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Abstract

Filoviruses (viruses in the genus Ebolavirus and Marburgvirus in the family Filoviridae)
cause severe haemorrhagic fever in humans and nonhuman primates. Rapid, highly sensitive,
and reliable filovirus-specific assays are required for diagnostics and outbreak control.
Characterisation of antigenic sites in viral proteins can aid in the development of viral antigen
detection assays such immunochromatography-based rapid diagnosis. We generated a panel
of mouse monoclonal antibodies (mADbs) to the nucleoprotein (NP) of Ebola virus belonging
to the species Zaire ebolavirus. The mAbs were divided into seven groups based on the
profiles of their specificity and cross-reactivity to other species in the Ebolavirus genus.
Using synthetic peptides corresponding to the Ebola virus NP sequence, the mAb binding
sites were mapped to seven antigenic regions in the C-terminal half of the NP, including two
highly conserved regions among all five Ebolavirus species currently known. Furthermore,
we successfully produced species-specific rabbit antisera to synthetic peptides predicted to
represent unique filovirus B-cell epitopes. Our data provide useful information for the

development of Ebola virus antigen detection assays.

Keywords

Ebola virus, Nucleoprotein, Antibody epitope, Monoclonal antibody, Synthetic peptide

Abbreviations
mADb, monoclonal antibodies; EBOV, Ebola virus; SUDV, Sudan virus; TAFV, Tai Forest
virus; BDBV, Bundibugyo virus; RESTV, Reston virus; MARV, Marburg virus; RAVV,

Ravn virus; NP, nucleoprotein, VP, viral protein; GP, glycoprotein; VLP, virus-like particle
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1. Introduction

Filoviruses are among the most lethal human pathogens recognized to date with case
fatality rates up to 90%, depending on the virus species and strain (Pittalis et al., 2009; Bente
et al., 2009). Filoviruses are grouped into two genera, Ebolavirus and Marburgvirus. There is
one known species of Marburgvirus, Marburg marburgvirus, consisting of two viruses,
Marburg virus (MARV) and Ravn virus (RAVV). In contrast, the genus Ebolavirus has five
known species, Zaire ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus, Bundibugyo
ebolavirus and Reston ebolavirus, represented by Ebola virus (EBOV), Sudan virus (SUDV),
Tai Forest virus (TAFV), Bundibugyo virus (BDBV) and Reston virus (RESTV),
respectively. Furthermore, there is a newly discovered filovirus named Lloviu virus (LLOV)
assigned to the proposed genus Cuevavirus, with one species, Lloviu cuevavirus (Negredo et
al., 2011; Kuhn et al., 2010). The genome of filoviruses is approximately 19 kb long, and
contains seven genes arranged sequentially in the order: nucleoprotein (NP), viral protein
(VP) 35, VP40, glycoprotein (GP), VP30, VP24 and polymerase (L) genes (Sanchez et al.,
2007).

The lack of therapeutics and vaccines for filovirus infections and the fact that other
pathogens cause clinical symptoms comparable to those of Ebola and Marburg haemorrhagic
fever highlights the need for rapid, sensitive, reliable and virus-specific diagnostic tests to
control the spread of these viruses (Qiu et al., 2011; Sanchez et al., 2007). Rapid antigen-
detection tests with filovirus-specific monoclonal antibodies (mADb) are likely one of the best
ways for early diagnosis of filovirus infections in the field setting. NP may be the ideal target
antigen because of its abundance in filovirus particles and its strong antigenicity (Niikura et
al., 2001; Niikura et al., 2003). The average EBOV virion, which is up to 1,028 nm in length,
contains about 3,200 NP molecules (Bharat et al., 2012). EBOV NP consists of 739 amino

acid residues, with a conserved hydrophobic N-terminus and a variable hydrophilic C-
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terminal part (Niikura et al., 2001; Sanchez et al., 2007). NP plays an important role in the
replication of the viral genome and is essential for formation of the nucleocapsid (Watanabe
et al., 2006). The C-terminus of EBOV NP binds to VP40 while the N-terminus forms a
condensed helix with the same diameter as the inner nucleocapsid helix of an EBOV particle
(Bharat et al., 2012). Following expression of VP40 in cultured cells, virus-like particles
(VLPs) are produced and, upon co-expression of NP, the VLP contains NP as its core (Bharat
et al., 2012; Noda et al., 2007). It has been demonstrated that the C-terminal half of the
filovirus NP has strong antigenicity (Saijo et al., 2001). Multiple studies have identified
conformational and linear epitopes for antibodies in this NP region for several viruses within
the genus Ebolavirus (Ikegami et al., 2003; Niikura et al., 2001; Niikura et al., 2003).

In general, characterisation of antigenic sites in a viral protein can aid in the
development of diagnostic tools, therapeutics and vaccines (Gershoni et al., 2007; Toyoda et
al., 2000). Here, we identified antigenic regions within the NP molecule using mouse NP-
specific mAbs and rabbit antisera to synthetic NP peptides representing viruses from all
known filovirus species. Some of the identified antigenic regions are shared among multiple
virus species within the Ebolavirus genus, whereas others are species-specific. Our data
provide useful information for future development of antigen-based detection assays for the

diagnosis of filovirus infections.



92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

2. Materials and Methods
2.1. Plasmid construction

Plasmids expressing GP, VP40 and NP were constructed as described previously
(Nakayama et al., 2010; Nidom et al., 2012). Briefly, viral RNAs were extracted from the
supernatant of Vero E6 cells infected with EBOV (Mayinga), SUDV (Boniface), TAFV
(Céte d’Ivoire), BDBV (Bundibugyo), RESTV (Pennsylvania) or MARV (Angola). Full
length NP, VP40 and GP cDNA were amplified by RT-PCR using KOD-plus-Neo
polymerase (Toyobo) and cloned into TOPO® vector using the Zero Blunt® TOPO® PCR
Cloning Kit (Invitrogen). After sequence confirmation, the cloned genes were inserted into

the mammalian expression vector pPCAGGS.

2.2.Preparation of purified VLPs and NP

Human epithelial kidney 293T cells were grown in Dulbeco’s modified Eagle’s
medium (DMEM), supplemented with 10% FCS, (100 unit/ml) and streptomycin (100
pg/ml). VLPs were produced by transfection of 293T cells with plasmids expressing NP and
VP40 together with or without the plasmid expressing GP as described previously (Licata et
al., 2004; Urata et al., 2007). Forty-eight hours after transfection, VLPs in the supernatant
were purified by centrifugation through a 25% sucrose cushion at 28,000 g and 4°C for 1.5
hours. The pelleted VLPs were resuspended in PBS and stored at -80°C. For the preparation
of purified NP, 293T cells transfected with the plasmid encoding EBOV NP were lysed, and
the NP fraction was collected by discontinuous CsCl gradient centrifugation of the lysates as

described previously (Bharat et al., 2012; Noda et al., 2010).

2.3. Mouse mAb production
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On day 0, six-week-old female Balb/c mice were immunized intramuscularly with
100 pg of EBOV VLPs consisting of NP and VP40 with complete Freund’s adjuvant (Difco).
The animals were boosted intramuscularly on day 14 with 100 pg of the same EBOV VLPs
and incomplete Freund’s adjuvant. After a final intravenous boost with 100 pg of the same
EBOV VLPs without adjuvant on day 39, spleen cells were harvested on day 42 and fused to
P3-Ul myeloma cells according to standard procedures (Shahhosseini et al., 2007).
Hybridomas were maintained in Roswell Park Memorial Institute medium 1640 containing
20% FCS, penicillin (100 unit/ml), streptomycin (100 pg/ml), L-glutamine (4 mM) and 2-
mercaptoethanol (55 pM). Hybridoma supernatants were screened by an enzyme linked
immunosorbent assay (ELISA) for secretion of NP-specific antibodies using purified EBOV
NP and VLP as antigens. Specificity and cross-reactivity of mAbs were also confirmed by
Western blotting. Selected hybridoma cells were then cloned twice performing limiting

dilution.

2.4. Production of rabbit antisera

Genetyx ver6.0 for Windows (GENETYX CORPORATION) was used to predict B-
cell epitopes in the NPs of EBOV, SUDV, TAFV, BDBV, RESTV and MARYV, and the
amino acid (aa) positions around 630-650 were selected. Synthetic peptides corresponding to
this aa region in NP were produced (Sigma). Rabbits were then immunized with keyhole
limpet hemocyanin-conjugated synthetic peptides by the standard procedure, and antisera

were obtained on day 49.

2.5. ELISA
Ninety six-well ELISA plates (Nunc®, Maxisorp) were coated with 50 pl PBS

containing purified EBOV NP (2ug/ml), VLPs (2-5ug/ml) or synthetic peptides (100ug/ml)
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per well overnight at 4°C. ELISA was carried out as described previously (Nakayama et al.,
2011), using mouse antisera, hybridoma supernatants, purified mAbs or rabbit antisera as
primary antibodies and goat anti-mouse 1gG (H+L) or donkey anti-rabbit 1gG (H+L)

conjugated with peroxidase (Jackson ImmunoResearch) as secondary antibodies.

2.6. Western blotting

Vero E6 cells cultured in DMEM supplemented with 10% FBS, penicillin (100
unit/ml), streptomycin (100 pg/ml) and L-glutamine (4 mM) were infected with EBOV
(Mayinga), SUDV (Boniface), TAFV (Cote d’Ivoire), BDBV (Bundibugyo), RESTV
(Pennsylvania), MARV (Angola, Musoke, Ozolin and Ci67) or RAVV (Ravn) at a
multiplicity of infection of 1 and maintained for 72 hours. Cell culture supernatants were
subjected to SDS-PAGE. For the screening of hybridoma supernatants (see above), VLPs
were used instead of authentic virus lysates. After electrophoresis, separated proteins were
blotted on a polyvinylidene difluoride membrane (Millipore) or Immobilon-P transfer
membrane (Millipore). Mouse mADbs and rabbit antisera were used as primary antibodies. The
bound antibodies were detected with peroxidase-conjugated goat anti-mouse IgG (H+L) or
donkey anti-rabbit 1gG (H+L) (Jackson ImmunoResearch), followed by visualisation with

Immobilon Western (Millipore).

2.6. Ethics and biocontainment statements

Animal studies were carried out in strict accordance with the Guidelines for Proper
Conduct of Animal Experiments of the Science Council of Japan. The protocol was approved
by the Hokkaido University Animal Care and Use Committee. All efforts were made to
minimize the suffering of animals. All infectious work with filoviruses was performed under

high containment complying with standard operating procedures approved by the Institutional
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Rocky Mountain Laboratories, Division of Intramural Research, National Institute of Allergy

and Infectious Diseases, National Institutes of Health, Hamilton, Montana, USA.
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3. Results
3.1. Specificity and cross-reactivity of NP-specific mAbs

In the first screening process, we obtained 126 hybridomas producing mADbs reactive
to the recombinant EBOV NP. None of them showed cross-reactivity to MARV NP. These
mADbs were further assessed by ELISA for their cross-reactivity with the recombinant NPs of
the other known Ebolavirus species (SUDV, TAFV, BDBV and RESTV). We found several
different profiles for the cross-reactivities of these mAbs. Representative clones for each
obtained cross-reactivity profile showing the highest ODyso values were selected and further
cloned by limiting dilution. We then established 10 clones of NP-specific mAbs (ZNP31-1-8,
ZNP41-2-4, ZNP74-7, ZNP24-4-2, ZNP106-9, ZNP108-2-5, ZNP105-7, ZNP98-7, ZNP35-
16-3-5 and ZNP62-7) which were divided into 7 groups based on their cross-reactivity
profiles in ELISA (Table 1). Four mAbs (ZNP31-1-8, ZNP41-2-4, ZNP74-7 and ZNP24-4-2)
reacted with all known viruses of Ebolavirus species, with one (ZNP24-4-2) having relatively
weak reactivity with SUDV. Four mAbs (ZNP106-9, ZNP108-2-5, ZNP105-7 and ZNP98-7)
bound to NPs of some viruses in addition to EBOV, and 2 mAbs (ZNP35-16-3-5 and ZNP62-
7) reacted only to EBOV. Importantly, these different reactivity profiles enabled us to
distinguish the known Ebolavirus species by using combinations of these MAbs: EBOV was
recognised by all the mAbs, SUDV by ZNP31-1-8, ZNP41-2-4, ZNP74-7, ZNP24-4-2 and
ZNP106-9; TAFV by ZNP31-1-8, ZNP41-2-4, ZNP74-7, ZNP24-4-2, ZNP106-9 and
ZNP108-2-5; BDBV by ZNP31-1-8, ZNP41-2-4, ZNP74-7, ZNP24-4-2, ZNP106-9,
ZNP108-2-5, ZNP105-7 and ZNP98-7; and RESTV by ZNP31-1-8, ZNP41-2-4, ZNP74-7,
ZNP24-4-2 and ZNP105-7. The reactivities of these NP-specific mAbs were further tested by
Western blotting using lysates of actual filovirus particles grown in Vero E6 cells (Fig. 1).
We found that the mAbs predominantly bound to proteins of approximately 100 kD and some

smaller proteins, representing full-length NP and likely degraded NP molecules, respectively
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(Watanabe et al., 2006). The cross-reactivity profiles and virus specificities were similar to
those obtained by ELISA, thus confirming the utility of these mAbs to detect not only

recombinant but also virus-derived NPs.

3.2. Synthetic peptide-based scanning to determine linear epitopes recognized by mAbs

To determine the epitopes recognised by the mAbs, their reactivities to synthetic
peptides (20 amino acids in length) were analysed by ELISA. The antigen peptides
corresponded to 73 overlapping peptide sequences (10 amino acids overlapped between
consecutive peptides) derived from EBOV NP and covered the entire amino acid sequence of
this protein. This synthetic peptide-based scanning enabled us to determine some linear
antigenic peptide sequences on EBOV NP. Of the 10 mAbs described above, 8 (ZNP31-1-8,
ZNPA41-2-4, ZNP74-7, ZNP24-4-2, ZNP106-9, ZNP98-7, ZNP35-16-3-5 and ZNP62-7)
bound to at least one peptide, whereas 2 (ZNP108-2-5 and ZNP105-7) had no positive
reaction (Fig. 2). The amino acid sequences recognised by these 8 mAbs are summarized in
Table 2 and Fig. 3. Three highly cross-reactive mAbs, ZNP41-2-4, ZNP31-1-8 and ZNP74-7,
strongly reacted to the peptide corresponding to aa positions 421-440. ZNP41-2-4 and
ZNP31-1-8 reacted further with the consecutive peptides corresponding to aa positions 411-
430, restricting the recognized epitope to 10 amino acids (aa positions 421-430). Another
cross-reactive mAb, ZNP24-4-2, bound to two peptides corresponding to very different
regions in NP. ZNP106-9 reacted with 2 consecutive peptides with overlapping aa sequences
corresponding to aa positions 441-460 and 451-470, sharing the 10 aa at positions 451-460.
ZNP98-7, ZNP35-16-3-5 and ZNP62-7 each recognised a single peptide derived from

different regions of NP (aa 561-580, aa 491-510 and aa 611-630, respectively).

3.3. Reactivity of rabbit antisera produced by immunisation with synthetic peptides.

10
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We then sought to determine epitopes distinctive among the NPs of each Ebolavirus
and Marburgvirus species. Based on a program used to predict B-cell epitopes, we selected
region around aa positions 630-650 from viruses representing each filovirus species (Fig. 3)
(EBOV, SUDV, TAFV, BDBV, RESTV and MARYV), and generated rabbit antisera to the
respective synthetic peptides as described in Materials and Methods. The reactivity of each
antiserum (FS0169, FS0191, FS0046, FS0048, FS0170 and FS0610) was analysed by ELISA
(Table 3). According to the high sequence variation in this region among these viruses, the
antisera reacted specifically with the homologous NPs, although FS0046 and FS0048
(antisera to TAFV and BDBV, respectively), showed limited cross-reactivity to RESTV NP.
The virus specificity was further confirmed using filovirus lysates in Western blotting (Fig. 4).
Notably, all the virus strains tested within the genus Marburgvirus (including RAVV) were
recognized by antiserum FS0610. These results indicated that the region around aa 630-650

in filovirus NP served as a filovirus species-specific epitope.
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4. Discussion

Using mouse mAbs and synthetic peptide-based scanning, we determined 2 highly
conserved antigenic regions (aa 421-440 and aa 601-620) serving as linear epitopes in the
filovirus NP (Fig. 3). In addition, a stretch of 10 amino acids at aa 421-430 (YDDDDDIPFP)
was found to be important for 3 mAbs (ZNP31-1-8, ZNP41-2-4 and ZNP74-7), which
strongly recognized all known Ebolavirus species. This finding is consistent with a previous
study demonstrating that mAbs reactive to EBOV, RESTV and SUDV recognised the
sequence at aa 424-430 (Niikura et al., 2003). In this specific region, the amino acid sequence
IPFP is completely conserved among all analysed viruses in the Ebolavirus genus, suggesting
that these aa residues are crucial for conformation of this common epitope.

ZNP24-4-2 was highly cross-reactive to all known viruses of the genus Ebolavirus,
with weaker reactivity to SUDV (Table 1 and Fig. 1). This mAb reacted with two different
peptides corresponding to aa 521-540 and aa 601-620 (Fig. 2). These two peptide sequences
may be parts of a conformational epitope. However, there is no conserved sequence in the
region at aa 521-540 among all the analysed viruses, whereas the sequence at aa 601-620
shows some conservation. Although SUDV was only weakly recognised by this mADb, this
conserved region might be required for recognition as a conserved epitope.

ZNP106-9 and ZNP108-2-5 were strongly reactive to EBOV, TAFV and BDBV, but
only weakly reactive or nonreactive to SUDV and RESTV, respectively. This reactivity
pattern is consistent with the phylogenetic relationship among the viruses (Towner et al.,
2008). Only ZNP106-9 reacted with the peptide sequence DysiTTIPDVVVDggo,
demonstrating that ZNP108-2-5 recognises a different epitope. The amino acid sequence
alignment of this region suggests that Dssg in EBOV, TAFV and BDBYV is critical for the
ZNP106-9 specificity to these viruses, since SUDV and RESTV have G or N at this aa

position, respectively (Fig. 3).
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ZNP35-16-3-5 and ZNP62-7 recognised EBOV only, and bound to aa 611-630 and aa
491-510, respectively. According to the sequence variation among the analyzed viruses, these
aa likely form EBOV-specific epitopes. It can be speculated that the same region of NP of the
other viruses in the Ebolaviruse genus forms species-specific epitopes. In addition to these
two regions, the success of the production of antisera to the synthetic peptides with the
predicted sequences around aa 630-650 provided further information on the filovirus species-
specific epitopes. The antigenic region of EBOV NP was previously shown to be located in
the C-terminal half of the protein (Saijo et al., 2001). The N-terminal aa 1-451 of the EBOV
NP assemble into a condensed helix, which forms the inner structure of the viral nucleocapsid
(Bharat et al., 2012). The amino acid residues in this region are highly conserved among the
known viruses in the genus Ebolavirus. It is likely that this region forms functionally
important structures inside the NP molecule, and as a result, has limited antigenic properties.
This is consistent with our results in which most antigenic regions were found in the highly
variable C-terminal region starting at aa 451 (Fig. 3). The only epitope found on the
condensed helix structure was the one recognised by ZNP31-1-8, ZNP41-2-4 and ZNP74-7,
mADs cross-reactive to all known Ebolavirus species.

In this study, we established a panel of NP-specific mAbs divided into 7 groups based
on their cross-reactivity profiles to all known viruses of the genus Ebolavirus. Using
synthetic peptide-based screening, 8 antigenic regions in the EBOV NP molecule, each
consisting of roughly 10 to 20 aa residues, were determined. These well-characterized mAbs
with detailed epitope information should be useful for the development of filovirus antigen

detection assays such as immunochromatography-based rapid antigen diagnosis.
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Figure legends

Fig. 1. Reactivity of mouse mAbs in Western blotting. Vero E6 cells were infected with
EBOV (2), SUDV (S), TAFV (T), BDBV (B), RESTV (R), MARV Angola (A), MARV
Musoke (M), MARV Ozolin (O), MARYV Ci67 (C) or RAVV (Ra). Cell culture supernatants
containing virus particles were collected, inactivated and subjected to SDS-PAGE under

reducing conditions. Mo, mock-infected.

Fig. 2. Reactivities of mAbs to EBOV NP-derived synthetic peptides. Seventy-three
overlapping peptide sequences (20 aa in length with a 10 aa overlap) covering the entire
amino acid sequence of NP of EBOV Mayinga were coated on ELISA plates at a
concentration of 100 pg/ml. Purified mAbs were used as primary antibodies at a

concentration of 1ug/ml. OD measurements were determined at 450nm.

Fig. 3. Epitope sequences in amino acid sequence alignment and known functional
regions NPs. (A) Amino acid sequences of EBOV, SUDV, TAFV, BDBV and RESTV were
obtained from GenBank under accession numbers AF272001, AF173836, FJ217162,
FJ217161 and AF522874, respectively. Amino acid sequences at positions 421-660 of each
virus are shown. EBOV NP peptides recognized by the mAbs are highlighted with solid lines.
Corresponding regions of the other NPs to which each mAb showed strong cross-reactivity
are underlined (dashed lines). Amino acid sequences used for producing species-specific
rabbit antisera are shown in pink. (B) Locations of the identified epitopes are shown in the
schematic diagram of NP. Functional domains (Bharat et al., 2012; Noda et al. 2007,

Watanabe et al., 2006) are also shown.
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Fig. 4. Reactivity of rabbit antisera in Western blotting. Rabbit antisera (FS0169, FS0191,
FS0046, FS0048, FS0170 and FS0610) were produced using synthetic peptides derived from
EBOV, SUDV, TAFV, BDBV, RESTV and MARYV, respectively. Experimental conditions
were the same as in Fig. 1. EBOV (Z), SUDV (S), TAFV (T), BDBV (B), RESTV (R),
MARYV Angola (A), MARV Musoke (M), MARV Ozolin (O), MARYV Ci67 (C), RAVV (Ra).

Mo, mock-infected.
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Table 1.docx

1 Tablel

2  Cross reactivity profiles of mAbs.

mADb (group) Isotype EBOV® SUDV TAFV BDBV RESTV MARV
ZNP31-1-8 (1) 19G, +4P ++ ++ ++ ++ .
ZNP41-2-4 (1) IgG, ++ ++ ++ ++ ++ -
ZNP74-7 (1) IgG, ++ ++ ++ ++ ++ -
ZNP24-4-2 (1) IgG, ++ + ++ ++ ++ -
ZNP106-9 (111) IgG, ++ + ++ ++ - -
ZNP108-2-5 (IV) 19G, ++ - ++ + - i
ZNP105-7 (V) IgG, ++ - - ++ ++ -
ZNP98-7 (V1) lgG,, ++ - - ++ - -
ZNP35-16-3-5 (VII)  19G, ++ - - - - -
ZNP62-7 (V1) 19G,, ++ - - - - -

3 ®VJLPs of each virus species were used as antigens.
4 PAntibody reactivity was evaluated based on ELISA OD 150 Values at a mADb concentration of

5 25upg/ml. ++,0D>1.0,+,05<0D<1; -,0D<0.5.



Table 2.docx

1 Table2
2 Amino acid sequences important for epitope formation.
3
mADb Peptide sequences recognised by mAb Amino acid
positions
ZNP31-1-8 YDDDDDIPFP? 421-430°
ZNP41-2-4
ZNP74-7 YDDDDDIPFPGPINDDDNPG 421-440
ZNP24-4-2 QTQFRPIQNVPGPHRTIHHA 521-540
TPTVAPPAPVYRDHSEKKEL 601-620
ZNP106-9 DTTIPDVVVD? 451-460°
ZNP98-7 MLTPINEEADPLDDADDETS 561-580
ZNP35-16-3-5 DDEDTKPVPNRSTKGGQQKN 491-510
ZNP62-7 YRDHSEKKELPQDEQQDQDH 611-630

4 ®Overlapping sequence of 2 consecutive peptides to which the antibodies bound.
5



Table 3.docx

1 Table3

2  Reactivity of rabbit antisera produced by immunisation with synthetic peptides.

Synthetic peptide used for
Antiserum immunisation (amino acid EBOV?* SUDV TAFV BDBV RESTV MARV

sequence)
EBOV NP 628-638
FS0169 (QDHTQEARNQD) ++ - - - - -
£S0191 SUDV NP 631-644 ) Tt i ) ) )

(QGSESEALPINSKK)
TAFV NP 630-643

FS0046 (NQOVSGSENTDNKPH) ; ) o - * -
PO oNoTwmEDWRNY) Yt
o TSR
FS0610 (RVVI\T/IQEZFL\ITPFGLB\’EF;?;LLQ) ] ] ] ] ] ++

3 ®VLPs of each virus species were used as antigens.
4 PAntibody reactivity was evaluated based on ELISA OD 150 Values at a serum dilution of

5 1:2,000. ++,0D>1.0;+,05<0D<1; -,0D<0.5.
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