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AUTOMATED IMMUNOANALYZER SYSTEM FOR PERFORMING
DIAGNOSTIC ASSAYS FOR ALLERGIES AND AUTOIMMUNE DISEASES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to and claims priority to U.S. Provisional Patent
Application Serial Nos. 61/791,295 and 61/791,879, each of which were filed on
March 15, 2013, the complete and entire disclosures of which are hereby expressly

incorporated by reference herein.

TECHNICAL FIELD

[0002] The present teachings are related to a system and process for performing diagnostic
assays, and more particularly to an automated immunoanalyzer system and process for

performing diagnostic assays for allergies and autoimmune diseases.

BACKGROUND OF THE DISCLOSURE

[0003] The statements in this section merely provide background information related to the
present disclosure and should not be construed as constituting prior art.

[0004] During an automated immunochemistry analysis, analyte molecules in a patient’s
biological sample (e.g., serum or plasma) attach to paramagnetic particles. To remove
background signals associated with potential chemical sources that may be present in the
sample as well, a number of washing steps are typically implemented into the process. A
consequence of these washing steps, however, is that some fraction of the original particles
will be lost for subsequent chemistry processes.

[0005] As such, there is a need for a process that allows the particles remaining after the
washing steps to be quantified in order to normalize the luminescence signal from the patient
sample. The present application is intended to improve upon and resolve some of these

known deficiencies of the art.

SUMMARY OF THE DISCLOSURE

[0006] In accordance with one aspect of the present application, a quantitative method for
performing an automated diagnostic assay is provided and comprises the steps of incubating a
capture reagent with a streptavidin-coated medium to form a solid phase complex; washing
the solid phase complex to remove excess capture reagent; incubating the solid phase
complex with a serum sample to form an immune complex; washing the immune complex to

remove any unbound sample; incubating the immune complex with a conjugate to create an
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immune-conjugate complex; washing the immune-conjugate complex to remove any
unbound conjugate; introducing a substrate capable of generating a quantifiable response; and
calibrating the response generated from introducing the substrate.

[0007] In accordance with yet another aspect of the present application, a controlled
process for binding fluorescent labels to particles within a patient sample is provided. In
accordance with this aspect of the present disclosure, the process includes binding
luminescent labels to the particles, and quantifying the particles remaining after a series of
washing steps in order to normalize a luminescence signal from the patient sample.
According to this illustrative process, the luminescent labels are bound to the particles in
proportion to a number of bound analyte molecules.

[0008] In accordance with still another aspect of the present disclosure, a quantitative
method for evaluating an allergen-specific immunoglobulin E (IgE) in a serum sample
designed for use on an automated platform is provided. In accordance with this method,
biotinylated capture reagent is incubated with a streptavidin-coated solid phase to illicit
adhesion of the capture reagent to the solid phase by exploitation of the biotin-streptavidin
interaction. The capture-reagent solid phase complex is then washed to remove excess
biotinylation capture reagent. A serum sample is then incubated with the capture-reagent
solid phase complex to illicit binding of allergen-specific IgE present in the serum to the
presented capture reagent and to create an immune complex. The immune complex is then
washed to remove unbound IgE and then incubated with labeled anti-IgE conjugates to illicit
binding of the conjugate to the allergen-specific IgE component of the immune complex and
to create an immune-conjugate complex. The immune-conjugate complex is washed to
remove the unbound labeled anti-IgE and then a substrate capable of generating a
quantifiable response is introduced. The quantifiable response generated from adding the
substrate is calibrated and the reported value adjusted for bead retention.

[0009] In accordance with certain aspects herein, the step of incubating the biotinylated
capture reagent with a streptavidin-coated solid phase is derived from the biotinylation of a
purified allergen, protein, enzyme or antibody.

[0010] In accordance with other aspects herein, the step of incubating the biotinylated
capture reagent with a streptavidin-coated solid phase is derived from the biotinylation of an
allergen extract comprised of a multiplicity of allergens.

[0011] In accordance with still other aspects herein, the step of incubating the biotinylated
capture reagent with a streptavidin-coated solid phase is derived from the biotinylation of an

allergen extract used for in vivo human diagnosis or treatment.
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[0012] According to specific illustrative aspects of the present disclosure, the biotinylated
capture reagent exists as an amalgam of multiple biotinylated capture reagents of different
origins including purified allergens, proteins, enzymes, antibodies and allergen extracts.
[0013] According to yet another specific illustrative aspect of the present disclosure, the
streptavidin-coated solid phase is a universal fluorescent-labeled magnetic microparticle.
[0014] In accordance with certain aspects of the present disclosure, one or more of the
washing steps include washing the solid phase complexes by magnetically sequestering the
complex within a confined area of a reaction cuvette.

[0015] In accordance with yet other illustrative aspects of the present disclosure, the step of
incubating the capture reagent-solid phase complex with a serum sample includes incubating
a capture reagent-solid phase complex that is retained in a suspension by a reaction diluent
including a high concentration of human serum albumin (HSA).

[0016] In accordance with still another illustrative aspect of the present disclosure, the step
of incubating the immune complex with a labeled anti-IgE conjugate comprises incubating an
immune complex that is retained in a suspension by a conjugate diluent including a nominal
concentration of polyethylene glycol. According to specific aspects of the present teachings,
the conjugate diluent is comprised of 100 ng/mL Anti-IgE-HRP, 100 pg/mL apo-HRP, 50
mM sodium phosphate, pH 6.7, 150 mM NacCl, 0.05% Tween-20, 1% BSA, 4% (w/v) PEG
6,000, 1%(v/v) ProClin 950, 0.015% (v/v) Antifoam B. In accordance with yet another
specific aspect of the present teachings, the conjugate diluent is comprised of 10 ng/mL anti-
IgG-HRP, 10 pg/mL apo-HRP, 50 mM sodium phosphate, pH 6.7, 150 mM NaCl, 0.05%
Tween-20, 1% BSA, 4% (w/v) PEG 6,000, 1%(v/v) ProClin 950, 0.015% (v/v) Antifoam B.
[0017] According to certain specific aspects of the present disclosure, horseradish
peroxidase (HRP) conjugated to an anti-IgE antibody can be used as an indirect label when
washing the immune complex to remove unbound IgE, particularly as the reaction of PS-Atto
with an HRP labeled conjugate generates sustained high-intensity luminescence for
maximum detection sensitivity in solution assays.

[0018] According to still other specific aspects of the present disclosure, the addition of a
substrate to the immune-conjugate complex comprises adding Lumigen PS-Atto as the
substrate capable of generating a quantifiable response, the quantifiable response existing as a
chemiluminescent signal generated by HRP-PS-Atto reporter system and detected by a
luminometer within an optics box.

[0019] In accordance with certain aspects of the present teachings, the step of adjusting a

quantifiable response for bead retention includes the steps of: transferring the substrate and
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immune-conjugate complex to an optics box wherein both fluorescent and chemiluminescent
signals are quantified; employing a ratio of initial to final fluorescence to adjust the
quantified chemiluminescent signal for bead retention; and calibrating the adjusted
chemiluminescent signal to calculate a reported value. To transfer the substrate and immune-
conjugate complex to the optics box, an automated pipette arm with a reusable pipette tip
aspirating the sample can be utilized. Within the optics box, fluorescence is measured to
determine bead retention, and luminescence is measured to detect the RLU signal generated
by the chemistry. The measurements are entered into an algorithm to generate a “bead
retention adjusted RLU” that is compared the calibration curve RLU, thereafter an IgE
concentration is assigned.

[0020] In accordance with still other aspects of the present disclosure, the fluorescent label
exists as Alexa Fluor 594 Biocytin and the universal magnetic microparticle exists as Thermo
Scientific SA-Speed Bead, or Bangs Lab BioMag Plus Streptavidin.

[0021] Still other objects and benefits of the invention will become apparent from the

following written description along with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above-mentioned aspects of the present invention and the manner of obtaining
them will become more apparent and the invention itself will be better understood by
reference to the following description of the embodiments of the invention taken in
conjunction with the accompanying drawings, wherein:

[0023] FIG. 1 is a schematic illustration of a method for performing an automated
diagnostic assay in accordance with the present application; and

[0024] FIG. 2 is a top schematic view of an automated immunochemistry analyzer and
reagent system in accordance with the teachings of the present application.

[0025] Corresponding reference characters indicate corresponding parts throughout the
several views. Although the exemplification set out herein illustrates embodiments of the
invention, in several forms, the embodiments disclosed below are not intended to be
exhaustive or to be construed as limiting the scope of the invention to the precise forms

disclosed.

DETAILED DESCRIPTION

[0026] The embodiments of the present application described below are not intended to be

exhaustive or to limit the application to the precise forms disclosed in the following detailed
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description. Rather, the embodiments are chosen and described so that others skilled in the
art may appreciate and understand the principles and practices of the present application.
[0027] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
application belongs. Although any method and materials similar or equivalent to those
described herein can be used in the practice or testing of the present application, the specific
methods and materials are now described. Moreover, the techniques employed or
contemplated herein are standard methodologies well known to one of ordinary skill in the art
and the materials, methods and examples are illustrative only and not intended to be limiting.
[0028] Before describing in detail the illustrative automated immunoanalyzer system and
method of the present disclosure, it should be understood and appreciated herein that as a way
of minimizing background signals from excess or unbound materials, immunoassays
generally require that one or more separation phases be carried out in the reaction cuvette.

To facilitate the separation or washing process, a variety of techniques can be used,
including, but not limited to, well coating techniques, bead coating techniques, or the use of
paramagnetic particles. Each of these separation media are coated with a capture reagent that
will bind analyte molecules of interest in the patient’s blood sample. In accordance with
certain aspects of the present teachings, the biotinylated capture reagent can exist as an
amalgam or mixture (i.e., capture reagents from a similar category but from different genus
species). As those of skill in the art would understand and appreciated herein, numerous
capture reagents are available and can be used in accordance with the present teachings,
including those available for license from the FDA, such as Mixed Vespid Venom Protein
(mixed yellow jacket, yellow hornet, and white faced hornet). It should be understood herein
that the amount and volume of each of the individual capture reagents used in accordance
with the present teachings depends on their potency (i.e. their ability to produce a detectable
response).

[0029] When paramagnetic particles are used as the separation media, the paramagnetic
particles are pulled to the wall of the cuvette by magnets during the washing process and then
all of the liquid is aspirated. As those of skill in the art will understand and appreciate herein,
during conventional washing processes, some of the paramagnetic particles may be aspirated
along with the liquid and will therefore be lost for further chemistry processing. The loss of
the magnetic particles becomes even more significant if the immunoassay procedure involves

several wash steps.
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[0030] One of the objectives of the present teachings is to take into account the loss of
paramagnetic particles that occur on an immunochemistry analyzer during these washing
processes. To accomplish this, in accordance with certain aspects of the present teachings,
the analytes of interest in a patient’s blood sample bind to a capture reagent that has in turn
been bound to the surface of a paramagnetic particle. Luminescent labels are then bound to
these analyte molecules. When a luminescing reagent or substrate is added to the cuvette it
reacts with the luminescent label to produce light that is detectable by the analyzer’s optical
detector. In addition, if the paramagnetic particles have a fluorescent label attached,
fluorescently reading the contents within the cuvette will provide a means for determining the
fraction of the particles that were lost during the wash steps.

[0031] According to certain aspects of the present disclosure, the automated analyzer
utilizes common paramagnetic particles for the assays, including, but not limited to, magnetic
beads or microparticles. For each assay onboard the analyzer, a capture reagent is incubated
and bound to the universal particles in a reaction cuvette to produce an assay-specific,
particle-based reagent, sometimes referring to herein as a capture-reagent solid phase
complex. In accordance with certain aspects of the present disclosure, a capture reagent that
can be used for performing a diagnostic immunoassay is comprised of Biotin-pAb or Biotin-
allergens, 10 mM sodium phosphate, pH 7.4, 0.9% NaCl, 0.05% Tween-20, 1% (w/v) human
serum albumin, 1%(v/v) ProClin 950, up to 5% (v/v) glycerol. In accordance with still other
aspects of the present disclosure, another capture reagent that can be used for performing a
diagnostic immunoassay is comprised of Biotin-Ags, 10 mM sodium phosphate, pH 7.4,
0.9% (w/v) NaCl, 0.05% Tween-20, 1% (w/v) bovine serum albumin, 1%(v/v) ProClin 950,
1% protease inhibitor cocktail, 0.1 mM DTT, 25% (up to 30%) (v/v) glycerol.

[0032] After undergoing a washing process, the patient sample, and optionally a diluent if
needed, is added to the particles in the cuvettes and incubated. This results in the capture of
specific analyte molecules in the patient’s blood sample. In accordance with one specific
illustrative aspect of the present disclosure, the reaction diluent (sample diluent) is comprised
of 10 mM sodium phosphate, pH 7.4, 500 mM NacCl, 0.02% Tween-20, 1% (w/v) human
serum albumin, 1% (v/v) human IgG, 1%(v/v) ProClin 950, 0.005% Antifoam-B v/v, 2%
(w/v) PEG 6,000. In accordance with yet another specific illustrative aspect of the present
disclosure, the reaction diluent (sample diluent) is comprised of 10 mM sodium phosphate,
pH 7..4; 500 mM NacCl, 0.02% Tween-20, 25% (w/v) human serum albumin, 1%(v/v) ProClin
950.



WO 2014/145581 PCT/US2014/030373

[0033] In accordance with these illustrative embodiments, it should be understood herein
that the high percentage of HSA (25%) functions in part to increase the viscosity of the
reaction medium in order to retain beads in suspension during the incubation step. In
addition, high HSA also reduces non-specific binding during this incubation, and improves
relative light unit (RLU) linearity upon dilution of the patient sample.

[0034] Another washing process is then performed to remove any excess or unbound
sample, and then a luminescent label and a conjugate is added to the cuvette. When added to
the cuvette, it can be expected that some portion of the conjugate will bind to the capture
reagent/sample complex on the paramagnetic particles after an incubation period. The
particles then undergo another wash process to remove any unbound conjugate, and then the
substrate is added to the cuvette and incubated for a short period of time to allow the
chemiluminescent glow reaction to reach equilibrium.

[0035] After equilibrium is reached, luminescence and fluorescence readings of the sample
are taken. Since the paramagnetic particles are contained on the analyzer in a common
reagent vial and are maintained in a state of uniform suspension before being pipetted into the
reaction cuvettes, initial fluorescence measurements of the particles after they are pipetted
into the cuvettes, when combined with the final fluorescence measurement for each test, can
be used to determine the fraction of the initial particles that remain in the cuvette after the

immunoassay process. The fraction remaining is given by the following formula:

Ffinal'Fbackground

[0036] Particle fraction remaining = , where

Finitiat—Fbackground

F represents the corrected fluorescent signal (i.e., the measured signal corrected by the
counting efficiency of the optical detector). Because the optical detector has a certain time
resolution, as the number of photons detected per unit time increases, the likelihood of two
photons arriving at the detector within that time resolution also increases. Since these two
photons cannot be resolved by the detector, they will count as a single photon. Thus, the
detection efficiency of the optical detector decreases as the incident photon flux increases.
[0037] Because of the very high flux of fluorescence excitation photons which interact with
and scatter from the container walls for the paramagnetic particles, there will be a certain
number of photons that will be counted by the optical detector, even when no fluorescent
material is present. This corrected background signal is represented by Fyackground-

[0038] The use of a fluorescent measurement to determine the percentage of the initial
paramagnetic particles that remain in a reaction cuvette throughout the immunoassay process

is beneficial because the process does not limit system throughput, particularly because the
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process does not restrict the timing or parallel processing that can be achieved. Most
conventional immunoassay analyzers, on the other hand, rely on very reproducible processing
of paramagnetic particles and samples, which do indeed restrict the timing or parallel
processing that can be achieved, and as a result, also limit system throughput. While changes
in processing efficiency over time in these conventional immunoassay analyzers may go
undetected, these changes can be detected with fluorescence detection. The teachings of the
present disclosure permit the use of parallel processing (e.g. multiple wash arms), which vary
in wash efficiency due to minor mechanical alignment or fluidic differences. Fluorescence
readings taken after each step of an immunoassay process are useful for verifying the
equivalent functionality of the parallel processes.

[0039] An automated immunoanalyzer instrument and reagent system for performing
diagnostic assays for allergies and autoimmune diseases in accordance with the above-
described methods and techniques is now described in greater detail. As this process is
described, it should be understood and appreciated herein that the disclosed instrumentation
used to perform the assay can be configured to accept standard or universal collection tubes
so that a variety of different tests can be conducted by the system. Those of skill in the art
will also understand and appreciate herein that there are many known methods for isolating
antigens, including allergens and autoimmune antigens from source materials. Because these
isolating methods are widely known and accepted within the art, they are not discussed in
detail herein, particularly as those of skill in the art will recognize that any acceptable antigen
isolation methods may be incorporated into the inventive system without departing from its
spirit or scope. After the allergen or autoimmune antigens have been isolated, they can then
be conjugated with biotin to create biotinylated antigens or capture reagents. The
biotinylated antigens are then contacted with a streptavidin-linked solid support or
membrane. In accordance with certain aspects of the present disclosure, the biotinylated
capture reagents can be derived from components including, but not necessarily limited to,
purified allergens, proteins, enzymes, antibodies, DNA, nuclear extracts, cellular extracts and
non-protein antigens (e.g., drugs or materials cross-linked to a protein).

[0040] As those of skill in the art will understand and appreciate herein, standard
biotinylation processes and techniques commonly used for diagnostic allergy immunoassays
can be utilized in accordance with the present teachings; however the biotin/protein ratio for
the reaction can be optimized as needed to ensure optimum performance of the multiple
biotinylated reagents used in the chemistry. In accordance with certain aspects of the present

teachings, a specific size linker arm of the biotin reagent is NHS-PEG,-Biotin. Moreover,
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for non-protein antigens, the material can be crosslinked to a biotinylated protein for coating
onto the streptavidin bead solid phase, while for autoimmune antigens, such as DNA,
biotinylated dideoxynucleotides can be incorporated into the DNA.

[0041] A schematic illustration of an automated diagnostic assay process in accordance
with certain aspects of the present disclosure is shown in FIG. 1. In accordance with this
illustrative embodiment, magnetic beads or microparticles manufactured with a streptavidin
coating are mixed (incubated) with a known biotinylated allergen or autoimmune antigen
(step 10). As those of skill in the art will understand and appreciate herein, the well-known
affinity binding between streptavidin and biotin facilitates antigen coating onto the surface of
the beads and thereby allows for the use of a universal bead with on-board reagent
preparation. It should also be understood and appreciated herein that the amount of time and
associated laboratory conditions required in order to incubate the biotinylated capture
reagents with the streptavidin-coated solid phase in accordance with the present teachings
may vary in light of the specific experiment being conducted, however, in accordance with
certain aspects of the present disclosure, a particularly useful incubation time range is from
about 1 minute to about 15 minutes, more particularly from about 5 minutes to about 10
minutes and at a temperature of from about 2°C to about 40°C, more particularly from about
36.8°C to about 37.2°C.

[0042] Asshown in Table 1 below, in accordance with this aspect of the present disclosure,

the following beads may be used for the magnetic supports disclosed herein:

Bead 1 2 3
Vendor Thermo Scientific B: Bangs Lab Pierce
SA-Coated BloMag Plus SA-Coated
Product . Streptavidin (Cat # .
Magnetic Bead BP628) Magnetic Bead
Mean Diameter 1 um ~1.5 um 1 pm
Size Distribution 0 2o
(Within Lot CV) +10% CV: 30% (1.242+0.402) NA
Biotin Binding _r .
. .. > 2 ug Biotin (8-26 3.5 nmol Biotin
Capacity (per mg 4 nmol Biotin H (gB otin- AELP) he) Auorescein
Bead)
Table 1

[0043] While numerous processes can be utilized for mixing or incubating the biotinylated
allergen or autoimmune antigens with the streptavidin coated beads, in accordance with
certain specific embodiments, the products are mixed in a reaction cuvette so that the
allergens or antigens coat the beads due to the biotin/streptavidin interaction. According to

one illustrative embodiment, 10 uL of streptavidin (SA)-coated bead is dispensed into the



WO 2014/145581 PCT/US2014/030373

reaction cuvette, followed by 40 uL biotinylated allergen or autoimmune antigens, which is
mixed during dispensation. The mixture is incubated for 1-15 minutes. Excess biotinylated
allergen or autoimmune antigen can then be washed off by pulling the magnetic beads to one
side of the reaction cuvette and immobilizing them while buffer is washed through the
reaction cuvette (step 20). In accordance with one illustrative embodiment, the buffer can be
comprised of 10 mM sodium phosphate, pH 7.4, 0.9% (w/v) NaCl, 0.05% (v/v) Tween-20, 10
mg/mL HSA and 1% (v/v) ProClin 950. While those of skill in the art can utilize any readily
available immobilization techniques known within the art to cause the magnetic beads to stay
on one side of the reaction cuvette, in accordance with certain specific illustrative
embodiments, an external magnet is used to immobilize the magnetic beads while the
washing step is performed.

[0044] The streptavidin coated magnetic beads are then released from the magnetic field
and allowed to move freely within the reaction cuvette. A biological sample (serum or
plasma) is then added to the reaction cuvette, followed by 40 uL reaction buffer, thereby re-
suspending the magnetic beads (step 30). In addition to the biological sample, in accordance
with certain aspects of the present disclosure, a high concentration of human serum albumin
(HSA) is also used within the suspension to promote macromolecular binding, as well as to
keep the magnetic beads within the solution. Human IgG is added into the buffer to keep the
reaction linear.

[0045] If the sample contains any antibodies (e.g., IgE, IgG) that are reactive to any of the
allergen or antigen bead coatings, such antibodies will bind during this sample incubation
step. The sample incubation is kept at 37°C for 40 minutes. After any antibodies within the
patient sample bind with the beads, a second washing step is then performed to remove any
non-bound patient sample (step 40). 150 pL of wash buffer concentrate (50 mM sodium
phosphate, pH 7.4, 4.5% (w/v) NaCl, 0.05% Tween-20, 0.05%(v/v) ProClin 950, 0.02% (v/v)
Antifoam-C v/v) is added to resuspend the bead and then the beads are pulled down with a
magnet for 1.5 min. After the solution is removed, the magnet is moved away, and 200 pL of
wash buffer is added to resuspend the bead. The wash is then repeated one more time.
[0046] After the second washing step is performed, the beads are re-suspended in an
antibody that is either specific for human immunoglobulin E (IgE) in the case of allergy
assays or specific for human immunoglobulin G, M or A (IgG/M/A) in the case of
autoimmune assays. In accordance with certain aspects of the present disclosure, the

antibody is conjugated to an enzyme (such as horseradish peroxidase) to bind to any specific
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patient antibodies that have been captured by the beads (step 50). The beads are then washed
once again to remove any excess antibody (step 60), and a highly sensitive light-forming
reagent (e.g., chemiluminescent substrate) is added to maximize detection sensitivity (step
70). Illustrative reagents that can be used as the chemiluminescent substrate in accordance
with the teachings of the present disclosure include, but are not limited to, Lumigen® PS-atto,
SuperSignal® ELISA Pico Chemiluminescent Substrate or SuperSignal® ELISA Femto
Maximum Sensitivity Substrate. Those of skill in the art will understand and appreciate that
numerous compounds of various structural classes, including xanthbene dyes, aromatic amines
and heterocyclic amines can be used to produce chemiluminescence under these conditions.
These compounds are well-known within the patent literatures and are readily available
through many commercial venders. Some non-limiting chemiluminescent compounds
include, but are not limi'ed to, dioxetane type molecules, luciferin, Lumigen® PS-2,
Lumigen® PS-3, Lumigen® TMA-6, Lumigen® TMA-3.

[0047] Once the highly sensitive light-forming reagent is added to the reaction cuvette,
light is produced (step 80). In accordance with certain embodiments, this light can be
measured, by transferring the solution in a pipette tip into a reading station to read both the
luminescent signal and fluorescent signal. It should be understood, however, that light
emitted in accordance with the present disclosure can be detected by any suitable known
detection means available within the art, including, but not limited to, a luminometer, x-ray
film, high speed photographic film, a CCD camera, a scintillation counter, a chemical
actinometer or visually. As those of skill in the art readily understand and appreciate, each
detection means has a different spectral sensitivity, as such; the chosen detection device can
be governed by several factors including, the application and use, cost and convenience.
Moreover, as used herein, a quantifiable or detectable response that can be measured in
accordance with the present disclosure implies that a positive sample with allergen-specific
IgE caused binding of Anti-IgE-HRP which would generate luminosity (i.e., RLU = relative
light unit) upon addition of the substrate. In addition, it should also be understood herein that
a quantifiable or detectable response can also apply to a quantifiable response generated by a
negative sample.

[0048] In accordance with certain aspects of the present teachings, RLU generated by a
positive/negative sample for any allergen-specific IgE (sIgE) is compared to RLU generated
by a total IgE (tIgE) calibration curve. The calibration curve is generated by subjecting a
range of pre-diluted total IgE (tIgE) calibrators (which are generated from WHO standards)

evaluated using a Biotinylated Anti-IgE capture reagent.

11



WO 2014/145581 PCT/US2014/030373

[0049] To better understand the mechanical aspects of this disclosure, FIG. 2 illustrates an
automated immunochemistry analyzer and reagent system 100 that can be used to quantify
and normalize the luminescence signal of an analyte sample in accordance with the teachings
of the present disclosure. According to this illustrative aspect, the automated
immunochemistry analyzer 100 begins by first dispensing fluorescently labelled
paramagnetic particles, or fluo-beads, into a cuvette located within the reaction rotor 106. In
accordance with one embodiment herein, an exemplary Fluo-Bead includes Fluo-Bead (SA-
Speed Bead, Atto 590 labeled), 1 mg/mL.

[0050]  The fluo-beads may initially be located in the vortexer 102 and be transferred to
the reaction rotor 106 by the R1 pipettor 104. The R1 pipettor 104 can aspirate a desired
quantity of the fluo-bead mixture and transfer the aspirated quantity to the reaction rotor 106
where it is injected into the cuvette of the reaction rotor 106. Following the injection into the
cuvette, the optics pipettor 108 may aspirate a test sample from the cuvette of the reaction
rotor 106 and transfer the test sample to the optics box 110. Once the sample is disposed
within the optics box 110, fluorescence and luminescence measurements can be recorded.
The initial recording of the fluorescence and luminescence signal can be used as a baseline
measurement for the fluorescence signal that can correspond to the initial concentration of
fluo-beads in a sample. After recording the measurements, the multi rinse pipettor 112 can
finse the cuvettes using a wash buffer.

[0051] Next, fluo-beads may be transferred from the vortexer 102 to a cuvette in the
reaction rotor 106 via the R1 pipettor 104, Then, the R1 pipettor 104 may aspirate a capture
reagent from the reagent rotor 114 and inject the capture reagent into the cuvette located in
the reaction rotor 106. After an incubation period, the single rinse pipettor 116 may inject a
rinse buffer to resuspend the fluo-bead. A substantial amount of the suspended fluo-bead may
then be localized by magnets within the reaction rotor 106 over a period of time. After the
magnets have substantially localized the fluo-beads within the cuvette, the multi rinse
pipettor 112 may aspirate and dispose of a portion of the rinse buffer, leaving a portion of the
fluo-beads localized within the cuvette. The multi rinse pipettor 112 may proceed to inject a
wash buffer into the cuvette of the reaction rotor 106, resuspending the fluo-beads. The fluo-
beads may again be localized by the magnets within the reaction rotor 106 to be followed by
the multi rinse pipettor 112 aspirating and discarding a portion of the sample that was not
localized from the cuvette in the reaction rotor 106.

[0052] A patient sample may be contained in a sample tube on in the sample rotor 118. The

patient sample may further be partially diluted with a sample diluent. At this point, the
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sample pipettor 120 may aspirate a portion of the patient sample and inject the patient sample
into the cuvette of the reaction rotor 106 to resuspend the fluo-beads. The cuvette containing
the patient sample within the reaction rotor 106 may then incubate at a specific temperature,
for a specific amount of time. After incubation, the single rinse pipettor 116 may inject the
rinse buffer to again resuspend the fluo-beads. Another localization process is performed by
the reaction rotor 106 by allowing the fluo-beads to substantially collect within the cuvette
near the magnets in the reaction rotor 106. After the localization of the fluo-beads, the multi
rinse pipettor 112 may aspirate and discard a portion of the fluid within the cuvette of the
reaction rotor 106 that was not localized during the localization process.

[0053] A couple of rinse cycles may then be performed on the sample within the cuvette of
the reaction rotor 106. The rinse cycle may comprise using the multi rinse pipettor 112 to
inject a wash buffer into the cuvette to resuspend the fluo-beads. Another localization step
may allow the fluo-beads to collect within the cuvette by the magnets within the reaction
rotor 106. After a period allowing for adequate localization of the fluo-beads, the multi rinse
pipettor 112 may aspirate and unintentionally discard a portion of the sample, leaving a
portion of the fluo-beads within the cuvette of the reaction rotor 106. Another rinse cycle may
then occur by using the multi rinse pipettor 112 to again inject wash buffer into the cuvette
and allow the fluo-beads to resuspend. Another fluo-bead localization process may utilize the
magnets within the reaction rotor 106 to localize the fluo-beads from the rest of the sample.
Finally, the multi rinse pipettor 112 may aspirate a portion of the sample that was not
localized by the localization process.

[0054] At this point, the R2 pipettor 122 may aspirate a conjugate contained in a conjugate
cuvette within the reagent rotor 114. The R2 pipettor 122 may then inject the previously
aspirated conjugate into the cuvette of the reaction rotor 106. After incubating the cuvette
under controlled time and temperature in the reaction rotor 106, the single rinse pipettor 116
may inject a rinse buffer into the cuvette in the reaction rotor 106. Another fluo-bead
localization cycle may be performed by allowing magnets within the reaction rotor 106 to
substantially localize the fluo-beads within the cuvette. The multi rinse pipettor 112 may
aspirate and discard a portion of the sample within the cuvette that has not been localized
during the localization cycle.

[0055] Two more rinse cycles may be performed on the sample within the cuvette of the
reaction rotor 106. The multi rinse pipettor 112 may inject a wash buffer to resuspend the
fluo-beads within the cuvette. Another fluo-bead localization cycle may localize the fluo-

beads by locating the cuvette within close proximity to the magnets in the reaction rotor 106
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over an adequate period of time. After the localization cycle, the multi rinse pipettor 112 may
aspirate and discard a portion of the sample that was not localized during the localization
cycle. A second wash cycle may then occur by using the multi rinse pipettor 112 to inject the
wash buffer to resuspend the fluo-beads. Another localization cycle may utilize the magnets
within the reaction rotor 106 to localize the fluo-beads within the cuvette. After the
localization process, the multi rinse pipettor 112 may again aspirate and discard a portion of
the sample that was not localized during the localization cycle.

[0056] At this point, the R2 pipettor 122 may aspirate a portion of conjugate from the
reagent rotor 114 and inject the conjugate into the mixed substrate container 124 creating a
mixed substrate sample. The R2 pipettor may then aspirate the mixed substrate sample from
the mixed substrate container 124 and inject the mixed substrate sample into the cuvette of
the reaction rotor 106, resuspending the fluo-bead with the mixed substrate sample. The
sample in the cuvette of the reaction rotor 106 may then be aspirated by the optics pipettor
108 and placed in the optics box 110. After the optics box makes fluorescence and
luminescence optical observations, the sample is discarded and the multi rinse pipettor rinses
the cuvettes of the reaction rotor 106 in preparation for the next test.

[0057] Advantages and improvements of the processes, methods of the present disclosure
are demonstrated in the following examples. These examples are illustrative only and are not
intended to limit or preclude other embodiments of the present disclosure.

EXAMPLE 1: Biotinylation of anti-human IgE or Allergen extracts:

[0058] 2 uL of NHS-PEG12-Biotin (Pierce) 250 mM in DMSO is added to 1 mL of affinity
purified anti-human IgE (ImmunoReagents) 5.0 mg/mL in Phosphate Buffered Saline (PBS).
Or, 1.6 pL of NHS-PEG12-Biotin (Pierce) 250 mM in DMSO is added to 1 mL of allergen
extracts 1.0 mg/mL in Phosphate Buffered Saline (PBS).

[0059] The reagent solution is mixed and placed on ice for 2 hours. Free biotin reagent is
separated from the biotinylated antibody by dialysis against two changes of PBS (volume
ratio of antibody to buffer - 1:100) at 2-8 °C for 4 hours and overnight.

EXAMPLE 2: Preparation of Fluo-Bead:

[0060] 5 pL of Biotin-Fluo (Alexa Fluor 594 Biocytin, Sodium Salt, Life Technologies) 1
mM in ddH,O is added into 45 mL of PBSTHP Buffer (10 mM sodium phosphate, pH 7.4,
0.9% (w/v) NaCl, 0.05% (v/v) Tween-20, 10 mg/mL HSA, 1% (v/v) ProClin 950). Mix well.
[0061] 5 mL of SA-Speed Bead (Sera-mag Speedbeads Streptavidin-Coated Magnetic
Particles, Thermo) 10 mg/mL is added into the Biotin-Fluo solution and mixed well.

EXAMPLE 3: Assay for specific IgE Levels to Allergens
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[0062] 10 pL Fluo-Bead (Fluorescence labeled para-magnetic microparticles) at bead
concentration 1 mg/mL is dispensed into the reaction cuvette; 40 uL of biotin-allergen (e.g.,
Egg white, Milk, Peanut, etc) or biotin-anti-IgE antibody, is dispensed and mixed into the
Fluo-Bead, and incubated for 1-10 min at 37 °C. After washing, allergen- or anti-IgE-coated
beads are resuspended in 40 pL of reaction buffer. Serum samples obtained from atopic and
non-atopic individuals are assayed against allergens. A 10 pL sample was added to 40 pL of
suspended allergen-coated beads in reaction cuvette. For the six point standard curve, 10 pL
of serum standards (secondary standards calibrated against the WHO IgE Standard 75/502)
are each added to 40 pL of anti-IgE-coated beads in a reaction cuvette. While various
different labeled anti-IgE conjugates can be utilized in accordance with the present teachings,
in accordance with certain teachings, the following anti-IgE conjugates are utilized: for
allergy assays — Anti-IgE-HRP; for autoimmune assays — Anti-IgA-HRP, Anti-IgG-HRP and
Anti-IgM-HRP; for ECP — Anti-ECP-HRP; and for Tryptase — Anti-Tryptase-HRP.
Moreover, as used herein, each conjugate has an optimized HRP incorporation ratio for use in
the chemistry. In accordance with certain aspects of the present teachings, the rage of HRP
incorporation ratio used for the listed conjugates is between about 1.2 and about 5.4. In
addition, the present teachings also contemplate the incorporation of other types of conjugate-
reporter systems including, but not limited to: alkaline phosphatase conjugate and b-
galactosidase conjugate.

[0063] The solutions are mixed and incubated for 40 min at 37 °C. After washing, beads
are resuspended in 50 pL of anti-human IgE-HRP conjugate, and incubated at 37 °C for 30
min. 50 pL of PS-atto (Lumigén) is added into each cuvette and the beads resuspended. The
bead suspension is transferred into a pipette tip and read in the optic box for both
fluorescence and luminescence signal. The standard curve was determined using a four
parameter logistic function equation and levels of specific IgE to allergens interpolated from
the standard curve.

[0064] A list of illustrative reagents and components that may be used in accordance with
the present teachings include, but are not necessarily limited to: Bead: Fluo-Bead (SA-Speed
Bead, Atto 590 labeled), 1 mg/mL; Capture Reagent Diluent: /gF:10 mM sodium
phosphate, pH 7.4, 0.9% (w/v) NaCl, 0.05% Tween-20, 1% (w/v) human serum albumin,
1%(v/v) ProClin 950, up to 5% (v/v) glycerol; ANA: 10 mM sodium phosphate, pH 7.4, 0.9%
(w/v) NaCl, 0.05% Tween-20, 1% (w/v) bovine serum albumin, 1% Protease inhibitor

cocktail, 0.1 mM DTT, 1%(v/v) ProClin 950, 25% (up to 30%) (v/v) glycerol; Wash Buffer
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Concentrate (5x): 50 mM sodium phosphate, pH 7.4, 4.5% (w/v) NaCl, 0.05% Tween-20,
0.05%(v/v) ProClin 950, 0.02% (v/v) Antifoam-C v/v; Reagent Diluent (Reaction Diluent &
Sample Diluent) IgE --10 mM sodium phosphate, pH 7.4, 500 mM NaCl, 0.02% Tween-20,
1% (w/v) human serum albumin, 1% (v/v) human IgG, 1%(v/v) ProClin 950, 0.005%
Antifoam-B v/v, 2% (w/v) PEG 6,000; ANA --10 mM sodium phosphate, pH 7.4, 500 mM
NaCl, 0.02% Tween-20, 25% (w/v) human serum albumin, 1%(v/v) ProClin 950; Calibrator
& Control: Calibrator: Patient sample diluted into Sample Diluent; Control: Patient Sample
pool; Conjugate: Conjugate Diluent: 50 mM sodium phosphate, pH 6.7, 150 mM NaCl,
0.05% Tween-20, 1% BSA, 5% (w/v) PEG 6,000, 1%(v/v) ProClin 950; IgE :100 ng/mL
anti-IgE-HRP, 100 pg/mL apo-HRP, in diluent, 0.015% Antifoam-B v/v; and Substrate: PS-
atto A & B, 0.01% Antifoam-B v/v.

[0065] While an exemplary embodiment incorporating the principles of the present
application has been disclosed hereinabove, the present application is not limited to the
disclosed embodiments. Instead, this application is intended to cover any variations, uses, or
adaptations of the application using its general principles. Further, this application is
intended to cover such departures from the present disclosure as come within known or
customary practice in the art to which this present application pertains and which fall within
the limits of the appended claims.

[0066] The terminology used herein is for the purpose of describing particular illustrative
embodiments only and is not intended to be limiting. As used herein, the singular forms "a",
"an" and "the" may be intended to include the plural forms as well, unless the context clearly

"nons

comprising," "including,” and "having," are

indicates otherwise. The terms "comprises,
inclusive and therefore specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or groups thereof. The
method steps, processes, and operations described herein are not to be construed as
necessarily requiring their performance in the particular order discussed or illustrated, unless
specifically identified as an order of performance. It is also to be understood that additional

or alternative steps may be employed.
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CLAIMS:

What is claimed is:

1. A quantitative method for performing an automated diagnostic assay, comprising:

incubating a capture reagent with a streptavidin-coated medium to form a solid phase
complex;

washing the solid phase complex to remove excess capture reagent;

incubating the solid phase complex with a serum sample to form an immune complex;

washing the immune complex to remove any unbound sample;

incubating the immune complex with a conjugate to create an immune-conjugate
complex;

washing the immune-conjugate complex to remove any unbound conjugate;

introducing a substrate capable of generating a quantifiable response; and

calibrating the response generated from introducing the substrate.

2. The method of claim 1, wherein the step of incubating the capture reagent with the
streptavidin-coated medium comprises incubating the streptavidin-coated medium with a

biotinylated capture reagent.

3. The method of claim 1, wherein the step of incubating the solid phase complex
with the serum sample comprises binding an allergen-specific human immunoglobulin E

(IgE) present in the serum sample to a biotinylated capture reagent.

4, The method of claim 1, wherein the step of incubating the solid phase complex
with the serum sample comprises binding an autoimmune-specific human immunoglobulin G
(IgG), an autoimmune-specific human immunoglobulin M (IgM) or an autoimmune-specific
human immunoglobulin A (IgA) present in the serum sample to a biotinylated capture

reagent.

5. The method of claim 1, wherein the capture reagent is derived from the

biotinylation of a purified allergen, protein, enzyme or antibody.

6. The method of claim 1, wherein the capture reagent is derived from the

biotinylation of an allergen extract comprised of a multiplicity of allergens.
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7. The method of claim 1, wherein the capture reagent exists as an amalgam of
multiple biotinylated capture reagents selected from purified allergens, proteins, enzymes,

antibodies and allergen extracts.

8. The method of claim 1, wherein the step of incubating a capture reagent with a
streptavidin-coated medium comprises a universal fluorescent-labeled magnetic

microparticle.

9. The method of claim 1, wherein one or more of the washing steps include washing
the complexes by magnetically sequestering the complex being washed within a confined

area of a reaction cuvette.

10. The method of claim 1, wherein the step of incubating a capture reagent with a
streptavidin-coated medium includes incubating a capture reagent that is retained in a
suspension by a reaction diluent including a high concentration of human serum albumin

(HSA).

11. The method of claim 1, wherein the step incubating the immune complex with a
conjugate comprises incubating an immune complex that is retained in a suspension by a

conjugate diluent including a nominal concentration of polyethylene glycol.

12. The method of claim 11, further comprising the step of using horseradish
peroxidase (HRP) as an indirect label when washing the immune complex to remove

unbound sample.

13. The method of claim 1, further comprising the step of adjusting the quantifiable
response for bead retention by:

transferring the substrate and immune-conjugate complex to an optics box, wherein
both fluorescent and chemiluminescent signals are quantified; and

employing a ratio of initial to final fluorescence to adjust the quantified

chemiluminescent signal to calculate a reported value.
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14. The method of claim 13, wherein the step of transferring the substrate and
immune-conjugate complex to an optics box comprises using an automated pipette arm with

a reusable pipette tip to aspirate the sample.

15. The method of claim 13, further comprising:
measuring fluorescence within the optics box to determine bead retention; and
measuring luminescence within the optics box to detect a generated relative light unit

signal.
16. The method of claim 15, further comprising entering the fluorescence and
luminescence measurements into an algorithm to generate a bead retention adjusted relative

light unit signal.

17. The method of claim 16, further comprising comparing the generated bead

retention adjusted relative light unit signal to a calibration curve relative light unit signal.
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