and incubated for
an additional 2 min. The sample was then analyzed on
a Partec Cyflow flow cytometer set to trigger on Red Flu-
orescence an emission wavelength of 590 nm with the
gain set at 395. The number of fluorescent particles cap-
tured for each hexidium labeled cell was calculated from
measurements of the fluorescence of single particles.
[0196] Results. Figure 5 shows the results of labeling
of S. aureus cells using 1x1010 antibody coated fluores-
cent particles/ml. Panel A shows the histogram of the
reaction which have only S. aureus cells, Panel B shows
the histogram of the reaction which have only fluorescent
particles and Panel C shows the histogram of the reaction
which contained S. aureus cells and fluorescent particles.
It is clear from the data that fluorescent signal at 520 nm
was only observed when reaction mixture contained cells
and fluorescent articles (Panel C). The cells only or flu-
orescent particles only did not give any signal above the
background (Panels A and B). Figure 6 shows the de-
pendence of fluorescent cell labeling, indicated by the
average number of bound particles per cell, on the con-
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centration of fluorescent particles used to label. The la-
beling is nearly saturated with the addition of 2x1010 cells
per ml of fluorescent particles. At all particle concentra-
tions used, multiple particles were bound to each S. au-
reus cell.

[0197] Conclusions. This data demonstrate the use
of antibody-coated fluorescent particles to specifically la-
bel cells (e. g. S. aureus). As shown in subsequent ex-
amples, the labeling method used here can be combined
in the context of the present disclosure with methods for
discriminating labeled target from free signaling moieties
and other labeled entities. The results show the prodi-
gious labeling that can be obtained with the method with
as many as 18 fluorescent particles per S. aureus cell.
[0198] Alternative embodiments. Other types of de-
tectable specific labels can be used in this example, in-
cluding fluorescent particles of different diameters or of
different signaling signatures. Other signaling moieties
could be used in the production of specific labels; for
instance, Alexa® 490 fluorescently labeled antibodies
could be used for S. aureus detection.

[0199] Labels with different signal characters can be
used (e.g. fluorescence, chemiluminescence, light ab-
sorbing, light scattering, phosphorescence, enzymatic
reactivity and Raman scattering).

[0200] The method described can be used in the de-
tection of targets which can include, but are not limited
to: cells, viruses, organelles, lipoproteins, and molecules
including proteins, oligonucleotides, lipoproteins, lipids,
oligosaccharides, and small organic and inorganic mol-
ecules.

[0201] This labeling method combined with the use of
specific selection moieties can be used for imaging-
based detection of S. aureus cells.

[0202] Samplescanalso be processed prior to labeling
- e.g. Cells can be fixed with methanol. DNA can be ex-
tracted and purified.

Example 4. Manufacture of magnetic particles con-
jugated with anti-Protein A antibodies

[0203] Example 4 describes the manufacture of mag-
netic particles conjugated with antibodies against the
Protein A of S. aureus for use as a specific selection
agent in the detection of S. aureus cells. This example
describes the manufacture and functionality testing of a
specific selection moiety that binds to targets.

[0204] Specific selection moieties can be used in com-
binations with labels to produce a labeled target-selection
moiety complex. When deposited in a detection zone,
these complexes can be detected by imaging-based de-
tection methods.

[0205] The method can be used to select, and concen-
trate targets out of complex samples (e.g. biological fluids
like blood, and urine, or milk, wastewater, industrial prod-
ucts, and others). Methods. The method for manufac-
turing magnetic particle particles conjugated with chicken
anti-S. aureus Protein A antibody and their functionality
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testing is described below. Carboxylated magnetic par-
ticles, 292 nm diameter (Ademtech, Catalog No. 0213)
were washed and resuspended to obtain 1% w/v sus-
pension in 50 mM 2-Morpholinoethanesulfonic acid
(Aldrich, Catalog No. 69889) adjusted to pH 5.5. The mi-
croparticles were then activated by sequential addition
of Sulfo-N-hydroxysuccinimide (Thermo Pierce, Catalog
No. 24510) and 1-ethyl-3-(dimethylaminopropyl) carbo-
diimide (Thermo Pierce, Catalog No. 22980) each at a
final concentration of 2 mg/mL, and were incubated for
30 minutes. The particles were then washed and chicken
anti-S. aureus Protein A antibody (Meridian OEM, Cata-
log No. C5B01-296) was slowly added to achieve final
concentration of 0.5 mg/mL. This mixture was incubated
with mixing for 16 hours at room temperature. Following
incubation, the reaction mixture was mixed with an equal
volume of 50 mg/mL solution of bovine serum albumin
(Sigma-Aldrich, Catalog No. A3059) and further incubat-
ed for 2 hours. After incubation, a solution of 1 M Eth-
anolamine (Sigma-Aldrich, Catalog No. E9508) adjusted
to pH 8.0 was added so that the final concentration of
ethanolamine was 100 mM and incubated for 1 hour. The
antibody conjugated magnet microparticles were then
washed and resuspended in a solution of PBS-TBP and
sonicated briefly to ensure the particles were monomeric.
After manufacturing, the antibody-coated magnetic par-
ticles were tested for their capture efficiency using S.
aureus in a bioassay as follows. A culture of S. aureus
(ATCC strain 29213) was grown in Tryptic Soy Broth
(Acumedia, Catalog No. 7164A) at 35°C for 2 hours to
achieve log-phase growth. The cell numbers were count-
edinahemocytometer on a Zeiss microscope and diluted
to 1.57 x 105cells/mL in a solution of PBS (10 mM Phos-
phate, 140 mM sodium chloride, 3 mM Potassium Chlo-
ride (Calbiochem Catalog No. 524650) adjusted to pH
7.4). The chicken anti-S. aureus Protein A antibody mag-
netic particles were diluted in PBS to a series of concen-
trations from 0.625 x 109 to 5 x 109 particles/ mL. For
each 50 pL reactions, 10 pL diluted S. aureus cells
(10,000 cells), 10 pL of magnetic particles and 30 pL
PBS were mixed and incubated for 15 min. After incuba-
tion, 20 pL of each reaction mixture was overlaid on 70
wL of cushion solution (consisting of 30% OptiPrep® Sig-
ma Cat. No. D1556) in the wells of a 96-well half-area
diameter clear plate (Greiner, Cat. No. 675001). The
magnetic particles, and the cells bound to them were
magnetically selected using a bar magnet apparatus for
4 min. After magnetic selection, the top layer, containing
unselected cells, was carefully removed, and then the
portion of the solution containing magnetically selected
cells (bottom) was reconstituted with PBS. Aliquots of
both the solutions were then plated on tryptic soy agar
plates and incubated overnight at 32.5°C. The next day
the number of colonies on each plate were counted by
eye and the magnetically captured S. aureus cells (CFU)
were calculated with the following formula Percent mag-
netically captured CFU = [number of colonies magneti-
cally captured/ (number of colonies magnetically cap-
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tured + number of colonies not magnetically captured)]
x 100.

[0206] Results. Figure 7 shows the magnetic capture
of S. aureus CFU as a function of the number of magnetic
particles added to the assay. These results demonstrate
that S. aureus cells could be specifically captured using
anti-protein A antibody coated magnetic beads.

[0207] Conclusions. The results demonstrate the use
of Chicken anti-S. aureus Protein A antibody conjugated
magnetic particles for the selection of S. aureus cells,
using a method of detection of the selection process
which is independent of the labeling of cells. This exam-
ple teaches a method for the manufacture of the selection
moiety of the method of the present disclosure. Other
selection moieties and their manufacture are readily con-
templated.

[0208] Alternative embodiments. \When combined
with an appropriate method of labeling of S. aureus target
cells, this selection method can be used to detect the
presence of S. aureus in a sample by an imaging-based
detection method. Other modes of selection can used
including: density (selection by gravity or centrifugation),
filtration, capture on the imaging well surface, and charge
(electrophoresis). If other selection modes are used, dif-
ferent selection moieties would be conjugated to the anti-
protein A antibody. In some embodiments, selection can
be performed without instrumentation (e.g. selection by
gravity).

[0209] Other types of selection moieties can be used
for magnetic selection, including paramagnetic particles
of different diameters and composition (e.g. metals, in-
cluding iron, nickel, cobalt and others, ferrofluids).
[0210] Various manufacturing methods can be used to
link category binding moieties to selection moieties (as
described in, e.g., the alternative embodiments in exam-
ple 2 for signaling moieties).

[0211] Different category labeling moieties can be
used include but are not limited to: Antibodies (including
various immunoglobulin types) and other proteins (e.g.
lectins, hormone receptors and others), Oligonucleotides
and their synthetic analogs (e.g. peptide nucleic acids,
aptamers and others), Oligosaccharides (e.g. heparin
and others), Organic polymers (e.g. dextran sulfate and
others) and Small molecules (e.g. drugs, non-peptide
hormones, biotin, dyes and others).

[0212] The selection may be specific through selection
of a specific target within a category (e.g. selection of
human Thyroid stimulating hormone from blood or S. au-
reus cells from nasal samples). The assay may be also
specific through selection of a labeled category of targets
(e.g. Selection of Lipoproteins from Human plasma).
[0213] The method described can be used in the se-
lection of a variety of targets which can include, but are
not limited to: Cells, viruses, organelles, lipoproteins, and
molecules including proteins, oligonucleotides, lipids, ol-
igosaccharides, and small organic and inorganic mole-
cules.
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Example 5. Assay of Human Thyroid Stimulating Hor-
mone in human serum

[0214] This example demonstrates the use of dye for
reduction of signal background in an assay that does not
include a washing step. It combines use of specific labe-
ling of the target by antibody coupled fluorescent particles
with specific selection of targets through use of antibody
coupled magnetic particles. The addition of dye to the
reaction allows the detection of signaling moieties in the
detection zone while eliminating the signal due to un-
bound particles in the reaction residing outside of the
detection zone. In this example, the assay of Human Thy-
roid Stimulating Hormone (hTSH) in human serum uses
labeling with mouse monoclonal anti-hTSH antibody
coated fluorescent particles combined with magnetic se-
lection with mouse monoclonal anti-hTSH antibody coat-
ed magnetic particles imaged in the presence of a dye
is described.

[0215] The specificity of the assay is enhanced by in-
clusion of a dye which absorbs at the excitation and/or
emission wavelength of the fluorescent moiety in use as
the signaling moiety. This dye restricts the ability toimage
signaling target complexes to the detection zone. The
spectrum for Chromotrope 2R is shown in Figure 8. The
solid line shows the measured absorbance spectrum of
the dye Chromotrope 2R. The transmission profile of the
excitation and emission filters used in the imager are in-
dicated by brackets, which span the FWHM specification
of the filters.

[0216] Method. In this experiment, it is shown that dye
reduces the signal from fluorescent microparticles. Wells
were formed on microscope slides with an adhesive sil-
icone gasket (Grace) that were 2 mm in diameter. An
aliquot of 40 pL of fluorescent particles Invitrogen catalog
No. 8813), with or without 5.5 mg/mL Chromotrope 2R
in the solution (Sigma-Aldrich C3143). The wells were
then imaged in a high throughput automated image an-
alyzer. This method describes the protocol for immu-
noassay of hTSH in human serum using magnetic cap-
ture and fluorescent particle labeling in the presence of
dye without washing. Anti-hTSH coated fluorescent par-
ticles were prepared as described in Example 2 with the
following modifications: 500 nm fluorescent particles (In-
vitrogen Catalog No. 8813) were used and the antibody
was a mouse monoclonal anti-hTSH (Meridian OEM cat.
# MATO04-005). Anti-hTSH coated magnetic particles
were prepared as described in example 4 with the fol-
lowing modifications: the antibody was a mouse mono-
clonal anti-hTSH (Thermo Seradyn cat. # MIT-0409). Ex-
perimental samples were made by spiking known
amounts of recombinant hTSH (Cell Sciences, Catalog
No. CRT505B) into pooled human serum previously de-
pleted of endogenous TSH. The reaction was carried
out in a 96 well microtiter plate. The reaction (50 plL)
contained 2 pL of fluorescent particles (0.02 % w/v) coat-
ed with anti-hTSH antibody, 2 uL of magnetic particles
(0.25 % wi/v) coated with anti-hTSH, 21 pL of 200 mM
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EPPS buffer containing 400 mM 1,3 Diaminopropane pH
7.8 and 25 pL of serum samples containing different con-
centrations of hTSH. After mixing the reaction compo-
nents, the reaction was incubated at ambient tempera-
ture for 10 min to allow the formation of 'sandwich’ im-
munocomplexes of hTSH with fluorescent particles and
magnetic particles. After incubation, 50 pL of 25 mg/mL
dye solution (Chromotrope 2R (Sigma-Aldrich C3143),
0.5% wi/v fish gelatin (Sigma-Aldrich Catalog No. G7765)
in PBS-TBP was added to the well. The plate was then
placed on a magnet array in which a magnet is located
at the center bottom of each well. After 10 minutes to
allow the magnetic selection of the magnetic particle-
hTSH-fluorescent particle complexes, the plate was im-
aged on an automated imaging analyzer and at an ex-
posure time of 0.1 sec. Individual fluorescent particles
were then enumerated using imaging software. Another
experiment took the reaction mixture above and pipetted
aliquots on top of cushion layers with and without Chro-
motrope 2 R present.

[0217] Results. Figure 9 are images of wells with and
without dye as described in the second experiment above
and demonstrate one embodiment of the method of the
present disclosure in which a dye is used to restrict de-
tection of selected target - signaling moiety complexes
to the detection zone. The data in Figure 10 shows the
dose response curve of the hTSH immunoassay indicat-
ing that the immunoassay could be carried out without
incorporating washing steps by performing non-magni-
fied imaging in presence of dye.

[0218] Conclusion. This result indicated that use of
dye, as an embodiment of the method of the present dis-
closure, allows users to perform the immunoassay with-
out washing step to remove un-reacted signaling moie-
ties. The method described allows detection of targets in
complex matrices at a low concentration (Figure 10)
through the combination of a signaling complex, selection
moiety, and dye that reduces background from free sig-
naling moiety and non-selected signaling moiety non-tar-
get complexes outside the detection zone.

[0219] Alternative embodiments. The methods of
this example could be used to detect a wide variety of
targets by substituting other appropriate category-spe-
cific binding moieties for the anti-TSH antibodies used in
the example. In other embodiments different signal char-
acters can be used e.g. fluorescence, chemilumines-
cence, light absorbing, light scattering, phosphores-
cence, enzymatic reactivity and Raman scattering, with
the selection of appropriate dyes. For example the dye
Toluidine Blue O could be used with the fluorescent label
Texas Red (sulforhodamine).
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Example 6. Reduction of assay background using
dye-cushion reagent which allows performing the
complete assay without any washing step toremove
unreacted assay reactants with non-magnified imag-

ing.

[0220] In this example, dye-cushion reagents (e.g., a
reagentcontaining a mixture ofa dye and a density agent)
useful in the practice of the method of the present dis-
closure are described. The example provides instruction
for the preparation and demonstrates attributes of dye-
cushion reagents that can be used to reduce assay back-
grounds and perform an assay in one vessel without
washing to separate the assay reactants.

[0221] Unbound signaling moiety residing outside of
the detection zone can create a background in non-mag-
nified imaging of targets. This background can be re-
duced by addition of a dye that restricts imaging to the
detection zone (example 5). In the current example, we
use a combination of a dye with a density agent to further
reduce signaling background by excluding unbound sig-
naling moieties from the detection zone, allowing detec-
tion only of signal which is deposited in the detection
zone due to the selection process.

[0222] Methods. Sucrose dye-cushion reagent was
made using a solution of 2 mg/mL of Chromotrope 2R
(Sigma-Aldrich Catalog No. C3143) and 60% wt/wt su-
crose (JT Baker, Catalog No. 4097-04) in Tris-TBP. Op-
tiprep® dye-cushion reagent was made using a solution
of 2 mg/mL of Chromotrope R2 (Sigma-Aldrich
cat#C3143) and 25% v/v Optiprep® (Sigma-Aldrich, Cat-
alog No. D1556) in Tris-TBP.

[0223] In one experiment, the reaction mixture (50 L)
containing 2 u.L of fluorescent particles (0.02 % w/v) coat-
ed with anti-hTSH antibody, 2 uwL of magnetic particles
(0.25 % wi/v) coated with anti-hTSH, 21 pL of 200 mM
EPPS buffer containing 400 mM 1,3 Diaminopropane pH
7.8 and 25 pL of serum samples containing different con-
centrations of hTSH. After mixing the reaction compo-
nent, the reaction was incubated at ambient temperature
for 10 min to allow the formation of 'sandwich’ immuno-
complexes of hTSH with fluorescent particles and mag-
netic particles. After incubation, 25 pL of reaction mixture
was layered onto 30u.L of cushion reagent with and with-
out the Chromotrope R2 dye component in a black mi-
croplate with a clear bottom (Corning 3881). The wells
were imaged on a high throughput automated imaging
analyzer.

[0224] Inseparate experiment, the above reaction mix-
ture (25 L) was layered onto dye cushion reagent (with
Chromotrope R2 dye). The wells were then imaged on a
high throughput automated imaging analyzer. After im-
aging the wells, these wells were subjected to magnetic
selection using a bar magnet apparatus. After a 5 min
magnetic selection step, the same wells were reimaged.
[0225] Results. Figure 11 shows that the presence of
dye in the dye-cushion reagent completely shields any
signal originating from outside of the detection zone. The
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results shown in Figure 12 demonstrate that signaling
moieties deposited in the detection zone by the magnetic
selection of fluorescent particle-TSH-magnetic particle
complexes can be detected in the presence of dye.
[0226] Conclusions. It can be seen that the combina-
tion of dye-cushion dramatically reduces the background
from the un-reacted reagents and non-target complexes
separated by density layer from the detection zone. This
example demonstrates the contribution of dye-cushion
reagent to the method of the present disclosure and al-
lows the detection of targets by non-magnified imaging
without washing. Individual fluorescent signaling parti-
cles can be discerned in the +target image and directly
counted by the software.

[0227] Alternative embodiments. Alternative em-
bodiments can also incorporate other density agents, in-
cluding other commonly used density agents such as io-
dixanol, sodium diatrizaote, sodium, metrizaoate, metri-
zamide, sucrose, and other sugars, oligosaccharides,
synthetic polymers (e.g. Ficoll), and various salts such
as cesium chloride, potassium bromide, and others.
[0228] Alternative embodiments can use other signal-
ing moieties and other dyes selected to match the sign-
aling character of the signaling moieties in use. For ex-
ample the dye Toluidine Blue O could be used with the
fluorescent label Texas Red (sulforhodamine).

Example 7. Visual demonstration of the suspension
of red blood cells by dye cushion reagent.

[0229] This example visually demonstrates the ability
of the cushion reagent to maintain a separation between
the overlying reaction mixture, which may include solids
like particles and cells, and the detection zone adjacent
to the detection surface. The use of cushion for separa-
tion of the overlying reaction from the detection zone is
demonstrated by its ability to prevent the red blood cells
in a whole blood sample from settling to the bottom of a
well containing cushion of an appropriate density.
[0230] Method. Aliquots of 20p.L of 10, 15, 20, 25, 30,
35, and 40% v/v solutions of Optiprep® (Sigma-Aldrich
D1556) were pipetted into wells of a Nunc 384 well clear
microtiter plate. Bovine whole blood (10 p.L) was layered
on top of the Optiprep® solutions and incubated for 15
minutes. After the incubation the wells were examined
visually for any mixing and photographed using a digital
camera.

[0231] Results. The image, shown in Figure 13 dem-
onstrates that Optiprep® concentrations greater than or
equal to 25% v/v are able to keep the whole blood sample
fully separated from the detection zone (bottom of the
well) for at least 15 min.

[0232] Conclusions. It can be seen that the use of
cushion maintains a separation between the overlying
reagent mixture and the detection zone. In addition to
avoiding the sedimentation of components from the sam-
ple into the detection zone, cushions in this density range
exclude unbound label from the detection zone, as labe-
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ling particles are less dense than the red blood cells of
this example. Exclusion of unbound label increases the
sensitivity of detection of specifically selected label. The
example is an embodiment of the method of the present
disclosure demonstrating the function of the dye cushion
reagent.

[0233] Alternative embodiments. Other agents can
be used to produce the dense cushion of the example.
When they are used to make a cushion of similar density,
the separation of overlying reactants from the detection
zone will be similar.

Example 8. Detection of Human Thyroid Stimulating
Hormone in Human whole blood

[0234] This example describes the assay of Human
Thyroid Stimulating Hormone (hTSH) in human whole
blood by non-magnified imaging without any washing
steps. The assay uses mouse monoclonal anti-hTSH
coated fluorescent and magnetic particles to bind sign-
aling moieties and selection moieties to TSH molecules
contained in the human whole blood sample. The fluo-
rescent particle-TSH-magnetic particle complexes are
deposited into the detection zone using magnetic selec-
tion through a dye cushion. The reaction is carried out in
a reaction well, and the reaction mixture is transferred to
the top of the dyed cushion in an imaging well before
magnetic selection is applied.

[0235] Method. In one experiment, the 20 pL reaction
mixture included 10 pL 200 mM EPPS (Sigma-Aldrich
Catalog No. E9502) buffer containing 400 mM 1,3 Diami-
nopropane (Sigma-Aldrich Catalog No. D230807) pH
7.8, 2 pL of fluorescent particles (0.02 % w/v) coated with
anti-hTSH antibody, 2 pL of magnetic particles (0.25 %
w/v) coated with anti-hTSH, 1 pL of uncoated Dynal
Dynabeads ® 'carrier’ magnets (Dynabeads (7.2 mg/mL)
were pre-incubated in a solution of 20 mM Tris-TBP for
15 min before use) and 5 uL whole blood sample with
into which hTSH had previously been spiked. The reac-
tion mixture was incubated for 10 min. (Note: 'carrier
magnets are intended to accelerate the magnetic selec-
tion step, but are not required to practice the method of
the present disclosure). In a separate 384 well black well
polystyrene plate, 10 wL of a dyed cushion reagent (30%
w/v Optiprep® containing 2 mg/ml Chromotrope 2R) was
added to specific wells. At the end of the incubation, a 5
pL aliquot of each reaction mixture was layered on top
of the dye cushion layer and the plate was placed on a
plate holder with parallel bar magnets. The plate and
magnet apparatus was then placed in a high throughput
automated imaging analyzer. The wells were then im-
aged on the analyzer described above at a 0.1 sec ex-
posure time. Individual fluorescent particles were then
enumerated using imaging software.

[0236] Results. ThedatainFigure 14 shows examples
of the non-magnified images of assay wells in the pres-
ence and absence of target. Figure 15 shows the dose
response curve data for the assay of TSH in whole blood
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generated by analyzing the images using automated soft-
ware. These two results show the specific and sensitive
detection of hTSH from a complex matrix like a whole
blood sample using non-magnified imaging without any
washing steps.

[0237] Conclusions. Example 8 demonstrates that
the assay format using anti-TSH-conjugated fluorescent
particles for signaling and anti-TSH-conjugated magnetic
particles for selection, combined with the use of dyed-
cushion and non-magnified imaging, allows one to detect
TSH in a complex matrix like human blood without the
need for washing steps.

[0238] Individual fluorescent signaling particles can be
discerned in the +target image and directly counted by
the software.

[0239] The specificity of the assay is enhanced by in-
clusion of a dye-cushion reagent. The dye absorbs at the
excitation and/or emission wavelengths of the fluores-
cent moiety in use as label. This dye restricts the ability
to image signaling target complexes to the detection
zone. The addition of the dense cushion allows the sep-
aration of selectable complexes from non-selectable
complexes further reducing background.

[0240] Alternate Embodiments. Other embodiments
could make use of different signaling moieties, selection
moieties, and dye and cushion constituents.

[0241] Other embodiments could use the same assay
format to detect a variety of different targets including
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0242] The method is applicable to samples with com-
plex matrices including whole blood, plasma, feces,
wastewater, milk, and others.

[0243] Samples can also be processed prior to selec-
tion e.g. whole blood can be centrifuged to remove the
cellular components, cells can be fixed with methanol,
DNA can be extracted and purified, hormones, proteins
and vitamins normally found bound to serum factors can
be released, and through other processes.

[0244] While this assay involves the simultaneous con-
tacting of anti-TSH fluorescent particles, anti-TSH mag-
netic particles, and TSH from the sample, the assay of
the method of the present disclosure can be performed
sequentially. For instance, targets can be pre-labeled
with anti-TSH fluorescent particles before the addition of
the anti-TSH magnetic particles.

Example 9. Detection of human Thyroid Stimulating
Hormone in human plasma.

[0245] This example describes the assay of Human
Thyroid Stimulating Hormone (hTSH) in human plasma
by non-magnified imaging without any washing steps.
The assay uses mouse monoclonal anti-hTSH coated
fluorescent and magnetic particles to bind signaling moi-
eties and selection moieties to TSH molecules contained
in the human whole blood sample. The fluorescent par-
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ticle-TSH-magnetic particle complexes are deposited in-
to the detection zone using magnetic selection through
a dye cushion. The reaction is carried out in a reaction
well, and the reaction mixture is transferred to the top of
the dyed cushion in an imaging well before magnetic se-
lection is applied.

[0246] Method. In one experiment, the reaction mix-
ture (20 plL) containing 10 pL 200 mM EPPS (Sigma-
Aldrich Catalog No. E9502) buffer containing 400 mM
1,3 Diaminopropane (Sigma-Aldrich Catalog No.
D230807) pH 7.8, 2 pL of fluorescent particles (0.02 %
w/v) coated with anti-hTSH antibody, 2 pL of magnetic
particles (0.25 % w/v) coated with anti-hnTSH and 5 pL
hTSH (spiked into human plasma previously depleted of
hTSH using magnetic particles coated with anti-hTSH
antibody manufactured in Example 5). The reaction was
incubated for 10 min. In a separate 384 well black well
polystyrene plate, 10 wL of a dyed cushion reagent (30%
w/v Optiprep® containing 5 mg/ml Chromotrope 2R) was
added to specific wells. At the end of the incubation, a 5
pL aliquot of each reaction mixture was layered on top
of the dye cushion layer in a single well and the plate was
placed on a plate holder with parallel bar magnets. The
plate and magnet apparatus was then placed in a high
throughput automated imaging analyzer. The wells were
imaged on the analyzer described above at a 0.1 sec
exposure time. Individual fluorescent particles were then
enumerated using imaging software

[0247] Results. The data in Figure 16 shows an ex-
ample of the non-magnified images of assay well in the
presence and absence of target. Figure 17 shows the
dose response data generated by analyzing the images
using automated software. These two results show the
specific and sensitive detection of hTSH from a complex
matrix like plasma using non-magnified imaging without
any washing steps.

[0248] Conclusions. Example 9 demonstrates that
the assay format using anti-TSH-conjugated fluorescent
particles for signaling and anti-TSH-conjugated magnetic
particles for selection, combined with the use of dyed-
cushion and non-magnified imaging, allows one to detect
TSH in a complex matrix like human plasma without the
need for washing steps.

[0249] Individual fluorescent signaling particles can be
discerned in the +target image and directly counted by
the software.

[0250] The specificity of the assay is enhanced by in-
clusion of a dye-cushion reagent. The dye absorbs at the
excitation and/or emission wavelengths of the fluores-
cent moiety in use as label. This dye restricts the ability
to image signaling target complexes to the detection
zone. The addition of the dense cushion allows the sep-
aration of selectable complexes from non-selectable
complexes further reducing background.

[0251] Alternate Embodiments. Other embodiments
could make use of different signaling moieties, selection
moieties, and dye and cushion constituents.

[0252] Other embodiments could use the same assay

10

15

20

25

30

35

40

45

50

55

28

EP 2 340 300 B1 54

format to detect a variety of different targets including
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0253] The method is applicable to samples with com-
plex matrices including whole blood, plasma, feces,
wastewater, milk, and others.

[0254] Samples can also be processed prior to selec-
tion e.g. whole blood can be centrifuged to remove the
cellular components, cells can be fixed with methanol,
DNA can be extracted and purified. hormones, proteins
and vitamins normally found bound to serum factors can
be released, and through other processes.

[0255] While this assay involves the simultaneous con-
tacting of anti-TSH fluorescent particles, anti-TSH mag-
netic particles, and TSH from the sample, the assay of
the method of the present disclosure can be performed
sequentially. For instance, targets can be pre-labeled
with anti-TSH fluorescent particles before the addition of
the anti-TSH magnetic particles.

Example 10: Detection of Bacillus anthracis (An-
thrax) lethal factor in Human plasma.

[0256] This example describes the assay of a bacterial
toxin, the lethal factor of B. anthracis, in human plasma.
The assay uses mouse monoclonal anti-Anthrax lethal
factor coated fluorescent and magnetic particles to bind
signaling moieties and selection moieties to lethal factor
molecules contained in the human plasma sample. The
fluorescent particle-lethal factor-magnetic particle com-
plexes are deposited into the detection zone using mag-
netic selection through a dye cushion. The reaction is
carried out in a reaction well, and the reaction mixture is
overlaid on the dyed cushion in an imaging well before
magnetic selection is applied.

[0257] Method. The reaction mixture (50 pL) con-
tained 10 pL 200 mM EPPS (Sigma-Aldrich Catalog No.
E9502) buffer containing 400 mM 1,3 Diaminopropane
(Sigma-Aldrich Catalog No. D230807) pH 7.8, 10 p.L flu-
orescent particles (0.007 % w/v) coated with anti-Anthrax
lethal factor antibody as coating antibody), 10 pL of mag-
netic particles (0.05 % w/v) coated with anti-Anthrax le-
thal f(IQ Corp., Catalog No. LF-IQ) (prepared as de-
scribed in example 2 using anti-Anthrax lethal factor an-
tibody actor antibody (prepared as described in example
4 with the following modifications: anti-Anthrax lethal fac-
tor monoclonal antibody as coating antibody), 10 pL of
a buffer containing 1 mg/mL Alginic acid (Sigma-Aldrich
Catalog No. A2158), 2.5 % w/v Polyvinylpyrrolidone (Sig-
ma-Aldrich Catalog No. PVP40), 0.5 mg/mL bovine gam-
ma globulin (Lampire Laboratories Catalog No.
7400805), and 1 mg/mL mouse gamma globulin (Jack-
son Immunoresearch Catalog No. 015-000-002 in PBS,
pH 7.4, and 10 pL of a human plasma sample spiked
with recombinant Anthrax lethal factor (List Laboratories
cat#172b). The reaction was incubated for 10 min. In a
separate 96 well black polystyrene plate with a clear bot-
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tom, dye cushion reagent (15% Optiprep® containing 2
mg/ml Chromotrope 2R) was added to specific wells. At
the end of the incubation, a 40 p.L aliquot of each reaction
mixture was layered on top of the dye cushion layer and
the plate was placed on a bar magnets. The plate was
then placed in a high throughput automated imaging an-
alyzer. The wells were imaged on the analyzer described
above using a 0.1 sec exposure time. Individual fluores-
cent particles were then enumerated using software.
[0258] Results. Figure 18 shows examples of non-
magnified images of assay wells in the presence and
absence of target. Figure 19 shows the dose response
data generated by analyzing the images using automated
software. These two results show the specific and sen-
sitive detection of anthrax lethal factor from a complex
matrix like plasma using non-magnified imaging without
any washing steps.

[0259] Conclusions. Example 10 demonstrates that
the assay format using anti-lethal factor-conjugated flu-
orescent particles for signaling and anti-lethal factor-con-
jugated magnetic particles for selection, combined with
the use of dyed-cushion and non-magnified imaging, al-
lows one to detect anthrax lethal factor in a complex ma-
trix like human plasma without the need for washing
steps.

[0260] At low concentrations of target, individual fluo-
rescent signaling particles can be discerned in the +target
image and directly counted by the software.

[0261] The specificity of the assay is enhanced by in-
clusion of a dye-cushion reagent. The dye absorbs at the
excitation and/or emission wavelengths of the fluores-
cent moiety in use as label. This dye restricts the ability
to image signaling target complexes to the detection
zone. The addition of the dense cushion allows the sep-
aration of selectable complexes from non-selectable
complexes further reducing background.

[0262] Alternate Embodiments. Other embodiments
could make use of different signaling moieties, selection
moieties, and dye and cushion constituents.

[0263] Other embodiments could use the same assay
format to detect a variety of different targets including
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0264] The method is applicable to samples with com-
plex matrices including whole blood, plasma, feces,
wastewater, milk, and others.

[0265] Samples can also be processed prior to selec-
tion e.g. whole blood can be centrifuged to remove the
cellular components, cells can be fixed with methanol,
DNA can be extracted and purified hormones, proteins
and vitamins normally found bound to serum factors can
be released, and through other processes.

[0266] Whilethis assay involves the simultaneous con-
tacting of anti-target fluorescent particles, anti-target
magnetic particles, and target from the sample, the assay
of the method of the present disclosure can be performed
sequentially. For instance, targets can be pre-labeled
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with anti-target fluorescent particles before the addition
of the anti-target magnetic particles.
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Example 11. Detection of Bacillus anthracis (An-
thrax) protective antigen in Human plasma.

[0267] This example describes the assay of a bacterial
toxin component, the Anthrax protective antigen of B.
anthracis, in human plasma. The assay uses mouse
monoclonal anti-Anthrax protective antigen coated fluo-
rescent and magnetic particles to bind signaling moieties
and selection moieties to protective antigen molecules
contained in the human plasma sample. The fluorescent
particle-protective antigen-magnetic particle complexes
are deposited into the detection zone using magnetic se-
lection through a dye cushion. The reaction is carried out
in a reaction well, and the reaction mixture is overlaid on
the dyed cushion in an imaging well before magnetic se-
lection is applied.

[0268] Method. Reaction Mixture (50 pL) contained
20 pL PBS-TBP + 400 mM 1,3 Diaminopropane (Sigma-
Aldrich Catalog No. D230807) pH 7.8, 10 L fluorescent
particles (0.007 % w/v) coated with anti-Anthrax protec-
tive antigen antibody [C3, Meridian Biodesign, catalog
No. C86613M) (prepared as described in example 2 us-
ing anti-Anthrax protective antigen antibody as coating
antibody), 10 L of magnetic particles (0.05 % w/v) coat-
ed with anti-Anthrax protective antibody [BAP-0105 Me-
ridian Biodesign, Catalog No. C86501 M) (prepared as
described in example 4 with the following modifications:
anti-Anthrax protective antigen as coating antibody) and
10 pL of human plasma sample spiked with recombinant
Anthrax protective antigen (List Laboratories, Catalog
No. 171A). The reaction was incubated for 10 min. In a
separate 96 well black well clear bottom polystyrene
plate, 90 L of dyed cushion reagent (15% Optiprep®
containing 2 mg/ml Chromotrope 2R) was added to spe-
cific wells. At the end of the incubation, a 40 pL aliquot
of reaction mixture was layered on top of the dye cushion
layer and the plate was placed on a bar magnets built.
The plate was then placed in a high throughput automat-
ed imaging analyzer. The wells were imaged on the an-
alyzer described above using a 0.1 sec exposure time.
Individual fluorescent particles were then enumerated
using software.

[0269] Results. Figure 20 shows examples of non-
magnified images of assay wells in the presence and
absence of target. Figure 21 shows the dose response
data generated by analyzing the images using automated
software. These two results show the specific and sen-
sitive detection of anthrax protective antigen from a com-
plex matrix like plasma using non-magnified imaging
without any washing steps.

[0270] Conclusions. Example 11 demonstrates that
the assay format using anti-Anthrax protective antigen-
conjugated fluorescent particles for signaling and anti-
Anthrax protective antigen-conjugated magnetic parti-
cles for selection, combined with the use of dyed-cushion
and non-magnified imaging, allows one to detect anthrax
protective antigen in a complex matrix like human plasma
without the need for washing steps.
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[0271] The specificity of the assay is enhanced by in-
clusion of a dye-cushion reagent. The dye absorbs at the
excitation and/or emission wavelengths of the fluores-
cent moiety in use as label. This dye restricts the ability
to image signaling target complexes to the detection
zone. The addition of the dense cushion allows the sep-
aration of selectable complexes from non-selectable
complexes further reducing background.

[0272] Alternate Embodiments. Other embodiments
could make use of different signaling moieties, selection
moieties, and dye and cushion constituents.

[0273] Other embodiments could use the same assay
format to detect a variety of different targets including
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0274] The method is applicable to samples with com-
plex matrices including whole blood, plasma, feces,
wastewater, milk, and others.

[0275] Samples can also be processed prior to selec-
tion e.g. whole blood can be centrifuged to remove the
cellular components, cells can be fixed with methanol,
DNA can be extracted and purified. hormones, proteins
and vitamins normally found bound to serum factors can
be released, and through other processes.

[0276] While this assay involves the simultaneous con-
tacting of anti-target fluorescent particles, anti-target
magnetic particles, and target from the sample, the assay
of the method of the present disclosure can be performed
sequentially. For instance, targets can be pre-labeled
with anti-target fluorescent particles before the addition
of the anti-target magnetic particles.

Example 12. Detection of bacterial Bacillus anthracis
poly-D-yy-glutamic acid capsule polypeptide (PDGA)
in Human Urine.

[0277] This example describes the assay of a bacterial
capsular polypeptide, the poly-D-y-glutamic acid of B. an-
thracis, in human urine. The assay uses mouse mono-
clonal anti-PDGA-coated fluorescent and magnetic par-
ticles to bind signaling moieties and selection moieties
to PDGA contained in the human plasma sample. The
fluorescent particle-PDGA-magnetic particle complexes
are deposited into the detection zone using magnetic se-
lection through a dye cushion. The reaction is carried out
in a reaction well, and the reaction mixture is overlaid on
the dyed cushion in an imaging well before magnetic se-
lection is applied.

[0278] Method. The 50 pL reaction mixture was com-
posed of 20 pL PBS-TBP, 10 pL fluorescent particles
(0.007% wl/v) coated with anti-Anthrax PDGA antibody
(prepared as described in example 2 using anti-Anthrax
PDGA antibody as coating antibody), 10 pL of magnetic
particles (0.025 % w/v) coated with anti-Anthrax PDGA
antibody (prepared as described in example 4 with the
following modifications: anti-Anthrax PDGA as coating
antibody) and 10 pL of human urine sample spiked with
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poly-D-y-glutamic acid (synthetic 50-mer, AnaSpec). The
reaction was incubated for 5 min. In a separate 96 well
black well clear bottom polystyrene plate, dye cushion
reagent (15% Optiprep® containing 2 mg/ml Chromo-
trope 2R) was added to specific wells. At the end of the
incubation, 40 p.L aliquot of reaction mixture was layered
on top of the dye cushion layer and the plate was placed
on a pin magnet array for 7 minutes. The plate was im-
aged in a high throughput automated imaging analyzer
using a 0.1 sec exposure time. Individual fluorescent par-
ticles were then enumerated using software.

[0279] Results. Figure 22 shows examples of non-
magnified images of assay wells in the presence and
absence of target. Figure 23 shows the dose response
data generated by analyzing the images using automat-
ed software. These two results show the specific and
sensitive detection of PDGA in human urine, demonstrat-
ing the diversity of matrices which can be used as sam-
ples in the method of the present disclosure.

[0280] Conclusions. Example 12 demonstrates that
the assay format using anti-PDGA-conjugated fluores-
cent particles for signaling and anti-PDGA-conjugated
magnetic particles for selection, combined with the use
of dyed-cushion and non-magnified imaging, allows one
to detect anthrax protective antigen in urine without the
need for washing steps.

[0281] Alternate Embodiments. Because PDGA is a
repeating polymer with multiple binding sites for any sin-
gle monoclonal antibody, alternative embodiments can
make use of a single antibody conjugated to both the
fluorescent and the magnetic particles.

[0282] Other embodiments could make use of different
signaling moieties, selection moieties, and dye and cush-
ion constituents.

[0283] Other embodiments could use the same assay
format to detect a variety of different targets including
cells, viruses, organelles, lipoproteins, and molecules in-
cluding proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0284] The method is applicable to samples with com-
plex matrices including whole blood, plasma, feces,
wastewater, milk, and others.

[0285] Samples can also be processed prior to selec-
tion e.g. whole blood can be centrifuged to remove the
cellular components, cells can be fixed with methanol,
DNA can be extracted and purified, hormones, proteins
and vitamins normally found bound to serum factors can
be released, and through other processes.

[0286] Whilethis assayinvolves the simultaneous con-
tacting of anti-target fluorescent particles, anti-target
magnetic particles, and target from the sample, the assay
of the method of the present disclosure can be performed
sequentially. For instance, targets can be pre-labeled
with anti-target fluorescent particles before the addition
of the anti-target magnetic particles.
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Example 13: Detection of Bacillus anthracis (An-
thrax) Lethal factor in Human Whole Blood by Auto-
mated analysis.

[0287] This example describes the use of a fully auto-
mated high-throughput surge testing instrument for as-
saying a bacterial toxin, the lethal factor of B. anthracis,
in human whole blood. The assay uses mouse mono-
clonal anti-Anthrax lethal factor-coated fluorescent and
magnetic particles to bind signaling moieties and selec-
tion moieties to lethal factor molecules contained in the
human plasma sample. The fluorescent particle-lethal
factor-magnetic particle complexes are deposited into
the detection zone using magnetic selection through a
dye cushion. A sample carrier containing whole blood
samples spiked with different concentrations of lethal fac-
tor was presented to the instrument. The instrument as-
sembled and incubated the reactions in reaction wells,
and then overlaid each reaction on dyed cushion in an
imaging well, transported the wells to a magnetic selec-
tion station, and imaged the wells automatically.

[0288] Method. The assay composition was identical
to that described in example 10. Allreagents were loaded
into the reagent cups of a high throughput surge testing
instrument. All pipetting steps described below were car-
ried out by fully automated robotic pipettors under com-
puter control. First, 10 pL of 200 mM EPPS (Sigma-
Aldrich Catalog No. E9502) buffer containing 400 mM
1,3 Diaminopropane (Sigma-Aldrich Catalog No.
D230807) pH 7.8 was added to the reaction cup followed
by pipetting of 10 pL of a reagent containing 1 mg/mL
Alginic acid (Sigma-Aldrich Catalog No. A2158), 2.5 %
w/v Polyvinylpyrrolidone (Sigma-Aldrich Catalog No.
PVP40), 0.5 mg/mL bovine gamma globulin (Lampire
Laboratories Catalog No. 7400805) and 1 mg/mL mouse
gamma globulin (Jackson Immunoresearch Catalog No.
015-000-002) in PBS). Ten pL of human whole blood
spiked with Anthrax lethal factor ((List Laboratories, Cat-
alog No. 172b) was added. Subsequently, 10 pL of a
0.007 % w/v dilution of anti-Anthrax lethal factor fluores-
cent particles (prepared as described in example 10) and
10 pL of a 0.05 % w/v dilution of anti-Anthrax lethal factor
magnetic particles (prepared as described in example10)
were added, mixed by an onboard mixer, and incubated
for 6 min. During the incubation 90 pL of dyed cushion
reagent (30% Optiprep® containing 10 mg/ml Chromo-
trope 2R) was added to separate imaging cups automat-
ically. After incubation, 40 pL of reaction mixture was
layered on top of the dye-cushion layer in imaging wells
of the analyzer. The imaging cups were then automati-
cally moved over magnets within the analyzer and mag-
netic separation was carried out for 1 min. After the dep-
osition of magnetic particles into the detection zone, the
imaging cups were automatically moved to imaging stage
and were then imaged on the analyzer using a 0.1 sec
exposure time. Individual fluorescent particles were then
enumerated and the sample results analyzed in an au-
tomated manner using software on the analyzer.
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[0289] Results. The data generated using a fully au-
tomated surge-testing instrument is presented in Figure
24. The graph shows the dose response curve generated
by automated analysis of the acquired images using soft-
ware. These results demonstrate fully automated, spe-
cific and sensitive, detection of B. anthracis lethal factor
from a complex matrix like human blood using non-mag-
nified imaging without any washing steps.

[0290] Conclusions. Example 13 demonstrates that
assays of the method of the present disclosure can be
fully automated in a high-throughput system.

Example 14 - Assay of Bacillus anthracis (Anthrax)
capsule peptide - poly-y-D-glutamic acid (PDGA) -
competitive format.

[0291] Example 15 describes the assay of Anthrax po-
ly-y-D-glutamic acid (PDGA) using a competitive assay
format using magnified imaging without requiring a wash-
ing step. Small molecules (haptens) generally can be
bound only by a single specific binding moiety. This does
not permit their simultaneous binding by category binding
moieties linked to signaling and selection moieties. Such
targets can still be analyzed by the method of the present
disclosure through use of a ‘'competitive’ format. Many
different versions of ‘competitive’ binding assays are
well-know in the art.

[0292] The 'competitive’ format used in this example
uses a plurality of targets that are conjugated to selection
moieties to form target competitors. In the absence of
target in the sample, fluorescent particles conjugated to
target-specific category binding moieties bind to the tar-
get competitors and are selected and detected in the as-
say. When target is present, it competes with the target-
competitor for binding to the fluorescent particles thereby
reducing the quantity of signal detected in the assay. This
reduction is proportional to amount of target present.
[0293] Methods. The preparation of anti-PDGA anti-
body coated fluorescent particles is described in Exam-
ple 13. Streptavidin coated magnetic particles were man-
ufactured as described in example 4 with the following
modification where streptavidin (Prozyme SA10) was
conjugated to magnetic particles instead of antibody. Bi-
otinylated synthetic PDGA 9-mer peptide (manufactured
by Anaspec) was added in excess to streptavidin-coated
magnetic particles and incubated for 1 hr. The PDGA
magnetic particles were then washed extensively in PBS-
TBP, pH 7.4. 2 uL of anti-PDGA antibody coated fluo-
rescent particles were mixed with 25 pL of a sample con-
taining various concentrations of a PDGAg-thyroglobulin
conjugate, followed by 2 pL of PDGA-magnetic particles.
The reaction was incubated for 5 minutes with shaking.
The reaction was diluted and placed on a magnet to sep-
arate bound from unbound fluorescent particles. The su-
pernatant was removed and the captured fluorescence
was detected by reading in a Victor 2 fluorometer. A large
number of antibody-coated fluorescent particles were
captured by antigen-coated magnetic particles. The de-
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gree of signal inhibition (competition) corresponded to
the amount of bacterial capsule peptide in the sample.
[0294] Results. The result shown in Figure 25 indi-
cates that the competitive immunoassay format with
magnetic capture could be used to detect presence or
absence of targets (PDGA from B. anthracis). The data
demonstrate an inhibition assay curve characteristic of
binding assays using a ‘'competitive’ format.

[0295] Conclusions. Example 14 shows the alterna-
tive assay format (competitive) could be utilized with
some embodiments of the method of the present disclo-
sure for detecting targets from various samples, and
could easily be incorporated into an assay of the method
of the present disclosure.

[0296] Alternative embodiments. The anti-PDGA flu-
orescent particles and PDGA-competitor-coupled mag-
netic particles are mixed as described above with sam-
ples containing varying quantities of PDGAq peptide. Af-
ter the contacting step, the reaction mixture is layered
over a dyed cushion, subjected to magnetic selection and
imaged in the high throughput automated imaging ana-
lyzer using a 0.1 sec exposure time. In the absence of
PDGAq in the sample, a high number of particles are
captured in the detection zone. As the quantity of PDGA
in the sample increases, the number of captured particles
decreases.

[0297] There are numerous 'Competitive’ binding as-
say formats well-known in the art that can be applied to
the method of the present disclosure. In another compet-
itive assay embodiment both the signaling moiety and
the selection moiety are conjugated to target competitors.
The crosslinking of signaling moiety and capture moiety
is effected by an at least bivalent category-specific mol-
ecule (e.g. an antibody) supplied in the reaction. The
crosslinking reaction is inhibited by the binding of added
target to the bivalent category-specific binding moiety re-
sulting in a reduction in the quantity of signal when target
is present in the reaction. In a third competitive embod-
iment the signaling and selection moieties are each con-
jugated to category-specific binding moieties which can
bind to the target. The addition of an at least bivalent
target competitor conjugate induces the formation of se-
lectable signal-selection moiety complexes. Again, the
formation of crosslinked complexes between signaling
moiety and selection moiety is reduced by the addition
of target.

[0298] Otherembodiments could make use of different
signaling moieties, selection moieties, and dye and cush-
ion constituents in any of these competitive assay for-
mats.

Example 15. Use of positive and negative internal
controls to ensure the assay accuracy

[0299] This example describes the incorporation of
parallel internal positive and negative internal controls
run in the test sample into certain embodiments of the
method of the present disclosure to test for matrix effects
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on the test results. The incorporation of internal controls
run in the test matrix ensures the accuracy of the test
result, reducing false results and the need for retesting.
[0300] A positive control (for instance, adding a prede-
termined quantity of target to the test sample) would be
expected to add a definable incremental signal when the
control is added to the test sample. If the positive control
is not detected, the sample can be considered to have a
negative interference and interpreted appropriately. Sim-
ilarly, a negative control, designed to inhibit the produc-
tion of signal due to target in the sample (for instance,
by adding alarge quantity of the category-specific binding
moiety used to bind label to the target), should result in
a reduction of the signal produced by a positive sample.
A positive sample which does not demonstrate a de-
creased signal in the negative control well is either a false
positive or an extremely high true positive. These alter-
natives can be distinguished by dilution of the sample.
[0301] Method. This experimentutilized anti-targetan-
tibody coated fluorescent and magnetic particles for de-
tecting various corresponding targets hTSH, Anthrax
protective antigen (PA) and Anthrax capsule poly-D-y-
glutamic acid (PDGA) as described in examples 5, 11
and 12. Separate reaction mixes of samples with and
without target (100 pg/mL each) were added to each of
three wells with the reaction mix for each assay with the
following additions: for sample quantification, PBS-TBP,
pH 7.4, for the positive internal control 100 pg/mL target
in PBS-TBP and for the negative internal control a large
excess (1 ng/mL) of free target specific antibody (same
antibody on the antibody coated fluorescent particles) in
PBS-TBP (see examples 5,11 and 12 for details). Sam-
ples were incubated for 10 minutes. In a separate 96 well
black well clear bottom polystyrene plate, dye cushion
reagent (90 pL) was added to specific wells. At the end
of the incubation, 40 pL aliquot of reaction mixture was
layered on top of the dye cushion layer and the plate was
placed on a bar magnet array to perform the selection
step. The plate was placed in a high throughput automat-
ed imaging analyzer where the wells were imaged using
a 0.1 sec exposure time. Individual fluorescent particles
were then enumerated using software.

[0302] Results. The Figure 26 shows the images for
each assay (hTSH, Anthrax PA, and Anthrax PDGA) for
the experimental, positive, and negative internal controls
run in test samples with and without targets. It could be
seen from the Figure that this methodology allows cor-
rection of the assay results for false-negative and false
positive reactions.

[0303] Conclusion. This experiment demonstrates
the one of the embodiment presented in the method of
the present disclosure regarding controls i.e. the internal
controls work with the method of the present disclosure
and could be used to ensure the accuracy of results. The
results show the expected signal and no signal (+ and -)
in the wells with and without target. The positive internal
control wells show positive signals in all wells as predict-
ed, and the negative internal controls show no signal as
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predicted.

[0304] Alternative embodiments. In some embodi-
ments of the method of the present disclosure the use of
either the negative or the positive internal control could
be used alone. Alternative negative controls include the
use of a signaling moiety conjugated to an irrelevant cat-
egory-binding molecule.

[0305] In other embodiments of the method of the
present disclosure negative and positive internal controls
could be used to verify the performance of unitized rea-
gents including those within cartridges or dried in wells.
[0306] Positive and negative internal controls could be
used in specific embodiments such as the detection of
drug resistant bacterial or cancer cells in a sample. In
these embodiments the controls could be used to confirm
that a growth step occurred properly and to distinguish
drug resistant from drug sensitive cell populations.

Example 16. Specifc detection of Staphylococcus
aureus cells by non-specific SYBR® Green | staining
and using magnetic nanoparticles that bind specifi-
cally to the cell surface antigen Protein A.

[0307] This example describes a method for staining
S. aureus bacterial cells with non-specific stain followed
by using target-specific magnetic particles to detect spe-
cific targets. Use of target-specific magnetic particles
combined with non-specific staining has general use in
the context of the present disclosure because the staining
and capture oftarget allow easy target enumeration using
non-magnified imaging.

[0308] This example demonstrates using non-magni-
fied imaging that S. aureus are readily labeled with
SYBR® Green 1 dye and specifically captured using the
target-specific magnetic particles.

[0309] The methodcanthus beusedtodetectand enu-
merate individual cellular and molecular targets at low
concentrations in clinical, industrial, and environmental
samples.

[0310] Method. The schematics ofthe S. aureusassay
using SYBR® Green 1 and anti-protein A antibody coated
magnetic particles is shown in Figure 27. S. aureus cells
were labeled with SYBR® Green 1 and anti-protein A
antibody coated magnetic particles manufactured as de-
scribed in Example 4. A culture of S. aureus (ATCC strain
29213) was grown in growth media TSB (Tryptic Soy
Broth, Acumedia Catalog No. 7164A) at 35°C for 2 hours
toachieve log-phase growth (ODgq, =0.3). The S. aureus
cells were counted using Petroff-Hausser counting
chamber on Zeiss microscope and cells were diluted to
2 X 10%¢cells/mL in fresh TSB. The reaction was carried
out in 96 well polycarbonate PCR plate (Fisher Scientific,
Cat. No.14230237). The reaction mixture (50 pL) con-
tained 25 pL S. aureus cells (5,000 cells), 20 pL of
SYBR® Green 1 dye (diluted 1:2000X in saline) and 5
pL of anti-protein A coated magnetic particles (2X1010
particles/mL) suspended into PBS-TBP solution (10 mM
Phosphate, 140 mM NaCl, 3 mM KCI (Calbiochem Cat-
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alog No. 524650), 0.05% w/v Tween 20 (Acros Catalog
No. 2333600010), 2 mg/mL BSA (Sigma-Aldrich), 0.05%
w/v ProClin 300 (Supelco) adjusted to pH 7.4). Assay
reaction was mixed well by pipetting and incubated for
15 min at ambient temperature in dark. After incubation,
40 pL of reaction mixture was overlaid on 70 pL of dyed
cushion solution (15% OptiPrep® (Sigma Cat. No.
D1556) containing 5 mg/mL Chromotrope 2R (Sigma-
Aldrich C3143)) pre-aliquoted in 96-well half-area diam-
eter clear bottom black plate (Grainer, Cat. No. 675096).
In order to select cell-particles complexes at the bottom
of the well, the plate was then subjected to magnetics by
placing it on magnet for 4 min. The plate was then re-
moved from the magnet and was placed in a high
throughput automated imaging analyzer. The wells were
then imaged on the analyzer described above at a 0.1
sec exposure time. Individual Fluorescent cells were then
enumerated using software.

[0311] Results. Figure 28 shows the images of assay
results of labeling of S. aureus cells by SYBR® Green 1
and specific capture using antibody coated magnetic par-
ticles. Panel A shows the image of a well containing re-
action without S. aureus cells (negative control). Panel
B shows the image of the well of the reaction containing
5000 S. aureus cells and panel C shows the image of
the well of the reaction containing 50,000 S. epidermidis
cells (as a specificity control). Itis clear from the data that
high numbers of fluorescent objects were only observed
when the reaction mixture contained S. aureus cells (pan-
el B). The wells containing the no cell control and S. ep-
idermidis did not give any signal above the background
(panels A and C). Figure 29 demonstrates the method
described here is capable of detecting and enumerating
individual cellular targets at low concentrations.

[0312] Conclusions. In the context of the present dis-
closure, this data demonstrate the antibody-coated mag-
netic particles could be used to specifically capture the
labeled the cells (e. g. S. aureus). Moreover, assay is
highly specific as non S. aureus bacteria (e. g. S. epider-
midis) does not produce signal over the background in-
dicating the assay specificity. As shown in subsequent
examples, the capture and labeling method used here
can be combined in the context of the the present disclo-
sure with methods for discriminating capture target from
free signaling moieties and other labeled entities.
[0313] At low concentrations of target cells, individual
fluorescent cells can be discerned in the +target images
and directly counted by the software.

[0314] Alternative embodiments. Other nucleic acid
stains could be used to label the cells for detection, or
other types of fluorescent cell staining could be em-
ployed. A target-specific label could be employed to allow
cell detection; for instance, fluorescent particles conju-
gated to anti-protein A antibodies or Alexa®490-labeled
anti-Protein A antibodies could be used as a label. Ad-
ditionally, other selection modes could be employed for
this assay, including selection using dense particles.
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Example 17. Specific detection of S. aureus cells by
using antibody-coated fluorescent particles and
magnetic nanoparticles that bind specifically to the
cell surface antigen Protein A

[0315] This example describes a method for specific
labeling of S. aureus bacterial cells using anti-protein A
antibody coated fluorescent particles (example 2) and
specific capture using magnetic particles (example 4) to
detect specific targets. Use of target-specific fluorescent
and magnetic particles combined with use of dye-cushion
has general use in the context of the present disclosure
because the staining and capture of target allow easy
target enumeration using non-magnified imaging without
any washing steps.

[0316] The methodcanthus beusedtodetectand enu-
merate individual cellular and molecular targets at low
concentrations in clinical, industrial, and environmental
samples.

[0317] Method. The schematics ofthe S. aureusassay
using anti-protein A antibody coated fluorescent particles
and anti-protein A antibody coated magnetic particles is
shown in Figure 30. A culture of S. aureus (ATCC strain
29213) was grown in growth media TSB (Tryptic Soy
Broth, Acumedia Catalog No. 7164A) at 35°C for 2 hours
toachievelog-phase growth (ODgpg=0.3). The S. aureus
cells were counted using Petroff-Hausser counting
chamber on Zeiss microscope and cells were diluted to
1 X 108cells/mL in fresh TSB. The reaction was carried
out in 96 well polycarbonate PCR plate (Fisher Scientific,
Cat. No0.14230237). The reaction mixture (50 pL) con-
tained 20 pL of PBS-TBP, 10 pL of S. aureus cells
(10,000 cells), 10 pL of anti-protein A antibody coated
fluorescent particles (1.25 X 1019 particles/mL) and 10
pL of anti-protein A antibody coated magnetic particles
(6.25 X 109 particles/mL). Assay reaction was mixed well
by pipetting and incubated for 30 min at ambient temper-
ature. After incubation, 20 pL of reaction mixture was
overlaid on 70 pL of dyed-cushion solution (15% Opti-
Prep® (Sigma Cat. No. D1556) containing 5 mg/mL
Chromotrope 2R (Sigma-Aldrich C3143)) pre-aliquoted
in 96-well half-area diameter clear bottom black plate
(Grainer, Cat. No. 675096). In order to select cell-parti-
cles complexes at the bottom of the well, the plate was
then subjected to magnetics by placing it on magnet. The
plate was then removed from the magnet and was placed
in a high throughput automated imaging analyzer. The
wells were then imaged on the analyzer described above
at a 0.1 sec exposure time. Individual fluorescent cells
were then enumerated using software. As a specificity
control, we have used S. epidermidis (ATTC strain
12228), which was also assayed in a similar fashion as
described above.

[0318] Results. Figure 31 non-magnified images of
assay results which employs specific labeling and cap-
ture of S. aureus cells by antibody coated fluorescent
particles as signaling moiety and antibody coated mag-
netic particles as selection moiety, respectively. Panel A
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shows the image of well containing reaction without S.
aureus cells (negative control). Panel B shows the image
of the well of the reaction containing 4000 S. aureus cells
and panel C shows the image of the well of the reaction
containing 40,000 S. epidermidis cells (as specificity con-
trol). It is clear from the data that high numbers of indi-
vidual fluorescent objects were seen in the image only
observed when the reaction mixture contained S. aureus
cells (panel B). The no cell well as well as well containing
S. epidermidis did not give any signal above the back-
ground (Panels A and C). Figure 32 demonstrates the
method described here is capable of detecting and enu-
merating individual cellular targets at low concentrations.
[0319] Conclusions. In context of the present disclo-
sure, this data demonstrate the use of signaling moiety
(antibody-coated fluorescent particles) and selection
moiety (magnetic particles) in a homogenous assay (no
wash steps) for specific labeling and selection of S. au-
reus cells and enumerating cells at low target concentra-
tion. Moreover, assay is highly specific as non S. aureus
bacteria (e. g. S. epidermidis) does not produce signal
over the background indicating the assay specificity. As
shown in subsequent examples, the capture and labeling
method used here can be combined in the context of the
present disclosure with methods for discriminating cap-
ture target from free signaling moieties and other labeled
entities.

[0320] At low concentrations of target cells, individual
fluorescent cells can be discerned in the +target images
and directly counted by the software.

[0321] Alternative embodiments. In other embodi-
ments, nucleic acid stains could be used to label the cells
for detection, or other types of nonspecific fluorescent
cell staining could be employed. A target-specific label
could be employed to allow cell detection; for instance,
Alexa®490-labeled anti-Protein A antibodies could be
used as alabel. Additionally, other selection modes could
be employed for this assay, including selection using
dense particles.

Example 18. Specific detection methicillin resistant
S. aureus (MRSA) through selective growth followed
by non-specific SYBR® Green | staining and using
magnetic nanoparticles that bind specifically to the
cell surface antigen Protein A

[0322] In this example, we describe an assay for drug
resistant bacteria based on phenotypic selection during
growth for the rapid detection of methicillin resistant S.
aureus (MRSA). This example describes a method for
staining S. aureus bacterial cells with non-specific stain
followed by using target-specific magnetic particles to
detect specific targets. Combining selective growth fol-
lowed by the use of target-specific magnetic particles and
non-specific staining has general use in the context of
the present disclosure because the differential growth
followed by staining and capture of target allow easy tar-
getenumeration using non-magnified imaging and would
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detect differential characteristic of bacteria (such as drug
resistance).

[0323] This example demonstrates using differential
growth and non-magnified imaging that drug resistant
bacteria are readily detected using SYBR® Green 1 dye
staining and specific capture using the target-specific
magnetic particles.

[0324] The method canthus be usedtodetectand enu-
merate individual cellular and molecular targets at low
concentrations in clinical, industrial, and environmental
samples.

[0325] This example demonstrates using non-magni-
fied imaging that S. aureus are readily labeled with
SYBR® Green 1 dye and specifically captured using the
target-specific magnetic particles.

[0326] Method. The schematics of rapid detection of
methicillin resistant S. aureus (MRSA) using selective
growth followed by non-magnified imaging is shown in
Figure 33. MRSA can be detected by counting the
number of cells that result from incubating aliquots of a
sample under 3 different growth conditions (no growth,
growth without antibiotics and growth in presence of an-
tibiotics). Three possible types of cells can be present,
non-S. aureus, methicillin-sensitive S. aureus (MSSA),
and methicillin-resistant S. aureus (MRSA). The cells in
the given sample are inoculated into the above 3 media
and incubated for several doubling times for the reliable
detection of MRSA cells followed by specific detection of
S. aureus.

[0327] Selective growth. For this experiment, we
have used methicillin sensitive S. aureus (MSSA: ATCC
strain 29213), methicillin-resistant S. aureus (MRSA:
ATCC strain 43300) and S. epidermidis (S. epidermidis
ATTC strain 12228). These cells were grown in growth
media TSB (Tryptic Soy Broth, Acumedia Catalog No.
7164A) without any antibiotics at 35°C for 2-3 hours to
achieve log-phase growth (ODgqq = 0.3). The S. aureus/
S. epidermidis cells were counted using Petroff-Hausser
counting chamber on Zeiss microscope and cells were
diluted to 1X104 cells/mL in fresh TSB. Each cells (100
pL) were inoculated into 100 pL of fresh TSB media con-
taining 0.1 % wi/v ProClin 300 (Supelco), just TSB and
TSB containing 6 ng/mL cefoxitin (Sigma, Catalog No.
C4786), respectively. The growth was carried out in 24-
well microtiter plate (Corning Catalog No. 25820) at 35°C
for 4 hours. After the growth, these samples were as-
sayed as follows.

[0328] Assay. The assay reaction was carried out in
96 well polycarbonate PCR plate (Fisher Scientific, Cat.
No. 14230237). The reaction mixture (50 nL) contained
25 plL culture media from each growth sample, 20 pL of
SYBR® Green 1 dye (diluted 1:2000X in 0.9% sodium
chloride solution) and 5 p.L of anti-protein A coated mag-
netic particles (2X1010 particles/mL) suspended into
PBS-TBP, pH 7.4. Assay reaction was mixed well by pi-
petting and incubated for 15 min at ambient temperature
in dark. After incubation, 40 pL of reaction mixture was
overlaid on 70 pL of dyed cushion solution (15% Opti-
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Prep® (Sigma Cat. No. D1556) containing 5 mg/mL
Chromotrope 2R (Sigma-Aldrich C3143)) pre-aliquoted
in 96-well half-area diameter clear bottom black plate
(Grainer, Cat. No. 675096). In order to select cell-parti-
cles complexes at the bottom of the well, the plate was
then subjected to magnetics by placing it on magnet for
4 min. The plate was then removed from the magnet and
was placed in a high throughput automated imaging an-
alyzer. The wells were then imaged on the analyzer de-
scribed above at a 0.1 sec exposure time. Individual Flu-
orescent cells were then enumerated using software.
[0329] Results. Figure 34 shows the assay results of
MRSA assay using SYBR® Green 1 and specific capture
using antibody coated magnetic particles. Top Panel
(MSSA) shows the images of wells containing methicillin
sensitive S. aureus (MSSA), middle panel (MSSA) shows
the images of wells containing methicillin resistant S. au-
reus (MRSA) and the bottom panel shows the images of
wells containing S. epidermidis (negative control). It is
clear from the data that MSSA shows growth in only one
well (growth without antibiotics) while MRSA shows the
growth in absence and presence of antibiotics (6 wg/mL
cefoxitin). On the contrary, no bacteria is detected when
S. epidermidis was used indicating the specificity of the
MSRA assay.

[0330] Conclusions. This data demonstrate that se-
lective growth combined with labeling and specific cap-
ture of the bacterial cells using antibody-coated magnetic
particles could be used to distinguish antibiotics sensitive
cells from antibiotics resistant cells. As shown in previous
examples, the capture and labeling method used here
can be combined in the context of the present disclosure
with methods for discriminating capture target from free
signaling moieties and other labeled entities.

[0331] At low concentrations of target cells, individual
fluorescent cells can be discerned in the +target images
and directly counted by the software.

Example 19. Stabilization of individual reagents by
lyophilization of Thyroid stimulating hormone
(hTSH) reagents

[0332] This example describes the stabilization of in-
dividual reagents for the detection of human Thyroid stim-
ulating hormone (hTSH) by lyophilization. The methods
described in this example are generally applicable to the
reagents used in other embodiments of the method of
the present disclosure.

[0333] Stabilization of assay reagents extends the
shelf-life and performance of the assay reagents de-
scribed in this disclosure.

[0334] Long-term storage of dried reagents is of eco-
nomic value to the users of the reagents and is especially
importance when applied to situations in which reagents
are not regularly needed but for which a sudden need
arises such as a bioterroristincident or epidemic disease
outbreaks.

[0335] Lyophilized reagents are also of use in the man-
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ufacture of unitized reagents such as single-use cartridg-
es.

[0336] The method described can be used with rea-
gents manufactured to detect and enumerate individual
cellular and molecular targets at low concentrations in
clinical, industrial, and environmental samples.

[0337] Method. In one experiment, individual lyophili-
zation of hTSH assay components (fluorescent/magnetic
particles and dyed-cushion) was carried out follows. A
Dura-Stop lyophilizer was pre-cooled to -45°C. Dye-
cushion reagent 10 pL (made as described in example
7 with the following modifications: 5%w/v trehalose (Sig-
ma-Aldrich cat# T9449) was included to the reagent) was
lyophilized on the bottoms of specific wells of a black-
walled 384-well microtiter plate (Costar, Catalog No.
3544). After the addition, the plate was frozen in a Dura-
Stop lyophilizer at atmospheric pressure at -45°C for 1
hr and the vacuum was applied. The plate was lyophilized
for 16 hours; the lyophilizer was brought to -5°C for 4 hrs
and then 25°C for 1 hour. The pressure was released
and the plate was removed, sealed with PCR plate film,
and stored at room temperature in a desiccator until fur-
ther use. The lyophilization of hTSH particle reagents
was carried out as follows. Lyophilized spheres of 5 pL
of a mixture of 160 mM EPPS (Sigma-Aldrich cat# E9502)
buffer pH 7.6 containing 320 mM 1,3 Diaminopropane
(Sigma-Aldrich cat# D230807), 5%w/v trehalose (Sigma-
Aldrich cat# T9449), 0.003 % w/v dilution of anti-hTSH
antibody coated fluorescent particles and 0.08 % w/v di-
lution of anti-hTSH antibody coated magnetic particles
(particle reagents were prepared as described in exam-
ple 6) were manufactured by accurately pumping 5 pL
drops of the mixture into a insulated beaker containing
liquid nitrogen. The frozen spheres were then immedi-
ately placed in Dura-Stop lyophilizer pre-cooled to -45°
C. Thevacuum was applied immediately and the spheres
were lyophilized for 16 hrs, the lyophilizer was brought
to -5°C for 4 hrs and then 25°C for 1 hour and stored at
room temperature in a desiccator until further use.
[0338] The performance of lyophilized reagents was
determined by comparing the hTSH assay performed us-
ing fresh liquid reagent and lyophilized reagent. Two dif-
ferenttarget (hTSH) solutions (62.5 and 250 pg/mL) were
made by adding recombinant hTSH (Cell Sciences, Cat-
alog No. CRT505B) to PBS-TBP. Lyophilized spheres of
fluorescent and magnetic anti-hTSH antibody coated
particles (as manufactured above) were placed on top of
specificwells containing lyophilized dye-cushionreagent
(Figure 35 shows the assay schematics). In a separate
384 well black wall clear bottom microtiter plate (Costar),
10 pL of dye cushion reagent (as described in example
7 with the following modifications: 5% w/v trehalose (Sig-
ma-Aldrich catalog no. T9449) was included) was pipet-
ted into specific wells. After incubation, 5 pL aliquot of
the 250 pg/mL solution of TSH was added to 5 pL of a
mixture of 160 mM EPPS (Sigma-Aldrich, Catalog No.
E9502) buffer containing 320 mM 1,3 Diaminopropane
(Sigma-Aldrich Catalog No. D230807), 5% w/v trehalose
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(Sigma-Aldrich, Catalog No. T9449), 0.003 % w/v dilution
of anti-hTSH fluorescent particles and 0.08 % w/v dilution
of anti-hTSH magnetic particles and incubated for 10 min
in specific wells of a 96 well polycarbonate PCR plate
(Fisher Scientific, Cat. No. 14230237). After incubation,
7.5 pL of this mixture was layered onto of the liquid dye-
cushion wells. During the incubation of the liquid rea-
gents, 20 pL of the 62.5 pg/mL solution of hTSH was
carefully pipetted on top of specific wells of lyophilized
reagents. The plates were then subjected to magnetics
by placing the plate on a bar magnet for 5 minutes. The
plates were then placed in a high throughput analysis
automated analyzer. The wells were then imaged on the
analyzer at a 0.1 sec exposure time

[0339] Results. Figure 36 (top) shows a bar graph in-
dicating the percent recovery of hTSH in the lyophilized
reagentwells compared to the liquid reagent wells (Liquid
reagents were assigned as 100% recovery). Figure 36
(bottom) shows the non-magnified images of the repre-
sentative well when the assay was performed using liquid
reagent and lyophilized reagent. The recovery of hTSH
using lyophilized reagents is similar to liquid reagents
with the experimental error of the assay indicating the
similar performance.

[0340] Conclusions: The data demonstrate that
lyophilized reagents can be used in the assay for hnTSH
and perform as well as liquid reagents. The method of
the present disclosure can be practiced with lyophilized
reagents which extends the usefulness of the method of
the present disclosure.

Example 20. Stabilization of individual reagents -
Lyophilization of reagents for detection of S. aureus
together in layers

[0341] This example describes the stabilization of re-
agents for the detection of S. aureus together in layers
by lyophilization. The methods described in this example
are generally applicable to the reagents used in other
embodiments of the method of the present disclosure.
[0342] Stabilization of assay reagents extends the
shelf-life and performance of the assay reagents de-
scribed in this disclosure.

[0343] Long-term storage of dried reagents is of eco-
nomic value to the users of the reagents and is especially
importance when applied to situations in which reagents
are not regularly needed but for which a sudden need
arises such as a bioterroristincident or epidemic disease
outbreaks.

[0344] Lyophilized reagents are also of use in the man-
ufacture of unitized reagents such as single-use cartridg-
es.

[0345] The method described can be used with rea-
gents manufactured to detect and enumerate individual
cellular and molecular targets at low concentrations in
clinical, industrial, and environmental samples.

[0346] Method. This example shows another method
for stabilizing reagents by lyophilizing reagents in layers
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together (Figure 37). In this example, reagents for the
detection of S. aureus bacterial cells are lyophilized in
layers. A Dura-Stop lyophilizer was pre-cooled to -45°C.
An aliquot (65 pL) of dyed-cushion reagent (10% v/v Op-
tiprep® (Sigma-Aldrich D1556) containing 2 mg/mL
Chromotrope R2 (Sigma-Aldrich Catalog No. C3143)
and 5% wi/v trehalose (Sigma-Aldrich, Catalog No.
T9449)) was pipetted into assay wells. The plate was
placed in the lyophilizer and the reagent layer allowed to
freeze for 1 hour. The assay wells were then removed
from the lyophilizer and 25 pL of a complete reagent mix
(containing SYBR® Green 1 (Invitrogen Catalog No. S-
7563) diluted 1 part in 2000 parts with 0.9% sodium chlo-
ride, 0.005 % w/v chicken anti-S. aureus Protein A mag-
netic particles (manufactured as described in example
4) in TBS-TBP, pH 7.4) was carefully overlaid on the top
of the frozen dye cushion layer. The assay wells were
then immediately returned to the lyophilizer and frozen
for 1 hour. The vacuum was applied and the wells were
lyophilized at - 45° C for 16 hours. Then the temperature
was set to -5° C for 6 hrs, followed by 25° C for 2 hrs.
Upon completion, the lyophilizer was turned off and the
vacuum was released. The wells were removed and cov-
ered with PCR film and stored in desiccator until further
use.

[0347] The performance of lyophilized reagents was
determined by comparing the S. aureus assay performed
using fresh liquid reagent and lyophilized reagent. A cul-
ture of S. aureus (ATCC strain 29213) was grown in
growth media TSB (Tryptic Soy Broth, Acumedia cat#
7164A) at 35°C for 2 hours to achieve log-phase growth
(ODggg = 0.3). The S. aureus cells were counted in a
Petroff-Hausser counting chamber on Zeiss microscope
and cells were diluted to 2 x 105 cells/mL in fresh TSB.
The reaction was carried out in 96 well polycarbonate
PCR plate (Fisher Scientific, Cat. No. 14230237). The
reaction mixture (50 pL) contained 25 pL S. aureus cells
(5,000 cells) in PBS-TBP (or no cell as negative control),
20 pL of SYBR® Green 1 dye (diluted 1:2000X in 0.9%
sodium chloride) and 5 pL of chicken anti-protein A an-
tibody coated magnetic particles (2X1010 particles/mL)
suspended into PBS-TBP, pH 7.4. Assay reaction was
mixed well by pipetting and incubated for 15 min at am-
bient temperature in dark. After incubation, 40 pL of re-
action mixture was overlaid on 70 pL of cushion solution
(consisted of 15% OptiPrep® (Sigma Catalog No.
D1556) containing 5 mg/mL Chromotrope 2R (Sigma-
Aldrich C3143)) pre-aliquoted in 96-well half-area diam-
eter clear bottom black plate (Grainer, Cat. No. 675096).
For dry reagent assay, S. aureus cells (5,000 cells) in
120 pL of PBS-TBP (or no cells as negative control) was
added on top of specific wells with lyophilized reagents
and the wells were incubated for 15 min in dark atambient
temperature. In order to select cell-particles complexes
at the bottom of the well, the plate was then subjected to
magnetics by placing it on magnet for 4 min. The plate
was then removed from the magnet and was placed in a
high throughput automated imaging analyzer. The wells
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were then imaged on the analyzer described above at a
0.1 sec exposure time. Individual fluorescent cells were
then enumerated using software.

[0348] Results. Figure 38 (top) shows a bar graph in-
dicating the S. aureus counts in the lyophilized reagent
wells compared to the liquid reagentwells. Figure 38 (bot-
tom) shows the non-magnified images of the represent-
ative wells (with and without S. aureus cells) when the
assay was performed using lyophilized reagent. The S.
aureus counts using lyophilized reagents are similar to
liquid reagents with the experimental error of the assay
indicating the similar performance.

[0349] Conclusions. The results demonstrate that re-
agents lyophilized together in layers can perform as well
as liquid reagents. The method of the present disclosure
can be practiced with lyophilized reagents which extends
the usefulness of the method of the present disclosure.
[0350] Alternative embodiments. Lyophilization con-
ditions, such as temperatures and times can be adjusted,
and various reagents in addition to those listed above
can undergo similar treatments. Reagents can alterna-
tively be dried by evaporation (Examples 19 and 20) or
by vapor deposition. For example, reagents mixed as
above, can be placed in an oven at elevated temperature
or left at or below room temperature where moisture can
be allowed to escape in vapor form due to differences in
relative humidity. Alternatively, the reagents can be
placedin a desiccating chamber to remove moisture from
reagents. A combination of liquids and solids can be
used.

Example 21. Specific detection of biotin by the com-
bination of imaging and movement of the selected
target signaling moiety complexes.

[0351] Examples 8-17 above describe methods to im-
age and assay targets specifically and at low concentra-
tions or low numbers of targets through the use of sign-
aling moieties, selection moieties, and dye-cushion re-
agent to reduce "background’ signal from free signaling
complexes and unselected signaling complexes bound
to non-targets.

[0352] These methods canbe performedin one vessel
without a washing step. This example describes a meth-
od to further reduce background after a selection step.
In this example, the magnetic selection moiety is moved
in a direction parallel to the direction of the imaging sur-
face and sequentially imaged. Only true signaling moiety
- target - selection moiety complexes will move with
changes in position of the selection force. Through use
of an image taken with a longer exposure or through a
sequence of images the movement of true signaling moi-
ety - target - selection moiety complexes can be seen as
a streak or ‘comet’. Free signaling moieties and non-se-
lected non-target signaling moiety target complexes that
are in the imaging region will move randomly or not at
all. Only those objects that display the correct response
to the movement are counted as true signal objects by
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the image analysis software.

[0353] The method described can be used with rea-
gents manufactured to detect and enumerate individual
cellular and molecular targets at low concentrations in
clinical, industrial, and environmental samples.

[0354] Method: Streptavidin magnetic particles were
manufactured using the method described in example 4
with the following modifications: Streptavidin (Thermo
Pierce catalog No. 21122) was conjugated instead of an-
tibody, and carboxylated 400 nm magnetic particles were
used (Merck EMD, Catalog No. M1030/40/7283). Fluo-
rescent biotin coated (1 wM) particles were mixed at an
several multiples of ratios to the Streptavidin magnetic
particles in a solution of PBS-TBP, pH 7.4 and incubated
for 15 min. The complexes were washed with PBS-TBP
and diluted to final concentration of 400,000 Fluor com-
plexes per mL. This solution was then mixed with a so-
lution of 40 mg/mL Chromotrope 2R (Sigma-Aldrich, Cat-
alog No. C3143) and loaded on a Kova plastic slide. The
slide was imaged on a Zeiss inverted microscope with
the green fluorescent filter. A Neodynium magnet was
moved under the slide and an image recorded at a long
exposure.

[0355] Result. The image of the selected complexes
moving (i.e., ‘'comets’) is shown in Figure 39. It demon-
strates the movement of the selected signaling-target-
selection moiety complexes versus the non-movement
of non-selected background fluorescence.

[0356] Conclusions. The image demonstrates the
ability of the method described to distinguish selected
signaling-target-selection moiety complexes from non-
selected background fluorescent objects that increasing
the assay specificity. This embodiment of the method of
the present disclosure can improve the specificity of enu-
merating targets with non-magnified imaging without
washing.

[0357] Alternative embodiments. Other embodi-
ments the movement of the selection force could be in
more than one direction in a two dimensional plane par-
allel to the imaging surface.

[0358] In other embodiments different signal charac-
ters can be used e.g. fluorescence, chemiluminescence,
light absorbing, light scattering, phosphorescence, en-
zymatic reactivity and Raman scattering.

[0359] Other embodiments could use different signal-
ing moieties (with different signaling character) e.g., flu-
orescein diacetate (fluorescent esterase substrate),
SYBR® Green (fluorescent DNA stain), Sudan black (li-
pid staining), enzyme substrates that yield insoluble
products, polystyrene particles, polystyrene particles
containing fluorescent dyes, colloidal gold and others.
[0360] In these other embodiments other dyes can be
used to match the different signaling character and moi-
eties in use.

[0361] Different category labeling moieties can be
used include but are not limited to: Antibodies (including
various immunoglobulin types) and other proteins (e.g.
lectins, hormone receptors and others), oligonucleotides
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and their synthetic analogs (e.g. peptide nucleic acids,
aptamers and others), oligosaccharides (e.g. heparin
and others), organic polymers (e.g. dextran sulfate and
others) and smallmolecules (e.g. drugs, non-peptide hor-
mones, biotin, dyes and others)

[0362] The selection may be specific through selection
of a specific target within a category (e.g. selection of
hTSH from blood or S. aureus cells from nasal samples).
The assay may be also specific through selection of a
labeled category of targets (e.g. Selection of Lipoproteins
from Human plasma).

[0363] The method described can be used in the se-
lection of targets which can include, but are not limited
to: Cells, viruses, organelles, lipoproteins, and molecules
including proteins, oligonucleotides, lipids, oligosaccha-
rides, and small organic and inorganic molecules.
[0364] The method is applicable to samples with com-
plex matrices including whole blood, plasma, feces,
wastewater, milk, and others.

[0365] Samples can also be processed prior to selec-
tion e.g. Cells can be fixed with methanol. DNA can be
extracted and purified. Hormones, proteins and vitamins
normally found bound to serum factors can be released,
and through other processes. Samples can also be se-
lected after labeling, e.g. targets can be pre-labeled with
signaling moiety complexes before selection.

Example 22. Use of photobleaching with SYBR®
Green labeling and chicken anti- S. aureus protein A
for specific detection of S. aureus bacterial cells.

[0366] Detection of targets at low concentrations or
numbers requires specific detection of signaling moiety
- target - selection moiety complexes. This example de-
scribes a method to use photobleaching of SYBR®
Green and chicken anti- S. aureus protein A labeled S.
aureus bacterial cells to enhance the specific detection
of S. aureus cells

[0367] The method utilizes the relative stability of flu-
orescence signal from fluorescent particles to that of
fluorogenic DNA staining to photobleaching.

[0368] Anoutline ofthe method is shown in the diagram
in Figure 40. Targets are labeled with two different sign-
aling moieties (these differ in their sensitivity to photob-
leaching) and a magnetic selection moiety. The complex-
es are magnetically selected and imaged. The samples
are exposed to light for sufficient time for one of the sig-
naling moieties to be photobleached. A second image is
taken. The instrument software then performs an image
analysis, in which only signaling moieties that were in
pixels adjacent to pixels where signals were photob-
leached are counted as signaling events.

[0369] The method described can be used to detect
and enumerate individual cellular and molecular targets
at low concentrations in clinical, industrial, and environ-
mental samples.

[0370] Method. A culture of S. aureus (ATCC strain
29213) is grown in TSB growth media (Tryptic Soy Broth,
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Acumedia cat# 7164A) at 35 °C for 2 hours to achieve
log-phase growth (ODgqq = 0.3). The reaction is carried
out in 96 well polycarbonate PCR plate (Fisher Scientific,
Cat. No. 14230237). A reaction mixture (50 pL) contain-
ing 25 pL S. aureus cells (5,000 cells) in PBS-TBP or
just PBS-TBP (no cells), 20 pL of SYBR® Green 1 dye
(diluted 1:2000X in saline) mixed 0.005 % w/v chicken
anti-S. aureus protein A fluorescent particles (described
in example 3) and 5 pL of 0.005 % w/v chicken anti-S.
aureus Protein A magnetic particles (manufactured as
described in example 4) suspended into PBS-TBP solu-
tion. The assay reaction is mixed well by pipetting and
incubated for 15 min atambient temperature in dark. After
incubation, 40 pL of reaction mixture is overlaid on 70
wL of cushion solution (consisted of 15% OptiPrep® Sig-
ma Cat. No. D1556) and 5 mg/mL Chromotrope 2R (Sig-
ma-Aldrich C3143) pre-aliquoted in 96-well half-area di-
ameter clear bottom black plate (Grainer, Cat. No.
675096). In order to select cell-particles complexes at
the bottom of the well, the plate is subjected to magnetics
by placing it on magnet for 4 min. The plate is removed
from the magnet and is placed in a high throughput au-
tomated imaging analyzer. The wells are imaged, pho-
tobleached, and imaged again on the analyzer. The first
image is taken with 0.1 sec exposure time; the plate is
iluminated twice for 1 sec each to photobleach the
SYBR® Green, then imaged again with a 0.1 sec expo-
sure time. Image analysis software enumerates signal
moieties that were adjacent to signal moieties that were
photobleached. In this example this would include only
those chicken anti-S. aureus Protein A fluorescent par-
ticles that were adjacent to SYBR® Green labeled S.
aureus cells.

[0371] Conclusions: This example demonstrates the
detection of specific signal in the assay through the com-
bination of photobleaching with image analysis. The use
of photobleaching in the method of the present disclosure
with non-magnified imaging of targets without washing
reduces interference from interfering materials in the as-
say and to produce a specific result.

[0372] Alternative embodiments. The method of this
example can be applied with any pair offluorescent labels
which differ in their susceptibility to photobleaching. The
specific label can represent either the photobleaching
resistant or susceptible moiety in the pair of signaling
moieties.

[0373] Different category labeling moieties can be
used include but are not limited to: Antibodies (including
various immunoglobulin types) and other proteins (e.g.
lectins, hormone receptors and others), Oligonucleotides
and their synthetic analogs (e.g. peptide nucleic acids,
aptamers and others), Oligosaccharides (e.g. heparin
and others), Organic polymers (e.g. dextran sulfate and
others) and Small molecules (e.g. drugs, non-peptide
hormones, biotin, dyes and others)
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Example 23. Use of photobleaching with SYBR®
Green labeling for specific detection of S. aureus
bacterial cells.

[0374] Detection of targets at low concentrations or
numbers requires specific detection of signaling moiety
- target - selection moiety complexes. This example de-
scribes a method to use photobleaching of SYBR ®
Green labeled S. aureus bacterial cells to enhance the
specific detection of true signaling moiety - target - se-
lection moiety complexes against non-specific back-
ground.

[0375] The method utilized the susceptibility of some
labeling methods to photobleaching. Fluorescence de-
tection by counting fluorescent signaling moieties im-
aged with non-magnified imaging can have background
due to fluorescent debris. This method allows detection
of fluorescent debris by using photobleaching of the spe-
cific signal to identify non-specific fluorescent signal.
[0376] Anoutline ofthe method is shown in the diagram
in Figure 41. Targets were labeled with signaling moieties
and a magnetic selection moiety. The complexes were
magnetically selected and imaged. Then the sample was
exposed to light for sufficient time to for the signaling
moieties to be photobleached. A second image was tak-
en. The instrument software then performs an image
analysis in the second image is subtracted from the first
image. The remaining signaling moieties (which were
photobleached) are then enumerated as specific signal.
[0377] The method described can be used to detect
and enumerate individual cellular and molecular targets
at low concentrations in clinical, industrial, and environ-
mental samples.

[0378] Method. A culture of S. aureus (ATCC strain
29213) was grown in TSB growth media (Tryptic Soy
Broth, Acumedia cat# 7164A) at 32.5°C for 2 hours to
achieve log-phase growth (ODggq = 0.3). The reaction
was carried out in 96 well polycarbonate PCR plate (Fish-
er Scientific, Cat. No. 14230237). A reaction mixture (50
pL) containing 25 pL S. aureus cells (5,000 cells) in PBS-
TBP or just PBS-TBP (no cells), 20 uL of SYBR ®Green
1 dye (diluted 1:2000X in saline) was mixed and 5 p.L of
0.005 % w/v chicken anti-S. aureus Protein A magnetic
particles (manufactured as described in example 4) were
suspended into PBS-TBP solution. The assay reaction
was mixed well by pipetting and incubated for 15 min at
ambient temperature in dark. After incubation, 40 pL of
reaction mixture was overlaid on 70 uL of cushion solu-
tion (consisted of 15% OptiPrep® Sigma Cat. No. D1556)
and 5 mg/mL Chromotrope 2R (Sigma-Aldrich C3143))
pre-aliquoted in 96-well half-area diameter clear bottom
black plate (Grainer, Cat. No. 675096). In order to select
cell-particles complexes at the bottom of the well, the
plate was subjected to magnetic selection by placing it
on magnet. The plate was removed from the magnet and
was placed in a high throughput automated imaging an-
alyzer that used non-magnified imaging. The wells were
then imaged with a 0.1 sec exposure, photobleached by
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illuminating the plate twice for 1 sec and then imaging
again for 0.1 sec analyzer. Image analysis software then
subtracted the second image from the first image. The
remaining signal moieties were enumerated as S. aureus
bacterial cells.

[0379] Results: The images in Figure 41 demonstrate
the method. The first image is the initial image, the sec-
ond image is the image after photobleaching and the final
image is a software generated image of image 2 sub-
tracted from image 1 and shows the photobleached spe-
cifically labeled SYBR ® Green labeled S. aureus. The
images show that the large piece of fluorescent debris
was subtracted from the data.

[0380] Conclusions: This example demonstrates the
removal of non-specific signal in the assay through the
combination of photobleaching with image analysis. The
use of photobleaching in the method of the present dis-
closure with non-magnified imaging of targets without
washing reduces interference from interfering materials
in the assay and to produce a specific result.

[0381] Alternative embodiments. Other embodi-
ments of this example include a different sequence of
events. The assay well with reagents is first photob-
leached before the selection step, followed by selection
and non-magnified imaging. This embodiment can be
used in cases where the interfering materials can be pho-
tobleached.

Example 24. Automated imaging analyzer for detect-
ing targets

[0382] Overview. This example demonstrates auto-
matic performance of the method of the present disclo-
sure in an automated analyzer (Figure 43, 44). The an-
alyzer accepts a cartridge containing imaging wells (Fig-
ure 42), uses magnetic selection to deposit complexes
of labeled targets selection moieties onto the detection
surface of the imaging well. The analyzer incorporates a
CMOS camera for imaging individual labeled target com-
plexes and has software and hardware for sample con-
tainer conveyance, incubation, focusing, image analysis,
and results reporting. The analyzer has a throughput of
up to 40 samples per hour, which is useful in high volume
clinical laboratory testing applications. It could also be
used in food processing and veterinary testing applica-
tions.

[0383] Description. The analyzer has two queues to
accept stacks of sample containers (Figures 43, 44). The
queue is designed to accept a stack between one and
eight sample containers. When a stack is placed in either
input queue opening, a photoelectric sensor (Omron pho-
toelectric retro-reflective sensor E3T-SR21) is triggered
and signaled the control software to activate a stepper
motor (Arcus DMAX-KDRV-23) to move the stack into
the analyzer for processing.

[0384] When a stack is ready to be processed in either
queue, the analyzer processes the top sample container
in the stack first. The top of the stack is found with a
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photoelectric sensor (Omron photoelectric retro-reflec-
tive sensor E3T-SR21) mounted to the gantry robot (Fig-
ures 44). The robot scans each queue with the sensor
starting at the maximum stack height and moved down
until a sample container triggers the sensor. Once found,
the gantry robot removes the top sample container.
[0385] Movement of the sample container in the sys-
tem is accomplished by three motor systems (Figures
43, 44). These systems are called the input system, the
main gantry system, and the imager gantry system. Each
system is described in detail below. The systems are
capable of operating independently, and occasionally re-
quired synchronization for specific operations. The input
system consists of a single conveyor belt powered by a
stepper motor (Arcus DMAX-KDRV-23) as mentioned
above (Figures 43, 44). The belt moves the sample con-
tainer from the initial entry point to the space designated
for gantry robot pickup. When a previous sample con-
tainer is already in the pickup position, a new sample
container moved with the belt until it contacted the sample
container ahead of it. At that point, the belt slid under the
sample containers that were queued for the pickup po-
sition.

[0386] Three stepper motors (Arcus DMAX-KDRV-17)
were present in the gantry system (Figures 44). Each
motor is connected to linear stage (Automation Solutions,
DL20DW-XZ) of a different length. The longest stage
controlled the gantry Y (left and right) directions. This
stage is anchored to the base plate. Attached to Y stage
platform is the shortest stage which controlled the gantry
X (forward and backward) directions. Attached to the X
stage platform is the stage used to control the gantry Z
(top and bottom) directions. Attached to the Z stage is a
pair of forks. The forks have features that allowed align-
ment with features molded in the sample container (Fig-
ure 42). Also attached to the Z stage platform is a pho-
toelectric sensor (Omron photoelectric retro-reflective
sensor E3T-SR21). The sensor is used to measure the
stack height, as described above.

[0387] The gantry picks up the sample container using
the forks by adjusting the X and Z stages. Once the sam-
ple container is held by the forks, the X stage moves
backwards to give clearance to the Y stage. In this posi-
tion, the Y stage can move the sample container to any
station for processing without colliding with structures in
the analyzer.

[0388] Theimager gantry system consists of two step-
per motors (Arcus DMAX-KDRV-17) attached to two lin-
ear stages (Automation Solutions, DL20DW-XZ). The
longer stage is called the imager X stage. This stage
controlled the forward and backward motions of the im-
ager gantry. Attached to the imager X stage is the imager
Z stage, which controlled the imager gantry’s vertical mo-
tion. Attached to the Z stage is a platform that had align-
ment features on its surface that coincided with similar
alignment features on the sample container (Figures 43,
44).

[0389] Theimager Z stage differed from the other stag-
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es by having a fine pitched screw mechanism. It has a
resolution of 5 microns, as opposed to the 50 micron
resolution of the other stages on the analyzer. This dif-
ference permits fine focus adjustments as well as fine
control of height for initiating the reaction assay. These
features are discussed in detail below.

[0390] Afterthe sample containeris picked up from the
input position by the main gantry robot, it is taken to a
barcode reader (Microscan MS1). The 1 D barcode on
the sample container encoded information including lot
number, test type, and test parameters. When read, the
control program stored the information in a data structure
fortracking the sample container and holding the analysis
results.

[0391] Two types of incubation occur in this analyzer.
They are fixed temperature incubation for sample growth
and ambient temperature incubation for the assay reac-
tion. After the sample container barcode is scanned, the
initiation of the sample into the growth wells occurs. The
main gantry robot moves the sample container to the
imager gantry platform (Figures 44). After the gantry
placed the sample container onto the platform, the im-
ager gantry raises the imaging platform until the plunger
cap on the sample container (Figure 42) is pressed by a
feature at the top of the imager Z stage. By depressing
the plunger, the liquid sample is mobilized from the sam-
ple input reservoir to the growth chambers were growth
reagents were lyophilized. Next, the sample container is
placed in the on-board fixed temperature incubator by
the main gantry robot (Figures 43, 44). The sample con-
tainers can be atincubated at 35°C for four hours to allow
bacterial cell growth.

[0392] The incubator consists of a shelf constructed of
machined parts (top, bottom, left, right, back, and front
sides). The shelf bottom contains features that mated
with the feature on the bottom of the sample container
(Figures 43, 44). The incubator walls are constructed us-
ing insulation foam which divided the incubator into four
chambers. The rear wall of the incubator is shaped to fit
four machined doors in front of the four chambers. The
doors are opened and closed using actuators (Firgelli
L12-50-100-12-1). Heating of the incubator used heating
strips (OMEGA, SRFG-310/10-P) across the outside top
and bottom of the incubator. Heating strips, as well as
any exposed outside surface, were covered in insulation
foam with the exception of the doors.

[0393] Initiation of the assay occurs after growth incu-
bation is completed. The main gantry robot removed the
sample container from the growth incubator and moves
it to the imager gantry platform (Figures 44). After the
gantry places the sample container onto the platform, the
imager gantry initiates the assay by raising the platform
until the plunger cap on the sample container (Figure 42,
44) is completely pressed in by a feature at the top of the
imager Z stage. By pressing down on the plunger a sec-
ond time, the liquid sample is forced to move from the
growth chambers into the imaging chambers where the
assay reagents were lyophilized. As soon as the liquid
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entered the imaging chamber, the reagents are rehydrat-
ed and the assay reaction begins. The imager gantry
returns to the pickup position and the main gantry robot
moved the sample container to the reaction incubation
station. This incubation lasts fifteen minutes and occurs
at room temperature.

[0394] The reaction incubator consists of a system of
fifteen shelves. The individual shelves have afeature that
mates with the feature on the bottom of the sample con-
tainer for positioning alignment.

[0395] After the reaction is complete, selection of the
targets occurs by magnetic selection. The main gantry
robot moves the sample container from the shelf to the
magnet station (Figures 43, 44, 46). Magnetic selection
is performed for five minutes before the main gantry
moves the sample container to the imaging platform. As
shown in Figure 44, the magnetic capture station con-
sisted of two identical magnet assemblies. The assem-
blies contained rare earth, solid state type magnets (neo-
dymium-iron-boron N48 NdFeB, 22x22x100mm bars) as
shown on the Figure 46. This allows for magnetic selec-
tion to occur for two sample containers during overlap-
ping time periods.

[0396] After magnetic selection, imaging is performed.
The imaging subsystem (Figure45) is designed to work
with fluorescent signaling moieties. The signaling moie-
ties are excited with blue light filtered through a band
pass filter centered around a475 nanometer wavelength.
Emission light is collected after filtering the light through
a band pass filter centered at about 535 nanometers in
wavelength. The illumination components, detection op-
tics, and camera are all positioned under the sample con-
tainer in the imaging assembly (Figure 44).

[0397] After magnetic capture is complete, the main
gantry robot moves the sample container from the mag-
net station to the imager gantry robot (Figure 44). The
imager gantry robot moved the sample container over a
distance sensor (Keyence LK-G37). The distance to each
imaging well is measured and the focus distance is cal-
culated. The imager gantry robot is positioned above the
CMOS camera (Mightex BCN-B013) which acquires an
8 bit grayscale image of each well. Each well is imaged
ten times and summed to result in a higher bit grayscale
image for analysis.

[0398] Image analysis occurs using onboard software.
Once the analysis is completed, the imager gantry robot
moves the sample container to the ejection system. The
sample container is then pushed off the platform and into
the biohazard waste container (Figure 43). Once the data
is analyzed, the results, along with the cartridge informa-
tion, are stored on a computer, printed (Seiko, DPU-30)
and displayed on the LCD touchscreen monitor (AEI,
ALCDP7WVGATS) (Figure 43).

[0399] The system is designed to be controlled by a
single small board computer (Ampro, RB800R) running
Ubuntu Linux 2.6. All components are connected to the
computer either directly or through controller boards.
Components connected directly to the computer include
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the motor controller (Galil, DMC-2183-DC24-DIN), LCD
monitor (AEI, ALCDP7WVGATS), CMOS camera (Migh-
tex, BCN-B013), distance sensor (Keyence LK-G37),
and printer (Seiko, DPU-30). The components connected
through the motor controller include photoelectric sen-
sors (Omron, E3T-SL22), stepper motors for the main
gantry and imager gantry (Arcus, DMAX-KDRV-17),
stepper motor for the input bay conveyor (Arcus DMAX-
KDRV-23), and LEDs (Lumileds, LXHL-PB09).

[0400] Results. Figure 47 shows detection of individ-
ual labeled S. aureus cells in the cartridge shown in Fig-
ure 42 using the method of Example 16 and the auto-
mated imaging analyzer of this example (Figures 43, 44).
[0401] Conclusion. This analyzer can automatically
process sample containers with minimal user interaction.
The sample container interacts with an analyzer that sup-
ports on demand processing, sample growth, non-mag-
nified imaging and integrated waste disposal. The ana-
lyzer allows for detection of individual targets that have
been bound to signaling and selection moieties using a
CMOS camera without magnification.

Claims

1. A method for detecting one or more targets in a sam-
ple, said method comprising:

a) providing a vessel comprising a detection sur-
face with a detection area having a shortest lin-
ear dimension of > 1 mm;

b) contacting, in a liquid overlying layer in the
vessel, signaling moieties, selection moieties,
and a composition comprising said targets to
form complexes of said targets;

c) applying a selection force to move said selec-
tion moieties in said overlying layer through an
underlying cushion layer to deposit said selec-
tion moieties within a detection zone corre-
sponding to said detection area, wherein said
cushion layer is a substantially liquid layer which
is denser than said overlying layer and provides
a physical separation between said overlying
layer and said detection area; and

d) simultaneously detecting individual complex-
es of said signaling moieties within said detec-
tion zone corresponding to the detection area,
thereby detecting said targets, wherein said de-
tection employs magnification of less than 5X,
and

wherein said method does not comprise a washing
step and wherein said targets measure less than 50
microns in at least two orthogonal dimensions.

2. The method of claim 1, wherein (i) said underlying
cushion layer comprises a dye that interferes with
the transmission of light to or from the signaling moi-
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eties; or (ii) said overlying layer further comprises a
dye that interferes with the transmission of light to or
from the signaling moieties.

The method of claim 1, wherein the targets are bac-
terial cells, and step (d) determines the differential
growth of said cells in the presence and absence of
a growth inhibitor.

The method of claim 1, wherein said signaling moi-
eties comprise photonic signaling character; or
wherein said signaling moieties comprise fluoro-
phores, chemiluminescent agents, bioluminescent
agents, resonance light scattering particles, light ab-
sorption or chromogenic signaling agents, quantum
dots, or up-converting phosphors or are fluorescent
particles or comprise a DNA stain.

The method of claim 1, wherein said complexes in
(d) are complexes of said signaling moieties, targets,
and selection moieties.

The method of claim 1, wherein the complexes
formedin step (b) are between the selection moieties
and signaling moieties, and the detection of said tar-
getoccurs by areduction in the number of complexes
of selection moieties and signaling moieties formed
in the presence of the target compared to the number
of complexes formed in the absence of the target.

The method of claim 1, wherein said signaling moi-
eties or selection moieties are conjugated to an an-
tibody, an antigen, alectin, a carbohydrate, a protein,
a nucleic acid molecule, a ligand, a receptor, or a
small molecule.

The method of claim 1, wherein said targets are
present in, or obtained from, a biological sample, in
particular wherein said biological sample is human
whole blood, serum, plasma, mucus, urine, bile, syn-
ovial joint fluid, spinal fluid, amniotic fluid, sweat, na-
sal and respiratory fluid, vaginal secretions, ejacu-
late, wound exudates, sputum and bronchoalveloar
lavage fluids, feces, bone, hair, dried cells, skin sam-
ples, fresh, frozen or fixed pathology samples, or
swabs taken from nasal, nasopharyngeal, throat, ax-
illar, perineal, or rectal sites.

The method of claim 1, wherein said selection force
is gravity, magnetism, electrical potential, centrifugal
force, centripetal force, buoyant density, filtration, or
pressure.

The method of claim 1, wherein said vessel is an
imaging well having an imaging depth of greater than

2mm.

The method of claim 1, wherein said targets are cells,
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viruses, or molecules, in particular bacterial cells, in
particular E. coli, methicillin-resistant S. aureus (MR-
SA) cells, Staphylococcus aureus cells, or Bacillus
anthracis cells; wherein said targets are an antigen
of Bacillus anthracis, in particular wherein said anti-
gen is selected from lethal factor (LF), protective an-
tigen (PA), and poly-D-y-glutamic acid (PDGA) cap-
sule polypeptide; or wherein said targets are C. al-
bicans.

The method of claim 1, wherein said signaling moi-
eties or said selection moieties are provided initially
in dried form in said vessel and then rehydrated.

The method of claim 1, wherein said underlying
cushion layer is in dried form in said vessel, wherein
in step (b) said composition comprising said targets
hydrates said underlying cushion.

Patentanspriiche

1.

Verfahren zum Detektieren einer oder mehrerer Zie-
le in einer Probe, wobei das Verfahren umfasst:

a) Bereitstellen eines GefalRes umfassend eine
Detektionsoberflache mit einer Detektionsfla-
che die eine kiirzeste lineare Dimension von >
1 mm hat;

b) Inkontaktbringen einer Flissigkeit, die eine
Schicht in dem GefaR tberlagert, Signalresten,
Selektionsresten, und einer Zusammensetzung
umfassend die Ziele um Komplexe der Ziele zu
bilden;

c) Anwenden einer Selektionskraft um die Se-
lektionsreste in der (berlagernden Schicht
durch eine unterliegende Dampfungsschicht zu
bewegen um die Selektionsreste innerhalb einer
zu der Detektionsflache gehérenden Detekti-
onszone, abzuscheiden, wobei die Dampfungs-
schicht eine imwesentlichenflissige Schichtist,
die eine gréfere Dichte aufweist als die Uberla-
gernde Schicht, und eine physikalische Tren-
nung zwischen der tberlagernden Schicht und
der Detektionsflache bereitstellt; und

d) gleichzeitiges Detektieren individueller Kom-
plexe der Signalreste innerhalb der zu der De-
tektionsflache gehérenden Detektionszone, da-
bei Detektieren des Ziels, wobei die Detektion
eine Vergréfierung von weniger als 5x verwen-
det, und

wobei das Verfahren keinen Waschschritt umfasst
und wobei die Ziele weniger als 50 Mikrometer in
wenigstens einer orthogonalen Dimension messen.

Verfahren nach Anspruch 1, wobei (i) die unterlie-
gende Dampfungsschicht einen Farbstoff umfasst,
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der mit der Transmission von Licht von oder zu den
Signalresten interferiert; oder (ii) die iberlagernde
Schicht des weiteren einen Farbstoff umfasst, der
mit der Transmission von Licht von oder zu den Si-
gnalresten interferiert.

Verfahren nach Anspruch 1, wobei die Ziele bakte-
rielle Zellen sind, und Schritt (d) das differentielle
Wachstum der Zellen in der Gegenwart oder Abwe-
senheit eines Wachstumsinhibitors bestimmt.

Verfahren nach Anspruch 1, wobei die Signalreste
photonischen Signalcharakter umfassen; oder wo-
bei die Signalreste Fluorophore, chemolumineszen-
te Stoffe, biolumineszente Stoffe, Resonanzlicht
streuende Partikel, Licht absorbierende oder chro-
mogene Signalstoffe, Quantumdots, oder angereg-
ten Phosphor umfassen oder fluoreszente Partikel
sind oder einen DNS-Farbstoff umfassen.

Verfahren nach Anspruch 1, wobei die Komplexe in
(d) Komplexe der Signalreste; Ziele, und Selektions-
reste sind.

Verfahren nach Anspruch 1, wobei die in Schritt (b)
gebildeten Komplexe zwischen den Selektionsre-
sten und Signalresten sind, und die Detektion des
Ziels bei einer Reduktion der Anzahl an Komplexen
der Selektionsreste und Signalreste auftritt, die in
der Gegenwart des Zieles gebildet werden, im Ver-
gleich zu der Anzahl an Komplexen die bei der Ab-
wesenheit des Zieles gebildet werden.

Verfahren nach Anspruch 1, wobei die Signalreste
oder Selektionsreste an einen Antikdrper, ein Anti-
gen, ein Lektin, ein Kohlenhydrat, ein Protein, ein
Nukleinsauremolekil, einen Liganden, einen Re-
zeptor, oder ein kleines Molekdl konjugiert sind.

Verfahren nach Anspruch 1, wobei die Ziele vorkom-
menin, oder erhalten werden aus, einer biologischen
Probe, insbesondere wobei die biologische Probe
humanes Vollblut, Serum, Plasma, Schleim, Urin,
Galle, synoviale Gelenkflissigkeit, Spinalflissigkeit,
amniotische Flissigkeit, Schweif}, nasale und respi-
ratorische FlUssigkeit, vaginale Ausscheidungen,
Ejakulat, Wundflussigkeiten, Auswurf und bronchio-
alveolare Spulflissigkeiten, Fézes, Knochen, Haa-
re, getrocknete Zellen, Hautproben, frische, gefro-
rene oder fixierte pathologische Proben, oder Abstri-
che von nasalen, nasopharyngalen, Rachen, axilla-
ren, perinealen, oder rektalen Stellen ist/sind.

Verfahren nach Anspruch 1, wobei die Selektions-
kraft Schwerkraft, Magnetismus, elektrisches Poten-
tial, Zentrifugationskraft, Zentripetalkraft, Schwimm-
dichte, Filtration, oder Druck ist.
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Verfahren nach Anspruch 1, wobei das Gefal} eine
Vertiefung fur Bildgebund ist, die eine bildgebende
Tiefe von mehr als 2 mm hat.

Verfahren nach Anspruch 1, wobei die Ziele Zellen,
Viren, oder Molekiile sind, insbesondere bakterielle
Zellen, insbesondere E. coli, methicillinresistente S.
aureus- (MRSA)-Zellen, Staphylococcus aureus-
Zellen, oder Bacillus anthracis-Zellen; wobei die Zie-
le ein Antigen von Bacillus anthracis sind, insbeson-
dere wobei das Antigen ausgewahlt ist aus lethalem
Faktor (LF), protektivem Antigen (PA), und poly-D-
y-Glutaminsaure- (PDGA-) Kapselpolypeptid; oder
wobei die Ziele C. albigans sind.

Verfahren nach Anspruch 1, wobei die Signalreste
oder die Selektionsreste anfanglich in einer getrock-
neten Form in dem GefaR bereitgestellt werden und
dann rehydriert werden.

Verfahren nach Anspruch 1, wobei die unterliegende
Dampfungsschicht in getrockneter Form in dem Ge-
fak ist, wobei in Schritt (b) die Zusammensetzung,
die die Ziele umfasst, die unterliegende Dampfungs-
schicht hydriert.

Revendications

1.

Procédé de détection d’une ou plusieurs cibles dans
un échantillon, ledit procédé comprenant :

a) la fourniture d’un récipient comprenant une
surface de détection avec une surface de dé-
tection ayant une dimension linéaire la plus
courte > 1 mm ;

b) la mise en contact, dans une couche sus-
jacente liquide dans le récipient, de groupes ca-
ractéristiques de signalisation, de groupes ca-
ractéristiques de sélection et d’'une composition
comprenant lesdites cibles pour former des
complexes desdites cibles ;

c) 'application d’une force de sélection pour dé-
placer lesdits groupes caractéristiques de sé-
lection dans ladite couche sus-jacente a travers
une couche coussin sous-jacente pour déposer
lesdits groupes caractéristiques de sélection a
I'intérieur d’'une zone de détection correspon-
dant a ladite surface de détection, dans lequel
ladite couche coussin est une couche sensible-
ment liquide qui est plus dense que ladite cou-
che sus-jacente et fournissant une séparation
physique entre ladite couche sus-jacente et la-
dite surface de détection ; et

d) la détection simultanée de complexes indivi-
duels desdits groupes caractéristiques de si-
gnalisation a 'intérieur de ladite zone de détec-
tion correspondant ala surface de détection, dé-
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tectant ainsi lesdites cibles, dans lequel ladite
détection utilise un grossissement inférieur a 5
fois, et

dans lequel ledit procédé ne comprend pas une éta-
pe de lavage et dans lequel lesdites cibles mesurent
moins de 50 microns dans au moins deux dimen-
sions orthogonales.

Procédé selon la revendication 1, dans lequel (i) la-
dite couche formant coussin sous-jacente comprend
un colorant qui interfére avec la transmission de la
lumiere vers ou depuis les groupes caractéristiques
de signalisation ; ou (ii) ladite couche sus-jacente
comprend en outre un colorant qui interfére avec la
transmission de la lumiére vers ou depuis les grou-
pes caractéristiques de signalisation.

Procédé selon la revendication 1, dans lequel les
cibles sont des cellules bactériennes et I'étape (d)
détermine la croissance différentielle desdites cellu-
les en la présence et 'absence d'un inhibiteur de
croissance.

Procédé selon larevendication 1, dans lequel lesdits
groupes caractéristiques de signalisation compren-
nent un caractére de signalisation photonique ; ou
dans lequel lesdits groupes caractéristiques de si-
gnalisation comprennent des fluorophores, des
agents chimiluminescents, des agents biolumines-
cents, des particules diffusant la lumiére de réso-
nance, des agents d’absorption de lumiére ou de
signalisation chromogenes, des points quantiques
ou des phosphores de conversion ascendante ou
sont des particules fluorescentes ou comprennent
une trace d’ADN.

Procédé selon larevendication 1, dans lequel lesdits
complexes dans (d) sont des complexes desdits
groupes caractéristiques de signalisation, desdites
cibles et desdits groupes caractéristiques de sélec-
tion.

Procédé selon la revendication 1, dans lequel les
complexes formés a I'étape (b) sont entre les grou-
pes caractéristiques de sélection et les groupes ca-
ractéristiques de signalisation et la détection de la-
dite cible se produit grace a une réduction du nombre
de complexes de groupes caractéristiques de sélec-
tion et de groupes caractéristiques de signalisation
formésenlaprésence de la cible par rapportau nom-
bre de complexes formés en I'absence de la cible.

Procédé selon larevendication 1, dans lequel lesdits
groupes caractéristiques de signalisation ou grou-
pes caractéristiques de sélection sont conjugués a
un anticorps, un antigene, une lectine, un glucide,
une protéine, une molécule d’acide nucléique, un
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88
ligand, un récepteur ou une petite molécule.

Procédé selon la revendication 1, dans lequel lesdi-
tes cibles sont présentes dans un échantillon biolo-
gique ou obtenues a partir de celui-ci, en particulier
dans lequel ledit échantillon biologique est du sang
total humain, du sérum, du plasma, du mucus, de
I'urine, de la bile, du liquide articulaire synovial, du
liquide rachidien, du liquide amniotique, de la sueur,
des sécrétions nasales et respiratoires, des sécré-
tions vaginales, de I'éjaculat, des exsudats de plaies,
des liquides de crachat et de lavage broncho-alvéo-
laire, des selles, de I'os, des poils, des cellules sé-
chées, des échantillons cutanés, des échantillons
pathologiques frais, congelés ou fixes, ou des pré-
levements de sites nasal, nasopharyngien, de gor-
ge, axillaire, périnéal ou rectal.

Procédé selon la revendication 1, dans lequel ladite
force de sélection est la gravité, le magnétisme, le
potentiel électrique, la force centrifuge, la force cen-
tripéte, la la flottabilité, |a filtration ou la pression.

Procédé selon la revendication 1, dans lequel ledit
récipient est un puits d'imagerie ayant une profon-
deur d’'imagerie supérieure a 2 mm.

Procédé selon la revendication 1, dans lequel lesdi-
tes cibles sont des cellules, des virus ou des molé-
cules, en particulier des cellules bactériennes, en
particulierdes E. coli, des cellules S. aureusrésistant
a la méthicilline (SARM), des cellules Staphylococ-
cus aureus ou des cellules Bacillus anthracis ; dans
lequel lesdites cibles sont un antigéne de Bacillus
anthracis, en particulier dans lequel ledit antigene
est choisi parmi le facteur létal (LF), I'antigéne pro-
tecteur (PA), etle polypeptide a capsule d’acide poly-
D-y-glutamique (PDGA) ; ou dans lequel lesdites ci-
bles sont des C. albicans.

Procédé selon larevendication 1, dans lequel lesdits
groupes caractéristiques de signalisation ou lesdits
groupes caractéristiques de sélection sont fournis
initialement sous forme séchée dans ledit récipient
et réhydratés par la suite.

Procédé selon la revendication 1, dans lequel ladite
couche coussin sous-jacente se présente sous for-
me séchée dans ledit récipient, dans lequel dans
I’étape (b) ladite composition comprenant lesdites
cibles hydrate ledit coussin sous-jacent.
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Fluorescent Particles
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Dye can be used to attenuate the signal from fluorescent

particles. (Example 5)

Fig.
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Fluorescent Particles + Cushion
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Test of Dye-cushion reagent demonstrating the effect of

dye and cush

Fig. 11

imulating

Imu

human Thyroid St

ion using

Hormone assay reagents. (Example 6)
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system when the sample is whole blood. (Example 7)
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) anti-S.aureus antibody
? S. aureus-specific
magnelic particle

0 bacterial cell
) labeled S aureus cell

N\ \\i:’/

0 labeled non-S.aumsus cell

Magnetic
selection

positive
85 cells

ECCR-RRtRRRR e tteet

Fig. 27 Labeling of Staphylococcus aureus with Flourogenic
DNA stain. The Multipath S. aureus assay counts
individual labeled S. aureus cells using non-magnified
digital imaging. The cell counting technology is the
basis for determining antibiotic susceptibility by

differential growth. (Example 16)
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}\ anti-§ aureus antibody {Ab}

flusrescent bead :anti-S.aureus antibody

? magnetic bead:anti-S aureus antibody
. _

S.aureus

L 173 S.aureus selaction
cells

Fig. 30 Labeling of Staphylococcus aureus cells with

chicken anti-protein A antibodies conjugated to
fluorescent nanoparticles. (Example 17)
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Fig. 33 Protocol for detection of methicillin resistant
S.aureus (MRSA) through selective growth and
immunodetection of cells. (Example 18)
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Fig. 42 Cartridge embodiment. (Example 9)
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