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ABSTRACT In 1985Ð2002, surveillance for bovine arboviruses was conducted in Kagoshima, located
in the most southern part of the main islands of Japan and known to be an area where bovine arboviral
diseases have frequently been epidemic.Culicoides biting midges were collected in a cowshed by light
traps. A total of 456,300Culicoides biting midges representing 13 species were collected, and a portion
of each pool of midges were tested for virus isolation. Overall, 85 isolates of six different viruses were
obtained from the collected midges. The isolated viruses included two Orthobunyaviruses, Akabane
and Aino viruses; three Orbiviruses, Chuzan, DÕAguliar, and Ibaraki viruses; and one unclassiÞed virus,
a bunyavirus-like virus. The viruses were most frequently isolated from Culicoides oxystoma Kieffer
(85.9% of 85 isolates). Isolations of all viruses except for the bunyavirus-like virus were made from this
species. Our data indicated that C. oxystoma is a potential vector for bovine arboviruses in southern
Japan.
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ARTHROPOD-BORNE VIRUSES (arboviruses) are transmit-
ted by hematophagous arthropods, such as mosqui-
toes, Culicoides biting midges, and ticks. Although the
etiological nature of the majority of them is not well
understood, some of them are considered a potential
threat for human health and the livestock industry
because they are causative agents of disease. The ge-
nus Culicoides of the family Ceratopogonidae com-
prises �1,400 described species and is distributed
throughout the world with exception of Antarctica
and New Zealand (Borkent and Wirth 1997, Mellor et
al. 2000). Culicodes biting midges are known to trans-
mit several diseases caused by viruses (Mullen 2002).
Oropouche virus (Orthobunyavirus) is a causative
agent of human febrile illness in Central America and
South America. Bluetongue virus (BTV) and African
house sickness virus (Orbivirus) are transmitted to
ruminants and equids, respectively. Because of their
adverse effect on the livestock industry, these viruses
have been designated “list A” status by the OfÞce
International des Epizooties, which in turn causes
severe economic loss to the livestock industry due to
restrictions on the movement of livestock to virus-free
countries. The prevalence of the viruses largely de-

pends on vector and host distribution, governed by
geographic and climatic factors. Therefore, it is es-
sential for control and prevention of arboviral diseases
to identify the principal vectors in speciÞc countries
and regions.

In southern Japan, outbreaks of bovine congenital
malformation caused by infection with Akabane virus
(AKAV) and Aino virus (AINOV) (Orthobunyavirus)
have been reported annually (Kurogi et al. 1975, 1977;
Tsuda 2000). Other diseases characterized by febrile
illness or congenital defects in cattle are known to
occur at 5Ð10-yr intervals and are caused by infection
with Ibaraki virus (IBAV) (Omori et al. 1969), clas-
siÞed as epzootic hemorrhagic diseases virus serotype
2 (Campbell et al. 1978, Sugiyama et al. 1989), and
Chuzan virus (CHUV) (Orbivirus) (Goto et al. 1988;
Miura et al. 1988, 1990; Tsuda 2000). The beef and
dairy industries have been greatly damaged by the
prevalence of these viruses in this region. These bo-
vine arboviruses are thought to be transmitted by
Culicoides biting midges, although the vector species
is uncertain in Japan.

We undertook this study to measure the current
prevalence of bovine arboviruses in Culicoides biting
midges and to identify potential vector species for
these viruses in southern Japan. Herein, we report on
virus isolation fromCulicoidesbiting midges from 1985
to 2002 in Kagoshima, located in the most southern
part of the main islands of Japan and known to be an
area of epidemic bovine arboviruses.
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Materials and Methods

Study Area. Our investigation was conducted in
Kagoshima city (31.24Ð31.41� N, 130.26Ð130.43� E) in
southern Japan. The climate is characterized as tem-
perate and is relatively mild. During 1971Ð2000, the
annual mean temperature was 18.3�C and annual pre-
cipitation was 2.3 cm (Kagoshima Local Meteorolog-
ical Observatory). Average temperatures from May to
October are �20�C. In this area, the temperature
rarely falls below the freezing point even in winter.
The rainy season of this region is usually from the end
of May to the middle of July. Trapping was performed
over a 3-mo period (SeptemberÐNovember) in 1985Ð
1987 and a 7-mo period (MayÐNovember) in 1988Ð
2002 in a cowshed (31.33� N, 130.31� E). The elevation
of the site is �10Ð20 m above sea level. The cowshed
that usually holds 5Ð10 cattle and several sheep is
located within a grass Þeld and is close to hills covered
by evergreens and bamboo. The collection area is
surrounded by paddy rice Þelds.
Insect Collections. Adult Culicoides biting midges

were collected twice a week by using a light trap that
was equipped with an 8-W blacklight and a down-draft
suction motor. It was hung under the roof of the
cowshed. The trap was set between 4:00 and 5:00 p.m.
and collected the next morning between 8:30 and 9:30
a.m. Collected midges were taken alive to the labo-
ratory and were kept for �3 d on 10% sucrose at 25�C.
The blood-fed midges digested blood meals through-
out the holding period. After completion of the hold-
ing period, midges were sorted into species based on
the identiÞcation keys of Kitaoka (1984) and were
stored at �80�C until virus isolation. Samples were
pooled based on collection date and species.
Virus Isolation. Virus isolation was carried out as

described by Miura et al. (1988). In brief, each pool of
midges was ground to make an emulsion in culture
medium consisting of EagleÕs minimum essential me-
dium and 0.295% tryptose phosphate broth supple-
mented with 10 �g/ml gentamicin sulfate and 2.5

�g/ml amphotericin B. The medium volume varied
with number of midges: 2 ml for 10 or fewer midges,
3 ml for 11Ð40 midges, and 5 ml for �41 midges. In case
of very large collections (more than several hundred
per one collection for each species), only a portion of
the pooled midges were processed for virus isolation.
The suspension was clariÞed by centrifugation at
860 � g for 10 min, and the supernatant was inoculated
into established cell lines (baby hamster kidney 21 and
hamster lung-1 cells). Inoculated cells were incubated
in culture medium for 7 d. All cultures were pooled
and passaged twice in the same manner if no cyto-
pathic effect was observed. Viral isolates were iden-
tiÞed in neutralization tests (Ohashi et al. 1999) and
dot immunobinding assays (Yoshida and Tsuda 1998).

Results

A total of 456,300 Culicoides biting midges were
collected at the study site from 1985 to 2002 (Table 1).
Collected midges encompassed at least 13 species:
CulicoidesarakawaeArakawa,C.aterinervisTokunaga,
C. cylindratus Kitaoka, C. homotomus Kieffer, C. ja-
cobsoniMacÞe, C. lungchiensis Chen et Tsai, C. macu-
latus Shiraki, C. matsuzawai Tokunaga, C. nipponensis
Tokunaga, C. ohmorii Takahashi, C. oxystoma Kieffer,
C. punctatusMeigan, andC. sumatraeMacÞe. Of these,
C. oxystomawas by far the most abundant, comprising
80.9% of the total, and was collected from May to
November. Three other species,C.maculatus, C. punc-
tatus, and C. arakawae, also were collected in large
numbers. C. maculatus and C. punctatus were most
abundant in early summer (MayÐJuly), whereas C.
arakawaewas most abundant in autumn (SeptemberÐ
November). Since 1996, C. arakawae had not been
collected in large numbers. From 1997 on, the abun-
dance ofC. oxystoma greatly increased over the abun-
dances of previous years (Table 1).

Only midges collected from 1985 to 1998 and 2000Ð
2002 were used for virus isolation in this study. A total

Table 1. Culicoides biting midges collected in Kagoshima, 1985–2002

Year
Species No. collection

nights/yrC. oxystoma C. arakawae C. maculatus C. punctatus Culicoides spp.

1985 1,701 3,392 852 131 430 33
1986 1,890 1,673 28 76 133 50
1987 2,903 302 191 366 267 71
1988 695 1,666 121 173 53 61
1989 3,436 1,777 219 224 64 54
1990 3,293 2,530 305 164 137 61
1991 1,346 1,450 1,201 373 303 57
1992 1,925 682 450 379 59 57
1993 353 2,715 1,063 185 477 55
1994 1,537 742 510 162 42 57
1995 2,191 141 6,671 1,411 397 57
1996 8,427 1 815 498 88 57
1997 24,312 1,292 376 402 54
1998 75,309 1 1,953 2,415 409 54
1999 41,006 7 2,298 3,252 674 54
2000 69,873 7,300 5,359 1,702 59
2001 79,655 2 4,830 5,360 1,282 58
2002 49,245 8 5,562 5,156 1,474 56
Total 369,097 17,089 35,661 26,060 8,393 1,009
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of 85 isolates of six different viruses were obtained
during this study (Table 2). Viruses were most fre-
quently isolated from C. oxystoma (85.9% of 85 iso-
lates). Isolations also were made from four other spe-
cies, C. arakawae, C. punctatus, C. lungchiensis, and C.
sumatrae, but not in great numbers. Of the six viruses,
only Þve were identiÞed: AKAV, AINOV, CHUV,
IBAV, and DÕAguilar virus (DAGV) (Orbivirus) (Ta-
ble 3). Observation by transmission electron micro-
scope showed that the other virus, comprising six
isolates from C. arakawae, likely belongs to the family
Bunyaviridae. However, immunological tests showed
no relationship with known orthobunyaviruses stored
in our laboratory (data not shown): if the virus belongs
to the family Bunyaviridae, it is new to Japan. AKAV,
AINOV, CHUV, DAGV, and IBAV were isolated from
C. oxystoma during the period from August to early

November. AINOV also was isolated fromC. punctatus
in November 1989 and August 2002. IBAV was isolated
from C. lungchiensis in September and October 1987
and C. punctatus in September 1987. One strain of
DAGV was isolated from C. sumatrae in September
2001. AKAV isolates collected in the southern part of
Japan showed antigenic and genetic variations among
different years, whereas isolates collected in the same
year were more similar (Akashi et al. 1997, Yoshida
and Tsuda 1998).

Discussion

Culicoides species showed abundance changes over
the course of the study. The reason for this shift in
species abundance is unclear because the vegetative
surroundings of the collection site remained essen-
tially the same from year to year throughout the study
period. Immature midges of both C. arakawae and C.
oxystoma are generally associated with paddy rice
Þelds like those surrounding our study site (Kitaoka
and Morii 1963, Wirth and Hubert 1989). It has been
reported that C. arakawae is ornithophilic (Kitaoka et
al. 1963, Kitaoka and Morii 1964), suggesting that the
abundance of C. arakawae was probably affected by
changes in the bird abundance surrounding the study
site although the bird population had not been mon-
itored. C. oxystoma prefers habitats at relatively lower
latitudes (Wirth and Hubert 1989). The number of
days with a temperature below 0�C in winter just
before collection period had decreased since 1997 in
Kagoshima (6.4 d on the average between 1985 and
1996; 1.5 d on the average between 1997 and 2002,
Kagoshima Local Meteorological Observatory). These
Þndings suggest that recent climatic changes, such as

Table 2. Culicoides biting midges processed for virus isolation
from 1985 to 1998 and 2000 to 2002 at Kagoshima, Japan

Culicoides spp. No. insects No. pools
No isolations

(% positive pool)

C. arakawae 17,078 424 6 (1.4)
C. aterinervis 7 6
C. cylindratus 21 13
C. homotomus 1 1
C. jacobsoni 4,837 419
C. lungchiensis 84 52 2 (3.8)
C. maculatus 31,669 546
C. matsuzawai 739 142
C. nipponensis 8 5
C. ohmorii 2 1
C. oxystoma 323,333 889 73 (8.2)
C. punctatus 19,987 717 3 (0.4)
C. sumatrae 1,490 283 1 (0.4)
Culicoides spp. 1 1
Total 399,257 3,499 85 (2.4)

Table 3. Year of the virus isolations from Culicoides biting midges at Kagoshima, Japan

Year
No. isolatesa

Akabane Aino Buyavirus-like Chuzan DÕAguilar Ibaraki Total

1985 4 ara (Oct.) 2 oxy (Sep.) 6
1986 5 oxy 1 ara (Sept.) 6

(Sep.,Oct.)
1987 10 oxy 1 ara 24 oxy, 2 lun, 38

(Sep., Oct.) (Sept.) 1 pun
(Sept., Oct.)

1988 1 oxy (Oct.) 1 oxy (Oct.) 2
1989 1 oxy, 1 pun 2

(Oct., Nov)
1990 2 oxy (Aug.) 2
1991� 0
1996
1997 1 oxy 2 oxy 5 oxy 8

(Oct.) (Sept., Oct.) (Aug.)
1998 0
2000 1 oxy (Oct.) 1
2001 3 oxy 14 oxy, 1 sum 18

(Aug., Sep.) (Sept., Oct.)
2002 1 oxy, 1 pun 2

(Aug.)
Total 18 oxy 8 oxy, 2 pun 6 ara 2 oxy 16 oxy, 1 sum 29 oxy, 2 lun, 85

1 pun

oxy, C. oxystoma; ara, C. arakawae; pun, C. punctatus; lun, C. lungchiensis; sum, C. sumatrae.
a Month that Culicoides biting midges carrying one of the viruses were collected is given in the parentheses.
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milder winters, affected the population of this species.
Abundance of C. maculatus and C. punctatus also in-
creased the last 5 yr, suggesting that the climatic
change also suited for these species. Little is known
about the larval habitat of the otherCulicoides species
collected during this study. It is possible that leaf mold
and water held in tree holes and bamboo stumps on
the hill close to the cowshed were appropriate devel-
opmental sites.

Virus isolations were made most frequently from C.
oxystoma (Kurogi et al. 1987), suggesting that this
species might be competent to transmit AKAV,
AINOV, CHUV, DAGV, and IBAV to ruminants in
southern Japan. Initially, AKAV and AINOV were iso-
lated from Aedes and Culex mosquitoes (Oya et al.
1961, Takahashi et al. 1968). However, these viruses
have been isolated from Culicoides rather than mos-
quitoes in other regions (Muller 1995, Mellor et al.
2000), suggesting thatC. oxystoma is a potential vector
for these bovine arboviruses in southern Japan. The
unclassiÞedbunyavirus-likeviruseshavebeen isolated
only from C. arakawae. The virus has never been
isolated from cattle so far, and because C. arakawae is
ornithophilic, it is probable that the vertebrate hosts
of these bunyavirus-like viruses are birds.
C.oxystoma is widely distributed in East Asia, South-

eastAsia,Australia, and theMiddleEast (Kitaoka1984,
Wirth and Hubert 1989). Bovine arboviruses isolated
in this study also are prevalent in these regions (Mellor
et al. 2000). It is possible that C. oxystoma plays an
important role in transmitting these viruses through-
out its distribution, although little data are currently
available. At present, the taxonomical study of C. ox-
ystoma is not enough practiced. Therefore, C. oxys-
toma might have variations in geographically distinct
populations and consist of several subspecies. To eval-
uate the vector competence of C. oxystoma, this sus-
picion should be cleared. Isolations of AKAV were
made fromC. imicolaKieffer in Africa and Middle East
(Mellor et al. 2000). C. brevitarsis Kieffer is a main
vector of AKAV, AINOV, and DAGV in Australia
(Muller 1995). C. imicola has not been recorded in
Japan (Kitaoka 1984, Wirth and Hubert 1989). C.
brevitarsis was not collected at our study site in a
previous work (Kitaoka et al. 1963) and this study,
although it is distributed in the Ryukyu Islands, lo-
cated in southwestern Japan, a short distance over sea
from the study area (Henna et al. 1991, Wada et al.
1996).

The virus isolation from Culicoides biting midges
showed correlation with the case reports of bovine
arboviral diseases and the data of serological surveil-
lance against bovine arboviruses in southern Japan
during this study. In 1985Ð1986, the largest number of
bovine congenital defects reported in southern Japan
was caused by CHUV (Miura et al. 1988). In 1987,
enzootic fevers by IBAV occurred in southern Japan.
In 1997, numerous abortions and stillbirths due to a
variant of IBAV were reported among cattle (Ohashi
et al. 1999, 2002). From December 2001 to March 2002,
numerous calf bovine congenital defects occurred,
and DAGV was detected in the affected calves

(Ohashi et al. 2004). In 2002Ð2003, bovine calf defor-
mities caused by AINOV were reported widely in
western Japan. The causative viruses of all the epi-
demics mentioned above were isolated concurrently
from Culicoides biting midges at our study site. The
presence of AKAV has been conÞrmed almost every
year in southern Japan, and AKAV was the most fre-
quently isolated virus at the study site.

These bovine arboviruses were isolated between
August and early November in southern Japan. Sero-
conversion in sentinel cattle usually occurred in sum-
mer and autumn (Tsuda 2000). Besides AKAV, epi-
demics of bovine arboviruses have occurred through
consecutive years but not in winter (Tsuda 2000).
Abundance of adult midges was very few in winter
(DecemberÐFebruary) (data not shown). These Þnd-
ings suggest a possibility that these certain of bovine
arboviruses have been not established in Japan and are
repeatedly introduced from lower latitude regions
where climatic conditions are more suitable. It was
shown that many insects, including C. oxystoma, are
brought to Japan in seasonal windows, for instance,
carried by airstreams across the East China Sea in
summer (Hayashi et al. 1979), suggesting that the
arboviruses are introduced with the infected midges.
Alternatively, viral overwintering may occur in Culi-
coides larvae by vertical transmission as shown in stud-
ies of La Crosse virus (Beaty and Bishop 1988) or in
cattle as for BTV (Takamatsu et al. 2003) but be un-
detected due to the low number of infected animals.

It has been feared that global warming and human
actions such as international transport and artiÞcial
environmental changes will increase the geographical
distribution and active period of vector insects with
arboviruses. It is especially important to be vigilant
against exotic vector insects and arboviruses in regions
proximal to the subtropics and tropics. Recently, two
orthobunyaviruses, Peaton and Sathuperi viruses,
were newly emerged in Japan (Matsumori et al. 2002,
Yanase et al. 2004), showing examples of spread of
arboviruses into new area. Continuous surveillance
over the long-term will help to elucidate risks for
arbovirus diseases. Monitoring of Culicoides biting
midges and virus isolations from collected midges will
strengthen such surveillance efforts.

It remains to clarify that C. oxystoma has a vector
competence for bovine arboviruses. Also, there is little
information about the C. oxystoma biology and taxon-
omy. Studies of C. oxystoma and its relationship to
bovine arboviruses will help to predict the risk of
arbovirus diseases and to control and prevent out-
breaks of arbovirus diseases in southern Japan. This
study is just entrance but will improve to elucidate the
role ofCulicoidesmidges in the transmission of bovine
arboviruses in the future.
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