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Monitoring of Five Bovine Arboviral Diseases Transmitted by 
Arthropod Vectors in Korea 
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In-Soo Cho1, Soon-Seek Yoon1 and Jae-Young Song1 
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A survey was performed in Korea to monitor the prevalence of five bovine arboviruses [Akabane virus, Aino virus, 
Chuzan virus, bovine ephemeral fever (BEF) virus, and Ibaraki virus] in arthropod vectors, such as Culicoides species. 
To determine the possible applications of survey data in annual monitoring and warning systems in Korea, we examined 
the prevalence of bovine arboviruses in arthropod vectors using RT-PCR. To compare the sensitivity and specificity of 
virus detection, nested PCR was also performed in parallel for all five viruses. Using the RT-PCR, the detection limits 
were at least up to 101.5, 102.8, 102.0, 101.8, and 104.0 TCID50/ml for Akabane virus, Aino virus, Chuzan virus, BEF virus, 
and Ibaraki virus, respectively. When nested PCR was performed using 1 μl of PCR product, the detection limits were 
increased, to 100.05, 101.8, 101.0, 100.008, and 102.0 TCID50/ml for Akabane virus, Aino virus, Chuzan virus, BEF virus, and 
Ibaraki virus, respectively. Thus, nested PCR increased the sensitivity of the virus detection limit by 1~2 log. We pooled 
30~40 mosquitoes in one sample. We collected 113 samples in 2006, 135 samples in 2007, and 100 samples in 2008. 
Among these samples, Chuzan virus and BEF virus genes were detected at a range between 0.82% and 1.19%, and 
Akabane virus, Aino virus, and Ibaraki virus genes were detected at less than 0.20%. These data may provide some 
insight into future epidemiological studies of bovine arboviral diseases in Korea. 
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INTRODUCTION 

 
Bovine arboviral diseases, such as Akabane disease, Aino 

virus infection, Chuzan disease, bovine ephemeral fever 
(BEF), and Ibaraki disease, have been monitored in Korea 
serologically or by virus isolation. Akabane disease is 

caused by the Akabane virus, which is an arthropod-borne 
Bunyavirus in the Simbu group of the family Bunyaviridae. 
Akabane disease is a major cause of epizootic congenital 
malformations, abortions, stillbirths, and premature births 
in cattle, goats, and sheep (1~4). It has been known to be 
endemic in Korea, Japan, and Australia, and has been 
suspected to be the cause of sporadic outbreaks elsewhere 
(1, 5~8). Aino virus also belongs to the Simbu group of 
the family Bunyaviridae, and has been known to cause the 
production of abnormal calves that exhibit arthrogryposis, 
hydranecephaly, and cerebellar hypoplasia (3, 9~11). These 
viruses are widely distributed in Southeast Asia, Australia, 
Japan, and Korea (3, 9, 12~19). Chuzan virus, a member 
of the Palyam serogroup, genus Orbivirus, and family 
Reoviridae, was first identified as a causative agent of a 
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cattle disease, characterized by congenital abnormalities 
with hydraencephaly and cerebellar hypoplasia syndrome 
in Japan in 1985 and 1986 (20~24). BEF, also called "three 
day sickness," is a viral disease caused by the BEF virus in 
the Rhabdoviridae family (18, 19, 25~29). BEF is an acute 
febrile infection of cattle and water buffalo, which occurs 
in many tropical and subtropical regions of the world 
(30~32). The disease shows a wide spectrum of symptoms, 
ranging from imperceptible clinical signs to death. The 
economical impact of BEF is severe because of the effects 
on trade, both within and between countries (26, 32~34). 
Ibaraki disease is caused by the Ibaraki virus (IBAV), which 
belongs to the genus Orbivirus in the family Reoviridae 
(35, 36). IBAV was first isolated from the blood of Japanese 
cattle in 1959 (37). Clinical signs of Ibaraki disease in cattle 
include fever, anorexia, and deglutitive disorder (2, 37~39). 

The first recorded outbreak of Akabane disease in Korea 
was in 1980 (40). After the first isolation of Akabane virus, 
there were two major outbreaks in 1988 and 1990 (14). 
Aino virus infection was first unofficially reported in 1997, 
during an investigation of newborn deformities in calves in 
the southern part of Korea (17). A Chuzan disease outbreak 
was first reported in 1993 in the southern part of Korea 
(41) and there was a major outbreak in 1999 (14). BEF has 
a long history in Korea, as compared with the other bovine 
arboviral diseases. BEF virus was first isolated in Korea 
from diseased cattle in 1959 (42). Eight strains of IBAV 
were isolated in 1993 (43) and it has been believed that 
IBAVs existed in Korea prior to 1993. 

Culicoides biting midges are the major arthropod vectors 
for these five viruses. Culicoides species live in subtropical 
to temperate regions in the world and play an important 
role in transmitting pathogens to humans and animals (44). 
Culicoides species are reported to exist in the entire geo- 
graphical area of Korea (45). One research project examined 
Culicoides species percentages among arthropods vectors 
collected in specific areas in 1992 (46). These research data 
also showed that Culicoides species apparently disappeared 
for a year in Korea. 

Five of these bovine arboviruses have been isolated 
from Culicoides biting midges or other arthropod vectors 

(22, 47~53). Akabane virus was isolated from a biting 
midge, Culicoides oxystoma, collected from a cowshed in 
Kagoshima, Japan (49). BEF viruses have also been isolated 
from Culicoides species on several occasions (52, 53). 
Chuzan virus was isolated from Culicoides oxystoma in 
Japan in 1988 (22). 

In Korea, an early warning system for Japanese encepha- 
litis (JE) has been practiced. When JE virus are detected in 
arthropod vectors, including Culex species, early warning 
signs are issued for JE. In this study, we evaluated the 
possibility of adapting the early warning system for bovine 
arboviral diseases, through the detection of arboviral genes 
in arthropod vectors, primarily from Culicoides species. 
Specifically, methods for viral genes detection from arthro- 
pod vectors were evaluated for five bovine arboviral 
diseases. After evaluation of the detection methods, viral 
genes were monitored from Culicoides species samples 
collected from 2006 to 2008. 

 
MATERIALS AND METHODS 

Samples 

Culicoides species were collected from around the 
country from 2006 to 2008 in Korea. Trap lights were 
installed in the field to collect Culicoides species. Collected 
arthropods were sieved to separate Culicoides species, 1~3 
mm in size, from other bigger mosquitoes and insects. 
Culicoides species (30~40) were pooled in one sample. 
These were frozen at -20℃ until used. Culicoides species 
were pooled (30~40) and added to 2-ml containers with 
ceramic beads. Samples were ground for 30 s with 1 ml of 
cold phosphate-buffered saline (PBS). Ground samples were 
centrifuged (1 min, 4℃) and supernatants were harvested 
for RNA extraction. 

Viruses and cells 

Vero cells were maintained in minimum essential medium 
(MEM; Invitrogen, Carlsbad, CA, USA) containing 10% 
fetal bovine serum (FBS). Akabane virus (93FMY), Aino 
virus (JaNAr 28), Chuzan virus (YongAm), Ibaraki virus 
(Imaizumai), and bovine ephemeral fever virus (TongRae) 
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were propagated at 37℃ in Vero cells. Virus titers were 
determined in Vero cells using the Reed-Münch method 
(54). 

RNA extraction and PCR amplification 

RNA was extracted using an RNeasy mini-kit (Qiagen, 
Valencia, CA, USA) according to manufacturer's instruction. 
RNA was eluted in 40 μl distilled water. Oligonucleotide 
primers were commercially synthesized and are listed in 
Table 1. RT-PCR and nested PCR amplification primers for 
Akabane and Aino virus were adapted from established 
methods for detecting Akabane viral genes from cattle (55). 
These were designed to amplify S segment of Akabane 
and Aino virus. RT-PCR primers for Segment 5 of Chuzan 
virus and for N genes of BEF virus were adapted from the 
annual report of the NVRQS research project (14, 56). 
Primers for Segment 3 of IBAV were chosen from previous 

reports (57). RNA (5 μl) was used for RT-PCR using the 
One-step RT-PCR kit (Qiagen). Nested PCR primers for 
Chuzan virus, BEF virus, and IBAV were newly designed 
for this study. Viral genes were amplified using the following 
conditions: reverse transcription at 50℃ for 30 min; after 
an initial denaturation at 94℃ for 2 min, 35 cycles of 
denaturation at 94℃ for 30 s; primer annealing at 58℃ 

Table 1. The oilognucleotide primers for RT-PCR and nested PCR 

Virus PCR type Primer name Primer sequence Location Product size

AKAF1 TAACTACGCATTGCAATGGC 19~740 
RT-PCR 

AKAR1 TAAGCTTAGATCTGGATACC (S segment) 
709 bp 

AKAF2 GAAGGCCAAGATGGTCTTAC 177~407 
Akabane virus 

nested 
AKAR2 GGCATCACAATTGTGGCAGC  

230 bp 

AINOF1 CCCAACTCAATTTCGATACC 132~780 
RT-PCR 

AINOR1 TTTGGAACACCATACTGGGG (S segment) 
649 bp 

AINOF2 CCATCGTCTCTCAGGATATC 313~657 
Aino virus 

nested 
AINOR2 ACAGCATTGAAGGCTGCACG  

345 bp 

CHUF1 TGGCTTTCTGAGGCGTTTCAGA 14~318 
RT-PCR 

CHUR1 GGTTGCTCAATATGCCAAGCGA (Segment 5) 
305 bp 

CHUF2 GATGAAGCAGCGGATGTTTT 59~292 
Chuzan virus 

nested 
CHUR2 AGCAGGTTAAGCCATACTCT  

220 bp 

BEFVF1 CCTACATTGAGAGTGCCACA 1677~616 
RT-PCR 

BEFVR1 CTTCCGTGAACAGCAACATC (N gene) 
440 bp 

BEFVF2 TGAGAGTGCCACAAGGTAAA 184~511 
BEF virus 

nested 
BEFVR2 GCAGAGCGACCTAATCTATA  

328 bp 

IBAF1C CCTAGATGTTCAATAGCAAACCTAATT 1~660 
RT-PCR 

IBAR1 TAACATTTCGTTATAACAATAATAATT (Segment 3) 
660 bp 

IBAF2 ACGTGCTTACCAACAGGAGA 40~353 
Ibaraki virus 

nested 
IBAR2 TCAAGCTGTCGTGCCATATT  

314 bp 

Table 2. Detection limits of five bovine arboviral genes by RT-
PCR and nested PCR 

Virus RT-PCR Nested PCR 

Akabane virus 101.5 TCID50/ml 100.05 TCID50/ml 

Aino virus 102.8 TCID50/ml 101.8 TCID50/ml 

Chuzan virus 102.0 TCID50/ml 101.0 TCID50/ml 

BEF virus 101.8 TCID50/ml 100.008 TCID50/ml 

Ibaraki virus 104.0 TCID50/ml 102.0 TCID50/ml 
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for 30 s; and primer extension at 68℃ for 1 min. Negative 
reagent controls were included in each assay. Nested 
amplifications used 1 μl of the RT-PCR product as a 
template, in a total volume of 25 μl with Taq 2× master 
mix (Qiagen). Nested cycling conditions were as described 
for RT-PCR, except that 30 cycles were used. Quality 
control included both positive and negative controls. 

Spiking Culicoides species supernatant with virus 

Supernatant from ground Culicoides species were used 
as diluents for virus. Aino virus and IBAV were diluted 
from 10-1 to 10-8 in Culicoides species supernatant, which 

was confirmed negative for five arboviruses by RT-PCR 
and nested PCR. Total RNA was extracted from diluted 
virus. Extracted RNA was used for RT-PCR in parallel 
with RNA extracted from viruses, diluted in PBS. 

 
RESULTS 

Detection limit of five bovine arboviral genes by 
RT-PCR and nested PCR 

It is difficult to isolate bovine arboviruses from cattle, 
because the duration of viremia is very short and the virus 
often passes unnoticed (58). To determine the feasibility of 

Figure 1. Detection limits determined by spiking Aino virus and Ibaraki virus into supernatant from Culicoides species. Five microliters 
of each PCR product from PBS-diluted virus or supernatant from Culicoides species were applied to a 1% agarose gel as follows: (A) Aino
virus. Virus diluted in PBS (upper). 1: Marker, 2~9: diluted Aino virus, 10: negative control. Virus diluted in Culicoides species supernatant
(bottom). 1: Marker, 2~9: diluted Aino virus, 10: negative control (B) Ibaraki virus. Virus diluted in PBS (upper). 1: Marker, 2~9: diluted 
Ibaraki virus, 10: negative control. Virus diluted in Culicoides species supernatant (bottom). 1: Marker, 2~9: diluted Ibaraki virus, 10: 
negative control. 

A 

B 
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an early warning system that detects arboviral genes in 
Culicoides species, RT-PCR and nested PCR methods were 
used. Stock virus titers were 107.5, 107.8, 106.0, 106.8, and 
107.0 TCID50/ml for Akabane virus, Aino virus, Chuzan 
virus, BEF virus, and IBAV, respectively. RT-PCR results 
showed that the detection limit was 101.5, 102.8, 102.0, 101.8, 
and 104.0 TCID50/ml for Akabane virus, Aino virus, Chuzan 
virus, BEF virus, and IBAV, respectively (Table 2). When 
nested PCR was performed using 1 μl of PCR product, the 
detection limit increased, to 100.05, 101.8, 101.0, 100.008, and 

102.0 TCID50/ml for Akabane virus, Aino virus, Chuzan 
virus, BEF virus, and IBAV, respectively (Table 2). Thus, 
nested PCR increased the sensitivity of the virus detection 
by 1~2 log. 

Detection limit by spiking Aino and Ibaraki virus 
into Culicoides species supernatant 

To quantify interfering activity of RNA from Culicoides 
species in RT-PCR amplification, we spiked Aino and 
Ibaraki virus into Culicoides species supernatant, which was 

B 

A 

D 

C 

E 

Figure 2. Prevalence of five bovine arboviral genes in arthropod vectors by nested PCR amplifications. RT-PCR, and subsequently nested
PCR, were performed on RNA from pooled Culicoides species supernatant. Five microliters of the product from nested PCR were applied 
to a 1% agarose gel as follows: (A) nested PCR for Akabane virus. 1: Marker, 2~14: samples (5: Akabane virus positive sample), 15: 
negative control, 16: positive control, 17: Marker (B) nested PCR for Aino virus. 1: Marker, 2~14: samples (6: Aino virus positive sample),
15: negative control, 16: positive control, 17: Marker (C) nested PCR for Chuzan virus. 1: Marker, 2~14: samples (4, 7, 12: Chuzan virus 
positive sample), 15: negative control, 16: positive control, 17: Marker (D) nested PCR for BEF virus. 1: Marker, 2: positive control, 3: 
negative control, 4~16: samples (5, 6, 7, 9, 10, 13, 14, 15, 16: BEF virus positive sample), 17: Marker (E) nested PCR for Ibaraki virus. 1: 
Marker, 2~14: samples (4, 6, 8, 10, 12, 13: Ibaraki virus positive sample), 15: negative control, 16: positive control, 17: Marker. 
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already confirmed negative for Aino and Ibaraki viral genes 
by RT-PCR and nested PCR. RT-PCR results show that the 
detection limit for Aino virus was up to 103.8 TCID50/ml for 
both PBS-diluted virus and Culicoides species supernatant-
diluted virus (Fig. 1A). In the case of IBAV, the detection 
limit was 104.0 TCID50/ml for PBS-diluted virus or 105.0 
TCID50/ml for Culicoides species diluted virus (Fig. 1B). 
Because there was not much difference in RT-PCR ampli- 
fication results between the two virus samples, interference 
from Culicoides species RNA was apparently negligible. 
Spiking tests for Akabane, Chuzan, and BEF virus were 
not performed because of the shortage of Culicoides species 
supernatant; however, we assumed that the results would 
be similar to the remaining three viruses. 

Bovine arboviral genes prevalence in Culicoides 
species samples 

We collected 113 samples in 2006, 135 samples in 2007, 
and 100 samples in 2008. A total of 348 samples were used 
for bovine arboviral genes detection (Fig. 2). The number 
of positive samples for Akabane, Aino, Chuzan, BEF, and 
Ibaraki virus using nested PCR were 0 (0%), 4 (3.54%), 27 

(23.89%), 25 (22.12%), and 2 (1.77%) respectively in 2006. 
When the sample number was converted into 3,955 (113 
samples × 30~40 Culicoides species), the prevalence 
percentage was 0%, 0.10%, 0.68%, 0.63%, and 0.05% for 
Akabane, Aino, Chuzan, BEF, and Ibaraki virus, respectively. 
Likewise, the number of positive samples and the prevalence 
percentage of samples from 2007 were 3 (2.22%, 0.06%), 
4 (2.96%, 0.09%), 48 (35.56%, 1.02%), 78 (57.78%, 1.65%), 
and 5 (3.70%, 0.11%) for Akabane, Aino, Chuzan, BEF, 
and Ibaraki virus, respectively. For samples from 2008, the 
number of positive samples and the prevalence percentage 
were 2 (2%, 0.06%), 0 (0%, 0%), 25 (25%, 0.71%), 42 
(45%, 1.20%), and 13 (13%, 0.37%) for Akabane, Aino, 
Chuzan, BEF, and Ibaraki virus, respectively (Table 3). 

Homology analyses of positive PCR products 

Sequencing and homology analyses were performed for 
Chuzan and BEF virus positive samples to rule out the 
possibility of contamination from the positive control, or 
from positive samples themselves, while performing RT-
PCR or nested PCR. To rule out the possibility of cross 
contamination during RT-PCR or nested PCR amplification, 

Table 3. Detection limits of five bovine arboviral genes by RT-PCR and nested PCR 

No. of positive 
% (%)a Year No. of samples 

Akakane Aino Chuzan BEF Ibaraki 

0 4 27 25 2 

0% 3.54% 23.89% 22.12% 1.77% 2006 113 

(0%)* (0.10%) (0.68%) (0.63%) (0.05%) 

3 4 48 78 5 

2.22% 2.96% 35.56% 57.78% 3.70% 2007 135 

(0.06%) (0.09%) (1.02%) (1.65%) (0.11%) 

2 0 25 42 13 

2% 0% 25% 45% 13% 2008 100 

(0.06%) (0%) (0.71%) (1.20%) (0.37%) 

5 8 100 145 20 

1.44% 2.30% 28.74% 41.67% 5.75% Total 348 

(0.04%) (0.07%) (0.82%) (1.19%) (0.16%) 
a Percentage from sample numbers converted into numbers before pooling Culicoides species 
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a portion of the positive samples were sequenced after 
being cloned into a pGEMT-easy vector. Three clones were 
selected for one positive PCR product and read twice, 
forwardly and reversely. It was apparent that the positive 
results were not from contamination of the positive control 
or other positive samples, because mutations or deletions 
were observed consistently in the same samples. These 
results suggest that these positive results are not from one 
template (data not shown). 

 
DISCUSSION 

 
It has been shown by virus isolation and serological 

surveillance that Akabane disease, Aino virus infection, 
Chuzan disease, BEF, and Ibaraki disease are present in 
Korea. In the case of Akabane disease, there were several 
major outbreaks in the 1980s and 1990s. Aino virus infection 
was first recognized in Korea due to an increased incidence 
of malformed calves in 1997. Although the remaining three 
arboviral diseases, Chuzan disease, BEF, and Ibaraki disease, 
have no known history of posing a major animal health 
threat in Korea, these five bovine arboviral diseases have 
been a center of attention within the cattle industry. This is 
primarily due to the threat of economic loss as a result of 
reproductive failure or decreased milk production. Recent 
records of Akabane disease and BEF outbreaks have 
resulted in six cases with 12 heads, and one case with one 
head affected, respectively, from 2004 to 2008. Akabane 
disease and BEF are notifiable diseases in Korea, whereas 
Aino virus infection, Chuzan disease, and Ibaraki disease 
are not (59). Thus, for these three diseases, if there is no 
special feature of a disease outbreak, such as increased 
numbers or severity, these may pass unnoticed. 

Vaccines for Akabane disease and BEF were developed 
in Korea in the early 1990s and are available commercially. 
A trivalent inactivated vaccine for Akabane disease, Aino 
virus infection, and Chuzan disease was developed in 2005 
and has just been released on to the market. A vaccine for 
Ibaraki disease was developed in 2001, but is not actively 
used, because there has been no known disease outbreak in 
Korea. To date, vaccines for Akabane disease and BEF 

have been actively used, because these two vaccines are 
subsidized by the Korean government. Annually, 300,000 
doses of BEF vaccine and 600,000 doses of Akabane disease 
vaccine have been provided in areas with a high risk of 
disease outbreak (60). 

The sero-prevalence of these five arboviral diseases has 
been regularly monitored since 1993 to obtain information 
on disease status and to set up preventive measures against 
epidemics. If the sero-prevalence is under 30% for any of 
the diseases, warning signs against the disease are issued. 
There have been two warnings issued within the last ten 
years. In May 1999, a warning was issued against Akabane 
disease and BEF. One year later in 2000, a warning was 
again issued against Akabane disease, Chuzan disease, BEF, 
and Ibaraki disease (61). During sero-prevalence surveil- 
lance in 2008, a total of 3,077 serum samples were tested, 
using the serum neutralization test. Sero-positive percentages 
were 33.0, 19.9, 27.1, 7.2, and 28.8 for Akabane disease, 
Aino virus infection, Chuzan disease, and BEF, and Ibaraki 
disease, respectively (61). With this sero-prevalence status, 
if the viruses are introduced and propagated in the animal 
group, the damage would be high. 

In this study, we evaluated the possible application of an 
early warning system for bovine arboviral diseases using 
methods for the detection of viral genes in arthropod vectors, 
such as Culicoides species. We may be able to apply this 
detection system as an early warning system against these 
bovine arboviral diseases, because we would be able to 
detect the genes of five bovine arboviruses in arthropod 
vectors. 

Overall, the status of these five bovine arboviral diseases 
is non-threatening and they do not need to be dealt with as 
a high priority; however, with the emerging issue of global 
warming, there is an increasing need to re-evaluate aspects 
of arboviral diseases transmitted by arthropod vectors. The 
Korean territory has long been considered to be in the 
temperate zone. For the last two decades, with global 
warming phenomena occurring all around the world, the 
Korean territory is now moving into a sub-tropical zone. 
The rate of change within climate zones is more rapid than 
expected. NVRQS is planning strategies to cope with 



360 Y-K Shin, et al. 

 

climate changes and the expected increase in arthropod-
borne animal diseases. Determining possible applications 
of survey data from annual monitoring and warning 
systems in Korea, such as detecting bovine arboviral genes 
in arthropod vectors, is one of the efforts for controlling 
diseases that are related to climate changes. Because we 
have shown that this detection system is able to accurately 
monitor arboviral diseases, it may be added to the annual 
national animal disease monitoring plan. 

However, there are still many areas that need to be 
pursued. For example, the exact status of Culicoides species 
in Korea must be monitored. Although it has been known 
that there are many kinds of Culicoides species in the 
territory of Korea, there has not been systematic and regular 
surveillance for Culicoides species since 1973. There is a 
systematic and national level arthropod vector monitoring 
system in Korea, operated by the Korean Center for Disease 
Control. Unfortunately, not many human diseases are trans- 
mitted by Culicoides species and the monitoring program 
is heavily focused on arthropod vectors that transmit human 
diseases. Knowing the distribution of arthropod vectors 
that transmit animal diseases would be extremely useful for 
animal disease control and prevention. With a proper 
monitoring system, it would be possible to know the exact 
ecology of Culicoides species, to plan the control of diseases 
transmitted by these vectors, and to share the information 
with neighboring countries. It is likely that this information 
will be needed to prepare for expected increases in animal 
viral diseases related to global warming and climate change. 

 
Acknowledgements 
We thank Dr. M.G. Han for his valuable advice. 
 

REFERENCES 
 

1) Cybinski DH, St George TD, Paull NI. Antibodies to 
Akabane virus in Australia. Aust Vet J 1978;54:1-3. 

2) Inaba Y, Kurogi H, Omori T. Letter: Akabane disease: 
epizootic abortion, premature birth, stillbirth and 
congenital arthrogryposis-hydranencephaly in cattle, 
sheep and goats caused by Akabane virus. Aust Vet J 

1975;51:584-5. 
3) Coverdale OR, Cybinski DH, St George TD. Congenital 

abnormalities in calves associated with Akabane virus 
and Aino virus. Aust Vet J 1978;54:151-2. 

4) Haziroglu R, Haritani M, Narita M. Demonstration of 
Akabane virus antigen in experimentally infected mice 
using immunoperoxidase method. Nippon Juigaku 
Zasshi 1987;49:133-5. 

5) Hartley WJ, Wanner RA, Della-Porta AJ, Snowdon WA. 
Serological evidence for the association of Akabane 
virus with epizootic bovine congenital arthrogryposis 
and hydranencephaly syndromes in New South Wales. 
Aust Vet J 1975;51:103-4. 

6) Charles JA. Akabane virus. Vet Clin North Am Food 
Anim Pract 1994;10:525-46. 

7) Matumoto M. [Akabane disease and Akabane virus]. 
Uirusu 1980;30:1-10. 

8) Mellor PS, Jennings DM, Braverman Y, Boorman J. 
Infection of Israeli Culicoides with African horse 
sickness, blue tongue and akabane viruses. Acta Virol 
1981;25:401-7. 

9) Ishibashi K, Shirakawa H, Uchinuno Y, Ogawa T. 
Seroprevalence survey of Aino virus infection in dairy 
cattle of Fukuoka, Japan in 1990. J Vet Med Sci 1995; 
57:1-4. 

10) Miura Y, Inaba Y, Tsuda T, Tokuhisa S, Sato K, Akashi 
H, Matumoto M. A survey of antibodies to arthropod-
borne viruses in Indonesian cattle. Nippon Juigaku 
Zasshi 1982;44:857-63. 

11) Tsuda T, Yoshida K, Ohashi S, Yanase T, Sueyoshi M, 
Kamimura S, et al. Arthrogryposis, hydranencephaly 
and cerebellar hypoplasia syndrome in neonatal calves 
resulting from intrauterine infection with Aino virus. 
Vet Res 2004;35:531-8. 

12) Cybinski DH, St George TD. A survey of antibody to 
Aino virus in cattle and other species in Australia. Aust 
Vet J 1978;54:371-3. 

13) Uchinuno Y, Noda Y, Ishibashi K, Nagasue S, Shirakawa 
H, Nagano M, Ohe R. Isolation of Aino virus from an 
aborted bovine fetus. J Vet Med Sci 1998;60:1139-40. 

14) Kim YH, Kwon CH, Yang DK. Development of 
inactivated vaccine for Akabane, Aino and Chuzan 
Disease. NVRQS Annual Research Report 2005:962-75. 

15) Cybinski DH, Zakrzewski H. A dual infection of a bull 



Monitoring of Bovine Arboviral Diseases 361 

 

with Akabane and Aino viruses. Aust Vet J 1983;60: 
283. 

16) Fukuyoshi S, Takehara Y, Takahashi K, Mori R. The 
incidence of antibody to Aino virus in animals and 
humans in Fukuoka. Jpn J Med Sci Biol 1981;34:41-3. 

17) NVRI. Isolation of Aino virus from malformed calves 
in Kyung-Book Province. NVRI Case Report 1997. 

18) Burgess GW, Chenoweth PJ. Mid-piece abnormalities 
in bovine semen following experimental and natural 
cases of bovine ephemeral fever. Br Vet J 1975;131: 
536-44. 

19) Burgess GW, Spradbrow PB. Studies on the patho- 
genesis of bovine ephemeral fever. Aust Vet J 1977;53: 
363-8. 

20) Goto Y, Miura Y, Kono Y. Serologic evidence for the 
etiologic role of Chuzan virus in an epizootic of 
congenital abnormalities with hydranencephaly-
cerebellar hypoplasia syndrome of calves in Japan. Am 
J Vet Res 1988;49:2026-9. 

21) Goto Y, Miura Y, Kono Y. Epidemiological survey of 
an epidemic of congenital abnormalities with 
hydranencephaly-cerebellar hypoplasia syndrome of 
calves occurring in 1985/86 and seroepidemiological 
investigations on Chuzan virus, a putative causal agent 
of the disease, in Japan. Nippon Juigaku Zasshi 1988; 
50:405-13. 

22) Miura Y, Goto Y, Kubo M, Kono Y. Isolation of Chuzan 
virus, a new member of the Palyam subgroup of the 
genus Orbivirus, from cattle and Culicoides oxystoma 
in Japan. Am J Vet Res 1988;49:2022-5. 

23) Miura Y, Kubo M, Goto Y, Kono Y. Hydranencephaly-
cerebellar hypoplasia in a newborn calf after infection 
of its dam with Chuzan virus. Nippon Juigaku Zasshi. 
1990;52:689-94. 

24) Kurogi H, Matumoto M. Serological comparison of 
Kagoshima and Chuzan viruses of Palyam serogroup 
orbivirus isolated in Japan. Kitasato Arch Exp Med 
1989;62:199-201. 

25) Della-Porta AJ, Brown F. The physico-chemical char- 
acterization of bovine ephemeral fever virus as a 
member of the family Rhabdoviridae. J Gen Virol 
1979;44:99-112. 

26) Nandi S, Negi BS. Bovine ephemeral fever: a review. 
Comp Immunol Microbiol Infect Dis 1999;22:81-91. 

27) Combs GP. Bovine ephemeral fever. Proc Annu Meet 
U S Anim Health Assoc. 1978:29-35. 

28) Heuschele WP. Bovine ephemeral fever. I. Characteristics 
of the causative virus. Arch Gesamte Virusforsch 1970; 
30:195-202. 

29) Heuschele WP, Johnson DC. Bovine ephemeral fever. 
II. Responses of cattle to attenuated and virulent virus. 
Proc Annu Meet U S Anim Health Assoc 1969;73:185 
-95. 

30) Walker PJ. Bovine ephemeral fever in Australia and the 
world. Curr Top Microbiol Immunol 2005;292:57-80. 

31) Uren MF, St George TD, Kirkland PD, Stranger RS, 
Murray MD. Epidemiology of bovine ephemeral fever 
in Australia 1981-1985. Aust J Biol Sci 1987;40:125-36. 

32) Walker PJ, Cybinski DH. Bovine ephemeral fever and 
rhabdoviruses endemic to Australia. Aust Vet J 1989; 
66:398-400. 

33) Tzipori S, Spradbrow PB. Development and behaviour 
of a strain of bovine ephemeral fever virus with unusual 
host range. J Comp Pathol 1974 84:1-8. 

34) Tzipori S, Spradbrow PB. The effect of bovine 
ephemeral fever virus on the bovine foetus. Aust Vet J 
1975;51:64-6. 

35) Suzuki Y, Saito Y, Nakagawa S. Double-stranded RNA 
of Ibaraki virus. Virology 1977;76:670-4. 

36) Suzuki Y, Nakagawa S, Namiki M, Saito Y. RNA and 
protein of Ibaraki virus. Kitasato Arch Exp Med 1978; 
51:61-71. 

37) Omori T, Inaba Y, Morimoto T, Tanaka Y, Kono M. 
Ibaraki virus, an agent of epizootic disease of cattle 
resembling bluetongue. II. Isolation of the virus in 
bovine cell culture. Jpn J Microbiol. 1969;13:159-68. 

38) Inaba Y, Tanaka Y, Ishii S, Morimoto T, Sato K. Ibaraki 
virus, an agent of epizootic disease of cattle resembling 
bluetongue. IV. Physicochemical and serological pro- 
perties of the virus. Jpn J Microbiol 1970;14:351-60. 

39) Omori T, Inaba Y, Morimoto T, Tanaka Y, Ishitani R. 
Ibaraki virus, an agent of epizootic disease of cattle 
resembling bluetongue. I. Epidemiologic, clinical and 
pathologic observations and experimental transmission 
to calves. Jpn J Microbiol 1969;13:139-57. 

40) Bak UB LC, Cheong CK, Hwang WS, Cho MR. 
Outbreaks of Akabane disease of cattle in Korea. 
Korean J Vet Res 1980;20:65-78. 



362 Y-K Shin, et al. 

 

41) Park B. An outbreak of Chuzan disease in Korea and 
the immunogenicity of binary ethylenimine-treated 
chuzan virus vaccine in cattle. Korean J Vet Publ Hlth 
1993;17:301-5. 

42) Song GC, Kang, BJ. Development of vaccine and 
diagnostic methods for bovine ephemeral fever. NVRQS 
Annual Research Report 1970:61-8. 

43) Park BK. Characterization of Ibaraki virus isolated in 
Korea. NVRQS Annual Report 1993. 

44) Mellor PS, Boorman J, Baylis M. Culicoides biting 
midges: their role as arbovirus vectors. Annu Rev 
Entomol 2000;45:307-40. 

45) Cho HC, Chong CS. Notes on biting midges of the 
genus culicoides from South Korea: with special 
reference to unrecorded species and distribution. 
Kisaengchunghak Chapchi 1974;2:45-75. 

46) Park BK. Monitoring of bovine ephemeral fever, Ibaraki 
disease and Akabane disease in Korea. NVRQS Annual 
Report 1992. 

47) Allingham PG, Standfast HA. An investigation of 
transovarial transmission of Akabane virus in Culicoides 
brevitarsis. Aust Vet J 1990;67:273-4. 

48) Jennings M, Mellor PS. Culicoides: biological vectors 
of Akabane virus. Vet Microbiol 1989;21:125-31. 

49) Kurogi H, Akiba K, Inaba Y, Matumoto M. Isolation of 
Akabane virus from the biting midge Culicoides 
oxystoma in Japan. Vet Microbiol 1987;15:243-8. 

50) Murray MD. Akabane epizootics in New South Wales: 
evidence for long-distance dispersal of the biting midge 
Culicoides brevitarsis. Aust Vet J 1987;64:305-8. 

51) St George TD, Standfast HA, Cybinski DH. Isolations 
of akabane virus from sentinel cattle and Culicoides 
brevitarsis. Aust Vet J 1978;54:558-61. 

52) Theodoridis A, Nevill EM, Els HJ, Boshoff ST. Viruses 
isolated from Culicoides midges in South Africa during 

unsuccessful attempts to isolate bovine ephemeral fever 
virus. Onderstepoort J Vet Res 1979;46:191-8. 

53) Venter GJ, Hamblin C, Paweska JT. Determination of 
the oral susceptibility of South African livestock-
associated biting midges, Culicoides species, to bovine 
ephemeral fever virus. Med Vet Entomol 2003;17: 
133-7. 

54) REED M. A simple method of estimating fifty per cent 
endpoints. Am J Epidemiol 1938;27:493-7. 

55) Akashi H, Onuma S, Nagano H, Ohta M, Fukutomi T. 
Detection and differentiation of Aino and Akabane 
Simbu serogroup bunyaviruses by nested polymerase 
chain reaction. Arch Virol 1999;144:2101-9. 

56) Cho JJ. Development of antigen detection method for 
bovine ephemeral fever virus. NVRQS Annual Report 
1997. 

57) Uchinuno Y, Ito T, Goto Y, Miura Y, Ishibashi K, Itou T, 
Sakai T. Differences in Ibaraki virus RNA segment 3 
sequences from three epidemics. J Vet Med Sci 2003; 
65:1257-63. 

58) Stram Y, Kuznetzova L, Guini M, Rogel A, Meirom R, 
Chai D, Yadin H, Brenner J. Detection and quantitation 
of akabane and aino viruses by multiplex real-time 
reverse-transcriptase PCR. J Virol Methods 2004;116: 
147-54. 

59) Ministry of Food A, Forestry and Fisheries, Republic 
of Korea. Act on the Prevention of Cotagious Animal 
Diseases 2008. 

60) Ministry of Food, Agriculture, Forestry and Fisheries, 
Republic of Korea. National Project for the Prevention 
of Contagious Animal Diseases. 2009. 

61) Disease Diagnostic Center NVRQS. Monitoring of 
Seroprevalence against five bovine arboviral diseases in 
Korea in 2008. 2008. 


