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Abstract

Development of diagnostic methods and surveillance
of Rift valley fever virus in Republic of Korea
Hyun Joo Kim

(Supervisor: Han Sang Yoo, D.V.M., Ph.D.)

Department of Veterinary Medicine
The Graduate School
Seoul National University

Rift Valley fever (RVF) is an acute mosquito-borne viral zoonotic disease that
affects mainly domestic ruminants and humans. This disease causes abortions in
pregnant animals, and it has a high mortality rate in newborn animals. RVF virus
(RVFV) was first identified in Kenya in 1931 and was reported to be endemic in
Africa but has recently spread to the Arabian Peninsula. With increasing climate
change and global movement in animals and animal products, there is great
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concern that the disease might be spreaded worldwide to regions such as Europe,
Asia and the Americas. Therefore, early detection and surveillance are important
for preventing the introduction of RVF in non-endemic or disease free countries.
Although RVF has not been reported in the Republic of Korea (ROK), the
possibility of RVFV introduction will be increasing because transmissible
mosquito vectors are present and direct flights to Africa were added in 2012. Thus

diagnostic methods were developed and conducted a surveillance study to
detect RVFV in mosquito vectors.
In the first study, a new quantatitative real time RT-PCR (qRT-PCR) assay was
developed that can safely and cost-effectively differentiate infected from
vaccinated animals (DIVA) with possible application in RVF-free countries. The
new qRT-PCR assay targeting the S segment (NSs and N gene) was tested with
synthesized standard RNA and MP-12 strain viruses. The detection limit of the
new qRT-PCR assay was 1 copy/µl of NSs and N, and was able to differentiate the
Smithburn strain from the Clone 13 vaccine strain. No cross reactivity with other
vector-borne viruses was observed, a factor which is especially important in the
ROK, was observed. To examine the performance of the new qRT-PCR, intra-and
inter-assay variability data were analyzed and showed high reproducibility. These
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results indicate that the new qRT-PCR can be used as a safe and cost-effective
DIVA diagnostic test in RVF-free countries including ROK.
In second study, a monoclonal antibody-based competitive ELISA was

developed for the detection of antibodies to RVFV in goat and cattle. The
recombinant N protein of RVFV was expressed in E. coli with six-histidine
tag and the purified N protein was used for detecting antigen with
competitive

monoclonal

antibody

against

RVFV

antibodies.

The

competitive ELISA (C-ELISA) could detect antibodies at 9-11 days after
inoculation in goat and cattle with the sensitivity of 94.7 % (virus
neutralization titer >32) and specificity of 99.7%, respectively. In addition,
C-ELISA did not show any cross-reactivity with positive sera against
Arboviruses such as Akabane, Aino, Chuzan, Ibaraki, and Bovine
ephemeral fever virus which are prevalent viral agents in ruminant animals
throughout Southeast Asia. The results in present study indicate that CELISA is a simple, rapid and convenient sero-diagnostic method for RVFV
in goat and cattle.
In third study, a surveillance study was conducted to detect RVFV in

mosquito vectors collected around the airport and harbor from 2012 to 2013.
A total of 36,734 mosquitoes were collected and tested by real time RT-
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PCR. A total of 1,837 mosquito pools were used, and all were confirmed to
be negative. This is the first report in the ROK concerning RVFV
surveillance in mosquito vectors, and continuous surveillance should be
conducted for the early warning of RVFV introduction.
In final study, a serological surveillance was conducted to detect antibodies

against RVFV. A total of 2,382 serum samples from goats and cattle were
randomly collected from nine areas in ROK from 2011 to 2013. These
samples were tested for antibodies against RVFV, using commercial ELISA
kits. None of the goats and cattle was positive for antibodies against RVFV.
This finding suggests that this disease is not present in ROK, and
furthermore presents the evidence of the RVFV-free status of this country.
Taken together, the results of this study have important meaning in animal and
public health because RVF is transboundary disease and zoonosis. Furthermore,

continuous surveillance and regulatory activities need to be undertaken to
maintain this status.

Keywords: Rift Valley Fever, qRT-PCR, competitive ELISA, Serological
surveillance, Vector surveillance, Republic of Korea
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General introduction

Rift Valley fever (RVF) is an acute, mosquito-borne viral disease, mainly
affecting ruminants and humans. It causes abortions in pregnant animals and high
mortality in young animals. In humans, RVF cause a severe influenza like disease,
occasionally with more serious effects, such encephalitis and sometimes death.
Since the disease was first recognized in Kenya in 1931, the outbreak of RVF has
been reported in many regions of Africa (Daubney and Garnham 1931; Davies and
Martin, 2003). In 2000, RVF was detected outside the African continent for the
first time, in Saudi Arabia and Yemen (Balkhy and Memish, 2003). This was
considered the first documented RVF outbreak outside Africa. Due to massive
global movement and the wide variety of mosquito species, warnings concerning
about the risk of RVFV introduction into RVF free countries have been issued
worldwide.
No case of RVF has been reported in the Republic of Korea (ROK). But the
possibility of RVFV introduction will be increasing because transmissible
mosquito vectors are present and direct flights to Africa were added in 2012. To
prevent and control of RVF, it will require a multifaceted strategy involving rapid
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diagnostic tests and surveillance because of its broad geographic distribution and
its explosive potential for invading new areas.
Rapid diagnosis was achieved using RT-PCR. Several RT-PCR methods have
been reported, but new qRT-PCR was developed in order to the differentiated from
Clone 13 vaccines. In addition, new C-ELISA based on rNp of RVFV have been
developed a convenient diagnostic tool in less laborious and expensive way with
high safety in RVF-free countries.
Surveillance of RVF aims at the accurate and timely measurement of the
introduction of vectors and pathogens, the incidence of disease, and the effect of
preventive, control and curative actions taken (Zeller et al., 2013). Thus, for
confirm the free status and prevention of RVF, serological and mosquito vector
surveillance was conducted.
The purpose of this study was to establish the diagnostic methods and to confirm
the RVF-free status in ROK as the possibility of introduction of RVF increases.
This is comprised of four chapters. As the first chapter of my study, I developed
new qRT-PCR that can be differentiated from clone 13 vaccine and can be used as
a safe in RVF-free countries including ROK. In chapter 2, I described the
development of the C-ELISA based on rNP and MAb that can be used as a safe in
ROK. Following the development of diagnostic methods, a surveillance study was
conducted to confirm the absence of RVFV. I conducted vector surveillance to
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detect RVFV and serological surveillance in goat and cattle to detect RVFV
antibodies in chapter 3 and 4.
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Literature review

1. Vector-borne diseases

1.1. Definition

A vector can be defined as living organisms that can transmit infectious diseases
between humans or from animals to humans (WHO, 2016). A vector may transmit
disease agents in one or two ways as mechanical and biological transmission
(Gubler, 2009, Verwoerd, 2015). Mechanical transmission consists of a simple
transfer of the organism on contaminated mouthparts or other body parts. These
vectors are infected during a blood meal with a microorganism which is transmitted
to a second host without any multiplication cycle in the vector. The infection of the
vector is usually of short duration in such cases. Biological transmission is the most
important type of transmission by arthropods. In this transmission, the infectious
organism undergoes a cycle of multiplication in the vector, which remains infective
and may transmit the infection to its progeny. From an epidemiological point of
view the latter class of vector is much more important than the former in terms of
its ability to start and maintain a disease outbreak.
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Vector competence refers to the genetic factors that enable a vector to transmit a
specific disease (Beerntsen et al., 2000; Verwoerd, 2015). Although the terms
“vector competence” and “vector capability” often are used interchangeably, vector
capability is a wider concept which includes other factors that influence the ability
of the vector to transmit a pathogen such as the population densities of both vector
and host, and climatic factors, including both temperature and humidity. Another
distinction that can be made is between primary and secondary vectors. The
relationship between a specific vector and its preferred host is usually stable but it
can change, mainly for environmental reasons.
Arthropod vectors can be broadly divided into two groups: ticks and insects
(Norval et al., 2004, Verwoerd, 2015). Ticks are obligate parasites that have been
associated with the transmission of diseases to vertebrate animals and humans
since ancient times. There are two main families of tics: hare ticks and soft ticks,
which are highly divergent in their biological characteristics. Hard ticks are the
vectors of some of the most economically important tropical disease of domestic
animals. Only two soft ticks are currently of veterinary importance. Ornithodoros
porcinus is the primary vector of African swine fever (ASF) in Africa, whereas the
O.eraticus complex was identified in Europe as the main secondary vector.
The majority of arthropod vectors belong to four orders of haematophagous
insects: lice, fleas, flies and true bugs (Rodhain, 2015). Most of the important
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insect vectors of veterinary importance are the flying insects belonging to the flies.
Examples are the sandflies, black flies, midges, mosquitoes, horseflies. Their
biology and importance to veterinary science is explored elsewhere.
Vector-borne disease can be defined as a disease transmitted by a living being,
usually an arthropod vector, to a vertebrate host (Verwoerd, 2015). Each of the
three components, vector and the parasite transmitted and the host, have an
influence on the course of the disease: its incidence, geographical distribution,
epidemiology, pathogenicity and, eventually, its control or eradication.
Many factors can influence the vector. Ecological changes, either natural of
human-induced, include climate change, habitat destruction and changes in
population density as a result of increased travel and trade. When these factors
affect the capability of the primary vector to transmit the infectious organism the
latter can adapt to a secondary vector. The infectious agent can also change and
adapt to different environments. Many viruses constantly go through mutations,
including recombination. They undergo selection processes that lead a new strains
occurring in different parts of the world, complicating its control by means of
vaccination and thus necessitating the development of new vaccines. That is the
unique characteristics of vector-borne diseases and especially the problems
encountered in their diagnosis and control.
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1.2. Mosquito vector

Mosquitoes are among the most dangerous vectors for humans and are involved in
the transmission of many animal pathogens (Pates et al., 2005).
Mosquitoes undergo a complete metamorphosis, during its lifetime an individual
passes through several successive stages: egg, larva, nymph and adults (Rodhain,
2015). Males are not haematophagous and have a short lifespan and low dispersal.
Females are mostly haematophagous with an average lifespan of around two
months and their dispersal is governed by the search for a vertebrate host and
breeding site. For mosquitoes, flight dispersal ranges from a few hundred meters to
several kilometers but, in addition to this active dispersal, there is passive dispersal
by winds and human means of transport, which may pose problem for
epidemiologists because they can lead to unexpected emergencies.
The most interesting and socioeconomically significant vector borne diseases are
caused by arboviruses (Kock, 2015). Arboviruses transmitted by mosquitoes are
extremely numerous and belong mainly to the genera Flavivirus, Alphavirus,
Phlebovirus and Orthobunyavirus. The majority of zoonotic agents and some are
among the most dangerous for humans, including Japanese encephalitis, West Nile
virus, Rift Valley fever virus, Chikungunya virus, and many others. Mosquitoes
can act as reservoirs for viruses in these various arboviral systems, at least
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temporarily, and depending on their feeding preferences, they can act as vectors for
transmission to humans of to certain wild or domestic animals. As usual, it all
depends on ecological contact between natural populations.

1.3. Surveillance

Surveillance may be general, in order to detect a variety of known or unknown
diseases in a population, or hazard specific, aimed at detecting one or more specific
known disease (Hoinville et al., 2013). Surveillance information is intended for use
in outbreak management, to inform disease control measures, to inform trade
policy, and to priorities further surveillance and control measures. The aims of
surveillance for vector-borne disease may include the early detection,
substantiating freedom from disease, monitoring. In addition, surveillance activities
may also contribute to improving our knowledge of the disease and help to inform
and refine further surveillance. There are many forms of surveillance, and the
design of the most appropriate system will depend on its precise purpose and the
type of diseases or health related events to be targeted (Thompson et al. 2015).
Early warning surveillance
Early warning surveillance refers to the surveillance of health indicators such as
mortalities or laboratory submissions, to increase the likelihood of detecting new or
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unexpected diseases threats in a timely manner. This is an important component of
surveillance for vector-borne disease and is widely used, since it potentially allows
for the detection of multiple known and unknown emerging diseases.
Sentinel surveillance
Sentinel surveillance employs repeated sampling from subjects at selected sites,
which act as proxies for the entire population. The sites may be randomly selected
or located in areas where the probability of disease detection is increased. Sentinel
surveillance can be deployed at a regional scale as demonstrated in West Africa for
RVF, where a network of sentinel small ruminant herds was located in potential
high-risk areas for RVF in Mauritania, Senegal and Mali.
Syndromic surveillance
Syndromic surveillance makes use of pre-diagnosis data, targeting general groups
of diseases of syndromes. Thus, it is generally more sensitive and timely than
passive surveillance, but may suffer from a low specificity.
Risk-based surveillance
Risk-based surveillance aims to increase the efficiency and benefit-cost ratio of
surveillance by employing risk assessment methods to priorities surveillance
requirements in either the sampling or analysis of the surveillance data. Risk-based
surveillance methods are built into most surveillance systems for VBDs,
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particularly those aimed at the early detection of disease, improves the costeffectiveness of the system.
Participatory surveillance
Another area of surveillance now receiving more attention is participatory
surveillance, using participatory rural appraisal methods. This aims to enhance
surveillance sensitivity via an inclusive approach, using key informants to tap into
local knowledge and traditional information networks.

2. Rift Valley Fever

Rift Valley fever virus (RVFV) is primarily transmitted by mosquitoes and causes
a severe disease in humans and animals. RVFV was first described in the Rift
Valley of Kenya in 1931(Daubney, 1931). RVFV is a member of Phlebovirus
genus of the Bunyaviridae family. The disease is usually present in epizootic form
over large areas of a country following heavy rains and flooding (Bird et al., 2009).
RVF is characterized by abortion, neonatal mortality and liver damage (Pepin et al.,
2010). The disease is most severe in sheep, goats and cattle. Camels usually have
an inapparent infection but abortion rates can be as high as in cattle. In humans, the
disease leads to a wide variety of clinical symptoms from influenza like illness to
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encephalitis. For many years, RVFV is endemic in many African countries. But, it
emerged for the first time outside Africa in the Arabian Peninsula in 2000 and
caused a large outbreak in livestock and humans (CDC, 2000a; CDC, 2000b;
Balkhy and Memish, 2003). Then there raising concern that the disease could
spread further into Asia or Europe or even to USA.

2.1. Etiology and Epidemiology

RVFV is a member of the Phlebovirus genus of the Bunyaviridae family. It is an
enveloped spherical particle with a tripartite single stranded negative-sense RNA
genome, designated large (L), medium (M), and small (S) (Flick et al., 2005; Pepin
et al., 2010). The L RNA encodes a single large protein, the RNA-dependent RNA
polymerase. The M RNA encodes a polyprotein that is processed the form two
glycoproteins (Gn and Gc) and, in some cases, a non-structural protein (NSm). The
S RNA encodes the nucleocapsid (N) protein and non-structural (NSs) protein. The
virus is readily inactivated by use of strong detergents of 10% solutions of sodium
hypochlorite and via formalin fixation. Because of the ease of horizontal
transmission, laboratory based investigations must be performed in BSL-3 facilities.
The virus was first isolated and RVF was initially characterized following the
sudden deaths of lambs and ewes on a single farm in the Great Rift Valley of
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Kenya in 1931 (Daubney, 1931). Traditionally, RVFV has been restricted to subSaharan Africa but was detected north of the Sahara desert in 1977, where it was
the cause of a massive epidemic-epizootic along the Nile river and delta in Egypt.
This outbreak remains the largest on record, with hundreds of thousands of cases in
sheep and cattle, there were an estimated 200,000 human cases, with 600 reported
deaths (Meegan, 1979; Meegan, 1981). In late 1977 and 1998, a major epizootic
spread from Somalia through Kenya into Tanzania, causing the death of many
thousands of sheep, goats, and camels, and more than 90,000 human cases, with
some 500 deaths (Meegan et al., 1979). An extensive epizootic in Yemen and
Saudi Arabia in 2000 was the first recognition of the disease outside Africa. More
recently, it was detected for the first time in the Comores, of the French Island of
Mayotte (Sissoko et al., 2009).

2.2. Transmission and Vector

The virus is transmitted through mosquito vectors. Occasionally, humans can be
infected by contact with infected tissues, or aerosols. Persons in contact with
animals, such as veterinarians and workers in the livestock industry are at risk.
There is also circumstantial evidence that infection can occurred very rarely
through contact with raw milk (Gerdes, 2004).
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RVFV has been isolated from >30 species of mosquitoes from at least 6 genera
(Aedes, Culex, Anopheles, Eretmapadites, Mansonia, and Coquillettidia) (Bird et
al., 2009; Chevalier et al., 2010; Turell et al., 2010). RVFV survives in enzootic
regions of Africa in a silent infection cycle and emerges after periods of
exceptionally heavy rainfall or in association with construction of dams, to initiate
disease epizootics. In an epizootic, virus is amplified in wild and domestic animals
by many species Culex and other Aedes mosquitoes. These mosquitoes become
very numerous after heavy rainfall that is sufficient to reflood the dambos. A very
high level of viremia is maintained in infected sheep and cattle. In turn, the infected
livestock infect secondary bridge mosquito vectors such as Culex, thus human
infections develop either as a result of bites from infected mosquitoes (Aedes or
Culex spp), exposure to infectious aerosols, and handling of aborted fetal materials.
Once it is established in previously free regions, it would be difficult of
impossible to eradicate the virus, because of the many mosquito species capable of
efficient virus transmission and the phenomenon of transovarial transmission.

2.3. Clinical signs and diagnosis

RVF are characterized by sudden abortion, almost 100% mortality in newborns
of less than one week old and an influenza-like illness in humans (OIE, 2014). The
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disease is most severe in sheep, goats and cattle. Camels usually have an
inapparent infection. The incubation period is typically less than 3days. New born
kids and lambs are most susceptible and mortality may vary from 70% to 100%.
Infected sheep and goat develop fever, inappetence, mucopurulent nasal discharge,
and bloody diarrhea. Cattle are less severe with mortality rates of 10-30% but 90100% of pregnant cows may abort. A variety of other animals can be infected but,
unless they are very young, rarely develop serious clinical disease.
RVF can be diagnosed using several different methods. The virus itself may be
detected in blood during the early phase of illness of in post-mortem tissue using a
variety of techniques including virus propagation, antigen detection tests and RTPCR. Rapid diagnosis is achieved using RT-PCR assays (Drosten et al., 2002; Bird
et al., 2007a; Wilson et al., 2013). At present, the most widely used serological
diagnosis is the ELISA for the detection of IgM and IgG (Williams et al., 2011;
Fafetine et al., 2012; Kim et al., 2012; Jackel et al., 2013).Virus neutralization tests
(VNT) is most specific, but not recommended in outside endemic areas or in
laboratories with appropriate biosecurity facilities.

2.4. Prevention and Control
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There are no commercially available human vaccines (Mansfield et al., 2015).
Vaccines are generally used to protect animals from RVF in endemic regions.
Attenuated and inactivated RVF vaccines are both available (Meadors et al., 1986;
Smithburn, 1949). Formalin-inactivated vaccines require a booster 3-6 months
following initial vaccination. The most effective vaccine is the modified live
Smithburn neutropic strain, but they cause abortions and birth defects in pregnant
animals. Recently, Clone 13 vaccine was developed and now commercially
available for use in livestock in South Africa (Dungu et al., 2010; Teichman et al.,
2011).. Clone 13, which has a large deletion in the open reading frame of the NSs
protein, has been demonstrated to be safer than the smithburn vaccine strain. Many
other candidate vaccines such as MP-12 are either being developed or evaluated
(Kortekaas, 2014). Several new vaccines are under development for the
differentiation of vaccinated from naturally infected animals (DIVA).
Control is based primarily on livestock vaccination, but vector control is also used
during outbreaks. Also, early detection of RVF is a prerequisite to effective control
of the disease. Thus, control of RVFV incursions can only be achieved by close
coordination of agricultural, veterinary, entomologic, and medical efforts.
Successful control will require a multifaceted intervention strategy involving rapid
diagnostic tests to identify infected humans, other animals, and vectors and
resources for appropriate supportive care of infected individuals. Animal
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quarantine or slaughter and integrated insect control measures also are required for
effective control.

3. One health

3.1. Concept

The environment is often subject to disruptions which are in part responsible for
the climate changes currently being observed. These disruptions are often caused
by anthropogenic factors (Beugne et al. 2013). These factors include population
growth and the considerable increase in the movements of people, animals and
goods which this causes. The increase in the number of international flights is the
most worrying element, as the duration of such flights is shorter than the incubation
period of most infectious diseases, and container shipping by air or sea allows
certain vectors to extend their range. The only way to prevent all these new hazards
is to adapt the existing systems of health governance at world, regional and
national levels in a harmonized and coordinated manner. That is the concept ‘One
World, One Health’, indicating that the world has suddenly woken up the link
between animal disease and public health (Dehove, 2010). A multi-disciplinary
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approach is now imperative, and groups need to collaborate in an integrated
manner that includes vector control, vaccination programmes, improved therapy
strategies, diagnostic tools and surveillance, public awareness, capacity building
and improvement of infrastructure in endemic regions. One health is not a new
concept, but it has become more important in recent years because many factors
have changed the interactions among humans, animals, and the environment. At the
global level, the World Organisation for Animal Health (OIE), the World Health
Organization (WHO) and the United Nations Food and Agriculture Organization
(FAO) have created the Global Early Warning System, a platform shared by the
three organizations to improve early warning on animal diseases and zoonosis
worldwide (FAO et al., 2008). Vector-borne diseases are a good illustration of the
concept of “One Health” because they involve domesticated or wild vertebrates,
their arthropod vectors, the environment and finally, if the disease is also a
zoonosis, human beings. For the control and prevention of vector borne diseases,
this one health approach is important and will be needed.

3.2. One health in ROK

One health concept should be applied not only at the national level but also in
ROK for the prevention and control of infection of new emerging disease and
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vector-borne disease. In ROK, Center for Infectious Disease Control (KCDC) has
disease control and management system for human diseases and zoonosis. Animal
and plant quarantine agency (QIA) performs quarantine, diagnosis, prevention and
control of animal diseases and zoonosis. In 2005, KCDC and QIA have formed a
committee to deal with new emerging diseases and re-emerging diseases.
In 2015, the QIA conducted a Middle East Respiratory Syndrome Coronavirus
(MERS Co-V) antigen test on domestic camels, when the MERS Co-V occurred in
Korea, at the request of the KCDC. This is a good example of one health. However,
there is still a lack of cooperation among institutions for other infectious diseases.
In the case of RVF, only the antigen test is established in KCDC, and no other
observation or research has been conducted. In QIA, antigen test and antibody test
for RVF have been established, and they are constantly conduct surveillance and
research. Currently, RVF is excluded from reportable diseases between KCDC and
QIA when it occurs. However, RVF is very important in relation to bioterror, and it
is a high-risk pathogen and belongs to the third risk group in ROK. Therefore, it is
necessary to cope through cooperation between institutions in order to prevent and
control diseases.
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Chapter 1

Development of a quantitative real time RT-PCR to
differentiate Rift Valley Fever virus from Clone 13
vaccine strain

Abstract

Rift valley fever is a mosquito-borne viral disease that affects humans and
animals. There is increasing the great concern about the introduction of RVF virus
into RVF-free countries because of recent RVF outbreak in the Arabian Peninsula.
Thus, the new quantitative real time RT-PCR (qRT-PCR) was developed to
differentiate safely and cost-effectively infected from vaccinated animals (DIVA)
with possible application in RVF-free countries. The new qRT-PCR targeting the S
segment (NSs and N gene) was tested on synthesized standard RNA and MP-12
strain viruses. The detection limit of the new qRT-PCR was 1 copy/µl of NSs and
N, and was able to differentiate the Smithburn strain from the Clone 13 vaccine
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strain. No cross reactivity with other vector-borne viruses was observed, a factor
which is especially important in the ROK, was observed. To examine the
performance of the qRT-PCR, intra-and inter-assay variability data were analyzed
and showed high reproducibility. These results indicate that the new qRT-PCR
might be used as a safe and cost-effective DIVA diagnostic test in RVF-free
countries including ROK.

Keywords: Rift valley fever, qRT-PCR, Clone 13, DIVA, Republic of Korea
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Introduction

Rift valley fever (RVF) is an important mosquito-borne zoonotic disease that is
caused by RVF virus, a Phlebovirus of the Bunyaviridae family. RVF causes high
neonatal mortality rates and abortion in pregnant animals, especially sheep, goats
and cattle. In humans, RVF causes a mild to moderate influenza-like syndrome
(Gerdes, 2004; OIE, 2014). However, a small percentage of infections can progress
to more severe manifestations such as meningoencephalitis, hemorrhagic disease
and retinitis. RVF outbreaks result in direct and indirect economic losses due to
abortions and neonatal mortalities, and control measures instituted respectively
(Geering, 2002).
RVF was first reported in Kenya in 1931 (Daubney, 1931) and subsequently in
many African countries. RVF was first detected outside Africa in the Arabian
Peninsula in 2000 (Balkhy and Memish, 2003), and more recently, it was detected
in Comores in the French Island of Mayotte in 2007 (Sissoko et al., 2009). With
increased international travel and animal trade, the risk of RVF extending to RVF
free areas such as Asia, Europe and the USA, has increased (Kasari et al., 2008;
Chevalier, 2013; Salman, 2013).
Currently, there are no commercially available RVF vaccines for humans, but
veterinary vaccines used in endemic countries include the live attenuated RVFV
Smithburn vaccine (Smithburn, 1949) and an inactivated virulent vaccine (Meadors
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et al., 1986). However, due to its potential pathogenicity and adverse effects such
as abortion, the use of the Smithburn vaccine has been limited. Recently, a Clone
13 vaccine was developed by and is now commercially available from the OBP
company in South Africa (Dungu et al., 2010; Teichman et al., 2011). Other
vaccine in the form of DNA subunits, MP-12, different vector, which could
circumvent the shortcomings of the vaccines currently in used, have been
formulated but are not yet been commercialized (Kortekaas, 2014). Unlike human
vaccine, the most important property of an ideal veterinary vaccine is the ability to
differentiate infected from vaccinated animals (DIVA) (Bird and Nichol, 2012). In
addition, the DIVA vaccine should be accompanied by a DIVA diagnostic test.
The diagnostic methods for RVFV detection include virus isolation (Anderson et
al., 1989), antigen (Niklasson et al., 1983; Meegan et al., 1989; Fukushi et al.,
2012) and antibody and nucleic acid amplification methods. The virus is readily
isolated from samples but the procedure is expensive and time consuming and
requires BSL-3 biocontainment. Various enzyme-linked immunosorbent assays
(ELISAs) based on virus antigen or recombinant nucleocapsid proteins of RVFV
have been developed and validated for serodiagnosis (Williams et al., 2011;
Fafetine et al., 2012; Jackel et al., 2013). Additionally, antigen capture ELISAs are
also available (Jansen van Vuren and Paweska, 2009; Fukushi et al., 2012).
However, these methods require several samples and are labor intensive. The Virus
Neutralization Test (VNT) is the gold standard serological assay for RVF diagnosis
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but is laborious, expensive and takes 5-7 days (Swanepoel et al., 1986). Above all,
the VNT uses live virus, necessitating biosafety level 3(BSL3) facilities, making it
difficult to use in RVF-free countries (OIE, 2014). Rapid and sensitive RVFV
RNA detection methods have been reported such as conventional reverse
transcriptase polymerase chain reaction (RT-PCR) (Sall et al., 2002), quantitative
RT-PCR (qRT-PCR) (Drosten et al., 2002; Bird et al., 2007a; Drolet et al., 2012;
Mwaengo et al., 2012) and real-time reverse transcription loop-mediated
isothermal amplification (LAMP) tests (Le Roux et al., 2009; Euler et al., 2012).
However, these tests do not have DIVA capacity. More recently, a quadruplex
qRT-PCR which is DIVA compatible, and a nested qRT-PCR which can detect low
levels of RVFV, was developed (Wilson et al., 2013; Maquart et al., 2014).
However, these methods use a standard derived from the virus and are more
complex and costly, and thus difficult to apply in countries that lacks appropriate
biocontainment conditions, such as developing countries. Therefore, the aim of this
study is to develop a safe, cost-effective and DIVA compatible one-step qRT-PCR
that can be used in RVF-free countries, such as the Republic of Korea (ROK).
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Materials and Methods

Viruses

The RVF vaccine candidate strain, MP-12, which can be manipulated in a BSL-2
facility, was kindly provided by the United States Department of Agriculture –
Agricultural Research Service (USDA-ARS) - Arthropod-borne Animal Diseases
Research Laboratory (KS, USA). The virus was propagated on Vero cells and
titrated using the micro-neutralisation method, where TCID50 (tissue culture dose
that leads to 50% cytopathogenicity) was calculated using the Karber method
(Spearman, 1908; Kaerber, 1931). The Akabane virus strain 93FMX (Korea
Veterinary Culture Collection (KVCC-VR63), Aino virus strain KSA9910
(KVCC-VR64), Chuzan virus strain YongAm (KVCC-VR66) and Schmallenberg
virus (Friedrich Loeffler Institute) was used for new qRT-PCR.

RNA preparation

Viral RNA was prepared from 140 µl of infected Vero cell supernatant using a
QIAamp viral RNA kit (Qiagen, Hilden, Germany) according to the manufacturer’s
protocol. The RNA was eluted in 50 µl of elution buffer and stored at -70 °C.
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Construction of the standard RNA

To evaluate the detection limit of the assay, the targeted regions of the L, M and S
segments were synthesized according to the sequence information of the RVFV
Smithburn strain. The L segment (2771-3543), the M segment (658-1314) and the
full length S segment from the Smithburn strain (Gen Bank No: DQ380157) and
the Clone 13 strain (Gen Bank No: DQ380182) were synthesized (Bioneer,
Daejeon, Korea) and used as the PCR template. The PCR product was transcribed
in vitro to RNA using a MEGAscript Kit (Life Technologies, Carlsbad, USA).
Finally, the in vitro translated RNA was purified after DNAse treatments and
quantified with a NanoDrop 2000 spectrophotometer (Thermo Scientific, DE,
USA). The number of RNA copies was calculated as previously described
(Fronhoffs et al., 2002). The RNA was serially diluted 10-fold from 1×106 to 1×100
copies/µl with RNase free water as the diluents and was stored at -20 °C prior to
use in standard curve generation. Smithburn strain RNA was used as the standard,
while Clone 13 strain RNA was used as the differential diagnosis through the same
procedure.

Primers and probes design
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Two of the primer and probe sets for the S-segment were designed using the
PrimerQuest design tools (Integrated DNA Technologies, USA). One detected the
NSs gene and the other detected the N gene. The probes were labeled at the 5´ ends
with two different reporter dyes (FAM for the NSs gene, and Cy5 for the N gene).
The primer and probe set are listed in Table 1.1. The RVFV Smithburn vaccine
strain was used as a reference virus for this study.
The L and M segment primers and probes were synthesized based on previous
qRT-PCR (Wilson et al., 2013; OIE, 2014).

Development of New quantitative real-time RT-PCR (qRT-PCR)

Standard RNA was prepared as described in Section 2.3 and was used as the
template. The new qRT-PCR was conducted using a AgPath-ID One-Step RT-PCR
Kit (Life Technologies, Inc., NY, USA) and performed in a 20 µl reaction mixture
containing 5 µl of standard RNA, 2×RT-PCR Buffer, 25×enzyme mix, 1 µM of
each primer (RVF NSs-F, RVF NSs-R, RVF N-F, RVF N-R), 0.1 µM of each
probe (RVF NSs-P, RVF N-P), and nuclease-free water to a final volume of 20 µl.
Amplification and detection were performed with a CFX96 Touch

TM

real time

PCR detection system (Bio-Rad, CA, USA) under the following conditions: 30min
at 45 °C, 5min at 95 °C, followed by 45 cycles of 95 °C for 5 s and 60 °C for 60 s.
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The evaluation of the new qRT-PCR

Analytical sensitivity
For the diagnostic sensitivity test, 10-fold serially diluted standard RNA templates
between 106 and 100 copies/µl tested in duplicate to determine detection limit of the
new qRT-PCR and to establish the standard curves.

Analytical specificity
For the differential diagnosis, Smithburn standard RNA and Clone 13 RNA were
tested. Diagnostic specificity was evaluated using other vector-borne viruses (Kim
et al., 2015; Lee et al., 2015). These viruses are especially important in the ROK as
they have similar clinical signs to RVF.

Comparison with standard methods
The new qRT-PCR assay was compared with that described by the OIE (OIE,
2014) and a recently published quadruplex qRT-PCR (Wilson et al., 2013). The
comparison was made by determining the limit of detection using the synthesized
standard reference RNA and that of RVFV MP-12. Virus titer was determined to
be 108 TCID50/ml and used to prepare 10-fold dilutions.

Reproducibility
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To assess the reproducibility of qRT-PCR, the serially diluted standard RNA
control was tested for inter-assay and intra-assay variations. All data were analyzed
statistically as the means ± SD. The intra-assay variation was evaluated by the
means of 3 rounds of each reaction run, and inter-assay variation was assessed by
three independent reactions on different days.
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Results

Analytical sensitivity

The detection limit of new qRT-PCR was 1 copy/µl for NSs and N. The standard
curves of NSs and N were established with linear correlations (R2) of 0.9982 and
0.995, respectively (Fig. 1.1).

Analytical specificity

The new qRT-PCR was able to differentiate the Smithburn RNA from the Clone
13 RNA (Fig. 1.2). In the Smithburn RNA, both NSs and N were detected, whereas
only N was detected in the Clone 13 RNA.
In addition, there was no cross reaction when the new qRT-PCR was evaluated
with other vector-borne viruses (Table 1.2). This indicates that our method is
highly specific for the detection of RVFV.

Comparative efficiency

The performance of the new qRT-PCR was compared with the OIE reference
method and quadruplex qRT-PCR with the same ten-fold serial dilution of the

43

standard RNA and the RVFV MP-12 (Table 1.3). All of the methods detected 100
copies/µl of standard RNA. In the experiment using the RVFV MP-12, the
detection limit of all methods was 100 TCID50/ml. The comparison results indicated
that the sensitivity of new qRT-PCR is similar to that of other methods.

Reproducibility

The reproducibility of the new qRT-PCR was analyzed using Ct values in
triplicates within each run (intra-assay, Table 1.4), and also in three different runs
(inter-assay, Table 1.5). The CV of the NSs and N in the intra-assay assessment
ranged from 0.11 % to 2.47 % and from 0.2 % to 1.41 %, respectively. The CV of
the NSs and N for the inter-assay ranged from 0.01 % to 0.02 % and from 0.00 %
to 0.02 %, respectively.
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Discussion

RVF is a vector-borne zoonotic disease that affects animal and human health, and
causes economic losses. The geographical distribution of RVF has expanded, and
thus, RVF-free countries are assessing the risk of introduction of the disease
(Metras et al., 2011; Chevalier, 2013; Rolin et al., 2013; Salman, 2013). In these
circumstances, recently, the one health control approach has been reported to
mitigate an outbreak of RVFV (Hassan et al., 2014; Kortekaas, 2014). One health
approach is needed for effective early warning, surveillance and diagnostic
capacity. It is important to rapidly and accurately diagnose the disease through
continuous surveillance. Therefore, for enhanced diagnostic capacity, European
laboratories have evaluated the utility of antibody-based diagnostic assays
(Kortekaas et al., 2013), and the European Network for Diagnostics of ‘Imported’
Viral Diseases (ENIVD) has assessed the efficiency and accuracy of RVFV
molecular diagnostic methods used by expert laboratories worldwide (Escadafal et
al., 2013).
Until now, RVF has not been reported in Asia, including the ROK. However, the
possibility of RVFV introduction cannot be ignored because mosquito vectors
known to transmit RVFV have previously been identified in the ROK (Seo et al.,
2013). In addition, the first non-stop flight between Africa and Northeast Asia by a
Korean aircraft started operating in 2012. As a result, increasing intercontinental
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travel between ROK and Africa may facilitate the introduction of RVFV through
several pathways (Kasari et al., 2008). In this situation, safe and rapid antigen
detection diagnostic methods needed that could be used in RVF-free countries. The
diagnostic tests should ideally be able to discriminate other RVFV from the strain
contained in the Clone 13 vaccine that is used in endemic areas in Africa (Dungu et
al., 2010; Teichman et al., 2011).
In the current study, a new qRT-PCR that detected the S segments of RVFV,
especially the N and NSs genes was developed. I used the Smithburn strain of
RVFV, because the RVFV genome is reported to be conserved (Bird et al., 2007b;
Grobbelaar et al., 2011), and can be used to detect other strains. The test utilizes
synthesized genes that can be used safely in a RVF-free country such as ROK. A
standard curve was established from 106 to 100 copies/µl and the slope was close to
the theoretical slope of -3.3 and the correlation coefficient was close to the R2 of 1
in theory. These values indicate good correlation and suggest good analytical
sensitivity. Additionally, the CV values of the intra-and inter-assays runs indicated
good reproducibility.
The new qRT-PCR can be used to rapidly and reliably differentiate Smithburn
RNA from Clone 13 RNA. Although I used a synthetic gene not the field virus, the
results showed the assay had DIVA potential. The newly developed vaccine, called
Clone 13, which can be used safely in pregnant animals, has been used in endemic
areas (Dungu et al., 2010; Teichman et al., 2011). The Clone 13 virus strain has a
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large deletion (70%) in the NSs gene and is highly attenuated in mice (Vialat et al.,
2000). The key feature of using Clone 13 vaccine is the potential to differentiate
vaccinated from infected animals, when accompanied by related DIVA diagnostic
assays (Bird and Nichol, 2012). Recently, a quadruplex qRT-PCR with DIVA
potential was developed by Wilson et al. (2013). The test detects all three gene
segments, although it uses a live virus as positive control and requires special
instruments that have four-color channel capabilities. In contrast, the new qRTPCR uses non-infectious synthetic genes, requires inexpensive instruments that
have two-color channel capabilities, and can be safely used in RVF-free countries
at a lower cost.
The new qRT-PCR did not have cross reactivity with other arboviruses. The
Akabane virus, Aino virus and Chuzan virus are very important diseases with
clinical signs similar to RVF and with high seropositivity rates in the ROK (Kim
YH, 2015). Schmallenberg virus, an emerging bunyavirus, was first reported in
2011 (Hoffmann et al., 2012) and clinical signs are similar to RVF. Although
Schmallenberg virus is not found in ROK, but differential diagnosis is meaningful
as with other arboviruses (Lee et al., 2015).
A new qRT-PCR for the detection of RVFV was developed in this study. It can be
differentiated Smithburn RNA from Clone 13 RNA and using the synthetic gene
dose not requires BSL-3 biocontainment. These results demonstrate that the new
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qRT-PCR can be used as a safe, cost-effective and DIVA diagnostic test in RVFfree countries including the ROK.
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Table 1.1. Primer and probe sequences used for new qRT-PCR for RVFV detection
Primer/probe

Sequence 5´-3´

Probe label

Nucleotide

Final

positions

(µM)

Conc.

Tm(°C)

RVF NSs-F

TGTTGGCTTACACAGGATGATAG

511-534

1

53.3

RVF NSs-R

CTGTACGTGAGCAACCTCATAC

592-614

1

51.3

RVF NSs-P

AGAGGGATTGACCTGTGCCTGTTG

551-575

0.1

62.2

RVF N-F

ACTCACTCAAGACGACCAAAG

1280-1301

1

50.6

RVF N-R

GGAGGCTCTCATCAACAAGTATAA

1381-1405

1

53.3

RVF N-P

CGGCAGCAACTCGTGATAGAGTCAA

1325-1350

0.1

63.3

5´:FAM,3´:TAMRA

5´:Cy5, 3´:BHQ1
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A

B

Figure 1.1. Standard curves of the new qRT-PCR based on a 10-fold serially diluted RVF standard RNA. (A) NSs gene
standard curve and (B) N gene standard curve.
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Figure 1.2. Diagnostic specificities of the new qRT-PCR for RVFV detection. (A) Smithburn strain and (B) Clone 13
strain synthetic RVF RNA was used in the new qRT-PCR. The diamond symbol line (FAM) and solid line (Cy5)
indicates NSs and N gene, respectively.
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Table 1.2. Vector-borne viruses tested that are not detected by the new qRT-PCR
Virus

Titer tested (logTCID50/ml)

New qRT-PCR results

Akabane

4.8

ND a

Aino

4.4

ND

Chuzan

4.5

ND

Schmallenberg

4.0

ND

Rift Valley fever

4.0

Positive

a

Not detected

52

Table 1.3. Comparison of detection limits of new qRT-PCR using standard RNA and RVFV MP-12
RNA/virus

OIE qRT-PCR

New qRT-PCR

Quadruplex qRT-PCR

M

NSs

N

S

M

L

Standard RNA

102

33.11

31.29

31.47

31.92

33.00

31.25

(Copies/µl)

101

35.33

34.03

34.62

36.31

35.64

34.65

100

36.51

36.63

36.37

39.47

39.32

38.89

MP-12 virus

102

31.37

30.38

31.63

32.39

33.02

34.91

(TCID50/ml)

101

34.90

33.79

35.16

34.97

35.55

39.79

100

35.95

38.27

36.58

36.67

38.07

38.15-
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Table 1.4. Reproducibility of the new qRT-PCR in intra-assay
NSs

Cycle of threshold (Ct) for RVFV synthetic RNA standards (copy number/µl)

Assay

106

105

104

103

102

101

100

1

18.47

21.54

24.96

28.08

31.36

34.33

37.50

2

18.60

21.67

24.98

28.13

31.19

33.92

35.69

3

18.38

21.63

25.02

28.16

31.33

33.85

36.70

Ct (means ± SD)

18.48 ± 0.11

21.61 ± 0.07

24.99 ± 0.03

28.12 ± 0.04

31.30 ± 0.09

34.03 ± 0.26

36.63 ± 0.91

CV (%)

0.60

0.31

0.11

0.14

0.29

0.76

2.47

N

Cycle of threshold (Ct) for RVFV synthetic RNA standards (copy number/ µl)

Assay

106

105

104

103

102

101

100

1

18.42

21.43

24.94

28.12

31.66

34.37

ND

2

18.42

21.70

25.01

28.16

31.32

35.18

36.30

3

18.34

21.63

25.04

28.26

31.43

34.30

36.44

Ct (means ± SD)

18.39 ± 0.05

21.59 ± 0.15

25.00 ± 0.05

28.18 ± 0.08

31.47 ± 0.17

34.61 ± 0.49

36.37 ± 0.10

CV (%)

0.25

0.67

0.20

0.27

0.55

1.41

0.27
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Table 1.5. Reproducibility of the new qRT-PCR in inter-assay
NSs

Cycle of threshold (Ct) for RVFV synthetic RNA standards (copy number/ µl)

Assay

106

105

104

103

102

101

100

1

18.81

21.99

25.22

28.35

31.45

35.14

38.67

2

17.94

21.14

24.76

28.18

30.72

34.34

37.15

3

18.71

22.10

25.30

28.94

31.50

35.26

38.19

Ct (means ± SD)

18.49 ± 0.39

21.74 ± 0.43

25.09 ± 0.24

28.49 ± 0.33

31.22 ± 0.35

34.91 ± 0.41

38.00 ± 0.63

CV (%)

0.02

0.02

0.01

0.01

0.01

0.01

0.02

N

Cycle of threshold (Ct) for RVFV synthetic RNA standards (copy number/ µl)

Assay

106

105

104

103

102

101

100

1

18.62

21.83

25.12

28.30

31.39

36.32

37.73

2

18.03

21.32

24.84

28.40

30.93

34.79

37.61

3

18.37

21.93

25.07

28.71

31.31

35.79

38.03

Ct (means ± SD)

18.34 ± 0.24

21.69 ± 0.27

25.01 ± 0.12

28.47 ± 0.18

31.21 ± 0.20

35.63 ± 0.63

37.79 ± 0.18

CV (%)

0.01

0.01

0.00

0.01

0.01

0.02

0.00
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Chapter 2
Competitive ELISA for the Detection of Antibodies to
Rift Valley Fever Virus in Goat and Cattle

Abstract
RVF is one of the important emerging viral diseases of serious impact in public
health and animal hygiene both in human and animal industry. In this study, a
monoclonal antibody-based competitive ELISA was developed for the detection of
antibodies to RVFV in goat and cattle.
The recombinant N protein of RVFV was expressed in E. coli with six-histidine tag
and the purified N protein was used for detecting antigen with competitive
monoclonal antibody against RVFV antibodies. The competitive ELISA (C-ELISA)
could detect antibodies at 9-11 days after inoculation in goat and cattle with the
sensitivity of 94.7 % (virus neutralization titer >32) and specificity of 99.7%,
respectively.
In addition, C-ELISA did not show any cross-reactivity with positive sera against
Arboviruses such as Akabane, Aino, Chuzan, Ibaraki, and Bovine ephemeral fever
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virus which are prevalent viral agents in ruminant animals throughout Southeast
Asia.
The results in this study indicated that C-ELISA is a simple, rapid and convenient
sero-diagnostic method for RVFV in goat and cattle.

Keywords: Rift valley fever virus, recombinant N protein, competitive ELISA,
arbovirus
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Introduction

RVFV is a zoonotic, mosquito-borne member of the genus Phlebovirus in the
family Bunyaviridae that is transmitted by Aedes species and Culex species. RVF
causes high mortality in newborn kids and abortions in pregnant sheep, goat and
cattle (Bishop et al., 1980; Swanepoel et al., 2004). It was first identified in sheep
by Daubney et al. in Kenya in 1931 (Daubney et al., 1931) and was not reported
outside sub-Saharan countries until 1977 when it suddenly emerged to cause a
large outbreak in Egypt. However, recent first outbreak in Arabian Peninsula
(Yemen and Saudi Arabia) outside Africa and re-emergence of the disease in East
Africa are of global medical and veterinary concerns (CDC, 2007; Jupp et al.,
2002). The global warming which facilitates spread of mosquito-borne virus has
raised concerns that other regions of the world could be receptive to the virus
(Paweska et al., 2008).
Accurate diagnosis of RVF can be achieved by serological tests in combination
with clinical observation and epidemiological history (Fafetine et al.., 2007).
Classical methods for the detection of antibodies to RVFV are haemagglutination
inhibition,

complement

fixation,

virus

neutralization

(VN)

test,

and

immunofluorescence assay (IFA) (Swanepoel et al., 1986a). Disadvantages of
these tests were the health risk to laboratory personnel by manipulating live virus,
and so restrictions for their use outside RVF endemic areas (Paweska et al., 2003a).
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Therefore, these inconveniences led to developing a safe and reliable tool for rapid
diagnosis of RVF (Paweska et al., 2008).
Different types of enzyme-linked immunosorbent assays (ELISA) have been
recently developed and evaluated for serodiagnosis of RVF in human and animals.
A highly sensitive and specific indirect ELISA based on the use of βpropiolactone inactivated and/or gamma-irradiated, sucrose-acetone extracted
antigens derived from tissue culture or mouse brain for the detection of IgG and
IgM antibodies to RVFV in domestic and wild animals and humans have been
developed and validated (Paweska et al., 2003a; Paweska et al., 2005a; Paweska et
al., 2005b; Paweska et al., 2003b).
In this study, I described the development of the competitive-ELISA (C-ELISA)
based on recombinant nucleocapsid protein (rNp) and monoclolnal antibodies
(MAb) for the detection of antibodies in cattle and goat.
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Materials and Methods

Virus and cells

RVFV Smithburn strain was obtained from South Africa (OBP, Onderstepoort,
South Africa) and used as reference virus. Vero cells were cultured with alphaminimum essential medium supplemented with 10% heat-inactivated fetal bovine
serum (Invitrogen, CA, USA) and antibiotic-antimycotic solution (Invitrogen). VN
test was carried out using tissue culture 96-well microplates with flat-bottomed
wells seed with 3 x 105 Vero cells per well according to the manual of standards for
diagnostic tests of OIE (OIE., 2008). The titer was expressed as the reciprocal of
the serum dilution that inhibited >75% of viral cytopathic effect (CPE). A serum
with a titer of >log 10 0.6, was considered positive.

Expression and purification of the N protein of RVFV

The N protein of RVFV was synthesized (Bioneer, Daejeon, Korea) on the basis
of sequence information for RVFV Smithburn strain (NCBI Accession number:
DQ380157) (OIE, 2008). The 738 bp gene was cloned into pCR 4 TOPO
(Invitrogen). The N protein gene was further amplified by PCR and restriction sites
were introduced using RVF1 forward (5’-GCA TGC ATG GAC AAC TAT CAA
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GAG-3’) and reverse (5’-GGT ACC TTA GGC TGC TGT CTT-3’) primers. The
PCR product was then digested with Sph I and Kpn I (underlined in primer
sequence) and ligated into the vector pGemT-easy (Promega, WI, USA). The rNp
was expressed with six-histidine tag using QIA express system (Qiagen,
Duesseldorf, Germany). The protein concentration was determined by BCA Protein
Assay reagent kit (Pierce, IL, USA).
The purified rNp was also characterized by Western blot. Western blot was
performed by standard methods using a MAb, anti-RVFV mouse hyperimmune
ascites and sheep polyclonal antibody (BDSL, Scotland, UK) at 1:1000. Alkaline
phosphatase-conjugated

anti-mouse

IgG,

anti-goat

IgG

(Kirkegaard-Perry

Laboratories, Washington, USA) and BCIP/NBT solution (KPL) was used as a
substrate.

Monoclonal antibodies

MAbs were produced by the cell fusion method as described previously (Coyle et
al., 1992). Two BALB/c female mice of 8 weeks old were inoculated with 100 ㎍
of the rNp via footpad. The mice were killed 2 weeks after injection and their
popliteal lymph node were extracted. Lymphocytes were fused with SP2/0
myeloma cells by using polyethylene glycol 1500 (50% sol.). Hybridoma cells
were screened by indirect ELISA, and further analyzed by Western blotting. Their
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specificity was determined by IFA. MAbs were also applied to RVF I-ELISA
(BDSL) instead of mouse anti-RVF antibody to determine the reactivity to RVFV.
Finally MAb designated as was isotyped with Isostrip kits (Roche, Penzberg,
Germany) and purified using the ImmumoPure IgG purification kit (Thermo Fisher
Scientific, MA, USA) according to the manufacturer’s instructions and stored at 20℃ until use.

Hyperimmune sera from goat

Purified rNp (1 ㎎/㎖) was prepared and mixed with the same volume of Freund’s
incomplete adjuvant for production of hyperimmune anti-rNp antibodies. Two
goats (10 months) were immunized subcutaneously with the rNp an interval of two
weeks three times. Before booster injection, blood sample was taken and tested by
indirect ELISA (Crowther et al., 1995). Whole sera were collected at 6 weeks after
primary injection.

Positive sera from goat, cattle and sheep

Since RVFV is an exotic disease in ROK, the animal experiment was conducted
in laboratory of biosafety level 3 (BL3) in the Animal and Plant Quarantine
Agency (QIA). Two Holstein cattle of one-year-old and five goats of ten-months-
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old were inoculated subcutaneously with 1 ㎖ of the live-attenuated Smithburn
strain of RVFV (Jansen van Vuren et al., 2007). A total of 105 blood samples were
collected at the interval of 2 or 3 days and sera were used for VN test and C-ELISA.
Animal experiments were conducted according to the guideline of QIA Animal
Ethics Committee (Approval number: 2008-38).
Reference positive and negative sheep serum from commercially available IELISA kit (BDSL, UK) were also tested for comparative validation of C-ELISA in
this study.

Negative sera and mosquito-borne disease positive sera

Normal goat (n=400) and cattle (n=600) sera were collected from domestic
livestock throughout the country.
A total of 96 mosquito-borne disease positive sera were also tested for crossreactivity in C-ELISA. All sera were tested by VN and confirmed positive to
bovine mosquito-borne viral diseases from QIA (Lim et al., 2007).
Positive cases (%) against Akabane, Aino, Bovine ephemeral fever and Ibaraki
were 54 (56.3), 26 (27.1), 59 (61.5), 29 (30.2), and 93 (96.9), respectively. In
addition, although 96 sera were further examined for the presence of antibodies
against Bluetongue virus by using Bluetongue virus antibody test kit (VMRD, WA,
USA), all the sera turned out to be negative in this experiment.

63

C-ELISA

To set up the optimal condition of C-ELISA, standard checkerboard titration of
the rNp and MAb was carried out (Crowther et al., 1995). ELISA plates
(MaxiSorpTM, Nunc, Roskilde, Denmark) were coated with 1 ㎍/㎖ of the rNp in
0.01M phosphate buffered saline (PBS) (pH 7.4) in a volume of 50 ㎕ per well and
incubated at 37℃ for 1h. Plates were washed three times with PBS containing
0.05% tween 20 (PBST). Following washing, 50 ㎕ of each test and control sera
diluted 1:10 in diluents (5% skim milk in PBS) were added on the plate. Strong
positive, weak positive and negative control sera from commercial I-ELISA kit
(BDSL) were also included as reference in each plate. The same volume of MAb
(0.75 ㎍/㎖) was added to wells. After incubation at 37℃ for 1h, plates were
washed and 50 ㎕ of goat anti-mouse IgG conjugated horseradish peroxidase
(Thermo Fisher Scientific) in the diluents was added. After the plates were washed
five times, they were incubated with cc, and the colorimetric reaction was stopped
by adding 50 ㎕ of 1.25 M sulfuric acid. The optical density (OD) of each well
was measured at a wavelength of 492nm. The OD value of each well was
converted to the percent inhibition (PI) induced by the competition between the
MAb and serum antibodies by using the following formula: PI (%) = [1-(OD of
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serum – Mab mixture/OD of MAb alone)] x 100. In order to evaluate the efficiency
of C-ELISA, inhibition ELISA (I-ELISA) was comparatively performed according
to the manufacturer’s instructions (BDSL).
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Results

Expression and purification of rNp of RVFV

When the rNp of RVFV was expressed in E. coli M15 cell, denaturing condition
of 8 M urea was applied for purification, mainly due to the insoluble characteristics
of the rNp. The rNp of RVFV showed the apparent molecular mass of 30kDa (N
protein 27kDa+histidine 3kDa) in SDS-PAGE and Western blot by using antiRVFV mouse hyperimmune ascites and sheep polyclonal antibodies as shown in
Fig. 2.1.

Production and characterization of MAbs

A total of 10 MAbs showed positive reactivity against rNp of RVFV in indirect
ELISA. Among the 10 MAbs, 4 were also positive with I-ELISA (BDSL). One
MAb, designated as MAb 1-59, was finally selected for C-ELISA in this study.
MAb1-59 was an IgG2b isotype with kappa light chain.

Optimization of C-ELISA
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Through checkerboard titration of the rNp and MAb, the optimal concentration of
the purified N protein and MAb 1-59 as a competing antibody was determined to
be 1 ㎍ and 0.75 ㎍, respectively. In addition, the optimal dilution of serum for
test and control goat serum against rNp were at a final dilution of 1: 10 and 1: 4 in
PBS, respectively.
The threshold cut-off value of PI was finally established at 31% using normal
goat and cattle samples (n=1,000) by calculating mean PI plus 3 times the standard
deviations to secure high specificity (Fig. 2.2). With this cut-off value, C-ELISA
showed 2 false positives from cattle sera and 1 false positive from goat sera,
respectively. All together, C-ELISA resulted in 3 false positive reactions out of
1000 samples, showing 99.7% specificity to VN test. In addition, the result of
comparative evaluation using the reference sheep sera also showed an equivalent
PI values both in C-ELISA and I-ELISA (Fig. 2.3).
In addition, 96 mosquito-borne viral positive sera were confirmed to be negative
for Bluetongue virus. For the validation of specificity, C-ELISA was also tested
with 96 mosquito-borne disease positive sera. As indicated in Fig. 2.4, the results
were all negative in C- ELISAs, supporting the specificity of C-ELISA against
other mosquito-borne viral positive sera.

Comparison of diagnostic efficiency of C-ELISA
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For the evaluation of performance of C-ELISA, C-ELISA was initially compared
with VN test as the gold standard by using the panel of sera from cattle and goat
inoculated with live-attenuated Smithburn strain of RVFV. The relative sensitivity
and specificity of C-ELISA was also assessed with a commercially available IELISA, respectively.
When the performance of C-ELISA was evaluated with VN test, it was revealed
that the neutralizing antibodies were detected between 7 and 9 day from
experimentally inoculated cattle and goat. On the other hand, C-ELISA could
detect the positive signals between 9 and 21 days (Table 2.1 and Fig. 2.5).
Although C-ELISA was not possible to detect all the positive sera of low VN titers
(VNT <16), nevertheless, the relative sensitivity was turned out to be 94.7% with
the sera (VNT >32) as shown in Table 2.2.
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Discussion

RVF is one of the important zoonotic diseases in public health and animal
hygiene impact both in human and livestock animals. In this respect, RVFV
requires an extensive monitoring by using reliable diagnostic methods. At present,
many diagnostic methods such as VN, haemagglutination-inhibition and
complement fixation are available for RVFV. However, all the protocols are
required to use the inactivated or live virus, thus posing the potential risk of virus
release into the RVF-free environment. For this reason, I developed a C-ELISA
based on rNp of RVFV and MAb for the diagnosis. A main advantage of present
approach is to develop a convenient diagnostic tool in less laborious and expensive
way with high safety in RVF-free countries.
In fact, previous studies have revealed that the N protein of RVFV is a highly
conserved among RVFV strains (Pepin et al., 2010; Saeed et al., 2001; Saijo et al.,
2002; Takakura et al., 2003; Valassina et al., 1998). In addition, it was also
reported that N protein is the main immunodominant viral protein in other
members of the Bunyaviridae family (Schwarz et al., 1996; Swanepoel et al.,
1986b). Since the rNp lacks infectivity with considerable stability, it is one of the
suitable candidates for the diagnostic antigen of ELISA (Fafetine et al., 2007;
Jansen van Vuren et al., 2007; Paweska et al., 2007; Paweska et al., 2008).
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In this study, I also found that MAb for RVF N protein showed a considerable
specificity by IFA, Western blot and ELISA through comparative evaluations (data
not shown). During last few years polyclonal antibody based IgG-sandwich ELISA
was developed (Paweska et al., 2003a; Paweska et al., 2005a; Paweska et al.,
2005b) followed by the production of RVFV specific MAbs (Paweska et al., 2005b;
Paweska et al., 2003b; Pepin et al., 2010; Swanepoel et al., 1986b). Moreover,
MAb against the N protein of RVFV produced specific and sensitive responses in
IgM capture and IgG sandwich ELISA for human sera (Zaki et al., 2006). Recently,
it was also reported that MAb generated by DNA immunization of RVFV is a
useful tool for C-ELISA, especially from a broad range of species (Martin-Folgar
et al., 2010).
In this study, positive panel sera were produced in cattle and goats by inoculation
of live-attenuated Smithburn strain of RVFV, mainly due to limited reserve of
positive sera from the field. Based on the kinetics on immunological responses in
experimental animals with live attenuated RVFV, I conducted a comparative
evaluation with currently available commercial I-ELISA (Paweska et al., 2005b).
It was reported that I-ELISA based on rNp was more sensitive than the VN test
for the detection of early antibodies in sheep inoculated with the Smithburn strain
of RVFV (Jansen van Vuren et al., 2007; Paweska et al., 2005b). However, when I
evaluated the efficiency of the C-ELISA by using the sera panel from goat and
cattle inoculated with RVFV, the results indicated that C-ELISA could detect early
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antibodies at 9-11 days post inoculation except 1 goat, which was 2 days later than
the VN test. The reason for this late detection from goat was presumably due to
difference of species because I-ELISA showed also similar results in this study.
Interestingly enough the sensitivity of C-ELISA was relatively lower with sera
samples of low VN titers (<16), however, it showed 94.7% sensitivity with samples
of higher VN titers (>32). On the other hand, I-ELISA showed the relative
sensitivity of 89.4% in comparative analysis in present study. Although the
discrepancy of previous result in sensitivity of I-ELISA is not clear in this study,
one of the possible explanation may be attributed to the differences in antibodies
recognized by each assay because C-ELISA could detect only the competitive
epitope of the rNp of RVFV, while the I-ELISA cover the whole range of
antibodies against rNp of RVFV, respectively (Jansen van Vuren et al., 2007;
Paweska et al., 2005b).
Besides it is worthy to note that C-ELISA did not show any cross reaction against
indigenous mosquito-borne viral disease such as Akabane, Aino, Ibaraki, BEF and
Chuzan virus, supporting the diagnostic specificity of present C-ELISA. In practice,
it is quite important that C-ELISA could differentiate RVF from other mosquitoborne viral diseases such as Akabane and Chuzan, where the incidences of these
diseases are relatively ubiquitous. Since RVF is an important zoonotic disease of
public health importance, it is desirable to have various diagnostic methods with
considerable sensitivity without the possible incidence of false positive. Recently,
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Cetre-Sossah et al evaluated for commercial competitive ELISA in sera of
domestic ruminants in France, an RVFV free country. As a result, all species was
detected negative with higher than recommended cut-off PI. Therefore, this
variation may be attributed to biological, origin and differences among animals
(Cetre-Sossah et al., 2009). In this respect, different diagnostic thresholds could be
applied for the animals from different geographical origin or distinct ruminant
species and breeds for optimal ELISA performances (Pepin et al., 2010). For this
reason, optimal cut-off of developed C-ELISA will be need to evaluation in more
ruminants and other regions because this cut-off was only apply to cattle and goats
in our country.
Although C-ELISA still needs to be further evaluated with a large number of
sheep sera from the field because sheep is a major host animal, at least it was
demonstrated that C-ELISA using the rNp and MAb would be a useful candidate as
a diagnostic method for the detection and differentiation of antibodies to RVFV
and other mosquito-borne viral disease in goat and cattle.
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Figure 2.1. Recombinant RVFV N protein was identified by Western blot analysis
with anti-RVFV hyperimmune ascites (lane 1) and sheep polyclonal antibodies
(lane 2).
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Figure 2.2.

Determination of the cut-off value. Frequency distribution of PI

values was recorded by the C-ELISA for naive sera (n=1,000) comprising cattle
(n=600) and goats (n=400). The cut-off value was set at 31% inhibition.
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Percent inhibition (%)
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C-ELISA
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I-ELISA
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Reference sheep sera

Figure 2.3. Comparative evaluation of reference sheep sera (BDSL) in C-ELISA
and I-ELISA.
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Figure 2.4. The distribution of percent inhibition according to the competitive
ELISA for arboviruses using 96 mosquito-borne disease-positive sera. The
horizontal line represents the cut-off value.
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(A) Cattle

(B) Goat

Figure 2.5. Comparison of early antibody responses by C-ELISA and I-ELISA for
sera of two cattle (A) and goat (B: n=5) inoculated with live attenuated Smithburn
strain of RVFV.
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Table 2.1. Comparision of virus neutralization, competitive ELISA and inhibition
ELISA in detecting antibodies from cattle and goat infected with live-attenuated
Smithburn strain of RVFV
Cattle

Days post

Goat

VNTa

C-ELISAb

I-ELISAc

VN

C-ELISA

I-ELISA

0

0/2

0/2

0/2

0/5

0/5

0/5

7

1/2

0/2

0/2

4/5

0/5

0/5

9

2/2

1/2

0/2

5/5

0/5

0/5

2/2

1/2

2/5

2/5

14

1/2

4/5

4/5

16

2/2

4/5

4/5

5/5

5/5

inoculation

11

21
a

Virus neutralization test

b

Competitive ELISA, developed in QIA

c

Inhibition ELISA (BDSL, UK)
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Table 2. 2. Evaluation of the C-ELISA for panel sera from cattle and goat infected
with live-attenuated Smithburn strain of RVFV
VNTa

C-ELISAb

I-ELISAc

Titer

No. Serad

No. pos.

No. neg.

No. pos.

No. neg.

4

5

0

5

0

5

8

7

3

4

2

5

16

1

0

1

0

1

32>

38

36

2

34

4

a

Virus neutralization test

b

Competitive ELISA, developed in QIA

c

Inhibition ELISA (BDSL, UK)

d

Number of sera confirmed positive in VNT
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Chapter 3

Surveillance of Rift Valley Fever virus in mosquito
vectors of the Republic of Korea

Abstract

RVF is an acute mosquito-borne viral zoonotic disease that affects mainly
domestic ruminants and humans. RVFV was first identified in Kenya in 1931 and
was reported to be endemic in Africa but has recently spread to the Arabian
Peninsula. With increasing climate change and global trade (or movements) in
animals and animal products, there is great concern that the disease will be
spreaded worldwide to regions such as Europe, Asia and the Americas. Although
RVFV has not been reported in the ROK, the possibility of RVFV introduction is
increasing because transmissible mosquito vectors are present and direct flights to
Africa were added in 2012. For these reasons, I conducted a surveillance study to
detect RVFV in mosquito vectors collected around the airport and harbor from
2012 to 2013. A total of 36,734 mosquitoes were collected and tested by
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quantitative real time RT-PCR (qRT-PCR). A total of 1,837 mosquito pools were
used, and all were confirmed to be negative. This is the first report in ROK
concerning RVFV surveillance in mosquito vectors, and continuous surveillance
should be conducted for the early warning of RVFV introduction

Keywords: Rift valley fever, vector surveillance, qRT-PCR, Republic of Korea
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Introduction

RVF is a mosquito-borne and zoonotic disease caused by the family Bunyaviridae,
in the genus Phlebovirus. RVF is transmitted by mosquitoes and causes high rates
of abortion, neonatal mortality and liver damage; it is particularly severe in sheep,
goats and cattle (Easterday, 1965; Coackley et al., 1967; Coetzer, 1982; Gerdes,
2004; Ikegami and Makino, 2004; Flick and Bouloy, 2005; Pepin et al., 2010).
RVF can lead to severe economic losses and heavy control costs (Geering, 2002).
Since RVF was first identified in Kenya in 1931 (Daubney, 1931; 1932), the
outbreak of RVF has been reported in many regions of Africa (Gerdes, 2004; Bird
et al., 2009). In 2000, RVF occurred in Yemen and Saudi Arabia, marking its firsttime detection outside of the African continent (CDC, 2000a; b; Balkhy and
Memish, 2003). Due to massive global trade and the wide variety of mosquito
species, warnings concerning about the risk of RVFV introduction into RVF free
countries have been issued worldwide (Kasari et al., 2008; Martin et al., 2008;
Chevalier et al., 2010; Weaver and Reisen, 2010; Rolin et al., 2013; Salman, 2013).
In the European Union (EU), mosquito-borne diseases such as RVF are
communicable diseases that are covered by epidemiological surveillance (Braks,
2011). Surveillance can prevent the silent spread of the virus and provide
information to assess risk and disease distribution (Breiman et al., 2008; Ochieng
et al., 2013). In RVF ecology, mosquito vectors play an important role in the
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transmission of virus. Additionally RVFV has been isolated from over 30
mosquitoes such as the Aedes and Culex species that may have a global distribution
(Bird et al., 2009; Chevalier et al., 2010; Turell et al., 2010). The importance of
surveillance systems has been reported in RVF outbreaks (Bird and Nichol, 2012;
Chevalier, 2013; Dar et al., 2013; Hassan et al., 2014). In particular, vector
surveillance such as that of mosquitoes is needed to detect virus activity as early as
possible. Early detection of virus activity in a vector is critical and early warning
for a rapid response to reduce an outbreak.
No case of RVF has been reported in the ROK but some transmissible vectors are
present such as the Aedes, Culex and Mansonia species (Kim et al., 2010; Seo et al.,
2013). In addition, the first direct flights from ROK to Africa launched, scheduling
at three times per a week in 2012, so the risk of RVFV introduction has increased.
Therefore, this study was aimed to conduct surveillance in mosquito vectors to
forecast and provide an early warning of RVF introduction.
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Materials and Methods

Study area and collection of mosquitoes

The mosquitoes were collected from six areas (Gyeonggi-do, Gangwon-do,
Jeollabuk-do, Jeollanam-do, Gyeongsannam-do, Jeju-do) surrounding the airport
and harbor from May through October in 2012 - 2013. The mosquitoes were
collected using Mosquito Magnet® traps (Pro-Model, Woodstream Corp., Lititz,
Pennsylvania, USA) that use propane gas to produce heat and CO2 as attracting
agent to capture mosquitoes. The traps were operated continuously and collections
were made once every two weeks.

RNA extraction from mosquito pools

The mosquitoes were classified and selected only mosquitoes known to be RVF
vectors. Selected mosquitoes were pooled into groups up to 30 specimens as
described previously (Seo et al., 2013). Mosquito pools were homogenized and
clarified by centrifugation. Total RNA from clarified mosquito homogenates were
extracted using a Maxwell® 16 Research system (Promega, Madison, USA)
following the manufacturer’s instruction.
.
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Quantitative real time RT-PCR (qRT-PCR)

RNA was tested by qRT-PCR using the protocol from OIE recommended method
(OIE, 2014) to detect the RVFV G2 gene. The qRT-PCR was performed using
RVF-specific primers (RVS: 5´-AAAGGAACAATGGACTCTGGTCA-3´; RVAs:
5´-CACTTC

TTACTACCATGTCCTCCAAT

-3´;

RVP:

FAM

5´-

AAAGCTTTGATATCTCTCAGTGCC CCAA-3´ TAMRA). The AgPath-ID OneStep RT-PCR Kit (Life Technologies, Inc., NY, USA) and CFX96 Touch

TM

real-

time PCR detection system (Bio-Rad, CA, USA) were used for qRT-PCR. Briefly,
qRT-PCR was performed in a 25 µl reaction mixture containing 5 µl of standard
RNA, 2×RT-PCR Buffer, 25×enzyme mix, 10 µM of each primer (RVS, RVAs),
20 µM of probe (RVP), and nuclease-free water to a final volume of 25 µl reaction
volume by conditions: 30min at 45 °C, 5min at 95 °C, followed by 45 cycles of
95 °C for 5s and 57 °C for 35s. RVFV viral RNA was extracted from a live Rift
Valley Fever vaccine (Onderstepoort biological products, Onderstepoort, South
Africa) and used as a positive control. To evaluate the detection limit of the assay,
the targeted regions of the M segments were synthesized and transcribed in vitro to
RNA using a MEGAscript Kit (Life Technologies, Carlsbad, USA). The RNA was
serially diluted in 10-fold from 1×107 to 1×100 copies/µl and used for the standard.
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Results

A total of 36,734 mosquitoes, representing 10 species from four genera known as
RVF vectors, were collected from six areas in ROK. In 2012, the most frequently
collected species were Culex pipiens (79.2%), followed by Aedes vexans (12.6%),
Aedes albopictus (2.7%), Culex tritaeniorhynchus (2.2%); and Culex inatomii
(2.2%). In 2013, the most frequently collected species was Culex pipiens (55.9%),
followed by Aedes vexans (12.1%), Anopheles sinensis (11.6%), Aedes albopictus
(8.7%) and Culex tritaeniorhynchus (4.3%).
The qRT-PCR was applied to field mosquito sample homogenates. The detection
limit of the qRT-PCR was 1 copy/µl for M segment and the standard curves were
established with linear correlations (R2) of 0.9983 (Fig 3.1). A total of 1,837
mosquito pools were used for qRT-PCR, and all of the pooled mosquito samples
were negative (Table 3.1).
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Discussion

RVF is one of the important mosquito-borne zoonotic diseases in human and
ruminants. RVF is a very important transboundary disease designated by the World
Organization for Animal Health (OIE) in the trade of animals and related items. In
the ROK, it has been designated as a List 1 notifiable infectious disease under the
Act on the Prevention of Contagious Animal Diseases since 1997. Since RVFV
was first identified in Kenya, it has been endemic in the African continent and was
recently observed in the Arabian Peninsula and some Indian Ocean Islands (Balkhy
and Memish, 2003; Sissoko et al., 2009). With climate changes and the
globalization of trade in animals and animal products, there is great concern that
RVFV will spread worldwide to regions such as Europe, Asia and Americas. In
this circumstance, the “one health” concept has been applied to RVF for its
prevention and control (Bird and Nichol, 2012; Dar et al., 2013; Kortekaas, 2014).
The one health approach has been used for the surveillance, control and prevention
of emerging diseases (Dehove, 2010). Furthermore, it will lead all countries to
make their animal health situation transparent and set up early warning systems.
Eventually, the key element of one health RVFV control approaches is the early
warning system. Regarding the vector, early detection of virus can be a key
indicator or early warning for appropriate control and prevention to reduce
outbreaks. Moreover, reliable information concerning the surveillance helps to
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gather resources for the potential risk of introduction and spread (Ochieng et al.,
2013).
There are several potential pathways of RVFV spread via entry of an infected host
or virus-carrying vector or intentional entry (Kasari et al., 2008; Chevalier et al.,
2010; Hartley et al., 2011; Rolin et al., 2013; Salman, 2013). Intentional
introduction of RVFV would require careful planning; therefore, its probability is
not high. Infected hosts, particularly ruminants can function as the initial
amplifying host, but importation of ruminants is generally assumed to be low
because of international trade restrictions and veterinary check system. Finally,
RVFV can be spread to a new geographic region via the movement of infected
vectors. Infected vector introduction can be dispersing via wind or mechanical
transport. The travel distance of the vector ranges from 110 to 1,350 km within 24
h (Kasari et al., 2008). However, transcontinental movement of a vector using wind
borne transport is generally considered unfeasible because most vectors have a bioecology. In comparison, mechanical transport is more likely to be the potential.
Numerous vectors have been discovered alive within aircrafts and luggage after
international flights (Rolin et al., 2013). With increasing intercontinental air or ship
travel, the possibility of introduction using such a scenario has been highlighted.
Thus in this study, the mosquito vectors were captured in the six areas surrounding
the airport and harbor in ROK.
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The qRT-PCR is widely recognized as being highly sensitive tests with many
advantages to conventional RT-PCR methods. Several qRT-PCR methods have
been developed, and in some cases have been applied to mosquito vectors
(Mwaengo et al., 2012). The qRT-PCR method employed in this study was
selected because it has been validated and is a recognized OIE diagnostic method
that can be used to detect RVFV in mosquito pools, as described in the OIE manual
of diagnostic tests and vaccines for terrestrial animals (Drosten et al., 2002; OIE.
2014). Our attempts to validate this test showed the qRT-PCR to be more sensitive
than the results reported by Drosen et al. (2002) and showed good correlation
between the cycle threshold (Ct) values and RNA concentrations. The difference of
sensitivity in this study may be due to differences in the sample and RNA
extraction method as reported by Drolet et al. (2012) and Wilson et al. (2013).
Although, the performance of this qRT-PCR in low levels of viruses in mosquito
samples cannot be accurately estimated, it can be assumed that despite some loss of
sensitivity that would be expected due to inhibitory factor such as the protein and
lipid present in the samples, the test would be suitable for surveillance in
mosquitoes due to its high sensitivity.
The results of this study, the presence of mosquitoes such as Aedes vexans, Aedes
albopictus, Culex pipiens and Culex tritaeniorhynchus was confirmed as previously
reported

(Kim

et

al.,

2010;

Seo

et

al.,

2013).

Aedes

species

are

reservoir/maintenance vectors and Culex species are epidemic/amplifying vectors
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(Pepin et al., 2010). Kim et al. (2010) suggest that the use of more effective
collection methods such as Mosquito Magnets are needed because light trap
couldn’t collect another mosquito species like an Aedes albopictus that are active
day biters are not attracted to light. Therefore, a Mosquito Magnet® was used.
Due to the presence of these appropriate vector mosquitoes, RVFV is likely to be
spread if introduced into ROK; however, this study demonstrated the absence of
RVFV in mosquito vectors from 2012-2013. The samples used in this study were
also tested for other arboviruses such as West Nile virus (WNV), Japanese
encephalitis virus (JEV), Eastern, Western and Venezuelan Equine Encephalitis
Viruses (EEEV, WEEV and VEEV) by qRT-PCR (Not yet published).
In conclusion, this study is the first report to concern the surveillance of RVFV in
mosquitoes in ROK. Surveillance in mosquito vectors is very crucial as part of an
early warning systems that could provide information for a rapid response.
Additionally, it provides an opportunity to gain a better understanding of the
ecology and epidemiology of RVFV, which are key points to improve the
prevention and control of RVF with a one health perspective. Therefore,
continuous surveillance for the early warning of RVF introduction should be
conducted.
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Figure 3.1. Data graph of the qRT-PCR for RVFV detection.

(A) Amplification curve graph. (B) Standard curve. The

qRT-PCR was performed using the OIE reference method on serial 10-fold dilutions of the standard RNA (1×107 to
1×100 copies/µl ).
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Table 3.1. Total number of mosquitoes collected in ROK in 2012~2013 tested for RVF and qRT-PCR results
2012
Mosquito species

2013

Total Number

Total Number
Pools Tested

qRT-PCR

Tested

Pools Tested

qRT-PCR

Tested

Aedes albopictus

776

86

NDa

738

97

NDa

Aedes vexans

3579

165

ND

1019

78

ND

Culex bitaeniorhynchus

168

35

ND

196

32

ND

Culex inatomii

618

42

ND

334

37

ND

Culex orientalis

97

16

ND

15

12

ND

22403

765

ND

4722

243

ND

Culex tritaeniorhynchus

624

51

ND

367

71

ND

Mansonia uniformis

19

10

ND

66

14

ND

Anopheles sinensis

0

-

ND

976

69

ND

Anopheles sineroides

9

6

ND

8

8

ND

28293

1176

8441

661

Culex pipiens

Total

Up to 30 specimens of mosquitoes were pooled based on the locality and time of their collection.
a

Not detected
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Chapter 4

Serological surveillance studies confirm the Rift
Valley Fever virus free status in Republic of Korea

Abstract

RVF is a mosquito-borne zoonotic disease of domestic ruminants. This disease
causes abortions in pregnant animals, and it has a high mortality rate in newborn
animals. Recently, a RVFV outbreak in the Arabian Peninsula increased its
potential spread to new regions worldwide. In non-endemic or disease free
countries, early detection and surveillance are important for preventing the
introduction of RVFV. In this study, a serological surveillance was conducted to
detect antibodies against RVFV. A total of 2,382 serum samples from goats and
cattle were randomly collected from nine areas in ROK from 2011 to 2013. These
samples were tested for antibodies against RVFV, using commercial ELISA kits.
None of the goats and cattle was positive for antibodies against RVFV. This
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finding suggests that this disease is not present in ROK, and furthermore presents
the evidence of the RVFV-free status of this country.

Keywords: Serological surveillance, ELISA, Republic of Korea
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Introduction

RVF is a zoonotic disease that is caused by the family Bunyaviridae, genus
Phlebovirus (OIE 2014). RVFV is transmitted by mosquito vectors such as Aedes
and Culex species (Pepin et al., 2010). RVFV causes high mortality in newborn
kids and abortions in pregnant sheep, goats and cattle. This disease was first
identified in Kenya in 1931 and since then has been reported within the African
continent (Daubney and Garnham 1931; Davies and Martin, 2003). In 2000, RVFV
was detected in Yemen and Saudi Arabia, constituting the first outbreak outside of
the African continent (Balkhy and Memish, 2003). As a result, concern of the
worldwide spread of RVFV has increased. While Europe and the USA have
assessed the risk of RVFV introduction and evaluated the pathway of RVFV
(Kasari et al., 2008; Hartley et al., 2011; Chevalier, 2013; Salman, 2013), in Asian
countries, no research on the risk assessment, surveillance information or disease
status of RVFV has been reported.
To prevent and control RVFV, an early warning system is needed including
enhanced laboratory diagnostic capacities and continuous surveillance activities
(Bird and Nichol, 2012). Therefore, a ring trial was conducted to evaluate RVFV
ELISA based detection in Europe (Kortekaas et al., 2013) and assess the antigen
diagnosis efficiency and accuracy (Escadafal et al., 2013). In addition, a
surveillance system was analyzed (Metras et al., 2011; Cito et al., 2013) and the
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surveillance results were reported (Albayrak and Ozan, 2013; Chengula et al.,
2014).
RVFV diagnostic techniques include virus isolation, the detection of viral nucleic
acids and the detection of specific antibody responses. The Reverse Transcriptase
PCR (RT-PCR) assay is a rapid and sensitive antigen detection test. However, RTPCR is inadequate for field monitoring because RVFV has a short-lived viremia. In
addition, infected adult ruminants often remain subclinical and can be easily
overlooked. ELISA and the Virus Neutralization Test (VNT) are considered more
adequate for surveillance (Kortekaas et al., 2013). A VNT should target the live
virus and needs to be performed in a Biosafety Level 3-laboratory (BSL3) whereas
ELISA does not require handling a live virus or a BSL3 facility. Thus, ELISA is
more useful for surveillance in an RVFV- free country.
Although RVFV is not currently present in ROK, the risk of RVFV introduction
is increasing due to human transport and material trade from the African continent
through direct flight and the presence of a transmissible mosquito vector (Seo et al.,
2013). In this situation, surveillance for RVFV early warning needs to be carried
out. The purpose of this study was therefore to conduct serological surveillance in
goats and cattle sera and to confirm the RVFV-free status of ROK.
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Materials and Methods

Study area and sampling

The study areas were divided into nine areas: Gyeonggi-do, Gangwon-do,
Chungcheonbuk-do,

Chungcheonnam-do,

Jeollabuk-do,

Jeollanam-do,

Gyeongsanbuk-do, Gyeongsannam-do, and Jeju-do in South Korea. The animal
samples were randomly selected goats and cattle from the local Veterinary Service.
Blood samples were collected and the sera were stored at -20 °C until used.

ELISA

Sera samples were tested for anti RVFV antibodies, using two commercially
available ELISA kits. The RVFV c-ELISA inhibition ELISA kit (Biological
Diagnostic Supplies Ltd., Scotland, UK) was used for the samples that were
obtained in 2011, and the ID Screen RVF Competition Multi-species kit (ID-Vet,
Montpellier, France) was used for the samples that were obtained in 2012 and 2013.
The

ELISA

tests

were

performed

recommendations.
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according

to

the

manufacturer’s

Results

A total of 2,382 animal sera were collected from 2011 to 2013 in the local
Veterinary Service. Among the samples, 73.2 % were cattle (n=1,983) and the
remaining 16.8 % were goats (n=399) (Table 4.1). All of the animal samples were
negative for RVFV antibodies (Table 4.2, Table 4.3).
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DISCUSSION

RVFV is a zoonotic arbovirus that is endemic in the African continent and has
been observed in the Arabian Peninsula and some of the Indian Ocean Islands
(Daubney and Garnham, 1931; Balkhy and Memish, 2003; Sissoko et al., 2009).
This virus is transmitted to livestock and humans by infected mosquito bites or
through contact with the tissue or blood of infected animals. With global warming
and the globalization of trade and travel, the geographic distribution of arboviruses
such as RVFV has expanded by increasing the distribution of vectors and enhanced
transmission potential (Weaver and Reisen, 2010). Thus, there is a great concern
that RVFV will spread worldwide to South-East Asia, the USA and Europe. With
the increasing of RVFV introduction risk into RVFV- free countries, additional
efforts are required to prevent and control an outbreak such as diagnosis and
surveillance (Cito et al., 2013; Salman, 2013; Zeller et al., 2013).
RVF is a reportable disease in the World Organization for Animal Health (OIE)
and is designated in the first class of official diseases of domestic animals in ROK.
Although RVF has not been reported in neighboring countries thus far, there are
several reasons that the possibility of RVFV introduction should not be ignored. In
the first instance, the increasing intercontinental travel between ROK and Africa
may facilitate the movement of virus-carrying vectors. The first scheduled non-stop
flight between Africa and Northeast Asia by a Korean aircraft took place in 2012.
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As previously reported by Rolin et al. (2013), the intercontinental movement of
vectors through aircrafts and luggage is feasible, meaning that ROK now holds a
high risk of the mechanical transport of infected vectors. Furthermore,
transmissible vectors are present (Seo et al., 2013), therefore, RVFV is likely to
spread when RVFV is introduced into ROK. The animal disease situation of ROK
is important not only for ROK, but also for nearby Asian countries because of its
geographically location; ROK is located in the geographic center of Northeast Asia,
and is trading partners for many other Asian countries.
In this respect, a serological surveillance study was conducted to confirm the
RVFV-free status of ROK. RVFV antibodies were investigated in goats and cattle.
From 2011-2013, 1,983 cattle and 399 goat sera samples were analyzed. None of
these studies detected RVFV antibodies. When I began serological surveillance,
there was only one commercially available RVFV antibody kit, which was made
by Biological Diagnostic Supplies Limited (BDSL). However, the ID-Vet kit was
newly developed and I used this kit because it is simple to use and cost effective. In
addition, the ID-Vet ELISA kit was reported to be more sensitive than the BDSL
ELISA kit in the European ring trial (Kortekaas et al., 2013).
Until now, there have been no reports regarding RVFV serological surveillance in
ROK. Our serological surveillance results suggest that RVFV is absent from ROK
or may be present, but the animals have not yet developed an immune response.
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However, the latter is unlikely considering the RVFV-free status of the neighboring
countries.
As zoonosis is becomes a growing concern, a new paradigm, “One World, One
Health”, is used to prevent and control zoonosis, especially, those with pandemic
potential (Dehove, 2010). This approach of integrates animal and human health
challenges and facilitates the closer integration of the OIE, the Food and
Agriculture Organization of the United Nations (FAO), and the World Health
Organization (WHO). The key element of the “One Health” RVFV control
approach is an early warning system that includes diagnostic capacity and
surveillance activities (Bird and Nichol, 2012). In Europe, early warning systems
are needed, and the monitoring of sentinel herds and appropriate surveillance tools
should be used (Chevalier, 2013). Therefore, serological surveillance is important
for monitoring and decreasing the potential risk in RVFV-free countries.
I have consistently conducted serological surveillance since 2011 to prevent the
introduction of RVFV. These efforts are important as part of early warning system
activity and have become more important implication in the sense of the “One
Health” approach. To perform a more systematic surveillance, the epidemiological
situation in ROK should be assessed accordingly. In addition, surveillance for
vectors, such as mosquitoes, should be conducted along with serological
surveillance.
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Table 4.1. Number of collected sera from study area between 2011 and 2013 in
ROK
Species

No of collected sera (%)
2011

2012

2013

Total

Cattle

675 (77.5)

636 (100)

672 (76.8)

1,983 (83.2)

Goat

196 (22.5)

0 (0)

203 (23.2)

399 (16.8)

Total

871 (100)

636 (100)

875 (100)

2,382 (100)
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Table 4.2. The results of serological surveillance against Rift valley fever in cattle
between 2011 and 2013, ROK
Cattle
2011

Region

2012

Sera

Sera with

Tested

RVF
IgG+

2013

Sera

Sera with

Sera

Sera with

Tested

RVF

Tested

RVF

IgG+

IgG+

Gyeonggi-do

256

0

0

0

16

0

Gangwon-do

64

0

40

0

200

0

Chungcheonbuk-do

23

0

192

0

204

0

Chungcheonnam-do

26

0

0

0

32

0

Jeollabuk-do

0

0

0

0

20

0

Jeollanam-do

0

0

104

0

72

0

Gyeongsanbuk-do

248

0

128

0

64

0

Gyeongsannam-do

58

0

172

0

44

0

Jeju-do

0

0

0

0

20

0

675

0

636

0

672

0

Total

103

Table 4.3. The results of serological surveillance against Rift valley fever in goats
in 2011 and 2013, ROK
Goat
2011

Region

Sera Tested

2013
Sera with

Sera Tested

RVF IgG+

Sera with
RVF IgG+

Gyeonggi-do

0

0

20

0

Gangwon-do

0

0

46

0

Chungcheonbuk-do

26

0

4

0

Chungcheonnam-do

0

0

20

0

Jeollabuk-do

0

0

25

0

Jeollanam-do

170

0

8

0

Gyeongsanbuk-do

0

0

32

0

Gyeongsannam-do

0

0

28

0

Jeju-do

0

0

20

0

196

0

203

0

Total

104

General conclusion
RVF is a mosquito-borne foreign animal disease and designated official diseases
of domestic animals in ROK. Although RVF has not been reported in ROK, the
possibility of RVFV introduction should not be ignored because present of
transmissible vectors was reported and direct global trade with endemic area will
be increased.
In this study, two diagnostic methods, a new qRT-PCR for the detection of
antigen (RVFV) and C-ELISA for the antibody to RVFV, were developed. These
methods could be used in the RVF-free countries including ROK. The new qRTPCR was designed to rapidly and reliably differentiate Smithburn vaccine strain
from Clone 13 vaccine strain. Also, the new qRT-PCR did not show any cross
reactivity with other arboviruses, which occur in the ROK. This suggests that the
new qRT-PCR can be used as a safe, cost-effective and DIVA diagnosis in RVFfree countries including the ROK. Virus neutralization test (VNT) has been known
as a very specific diagnostic method in RVF diagnosis. However, the method has
high risk to use in RVF free countries such as ROK. Therefore, development of
safe, reliable and highly accurate diagnostic tools had been requested to use in
RVF-free countries. A C-ELISA developed in this study was a safe, reliable and
highly accurate diagnostic tool which can be used for early diagnosis and
surveillance in RVF-free countries including ROK.
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To analyze the current situation of RVF in ROK, surveillance of RVFV in
mosquito vectors and antibodies to RVFV in cattle and goat were conducted. In
those surveillance studies, RVFV in mosquito vectors and antibodies to RVFV in
cattle and goat were not detected during investigation period. To our knowledge,
this is the first report concerning the surveillance of RVFV in animal and
mosquitoes in ROK.
Recently, outbreaks of emerging and re-emerging zoonotic diseases have been
increased worldwide. The increases are related with several factors. Of the factors,
climate change and increase of global movements in human and animals have been
received attention as the most important factors, especially in vector-borne
zoonotic diseases. Therefore, continuous surveillance with safe, reliable and
accurate diagnostic tools is very important to decrease the potential risk and to
prevent introduction of the disease in RVFV-free countries.
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국문초록

리프트계곡열의 진단법 개발 및 국내 예찰에 관한
연구
김 현 주
(지도교수: 유한상, D.V.M., Ph.D.)
서울대학교 대학원
수의학과 수의미생물학 전공

리프트계곡열은 생물학적 매개체인 모기에 의해 전파되어 반추류 및
사람에게

질병을

동물에서

유산

나타내는
및

인수공통전염병이다.

신생동물에서

높은

이

폐사율을

질병은
특징으로

임신한
한다.

리프트계곡열은 1931 년 아프리카 케냐에서 처음 발생이 확인된 이후
아프리카 지역에서만 계속 발생하였으나, 2000 년에 처음으로 아프리카
이외 지역인 사우디아라비아와 예멘에서 발생하게 되어 이 질병은 전
세계적으로 전파할 가능성이 제기되었다. 기후변화 및 인적∙물적 자원의
국제적 이동이 증가하면서 유럽, 아시아 및 아메리카의 리프트계곡열
비발생지역으로 이 질병의 확산에 대한 우려가 증가하면서 정확한 진단
및 유입 감시를 위한 예찰 등이 중요하게 인식되었다. 비록 아직까지
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국내에서 리프트계곡열에 대한 발생 보고는 없지만, 국내에 이 질병의
전파가 가능한 모기가 존재하고 있고, 2012 년에 아프리카행 직항로
비행편이 신설됨에 따라 질병의 유입 가능성이 높아지고 있는 상황이다.
따라서 본 연구에서는 우리나라를 포함한 리프트계곡열 비발생국에
적용할 수 있는 신속하고, 정확한 진단법의 개발 및 질병의 유입 감시를
위한 예찰을 실시하였다.
첫 번째로 신속하고 정확한 진단을 위한 quantitative real-time RT-PCR
(qRT-PCR)을 개발하였으며, 특히 감염개체와 최근 개발되어 사용중인
Clone 13 백신과 감별할 수 있도록 하였다. 개발된 진단법은 S 유전자의
NSs 유전자와 N 유전자를 동시에 검출하는 방법으로, NSs 부위가 결여된
Clone 13 백신의 경우 N 유전자만 검출되어 감별이 가능하였다. 또한
개발된 진단법은 1 copy/µl 까지 검출이 가능하였으며 국내에서 문제시
되고 있는 다른 모기매개질병인 아까바네 바이러스, 아이노 바이러스,
츄잔 바이러스 및 슈말렌베르그 바이러스와 교차반응을 나타내지 않았다.
본 연구에서 개발된 이 qRT-PCR 은 높은 재현성을 나타내어 우리나라를
포함한 리프트계곡열 비발생국에서 안전하고 효율적으로 적용할 수
있으며, Clone 13 백신과도 감별하여 사용할 수 있음을 보여주었다.
두 번째 연구는 재조합 단백질 및 단클론항체를 이용한 경쟁적
효소결합면역측정법

개발에

관한것으로,
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리프트계곡열

비발생국에서

안전하게 사용할 수 있도록 재조합 단백질 항원 및 이에 대한 단클론
항체 (1-59)를 생산하였고, 이를 이용하여 목적동물에서 항체를 검출하기
위한

경쟁적

smithburn

효소결합면역측정법을

백신을

접종한

소와

개발하였다.

염소에서

9-11

개발된
일째부터

진단법은
항체를

검출하였으며, 민감도 94.7%, 특이도 99.7%를 나타내었다. 또한 국내에서
문제시되고 있는 아까바네, 아이노, 츄잔, 소유행열과 같은 모기매개질병
양성혈청에 대해 교차반응을 나타내지 않았다. 이러한 결과는 빠르고
쉽게 리프트계곡열에 대한 항체진단에 사용할 수 있음을 보여주었다.
세 번째로 아직까지 국내에서 리프트계곡열에 대한 발생 보고는
없지만 발생 위험도가 높아지고 있는 상황에서 이 병원체의 국내 존재
확인 및 유입 방지를 위한 예찰을 실시하였다. 먼저 생물학적 매개체인
모기에 대한 항원 예찰 연구에서는 2012 년부터 2013 년에 걸쳐 공항과
항만 주변에서 수집된 36,734 마리 모기를 풀링하여 총 1,837 모기 풀링
샘플에 대해 qRT-PCR 을 이용한 유전자검사를 실시한 결과 모두
음성으로 확인되었다.
마지막으로 진행한 항체 예찰 연구에서는 2011 년부터 2013 년에 걸쳐
수집된 염소 399 마리와 소 1,983 마리의 혈청 총 2,382 개의 샘플을
사용하였으며 상용화된 항체진단키트인 RVFV c-ELISA inhibition ELISA
kit (Biological Diagnostic Supplies Ltd., Scotland, UK)와 ID Screen RVF
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Competition Multi-species kit (ID-Vet, Montpellier, France)를 이용한 검사
결과 염소와 소 모두에서 항체 양성은 확인되지 않았다. 이러한 국내
예찰 결과로서 우리나라는 리프트계곡열에 대한 비발생 상태를 유지하고
있음을 추측할 수 있다.
리프트계곡열은 아직까지 국내에 발생하지 않았지만 이 질병의 발생
위험이 계속 증가하고 있으며, 발생시 국내 축산업 및 공중보건상 큰
위해를 가할 수 있으므로 이번 연구에서 진단법 확립 및 지속적인
예찰을 통한 비발생의 확인은 이 질병의 유입 감시에 크게 기여할 수
있을 것으로 판단된다.
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