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8.3. Research on regulatory processes

Many regulators are restricted by law from allowing third-party
access to information or samples that they may hold relating to
specific products. Access to raw data or to samples for academics
to design and test new approaches, or verify existing ones, may
therefore need agreements to be established with the manufactur-
ers who provided the information or samples in the first place. In
the past, manufacturers have shared samples with regulators and
academics, and the results of any research study, when published,
are usually blinded so as not to identify any one manufacturer’s
product. The use of samples submitted for lot release for research
purposes likewise needs to be agreed by manufacturers.

Concerns also relate to the release of confidential data to
National Immunization Technical Advisory Groups (NITAGs) for
the purpose of re-evaluating the benefits/risks of vaccines. While
there may be a need to expedite the path of new vaccines through
licensure to recommendations for use in national immunization
programs, the roles and responsibilities of regulators and advi-
sory groups on immunization are different and need to be clearly
delineated. Nevertheless, ways of improving interaction between
the two parties, respecting clear roles and responsibilities and
within the bounds of confidentiality, should be further explored.
For example, a more efficient exchange of information between
the two types of organizations might benefit the public at large
by facilitating, where appropriate, more timely access to vac-
cines.

8.4. Limited pool of regulatory science expertise for vaccines

Regulation of biological medicines, including vaccines, is a spe-
cialized task. It requires evaluators skilled and experienced in the
manufacture and control of biologicals, the target diseases, ani-
mal modelling, and assessment of clinical evidence in the target
population—often infants. The developers and manufacturers of
vaccines are often the primary employers of persons with this
range of expertise. Countries with established vaccine manufactur-
ers will generally have a greater pool of experts than other countries
where little, or no, expertise in vaccine manufacture or control may
exist.

Currently, vaccine-manufacturing facilities are based in a small
number (n 40-45) of countries. These companies export and sup-
ply all other countries. Well-resourced regulatory authorities can
recruit from a pool of experts without any major conflicts of inter-
est. A subset of these authorities has dedicated the resources to
maintaining a research effort required for regulatory science so that
only a small number of effective regulatory science institutions for
vaccines (n < 10) exists throughout the world.

However, with appropriate coordination, the regulatory author-
ities in less-well-resourced countries, even with limited infrastruc-
ture, can contribute to global regulatory science activities in a
number of ways. These include specific joint collaborative research
projects; surveillance data reports; or collection of clinical or prod-
uct samples that may facilitate research by established institutions.
These activities should be linked into existing training programs
and other capacity-building activities in participating countries,
such as the Global Vaccine Safety Initiative [81].

9. Proposed cross-cutting strategies and actions to support
a global regulatory science agenda

Specific gaps that can be addressed by a global regulatory sci-
ence agenda have been described in detail in preceding sections.
In addition, a number of cross-cutting strategies and actions are
identified below.

9.1. Sample repositories

Prior to adoption in regulatory settings, new assays and ref-
erence preparations developed in research laboratories must be
validated for regulatory use, ideally using a diverse range of vaccine
samples as differences in formulation and manufacturing processes
canmarkedly affect test results. Access toarange of vaccine lots that
have passed or failed existing tests is also critical for evaluating new
testing methods. For example, OPV lots that had passed or failed
the monkey neurovirulence test were essential during the devel-
opment and international collaborative evaluation of the MAPREC
and transgenic mouse tests (see above). Moreover, discrepancy in
testing results between regulators can be resolved through shar-
ing of samples, assays, and/or standards. Such samples are useful
to evaluate new methods, particularly if they are on the borderline
between ‘pass’ and ‘fail’ in existing tests. The establishment of one
or more international sample repositories is therefore one cross-
cutting strategy to support a global regulatory science agenda. AIDS
Reagents repositories such as the NIH AIDS Research and Reference
Reagent Program and NIBSC Centre for AIDS Reagents illustrate how
this might be done. It could be envisaged that WHO Collaborating
Centres would act to facilitate sample storage and exchanges in the
wider international community.

9.2. International, regional, and national reference preparations

Biological products, including vaccines, are quantitated in terms
of the biological activity they contain. For a vaccine, this is the
amount of immunogen, defined as the amount of material required
to generate an acceptable immune response in recipients. For many
vaccines, the immune response generated in animal models is used
to quantitate immunogenicity. Currently, in vitro methods (e.g.,
ELISA) which measure antigen—rather than immunogen—content
are of interest as alternates. As the assays involve biological activity
measured in a biological assay, and measurement of physical mass
does not necessarily correlate with outcome, it is often scientifi-
cally inappropriate to express results from such assays in grams
or SI units. Similar considerations apply to the measurement of
antibody responses in clinical trials or serum surveys.

It is important to be able to compare results between studies,
between sites, and over time. Comparison is made possible by the
inclusion of areference material in the relevant assays, and express-
ing the results obtained with the unknown relative to results with
the reference. This principle has been applied since the early days
of biologicals and has proved extremely powerful. International
reference materials are established by WHO. The process involves
preparation of the material in a stable form, usually lyophilised in a
large number of ampoules containing the same amount of material
to within tight limits. This material is then assayed by a number
of interested and competent laboratories using assays they con-
sider suitable. Other materials are assayed at the same time and
the results analyzed to establish whether expression of results rel-
ative to the reference material reduces the variation between and
within laboratories. The extent to which variation is reduced by
expressing the results in terms of the common candidate reference
material can be very striking.

While WHO reference materials are made in batches of several
thousands, the supply is clearly limited, so the purpose of the WHO
primary standard is to calibrate secondary regional or national ref-
erence materials for use in routine assays. In some countries, the
National Control Laboratory prepares standards calibrated against
the primary standard. However, preparation of national standards
is costly and expertise to do so is limited in many countries. Prepa-
ration of regional secondary reference materials is preferred. The
regional activities of the European Directorate for the Quality of

119 —



B172 L. Elmgren et al. / Vaccine 31S (2013) B163-B175

Medicines (EDQM) and the South East Asian Regional Office of WHO
are excellent examples.

9.3. Active safety surveillance in selected low- and
middle-income countries when new vaccines are introduced

Many countries have limited capacity and experience in imple-
menting epidemiological vaccine safety studies. In the past, the
availability of comprehensive vaccine safety assessment systems
in the US and EU has also served the global need to evaluate
new vaccines because most new vaccines were manufactured and
introduced in the US and Europe prior to use elsewhere. How-
ever, new vaccines (e.g., meningitis A, malaria) are now being
introduced or soon will be introduced either exclusively in the
developing world or concurrently with their release in Europe and
the US. Also, many vaccines that are procured globally are man-
ufactured outside of the EU or US. Therefore, developing global
and regional capacity to evaluate vaccine safety is highly desirable
both to assure the safety of the world’s vaccine supply, and also to
prevent perceived vaccine safety concerns from undermining suc-
cessful vaccination programs. Serious medical events of unknown
origin, which can occur in temporal association with vaccination,
can be mistakenly attributed to vaccines, thus derailing vaccination
programs that would otherwise be very beneficial for the popula-
tion [82].

Unfortunately, most low- and middle-income countries do not
have the resources or technical capacity to implement timely and
accurate traditional epidemiological studies of vaccine safety. Lack
of training and absence of accurate population denominators are
among the contributing reasons. In addition, most countries do not
have the population size needed for the evaluation of very rare
AEs. This highlights the need for taking a collaborative interna-
tional approach, led by WHO, to the epidemiological investigation
of serious and rare vaccine safety concerns.

To demonstrate that it is feasible to establish a collabo-
rative, WHO-supported consortium of vaccine safety researchers
and their respective organizations from developed and middle-
income countries, a proof-of-concept study that investigated
the risk of Guillain-Barré Syndrome (GBS) following HIN1 pan-
demic influenza vaccination was initiated. Medical hospitalization
databases or registries were utilized to assess the risk of a medi-
cal outcome (GBS) following vaccination. Before choosing a study
methodology, the consortium first analyzed what the basic require-
ments would be for a collaborative approach of this kind (intended
to be inclusive of low- and middle-income countries). It was
concluded that the ideal methodology would need to be sim-
ple so it could be implemented. easily, and standardized for all
sites. It was also decided that the investigation needed to be
timely and use only resources already available in the local pub-
lic health system, and avoid the need for population denominators
(as they are either unavailable or grossly inaccurate in most low-
and middle-income countries). Therefore, a cohort study design,
which usually requires significant organization and resources in
addition to accurate denominator population, would not have
been suitable. Although a case control study design could be
affordable, bias would be a significant problem (and difficult
to resolve).

The consortium, therefore, chose for this proof-of-concept
study a self-controlled case series (SCCS) methodology because
of its flexibility and applicability to countries where popula-
tion denominator information may not be available. The SCCS
method [83,84] has been shown to be valid and efficient com-
pared to alternative approaches (e.g., cohort and case-control
designs) [85-87]. In an SCCS study, the individuals are essen-
tially matched to themselves. Because of this implicit control of
within-person characteristics, this design efficiently controls for

all potentially non-time-dependent confounding characteristics,
including demographics, co-morbid conditions, genetic suscepti-
bility, and other characteristics that might not be measurable. As
this collaborative approach would primarily be needed for seri-
ous (and mostly rare) AEs, it was determined that hospitalized
cases should be adequate. Moreover, the requirement for an SCCS
design is not to identify all cases of a disease, but to obtain an
unbiased set of cases. For this purpose, the identification of all
hospitalized cases of a serious disease or event during a period
pre-specified by the research team would be appropriate. To allow
data from the different sites to be comparable, a common study
process and a standardized Brighton Collaboration case definition
were used by all sites. The success of this initial proof-of-concept
study is currently being analyzed. This study and approach can be
expanded further in the future to include low-income countries, as
well.

9.4. Coordination of regulatory science efforts

The international nature of vaccine supply and demand,
plus increasingly complex vaccine supply chains, coupled with
limited resources, strongly argue for international coordination
of regulatory science efforts. Accordingly, a number of bi- or
multi-lateral agreements between like-minded countries are being
developed. In addition, and due to the global nature of access
to vaccines, a globally coordinated effort is required. There is
a strong history of WHO-led workshops and consultations in
this area—for example, the series of workshops on pandemic
influenza spearheaded by WHO/US FDA/HC in 2006, three years
prior to the H1N1 outbreak in 2009. These proactive efforts
enabled regulatory agencies to be better-positioned to identify
the regulatory gaps, formulate strategies, and provide meaningful
guidelines. Very importantly, the WHO umbrella enables devel-
oping countries to participate, for example, in the development
and validation of international reference standards and lot release
assays.

Another dimension is the interdisciplinary nature of the
required coordination. In particular, linking the regulatory com-
munity with the academic research community around diseases,
vaccines, and immunology would provide additional innovation
and input. The examples of developing correlates of protection for
pneumococcal conjugate vaccines [12] clearly indicate the regula-
tory benefits to be gained from high-quality academic research on
target diseases and immunology.

9.5. Global regulatory science exchange and capacity-building

Scientists who fully understand how to apply science to address
regulatory needs primarily work with or are closely affiliated
with NRAs, and several NRAs employ research-reviewer scientists.
Opportunities for regulatory science exchange between scientists
in countries without regulatory science programs and those with
advanced regulatory science programs will provide an important
means toward regulatory science capacity-building.

As an example, the US FDA has a relatively new regulatory
science capacity-building program developed initially within
the National Center for Toxicological Research (NCTR). This
International Scientist Exchange Program, or ISEP, provides an
opportunity for scientists from countries with less-developed
or no regulatory science programs to receive training in FDA
laboratories for a period of three to six months. By actively
working in a regulatory science research environment, the scien-
tists learn and practice the core principles of regulatory science
necessary to support the development of regulatory systems in
their home country. While this program is still relatively new, it
provides one example of an approach that could be broadened
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to incorporate a network of ongoing regulatory science programs
that are more advanced, whereby interested scientists from
developing countries could choose the laboratory of interest
based on the availability of resources and identified need. The
potential benefit of this type of program is to inculcate more than
just scientific training, per se, but also the philosophy of how to
apply science to address regulatory needs, thus promoting an
increased scientific base for advancing science-based policy and
decision-making.

10. Conclusions

Inputs and ideas have been obtained from a broad range of reg-
ulators and synthesized into a proposed global regulatory science
agenda for vaccines. Regulators have responded with great inter-
est and have enthusiastically engaged in this initiative. Numerous
historical and recent examples demonstrate the value and impact
of applied regulatory science research on vaccine safety, efficacy,
quality, and performance. Regulatory science research is clearly
critical to developing relevant, robust methods to evaluate vaccine
quality.

Current needs in regulatory science research include research to
improve methods to measure vaccine potency to avoid or reduce
use of animals or to increase the predictive value of the assay;
identify appropriate methods to assess novel vaccine production
methods; and develop and validate new high-resolution analytic
methods for assessing vaccine quality and safety, such as NMR,
mass spectrometry, and high-throughput sequencing. New tools
should be developed to better evaluate the quality and breadth of
immune responses and predict toxicity of adjuvants. Non-clinical
methods should be developed to better evaluate cell-mediated
immune responses to identify immune correlates of protection fol-
lowing the use of vaccines. Given the complex nature of endpoints
for clinical studies of different type of diseases and the vaccines
used to prevent them, multiple immune correlates should be con-
sidered. The development of highly predictive correlates of safety
should have high priority on a regulatory research agenda. The
development of innovative approaches to clinical trial design so
as to speed up the evaluation of promising new vaccines, mini-
mize the number of ineffective candidates that proceed to phase
3 studies, and promote efficient use of resources is also highly
desirable.

Regulatory science should also explore new approaches to vac-
cine clinical trial design by taking advantage of improvements in
post-marketing safety studies. Enhancing post-market surveillance
of vaccine safety by using novel real-time surveillance methods
as well as mining of social media is also envisaged. It would
also be beneficial to develop standard benefit-risk methodol-
ogy to aid regulatory decisions on vaccines, including refining
risk-benefit analysis for use throughout a licensed vaccine’s
lifecycle.

Additional linkages are needed with science and technology
communities to nurture the proposed innovations in vaccine reg-
ulation. An agreed Global Regulatory Science Agenda will enable
synergies to be established where none currently exist. Further,
such an agenda will facilitate the spread of regulatory expertise
and the benefits of regulatory science to the less-well-resourced
countries. Indicators to monitor and evaluate the progress of
such activities could be targeted but not be limited to narrow-
ing the gaps in regulatory sciences between the developed and
developing countries and increased convergence of regulations
on vaccines. This concept paper can be used to develop a plan
of action to implement the first ever global regulatory science
agenda.
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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 wl. Reactivity with various truncated NPs indicated that MAb
C10-54bound only to the full-length NP, probably due to recognition of a conformational epitope, whereas

MADbs G2-36 and D5-59 bound to a linear epitope ranging from amino acid residues 195~201 in the C-

Keywords:

Rift Valley fever virus
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Antigen-capture ELISA

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 MADbs are applicable to the Ag-capture ELISA for the diagnosis of RVFV infections.

© 2011 Elsevier B.V. All rights reserved.

1. Intreduction

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
et al.,, 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/j.jviromet.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 (MAbs) 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 MADs 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 INP). 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 rNP, 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
pPAcYM1-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
NP was purified by Ni2* 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 glyco! (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. MAbs, 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 NP 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
18 h, 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

in 100 p.l 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 il samples containing
serially diluted His-RVFV NP or culture supernatants of Vero cells,
either infected with RVFV MP12 or uninfected, were added, and the
plates were incubated for 1h 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 p.l of rabbit anti-serum
raised against His-RVFV rNP diluted 1:500 with PBST-M was added
to each well. After 1 h of incubation at 37 °(, 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 at room temperature. After another extensive
washing with PBST, 100 pl 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 rNP 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
50l of 10-fold serially diluted virus samples and incubated at
37°C for 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 2.0 M urea (data not shown). The reactivity of MAbs
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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 mack-infected, cells were
stained with each of these MAbs (Fig. 1). The staining pattern was
consistently similar in all MAbs 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-
tive in detecting the rNP, with a detection limit of 0.08 ng per 100 p.!
(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 MADbs reacted not only
with recombinant NP, but also with an authentic viral NP (Fig. 3).
MAbs D5-59, C10-54, and G2-36 were able to detect as little as 15.6,
7.8, and 31.3 pfu per 100 w1 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
rNP, 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. (2607).

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 MADbs 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 MAb 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 TFTQPMN>q; ) 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 TFTQPMN3g, ) of the epitope was con-
served completely among all RVFV isolates, but was not identical
to those of other Phleboviruses. These results demonstrated that
MAbs 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
NP 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 pl, 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 NP serum was used as
the capture antibody, and the detection limit of the assay was
0.11 ng per 100 wl of rNP (Jansen van Vuren and Paweska, 2009).
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Fig. 2. Ag-capture ELISA for the detection of His-RVFV NP (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 pl 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 p.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.

MADbs 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
MAbs 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
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Fig. 3. Schematic representation of GST-tagged truncated RVFV rNP, and the reactivity of MAbs in Western blotting. (A) Reactivity of MAbs D5-59, C10-54, and G2-36 and
anti-GST antibody to the full-length and truncated rNPs. Anti~GST antibody was used to confirm the expression of the GST-tagged rNP in E. coli. MAb C10-54 reacted only
to full-length rNP, and G2-36 and D5-59 reacted to the C-terminal one-third region, whereas anti-GST reacted to all the rNP proteins. Intensities of faint bands observed
for NP1-89 and NP1-190 by MAb D5-59 were more than 4-fold weaker than those of NP177-245, NP76-245 and full-length NP1-245 (data not shown), thus we considered
that both NP1-89 and NP1-190 were negative for binding to MAb D5-59. (B) The epitope recognized by G2-36 and D5-59 was analyzed in more detail with various rNPs
subdivided from the C-terminal one-third region. The numbers shown for each schematic rNP indicate the amino acid positions of the RVFV NP in each truncated NP. The

epitope region ranging from amino acid residues 195-201 is shown in the box.

perform substantially better than linear epitope-specific antibod-
ies. It is suggested that MAb C10-54 could be suitable for detecting
a small amount of NP antigens, although a more detailed study
is needed to determine whether this MADb is cross-reactive to all
RVFV isolates. It is noteworthy that the amino acid sequence of the
region including the epitope recognized by MAbs D5-59 and G2-
36 was conserved among all the RVFV isolates so far deposited in
the GenBank database, and that there was a significant diversity in
the amino acid sequences between RVFV and other Phleboviruses.

Thus, the Ag-capture ELISA using these MAbs is thought to be spe-
cific for the detection of RVFV among Phleboviruses. Thus, these
MAbs may be specifically useful for detecting RVFV and for the fur-
ther development of highly specific dipstick/lateral flow devices
that provide sensitive, easy handling, and less time consuming
assay for diagnosis of RVF.

In conclusion, an RVFV NP-detection ELISA using novel MAbs
was developed, and the epitopes of these MAbs on RVFV NP were
identified. Although further validation of this ELISA system is
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VHSHF SHEKRREFLKAFGLYOSHOKPSAAVMAAAD
NENFISHEKRREFLKAFGLYDSNGKPSAAVMAALD
AVNSNFISHEKRREFLKAFGLVDSNGKPSAAVMAAA
AVHSHFISHEKRREFLKAF GLVDSHGKPSAAVMARAQ
UHSHF ISHEKRBEFLIAFGLYDSNEKPSAAVMAAAG
WHINFISHEKRREFLRAFGLYDSNGKPSAAVMAAAD
VHSHFISHEKRREFLKAFGLYDSNGRPSARVNARATY
WHSHFISHEKRRGFLKAF GLYDSNGKPSAAVMAAAG,
AVNSHFISHEKRREFLKAFGLVDSNGKPSAAVKAAAD,
AVHSNF T SHERRREFLRAFGLVDSHGKPSAAVIAAAQ
AVNSHFISHEKRREFLKAF GLVDSHGKPSAAVMAAAQ
AVHSHFISHEKRREFLKAFGLVDSHEKPSAAVMAAAQ
AVHSHF I SHEKRREFLKAF GLYDSNGKPSAAVMARAD
AVHSHFESHERRREFLKAF GLYDSHGKPSARVMARAY
AYNSNFISHEKRREFLKAFGLVDSNGKPSAAVMAAAD,
AAVHENFISHEKRREFLIAF GLVDSNGKPSAAVMAAAQ
AAVHSHF ISHEKRREFLIKAFGLVDSHOKPSAAVMALAA
VHSNF ISHEKRREFLKAFGLYDSHEKPSAAVMAAARG
AVHSHFISHENRREFLKAFGLYDSNOKPSAAVMAAAG
AVHSNFI SHEKRREFLKAFGLVDSNGKPSAAVMAAAL
YNSNFISHERRREFLKAF GLYDSNGKPSARVMARAD
VHSRFISHEKRREFLKAF GLVOSNGKPSAAVMAAAD
AVHSNFESHEKRREFLKAFGLVDSNGKPSAAVMAAAD
AVNSHFESHEKRREFLUAFGLVDSHGKPSAAVMAAAQ
AVHSHFISHEKRREFLKAFGLVDSNGRPSAAVMASAY
AVHSHF TSHEKRREFLKAFGLVDSNGKPSAAVMAAAQ
AAVHSHF I SHEKRREFLKAFGLYDSNGKPSAAVMARAD
AVHSHFI SHEKRREFLKAF GLVDSNGKPSAAVMARAD
VHSNFISHERRREFLEAFGLVDSNGKPSAAVMAAAD
AVHENFISHEKRREFLEAF GLYDSNGKPSAAVMAAAD
AVHESFISHEKRREFLRAFGLVDSHOKPSAAVMAAAQA
WHSSFISHEKRREFLRAFGLVDSNGKPSAAVMAAAQA
ROHG BE ﬁt:m- £ W AHARS
AATHSSFIDNTORRAFLTKFOILTSGARATAYVKKIAEY
S GRFFTREDRKKKLLMAVGILNEDLVLTPAIIKCAEK
SGRFFTREDKKKLLIAVGIIDEDLVLASAVYRSAEK
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Fig. 4. Amino acid sequence alignment of NPs of RVFV isolates and other Phleboviruses. The minimum region recognized by MAbs G2-36 and D5-59 is shown as a gray
box. The alignment includes only a limited number of RVFV isolates (38 strains). However, we confirmed that the amino acid sequence of 105 TFTQPMNyq; was completely
conserved among all RVFV isolates (98 strains) available on the GenBank database (data not shown). The amino acid sequences of the corresponding regions of the NP of

other Phleboviruses were not identical.

required with a large number of clinical specimens, it may offer
an effective tool for diagnosis of RVFV infection in humans and
animals.
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Abstract: We report the prevalence and genotype distribution of human papillomaviruses (HPVs) among Japanese
women with abnormal cervical cytology using the PGMY-CHUYV assay, one of PGMY-PCR-based lineblot assays that
was validated and shown to be suitable for the detection of multiple HPV types in a specimen with minimum bias. Total
DNA was extracted from cervical exfoliated cells collected from 326 outpatients with abnormal Pap smears. Overall, 307
specimens (94%) were HPV-positive, 30% of which contained multiple genotypes. The prevalence of HPV DNA was
83% (49/59 samples) in atypical squamous cells of undetermined significance (ASC-US); 91% (20/22 samples) in
atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion (ASC-H); 97% (130/134 samples) in
low-grade squamous intraepithelial lesion (LSIL); and 99% (85/86 samples) in high-grade squamous intraepithelial
lesion (HSIL). Three most frequent HPV types detected in HSIL were HPV16 (36%), HPV52 (24%), and HPV58 (14%).
Our results suggest that multiple HPV infections are more prevalent in Japanese women than previously reported, and
confirm that HPV52 and 58 are more dominant in their cervical precancerous lesions when compared to those reported in

Western countries.

Keywords: Human papillomavirus, HPV genotyping, cervical cancer, Pap smear, abnormal cytology, HPV vaccine.

INTRODUCTION

Human papillomaviruses (HPVs) are the causative agents
of cervical cancer, cervical intraepithelial neoplasia, and
other anogenital cancers [1]. Among more than 100 HPV
types so far identified, nearly 40 types infecting the
anogenital mucosa are classified as either low- or high-risk
types on the basis of their oncogenic potential [2]. A
previous large-scale epidemiological study identified 15
HPV types, HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 68, 73, and 82, which are closely linked to the
development of cervical cancer [3], with approximately 70%
of cervical cancer cases worldwide attributed to HPV16 and
18 [4].

Two prophylactic HPV vaccines, one quadrivalent
vaccine directed against HPV6, 11, 16, and 18 [Gardasi1®
(Merck and Co., Whitehouse Station, NJ, USA)], and one
bivalent vaccine against HPV16 and 18 [Cervarix®
(GlaxoSmithKline Biologicals, Rixensart, Belgium)], are
now being introduced worldwide. Both vaccines exhibit a
high efficacy for preventing cervical precancerous lesions
caused by vaccine-targeted HPV types in clinical trials for
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HPV-uninfected women [5,6]. In Japan, the bivalent vaccine
was first approved for use in 2009, followed by the
quadrivalent vaccine in 2011, both being introduced with the
expectation of reducing cervical cancer cases. However,
previous epidemiological studies performed in Japanese
women have shown variation in the proportion of HPV16
and 18 in cervical cancer, ranging from 50 to 70% [7-9],
which makes it difficult to predict the real impact of the
HPV vaccination on cervical cancer prevention in the
Japanese population.

Because currently available HPV vaccines are thought to
be effective only for the vaccine-targeted types, precise
determination of the HPV genotype distribution in cervical
cancer and its precancerous lesions is needed for assessment
of the vaccine efficacy and planning of future vaccination
strategies. In 2006, the World Health Organization (WHO)
established the HPV laboratory network (LabNet) with the
aim of harmonizing and standardizing laboratory testing
procedures to promote consistent laboratory evaluation of
HPV-related disease burden and monitoring of the
performance of HPV vaccines. Through a series of
collaborative studies for standardizing HPV genotyping
assays, the LabNet has recently described a PGMY-lineblot
assay (PGMY-CHUV [10]) as a reliable, low-cost HPV
genotyping method [11,12]. The PGMY-CHUV assay
consists of PCR with biotinylated generic PGMY09/11
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