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Abstract

The purpose of this study was the development of multiplex fluorescent microsphere immunoassay (FMIA) for the detection of antibody

response against several different viral antigens by incorporation of non-species-specific conjugates Protein A, G and A/G in place of the
secondary antibody. To evaluate multiplex detection of antibody responses against structural and non-structural recombinant antigens
from seven different animal viruses: porcine reproductive and respiratory syndrome virus (PRRSV), porcine circovirus type 2 (PCV2), swine
influenza virus (SIV), African swine fever virus (ASFV), classical swine fever virus (CSFV), bovine viral diarrhea virus (BVDV), and Rift Valley
fever virus (RVFV) conjugated to microsphere beads were tested. Seven target antigens were assembled into a single multiplex and tested in
sera infected with PRRSV, PCV2, SIV, ASFV, CSFV in swine, BVDV in cattle, and RVFV in sheep. All conjugates were capable of detecting antibody
and the detection of IgG responses against PRRSV, PCV2, SIV, ASFV, CSFV antigen targets were varied with A>A/G>G. IgG response to BVDV and
RVFV were different than swine as, G>A/G>A. In this study, PCV2 antigen-specific IgG was detected in oral fluid using Protein A. The results
suggested that Protein A, G, and A/G can be an alternative to species specific reagents IgG.

Keywords: Fluorescent microsphere immunoassay; Luminex; Protein A, G, A/G; Nucleocapsid protein; Capsid protein; Multiplex assay;
Animal viruses

Abbreviations: FMIA: Fluorescent Microsphere Immunoassay; EDC: 1-Ethyl-3-(3-Dimethylaminopropyl) Carbodiimide Hydrochloride; NHS:
N-Hydroxy Sulfosuccinimide; PRRSV: Porcine Reproductive and Respiratory Syndrome Virus; PCV2: Porcine Circovirus Type 2; SIV: Swine
Influenza Virus; ASFV: African Swine Fever Virus; CSFV: Classical Swine Fever Virus; BVDV: Bovine Viral Diarrhea Virus; RVFV: Rift Valley

Fever Virus

Introduction

Emerging viral diseases are a major problem to human and
veterinary public health and continue to be an eminent threat
to the world economy. Fluorescent microsphere immunoassay
(FMIA) can be used for the detection of emerging infectious
diseases in humans and animals. FMIA is a novel molecular
diagnostic technology for the detection of antibodies to at
least 100 target antigens in a small sample volume. FMIA
incorporates the incubation of serum or oral fluid with antigen-
coated microsphere beads, each internally labeled with a unique
spectral address.

Antigen-specific total immunoglobulin (Ig) is detected
by a secondary antibody conjugated with biotin. Biotinylated
secondary antibody captured analyte-specific Ig can be detected
using streptavidin-labelled phycoerythrin (SA-PE) reporter
molecule. Two light emitting diodes (LEDs) and a CCD imager
are used for bead and analyte identification. Excitation with one

LED identifies the unique fluorescent signature of each antigen-
coated microsphere. Excitation with the second LED detects the
phycoerythrin reporter molecule. The system can detect up to
50 antigen targets in a single sample.

Recently, detection of IgA, IgG, and IgM response against
several viral antigens including classical swine fever virus
(CSFV), Rift Valley fever virus (RVFV) have been studied [1,2].
In the FMIA, traditionally host specific IgG conjugates is being
used. Detection of IgG responses to recombinant antigens from
CSFV, RVFV, BVDV using FMIA have been summarized in a recent
publication [1-3]. In the previous report, PA, PG, and PA/PG have
been used into ELISA-based studies [4,5].

Protein A and G were isolated from bacterial cell wall of
Staphylococcus aureus and Streptococcus species, respectively.
Protein A/G is arecombinant form of Protein A and Protein G [6].
All of the reagents are reactive to mammalian immunoglobulin
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G (IgG). Recently, IgG responses to PRRSV and PCV2 antigens in
swine using non-species-specific conjugates such as Protein A
(PA), G (PG), and (PA/G), all of which have been tested [7]. In
addition to PRRSV and PCV2 in swine, BVDV in cattle and RVFV
in sheep sera in the presence of alternative conjugate have been
evaluated in this study.

Materials and Methods
Serum and oral fluid samples

Whole blood from virus infected animals were collected
in tubes containing EDTA and processed for serum isolation.
Serum was separated by centrifugation and stored at -80 °C until
use. Oral fluids were collected from group of pig (pens) infected
with PCV2 and used in this study.

Recombinant proteins

Recombinant structural and non-structural proteins from
PRRSV, PCV2, SIV, ASFV, CSFV, BVDV, RVFV were cloned into the
pHUE expression vector [8] and expressed in Escherichia coli.
The 6xHis-tagged protein was affinity purified using a PrepEase
His-Tagged Protein Purification high yield Kit (Affymetrix, USB,
Santa Clara, CA). The concentration of protein was measured
using BIO-RAD protein assay kit (BioRad, Hercules, CA) on a
precision microplate reader (Molecular Devices, Sunnyvale, CA).

Conjugation of recombinant proteins to microsphere
beads

Recombinant proteins were covalently coupled to Luminex
MagPlex® polystyrene, carboxylated magnetic microsphere
beads (Luminex Corporation, Austin, TX) using the method
as previously described [9]. Briefly, 500ul of beads at a
concentration of 1.25x107 beads/ml were conjugated to 25ug
of recombinant protein. At the final step, the coupled beads
were re-suspended in 1 ml of PBST with 1% fish gelatin (Sigma-
Aldrich, St. Louis, MO) and stored at 4 °C in the dark until use.

Fluorescent microsphere immunoassay procedure
(FMIA)

For the multiplex FMIA, the seven recombinant antigen
bead sets were combined with an unconjugated bead set as a
background control. A penta-His monoclonal antibody was
used to estimate the relative amount of recombinant His-tagged
protein attached to each bead set as described previously [1].
Approximately 1,250 beads in 50pl of PBS with 4% goat serum
(PBS-GS) and 50ul serum samples or serial 2-fold diluted penta-
His™ mouse monoclonal IgG (Qiagen GmbH, Valencia, CA)
were placed in each well of a Corning™ Costar™ polystyrene
white round-bottom 96-well plate (Corning Incorporated,
Kennebunk, ME ). Biotin-conjugated protein (4pg/ml): PA or
PG (Thermo Scientific, Waltham, MA) or PA/G (BioVision, Inc.,
Milpitas, CA); biotin-SP-conjugated goat anti-swine IgG (2ung/
ml) (Jackson Immuno Research Laboratories, Inc., West Grove,
PA), and biotinylated anti-mouse IgG (H+L) (2png/ml) (Vector
Laboratories, Inc., Burlingame, CA) were diluted in PBS-GS. Data
were analyzed using XPONENT 4.2 software, and the results

reported as mean fluorescent intensity (MFI) obtained from the
median value for at least 100 beads. Results were reported as
MFI of the test sample minus MFI of the background bead set [2].

Results

Detection of microsphere bead-bound protein using
alternative conjugate PA

As shown in Table 1, recombinant proteins were purified
from animal viruses (PRRSV, PCV2, SIV, ASFV, CSFV, BVDV,
RVFV) and all of the proteins possessed His-tag for successful
purification. In addition to protein purity, penta-His mAb was
used to evaluate the relative amount of protein attached to
each bead set. As shown in Figure 1, all of the bead sets bound
to recombinant His-tag proteins was positive. All of the seven
recombinant proteins with His-tag showed binding activities
whereas recombinant proteins without penta-His mAb did not
show binding activity. PCV2 IgG antibody was highly reactive to
PCV2 antigen detected in oral fluids of group of PCV2 positive
pigs (pens 1-10) using Protein A (Figure 2). Overall, the results
show that the use of Protein A provides an alternative method
for assessing antigen binding to the beads.

Table 1: Recombinant proteins from animal viruses incorporated into
the fluorescent microsphere immunoassay.

Virus Family Host Diseases
PRRSV Arteriviridae swine Reproductive failure
PCV2 Circoviridae swine Por.cme respiratory
Disease complex
SIvV Orthomyxoviridae swine Fever, weight loss
ASFV Asfarviridae swine Lethargy, anorexia
CSFV Flaviviridae swine High fever, abortions
BVDV Flaviviridae cattle Diarrhea, lethargy
RVFV Bunyaviridae Sheep, cattle Fever, abortions

PRRSV: Porcine Reproductive and Respiratory Syndrome
Virus; PCV2: Porcine Circovirus Type 2; SIV: Swine Influenza
Virus; ASFV: African Swine Virus; CSFV: Classical Swine Fever
Virus; BVDV: Bovine Viral Diarrhea Virus; RVFV: Rift Valley

Fever Virus
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Figure 1: Binding activity of anti-5xhistidine antibody against
recombinant proteins of animal viruses. Anti-HisTM mouse
monoclonal antibody was diluted 1:100 in assay buffer and
a multiplex FMIA was performed in the presence of biotin-
conjugated Protein A. The results were reported as mean
fluorescent intensity (MFI). Values represent the mean +
standard deviation of triplicate determinations.
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Figure 2: Comparison of anti-porcine IgG and anti-bovine
IgG detected using Protein A (PA), G (G), and PAG (A/G) in a
multiplex FMIA. Positive serum samples were diluted 1:100 in
assay buffer and FMIA was done in the presence of PCV2 and
BVDV antigens conjugated beads. The black bars show results
for anti-porcine IgG versus anti-bovine IgG (gray bars). Results
are reported as mean fluorescent intensity (MFI) and the mean
values of duplicates.

Comparison of PA, PG and PA/G for the detection of
anti-porcine and anti-bovine IgG

The binding activities of PA, PG and PA/G with antibodies in
different mammalian species are illustrated in Figure 3. For the
species-specific IgG binding activity, PCV2 and BVDV infected
animal sera samples were used for the detection of IgG in FMIA
using biotinylated PA, PG or PA/G. The MFI values were higher
for PA and PA/G, followed by PG in swine. The MFI values for PG
were reduced by about 50% compared to PA and PA/G. The MFI
values were higher for PG and A/G in cattle (Figure 3). IgG in
swine are highly reactive to Protein A, whereas IgG in cattle and
sheep are highly reactive to Protein G (Table 2).

Table 2: IgG response to different mammalian species tested
using Protein A, G, and A/G in FMIA.

Antibody Response

Virus Antigen Type
A G A/G
PRRSV Nucleocapsid NP ++ + + + 4+
PCV2 Capsid protein CP + 4+ + ++
SIV Nucleocapsid NP +++ + + 4
ASFV Capsid protein CP ++ + + ++
CSFV Glycoprotein E2 +++ + ++
BVDV Glycoprotein E2 + ++ + ++
RVFV Nonstructural NSm + e+ | 4+

PRRSV: Porcine Reproductive and Respiratory Syndrome Virus;
PCV2: Porcine Circovirus Type 2; SIV: Swine

Influenza Virus; ASFV: African Swine FeverVirus; CSFV: Classical
Swine Fever Virus; BVDV: Bovine Viral

DiarrheaVirus; RVFV: Rift Valley Fever Virus; MFI =
fluorescence intensity
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Figure 3: Detection of PCV2 antigen specific IgG in oral fluids
using Protein A. PCV2 antibody was detected in oral fluids of
group of PCV2 positive pigs (pens 1-10) using Protein Ain FMIA.
Results are reported as mean fluorescent intensity (MFI) and
standard errors.

Discussion

In this study, multiplex serological assay was developed
using Protein A, G and A/G which was derived from bacterial
wall. These proteins were used as conjugates in place of the
secondary antibody. All of the conjugates bind to mammalian IgG
and the binding activity are species-specific. In representative
results for a multiplex FMIA incorporating the seven viral
antigens, all of the antigens bound to beads were detected using
Protein A. Of the three non-species specific bacterial cell wall
derived proteins used in this study as an alternative conjugates,
the highest MFI values were recorded for PA in swine and PG
in cattle suggested that the binding activity of PA and PG are
species-specific. In our previous studies, antibody responses
to PRRSV, and PCV2 were evaluated in multiplex FMIA using
alternative conjugates Protein A, G, and A/G [7]. The data in the
present study support the previously reported findings.

The results in this study suggested that Protein A is a
superior alternative conjugate for the detection of Ig in swine
and PG is the best alternative conjugate in cattle (Figure 3).
Protein A/G is the second best non-species specific alternative
conjugate in both swine and cattle suggested that Protein A/G
has a common binding activity in all mammalian species (Table
2). In the previous report, Protein A/G was used for the ELISA-
based diagnosis of infection in wide range of mammalian species
[10,11], suggested that the data in the current studies are
supported by previous finding in Protein A/G based ELISA. PCV2
antigen specific IgG was detected in oral fluids of PCV2 positive
pigs (Figure 3), suggested that Protein A is a suitable conjugate
in FMIA for the detection of antibody response in oral fluids.

Further, it has been reported that native forms of bacterial
cell wall derived PA and combined form of chimeric PA/G can
bind to the immunoglobulins of many mammalian species
[12,13]. Therefore, non-species-specific secondary conjugates
(PA, PG, and PA/G) can be used for the detection of IgG in wide
range of mammalian species. The geographical regions where
species-specific antibodies are not available and production is
exceedingly time consuming PA, PG and PA/G are the best choice
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in immunological assays for the control of emerging of new
pathogens. The use of PA, PG, and PA/G in the place of secondary
antibody in FMIA is an efficient and cost-effective approach to
animal virus surveillance.

Conclusion

The use of alternative conjugates Protein A, G, A/G for the
detection of IgG is a new development in FMIA. Monitoring
immune responses in a wide variety of mammalian species using
an alternative conjugate based FMIA is reliable, cheap, and fast.
The present study suggests that alternative conjugate-based
FMIA have a wide variety of applications in veterinary diagnostic
laboratory because of the multiple mammalian species that are
dealt with in veterinary professions.
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