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79(4): 774-779, 2017 ABSTRACT. We isolated an arbovirus from bovine blood in Indonesia. The arbovirus was obtained
doi: 10.1292/jvms.17-0009 from the plasma of a cow showing no clinical symptoms in West Java in February 2014, and was

identified as Akabane virus (AKAV) by AKAV-specific RT-PCR and subsequent sequence analysis.
Phylogenetic analysis based on partial S segment indicated the AKAV isolate, WJ-1SA/P/2014,
was most closely related with two isolates from Israel and Turkey reported in 2001 and 2015,
respectively, and that WJ-1SA/P/2014 isolate belongs to AKAV genogroup lb. This is the first
isolation of AKAV from Indonesia.

Received: 11 January 2017
Accepted: 23 February 2017

Published online in J-STAGE:
8 March 2017 KEY WORDS: Akabane virus, arbovirus, cattle, genogroup

Akabane virus (AKAV) is an arthropod-borne virus (arbovirus) which was first isolated from Aedes vexans and Culex
tritaeniorhynchus in Japan in 1959 [21, 22, 26]. The AKAV belongs to the genus Orthobunyavirus in the family Bunyaviridae,
and its genome consists of three-segmented (L, M and S RNA segments), negative single-stranded RNA [8]. The L RNA segment
encodes the L protein, which has RNA polymerase activity for replication and transcription of the viral genome. The M RNA
segment encodes two viral envelope glycoproteins, Gn and Ge, responsible for viral neutralization and a non-structural protein
NSm in the form of a precursor polypeptide which is processed by post-translational cleavage. The S RNA segment encodes
the nucleocapsid (N) protein and a smaller nonstructural (NSs) protein in overlapping reading frames. The AKAV is transmitted
principally by Culicoides biting midges [14, 26, 30], and it is widely distributed from the tropical to temperate zones of the
world, except for the Americas [21]. The AKAV causes Akabane disease when susceptible pregnant cattle, sheep and goats are
infected [21]. Clinical signs of the Akabane disease are mainly abortion, stillbirth and congenital abnormalities characterized by
arthrogryposis-hydranencephaly syndrome [21]. Bovine cases of Akabane viral encephalomyelitis have also been reported in Japan
and Korea [13, 17, 19].

In the Asia-Pacific region, AKAV has been isolated in Japan, South Korea, Taiwan, China, Vietnam and Australia [5, 9, 12, 13,
15, 19, 29]. Therefore, it is possible that AKAV is actively circulating in the tropical zones of Indonesia, although there has been
no report about isolation and/or characterization of AKAV in that country. In the present study, we conducted virus isolation from
bovine blood to understand the activity of AKAV and other related arboviruses in Indonesia.

Anticoagulated blood samples were collected from 34 heads of cattle in seven herds in West Java, Indonesia, from January 2014
to February 2014. The ages of the cattle were categorized as follows: <6 months (2 heads), 6—12 months (20 heads), 13-24 months
(10 heads) and >24 months (6 heads). The six cows that were >24 months old suffered spontaneous abortion on the day of
sampling, but all the other cattle showed no clinical symptoms at the sampling. Blood samples were centrifuged at 1,940 xg for
15 min at 4°C on the day of sampling, and then, plasma was stored at —80°C until use. The blood cells were washed three times
with sterilized phosphate-buffered saline (PBS), then resuspended in PBS and stored at —80°C until use.

Baby hamster kidney (BHK-21) and hamster lung (HmLu-1) cells were cultured in Dulbecco’s minimum essential medium
(MEM) (GIBCO, Great Island, NY, U.S.A.) supplemented with 0.015% sodium bicarbonate and 5% fetal bovine serum. The two
cell lines cultured on 24-well plates were washed three times with Earl’s solution, and then, 200 x4/ of each sample (plasma or
blood cells) was inoculated in four wells, and the plates were incubated at 37°C for 1 hr. After the incubation, the inoculum was
replaced with 1 m/ of Dulbecco’s MEM supplemented with 0.015% sodium bicarbonate and 10 xg/m/ gentamicin, and then, the
plates were incubated at 37°C again and observed for cytopathic effects (CPEs) over seven days. Passages were conducted twice
for the supernatant of the first inoculated culture. As a result, one of the 20 plasma samples collected from the 6—12 month-old
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Table 1. Oligonucleotide primers used in this study

Target virus?) Primer Sequence (5'-3") Position Purpose Reference

Simbu serogroup  AKAI206F CACAACCAAGTGTCGATCTTA 206226  RT-PCR and sequencing [11,20]
SimbuS637-656 GAGAATCCAGATTTAGCCCA 689-670

AKAV AKAVM-F AAGCAAGAGGAATGCAGCTCTACA 1799-1822  RT-PCR and sequencing [28]
AKAVM-R CTGTTTTGAGGAGTCGAATAGACC 2462-2439

AINOV AINOVM-F TGCTATAGCCCCTTCATACATTGG 2769-2792 RT-PCR [28]
AINOVM-R TGGCATGTTTGCAGTGGTTACAGT 3336-3313

PEAV PEAVM-F CCTTCCATACGCCATTTAGGTGA 21042126 RT-PCR [28]
PEAVM-R TGCTCATCACATTCAGATGA 2591-2572

BTV BTVL3-1 CCTGATGTTTCCAGGACAAATTATACTC 1055-1082 RT-PCR [20]
BTVL3-2 CCGATAAAGGCAAACCAAAGCGAAATCC 1763-1736

BEFV BEF-AO-F GAATCATTATGGGATCGGATC 1140-1160 RT-PCR [18]
BEF-AO-R CCAACCTACAACAGCAGATAAAAC 1587-1564

a) AKAV: Akabane virus; AINOV: Aino virus; PEAV: Peaton virus; BTV: Bluetongue virus; BEFV: Bovine ephemeral fever virus.

cattle showed CPE after the first passage to HmLu-1 cells. The ( A)
supernatant of the cell culture showing the CPE was collected, and
then, RNA was extracted. All the other samples collected in the
present study showed no CPEs.

The RNA sample was used as a template for an RT-PCR assay to
identify the virus. The RT-PCR assay was conducted by using six
primer sets targeting arboviruses (Table 1) and the OneStep RT-PCR
Kit (Qiagen, Valencia, CA, U.S.A.) according to the following
program [11, 18, 20, 28]: 50°C for 30 min; 95°C for 15 min; L% be
35 cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 1 min; ggg gg
and then 72°C for 10 min. Products were then subjected to agarose 400 bp
gel electrophoresis (1.5%) in TAE buffer, and the gel was stained
with 0.5 ug/m/ ethidium bromide in TAE buffer and observed under
UV light. As a result, the RNA sample tested positive with a primer

L lm 664 bp

set for broad-range detection of Simbu serogroup viruses targeting a Fig. 1. Agarose gel electrophoresis of RT-PCR products
484-nt fragment of the S segment (Fig. 1A) [11], and the sample also amplified by using the primers for broad-range detection
tested positive with another primer set for AKAV-specific detection of Simbu serogroup viruses (panel A) and the primers for
targeting a 664-nt fragment of the M segment (Fig. 1B) [28]. On specific detection of AKAV (panel B). Lane 1, supernatant
the other hand, the RNA sample tested negative with the other of HmLu-1 cell culture that showed CPE. M, molecular
primer sets for the detection of Aino, Peaton, bluetongue and bovine mass ladder.

ephemeral fever viruses.

The PCR products were purified by using a QIAquick PCR
Purification Kit (Qiagen) and then subjected to direct sequencing.

The nucleotide sequence of the 443-nt fragment of the S segment was determined by using the primers, AKAI206F and
SimbuS637-656 [11, 20], and the 616-nt fragment of the M segment was determined by using the primers, AKAVM-F and
AKAVM-R [28]. To analyze the phylogenetic relationships among the isolate obtained in the present study and other isolates
obtained elsewhere, the sequences were aligned by the Clustal W program [25]. Then, neighbor-joining (NJ) and maximum-
likelihood (ML) comparisons were made by using MEGAS [24]. The reliability of the branching orders was evaluated by the
bootstrap test (n=1,000). The AKAV isolate in the present study, namely AKAV WIJ-1SA/P/2014, was most closely related with two
isolates from Israel and Turkey, ISR-01 and Adana-15, belonging to genogroup Ib in the phylogenetic trees of the 443-nt fragment
of the S segment constructed by the NJ method (Fig. 2) and the ML method (data not shown), respectively. The identities of the
WIJ-1SA/P/2014 isolate to the ISR-01 and Adana-15 isolates were both 97.06% at nucleotide level. On the other hand, the AKAV
WIJ-1SA/P/2014 isolate was closely related with Japanese isolates belonging to genotypes Ia and Ib in the 616-nt fragment of the M
segment constructed by the ML method (Fig. 3) and the NJ method (data not shown), respectively. The highest sequence identities
between the AKAV WIJ-1SA/P/2014 isolate and the isolates in genogroups la and Ib were 90.42% (KS-1/E/85) and 89.93% (FO-
90-3), respectively, at nucleotide level. The AKAV WI-1SA/P/2014 isolate was most closely related to the KS-1/E/85 isolate which
was isolated in Kagoshima, Japan, in 1985, based on the partial sequence of the M segment. The nucleotide sequence data reported
in this study were deposited in the DNA Data Bank of Japan under the accession numbers, LC113954 and LC113955.

In this study, an AKAV isolate was obtained from the plasma of a cow showing no clinical symptoms in West Java, Indonesia.
To the best of our knowledge, this is the first isolation of AKAV from Indonesia. Our data suggested that the isolate, WJ-
1SA/P/2014, belongs to genogroup Ib, since it was most closely related to an Israeli isolate of AKAV genogroup Ib, ISR-01 [23],
with 97.06% identity in the 443-nt fragment of the S segment.
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Fig. 2. Phylogenetic tree based on the 443-nt fragment of the genome segment S of AKAV, constructed using the neighbor-joining
method. The AKAV WIJ-1SA/P/2014 isolate (GenBank accession No. LC113954) is underlined. The percentage bootstrap values
calculated from 1,000 replications are indicated around the internal nodes. Bar, 0.05% sequence divergence.

The AKAV WJ-1SA/P/2014 isolate was closely related with AKAV isolates in genogroups Ia and Ib in the 616-nt fragment of
the M segment. The highest sequence identities at nucleotide level between the AKAV WI-1SA/P/2014 isolate and the isolates in
genogroup la and Ib were 90.42 and 89.93%, respectively, while the identities to isolates in genogroups II (OBE-1), III (B8935)
and IV (MP496) were 85.55, 81.33 and 66.55%, respectively. The identities to isolates in genogroups Ia and Ib described above
were relatively low when compared with the identity to the AKAV ISR-01 and Adana-15 isolates in the 443-nt fragment of the S
segment (97.06%). One of the possible reasons for the low identity was that GenBank sequence data were not available for the M
segment of Israeli, Turkish or other Asian isolates. Another possible reason was that the 616-nt fragment of the M segment was
too short to reflect the relationship among AKAYV isolates correctly. Therefore, further analysis of full-length ORFs of the AKAV
WIJ-1SA/P/2014 isolate is needed to deepen our understanding of the genetic characteristics of the isolate, and comparison of the
OREF sequence data with AKAYV isolates from other countries, such as Israel, Turkey, Vietnam and China, would also be required to
understand the molecular epidemiology of AKAV in Asia and the Middle East [2, 9, 23].
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Fig. 3. Phylogenetic tree based on the 616-nt fragment of the genome segment M of AKAV, constructed using the maximum-likelihood
method. The AKAV WI-1SA/P/2014 isolate (GenBank accession No. LC113955) is underlined. It is clear that the AKAV WI-1SA/P/2014
isolate belongs to genogroup I, but the isolate is closely related to both genogroups Ia and Ib in this phylogenetic tree (*). The percentage
bootstrap values calculated from 1,000 replications are indicated around the internal nodes. Bar, 0.1% sequence divergence.

The AKAV WJ-1SA/P/2014 isolate was then used for a neutralization test to understand anti-AKAV antibody prevalence in the
study area where the AKAV isolate was obtained. Serum samples were collected from 115 heads of cattle in 19 herds in October
2015, and they were tested for anti-AKAV antibodies by the neutralization test as described previously [13]. As a result, 109 of
the 115 samples (94.78%) tested positive. The antibodies were detected in 13 of the 14 samples (92.86%) collected from cattle
aged 6—12 months and 96 of the 101 samples (95.05%) from cattle aged over 12 months, respectively. The anti-AKAV antibodies
were detected in a large population of tested samples regardless of the ages of cattle, suggesting that initial infection of AKAV
often occurs in young cattle and they produce the antibodies in the study area. Blood samples of cattle aged 5 months or less are
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not suitable for isolation of AKAV, since maternally derived antibodies against AKAV were estimated to be present until the age
of 3.7—4.8 months old [27], and therefore, the high prevalence of antibodies against AKAV among cattle aged 6 months or more
seems to make it difficult to isolate AKAV in the area.

Various pathogens can cause abortion, stillbirth, congenital abnormalities or encephalomyelitis in cattle, but AKAV is clearly
one of the most prevalent, since it has caused many large-scale epidemics of Akabane disease in East Asia and Australia since
1972 [10, 19, 26, 32]. In Indonesia, although cattle with the above abnormalities are not generally tested for AKAYV, several facts
suggest that AKAV may be widespread and a major cause of disease in ruminants: (i) Neutralizing antibodies against AKAV were
detected in bovine serum collected in Java and Bali in 1979 [16]; (ii)) AKAV has been isolated in countries neighboring Indonesia,
such as Australia and Vietnam [2, 5, 32]; (iii) Culicoides brevitarsis, which transmits several arboviruses, is present in Indonesia
[1]; and (iv) An arbovirus that is transmitted by Culicoides biting midges, bluetongue virus (BTV), is widespread in ruminants in
Indonesia [3]. Therefore, the spread of AKAV should be investigated in Indonesia as well as in neighboring countries [4, 6, 7],
and bovine cases showing clinical signs and lesions similar to those of Akabane disease should also be tested for AKAV and
anti-AKAYV antibodies in these regions [21, 31]. Such efforts would be certainly beneficial for elucidating AKAV epidemiology
and for improving control measures against bovine cases of abortion, stillbirth, congenital abnormalities and encephalomyelitis in
Indonesia.
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