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FIG. 5
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1
METHOD FOR DETECTION OF
ANTIGEN-SPECIFIC ANTIBODIES IN
BIOLOGICAL SAMPLES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. National Stage of International
Application No. PCT/US2009/054916, filed Aug. 25, 2009,
which was published in English under PCT Article 21(2),
which in turn claims the benefit of U.S. Provisional Applica-
tion No. 61/173,426, filed Apr. 28, 2009; U.S. Provisional
Application No. 61/208,168, filed Feb. 19, 2009; and U.S.
Provisional Application No. 61/093,605, filed Sep. 2, 2008.
All of the above-referenced provisional applications are
herein incorporated by reference in their entirety.

FIELD

This disclosure concerns direct labeling of biological
samples to detect antigen-specific antibodies in samples
obtained from any type of organism, such as human and
veterinary subjects, plants, insects and bacteria.

BACKGROUND

Microsphere-based immunoassays (MIAs) are becoming
increasingly popular for laboratory diagnosis of many dis-
eases (Barley et al., Cytometry 50:239-242, 2002; Kellar et
al., Cytometry 45:27-36, 2001). The technology involves the
detection and analysis of a reaction (such as an antibody or
other ligand) attached to microspheres or beads. The detect-
ing instrument is a simplified flow cytometer, and lasers
simultaneously identify the microsphere sets and measure the
fluorescence associated with the reaction. The speed at which
these tests can be performed and the ability to multiplex make
this methodology particularly useful.

Limited methods exist for rapid identification of antigen-
specific antibodies in animal species for which commercial
secondary antibody conjugates and/or antisera are unavail-
able. The available assays are often of a complex nature,
involving the use of live pathogens. Antisera (such as goat
anti-alligator IgM) can be used to coat an ELISA plate or
couple to a microsphere, followed by addition of serum,
antigen and then antigen-specific conjugate. However antis-
era are available for a limited number of species, and the
availability of species-specific secondary antibody is even
more limited. This makes surveillance for antigen-specific
antibodies in some species, such as wild avian species or zoo
animals, cumbersome. A need remains to develop a rapid and
safe assay for detection of antigen-specific antibodies that can
be used for any species.

SUMMARY

Thus, provided herein is a microparticle-based assay sys-
tem for direct labeling of biological samples (e.g., serum
antibody), which alleviates the need for species-specific con-
jugates. By using this method for wild or exotic species, large
numbers of samples can be screened. Furthermore, this assay
format can be adapted for use with any number of etiologic
agents of human or veterinary importance.

Disclosed herein is a rapid and universal assay for the
detection of antigen-specific antibodies in biological
samples, such as in serum, plasma or cerebral spinal fluid
samples from human or veterinary subjects, insect blood
meals, or protein extracts from transgenic plants or recombi-
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2

nant bacteria. The assay allows for the detection of antigen-
specific antibodies in any species, including species for which
secondary antibodies and/or antisera are not available. The
disclosed assay can also be used as a total antibody test that
detects all classes of antibodies simultaneously, instead of
being limited to a particular antibody type. It is also possible
to perform the assay in an unpurified sample that contains
more than the target antibodies of interest, or more than just
antibodies. For example, a serum sample or protein extract
(such as a plant protein extract) can be subjected to the assay.

The disclosed assay provides a method for detecting anti-
gen-specific antibodies of interest in a biological sample,
wherein the antigen-specific antibodies of interest specifi-
cally bind to an antigen of interest. The method includes (i)
providing a modified biological sample that is suspected of
containing antibodies of interest specific for the antigen of
interest, and may contain antibodies that bind to other than the
antigen of interest. The biological sample has been modified
by exposing it to a labeling agent that labels antibodies that
are present in the biological sample (which may include the
antibody of interest and other antibodies as well); (ii) con-
tacting target antigen-bound microparticles with the modified
biological sample, wherein the target antigen bound-micro-
particles bind antigen-specific antibodies to form labeled
microparticle complexes if the antigen-specific antibodies are
present in the biological sample; and (iii) detecting the
labeled microparticle complexes. An increase in detection of
the labeled microparticle complexes relative to a reference
standard, such as control microparticle complexes, indicates
the biological sample contains antigen-specific antibodies.

In some embodiments of the method, the labeling agent
comprises a first specific binding partner, wherein the first
specific binding partner is capable of binding to a second
specific binding partner that carries a detectable label. Detect-
ing the microparticle complexes comprises exposing the
microparticle complexes to the second specific binding part-
ner that carries the detectable label and detecting a signal
from the label if the antigen-specific antibodies are present in
the biological sample. In some embodiments, the specific
binding partners are biotin and avidin or streptavidin.

In particular non-limiting disclosed embodiments, the
serum sample is exposed to a labeling agent, such as biotin, to
biotinylate antibodies in the sample (such as the antibodies of
interest that may be present in the sample that specifically
bind to the antigen of interest). Other biological components
of'the sample may also be biotinylated at that time, and more
than just the antibodies of interest (that bind the antigen of
interest) may be biotinylated. The biotinylated antibodies are
then exposed to a particle that binds target antigen (such as the
target antigen bound to an antibody coupled to the particle),
but the particle does not bind biotinylated antibodies that do
not bind the target antigen. Biotinylated antibodies that bind
to the target antigen (which is in turn coupled to the particle)
are detected by exposing them to a streptavidin or avidin
linked detectable label to form a particle complex that is then
detected by detection of the streptavidin linked detectable
label.

Also provided herein are labeled microparticle complexes
and compositions comprising the labeled microparticle com-
plexes. The labeled microparticle complexes include (i) a
target antigen-bound microparticle; (ii) an antibody that spe-
cifically binds the target antigen, wherein the antibody is
conjugated to a first specific binding partner; and (iii) a sec-
ond specific binding partner that carriers a detectable label.

In some other specific non-limiting examples, the sample is
partially purified prior to labeling, for example to remove
material (such as proteins) smaller than a target size, for
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example by passing the sample through an exclusion filter
that removes material with a molecular weight less than 250
KDa or 100 KDa.

The foregoing and other features and advantages will
become more apparent from the following detailed descrip-
tion of several embodiments which proceeds with reference
to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a schematic drawing showing a method of using
first and second specific binding partners to detect the pres-
ence of antigen-specific antibodies in a biological sample. In
the illustrated example, antibodies present in serum samples
are biotinylated. If antigen-specific antibodies are present in
the serum sample, they will bind to target antigens bound to
microparticles, which can in turn be detected by a streptavidin
label.

FIG. 2 is a series of graphs showing the ratio of West Nile
virus antigen reaction to negative antigen reaction for a vari-
ety of mammalian, reptilian and avian species tested using a
biotin microsphere-based immunoassay (MIA). Each dia-
mond represents an individual sample. On the Y-axis, “Pos”
indicates samples that tested positive for West Nile viral anti-
gen by plaque-reduction neutralization test (PRNT) and
“Neg” indicates samples that tested negative for West Nile
viral antigen by PRNT. The X-axis shows log,, West Nile
viral antigen reaction versus negative antigen reaction for
each sample. For the majority of species, biotin-MIA was
able to distinguish samples that tested positive for West Nile
viral antigen by PRNT from those that tested negative by
PRNT.

FIG. 3 is a series of graphs showing the results of biotin-
MIA in bird samples for three separate experiments. Dots
represent samples that tested positive for West Nile (WN)
virus antigen, positive for St. Louis encephalitis (SLE) virus
antigen, or negative for both by PRNT. Pooled sera from
several avian species was used as the negative control. The
results are plotted as log;, WN viral antigen reaction versus
negative antigen reaction on the Y-axis and log,, SLE viral
antigen reaction versus negative antigen reaction on the
X-axis.

FIG. 4 is a bar graph showing the distribution of WN
positive and negative samples. Shown are the number of
PRNT confirmed-positive WN samples and confirmed-nega-
tive samples for each log, , value obtained using biotin-MIA.
Little overlap is observed between positive and negative
samples.

FIG. 5 is a line graph showing the distribution of WN
positive and negative samples. Shown is the distribution of
PRNT-confirmed positive WN samples (top) and confirmed-
negative samples (bottom) relative to the log, , value obtained
using biotin-MIA. Short vertical bars indicate individual
samples.

FIG. 6 is a graph showing the results of receiver operator
characteristics (ROC) analysis of biotin-MIA using WN and
negative samples from various species. Sensitivity (y-axis) is
plotted against specificity (x-axis). Area under the curve
(AUC) was calculated to be 97%.

FIG. 7 is a graph illustrating sensitivity (dashed line) and
specificity (solid line) of biotin-MIA. Probability is plotted
against log,, WN viral antigen reaction versus negative anti-
gen reaction for each sample. The vertical line indicates
where sensitivity equals specificity (0.73). The dashed line
indicates the minimum distance (0.79), the point where both
the sensitivity and sensitivity are maximized to optimize
results.
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FIG. 8 is a series of graphs showing the ratio of WN virus
antigen reaction to negative antigen reaction for a variety of
mammalian, reptilian and avian species tested using biotin-
MIA. The data points are shown relative to the value where
sensitivity equals specificity (0.73), which is indicated by the
dashed line.

FIG. 9 is a series of graphs showing the ratio of WN virus
antigen reaction to negative antigen reaction for a variety of
mammalian, reptilian and avian species tested using biotin-
MIA. This data is identical to the data shown in FIG. 8, except
that samples for the great egret, horse, eastern screech owl,
alligator, grackle and cliff swallow species were retested
using low cross bufter (LCB) as a serum diluent. Black dia-
monds indicate the original data and grey diamonds indicate
samples processed using LCB. Many of the false negatives
were eliminated using LCB.

FIG. 10 is a graph showing receiver operator characteristic
(ROC) curves for WN, SLE and eastern equine encephalitis
(EEE) viral antigens in biotin-MIAs. Sensitivities and speci-
ficities for each antigen were calculated using the results from
PRNT as the standard. Areas under the curve and 95% con-
fidence intervals are shown.

FIG. 11 is a graph showing viral antigen to negative antigen
(V/N) ratios for 346 serum samples obtained from a variety of
species. PRNT-negative samples are indicated by plus (+)
signs and PRNT-positive samples are indicated by black dots.
For WN/SLE biotin-MIA, results are shown for known nega-
tives, and for positives to the homologous viral antigens only.
The dashed vertical line on each panel represents the positive
V/N cut-off for that antigen. Species are listed in the follow-
ing order: birds (upper, normal type); mammals (bold type);
and reptile (lower, normal type).

FIGS. 12A and 12B are a series of graphs showing cross-
reactivity of the WN/SLE biotin-MIA (A) and EEE biotin-
MIA (B) with antisera to other confirmed arboviral infec-
tions. The cut-off for a positive reaction was a V/N 0of 10.0 for
WN; 10.23 for SLE; and 8.97 for EEE.

DETAILED DESCRIPTION
1. Abbreviations

AUC Area under the curve

BSA Bovine serum albumin

CHIK Chikungunya

CI Confidence interval

CSF Cerebral spinal fluid

DEN Dengue

EEE Eastern equine encephalitis
ELISA Enzyme-linked immunosorbent assay
JE Japanese encephalitis

LAC La Crosse encephalitis

LCB Low cross buffer

MAD Monoclonal antibody

MFI Median fluorescence intensity
MIA Microsphere-based immunoassay
OD Optical density

PBS Phosphate-buffered saline

PE Phycoerythrin

PRNT Plaque reduction neutralization test
ROC Receiver operator characteristic
SLE St. Louis encephalitis

V/N Viral antigen/negative antigen
WN West Nile

II. Terms

Unless otherwise noted, technical terms are used according
to conventional usage. Definitions of common terms in
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molecular biology may be found in Benjamin Lewin, Genes
V, published by Oxford University Press, 1994 (ISBN 0-19-
854287-9); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 1-56081-569-8).

In order to facilitate review of the various embodiments of
the disclosure and provide a more comprehensive summary
of the disclosed methods, the following information is pro-
vided:

Alphavirus: A genus of viruses belonging to the Togaviri-
dae family. Alphaviruses are transmitted between species by
arthropods (arbovirus). Alphaviruses include, for example,
eastern equine encephalitis virus, western equine encephalitis
virus, Venezuelan equine encephalitis virus, Ross River virus,
Semliki Forest virus, Sindbis virus and Chikungunya virus.

Animal: Living multi-cellular vertebrate organisms, a cat-
egory that includes, for example, mammals, birds and rep-
tiles. The term mammal includes both human and non-human
mammals. Similarly, the term “subject” includes both human
and veterinary subjects, for example, humans, non-human
primates, dogs, cats, horses, birds and cows.

Antibody: A protein (or protein complex) that includes one
or more polypeptides substantially encoded by immunoglo-
bulin genes or fragments of immunoglobulin genes. The rec-
ognized immunoglobulin genes include the kappa, lambda,
alpha, gamma, delta, epsilon, and mu constant region genes,
as well as the myriad of 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,
1gG, IgM, IgA, IgD and IgE, respectively. In avian and rep-
tilian species, IgY antibodies are equivalent to mammalian
1gG.

The basic immunoglobulin (antibody) structural unit is
generally a tetramer. Each tetramer is composed of two iden-
tical pairs of polypeptide chains, each pair having one “light”
(about 25 kDa) and one “heavy” (about 50-70 kDa) chain.
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” (V)
and “variable heavy chain” (V) refer, respectively, to these
light and heavy chains.

The structure of IgY antibodies is similar to the structure of
mammalian IgG, with two heavy (“nu” chains; approxi-
mately 67-70 kDa) and two light chains (22-30 kDa). The
molecular weight of an IgY molecule is about 180 kDa, but it
often runs as a smear on gels due to the presence of about 3%
carbohydrate. Heavy chains (H) of IgY antibodies are com-
posed of four constant domains and one variable domain,
which contains the antigen-binding site.

As used herein, the term “antibodies” includes intact
immunoglobulins as well as a number of well-characterized
fragments. For instance, Fabs, Fvs, and single-chain Fvs
(SCFvs) that bind to target protein (or epitope within a protein
or fusion protein) would also be specific binding agents for
that protein (or epitope). These antibody fragments are
defined as follows: (1) Fab, the fragment which contains a
monovalent antigen-binding fragment of an antibody mol-
ecule produced by digestion of whole antibody with the
enzyme papain to yield an intact light chain and a portion of
one heavy chain; (2) Fab', the fragment of an antibody mol-
ecule obtained by treating whole antibody with pepsin, fol-
lowed by reduction, to yield an intact light chain and a portion
of the heavy chain; two Fab' fragments are obtained per
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antibody molecule; (3) (Fab'),, the fragment of the antibody
obtained by treating whole antibody with the enzyme pepsin
without subsequent reduction; (4) F(ab'),, adimer of two Fab'
fragments held together by two disulfide bonds; (5) Fv, a
genetically engineered fragment containing the variable
region of the light chain and the variable region of the heavy
chain expressed as two chains; and (6) single chain antibody,
a genetically engineered molecule containing the variable
region of the light chain, the variable region of the heavy
chain, linked by a suitable polypeptide linker as a genetically
fused single chain molecule. Methods of making these frag-
ments are routine (see, for example, Harlow and Lane, Using
Antibodies: A Laboratory Manual, CSHL, New York, 1999).

Antibodies for use in the methods of this disclosure can be
monoclonal or polyclonal, and for example specifically bind
atarget such as the target antigen. Merely by way of example,
monoclonal antibodies can be prepared from murine hybri-
domas according to the classical method of Kohler and Mil-
stein (Nature 256:495-97, 1975) or derivative methods
thereof. Detailed procedures for monoclonal antibody pro-
duction are described in Harlow and Lane, Using Antibodies:
A Laboratory Manual, CSHL, New York, 1999.

Antibody binding affinity: The strength of binding between
a single antibody binding site and a ligand (e.g., an antigen or
epitope). The affinity of an antibody binding site X for a
ligand Y is represented by the dissociation constant (K ),
which is the concentration of Y that is required to occupy half
of the binding sites of X present in a solution. A smaller (K )
indicates a stronger or higher-affinity interaction between X
andY and a lower concentration of ligand is needed to occupy
the sites. In general, antibody binding affinity can be affected
by the alteration, modification and/or substitution of one or
more amino acids in the epitope recognized by the antibody
paratope.

Antibody of interest: Any antibody in a sample, such as a
clinical sample, that is of interest. In some embodiments, that
antibody of interest is an antibody that binds a target antigen
of interest. Antibodies of interest include pathogen-specific
antibodies (such as virus-specific antibodies, including fla-
vivirus-specific antibodies).

Antigen: A compound, composition, or substance that can
stimulate the production of antibodies or a T-cell response in
an animal, including compositions that are injected or
absorbed into an animal. An antigen reacts with the products
of specific humoral or cellular immunity, including those
induced by heterologous immunogens. As used herein, a “tar-
getantigen” is an antigen (including an epitope of the antigen)
that specifically binds the antibody of interest. “Specific bind-
ing” does not require exclusive binding. The target antigen
may be used as a capture antigen to identify antibodies of
interest in a biological sample that specifically recognize the
antigen. In some embodiments, the target antigen is an anti-
gen from a pathogen. In some embodiments, the antigen is a
recombinant antigen. In some embodiments, the antigen is
obtained from a cell or tissue extract. An antigen need not be
a full-length protein. Antigens contemplated for use include
any immunogenic fragments of a protein, such as any anti-
gens having at least one epitope that can be specifically bound
by an antibody.

Antigen-bound microparticle: In the context of this disclo-
sure, an antigen-bound microparticle is a microparticle to
which an antigen (including an epitope of an antigen) is
directly or indirectly bound. In some embodiments, the anti-
gen-bound microparticle is a microparticle coupled to an
antibody that binds the antigen, which is further bound to the
antigen. In other embodiments, the antigen-bound micropar-
ticle is a microparticle with a covalently bound antigen.
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Antigen-specific: As used herein, an “antigen-specific”
antibody is an antibody that was elicited (produced and/or
activated) in response to a particular antigen. An “antigen-
specific” antibody is capable of binding to the antigen, typi-
cally with high affinity.

Arboviruses: Viruses that are transmitted by arthropods
(arthropod-borne), such as mosquitoes and ticks. These
viruses replicate in arthropods and are transmitted by biting a
host. Arboviruses include, but are not limited to, members of
the Togaviridae, Bunyaviridae, Flaviviridae and Arenaviridae
families, such as Chikungunya virus, dengue virus, Ross
River virus, vesicular stomatitis virus, West Nile virus, yellow
fever virus, tick-borne encephalitis virus, Japanese encepha-
litis virus, La Crosse encephalitis virus, Murray Valley
encephalitis virus, Rift Valley fever virus, St. Louis encepha-
litis virus and equine encephalitis viruses.

Avidin/Streptavidin: The extraordinary affinity of avidin
for biotin allows biotin-containing molecules in a complex
mixture to be discretely bound with avidin. Avidin is a gly-
coprotein found in the egg white and tissues of birds, reptiles
and amphibia. It contains four identical subunits having a
combined mass of 67,000-68,000 daltons. Each subunit con-
sists of 128 amino acids and binds one molecule of biotin.
Extensive chemical modification has little effect on the activ-
ity of avidin, making it especially useful for protein purifica-
tion.

Another biotin-binding protein is streptavidin, which is
isolated from Streptomyces avidinii and has a mass of 60,000
daltons. In contrast to avidin, streptavidin has no carbohy-
drate and has a mildly acidic pl of 5.5. Another version of
avidin is NeutrAvidin Biotin Binding Protein (available from
Pierce Biotechnology) with a mass of approximately 60,000
daltons.

The avidin-biotin complex is the strongest known non-
covalent interaction (Ka=10'> M) between a protein and
ligand. The bond formation between biotin and avidin is very
rapid, and once formed, is unaffected by extremes of pH,
temperature, organic solvents and other denaturing agents.

Although examples disclosed herein use streptavidin as a
specific binding agent, the streptavidin could be substituted
with other types of avidin. The term “avidin” is meant to refer
to avidin, streptavidin and other forms of avidin (such as
derivatives or analogs thereof) that have similar biotin bind-
ing characteristics. Analogs or derivatives of avidin/strepta-
vidin include, but are not limited to, nitro-streptavidin, non-
glycosylated avidin, N-acyl avidins (such as N-acetyl,
N-phthalyl and N-succinyl avidin), and the commercial prod-
ucts ExtrAvidin™ (Sigma-Aldrich), Neutralite Avidin
(SouthernBiotech) and CaptAvidin (Invitrogen). Additional
avidin/streptavidin analogs and derivatives are known in the
art (see, for example, U.S. Pat. No. 5,973,124 and U.S. Patent
Application Publication Nos. US 2004/0191832; US 2007/
0105162; and US 2008/0255004).

Biological sample: As used herein, a “biological sample”
refers to a sample obtained from a subject (such as a human or
veterinary subject) or other type of organism, such as a plant,
bacteria or insect. In particular examples of the method dis-
closed herein, the biological sample is a fluid sample. Bio-
logical samples from a subject include, but are not limited to,
serum, blood, plasma, urine, saliva, cerebral spinal fluid
(CSF) or other bodily fluid. Biological samples can also refer
to cells or tissue samples. In some cases, the biological
sample is from a plant (for example, a plant engineered to
express an antibody), such as a protein extract from a plant or
plant material. Biological samples also include extracts (such
as protein extracts) from bacteria, such as bacteria than have
been modified to produce a protein (e.g., an antibody) of
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interest. In other examples, the biological sample is from an
insect, such as a vector blood meal. As used herein, a “modi-
fied biological sample” is a biological sample that has been
exposed to a labeling agent. In some embodiments, the label-
ing agent labels antibodies that are present in the biological
sample.

Biotin: A molecule (also known as vitamin H or vitamin
B,) that binds with high affinity to avidin and streptavidin.
Biotin is often used to label nucleic acids and proteins for
subsequent detection by avidin or streptavidin linked to a
detectable label, such as a fluorescent or enzymatic reporter
molecule. Biotinylation of a molecule (such as an antibody or
other protein sample) is routinely achieved in the art by react-
ing a free carboxyl group on biotin with an amine group on a
protein, such as an amine group found in an antibody or
protein analyte/analog. Unless indicated otherwise, the term
“biotin” includes derivatives or analogs that participate in a
binding reaction with avidin. Biotin analogs and derivatives
include, but are not limited to, N-hydroxysuccinimide-imi-
nobiotin (NHS-iminobiotin), amino or sulthydryl derivatives
of 2-iminobiotin, amidobiotin, desthiobiotin, biotin sulfone,
caproylamidobiotin and biocytin, biotinyl-e-aminocaproic
acid-N-hydroxysuccinimide ester, sulfo-succinimide-imino-
biotin, biotinbromoacetylhydrazide, p-diazobenzoyl biocy-
tin, 3-(N-maleimidopropionyl) biocytin, 6-(6-biotinami-
dohexanamido)hexanoate and 2-biotinamidoethanethiol.
Biotin derivatives are also commercially available, such as
DSB-X™ Biotin (Invitrogen). Additional biotin analogs and
derivatives are known in the art (see, for example, U.S. Pat.
No. 5,168,049; U.S. Patent Application Publication Nos.
2004/0024197, 2001/0016343, and 2005/0048012; and PCT
Publication No. WO 1995/007466). The use of biotin is well-
documented to make secondary antibodies or other limited
uses, but the use described in this specification is to screen a
biological sample, such as an unpurified biological sample.

Biotin binding protein: A protein that binds biotin with
sufficiently great affinity for an intended purpose. Examples
of biotin binding proteins are well known in the art, and
include avidin, streptavidin, NeutrAvidin, and monoclonal
antibodies or receptor molecules that specifically bind biotin.
In the context of this disclosure, streptavidin could be
replaced with any other biotin-binding proteins, or a combi-
nation of biotin binding proteins.

Blood meal: Refers to the stomach contents of a blood-
sucking insect.

Conjugated: Refers to two molecules that are bonded
together, for example by covalent bonds. An example of a
conjugate is a molecule (such as avidin/streptavidin) conju-
gated to a detectable label, such as a fluorophore, to form a
detection substrate.

Contacting: Placement in direct physical association;
includes both in solid and liquid form. As used herein, “con-
tacting” is used interchangeably with “exposed.”

Control: A reference standard, for example a positive con-
trol or negative control. A positive control is known to provide
apositive test result. A negative control is known to provide a
negative test result. However, the reference standard can be a
theoretical or computed result, for example a result obtained
in a population.

Engineered antibody: Any non-naturally occurring anti-
body, such as an antibody produced by recombinant means.

Epitope: An antigenic determinant. Epitopes are particular
chemical groups or contiguous or non-contiguous peptide
sequences on a molecule that are antigenic, that is, that elicit
a specific immune response. An antibody binds a particular
antigenic epitope based on the three dimensional structure of
the antibody and the matching (or cognate) epitope.
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Flavivirus: A genus of viruses which are transmitted by the
bite of infected arthropods (e.g., ticks or mosquitoes). Fla-
viviruses are enveloped viruses with a positive-sense single-
stranded RNA genome. Many members of the flavivirus
genus cause encephalitis in animal (including human) hosts.
Flaviviruses include, but are not limited to, West Nile virus,
St. Louis encephalitis virus, Japanese encephalitis virus, yel-
low fever virus, dengue virus, Murray Valley encephalitis
virus and Powassan virus.

Flow instrument: Includes any instrument that analyzes
individual particles in a fluid mixture based on the particle’s
characteristics, such as size.

Fluorophore: A chemical compound, which when excited
by exposure to a particular wavelength of light, emits light
(i.e., fluoresces), for example at a different wavelength.

Examples of fluorophores that may be used in the methods
disclosed herein are provided in U.S. Pat. No. 5,866,366 to
Nazarenko et al.: 4-acetamido-4'-isothiocyanatostilbene-2,
2'disulfonic acid, acridine and derivatives such as acridine
and acridine isothiocyanate, 5-(2'-aminoethyl)aminonaph-
thalene-1-sulfonic acid (EDANS), 4-amino-N-[3-vinylsulfo-
nyl)phenyl|naphthalimide-3,5 disulfonate (Lucifer Yellow
VS), N-(4-anilino-1-naphthyl)maleimide, anthranilamide,

Brilliant Yellow, coumarin and derivatives such as coumarin,
7-amino-4-methylcoumarin ~ (AMC, Coumarin 120),
7-amino-4-trifluvoromethylcouluarin =~ (Coumarin =~ 151);

cyanosine; 4',6-diaminidino-2-phenylindole (DAPI); 5',5"-
dibromopyrogallol-sulfonephthalein (Bromopyrogallol
Red); 7-diethylamino-3-(4'-isothiocyanatophenyl)-4-meth-
ylcoumarin; diethylenetriamine pentaacetate; 4,4'-diisothio-
cyanatodihydro-stilbene-2,2'-disulfonic acid; 4,4'-diisothio-
cyanatostilbene-2,2'-disulfonic  acid; 5-[dimethylamino]
naphthalene-1-sulfonyl chloride (DNS, dansyl chloride);
4-(4'-dimethylaminophenylazo)benzoic acid (DABCYL);
4-dimethylaminophenylazophenyl-4'-isothiocyanate
(DABITC); eosin and derivatives such as eosin and eosin
isothiocyanate; erythrosin and derivatives such as erythrosin
B and erythrosin isothiocyanate; ethidium; fluorescein and
derivatives such as S5-carboxyfluorescein (FAM), 5-(4,6-
dichlorotriazin-2-yl)aminofluorescein (DTAF), 2'7'-
dimethoxy-4'5'-dichloro-6-carboxyfluorescein (JOE), fluo-
rescein, fluorescein isothiocyanate (FITC), and QFITC
(XRITC); fluorescamine; IR144; IR1446; Malachite Green
isothiocyanate; 4-methylumbelliferone; ortho cresolphtha-
lein; nitrotyrosine; pararosaniline; Phenol Red; B-phyco-
erythrin; R-phycoerythrin; o-phthaldialdehyde; pyrene and
derivatives such as pyrene, pyrene butyrate and succinimidyl
1-pyrene butyrate; Reactive Red 4 (Cibacron® Brilliant Red
3B-A); rhodamine and derivatives such as 6-carboxy-X-
rhodamine (ROX), 6-carboxyrhodamine (R6G), lissamine
rhodamine B sulfonyl chloride, rhodamine (Rhod),
rhodamine B, rhodamine 123, rhodamine X isothiocyanate,
sulforhodamine B, sulforhodamine 101 and sulfonyl chloride
derivative of sulforhodamine 101 (Texas Red); N,N,N',N'-
tetramethyl-6-carboxyrhodamine (TAMRA); tetramethyl
rhodamine; tetramethyl rhodamine isothiocyanate (TRITC);
riboflavin; rosolic acid and terbium chelate derivatives.

Other suitable fluorophores include thiol-reactive
europium chelates which emit at approximately 617 nm
(Heyduk and Heyduk, Aralyt. Biochem. 248:216-27,1997; J.
Biol. Chem. 274:3315-22, 1999).

Other suitable fluorophores include GFP, Lissamine™,
diethylaminocoumarin, fluorescein chlorotriazinyl, naph-
thofluorescein, 4,7-dichlororhodamine and xanthene (as
described in U.S. Pat. No. 5,800,996 to Lee et al.) and deriva-
tives thereof. Other fluorophores known to those skilled in the
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art may also be used, for example those available from
Molecular Probes (Eugene, Oreg.).

Immunogenic peptide: A peptide which comprises a spe-
cific motif (or other sequence) such that the peptide will bind
an MHC molecule and induce a cytotoxic T lymphocyte
(CTL) response, or a B cell response (e.g. antibody produc-
tion) against the antigen from which the immunogenic pep-
tide is derived. Also referred to herein as an “immunogenic
fragment” (i.e. an immunogenic portion of a peptide).

Isolated: An “isolated” biological component, such as a
nucleic acid, protein (including antibodies) or organelle, has
been substantially separated or purified away from other bio-
logical components in the environment (such as a cell) in
which the component naturally occurs, i.e., other chromo-
somal and extra-chromosomal DNA and RNA, proteins and
organelles. Nucleic acids and proteins that have been “iso-
lated” include nucleic acids and proteins purified by standard
purification methods. The term also embraces nucleic acids
and proteins prepared by recombinant expression in a host
cell as well as chemically synthesized nucleic acids.

Label: A label is an agent placed on a target to directly or
indirectly render it detectable. Hence the label can be a com-
ponent applied to the target that subsequently binds a detect-
able agent. A “detectable label” is a detectable compound or
composition that is conjugated directly or indirectly to
another molecule, such as an antibody or a protein, to facili-
tate detection of that molecule. Specific, non-limiting
examples of detectable labels include fluorescent tags, enzy-
matic linkages, and radioactive isotopes. In some embodi-
ments, the detectable label is a detectable marker conjugated
to a biotin-binding agent, such as avidin or streptavidin (for
example, streptavidin conjugated to a fluorescent marker or
enzymatic activity that can be detected by optical or colori-
metric methods). “Labeling” refers to the act of linking a label
to a molecule of interest, for example linking to the molecule
of interest a component that subsequently binds a detectable
label or linking a detectable label itself to the molecule of
interest, or both. Various methods of labeling polypeptides
and other molecules are known in the art and may be used.
Examples of detectable labels for polypeptides include, but
are not limited to, the following: radioisotopes or radionucle-
otides (such as *°S or '*'I), fluorescent labels (such as fluo-
rescein isothiocyanate (FITC), rhodamine, lanthanide phos-
phors), enzymatic labels (such as horseradish peroxidase,
beta-galactosidase, luciferase, alkaline phosphatase), chemi-
luminescent markers, chromophores (such as horseradish
peroxidase or alkaline phosphatase), biotinyl groups, prede-
termined polypeptide epitopes recognized by a secondary
reporter (such as a leucine zipper pair sequences, binding
sites for secondary antibodies, metal binding domains,
epitope tags), or magnetic agents, such as gadolinium che-
lates.

Labeling agent: In the context of the present disclosure, a
“labeling agent” is a compound or other agent that can be used
to label a molecule or molecules of interest, such as proteins,
including antibodies. The labeling agent need not itself carry
a detectable moiety, but may instead be a component that is
subsequently used to bind a detectable label. In some embodi-
ments, the labeling agent comprises a first specific binding
partner that does not itself provide a detectable signal for
subsequent detection. The first specific binding partner,
which labels the molecule of interest, is capable of binding a
second specific binding partner that includes a detectable
label. In particular examples, the first specific binding partner
is biotin and the second specific binding partner is avidin or
streptavidin that carries a detectable label.






