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MULTIPLEXED ANALYSIS FOR 
DETERMINING A SERODIAGNOSIS OF 

VIRAL INFECTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. application Ser. No. 
11/336,639 ?led on Jan. 20, 2006, now US. Pat. No. 7,933, 
721, Which claims the bene?t of US. Provisional Patent 
Application No. 60/645,768 ?led Jan. 20, 2005, all of Which 
are hereby incorporated herein by reference. 

REFERENCE TO COMPUTER PROGRAM 
LI STING APPENDIX 

The present application includes a computer program list 
ing appendix. The appendix contains an ASCII text ?le of the 
computer program listing as folloWs: 
Filename: miaclassify.txt 
Size: 30 kilobytes (30,720 bytes) 
Date Created Jan. 19, 2006 
The computer program listing appendix is hereby expressly 
incorporated by reference in the present application. 

FIELD 

The ?eld relates to laboratory diagnostic analysis of clini 
cal specimens. 

BACKGROUND 

Technology for the analysis of clinical specimens has pro 
vided signi?cant advances in the ?eld of medicine and public 
health. For example, it is noW possible to routinely diagnose 
many clinical conditions using a Wide variety of assays Which 
determine qualitative and/ or quantitative characteristics of a 
specimen. The methods of detecting multiple viral infections 
of the same viral group through a single assay have thus far 
shoWn only very limited capability and questionable results. 
A variety of reasons have been mentioned for these limita 
tions, including the particularly dif?cult solution of standard 
iZing an immunoassay for heterogeneous antigens. Addi 
tional reasons include the extended times typically required 
to enable the detection and classi?cation of multiple viral 
infections of the same viral group, unWieldy collection, clas 
si?cation and analysis in the algorithms analyZing the data, 
and the inability to positively identify more than one viral 
infection in the same test. Previous multiple viral detection 
methods have been able to identify one viral infection and 
distinguish secondary viral infections by a process of elimi 
nation. A single assay able to e?iciently and accurately posi 
tively detect a single viral infection from tWo candidate viral 
infections of the same viral group in a clinical sample Would 
clearly be an improvement in the ?eld. The capability to 
perform simultaneous, multiple determinations in a single 
assay process is knoWn as “multiplexing” and the method of 
utiliZing such determinations is “multiplexing analysis.” 

Microsphere “bead”-based (microparticle) immunoassays 
(MIAs) are becoming increasingly popular as a serological 
option for laboratory diagnosis of many diseases. The tech 
nology involves the detection and analysis of a reaction 
attached to microparticles. The common detecting instrument 
is a simpli?ed ?oW cytometer, Which has lasers that simulta 
neously identify the microparticle sets and measure the ?uo 
rescence associated With the reaction. Previous attempts have 
used microparticles coupled to recombinant envelope and 
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2 
nonstructural proteins, but such attempts cannot concurrently 
positively diagnose multiple viral infections of the same viral 
group in a single assay. 
The more traditional serological method for identifying an 

infecting virus is the time-consuming and technically dif?cult 
plaque-reduction neutralization test (PRNT). The serological 
testing algorithm in common usage in the US. state health 
departments uses the immunoglobulin M (IgM) antibody 
capture enzyme-linked immunosorbent assay (MAC-ELISA) 
and the indirect immunoglobulin G (IgG) ELISA as primary 
tests folloWing by con?rmatory PRNT tests for positive 
samples from the ELISA testing. IgG antibodies to viruses 
Within the same serocomplex exhibit extensive cross-reactiv 
ity, Whereas IgM antibodies are less cross-reactive. The 
MAC-ELISA is a 2-day test that requires 4 hours of hands-on 
time for a 40-sample test. This combination of assays is 
highly sensitive and speci?c, but can require in total 2-3 days 
to complete, as overnight incubations are deemed necessary 
to enhance sensitivity. Thus, the advent of a more rapid, yet 
equally sensitive, single test to replace separate ELISA tests 
to detect a single viral infection from tWo candidate viral 
infections of the same viral group in a clinical sample Would 
be a great bene?t to addressing public health needs. Many 
viruses can be transmitted through blood transfusion and 
organ transplantation, further heightening the urgency and 
need for the development of speci?c and rapid serological 
assays of a single viral infection considered from viruses of 
the same viral group. 

SUMMARY 

The presence or absence of antibodies of interest Within the 
same viral group in a clinical serum sample canbe determined 
using a rapid and accurate multiplexed method. For example, 
anti-West Nile and anti-Saint Louis encephalitis IgM anti 
bodies can be detected and differentiated from IgM antibody 
negative serum samples using the described techniques. The 
described techniques can also be applied to antibodies to 
other viruses. Other antibody isotypes (e.g., IgG) can also be 
detected. 

Results management for a duplex microparticle immu 
noassay technique can incorporate data manipulation and 
classi?cation algorithms not previously applied to viral group 
serological determination techniques. For example, data from 
the microparticle immunoassay technique can be standard 
iZed and then classi?ed via discriminant analysis to determine 
the presence or absence of antibodies of interest in the clinical 
sample tested. Furthermore, along With alloWing for a single 
result to be generated, data manipulation and classi?cation 
algorithms alloW for the results to be compared back to the 
original large data sets used in development. In this Way, 
results from different laboratories can noW be directly com 
pared to one another, providing that the same controls are 
used. Additionally, as described herein, the use of different 
antigen lots or different test performances among labs can be 
accounted for by data manipulation techniques. 
The techniques described herein can be applied to any 

number of viral groups Where determining positive identi? 
cation of viral antibodies from the same viral group in a 
clinical sample in a single multiplexed test is desired. 

Additional features and advantages of the technologies 
described herein Will be made apparent from the folloWing 
detailed description of illustrated embodiments, Which pro 
ceed With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a block diagram of an exemplary system for 
determining the presence or absence of antibodies of interest 
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in a sample with a set of microparticles to which a viral 
group-reactive antibody is covalently bound. 

FIG. 1B is a ?owchart showing an exemplary method for 
determining the presence or absence of antibodies of interest 
in a sample with a set of microparticles to which a viral 
group-reactive antibody is covalently bound. 

FIG. 2 illustrates an exemplary multi-well plate in which 
the reactions in the exemplary method for determining the 
presence or absence of antibodies of interest in a sample with 
a set of microparticles to which a viral group-reactive anti 
body is covalently bound can be implemented. 

FIG. 3 is a ?owchart showing another exemplary method 
for determining the presence or absence of antibodies of 
interest in a sample with a set of microparticles to which a 
viral group-reactive antibody is covalently bound. 

FIGS. 4A and 4B illustrate microparticles during the steps 
of the exemplary method shown in FIG. 3. 

FIG. 5 is a ?owchart showing an exemplary computer 
implemented method for determining the presence or absence 
of antibodies of interest in a sample. 

FIG. 6 is a ?owchart showing an exemplary method for 
determining the presence or absence of viral group antibodies 
of interest based on the presence or absence of a labeled 
reagent associated with microparticles pre-classi?ed by at 
least one characteristic classi?cation parameter. 

FIG. 7 is a ?owchart showing an exemplary method for 
both standardizing data received indicating the presence or 
absence of a labeled reagent associated with microparticles 
treated with a sample and pre-classi?ed by at least one char 
acteristic classi?cation parameter, and classifying the stan 
dardized data to determine the presence or absence of anti 
bodies of interest in the sample. 

FIG. 8 illustrates the specimens used in the West Nile/ Saint 
Louis encephalitis duplex MIA exemplary experimental 
study. 

FIG. 9 illustrates an exemplary presentation of results of 
the exemplary determination of the presence or absence of 
viral group antibodies of interest in a sample. 

FIG. 10 illustrates the MAC-ELISA/PRNT results of an 
exemplary experimental study testing serum for West Nile/ 
Saint Louis encephalitis viral infection compared to the 
results of the same serum tested using the exemplary tech 
niques described herein. 

FIG. 11 illustrates an exemplary presentation of results of 
the exemplary determination of the presence of absence of 
viral group antibodies of interest in a sample as a classi?ca 
tion probability surface. 

FIG. 12 illustrates exemplary results of MIA detection 
done for eastern equine encephalitis (EEE). 

FIG. 13 is a block diagram of an exemplary computer 
system for implementing the described computer-imple 
mented technologies. 

DETAILED DESCRIPTION 

Overview of Technologies 

The technologies described herein can be used in any of a 
variety of scenarios in which identi?cation of the presence or 
absence of antibodies of interest within the same viral group 
in a clinical serum sample is useful. 
An antibody of interest includes any antibody in a clinical 

sample that is of interest. In practice, antibodies of interest 
include speci?c viral antibodies (e.g., antibodies for a par 
ticular virus type) in a sample that re?ect current, recent, or 
historic viral infection. Antibodies of interest can include 
viral antibodies to a viral group. 
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4 
A microparticle includes any micro sphere, bead, or the like 

with a surface suitable for binding (e. g., suitable for binding 
an antibody), whether or not such surface has bound to a 

reactive particle. For example, a microparticle can be a mul 
tianalyte microsphere with a carboxylated surface. Man 
made microspheres or beads for use in ?ow cytometry and 
?ow instrumentation are generally well known in the art. 
A reactive microparticle comprises any microparticle to 

which a reactive particle is bound. For example, a micropar 
ticle with a covalently bound antibody is a reactive micropar 
ticle. 
A virus type or antigen type is sometimes referred to sim 

ply as a “virus” or “antigen” and indicates a particular species 
of virus. For example, West Nile virus and Saint Louis 
encephalitis virus are two different virus types. 
A viral group-reactive antibody includes any antibody that 

is reactive to a plurality of viral antigens (e.g., for a plurality 
of virus types) within the same viral group. For example, a 
?avivirus group-reactive antibody such as the monoclonal 
antibody (MAb) 6B6C-l, dengue 4G2, or Murray Valley 
4AlB-9 is reactive with arbovirus antigens within the ?avivi 
rus genus, which includes the West Nile virus, Saint Louis 
encephalitis virus, Japanese encephalitis virus, and dengue 
virus. Similarly, for example, an alphavirus group-reactive 
antibody such as eastern equine encephalitis (EEE) lA4B-6 
or WEE 2A2C-3 is reactive with alphavirus antigens within 
the alphavirus genus, which includes eastern equine encepha 
litis virus, western equine encephalitis virus, and Venezuelan 
equine encephalitis virus. Similarly, for example, a bunyavi 
rus group-reactive antibody such as LAC 10G5.4 is reactive 
with bunyavirus antigens within the bunyavirus genus, which 
includes the California serogroup of bunyaviruses, which 
includes La Crosse virus. 
A negative control antigen comprises any antigen that is 

reactive with an antibody of interest (or any reactive nonspe 
ci?c proteins) and used as a control in an experimental study 
or assay to con?rm reactivity between antigens and the anti 
body of interest. The negative control antigen is used to bind 
any antibody of interest or any reactive nonspeci?c proteins in 
a sample and the bound pair is expected to be washed away 
prior to analysis because the negative control antigen is not 
commonly bound to the antibody which is bound to the 
microparticle. Any bound pairs which happen to bind to any 
microparticles are commonly referred to as “background 
noise” in the experiment. 
A characteristic classi?cationparameter includes any mea 

surable characteristic or property used as a parameter for 
classifying one type of microparticle from another type. Such 
parameters include microparticle size, microparticle color, 
microparticle ?uorescence emission, and the like. 

Positive control serum comprises serum in which known 
antibodies are present in the serum. A positive control serum 
can be used as a control in an experimental study or assay to 
con?rm reactivity between antigens and the antibodies tested 
for in a sample. Reaction rates between speci?c viral antigens 
and the antibodies tested for in a sample can differ and the use 
of positive control serum allows for quanti?cation of such 
differences for data standardization purposes. 

Negative control serum comprises serum in which known 
antibodies are not present in the serum. A negative control 
serum can be used as a control in an experimental study or 
assay to con?rm that other reactions are not affecting the 
experimental or assay results obtained on the samples. Any 
positive results of reactivity using a negative control serum 
would be cause for concern about the quality of the experi 
mental or assay results. 
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A labeled reagent includes any composition that is labeled 
?uorescently or the like and is able to react With a desired 
composition so as to label the desired composition ?uores 
cently or the like. For example, an antibody can be ?uores 
cently labeled. Similarly, for example, an antibody can be 
attached to an enZyme such as alkaline phosphate, Which can 
rapidly convert many molecules of an added colorless sub 
strate into colored products, or nonabsorbent substrates into 
intensely absorbent products. 
A ?oW instrument can include any instrument that analyZes 

particular particles in a ?uid mixture based on the particles’ 
characteristics. For example, microparticle ?uorescence 
emission (determined via dyes encapsulated Within beads) 
and ?uorescence from labeled reagent can be simultaneously 
determined by a simpli?ed ?oW cytometer instrument mea 
suring a single microparticle at a time. Such an instrument can 
use dual lasers, With a ?rst laser to determine a microparticle 
type via a particle’s characteristic(s) and a second laser to 
determine if a particular labeled reagent is associated With the 
microparticle. Similarly, for example, a ?oW cytometer can be 
used to determine microparticle type based on siZe, and/or 
other ?oW instruments can be used to determine microparticle 
type based on color or the like. 

Plates include any lab plates on Which experiments or 
assays can be conducted. For example, a multi-Well plate 
(e. g., a 96-Well or other multi-Well plate) in Which biological 
and chemical reactions can occur in the plate Wells can be 
used. 

Example 1 

Exemplary Samples 

In any of the examples herein, a sample can include serum, 
CSF (cerebrospinal ?uid), plasma or other substances from an 
animal (e.g., human) that include biomolecules and antibod 
ies representative of those present in the animal. Samples can 
include processed blood samples, secretions and the like. 

Example 2 

Exemplary System for Determining the Presence or 
Absence of Antibodies of Interest in a Sample 

FIG. 1A shoWs an exemplary system 100 for determining 
the presence or absence of antibodies of interest in a sample 
With a set of microparticles to Which a viral group-reactive 
antibody is covalently bound. The system can be used to 
perform a multiplexed detection of tWo or more antibodies of 
interest (e.g., to speci?c, different antigens) in a sample 104. 
A set of microparticles (beads of type “A” and “B”) 102 to 

Which the same viral group-reactive antibodies are covalently 
bound (With speci?c viral antigens bound to the viral group 
reactive antibodies in a bead-antibody-antigen complex) is 
mixed With sample 104 to test for the presence of antibodies 
of interest in sample 104. Label 108 is mixed With sample 
exposed microparticles 106 to label microparticles bound 
With antibodies of interest 110 from the sample for detection 
by ?oW instrument 112. Automated analysis system 114 ana 
lyZes the ?oW instrument detection data to determine results 
116 indicating the presence or absence of antibodies of inter 
est in a sample. 

The set of microparticles 102 have speci?c viral antigens 
(e.g., of different virus types) (“1” and “2”) of the same viral 
group as the viral group-reactive antibody bound to the 
microparticles (e.g., a speci?c viral antigen is bound to the 
viral group-reactive antibody bound to the microparticle 
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6 
forming a speci?c bead type complex). As illustrated, bead 
type “A” has viral antigen “1” bound and bead type “B” has 
viral antigen “2” bound, hoWever the alternative combination 
can be used. The same bead type can be used With the same 
antigen type in the system for consistency and accuracy. The 
viral antigens are also reactive With speci?c viral antibodies 
of interest in a sample (e.g., antigen type “1” is reactive With 
antibody of interest type “1” and antigen type “2” is reactive 
With antibody of interest type “2”). Some cross-reactions 
betWeen antibodies can occur, hoWever they can be accounted 
for during analysis. 

In the example, sample 104 has antibodies of interest of 
type “1 ,” but not type “2.” Therefore, When the set of micro 
particles 102 are mixed With sample 104, antibodies of inter 
est of type “1” bind to antigen type “1” bound to micropar 
ticles With bead type “A.” 

The label 108 is illustrated as a ?uorescently labeled anti 
body reactive With antibodies of interest type “1” and “2.” 
The ?oW instrument 112 can detect the bead type (and 

therefore the antigen type bound to the bead type, i.e., the 
bead-antibody-antigen complex) and also the associated label 
108, if any. The quantity of beads (e. g., and Whether they are 
labeled) can be determined for further analysis. 
The automated analysis system 114 can employ any com 

bination of the technologies described herein to determine 
and output results 116 of sample 104. The results can be 
provided according to any of the techniques or formats 
described herein. For example, output can take a format other 
than that shoWn in the example of FIG. 1A. 

Methods for administrating a bioactive composition to a 
subject are described in detail beloW. 

Example 3 

Exemplary Method for Determining the Presence or 
Absence of Antibodies of Interest in a Sample 

FIG. 1B shoWs an exemplary method 150 for determining 
the presence or absence of antibodies of interest in a sample 
With a set of microparticles to Which a viral group-reactive 
antibody is covalently bound. The actions in method 150 can 
be performed by human or automated means. 
At 152, a set of microparticles having a bound viral group 

reactive antibody and a viral antigen “1” bound to the viral 
group-reactive antibody is provided. The set of microparticles 
152 can be obtained from an outside source, prepared prior to 
use in the method and stored, or prepared as part of the 
method (e.g., as an initial action). The viral antigen “1” is a 
speci?c viral antigen of the same viral group as the viral 
group-reactive antibody bound to the microparticle and is 
reactive With a ?rst speci?c viral antibody of interest in a 
sample. 
At 154, another set of microparticles having the same 

bound viral group-reactive antibody as the set 152 and a viral 
antigen “2” (e. g., an antigen of a different virus type than that 
of antigen “l”). bound to the viral-group antibody is pro 
vided. The set of microparticles 154 can be obtained from an 
outside source, prepared prior to use in the method and stored, 
or prepared as part of the method as an initial action. The viral 
antigen “2” is a speci?c viral antigen of the same viral group 
as the viral group-reactive antibody bound to the micropar 
ticle and is reactive With a second speci?c viral antibody of 
interest in a sample. 
At 156, a clinical serum sample is mixed With both sets to 

alloW viral antibodies of interest in the clinical serum sample 
to react With either the viral antigens “l” or “2,” therefore 
becoming bound to the microparticles. 
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At 158, a labeled reagent is mixed With both sets to bind 
With the viral antibodies of interest bound to viral antigens 
“1” and “2,” thereby labeling the microparticles With bound 
antibodies of interest. 

At 160, the microparticles are analyzed to determine those 
microparticles having viral antigens “1” and “2” and those 
microparticles having labeled microparticles (i.e., the micro 
particles With bound antibodies of interest). 

At 162, the results of the analyZed particles are presented 
(e. g., the presence or absence of antibodies of interest in the 
clinical sample is presented via the determination of micro 
particles of type “1” or “2” being labeled microparticles). In 
any of the methods herein, it may be desirable to complete 
only a subset of method actions shoWn; for example, prepa 
ration of antibody coated microparticles for later use, analyZ 
ing microparticles and storing the data for later presentation, 
and the like. Additionally, it may be desirable for the actions 
to be performed by different actors. 

Example 4 

Exemplary Plate Assay 

FIG. 2 shoWs an exemplary multi-Well plate 200 in Which 
the reactions in the exemplary method 150 for determining 
the presence or absence of antibodies of interest in a sample 
With a set of microparticles to Which a viral group-reactive 
antibody is covalently bound can be implemented. In prac 
tice, a 96-Well or other multi-Well plate can be used. In the 
interest of brevity, all Wells are not shoWn. 
At 201, one half of the multi-Well plate 200 is used for sets 

of microparticles having a bound viral group-reactive anti 
body and a viral antigen bound to the viral group-reactive 
antibody. Sets having different types of viral antigens (e.g., 
viral antigens “1” and “2” shoWn in FIG. 1A) are combined in 
Wells 202, and sample serum is mixed With the sets in Wells 
202. Subsequently, a labeled reagent is mixed With the sets in 
Wells 202, Wherein if the serum does have antibodies of 
interest, the microparticles Will be bound With a virus-group 
reactive antibody, a viral antigen Will be bound to the viral 
group-reactive antibody, an antibody of interest Will be bound 
to the viral antigen, and a labeled reagent Will be bound to the 
antibody of interest. The presence of labeled reagent thus 
indicates presence of antibodies of interest. Washing steps 
can be included to ensure quality control. 
At 203, the other half of the multi-Well plate 200 is used for 

sets of microparticles having a bound viral group-reactive 
antibody and a negative control antigen pretreated on the 
microparticles. Sets having different types of negative control 
antigens are combined in Wells 204, and sample serum is 
mixed With the sets in Wells 204. Subsequently, a labeled 
reagent is mixed With the sets in Wells 204, Wherein if the 
serum does have antibodies of interest, the antibodies of 
interest Will bind With the negative control antigen, and the 
labeled reagent Will bind With the antibodies of interest. In a 
Washing step, the antibodies of interest bound to the negative 
control antigen tend to be Washed aWay because the negative 
control antigen is not commonly bound to the viral group 
reactive antibody. In this Way, Wells 204 act as a negative 
control, and any labeled reagent detected by a How instrument 
is background noise in the experiment or assay. 

At 205, either positive or negative control serum is applied 
to select Wells 206 containing sets of microparticles having a 
bound viral group -reactive antibody and a viral antigen bound 
to the viral group-reactive antibody. The Wells in Which posi 
tive control serum is applied result in microparticles having a 
bound viral group-reactive antibody, a viral antigen bound to 
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8 
the viral group-reactive antibody, the positive control anti 
body present in the positive serum bound to the viral antigen, 
and the labeled reagent bound to the positive control antibody. 
The Wells in Which negative control serum is applied result in 
microparticles having a bound viral group-reactive antibody 
and a viral antigen bound to the viral group -reactive antibody. 
The purpose of the serum controls is to ensure that the anti 
gens in the assay are reacting With the antibodies of interest as 
expected (to verify quality and accuracy). 
At 207, positive and negative control serum is applied to 

select Wells 208 containing sets of microparticles having a 
bound viral group-reactive antibody and a negative control 
antigen pretreated on the microparticles. The Wells in Which 
positive control serum is applied contain microparticles hav 
ing a bound viral group-reactive antibody. The positive con 
trol antibodies bind With the negative control antigen, and the 
labeled reagent binds With the positive control antibodies. In 
a Washing step, the positive control antibodies bound to the 
negative control antigen are Washed aWay as the negative 
control antigen is not commonly bound to the viral group 
reactive antibody. In this Way, both positive control and nega 
tive control Wells 208 act as a negative control, and labeled 
reagent Will not be detected by analyZing microparticles in 
this area of the plate using a How instrument. Any combina 
tion, order, or delineation betWeen experiments or assays 
Within Wells in the plate can be used, hoWever the use of 
negative control antigens and positive and negative controls 
of both the viral antigen experiments or assays and the nega 
tive control antigen experiments or assays can improve over 
all assay quality control. 

Example 5 

Another Exemplary Method for Determining the 
Presence or Absence of Antibodies of Interest in a 

Sample 

FIG. 3 shoWs another exemplary method 300 for determin 
ing the presence or absence of antibodies of interest in a 
sample With a set of microparticles to Which a viral group 
reactive antibody is covalently bound. The method can detect 
the presence (or absence) of a ?rst antibody of interest and/or 
a second antibody of interest in the sample and can make use 
of a viral group-reactive antibody for the viral group corre 
sponding to the tWo antibodies of interest. 
At 302, a ?rst set of microparticles having a bound viral 

group-reactive antibody is selected. The ?rst set of micropar 
ticles has at least one characteristic classi?cation parameter 
Which distinguishes the ?rst set of microparticles from other 
sets When multiple sets of microparticles are combined in a 
Well in a plate or the like. 

At 304, a second set of microparticles having the same 
bound viral group-reactive antibody as the set 302 is selected. 
The second set of microparticles has at least one characteris 
tic classi?cation parameter Which distinguishes the second 
set of microparticles from other sets When multiple sets of 
microparticles are combined in a Well in a plate or the like. 

At 306, a viral antigen type “1” corresponding to the ?rst 
viral antibody of interest is mixed With a subset of the ?rst set 
of microparticles having the bound viral group-reactive anti 
body. The viral antigen “1” reacts With the ?rst viral antibody 
of interest and can become bound to the microparticles. This 
action of the method can be skipped (e.g., if a subset of 
microparticles are initially provided With viral antigen type 
“1” bound to the viral group-reactive antibody on a ?rst set of 
microparticles). 






































