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(57) ABSTRACT

The disclosure provides among other things an assay method
that compensates for the presence of endogenous antibodies,
e.g., autoantibodies, which might otherwise compromise the
measurement of an analyte in a biological sample. In one
embodiment, this method entails the use of a two labeled
entities: a labeled detection agent and a labeled species-spe-
cific antibody, wherein the labeled species-specific antibody
is specific for the species from which the biological sample
was obtained. Sample analyte is bound by the detection agent
and any anti-analyte autoantibodies present in the sample.
Analyte bound by autoantibodies is detected via the species-
specific antibody, optionally labeled.
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IMMUNOASSAY OF ANALYTES IN SAMPLES
CONTAINING ENDOGENOUS
ANTI-ANALYTE ANTIBODIES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
PCT International Application PCT/US2007/081608 filed
Oct. 17, 2007 (pending), and claims the priority of U.S.
Provisional Application Ser. No. 60/854,569 filed Oct. 26,
2006 (expired), the disclosures of which are incorporated
herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates generally to the area
of immunoassay of analytes in samples that may contain
antibodies (e.g., interfering autoantibodies) reactive with the
target analyte. In particular, the disclosure relates among
other things to methods and compositions that facilitate
assaying for analytes in the presence of autoantibodies, and
kits and kit components that can be employed for same.

BACKGROUND

[0003] Many patients have circulating antibodies to ana-
lytes of clinical interest. Conventional sandwich immunoas-
says, which include two or more analyte-specific antibodies,
are subject to interference from analyte-reactive endogenous
antibodies (e.g., autoantibodies). For example, when the
assay antibodies and the endogenous antibodies bind to the
same or overlapping regions of the analyte, the endogenous
antibodies will compete for binding with the endogenous
antibodies, leading to erroneously low results. This interfer-
ence by endogenous antibodies can produce false negative
results, such that individuals at risk for, or suffering from, a
particular disease fail to be diagnosed.

[0004] In view of the importance of accurate detection of
analytes of clinical interest, there clearly remains a need for
assays, methods, and kits, and components thereof which
avoid, minimize or overcome interference by endogenous
antibodies.

[0005] This background information is provided for the
purpose of making known information believed by the appli-
cant to be of possible relevance to the present disclosure. No
admission is necessarily intended, nor should be construed,
that any of the preceding information constitutes prior art
against the present disclosure.

SUMMARY

[0006] The disclosure provides among other things meth-
ods, assays compositions, kits, and kit components to facili-
tate assaying for analytes in the presence of endogenous
anti-analyte antibodies (e.g., autoantibodies).

[0007] The disclosure provides as an embodiment an
immunoassay method that entails contacting a biological
sample being tested for an analyte of interest with: (i) a
detection agent (e.g., an antibody) that binds the analyte
under conditions sufficient for binding of the detection agent
to any analyte of interest present in the sample so as to form
a detection agent/analyte complex; and (ii) a species-specific
antibody, wherein the species-specific antibody is specific for
the species from which the biological sample was obtained
and specifically binds endogenous anti-analyte antibody,
under conditions sufficient for specific binding of the species-

Oct. 1, 2009

specific antibody to any endogenous anti-analyte antibody
present in the sample and bound and bound to the detection
agent/analyte complex so as to form a species-specific anti-
body/endogenous anti-analyte antibody/analyte/detection
agent complex. Detection is done of the one or more complex
(es) including the detection agent bound to analyte (detection
agent/analyte complex) and/or the species-specific antibody
bound to endogenous anti-analyte antibody (species-specific
antibody/anti-analyte antibody complex), wherein the
amount of the one or more complex(es) is positively corre-
lated with the concentration of analyte present in the sample.
In certain embodiments, the endogenous anti-analyte anti-
body is an anti-analyte autoantibody.

[0008] Moreover, optionally the assay can be done where
the detection agent and the species-specific antibody are
labeled, either prior to or sometime during the assay. With
such labeling, optionally the detection step comprises detect-
ing a signal from the label of one or more complex(es) com-
prising the detection agent/analyte and/or the species-specific
antibody/anti-analyte antibody, wherein the signal is posi-
tively correlated with the concentration of analyte present in
the sample.

[0009] Inparticular embodiments, the method additionally
includes contacting the biological sample with a capture
agent affixed to a solid phase where the capture agent binds
analyte, and detection entails detecting a signal from species-
specific antibody bound to endogenous anti-analyte antibody,
which are affixed to the solid phase.

[0010] In certain embodiments where the detection agent
and the species-specific antibody are labeled. The labeled
detection agent and the labeled species-specific antibody are
labeled with either the same label or with different labels.
[0011] The biological sample can be contacted with the
detection agent and the species-specific antibody simulta-
neously or sequentially. If a capture agent is employed, the
capture agent optionally binds to a different site on the analyte
than does the detection agent. The detection agent and/or the
species-specific antibody can be contacted with the biological
sample simultaneously with the contacting of the biological
sample with the capture agent. Alternatively, the contacting of
the detection agent and/or the species-specific antibody with
the biological sample can be carried out sequentially with the
contacting of the biological sample with the capture agent, in
any order.

[0012] In an exemplary embodiment, the immunoassay
method entails contacting a biological sample with a capture
agent affixed to a solid phase where the capture agent bind
analyte, under conditions sufficient for binding of the capture
agent to analyte to form a solid phase-affixed complex. The
biological sample is also contacted with: (i) a detection agent
that binds the analyte under conditions sufficient for binding
of the detection agent to any analyte present in the capture
agent/analyte complex so as to form a solid phase-affixed
detection agent/analyte/capture agent complex; and (ii) a spe-
cies-specific antibody, wherein the species-specific antibody
is specific for the species from which the biological sample
was obtained and specifically binds endogenous anti-analyte
antibody, under conditions sufficient for specific binding of
the species-specific antibody to any anti-analyte autoanti-
body bound to the capture agent/analyte complex so as to
form a solid phase-affixed species-specific antibody/anti-
analyte autoantibody/analyte/capture agent complex. The
one or more solid phase-affixed complex(es) (e.g., the solid
phase-affixed detection agent/analyte/capture agent complex
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and the solid phase-affixed species-specific antibody/anti-
analyte autoantibody/analyte/capture agent complex) are
detected, and the amount of these complexes is positively
correlated with the concentration of analyte present in the
sample.

[0013] Optionally the assay can be done where the detec-
tion agent and the species-specific antibody are labeled, either
prior to or sometime during the assay. With such labeling,
optionally the detection step comprises detecting a signal
from the label of one or more solid-phase affixed complex
(es), wherein the signal is positively correlated with the con-
centration of analyte present in the sample.

[0014] In another exemplary embodiment, the immunoas-
say method entails contacting a biological sample with one or
more anti-analyte capture antibodies affixed to a solid phase
where the capture antibody specifically binds analyte, under
conditions sufficient for specific binding of the capture anti-
body to analyte to form a solid phase-affixed capture anti-
body/analyte complex (e.g., a solid phase-affixed immune
complex). The biological sample is also contacted with: (i)
one or more anti-analyte antibodies that bind analyte under
conditions sufficient for binding of the one or more anti-
analyte antibodies to any analyte present in the capture agent/
analyte complex so as to form one or more solid phase-affixed
anti-analyte antibody/analyte/capture antibody complexes;
and (ii) a species-specific antibody, wherein the species-spe-
cific antibody is specific for the species from which the bio-
logical sample was obtained and specifically binds endog-
enous anti-analyte antibody, under conditions sufficient for
specific binding of the species-specific antibody to any anti-
analyte autoantibody present in the sample and bound to the
capture antibody/analyte complex so as to form a solid phase-
affixed species-specific antibody/anti-analyte autoantibody/
analyte/capture antibody complex. the one or more solid
phase-affixed complex(es) (e.g., solid phase-affixed anti-ana-
lyte antibody/analyte/capture antibody complex and solid
phase-affixed species-specific antibody/anti-analyte autoan-
tibody/analyte/capture antibody complex) are detected and
the amount of these complexes is positively correlated with
the concentration of analyte present in the sample.

[0015] In certain embodiments, the anti-analyte antibody
and the species-specific antibody are labeled, optionally with
the either same label or with different labels. With such label-
ing, the detection step optionally comprises detecting a signal
from the label of the one or more solid-phase affixed complex
(es), wherein the signal is positively correlated with the con-
centration of analyte present in the sample.

[0016] The anti-analyte capture antibody and labeled anti-
analyte antibody and/or the species-specific antibody can be
contacted with the biological sample simultaneously or
sequentially, in any order. In particular embodiments, the
anti-analyte antibody and the species-specific antibody are
contacted with the biological sample simultaneously. In other
embodiments, the anti-analyte antibody and the species-spe-
cific antibody are contacted with the biological sample
sequentially, in any order.

[0017] In particular embodiments of the methods of the
disclosure, the biological sample is obtained from subject that
is a mammal (e.g., optionally human).

[0018] The disclosure also provides test kits. In certain
embodiments, the test kit includes a detection agent specific
for an analyte and a species-specific antibody, wherein the
species-specific antibody is specific for the species from
which the biological sample is to be obtained and specifically
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binds endogenous anti-analyte antibody. In exemplary
embodiments, the species-specific antibody is a human-spe-
cific antibody.

[0019] TIfdesired, the test kit can also include a solid phase
and a capture agent, such as an anti-analyte capture antibody,
affixed to the solid phase. Alternatively, or in addition, the
detection agent and the species-specific antibody can be
labeled. The labeled detection agent and the labeled species-
specific antibody can be labeled with the same label or with
different labels. In exemplary embodiments, the labeled
detection agent is a labeled anti-analyte antibody. In such
embodiments, the labeled anti-analyte antibody and the
labeled species-specific antibody can be present in the same
container or in different containers.

[0020] Any label employed in the disclosure can be a direct
label (such as an acridinium-9-carboxamide) or an indirect
label. In certain embodiments of the disclosure, at least one
label is contacted with an indicator reagent to produce a
detectable signal.

[0021] Any solid phase employed in the disclosure can
include a microparticle. Suitable microparticles can be mag-
netic or paramagnetic. Microplates and/or electrodes can also
be employed as a solid phase.

[0022] Inparticular embodiments, useful for multiplex for-
mats, the solid phase employed in a method or test kit of the
disclosure can include a plurality of anti-analyte capture anti-
bodies that are specific for a plurality of different analytes. In
variations of these embodiments, the biological sample can
be contacted with a plurality of different labeled anti-analyte
antibodies that are specific for said plurality of different ana-
lytes, wherein each different labeled anti-analyte antibody is
labeled with a distinct label. Such antibodies can be included
in test kits according to the disclosure. In an exemplary mul-
tiplex format, the solid phase employed in a method or test kit
of the disclosure includes a plurality of electrodes, each elec-
trode bearing a different anti-analyte capture antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIGS. 1A-B illustrate a sandwich immunoassay.
FIG. 1A (including the Symbol key) shows the typical assay
configuration, where, in the absence of interfering endog-
enous antibodies (e.g., autoantibodies), signal from a labeled
anti-analyte antibody is proportional to the concentration of
analyte in the sample. FIG. 1B (employing the same Sym-
bols) shows that in the presence of interfering endogenous
antibodies (e.g., autoantibodies), the signal from the labeled
anti-analyte antibody is diminished.

[0024] FIG. 2 illustrates an exeniplary embodiment of the
claimed invention intended for use in assaying human
samples. Symbols are as depicted in FIG. 1(A). As shown in
this figure the inclusion in the assay of a labeled anti-human
(species-specific) antibody counters the diminution in signal
attributable to the presence of interfering endogenous anti-
bodies (e.g., autoantibodies). Essentially, a binding site for-
merly usurped by an interfering endogenous antibody (e.g.,
autoantibody) has been rendered accessible and accounted
for in the assay by virtue of inclusion of a labeled anti-human
(species specific) detection agent such as a detection anti-
body.

[0025] FIG. 3 is a graph showing cardiac troponin I (¢Tnl)
concentration effect on chemiluminescent signal (reported in
Relative Light Units, or “RLUs”) as described in the
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Example. Symbols: solid diamonds, high reactivity sample
(HR); solid triangles, low reactivity sample (LR).

DETAILED DESCRIPTION

[0026] Embodiments of the disclosure include an assay
method that optionally compensates for the presence of
endogenous antibodies (e.g., autoantibodies), which might
otherwise compromise the measurement of an analyte of
interest in a biological sample. This method generally entails
the use of a two components: a detection agent and a species-
specific antibody, wherein the species-specific antibody is
specific for the species from which the biological sample was
obtained. Sample analyte is bound by the detection agent and
any endogenous anti-analyte antibodies present in the
sample. Analyte bound by endogenous antibodies is detected
via the species-specific antibody.

DEFINITIONS

[0027] Unless specifically defined otherwise as follows, all
technical, scientific, and other terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs.

[0028] “Biological samples” that can be assayed using the
methods of the present disclosure include biological fluids,
such as whole blood, serum, plasma, synovial fluid, cere-
brospinal fluid, bronchial lavage, ascites fluid, bone marrow
aspirate, pleural effusion, urine, as well as tumor tissue or any
other bodily constituent or any tissue culture supernatant that
could contain the analyte of interest.

[0029] “Analyte,” or “analyte of interest” as used herein,
refers to the substance to be detected, which may be present in
the biological sample. The analyte can be any substance for
which there exists a naturally occurring specific binding part-
ner or for which a specific binding partner can be prepared.
Thus, an analyte is a substance that can bind to one or more
specific binding partners in an assay. The analyte can include
a protein, a peptide, an amino acid, a hormone, a steroid, a
vitamin, a drug, including those administered for therapeutic
purposes as well as those administered for illicit purposes, a
bacterium, a virus, and metabolites of or antibodies to any of
the above substances. As a member of a specific binding pair,
the analyte can be detected by means of naturally occurring
specific binding partners, such as the use of intrinsic factor
protein as capture and/or detection agents for the determina-
tion of vitamin B12 or the use of a lectin as capture and/or
detection agents for the determination of a carbohydrate.
[0030] A “binding partner,” as used herein, is a member of
a binding pair, i.e., a pair of molecules wherein one of the
molecules binds to the second molecule. Binding partners
that bind specifically are termed “specific binding partners.”
In addition to the antigen and antibody binding partners com-
monly used in immunoassays, other specific binding partners
can include biotin and avidin, carbohydrates and lectins,
complementary nucleotide sequences, effector and receptor
molecules, cofactors and enzymes, enzyme inhibitors and
enzymes, and the like. Furthermore, specific binding partners
can include partner(s) that is/are analog(s) of the original
specific binding partner, for example, an analyte-analog.
Immunoreactive specific binding partners include antigens,
antigen fragments, antibodies and antibody fragments, both
monoclonal and polyclonal, and complexes thereof, includ-
ing those formed by recombinant DNA methods.
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[0031] The term “specific binding” is defined herein as the
preferential binding of binding partners to another (e.g., two
polypeptides, a polypeptide and nucleic acid molecule, or two
nucleic acid molecules) at specific sites, as determined by
means known in the art. The term “specifically binds” indi-
cates that the binding preference (e.g., affinity) for the target
molecule/sequence is at least 2-fold, more preferably at least
5-fold, and most preferably at least 10- or 20-fold over a
non-specific target molecule (e.g. a randomly generated mol-
ecule lacking the specifically recognized site(s)).

[0032] A “solid phase,” as used herein, refers to any mate-
rial that is insoluble, or can be made insoluble by a subsequent
reaction. The solid phase can be chosen for its intrinsic ability
to attract and immobilize a capture agent. Alternatively, the
solid phase can have affixed thereto a linking agent that has
the ability to attract and immobilize the capture agent. The
linking agent can, for example, include a charged substance
that is oppositely charged with respect to the capture agent
itself or to a charged substance conjugated to the capture
agent. In general, the linking agent can be any binding partner
(preferably specific) that is immobilized on (attached to) the
solid phase and that has the ability to immobilize the capture
agent through a binding reaction. The linking agent enables
the indirect binding of the capture agent to a solid phase
material before the performance of the assay or during the
performance of the assay. The solid phase can, for example,
be plastic, derivatized plastic, magnetic or non-magnetic
metal, glass or silicon, including, for example, a test tube,
microtiter well, sheet, bead, microparticle, chip, and other
configurations known to those of ordinary skill in the art.
[0033] As used herein, term “microparticle” refers to a
small particle that is recoverable by ultracentrifugation.
Microparticles typically have an average diameter on the
order of about 1 micron or less.

[0034] The term “capture agent” is used herein to refer to a
binding partner that binds to analyte, preferably specifically.
Capture agents can be attached to a solid phase. As used
herein, the binding of a solid phase-affixed capture agent to
analyte forms a “solid phase-affixed complex.”

[0035] The term “labeled detection agent” is used herein to
refer to a binding partner that binds to analyte, preferably
specifically, and is labeled with a detectable label or becomes
labeled with a detectable label during use in an assay.
[0036] A “detectable label” includes amoiety that is detect-
able or that can be rendered detectable.

[0037] As used with reference to a labeled detection agent,
a “direct label” is a detectable label that is attached, by any
means, to the detection agent.

[0038] As used with reference to a labeled detection agent,
an “indirect label” is a detectable label that specifically binds
the detection agent. Thus, an indirect label includes a moiety
that is the specific binding partner of a moiety of the detection
agent. Biotin and avidin are examples of such moieties that
are employed, for example, by contacting a biotinylated anti-
body with labeled avidin to produce an indirectly labeled
antibody.

[0039] As used herein, the term “indicator reagent” refers
to any agent that is contacted with a label to produce a detect-
able signal. Thus, for example, in conventional enzyme label-
ing, an antibody labeled with an enzyme can be contacted
with a substrate (the indicator reagent) to produce a detect-
able signal, such as a colored reaction product.

[0040] As used herein, an “antibody” refers to a protein
consisting of one or more polypeptides substantially encoded
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by immunoglobulin genes or fragments of immunoglobulin
genes. This term encompasses polyclonal antibodies, mono-
clonal antibodies, and fragments thereof, as well as molecules
engineered from immunoglobulin gene sequences. The rec-
ognized immunoglobulin genes include the kappa, lambda,
alpha, gamma, delta, epsilon and mu constant region genes, as
well as myriad immunoglobulin variable region genes. Light
chains are classified as either kappa or lambda. Heavy chains
are classified as gamma, mu, alpha, delta, or epsilon, which in
turn define the immunoglobulin classes, IgG, IgM, IgA, 1gD
and IgE, respectively.

[0041] A typical immunoglobulin (antibody) structural
unit is known to comprise a tetramer. Each tetramer is com-
posed of two identical pairs of polypeptide chains, each pair
having one “light” (about 25 kD) and one “heavy” chain
(about 50-70 kD). The N-terminus of each chain defines a
variable region of about 100 to 110 or more amino acids
primarily responsible for antigen recognition. The terms
“variable light chain (VL)” and “variable heavy chain (VH)”
refer to these light and heavy chains respectively.

[0042] Antibodies exist as intact immunoglobulins or as a
number of well-characterized fragments produced by diges-
tion with various peptidases. Thus, for example, pepsin
digests an antibody below the disulfide linkages in the hinge
region to produce F(ab')2, a dimer of Fab which itselfis a light
chain joined to VH-CHI1 by a disulfide bond. The F(ab")2 may
be reduced under mild conditions to break the disulfide link-
age in the hinge region thereby converting the (Fab")2 dimer
into a Fab' monomer. The Fab' monomer is essentially a Fab
with part of the hinge region (see, Fundamental Immunology,
W. E. Paul, ed., Raven Press, N.Y. (1993), for a more detailed
description of other antibody fragments). While various anti-
body fragments are defined in terms of the digestion of an
intact antibody, one of skill will appreciate that such Fab'
fragments may be synthesized de novo either chemically or
by utilizing recombinant DNA methodology.

[0043] Thus, the term “antibody,” as used herein also
includes antibody fragments either produced by the modifi-
cation of whole antibodies or synthesized de novo using
recombinant DNA methodologies. Preferred antibodies
include single chain antibodies (antibodies that exist as a
single polypeptide chain), more preferably single chain Fv
antibodies (sFv or scFv), in which a variable heavy and a
variable light chain are joined together (directly or through a
peptide linker) to form a continuous polypeptide. The single
chain Fv antibody is a covalently linked VH-VL heterodimer
which may be expressed from a nucleic acid including VH-
and VL-encoding sequences either joined directly or joined
by a peptide-encoding linker. Huston, et al. (1988) Proc. Nat.
Acad. Sci. USA, 85; 5879-5883. While the VH and VL are
connected to each as a single polypeptide chain, the VH and
VL domains associate non-covalently. The scFv antibodies
and a number of other structures converting the naturally
aggregated, but chemically separated, light and heavy
polypeptide chains from an antibody V region into a molecule
that folds into a three dimensional structure substantially
similar to the structure of an antigen-binding site are known to
those of skill in the art (see e.g., U.S. Pat. Nos. 5,091,513,
5,132,405, and 4,956,778).

[0044] As used herein, a “species-specific antibody” refers
to an antibody that specifically binds target antibodies from a
particular species, regardless of the antigen-binding specific-
ity of the target antibodies.
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[0045] A “human-specific antibody” is an antibody that
specifically binds human antibodies, e.g., human autoanti-
bodies.

[0046] As used herein, an “anti-analyte antibody” refers to
an antibody that binds analyte. In certain embodiments, the
anti-analyte antibody binds analyte specifically.

[0047] An “anti-analyte capture antibody” is an anti-ana-
lyte antibody that captures analyte. Such antibodies are con-
veniently affixed to a solid phase, and, if so, the binding of an
antibody to analyte forms a “solid phase-affixed immune
complex.”

[0048] A “labeled anti-analyte antibody” is an anti-analyte
antibody that is labeled with a detectable label or that
becomes labeled with a detectable label during immunoassay.
[0049] An “endogenous anti-analyte antibody” is an anti-
body that is naturally occurring in an individual (i.e., the
individual from which the biological sample being analyzed
is taken) and that binds to an analyte of interest.

[0050] An “anti-analyte autoantibody” is an antibody that
specifically binds to an analyte that is naturally occurring in
the individual in which the antibody is produced. This anti-
body is, or becomes, labeled with a detectable label.

Immunoassay Methods

[0051] In General

[0052] Theimmunoassay methods of the disclosure can be
carried out in any of a wide variety of formats. For a general
review of immunoassays, see Methods in Cell Biology Vol-
ume 37: Antibodies in Cell Biology, Asai, ed. Academic
Press, Inc. N.Y. (1993); Basic and Clinical Immunology 7th
Edition, Stites & Terr, eds. (1991), which is incorporated by
reference in its entirety.

[0053] In particular embodiments, the method entails con-
tacting a biological sample with a detection agent under con-
ditions sufficient for binding of the detection agent to any
analyte present in the sample. The biological sample is also
contacted with a species-specific antibody, wherein the spe-
cies-specific antibody is specific for the species from which
the biological sample was obtained, under conditions suffi-
cient for specific binding of the species-specific antibody to
any endogenous anti-analyte antibody present. The sample
may be contacted with the detection agent and the species-
specific antibody simultaneously or sequentially, in any
order.

[0054] A signal is then detected from complex(es) includ-
ing the detection agent bound to any analyte present in the
sample and/or the species-specific antibody bound to any
endogenous anti-analyte antibody present in the sample. The
signal is positively correlated with the concentration of ana-
lyte present in the sample. In exemplary embodiments, the
endogenous anti-analyte antibody detected is an anti-analyte
autoantibody.

[0055] In certain embodiments, the method also entails
contacting the biological sample with a capture agent affixed
to a solid phase, under conditions sufficient for binding of the
capture agent to analyte to form a solid phase-affixed com-
plex. In such embodiments, the signal is detected from the
solid phase-affixed complex(es). In preferred embodiments,
the capture agent is an antibody (i.e., a capture antibody).
[0056] Inspecificembodiments, the detection agent and the
species-specific antibody are labeled. Such embodiment may,
but need not, also employ a capture agent affixed to a solid
phase.
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[0057] In exemplary embodiments, the method is carried
out in a “sandwich immunoassay” format. In particular, the
biological sample is contacted with a capture agent affixed to
a solid phase, under conditions sufficient for binding of the
capture agent to analyte to form a solid phase-affixed com-
plex. In such embodiments, the signal is detected from the
solid phase-affixed complex(es). In preferred embodiments,
the capture agent is an antibody (i.e., a capture antibody).

[0058] The biological sample is also contacted with the
labeled detection agent under conditions sufficient for bind-
ing of the labeled detection agent to analyte. In preferred
embodiments, the labeled detection agent is an antibody (i.e.,
a detection antibody). Furthermore, the biological sample is
contacted with the labeled species-specific antibody, under
conditions sufficient for specific binding of the labeled spe-
cies-specific antibody to any anti-analyte autoantibody
present.

[0059] In embodiments employing a solid phase, the
sample may be contacted with the solid phase, the detection
agent, and the species-specific antibody simultaneously or
sequentially, in any order. Furthermore, the sample may be
contacted with any two of these components simultaneously,
followed by contact with the remaining component. Regard-
less of the order of contact, if analyte is present in the sample,
a solid phase-affixed complex forms that contains the analyte
“sandwiched” between the capture agent and the detection
agent. If endogenous anti-analyte antibodies (e.g., anti-ana-
lyte autoantibodies) are also present in the sample, solid
phase-affixed complexes can also contain analyte sand-
wiched between the capture agent and autoantibody, to which
species-specific antibody is bound. The bound entities are
separated, if necessary, from free detection agent and species-
specific antibody, typically by washing, and the signal from
the bound entities is detected.

[0060] In embodiments employing a labeled detection
agent and a labeled species-specific antibody, these compo-
nents can be labeled with the same label or different labels
that are not differentiated during the label detection (e.g.,
acridinium-9-carboxamide labels of different structures).
This format provides a measure of the amount of analyte
present in the sample. In other formats, the labeled detection
agent and the labeled species-specific antibody are labeled
with different labels. In such formats, the signal attributable
to the labeled species-specific antibody is positively corre-
lated with the concentration of endogenous anti-analyte anti-
body (e.g., anti-analyte autoantibody) bound to analyte
present in the sample. The combined signal attributable to the
two different labels provides a measure of the amount of
analyte present in the sample.

[0061] Analytes

[0062] Theimmunoassay methods of the disclosure can be
employed to detect any analyte for which a capture agent and
detection agent can be obtained or produced. The methods of
the disclosure are particularly useful for detecting analytes in
samples that may contain endogenous antibodies (e.g.,
autoantibodies) that react with the analyte to be detected. For
example, the analyte may be an antigen associated with a
pathogen, wherein the antigen is detected in diagnosing and/
or monitoring an infectious disease. The presence of endog-
enous antibodies can interfere with such detection. However,
the present disclosure overcomes this problem by allowing
the detection of the amount of analyte regardless of binding to
endogenous antibody present in the sample.
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[0063] In an exemplary embodiment, the method is
employed to detect an endogenous analyte in a sample that
may contain anti-analyte autoantibodies. A large number of
endogenous antigens have diagnostic utility in various
pathologies, but the presence of autoantibodies can confound
the results. The immunoassays of the disclosure can be
employed to allow reliable measurements of antigen levels in
the presence of such antibodies. Accordingly, the methods of
the disclosure are applicable to any endogenous analyte, par-
ticularly those having diagnostic or disease assessment util-
ity, and more particularly those assayed in samples that may
contain autoantibodies to the endogenous analyte. Examples
of such endogenous analytes are shown in Table 1.

TABLE 1

EXEMPLARY ENDOGENOUS ANALYTES

a;-adrenoreceptor
f,-adrenoreceptor
,-adrenoreceptor

a- and p-myosin heavy chain
Actin

Angiotensin-1 receptor

Annexin V

Brain natriuretic peptide (bNP)
Cardiac troponins

Cardiolipin

Cytoplasmic neutrophils
Endothelial receptor of protein C
Factor VIII

Grehlin

Halogenated protein

Nitrated protein

Heat shock proteins (HSPs; e.g., HSP60, HSP70)
Laminin

M,-muscarinic receptor
Myelopercxidase (MPO)
Oxidized LDL

Placental growth factor
Phospholipids

Prostate-specific antigen (PSA)
Proteinase-3

Prothrombin

Purkinje fibers

Sarcolemmal Na—K-ATPase
Thyroid-stimulating hormone (TSH)
Tissue-type plasminogen activator
Tropomyosin

[0064]

[0065] The immunoassay methods of the disclosure are
generally carried out on biological samples derived from an
animal, preferably a mammal, and more preferably a human.

[0066] As explained above, the methods of the disclosure
find particular application in samples that may contain anti-
bodies reactive with the analyte of interest. Thus, the methods
of the disclosure are particularly useful, for example, when
measuring an endogenous analyte in a sample that may con-
tain anti-analyte autoantibodies. Such antibodies may be
present in any of a variety of situations, particularly in
pathologies characterized by the release of endogenous pro-
teins from normal or diseased tissue into the blood (e.g., in
cardiovascular pathologies or cancer) and especially in
autoimmune diseases. Table 2 lists a number of exemplary
autoimmune diseases. Samples from individuals at risk for, or
diagnosed with, such diseases are amenable to analysis using
the methods of the disclosure.

Sample Collection and Processing
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TABLE 2

EXEMPLARY AUTOIMMUNE DISEASES

Insulin-dependent diabetes mellitus (IDDM)
Hashimoto’s disease/hypothyroiditis
Graves’ disease/hyperthyroiditis

Systemic lupus erythematosus

Sjogren’s syndrome

Primary biliary cirthosis

Mixed connective tissue disease

Chronic active hepatitis

Rheumatoid arthritis

Scleroderma

Myasthenia gravis

Multiple sclerosis

Chronic idiopathic thromboeytopenic purpura
Celiac disease

Inflammatory bowel disease (Crohn’s)
Dilated cardiomyopathy (DCM)

Benign prostate hyperplasia (BPH)

[0067] The sample may be pretreated as necessary by dilu-
tion in an appropriate buffer solution or concentrated, if
desired. Any of a number of standard aqueous buffer solu-
tions, employing any of a variety of buffers, such as phos-
phate, Tris, or the like, at physiological pH, can be used.

[0068]

[0069] Capture agents useful in the immunoassay methods
of the disclosure include those that bind the analyte of inter-
est, preferably specifically, and can be affixed to a solid phase.
Ifthe analyteis a ligand, for example, a receptor for the ligand
can be employed as the capture agent, and vice versa. How-
ever, one or more antibodies are typically most conveniently
employed as capture agents.

[0070] Solid Phase

[0071] For embodiments of the disclosure that employ a
solid phase as a support for the capture agent, the solid phase
can be any suitable material with sufficient surface affinity to
bind a capture agent. Useful solid supports include: natural
polymeric carbohydrates and their synthetically modified,
crosslinked, or substituted derivatives, such as agar, agarose,
cross-linked alginic acid, substituted and cross-linked guar
gums, cellulose esters, especially with nitric acid and car-
boxylic acids, mixed cellulose esters, and cellulose ethers;
natural polymers containing nitrogen, such as proteins and
derivatives, including cross-linked or modified gelatins; natu-
ral hydrocarbon polymers, such as latex and rubber; synthetic
polymers, such as vinyl polymers, including polyethylene,
polypropylene, polystyrene, polyvinylchloride, polyvinylac-
etate and its partially hydrolyzed derivatives, polyacryla-
mides, polymethacrylates, copolymers and terpolymers of
the above polycondensates, such as polyesters, polyamides,
and other polymers, such as polyurethanes or polyepoxides;
inorganic materials such as sulfates or carbonates of alkaline
earth metals and magnesium, including barium sulfate, cal-
cium sulfate, calcium carbonate, silicates of alkali and alka-
line earth metals, aluminum and magnesium; and aluminum
or silicon oxides or hydrates, such as clays, alumina, talc,
kaolin, zeolite, silica gel, or glass (these materials may be
used as filters with the above polymeric materials); and mix-
tures or copolymers of the above classes, such as graft copoly-
mers obtained by initializing polymerization of synthetic
polymers on a pre-existing natural polymer. All of these mate-
rials may be used in suitable shapes, such as films, sheets,
tubes, particulates, or plates, or they may be coated onto,

Capture Agent
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bonded, or laminated to appropriate inert carriers, such as
paper, glass, plastic films, fabrics, or the like.

[0072] Nitrocellulose has excellent absorption and adsorp-
tion qualities for a wide variety of reagents including mono-
clonal antibodies. Nylon also possesses similar characteris-
tics and also is suitable.

[0073] Preferred solid phase materials for flow-through
assay devices include filter paper such as a porous fiberglass
material or other fiber matrix materials. The thickness of such
material is not critical and will be a matter of choice, largely
based upon the properties of the sample or analyte being
assayed, such as the fluidity of the biological sample.

[0074] Alternatively, the solid phase can constitute micro-
particles. Microparticles useful in the disclosure can be
selected by one skilled in the art from any suitable type of
particulate material and include those composed of polysty-
rene, polymethylacrylate, polypropylene, latex, polytet-
rafluoroethylene, polyacrylonitrile, polycarbonate, or similar
materials. Further, the microparticles can be magnetic or
paramagnetic microparticles, so as to facilitate manipulation
of the microparticle within a magnetic field.

[0075] Microparticles can be suspended in the mixture of
soluble reagents and biological sample or can be retained and
immobilized by a support material. In the latter case, the
microparticles on or in the support material are not capable of
substantial movement to positions elsewhere within the sup-
port material. Alternatively, the microparticles can be sepa-
rated from suspension in the mixture of soluble reagents and
biological sample by sedimentation or centrifugation. When
the microparticles are magnetic or paramagnetic the micro-
particles can be separated from suspension in the mixture of
soluble reagents and biological sample by a magnetic field.
[0076] The methods of the present disclosure can be
adapted for use in systems that utilize microparticle technol-
ogy including automated and semi-automated systems
wherein the solid phase comprises a microparticle. Such sys-
tems include those described in pending U.S. application No.
425,651 and U.S. Pat. No. 5,089,424, which correspond to
published EPO App. Nos. EP 0 425 633 and EP 0 424 634,
respectively, and U.S. Pat. No. 5,006,309.

[0077] Inparticular embodiments, the solid phase includes
one or more electrodes. Capture agent(s) can be affixed,
directly or indirectly, to the electrode(s). In one embodiment,
for example, capture agents can be affixed to magnetic or
paramagnetic microparticles, which are then positioned in the
vicinity of the electrode surface using a magnet. Systems in
which one or more electrodes serve as the solid phase are
useful where detection is based on electrochemical interac-
tions. Exemplary systems of this type are described, for
example, in U.S. Pat. No. 6,887,714 (issued May 3, 2005).
The basic method is described further below with respect to
electrochemical detection.

[0078] The capture agent can be attached to the solid phase
by adsorption, where it is retained by hydrophobic forces.
Alternatively, the surface of the solid phase can be activated
by chemical processes that cause covalent linkage of the
capture agent to the support.

[0079] To change or enhance the intrinsic charge of the
solid phase, a charged substance can be coated directly onto
the solid phase. Ion capture procedures for immobilizing an
immobilizable reaction complex with a negatively charged
polymer, described in U.S. application No. 150,278, corre-
sponding to EP Publication No. 0326100, and U.S. applica-
tion No. 375,029 (EP Publication No. 0406473), can be
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employed according to the present disclosure to affect a fast
solution-phase immunochemical reaction. In these proce-
dures, an immobilizable immune complex is separated from
the rest of the reaction mixture by ionic interactions between
the negatively charged polyanion/immune complex and the
previously treated, positively charged matrix and detected by
using any of a number of signal-generating systems, includ-
ing, e.g., chemiluminescent systems, as described in U.S.
application No. 921,979, corresponding to EPO Publication
No. 0273,115.

[0080] Ifthe solid phase is silicon or glass, the surface must
generally be activated prior to attaching the specific binding
partner. Activated silane compounds such as triethoxy amino
propyl silane (available from Sigma Chemical Co., St. Louis,
Mo.), triethoxy vinyl silane (Aldrich Chemical Co., Milwau-
kee, Wis.), and (3-mercapto-propyl)-trimethoxy silane
(Sigma Chemical Co., St. Louis, Mo.) can be used to intro-
duce reactive groups such as amino-, vinyl, and thiol, respec-
tively. Such activated surfaces can be used to link the capture
directly (in the cases of amino or thiol), or the activated
surface can be further reacted with linkers such as glutaral-
dehyde, bis(succinimidyl) suberate, SPPD 9 succinimidyl
3-[2-pyridyldithio|propionate), SMCC (succinimidyl-4-
[Nmaleimidomethyl]cyclohexane-1-carboxylate), SIAB
(succinimidyl [4iodoacetyl]aminobenzoate), and SMPB
(succinimidy! 4-[ Imaleimidophenyl |butyrate) to separate the
capture agent from the surface. Vinyl groups can be oxidized
to provide a means for covalent attachment. Vinyl groups can
also be used as an anchor for the polymerization of various
polymers such as poly-acrylic acid, which can provide mul-
tiple attachment points for specific capture agents. Amino
groups can be reacted with oxidized dextrans of various
molecular weights to provide hydrophilic linkers of different
size and capacity. Examples of oxidizable dextrans include
Dextran T-40 (molecular weight 40,000 daltons), Dextran
T-110 (molecular weight 110,000 daltons), Dextran T-500
(molecular weight 500,000 daltons), Dextran T-2M (molecu-
lar weight 2,000,000 daltons) (all of which are available from
Pharmacia, Piscataway, N.I.), or Ficoll (molecular weight
70,000 daltons; available from Sigma Chemical Co., St.
Louis, Mo.). Additionally, polyelectrolyte interactions can be
used to immobilize a specific capture agent on a solid phase
using techniques and chemistries described U.S. application
No. 150,278, filed Jan. 29, 1988, and U.S. application No.
375,029, filed Jul. 7, 1989, each of which is incorporated
herein by reference.

[0081] Other considerations affecting the choice of solid
phase include the ability to minimize non-specific binding of
labeled entities and compatibility with the labeling system
employed. For, example, solid phases used with fluorescent
labels should have sufficiently low background fluorescence
to allow signal detection.

[0082] Following attachment of a specific capture agent,
the surface of the solid support may be further treated with
materials such as serum, proteins, or other blocking agents to
minimize non-specific binding.

[0083] Antibodies

[0084] Antibodies useful in the immunoassay methods of
the disclosure include polyclonal and monoclonal antibodies.
Such polyclonal and monoclonal antibodies can be prepared
by any means known in the art. Polyclonal antibodies are
raised by injecting (e.g., subcutaneous or intramuscular injec-
tion) an immunogen into a suitable non-human mammal (e.g.,
a mouse or a rabbit). Generally, the immunogen should
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induce production of high titers of antibody with relatively
high affinity for the target antigen.

[0085] Ifdesired, the antigen may be conjugated to a carrier
protein by conjugation techniques that are well known in the
art. Commonly used carriers include keyhole limpet
hemocyanin (KLH), thyroglobulin, bovine serum albumin
(BSA), and tetanus toxoid. The conjugate is then used to
immunize the animal.

[0086] The antibodies are then obtained from blood
samples taken from the animal. The techniques used to pro-
duce polyclonal antibodies are extensively described in the
literature (see, e.g., Methods of Enzymology. “Production of
Antisera With Small Doses of Immunogen: Multiple Intrad-
ermal Injections,” Langone, et al. eds. (Acad. Press, 1981)).
Polyclonal antibodies produced by the animals can be further
purified, for example, by binding to and elution from a matrix
to which the target antigen is bound. Those of skill in the art
will know of various techniques common in the immunology
arts for purification and/or concentration of polyclonal, as
well as monoclonal, antibodies see, for example, Coligan, et
al. (1991) Unit 9, Current Protocols in Immunology, Wiley
Interscience.

[0087] For many applications, monoclonal antibodies
(mAbs) are preferred. The general method used for produc-
tion of hybridomas secreting mAbs is well known (Kohler
and Milstein (1975) Nature, 256:495). Briefly, as described
by Kohler and Milstein, the technique entailed isolating lym-
phocytes from regional draining lymph nodes of five separate
cancer patients with either melanoma, teratocarcinoma or
cancer of the cervix, glioma or lung, (where samples were
obtained from surgical specimens), pooling the cells, and
fusing the cells with SHFP-1. Hybridomas were screened for
production of antibody that bound to cancer cell lines. Con-
firmation of specificity among mAbs can be accomplished
using routine screening techniques (such as the enzyme-
linked immunosorbent assay, or “ELISA”) to determine the
elementary reaction pattern of the mAb of interest.

[0088] As used herein, the term “antibody” encompasses
antigen-binding antibody fragments, e.g., single chain anti-
bodies (scFv or others), which can be produced/selected
using phage display technology. The ability to express anti-
body fragments on the surface of viruses that infect bacteria
(bacteriophage or phage) makes it possible to isolate a single
binding antibody fragment, e.g., from a library of greater than
10" nonbinding clones. To express antibody fragments on
the surface of phage (phage display), an antibody fragment
gene 1s inserted into the gene encoding a phage surface pro-
tein (e.g., plIl) and the antibody fragment-pIII fusion protein
is displayed on the phage surface (McCafferty et al. (1990)
Nature, 348: 552-554; Hoogenboom et al. (1991) Nucleic
Acids Res. 19: 4133-4137).

[0089] Since the antibody fragments on the surface of the
phage are functional, phage-bearing antigen-binding anti-
body fragments can be separated from non-binding phage by
antigen affinity chromatography (McCafferty et al. (1990)
Nature, 348: 552-554). Depending on the affinity of the anti-
body fragment, enrichment factors of 20-fold-1,000,000-fold
are obtained for a single round of affinity selection. By infect-
ing bacteria with the eluted phage, however, more phage can
be grown and subjected to another round of selection. In this
way, an enrichment of 1000-fold in one round can become
1,000.000-fold in two rounds of selection (McCafferty et al.
(1990) Nature, 348: 552-554). Thus, even when enrichments
are low (Marks et al. (1991) J. Mol. Biol. 222: 581-597),
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multiple rounds of affinity selection can lead to the isolation
of rare phage. Since selection of the phage antibody library on
antigen results in enrichment, the majority of clones bind
antigen after as few as three to four rounds of selection. Thus
only a relatively small number of clones (several hundred)
need to be analyzed for binding to antigen.

[0090] Human antibodies can be produced without prior
immunization by displaying very large and diverse V-gene
repertoires on phage (Marks et al. (1991) J. Mol. Biol. 222:
581-597). In one embodiment, natural VH and VL repertoires
present in human peripheral blood lymphocytes are isolated
from unimmunized donors by PCR. The V-gene repertoires
can be spliced together at random using PCR to create a scFv
gene repertoire which can be cloned into a phage vector to
create a library of 30 million phage antibodies (Id.). From a
single “naive” phage antibody library, binding antibody frag-
ments have been isolated against more than 17 different anti-
gens, including haptens, polysaccharides, and proteins
(Marks et al. (1991) J. Mol. Biol. 222: 581-597; Marks et al.
(1993). Bio/Technology. 10: 779-783; Griffiths et al. (1993)
EMBO J. 12: 725-734; Clackson et al. (1991) Nature. 352:
624-628). Antibodies have been produced against self pro-
teins, including human thyroglobulin, immunoglobulin,
tumor necrosis factor, and CEA (Griffiths etal. (1993) EMBO
J.12:725-734). 1t is also possible to isolate antibodies against
cell surface antigens by selecting directly on intact cells. The
antibody fragments are highly specific for the antigen used
for selection and have affinities in the 1 nM to 100 nM range
(Marks etal. (1991) J. Mol. Biol. 222: 581-597; Griffiths et al.
(1993) EMBO J. 12: 725-734). Larger phage antibody librar-
ies result in the isolation of more antibodies of higher binding
affinity to a greater proportion of antigens.

[0091] As those of skill in the art readily appreciate, anti-
bodies can be prepared by any of a number of commercial
services (e.g., Berkeley Antibody Laboratories, Bethyl Labo-
ratories, Anawa, Eurogenetec, etc.).

[0092] Labeling Systems

[0093] Detectable labels suitable for use in the detection
agents of the present disclosure include any composition
detectable by spectroscopic, photochemical, biochemical,
immunochemical, electrical, optical, or chemical means.
Useful labels in the present disclosure include magnetic
beads (e.g., Dynabeads™), fluorescent dyes (e.g., fluores-
cein, Texas Red, rhodamine, green fluorescent protein, and
the like, see, e.g., Molecular Probes, Eugene, Oreg., USA),
chemiluminescent compounds such as acridinium (e.g., acri-
dinium-9-carboxamide), phenanthridinium, dioxetanes,
luminol and the like, radiolabels (e.g., *H, 'L, >*S, '*C, or
32P), catalysts such as enzymes (e.g., horse radish peroxidase,
alkaline phosphatase, beta-galactosidase and others com-
monly used in an ELISA), and colorimetric labels such as
colloidal gold (e.g., gold particles in the 40-80 nm diameter
size range scatter green light with high efficiency) or colored
glass or plastic (e.g., polystyrene, polypropylene, latex, etc.)
beads. Patents teaching the use of such labels include U.S.
Pat. Nos. 3,817,837;3,850,752; 3,939,350, 3,996,345; 4,277,
437, 4,275,149; and 4,366,241.

[0094] Thelabel can be attached to the detection agent prior
to, or during, or after contact with the biological sample.
So-called “direct labels” are detectable labels that are directly
attached to or incorporated into detection agents prior to use
in the assay. Direct labels can be attached to or incorporated
into detection agents by any of a number of means well known
to those of skill in the art.
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[0095] Incontrast,so-called “indirect labels” typically bind
to the detection agent at some point during the assay. Often,
the indirect label binds to a moiety that is attached to or
incorporated into the detection agent prior to use. Thus, for
example, an antibody used as a detection agent (a “detection
antibody”) can be biotinylated before use in an assay. During
the assay, an avidin-conjugated fluorophore can bind the
biotin-bearing detection agent, to provide a label that s easily
detected.

[0096] In another example of indirect labeling, polypep-
tides capable of specifically binding immunoglobulin con-
stant regions, such as polypeptide A or polypeptide G, can
also be used as labels for detection antibodies. These
polypeptides are normal constituents of the cell walls of strep-
tococcal bacteria. They exhibit a strong non-immunogenic
reactivity with immunoglobulin constant regions from a vari-
ety of species (see, generally Kronval, et al. (1973) J. Immu-
nol,, 111: 1401-1406, and Akerstrom (1985) J. Immunol.,
135: 2589-2542). Such polypeptides can thus be labeled and
added to the assay mixture, where they will bind to the detec-
tion antibody, as well as to the species-specific antibody,
labeling both and providing a composite signal attributable to
analyte and autoantibody present in the sample.

[0097] Some labels useful according to the disclosure may
require the use of an indicator reagent to produce a detectable
signal. In an ELISA, for example, an enzyme label (e.g.,
beta-galactosidase) will require the addition of a substrate
(e.g., X-gal) to produce a detectable signal.

[0098] Exemplary Formats

[0099] Chemiluminescent Microparticle Immunoassay
(CMIA)

[0100] In an exemplary embodiment a chemiluminescent

label is employed in a chemiluminescent microparticle assay
(CMIA) according to the disclosure. Generally, chemilumi-
nescent microparticle assay techniques are based on the prin-
ciple that achemiluminescent label, when treated via a trigger
reagent, will emit light at a characteristic wavelength (i.e.,
chemiluminescence).

[0101] The reactants necessary for CMIA can include
microparticles coated with a capture agent specific for the
analyte being measured, a chemiluminescent detection agent
and a triggering agent (e.g., chemical or electrochemical).
The reaction sequence for performing CMIA can include
mixing the microparticles coated with a capture agent specific
for the analyte with a sample in a reaction vessel to form an
immune complex; washing the captured immune complex to
remove unbound material; mixing the captured immune com-
plex with a chemiluminescent detection agent; washing the
captured immune complex-chemiluminescent detection
agent; and mixing the captured immune complex-chemilu-
minescent detection agent with a triggering agent to initiate
light emission.

[0102] Chemiluminophores useful in CMIA include acri-
dinium (e.g. acridinium-9-carboxamide), luminol, dioxetane,
ruthenium complexes and similar chemiluminescent deriva-
tives. Microparticles useful in CMIA include diamagnetic,
magnetic and paramagnetic microparticles. Examples of
commercially available automated instruments with which
chemiluminescent microparticle assay assays can be con-
ducted include: Architect i-Systems and the Abbott Prism (all
available from Abbott Laboratories, Abbott Park, IIL.).
[0103] Electrochemical Detection Systems

[0104] In other embodiments, immunoassays according to
the disclosure are carried out using electrochemical detec-
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tion. A basic procedure for electrochemical detection has
been described by Heineman and coworkers. This entailed
immobilization of a primary antibody (Ab, rat-anti mouse
1gG), followed by exposure to a sequernce of solutions con-
taining the antigen (Ag, mouse IgG), the secondary antibody
conjugated to an enzyme label (AP-Ab, rat anti mouse IgG
and alkaline phosphatase), and p-aminophenyl phosphate
(PAPP). The AP converts PAPP to p-aminophenol (PAP, the
“R” is intended to distinguish the reduced form from the
oxidized form, PAP,, the quinoneimine), which is electro-
chemically reversible at potentials that do not interfere with
reduction of oxygen and water at pH 9.0, where AP exhibits
optimum activity. PAP, does not cause electrode fouling,
unlike phenol whose precursor, phenylphosphate, is often
used as the enzyme substrate. Although PAP, undergoes air
and light oxidation, these are easily prevented on small scales
and short time frames. Picomole detection limits for PAP,
and femtogram detection limits for IgG achieved in micro-
electrochemical immunoassays using PAPP volumes ranging
from 20 pL to 360 pl. have been reported previously. In
capillary immunoassays with electrochemical detection, the
lowest detection limit reported thus far is 3000 molecules of
mouse [gG using a volume of 70 pl. and a 30 min or 25 min
assay time.

[0105] In an exemplary embodiment employing electro-
chemical detection, a capture agent according to the disclo-
sure can be immobilized on the surface of an electrode (the
“solid phase™). The electrode is then contacted with a biologi-
cal sample from, e.g., a human. Analyte in the sample binds to
the capture agent to form a solid phase-affixed complex.
Anti-analyte antibody, which is labeled with AP, for example,
binds to analyte in the complex, thereby becoming immobi-
lized on the surface of the electrode. Any human anti-analyte
antibodies present in the sample also bind to analyte in the
complex. Anti-human antibody, which is also labeled with
AP, binds to any human autoantibodies present, and thereby
also becoming immobilized on the surface of the electrode.
The addition of PAPP, results in its conversion by AP to PAP,,
which is then detected.

[0106] Various electrochemical detection systems are
described in U.S. Pat. Nos. 7,045,364 (issued May 16, 2006;
incorporated herein by reference), 7,045,310 (issued May 16,
2006; incorporated herein by reference), 6,887,714 (issued
May 3, 2005; incorporated herein by reference), 6,682,648
(issued Jan. 27, 2004; incorporated herein by reference);
6,670,115 (issued Dec. 30, 2003; incorporated herein by ref-
erence).

[0107] The present disclosure is for example applicable to
point of care assay systems, including Abbott Laboratories’
commercial Point of Care (i-STAT™) electrochemical immu-
noassay system which performs sandwich immunoassays for
several cardiac markers, including Tnl, CKMB and BNP.
Immunosensors and methods of manufacturing and operating
them in single-use test devices are described, for example, in
U.S. Pat. No. 5,063,081 and published US Patent Application
Nos. US 20030170881, US 20040018577, US 20050054078,
and US 20060160164, each of which is incorporated herein
by reference for their teachings regarding same.

[0108] Additionally, it goes without saying that any of the
exemplary formats herein, and any assay or kit according to
the disclosure can be adapted or optimized for use in auto-
mated and semi-automated systems (including those in which
there is a solid phase comprising a microparticle), as
described, e.g., in U.S. Pat. Nos. 5,089,424 and 5,006,309,

Oct. 1, 2009

and as, e.g., commercially marketed by Abbott Laboratories
(Abbott Park, IlI.) including but not limited to Abbott’s
ARCHITECT®, AxSYM, IMX, PRISM, and Quantum II
platforms, as well as other platforms.

[0109]

[0110] In particular embodiments, useful, for example, for
simultaneously assaying multiple analytes in one biological
sample, the solid phase can include a plurality different cap-
ture agents. Thus, for example, the solid phase can have
affixed thereon a plurality of anti-analyte capture antibodies,
wherein each antibody is specific for a different analyte. In an
exemplary embodiment, the solid phase can consist of a plu-
rality of different regions on a surface, wherein each region
has affixed antibodies of a particular specificity.

[0111] Multiplex formats can, but need not, employ a plu-
rality oflabels, wherein each label is used for the detection of
a particular analyte and/or auto-antibodies specific for that
analyte. For example, multiple analytes can be detected with-
out using a plurality of labels where a plurality of capture
agents, such as anti-analyte capture antibodies, are affixed to
the solid phase at different known locations, based on speci-
ficity. Because the specificity of the capture agent at each
location is known, the detection of a signal at a particular
location can be associated with the presence of analyte and/or
anti-analyte autoantibodies bound at that location. Examples
of this format include microfluidic devices and capillary
arrays, containing different capture agents at different loca-
tions along a channel or capillary, respectively, and microar-
rays, which typically contain different capture agents
arranged in a matrix of spots (“target elements™) on a surface
of a solid support. In particular embodiments, each different
capture agent can be affixed to a different electrode, which
can, for example, be formed on a surface of a solid support, in
a channel of a microfluidic device, or in a capillary.

[0112] TestKits

[0113] The disclosure also provides test kits. Test kits
according to the disclosure include one or more reagents
useful for practicing one or more immunoassays according to
the disclosure. A test kit generally includes a package with
one or more containers holding the reagents, as one or more
separate compositions or, optionally, as admixture where the
compatibility of the reagents will allow. The test kit can also
include other material(s) that may be desirable from a user
standpoint, such as a buffer(s), a diluent(s), a standard(s),
and/or any other material useful in sample processing, wash-
ing, or conducting any other step of the assay.

[0114] Inone embodiment, atestkit includes: (a) alabeled
detection agent specific for an analyte; and (b) a labeled
species-specific antibody, wherein the labeled species-spe-
cific antibody is specific for the species from which the bio-
logical sample was obtained. In particular embodiments, the
labeled detection agent includes a labeled anti-analyte anti-
body. The labeled anti-analyte antibody can be labeled with
the same label as the labeled species-specific antibody or can
be labeled with a different label. The labeled anti-analyte
antibody and the labeled species-specific antibody can be
packaged in the same container or in different containers. In
preferred embodiments, the species-specific antibody is a
human-specific antibody.

[0115] In particular embodiments, the test kit includes at
least one direct label, such as acridinium-9-carboxamide.
Test kits according to the disclosure can also include at least
one indirect label. If the label employed generally requires an

Multiplex Formats



US 2009/0246800 A1

indicator reagent to produce a detectable signal, the test kit
preferably includes one or more suitable indicator reagents.

[0116] Testkits accordingto the disclosure can additionally
include a solid phase and a capture agent, such as an anti-
analyte capture antibody, affixed to the solid phase. In exem-
plary embodiments, the solid phase includes one or more
microparticles (e.g., magnetic or paramagnetic micropar-
ticles), electrodes, and/or a microplate. Test kits designed for
multiplex assays conveniently contain one or more solid
phases including a plurality of anti-analyte capture antibodies
that are specific for a plurality of different analytes. Thus, for
example, a test kit designed for multiplex electrochemical
immunoassays can contain a solid phase including a plurality
of electrodes, with each electrode bearing a different anti-
analyte capture antibody. Alternatively, a test kit intended for
multiplex “sandwich” immunoassays can include a plurality
of different labeled anti-analyte antibodies that are specific
for the plurality of different analytes, wherein each different
labeled anti-analyte antibody is labeled with a distinct label.
[0117] Test kits according to the disclosure preferably
include instructions for carrying out one or more of the immu-
noassays of the disclosure. Instructions included in kits of the
disclosure can be affixed to packaging material or can be
included as a package insert. While the instructions are typi-
cally written or printed materials they are not limited to such.
Any medium capable of storing such instructions and com-
municating them to an end user is contemplated by this dis-
closure. Such media include, but are not limited to, electronic
storage media (e.g., magnetic discs, tapes, cartridges, chips),
optical media (e.g., CD ROM), and the like. As used herein,
the term “instructions” can include the address of an internet
site that provides the instructions.

[0118] Adaptation of Kit and Method

[0119] The kit (or components thereof), as well as the
method of determining the presence, amount or concentration
of an analyte in a test sample by an assay, such as an immu-
noassay as described herein, can be adapted for use in a
variety of automated and semi-automated systems (including
those wherein the solid phase comprises a microparticle), as
described, e.g., in U.S. Pat. Nos. 5,089,424 and 5,006,309,
and as commercially marketed, e.g., by Abbott Laboratories
(Abbott Park, 111.) as ARCHITECT®.

[0120] Some of the differences between an automated or
semi-autormated system as compared to a non-automated sys-
tem (e.g., ELISA) include the substrate to which the detection
agent or capture agent (e.g., an anti-analyte, monoclonal or
polyclonal antibody) is attached, and the length and timing of
the capture, detection and/or any optional wash steps.
Whereas a non-automated format, such as an ELISA, may
require a relatively longer incubation time with sample and
capture reagent (e.g., about 2 hours), an automated or semi-
automated format (e.g., ARCHITECT®, Abbott Laborato-
ries) may have a relatively shorter incubation time (e.g.,
approximately 18 minutes for ARCHITECT®). Similarly,
whereas a non-automated format, such as an ELISA, may
incubate a detection antibody, such as the conjugate reagent,
for arelatively longer incubation time (e.g., about 2 hours), an
automated or semi-automated format (e.g., ARCHITECT®)
may have a relatively shorter incubation time (e.g., approxi-
mately 4 minutes for the ARCHITECT®).

[0121] Other platforms available from Abbott Laboratories
include, but are not limited to, AXSYM®, IMx® (see, e.g.,
U.S. Pat. No. 5,294,404, which is hereby incorporated by
reference in its entirety), PRISM®, EIA (bead), and Quan-
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tum™ I1, as well as other platforms. Additionally, the assays,
kits and kit components can be employed in other formats, for
example, on electrochemical or other hand-held or point-of-
care assay systems. The present disclosure is, for example,
applicable to the commercial Abbott Point of Care (i-STAT®,
Abbott Laboratories) electrochemical immunoassay system
that performs sandwich immunoassays. Immunosensors and
their methods of manufacture and operation in single-use test
devices are described, for example in, U.S. Pat. No. 5,063,
081, U.S. Pat. App. Pub. No. 2003/0170881, U.S. Pat. App.
Pub. No. 2004/0018577, U.S. Pat. App. Pub. No. 2005/
0054078, and U.S. Pat. App. Pub. No. 2006/0160164, which
are incorporated in their entireties by reference for their
teachings regarding same.

[0122] In particular, with regard to the adaptation of an
analyte assay to the [-STAT® system, the following configu-
ration is preferred. A microfabricated silicon chip is manu-
factured with a pair of gold amperometric working electrodes
and a silver-silver chloride reference electrode. On one of the
working electrodes, polystyrene beads (0.2 mm diameter)
with immobilized anti-analyte, monoclonal and/or poly-
clonal antibody (or a fragment thereof, a variant thereof, or a
fragment of a variant thereof) are adhered to a polymer coat-
ing of patterned polyvinyl alcohol over the electrode. This
chip is assembled into an I-STAT® cartridge with a fluidics
format suitable for immunoassay. On a portion of the wall of
the sample-holding chamber of the cartridge there is a layer
comprising a specific binding partner for an analyte, such as
an anti-analyte, monoclonal/polyclonal antibody (or a frag-
ment thereof, a variant thereof, or a fragment of a variant
thereof that can bind the analyte), which can be detectably
labeled. Within the fluid pouch of the cartridge is an aqueous
reagent that includes p-aminophenol phosphate.

[0123] In operation, a sample suspected of containing an
analyte is added to the holding chamber of the test cartridge,
and the cartridge is inserted into the I-STAT® reader. After
the specific binding partner (e.g., antibody) for an analyte has
dissolved into the sample, a pump element within the car-
tridge forces the sample into a conduit containing the chip.
Here it is oscillated to promote formation of the sandwich. In
the penultimate step of the assay, fluid is forced out of the
pouchand into the conduit to wash the sample off the chip and
into a waste chamber. In the final step of the assay, a label such
as an alkaline phosphatase label reacts with p-aminophenol
phosphate to cleave the phosphate group and permit the 1ib-
erated p-aminophenol to be electrochemically oxidized at the
working electrode. Based on the measured current, the reader
is able to calculate the amount of analyte in the sample by
means of an embedded algorithm and factory-determined
calibration curve.

[0124] It further goes without saying that the methods and
kits as described herein necessarily encompass other reagents
and methods for carrying out the immunoassay. For instance,
encompassed are various buffers such as are known in the art
and/or which can be readily prepared or optimized to be
employed, e.g., for washing, as a conjugate diluent, micro-
particle diluent, and/or as a calibrator diluent. An exemplary
conjugate diluent is ARCHITECT® conjugate diluent
employed in certain kits (Abbott Laboratories, Abbott Park,
1Il.) and containing 2-(N-morpholino)ethanesulfonic acid
(MES), a salt, a protein blocker, an antimicrobial agent, and a
detergent. An exemplary calibrator diluent is ARCHITECT®
human calibrator diluent employed in certain kits (Abbott
Laboratories, Abbott Park, I11.), which comprises a buffer
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containing MES, other salt, a protein blocker, and an antimi-
crobial agent. Additionally, as described in U.S. Patent Appli-
cation No. 61/142,048 filed Dec. 31, 2008, improved signal
generation may be obtained, e.g., in an I-Stat cartridge for-
mat, using a nucleic acid sequence linked to the signal anti-
body as a signal amplifier.

[0125] The disclosure will be better understood through
examples illustrating its use and efficacy. The following
example is offered to illustrate, but not to limit, the claimed
invention.

Example

Effect of Anti-Human Conjugate Addition on Car-
diac Troponin-I Detection with/without Anti-Cardiac
Troponin Autoantibody

[0126] Two samples were chosen from a population of nor-
mal blood donors screened for anti-cardiac troponin-I autoan-
tibodies using a ¢Tnl-coated microplate and reagents from
the ARCHITECT® STAT-Troponin 1 kit (Abbott Laborato-
ries, Abbott Park, I1., catalog number 2K41-30) as described
in U.S. patent application Ser. No. 11/588,073 (published as
US Patent Application 20080102481 and incorporated herein
in its entirety for its teachings regarding same). One sample
was determined to have low-reactivity (LR ) in the assay while
the other had high reactivity (HR). Cardiac troponin-I (Bio-
sPacific, Emeryville, Calif., catalog number 134170359) was
added to aliquots of each sample at two concentrations to give
final ¢Tnl concentrations 0f0.25 and 1.5 ng/mL. Each sample
was analyzed using the ARCHITECT® STAT-Troponin-I kit
on an ARCHITECT® i2000SR instrument (Abbott Labora-
tories, Abbott Park, Ill.) with an addition of an anti-human
IgG acridinium-9-carboxamide conjugate (25 ng/mL) (as
described in U.S. patent application Ser. No. 11/588,073,
published as US Patent Application 20080102481) to the
mouse anti-troponin acridinium-9-carboxamide chemilumi-
nescent detection conjugate normally supplied with the kit.
[0127] FIG. 3 shows that the addition of a chemilumines-
cent anti-human IgG conjugate increases the dose-response
to troponin in samples containing cardiac troponin-1 autoan-
tibodies. The magnitude of the improvement is at least two-
fold.

[0128] One skilled in the art would readily appreciate that
the present invention is well adapted to carry out the objects
and obtain the ends and advantages mentioned, as well as
those inherent therein. The molecular complexes and the
methods, procedures, treatments, molecules, specific com-
pounds described herein are presently representative of pre-
ferred embodiments, are exemplary, and are not intended as
limitations on the scope of the invention. It will be readily
apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein
without departing from the scope and spirit of the invention.
All patents and publications mentioned in the specification
are indicative of the levels of those skilled in the art to which
the invention pertains.

[0129] U.S. patent application Ser. No. 11/588,073 pub-
lished as US Patent Application 20080102481 describes
among other things assays for cardiac troponin autoantibod-
ies and is incorporated herein by reference in its entirety for
its teachings regarding same.

[0130] The invention illustratively described herein suit-
ably may be practiced in the absence of any element or ele-
ments, limitation or limitations which is not specifically dis-
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closed herein. Thus, for example, in each instance herein any
of the terms “comprising,” “consisting essentially of” and
“consisting of”” may be replaced with either of the other two
terms. The terms and expressions which have been employed
are used as terms of description and not of limitation, and
there is no intention that in the use of such terms and expres-
sions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention
claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred
embodiments and optional features, modification and varia-
tion of the concepts herein disclosed may be resorted to by
those skilled in the art, and that such modifications and varia-
tions are considered to be within the scope of this invention as
defined by the appended claims.

What is claimed is:

1. An immunoassay method for an analyte of interest, said
method comprising:

(a) contacting a biological sample being tested for analyte

with:

(1) a detection agent that binds the analyte, under condi-
tions sufficient for binding of the detection agent to
any analyte present in the sample so as to form a
detection agent/analyte complex; and

(i1) a species-specific antibody, wherein the species-spe-
cific antibody is specific for the species from which
the biological sample was obtained and specifically
binds endogenous anti-analyte antibody, under con-
ditions sufficient for specific binding of the species-
specific antibody to any endogenous anti-analyte anti-
body present in the sample and bound to the detection
agent/analyte complex so as to form a species-specific
antibody/endogenous anti-analyte antibody/analyte/
detection agent complex; and

(b) detecting one or more complex(es) comprising the

detection agent/analyte and/or the species-specific anti-

body/anti-analyte antibody;

wherein the amount of the one or more complex(es) is

positively correlated with the concentration of analyte

present in the sample.

2. The immunoassay method of claim 1, wherein the con-
tacting step (a) additionally comprises contacting the biologi-
cal sample with a capture agent affixed to a solid phase
wherein the capture agent binds analyte, and the detecting
step (b) additionally comprises detecting said complex(es),
which are affixed to the solid phase.

3. The immunoassay method of claim 1, wherein the detec-
tion agent and the capture agent bind to different sites on the
analyte.

4. The immunoassay method of claim 1, wherein the detec-
tion agent and the species-specific antibody are labeled with
the same label.

5. The immunoassay method of claim 1, wherein the detec-
tion agent and the species-specific antibody are labeled with
different labels, and the signal attributable to the labeled
species-specific antibody is positively correlated with the
concentration of endogenous anti-analyte antibody present in
the sample.

6. The immunoassay method of claim 1, wherein the bio-
logical sample is contacted with the detection agent and the
species-specific antibody simultaneously.
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7. The immunoassay method of claim 1, wherein the bio-
logical sample is contacted with the detection agent and the
species-specific antibody sequentially.

8. The immunoassay method of claim 2, wherein the con-
tacting of (a)(i) and/or (a)(ii) is carried out simultaneously
with the contacting of the biological sample with the capture
agent.

9. The immunoassay method of claim 2, wherein the con-
tacting (a)(i) and/or (a)(ii) is carried out sequentially with the
contacting of the biological sample with the capture agent.

10. The method of claim 1, wherein the endogenous anti-
analyte antibody comprises an anti-analyte autoantibody.

11. An immunoassay method for an analyte of interest, said
method comprising:

(a) contacting a biological sample being tested for the
analyte with a capture agent affixed to a solid phase
wherein the capture agent binds analyte, under condi-
tions sufficient for binding of the capture agent to ana-
lyte to form a solid phase-affixed capture agent/analyte
complex;

(b) contacting the biological sample with:

(1) a detection agent that binds the analyte under condi-
tions sufficient for binding of the detection agent to
any analyte present in the capture agent/analyte com-
plex so as to form a solid phase-affixed detection
agent/analyte/capture agent complex; and

(ii) a species-specific antibody, wherein the species-spe-
cific antibody is specific for the species from which
the biological sample was obtained and specifically
binds endogenous anti-analyte antibody, under con-
ditions sufficient for specific binding of the species-
specific antibody to any anti-analyte autoantibody
bound to the capture agent/analyte complex so as to
form a solid phase-affixed species-specific antibody/
anti-analyte autoantibody/analyte/capture agent com-
plex; and

(c) detecting the one or more solid phase-affixed complex
(es) set forth in (b),

wherein the amount of the one or more solid phase-affixed
complex(es) is positively correlated with the concentra-
tion of analyte present in the sample.

12. An immunoassay method for an analyte of interest, said

method comprising:

(a) contacting a biological sample being tested for the
analyte with an anti-analyte capture antibody affixed to
a solid phase wherein the capture antibody specifically
binds analyte, under conditions sufficient for specific
binding of the capture antibody to analyte to form a solid
phase-affixed capture antibody/analyte complex;

(b) contacting the biological sample with:

(1) an anti-analyte antibody that binds the analyte under
conditions sufficient for specific binding of the anti-
analyte antibody to any analyte present in the capture
agent/analyte complex so as to form a solid phase-
affixed anti-analyte antibody/analyte/capture anti-
body complex; and

(i1) a species-specific antibody, wherein the species-spe-
cific antibody is specific for the species from which
the biological sample was obtained and specifically
binds endogenous anti-analyte antibody, under con-
ditions sufficient for specific binding of the species-
specific antibody to any anti-analyte autoantibody
bound to the capture antibody/analyte complex so as
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to form a solid phase-affixed species-specific anti-
body/anti-analyte autoantibody/analyte/capture anti-
body complex; and
(c) detecting the one or more solid phase-affixed complex
(es) set forth in (b),

wherein the amount of the one or more solid phase-affixed
complex(es) is positively correlated with the concentra-
tion of analyte present in the sample.

13. The immunoassay method of claim 12, wherein the
anti-analyte antibody and the species-specific antibody are
labeled with the same label.

14. The immunoassay method of claim 12, wherein the
anti-analyte antibody and the species-specific antibody are
labeled with different labels, and the signal attributable to the
labeled species-specific antibody is positively correlated with
the concentration of anti-analyte autoantibody present in the
sample.

15. The immunoassay method of claim 12, wherein the
contacting of (a) and the contacting of (b)(i) and/or (b)(ii) is
carried out simultaneously.

16. The immunoassay method of claim 12, wherein the
contacting of (a) and the contacting of (b)(i) and/or (b)(ii) is
carried out sequentially.

17. The immunoassay method of claim 12, wherein the
biological sample is contacted with the anti-analyte antibody
and the species-specific antibody simultaneously.

18. The immunoassay method of claim 12, wherein the
biological sample is contacted with the anti-analyte antibody
and the species-specific antibody sequentially.

19. The immunoassay method of claim 12, wherein the
biological sample is obtained from a human.

20. The immunoassay method of claim 12, wherein at least
one label comprises a direct label.

21. The immunoassay method of claim 20, wherein the
direct label comprises an acridinium-9-carboxamide.

22. The immunoassay method of claim 12, wherein at least
one label comprises an indirect label.

23. The immunoassay method of claim 12, wherein the
detecting of (c) comprises contacting at least one label withan
indicator reagent.

24. The immunoassay method of claim 12, wherein the
solid phase comprises a microparticle.

25. The immunoassay method of claim 24, wherein the
microparticle is magnetic or paramagnetic.

26. The immunoassay method of claim 12, wherein the
solid phase comprises a microplate.

27. The immunoassay method of claim 12, wherein the
solid phase comprises an electrode.

28. The immunoassay method of claim 12, wherein the
solid phase comprises a plurality of anti-analyte capture anti-
bodies that are specific for a plurality of different analytes.

29. The immunoassay method of claim 28, wherein the
biological sample is contacted with a plurality of different
anti-analyte antibodies that are specific for said plurality of
different analytes, wherein each different anti-analyte anti-
body is labeled with a distinct 1abel.

30. The immunoassay method of claim 28, wherein the
solid phase comprises a plurality of electrodes, each electrode
bearing a different anti-analyte capture antibody.

31. A test kit comprising:

(a) a detection agent specific for an analyte; and

(b) a species-specific antibody, wherein the species-spe-

cific antibody is specific for the species from which the
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biological sample is to be obtained and specifically
binds endogenous anti-analyte antibody.

32. The test kit of claim 31, additionally comprising a solid
phase and a capture agent affixed to the solid phase.

33. The test kit of claim 32, wherein the capture agent
comprises an anti-analyte capture antibody.

34. The test kit of claim 31, wherein the detection agent and
the species-specific antibody are labeled.

35. The test kit of claim 34, wherein the detection agent and
the species-specific antibody are labeled with the same label.

36. The test kit of claim 34, wherein the detection agent and
the species-specific antibody are labeled with different labels.

37. The test kit of claim 34, wherein the detection agent
comprises an anti-analyte antibody.

38. The test kit of claim 37, wherein the anti-analyte anti-
body and the species-specific antibody are present in the same
container.

39. The test kit of claim 37, wherein the anti-analyte anti-
body and the species-specific antibody are present in different
containers.

40. The test kit of claim 37, wherein the species-specific
antibody comprises a human-specific antibody.

41. The test kit of claim 37, wherein at least one label
comprises a direct label.

42. The test kit of claim 41, wherein the direct label com-
prises an acridinium-9-carboxamide.
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43. The test kit of claim 37, wherein at least one label
comprises an indirect label.

44. The test kit of claim 37, additionally comprising an
indicator reagent that interacts with at least one label to pro-
duce a detectable signal.

45. The test kit of claim 32, wherein the solid phase com-
prises a microparticle.

46. The test kit of claim 45, wherein the microparticle is
magnetic or paramagnetic.

47. The test kit of claim 32, wherein the solid phase com-
prises a microplate.

48. The test kit of claim 32, wherein the solid phase com-
prises an electrode.

49. The test kit of claim 32, wherein the solid phase com-
prises a plurality of anti-analyte capture antibodies that are
specific for a plurality of different analytes.

50. The test kit of claim 49, wherein the test kit comprises
aplurality of different anti-analyte antibodies that are specific
for said plurality of different analytes, wherein each different
anti-analyte antibody is labeled with a distinct label.

51. The test kit of claim 49, wherein the solid phase com-
prises a plurality of electrodes, each electrode bearing a dif-
ferent anti-analyte capture antibody.
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