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Reston Ebolavirus
Antibodies in Bats,
the Philippines

To the Editor: Filoviruses cause
highly lethal hemorrhagic fever in
humans and nonhuman primates,
except for Reston Ebolavirus
(REBOV), which causes severe
hemorrhagic fever in macaques
(1,2). REBOV epizootics among
cynomolgus macaques occurred in
1989, 1990, 1992, and 1996 (2) and
among swine in 2008 (3). African
fruit bats have been suggested to be
natural reservoirs for Zaire Ebolavirus
and Marburg virus (4-6). However,
the natural reservoir of REBOV in
the Philippines is unknown. Thus,
we determined the prevalence of
REBOV antibody-positive bats in the
Philippines.

Permission for this study was

obtained from the Department of

Environment and Natural Resources,
the Philippines, before collecting
bat specimens. Serum specimens
from 141 wild-caught bats were
collected at several locations during
2008~2009. The bat species tested are
summarized in the Table. Captured
bats were humanely killed and various
tissues were obtained. Carcasses were
then provided to the Department of
Environment and Natural Resources
for issuance of a transport permit.

We  used  immunoglobulin
(Igy G ELISAs with recombinant
nucleoprotein (NP) and glycoprotein
(GP) of REBOV (7) to determine
REBOV antibody prevalence, REBOV
NP and GP were expressed and
purified from Tn$ cells infected with
recombinant baculoviruses AcResNP
and AcResGPDTM, which express
NP and the ectodomain of GP with the
histidine tag at its C-terminus. We also
used histidine-tagged recombinant
Crimean-Congo hemorrhagic fever
virus NP as a negative control
antigen in the IgG ELISA to confirm
specificity of reactivity.

Emerging infectious Diseases + www.cdc.gov/eid » Vol. 17, No. 8, August 2011

In IgG ELIS As for bat specimens,
positive results were detected by using
rabbit anti-bat IgG and horseradish
peroxidase—conjugated  anti-rabbit
1gG. Anti-bat (Rousettus aegyptiacus)
rabbit IgG strongly cross-reacts with
IgGs of other bat species, including
insectivorous bats (8). Bat serum
samples were 4-fold serially diluted
(1:100-1:6,400) and tested by using
IgG ELISAs. Results of IgG ELISAs
were the sum of optical densities
at serum dilutions of 1:100, 1:400,

'1:1,600, and 1:6,400. Cutoff values

(0.82 for both IgG ELISAs) were
determined by using serum specimens
from REBOV antibody—negative bats.
Among 16 serum samples from
R amplexicaudatus bats, 5 (31%)
captured at either the forest of Diliman
(14°38'N, 121°2'E) or the forest of
Quezon (14°10'N, 121°50'E) had
positive results in the IgGG ELISA for
REBOV NP, and 5 (31%) captured
at the forest of Quezon had positive
results in the IgG ELISA for REBOV
GP. The REBOV NP antibody-positive
bats serum samples were confirmed
to be NP antibody positive in the
IgG ELISA by using glutathione-S-
transferase—tagged partial REBOV NP
antigen (9). Three samples had positive
results in both IgG ELISAs (Table).
Serum samples from other bat species
had negative results in IgG ELISAs.

LETTERS

All bat serum samples were also
tested by indirect immunofluorescence
assays (IFAs) that used HeLa cells
expressing NP and GP (10). In the [FAs,
2 samples from R. amplexicaudatus
bats captured at the forest of Diliman
and the forest of Quezon had high titers
(1,280 and 640, respectively) of NP-
specific antibodies, and 1 sample from
an R. amplexicaudatus bat captured
at the forest of Quezon had a positive
result in the GP-specific IFA (titer 20).
All IFA-positive samples were also
positive in the IgG ELISA (Table).

The forest of Diliman is =30
km from the monkey facility and
the Bulacan farm where REBOV
infections in monkeys and swine,
respectively, were detected. The
forest of Quezon is ~60 km from
the monkey facility, Samples from
other bat species had negative
results in IFAs. We also performed
heminested reverse  transcription
PCR specific for the REBOV NP
gene with spleen specimens from
all 16 R. amplexicaudatus bats but
failed to detect any REBOV-specific
amplicons.

REBOV-specific antibodies were
detected only in R. amplexicaudatus
bats, a common species of fruit bat, in
the Philippines, In Africa, R. aegyptia-
cus bats, which are genetically similar
to R. amplexicaudatus bats, have been

Table. REBOV-specific IgG in Rousetfus amplexicaudatus bats and other bats, the

Philippines™

Collection ELISA optical density IFA titer
Bat iD site REBOV NP REBQV GP REBOV NP  REBOV GP
1539 FD 243 -0.21 1,280 <20
1632 FQ1 0.88 0.2 <20 <20
1642 FQ1 0.36 5.22 <20 20
1643 FQ1 1.26 0.92 <20 <20
1651 FQ1 1.61 1.02 <20 <20
1667 FQ1 -0.45 1.69 <20 <20
1660 FQ1 3.8 2.51 640 <20

*Cutoff optical density of ELISA was 0.82 {sum of optical densities at serum dilutions of 1:100,
1:400, 1:1,600, and 1:6,400). Values in boldface are positive results. REBOV, Reston Ebolavirus;
ig, immunogtobulin; IFA, indirect immunofluorescence assay; ID, identification; NP, nucleoprotein;
GP, glycoprotein; FD, forest of Diliman at the University of the Philippines Diliman campus; FQ1,
forest at the Agricultural College in Province of Quezon, the Philippines. The other 8 R. .
amplexicaudatus bats coliected at FQ1 had negative results for all assays. The following bat species
also had negative results: 5 Eonycteris spelaea, 35 Cynopterus brachyotis, 38 Ptenochirus jagoli, 6
Haplonycteris fischeri, 2 Macroglossus minimus, 2 Rhinofophus rifus, 1 Rhinolophus arcuatus, 9
Embalfonura alecto, 2 Pipistrellus javanicus, 5 Scotophilus kuhiii, 8 Minjopterus australis, 8 M.
schreibersi, 1 M. tristis tritis, 1 Hipposideros diadema, 1 Myotis macrotarsus, and 1 bat of unknown

species.
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shown to be naturally infected with

Zaire Ebolavirus and Marburg virus.
Thus, R. amplexicaudatus bats are a
possible natural reservoir of REBOV.

However, only 16 specimens of R.

amplexicaudatus bats were available
in this study, and it will be necessary
to investigate more specimens of this
species to detect the REBOV genome
or antigens to conclude the bat is a
natural reservoir for REBOV.

We have shown that R
amplexicaudatus bats are putatively
infected with REBOV or closely related
viruses in the Philippines. Antibody-
positive bats were captured at the sites
near the study areas, where REBOV
infections in cynomolgus monkeys
and swine have been identified. Thus,
bats are a possible natural reservoir
of REBOV. Further analysis to
demonstrate the REBOV genome in
bats is necessary to conclude that the
bat is a reservoir of REBOV,
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Acute Hepatitis C

Outbreak among

HIV-infected Men,
Madrid, Spain

To  the Editor: In the past
decade, hepatitis C virus (HCV) has
emerged as a sexually transmitted
infection (STI) among HIV-infected
men who have sex with men (MSM).
The epidemic was crxgmaﬂy reported
in. several northern  European
countries {England, France,
Germany, and the Netherlands) (7)
and soon after in Australia (2) and
the United States (3). Acute HCV
acquisition was - associated with
group sex, unprotected receptive
anal intercourse, and according to
some studies, concomitant STI (4).
phylogenetic  studies
suggested evidence of an international
transmission network of MSM within
northern FEurope (/). However,
expansion of the HCV epidemic
among MSM to Spain (5) or to other
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Monoclonal antibodies (MAbs)raised against the nucleoprotein (NP) of Rift Valley fever virus (RVFV) were
developed, and an antigen-capture enzyme-linked immunosorbent assay (Ag-capture ELISA) system was
developed for the detection of RVFV NP. The assay detected RVFV antigen from culture supernatants
containing as little as 7.8-31.3 pfu per 100 pl. Reactivity with various truncated NPs indicated that MAb
C10-54 bound only to the full-length NP, probably due to recognition ofa conformational epitope, whereas
MAbs G2-36 and D5-59 bound to a linear epitope ranging from amino acid residues 195-201 in the C-
terminal region. Based on the alignments of the amino acid sequence of RVFV NP, the epitope regions of
MADbs G2-36 and D5-59 were completely conserved among all RVFV strains. These results suggest that
the MADs are applicable to the Ag-capture ELISA for the diagnosis of RVFV infections.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Rift Valley fever (RVF), a mosquito-borne zoonotic disease that
affects domestic animals and humans, is caused by infection by
the RVF virus (RVFV). The disease is found in sub-Saharan areas in
Africa, as well as in Egypt, the Comoros Islands, Madagascar, and
the Arabian Peninsula (Shimshony and Barzilai, 1983; Shoemaker
etal.,, 2002; Sissoko et al., 2009). Infection of RVFV causes abortions
or resorption of the fetus in pregnant domestic ruminants, with
newborn mortality approaching 100%, and thus can cause catas-
trophic economic losses. Transmission of RVFV to humans, either
through contact with bodily fluids of infected animals or mosquito
bites, may result in mild to moderate influenza-like symptoms
and severe retinitis, encephalitis and hemorrhagic fever (Alrajhi
et al.,, 2004; Gerdes, 2004; Shimshony, 1999). During an RVF out-
break, confirmed cases are defined as suspected or probable cases
by laboratory confirmation of the presence of anti-RVFV IgM by
enzyme-linked immunosorbent assay (ELISA), RVFV antigen by
antigen-captured (Ag-captured) ELISA, or viral RNA by RT-PCR in
serum or blood samples (Al-Hazmi et al., 2003; Bird et al.,, 2008;
Madani et al., 2003; MMWR, 2007).

RVFV belongs to the Phlebovirus genus of the Buniyaviridae
family. Like other members of the family, RVFV possesses a single-
stranded tripartite RNA genome composed of three segments,
namely, S, M, and L. The S segment codes for nucleocapsid protein
(NP) in negative sense, and non-structural NSs protein in positive

* Corresponding author. Tel.: +81 42 848 7020; fax: +81 42 561 2039.
E-mail address: morikawa@nih.go.jp (S. Morikawa).

0166-0934/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/jjviromet.2011.12.013

sense, using an ambisense strategy. The M segment codes for a pre-
cursor of glycoproteins Gn and Gc and two non-structural proteins
of 78 kDa and 14 kDa. The L segment codes for an L protein. The
nucleotide sequence of the NP gene is highly conserved among var-
ious RVFV isolates (Bird et al.,, 2007b). Serum antibodies against
NP are detected readily early after infection and in the convales-
cent phase, providing a basis for the diagnosis of RVF (Fafetine
et al., 2007; Jansen van Vuren et al., 2007). An Ag-capture ELISA
for detecting viral NP has been applied commonly to detect RVFV,
as well as various viruses, since it is the most abundant viral anti-
gen (Al-Hazmi et al., 2003; Bird et al.,, 2008; Jansen van Vuren and
Paweska, 2009; Ji et al., 2011; Saijo et al., 2005, 2006, 2007; Madani
et al,, 2003; Nakauchi et al.,, 2009; Velumani et al., 2008). Mono-
clonal antibodies (MADbs) are used often as a capture antibody for
Ag-capture ELISA since they have a high specificity for antigens,
and identification of the epitopes of MAbs is of crucial importance
for the assessment of cross-reactivity of the assay (Saijo et al,
2005, 2006, 2007; Nakauchi et al., 2009). In this study, MAbs were
raised against recombinant RVFV NP (RVFV rNP). Epitope mapping
showed that these MAbs recognized highly conserved epitopes on
RVFV NP, suggesting their potential application for the detection
of all RVFV isolates. By using these MAbs as capture antibodies, an
Ag-capture ELISA for detecting an RVFV antigen was developed.

2. Materials and methods
2.1. Recombinant baculoviruses

Ac-His-RVFV-NP baculoviruses, expressing RVFV INP, were gen-
erated using the same strategy as previously described (Saijo et al.,
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2002). Briefly, an entire cDNA clone of NP from RVFV-MP12 was
used to construct a transfer vector. RVFV NP cDNA was amplified
by PCR. The amplified DNA was digested with BamHI and subcloned
into the BamHI site of pQE30 vector DNA (QIAGEN GmbH, Hilden,
Germany) to construct pQE30-RVFV NP. An RVFV NP DNA fragment
with a six-histidine (His) tag was isolated from the pQE30-RVFV
NP plasmid by digestion with EcoRI and Sall. Each extremity was
then blunted with T4 DNA polymerase and subcloned into the
blunt-ended BamHI site of pAcYM1 (Saijo et al., 2002) to generate
PAcYM1-His RVFV rNP.

Tn5 insect cells were transfected with mixtures of linearized
BacPAK6 DNA (Clontech, Mountain View, CA) and the recom-
binant transfer vector pAcYM1-His RVFV rNP according to the
manufacturer’s instructions and the procedures described by Kitts
and Possee (1993). The resulting recombinant baculovirus, which
expresses a His-tagged recombinant NP of RVFV (His-RVFV rNP),
was designated as Ac-His-RVFV NP.

2.2. Expression and purification of rNPs

Ac-His-RVFV NP-infected Tn5 cells were incubated at 26°C for
72h. Then, the cells were washed twice with cold phosphate-
buffered saline (PBS) solution and lysed in cold PBS solution
containing 1% Nonidet P-40 (NP-40). The cell lysate was centrifuged
at 13,000 x g at 4°C for 10 min. The supernatant fraction was col-
lected as a source of His-RVFV NP for purification. The His-RVFV
rNPwas purified by Ni?* column chromatography (QIAGEN GmbH),
as previously described (Saijo et al., 2002). Sabia virus (SABV) rNP
as a control was expressed and purified, as described previously
(Nakauchi et al., 2009).

2.3. Establishment of MAbs

BALB/c mice were immunized subcutaneously three times with
the purified His-RVFV rNP. Spleen cells were obtained 3 days
after the last immunization and fused with P3/Ag568 cells using
polyethylene glycol (Invitrogen). The culture supernatants of the
hybridoma cells were screened by ELISA with purified His-RVFV
NP as an Ag in the presence of 2M urea in order to exclude
MADbs with a low-avidity. MADbs, designated as D5-59, C10-54, and
G2-36, were purified from the culture supernatants of the respec-
tive hybridoma clones using protein-G column chromatography, as
described previously (Nakauchi et al., 2009).

2.4. Polyclonal antibodies

Polyclonal antibodies were raised in rabbits by immunization
with the purified His-RVFV rNP expressed in the baculovirus sys-
tem, as described previously (Saijo et al.; 2002). Protocols for animal
experiments were approved by the Animal Care and Use Committee
of the National Institute of Infectious Diseases, Tokyo, Japan.

2.5. Indirect immunofluorescence assay

Vero E6 cells were infected with RVFV-MP12 (MOI=0.1). After
18h, the cells were fixed with a mixture of methanol and ace-
tone [1:1 (v/v)]. Binding of the RVFV infected cells was performed
by immunofluorescence assay (IFA), as described previously (Saijo
et al,, 2005).

2.6. Ag-capture ELISA

The Ag-capture ELISA was performed essentially as described
elsewhere (Saijo et al., 2005, 2006, 2007; Nakauchi et al.,, 2009).
Purified MAb D5-59, C10-54, or G2-36 was coated on 96-microwell
immunoplates (Falcon; Becton Dickinson Labware) at 100 ng/well
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in 100 pl of PBS at 4°C overnight, followed by blocking with PBS
containing 0.05% Tween-20 and 5% skim milk (PBST-M) for 1h at
room temperature. After the plates were washed three times with
PBS containing 0.05% Tween-20 (PBST), 100 .l samples containing
serially diluted His-RVFV rNP or culture supernatants of Vero cells,
either infected with RVFV MP12 or uninfected, were added, and the
plates were incubated for 1 h at 37 °C (viruses were inactivated by
treatment with 1% NP40 followed by UV irradiation for 15 min). The
plates were then washed with PBST, and 100 pul of rabbit anti-serum
raised against His-RVFV rNP diluted 1:500 with PBST-M was added
to eachwell. After 1 h ofincubation at 37°C, the plates were washed
with PBST, and horseradish peroxidase-conjugated goat anti-rabbit
IgG (Zymed, San Francisco, CA) was added. The plates were fur-
therincubated for 1 h atroom temperature. After another extensive
washing with PBST, 100 w1 of ABTS substrate solution (Roche Diag-
nostics) was added and the OD405 was measured with a reference
wavelength of 490 nm after 30 min of incubation at room tempera-
ture. As a negative control, the ODs of wells inoculated with control
Ag (SABV NP or culture supernatants of mock-infected Vero cells)
were measured. Means and standard deviations were calculated
from the OD405 values of 12 negative control wells, and the cutoff
value for the assay was defined as the mean plus three standard
deviations.

2.7. Expression of truncated rNPs of RVFV

In order to determine the epitope region reacted with the MAbs,
a series of truncated RVFV rNPs were expressed as fusion pro-
teins with glutathione S-transferase (GST), as previously described
(Nakauchi et al, 2009). Briefly, the cDNA corresponding to each
of the truncated NP fragments was amplified by PCR with specifi-
cally designed primer sets. The amplified DNA was subcloned into
the BamHI and EcoRI cloning sites of plasmid pGEX-2T (Amersham
Pharmacia Biotech, Buckinghamshire, England). The GST-tagged
full-length RVFV NP or truncated forms of RVFV NP were expressed
in Escherichia coli (E. coli) BL21.

2.8. Western blotting

The MAbs were tested for reactivity to the GST-tagged RVFV NP
fragments expressed in E. coli by Western blotting, as described
previously (Saijo et al., 2005). Goat anti-GST antibody (GE Health-
care, Piscataway, NJ) was used for detection of GST-tagged proteins
in the assay.

2.9. Plaque assay

VeroE6 cells prepared in 12-well plates were inoculated with
50wl of 10-fold serially diluted virus samples and incubated at
37°Cfor 1h. Then the cells were cultured with 1.0 ml per well of
DMEM containing 1% FCS and 1% methyl cellulose (Sigma) for 5
days. Cells were fixed with 10% formalin, irradiated under a UV
lamp, and stained with- crystal violet. Plaques produced by RVFV
were counted under light microscopy. Titration was done in dupli-
cate and infectivity was displayed by plaque-forming units (pfu).

3. Results
3.1. Generation of MAbs

In order to obtain MAbs against RVFV NP, BALB/c mice were
immunized with purified RVFV rNP. The hybridomas were cloned
and their culture supernatants were tested for reactivity to RVFV
NP by IgG ELISA. Three MAbs, designated D5-59, C10-54, and
G2-36, reacted with the His-RVFV NP by IgG ELISA, even in the
presence of 2.0M urea (data not shown). The reactivity of MAbs
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RVFV
infected
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infected

Rabitanti-

G2-36

D5-59 C10-54

rNP serum

MAbs

Fig. 1. Reactivity of MADs in IFA. Vero E6 cells infected with RVFV MP12 were stained by indirect immunofluorescence with MAbs D5-59, C10-54, and G2-36. Rabbit anti-rNP

serum was used as a positive control.

was examined by an indirect immunofluorescence method (Fig. 1).
The RVFV-infected (MOI=0.1), but not mock-infected, cells were
stained with each of these MAbs (Fig. 1). The staining pattern was
consistently similar in all MADs tested and was characterized by
a diffuse granular cytoplasmic staining, similar to that observed
previously (Billecocq et al., 1996), indicating specific recognition of
MADbs against RVFV NP.

3.2. Development of Ag-capture ELISA

By using these MAbs and rabbit anti-rNP serum as capture and
detection antibodies, respectively, an Ag-capture ELISA for detect-
ing RVFV NP was developed. When the His-RVFV rNP antigen was
used in Ag-capture ELISA, MAbs D5-59 and G2-36 detected as little
as 0.16 ng per 100 .l of INP, whereas MAb C10-54 was more sensi-
tivein detecting the rNP, with adetection limit of 0.08 ng per 100 .l
(Fig. 2). None of these MAbs reacted with rNP of the control virus,
SABV, prepared from insect cells, even at high antigen concentra-
tion (20 ng per 100 wl). RVFV antigen in the culture supernatants
from Vero E6 cells infected with RVFV-MP12 was also detected
in the developed Ag-capture ELISA, whereas mock-infected cells
showed a negative reaction, indicating that MAbs reacted not only
with recombinant NP, but also with an authentic viral NP (Fig. 3).
MADbs D5-59, C10-54, and G2-36 were able to detect as littleas 15.6,
7.8, and 31.3 pfu per 100 wl of RVFV, respectively.

3.3. Epitope mapping of MAbs

To determine the binding regions including epitopes of MAbs,
truncated NPs were expressed in E. coli and analyzed for MAbs reac-
tivity by Western blot analysis. At first, five forms of truncated
NP, as well as full-length rNP, were examined for MAbs reactiv-
ity (Fig. 4A). MAbs G2-26 and D5-59 reacted with the full-length
(NP1-245) and C-terminus region (NP177-245 and NP76-245) of
NP, whereas MAb C10-54 reacted only with the full-length rNP.
These results indicated that the binding region for MAbs G2-36 and
D5-59 mapped within the C-terminus one-third, corresponding to
amino acid residues 177-245, and that full-length RVFV NP was
required for MAb C10-54 to react. MAb C10-54 could recognize
a conformational epitope since it reacts weakly by Western blot
against full-length rNP, probably due to epitope renaturation dur-
ing or after the transfer of the protein to a membrane as reported
by Zhou et al. (2007).

To narrow the region recognized by MAbs G2-36 and D5-59,
additional truncated rNPs from amino acid residues 177-245
were generated and tested for reactivity by Western blot analysis.

Both MAbs reacted with NP177-201 and NP195-235, but not with
NP177-200 and NP196-235, indicating that minimum region for
these MAbs ranged from amino acid residues 195-201 (Fig. 3B).
The results also suggested essential amino acid residues 195 and
201 for MADb binding. Although one truncated NP (NP177-200)
was reacted with MAbs G2-36 and D5-59, the intensities of
this protein bands were significantly lower than those of the
NPs containing amino acid residues 195-201. The result might
be attributed to the lack of critical amino acid residue 201 on
NP177-200.

To ascertain whether MAbs G2-36 and D5-59 react broadly with
various RVFV isolates, the amino acid sequence of the minimum
epitope region {195 TFTQPMNyg) was aligned with corresponding
amino acid sequences of all known RVFV isolates, as well as those
of other Phleboviruses, deposited in the GenBank database (Fig. 4).
The amino acid sequence (195 TFTQPMN31 ) of the epitope was con-
served completely among all RVFV isolates, but was not identical
to those of other Phleboviruses. These results demonstrated that
MADbs G2-36 and D5-59 recognized a highly conserved linear epi-
tope in the RVFV NP.

4. Discussion

In diagnosing many virus infections, PCR assays have excellent
analytical sensitivity, but the established techniques are limited by
the need for expensive equipment and technical expertise. Since
the sensitivity of Ag-capture ELISA is potentially comparable to
that of RT-PCR (Ji et al., 2011; Saijo et al., 2006, 2007; Velumani
et al., 2008), Ag-capture ELISA represents a sophisticated approach
for the diagnosis of virus infections. As a prelude to the devel-
opment of such a sensitive diagnostic test for RVFV infection, a
recombinant RVFV NP from insect cells infected with recombi-
nant baculovirus was purified and novel MAbs against them were
developed. MAbs D5-59, G2-36, and C10-54 reacted with His-RVFV
rNP and authentic viral antigen (NP) in RVFV MP12-infected cells.
Furthermore, control assays with unrelated virus (SABV) rNP and
mock-infected cells revealed that MAbs were specific to RVFV NP.

Although it is difficult to compare simply the detection limits
among the various assay procedures, the Ag-capture ELISA devel-
oped in this study seems to have excellent sensitivity. The detection
limit of the newly developed Ag-capture ELISA (0.08-0.16ng of
rNP per 100 1, Fig. 2) was very similar to that of a previous report,
in which an E. coli system for the expression of RVFV rNP was
used, hyperimmune sheep anti-RVFV rNP serum was used as
the capture antibody, and the detection limit of the assay was
0.11 ng per 100 pl of INP (Jansen van Vuren and Paweska, 2009).
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Fig. 2. Ag-capture ELISA for the detection of His-RVFV rNP (A) and authentic RVFV NP (B). MAbs D5-59, C10-54, and G2-36 were used as capture antibodies. Rabbit anti-rNP
serum was used as the detecting antibody. Dashed lines indicate the cut-off for each antibody. Detection limits for each MAb are summarized in the table,

Using different amounts of authentic RVFV antigen obtained from
the culture supernatants of cells infected with RVFV, as little as
7.8-31.3 pfu per 100 .l of RVFV was detected by ELISA. A real-time
RT-PCR assay (Bird et al., 2007a) for detection of the RVFV genome
from the same culture supernatant samples detected as little as
3.0 pfu per 100 .l (data not shown), indicating that the detection
limit of the Ag-capture ELISA was slightly less than that of the
real-time RT-PCR assay. However, the detection limit of this
Ag-capture ELISA was approximately 10 times higher than that
reported for detecting authentic RVFV antigen (Jansen van Vuren
and Paweska, 2009). Thus, the newly developed Ag-capture ELISA
might be useful in the diagnosis of RVFV infection.
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MADs directed against RVFV NP and their application for detect-
ing RVFV have been reported, showing broad reactivity to RVFV
strains (Martin-Folgar et al., 2010; Saluzzo et al.,, 1989). Since MAbs
directed against RVFV NP might allow for the detecting RVFV anti-
gen in the serological diagnosis, identification of the epitopes of
MADbs is of crucial importance for the assessment of specificity of
the assay system.

The Ag-capture ELISA using MAb C10-54 recognizing a confor-
mational epitope on RVFV NP proved more sensitive than assays
using MAbs D5-59 and G2-36 recognizing the linear epitope, indi-
cating that, similar to the results shown by another diagnostic
study (Velumani et al,, 2008), conformation-specific MAb might



