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ABSTRACT. In our previous study, we genetically analyzed bovine viral diarrhea viruses (BVDVs) isolated from 2000 to 2006 in Japan and 
reported that subgenotype 1b viruses were predominant. In the present study, 766 BVDVs isolated from 2006 to 2014 in Hokkaido, Japan, 
were genetically analyzed to understand recent epidemics. Phylogenetic analysis based on nucleotide sequences of the 5′-untranslated 
region of viral genome revealed that 766 isolates were classified as genotype 1 (BVDV-1; 544 isolates) and genotype 2 (BVDV-2; 222). 
BVDV-1 isolates were further divided into BVDV-1a (93), 1b (371) and 1c (80) subgenotypes, and all BVDV-2 isolates were grouped into 
BVDV-2a subgenotype (222). Further comparative analysis was performed with BVDV-1a, 1b and 2a viruses isolated from 2001 to 2014. 
Phylogenetic analysis based on nucleotide sequences of the viral glycoprotein E2 gene, a major target of neutralizing antibodies, revealed 
that BVDV-1a, 1b and 2a isolates were further classified into several clusters. Cross-neutralization tests showed that BVDV-1b isolates 
were antigenically different from BVDV-1a isolates, and almost BVDV-1a, 1b and 2a isolates were antigenically similar among each 
subgenotype and each E2 cluster. Taken together, BVDV-1b viruses are still predominant, and BVDV-2a viruses have increased recently 
in Hokkaido, Japan. Field isolates of BVDV-1a, 1b and 2a show genetic diversity on the E2 gene with antigenic conservation among each 
subgenotype during the last 14 years.
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Bovine viral diarrhea virus (BVDV) is the causative agent 
of bovine viral diarrhea (BVD) [15], leading to economic 
losses for the livestock industry and is distributed worldwide 
[16, 17]. BVDVs are distinguished into two biotypes, cy-
topathic (cp) and noncytopathic (ncp), depending on their 
cytopathic effect on cell culture [15, 27]. Acute infection 
with BVDV in cattle results in temporary fever, respiratory 
symptoms and/or diarrhea, and most cattle develop an ef-
fective immune status [8, 27]. Only ncp BVDVs can cause 
births of persistently infected (PI) calves through infection 
of pregnant cattle during approximately 40–120 days of 
gestation [9, 26]. The PI calves shed BVDVs during their 
entire lifespan and may succumb to fatal mucosal disease 

[10]. Therefore, prompt identification and stamping out of 
the PI calves are necessary for the control of BVD.

BVDV belongs to the genus Pestivirus of the family Flavi-
viridae, together with classical swine fever virus and border 
disease virus [24]. It possesses a single-stranded positive-
sense RNA genome of approximately 12.3 kb with one large 
open reading frame flanked by a 5′ and 3′ untranslated region 
(UTR). The open reading frame encodes approximately 
4,000 amino acids that yield at least 12 cleavage products, 
Npro, Core, Erns, E1, E2, p7, NS2, NS3, NS4A, NS4B, NS5A 
and NS5B, through co- and post-translational processing of 
the polyprotein by cellular and viral proteases [22]. The 5′-
UTR is a conserved region among BVDVs and used to detect 
viral genome for diagnosis [5]. The glycoprotein E2 is a ma-
jor target of neutralizing antibodies [12, 13], and the E2 gene 
is used to comparative genomic analysis among pestiviruses 
[6]. The Npro is a unique nonstructural protein of pestiviruses 
and also used for comparative analysis of viral genome [6].

BVDVs are genetically divided into genotype 1 (BVDV-1) 
and genotype 2 (BVDV-2), recognized as separate virus spe-
cies [33, 35]. HoBi-like pestivirus, tentatively designated as 
BVDV genotype 3 (BVDV-3), has been recognized as an 
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atypical pestivirus, while infection with this virus results in 
BVD-like symptoms in cattle [4, 39]. BVDVs are further 
divided genetically into at least 17 subgenotypes (1a–1q) for 
BVDV-1 and 3 subgenotypes (2a–2c) for BVDV-2 [11, 34]. 
Different BVDV subgenotypes predominate in different 
geographic locations [36, 45]. Antigenic diversity of inter-
subgenotypes has been well reported [1, 3, 28, 31, 36].

In Japan, outbreaks of BVD have been reported since 
1960s, and genetic and antigenic analyses of BVDVs have 
been carried out [25, 28–31, 38, 40]. BVDV-1a, 1b, 1c, 1j, 
1n, 1o and 2a strains were isolated, and BVDV-1b viruses 
were predominant from 2000 to 2006 in Japan [25]. Differ-
ent subgenotype strains isolated in Japan showed antigenic 
differences [28, 31]. To investigate recent epidemics in 
Hokkaido, Japan, we genetically and antigenically analyzed 
BVDVs isolated from 2001 to 2014 in the present study.

MATERIALS AND METHODS

Viruses and cells: The 766 BVDV isolates were kindly 
provided from 14 livestock hygiene service centers in Hok-
kaido Prefecture, Japan, from 2006 to 2014. These viruses 
were isolated from serum, buffy coat, nasal discharge, pleural 
effusion, fecal specimen or emulsion of an organ (lung, liver, 
kidney, spleen, heart or brain) of cattle or aborted fetuses 
infected with BVDVs. Seventeen of the 766 isolates were 
cp BVDVs, and the other 749 isolates were ncp BVDVs. 
Isolates were designated as “BVDV/municipalities of isola-
tion/isolate number/year of isolation”, for example, BVDV/
Nakashibetsu/881/10 strain was isolated in 2010 at Nakashi-
betsu, Hokkaido, Japan. BVDVs isolated from 2001 to 2006 
in Hokkaido were described in our previous report [25] and 
also analyzed genetically and antigenically in the present 
study. Nose strain (BVDV-1a), IS27CP/01 strain (BVDV-1b) 
and KZ-91-NCP strain (BVDV-2a) [31] were selected as 
reference strains. Hokudai-Lab/09 strain (BVDV-2b) was 
isolated from a commercial fetal bovine serum batch derived 
from North America. GBK_E− strain (BVDV-2a) was kindly 
provided from Takashi Kozasa (National Veterinary Assay 
Laboratory, Kokubunji, Japan) [21]. These viruses were also 
used as reference strains. The bovine kidney cell line MDBK-
HS [20] was propagated in Eagle’s minimum essential me-
dium (Nissui Pharmaceutical, Tokyo, Japan) supplemented 
with 0.295% tryptose phosphate broth (Becton Dickinson, 
San Jose, CA, U.S.A.), 10 mM N,N-bis (2-hydroxyethyl)-
2-aminoethanesulfonic acid (Sigma-Aldrich, St. Louis, MO, 
U.S.A.), 0.3 mg/ml L-glutamine (MEM-BES) and 10% horse 
serum (Life Technologies, Carlsbad, CA, U.S.A.). Bovine 
fetal muscle (BFM) cell cultures within 20 passages were 
propagated in MEM-BES with 5% horse serum and 5% fetal 
bovine serum which is free from both BVDV antigens and 
antibodies (Japan Bio Serum, Hiroshima, Japan). MDBK-
HS cells were used for virus preparation, and BFM cells 
were used for cross-neutralization tests.

Virus genome sequencing and phylogenetic analysis: Viral 
RNA was extracted by TRIzol LS Reagent (Life Technolo-
gies) from the supernatants of MDBK-HS cells inoculated 
with viruses. The part of 5′-UTR genome was amplified by 

reverse transcription (RT) and PCR using the SuperScript III 
One-Step RT-PCR System with Platinum Taq High Fidelity 
(Life Technologies) and the primer set, 324 and 326 [44]. 
For amplification of the entire E2 gene, extracted RNA was 
reverse-transcribed with the Random Primer (N)9 (Takara 
Bio, Otsu, Japan) using the M-MLV Reverse Transcriptase 
(Life Technologies). The entire E2 gene of BVDVs was 
amplified using primers in Supplementary Table 1 and Ex-
Taq DNA Polymerase (Takara Bio). Nucleotide sequences 
of PCR fragments were determined using the BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Life Technologies) and 
the 3500 Genetic Analyzer (Life Technologies) according to 
the manufacturer’s protocol. Sequencing data were analyzed 
using the GENETYX Network version 12.0.1 software (GE-
NETYX, Tokyo, Japan). The entire E2 sequences of field 
isolates used for antigenic analysis were deposited in the 
DDBJ/EMBL/GenBank databases under accession numbers 
described in Supplementary Table 2. For phylogenetic anal-
ysis, multiple sequences were aligned with the CLUSTAL 
W algorithm using the default parameters [43]. Phylogenetic 
trees based on nucleotide sequences of the 5′-UTR and the 
E2 gene were constructed by the maximum-likelihood 
method and bootstrap analysis (n=1,000) using the MEGA 
6.0 software with default parameters [42]. The sequence data 
of reference strains were obtained from the DDBJ/EMBL/
GenBank databases. The sequence data of No.12 strain were 
kindly provided from Dr. Hiroshi Aoki (Nippon Veterinary 
and Life Science University, Musashino, Japan).

Statistical analysis: Pearson’s chi-square test was performed 
in order to estimate association between viral genotypes and 
incidences of clinical signs in cattle infected with BVDVs. 
Fisher’s exact test was performed in order to identify the 
categories responsible for a significant chi-square statistic. 
All tests were performed at the 0.05 level of significance.

Antisera: Antisera against IS27CP/01, BVDV/Nakashi-
betsu/881/10, BVDV/Nakasatsunai/719/09-CP, BVDV/Se-
tana/1103/13, BVDV/Hamanaka/646/08, GBK_E−, Hokudai-
Lab/09 and BVDV/Hamanaka/843/10 strains were prepared 
using Slc: JW/CSK rabbits (Japan SLC, Hamamatsu, Japan). 
These viruses were injected four times intravenously and 
intramuscularly with each virus suspension containing ap-
proximately 107.0 TCID50 at 3, 5 and 7 weeks after the first in-
jection. Eight weeks later, sera were obtained and inactivated 
for 30 min at 56°C to be used for cross-neutralization tests. 
Rabbit antisera against the Nose strain (BVDV-1a) and the 
KZ-91-NCP strain (BVDV-2a) were also produced by four 
times injection and kindly provided from Dr. Hiroshi Aoki.

Cross-neutralization tests: Cross-neutralization tests were 
performed in BFM cell cultures grown in 96-well microplates 
as described previously [37]. Briefly, serial twofold dilutions 
of sera were prepared in a volume of 25 µl in a microplate 
with cell culture media, mixed with an equal volume of virus 
suspension containing 200 TCID50 and incubated at 37°C for 
1 hr. Then, 100 µl of BFM cell suspension (approximately 2 
× 104 cells) were added into all the wells of the microplate 
and incubated at 37°C under 5% CO2 for 5 days. The plates 
were air dried and fixed at 80°C for 1 hr. The fixed cells were 
stained using an immunoperoxidase method with anti-NS3 
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MAbs [20]. Each assay was performed in quadruplicate, and 
neutralization titers were expressed as the reciprocal of the 
highest dilution that inhibited 50% viral growth. Antigenic 
similarity (R) values were calculated according to the fol-
lowing formula of Archetti and Horsfall [2].

titer of strain A with antiserum B × titer of strain B with antiserum A100×
titer of strain A with antiserum A × titer of strain B with antiserum B

R = 　　

RESULTS

Genotyping of the isolates based on the 5′-UTR nucleo-
tide sequences: The 766 BVDVs were isolated from 2006 
to 2014 from PI cattle in Hokkaido, Japan. Phylogenetic 
analysis of the 5′-UTR nucleotide sequences revealed that 
these isolates were classified as BVDV-1 (544 isolates) and 
BVDV-2 (222). BVDV-1 were further divided into BVDV-1a 
(93 isolates), 1b (371) and 1c (80), and all BVDV-2 isolates 
were grouped into BVDV-2a (222) (Table 1). Proportion of 
subgenotypes 1a, 1b, 1c and 2a was 12.1%, 48.4%, 10.5% 
and 29.0%, respectively. The sequence identity of the 5′-
UTR was 72–75% between BVDV-1 and BVDV-2 isolates, 
and almost equal to those of the previous report [35]. The 
sequence identities among BVDV-1 and BVDV-2 isolates 
were 87–100% and 93–100%, respectively.

Association between viral subgenotypes and their patho-
genicity in cattle: To investigate association between viral 
subgenotypes and their pathogenicity in cattle, the present 
isolates were classified according to viral subgenotypes 
and clinical signs of cattle. Between 43.0–65.0% of cattle 
infected with each subgenotype virus showed no clinical 
signs, and the others showed typical clinical signs of BVD 
except for no information (Fig. 1A). In statistical analyses, 
Pearson’s chi-squared test was performed in order to esti-
mate association between viral genotypes and incidences of 
clinical signs in cattle infected with BVDVs. Difference of 
viral genotypes significantly relates to incidence of clinical 
signs in cattle (P<0.01). The percentages of clinical sings 
of BVDV-1b vs. other subgenotypes were compared with 
Fisher’s exact test. This analysis revealed that cattle infected 
with BVDV-1b viruses significantly showed less clinical 
signs compared with other subgenotypes (P<0.01). Clinical 
signs frequently observed in cattle were poor development, 
diarrhea, respiratory symptoms, reproductive failure, fever, 
mucosal disease and death (Fig. 1B).

Phylogenetic analysis on the basis of nucleotide sequenc-
es of the viral glycoprotein E2 gene: The entire E2 genes 
of BVDV-1a, 1b and 2a isolates were analyzed for more 
comparative genetic investigation. Thirty-eight isolates 
of BVDV-1a, 70 isolates of BVDV-1b and 24 isolates of 
BVDV-2a from 2001 to 2014 in Hokkaido were randomly 
selected for phylogenetic analysis on the basis of the entire 
E2 array, avoiding biases by year and geographical localiza-
tion of viral isolation. The BVDV-1a, 1b and 2a isolates in 
Hokkaido were blanched into 5, 5 and 2 clusters by phyloge-
netic analysis supported with bootstrap values more than 50, 
respectively (Figs. 2– 4). On phylogenetic analysis of the E2 

gene, all isolates were classified as the same subgenotypes 
based on the 5′-UTR. The classification of each E2 cluster 
of BVDV-1a and 1b was not biased by year and geographi-
cal localization of viral isolation. Only isolates of 2009 and 
2010 years were classified as BVDV-2a cluster II.

Antigenic analysis of BVDV-1a and 1b field isolates by 
cross-neutralization tests: To compare the phylogenetic E2 
classification and the antigenicity, 8 isolates of BVDV-1a 
and 10 isolates of BVDV-1b were randomly selected from 
each E2 cluster for cross-neutralization tests, avoiding bi-
ases by year and geographical localization of viral isolation. 
Nose (BVDV-1a) and IS27CP/01 (BVDV-1b) strains were 
also analyzed as representative strains of each subgenotype. 
Rabbit antisera against BVDV-1b field isolates, BVDV/Na-
kashibetsu/881/10, BVDV/Nakasatsunai/719/09-CP, BVDV/
Setana/1103/13 and BVDV/Hamanaka/646/08 strains were 
prepared to analyze antigenic property of each BVDV-1b E2 
cluster. The cross-neutralization tests showed 4 to 64-fold 
antigenic differences between BVDV-1a and 1b isolates in 
Japan (Table 2). Antigenic similarity (R) values of BVDV-1a 
and 1b strains were 6.3 to 17.7, which suggested significant 
antigenic differences between BVDV-1a and 1b subgeno-
types. The cross-neutralization tests of BVDV-1a field 
isolates showed 1 to 2-fold antigenic differences against 
BVDV-1a Nose strain, and this result indicated that antige-
nicity of BVDV-1a isolates was similar regardless of further 
classification by E2 array. BVDV-1b field isolates of clusters 
I, II, III and IV showed 8-fold or less antigenic differences, 
and R values were 25.0 to 50.0. These results indicated that 
antigenicity of these BVDV-1b isolates was almost similar 
among E2 clusters. The BVDV/Hamanaka/646/08 strain 
of BVDV-1b cluster V showed lowest neutralization titers 
compared with other BVDV-1b isolates, and R values com-
pared with other E2 clusters were 12.5 to 25.0. These results 
indicated that the antigenicity of this isolate was slightly 
different from other BVDV-1b isolates.

Antigenic analysis of BVDV-2a field isolates by cross-
neutralization tests: The 6 isolates of BVDV-2a were also 

Table 1. Genotyping of BVDVs isolated in Hokkaido from 2006 to 
2014

Year of  
isolation

No. of 
isolate

Genotype
BVDV-1 BVDV-2

1a 1b 1c 2a
2006a) 66 2 43 19 2
2007 123 14 82 12 15
2008 85 17 40 4 24
2009 78 7 44 10 17
2010 83 11 35 15 22
2011 133 10 50 11 62
2012 102 17 42 4 39
2013 61 13 19 2 27
2014b) 35 2 16 4 13
Total 766 93 371 80 222

a) From April to December. b) From January to July.
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selected for antigenic analysis by cross-neutralization tests 
based on the same criteria. KZ-91-NCP (BVDV-2a), GBK_
E− (BVDV-2a) and Hokudai-Lab/09 (BVDV-2b) strains were 
also analyzed as representative strains of each subgenotype. 
Rabbit antisera against the BVDV/Hamanaka/843/10 strain 
were prepared to analyze antigenic property of BVDV-2a 
cluster II. The cross-neutralization tests showed 2 to 16-fold 
antigenic differences, comparing with BVDV-2a and 2b 
(Table 3). The R values among subgenotypes were 12.5 to 
35.4, and significant antigenic differences were not observed 
among BVDV-2 subgenotypes. The cross-neutralization 
tests of BVDV-2a field isolates showed 1 to 4-fold antigenic 
differences, and antigenicity of BVDV-2a field isolates was 
almost similar among E2 clusters.

DISCUSSION

BVDVs have been detected since 1969 in Japan, and 
BVD has not been eradicated as yet. Approximately 60% of 

dairy cattle and 20% of beef cattle in a total of Japan are 
raised in the Hokkaido Prefecture, and thus, it is important 
to control BVD in this area. The 766 BVDVs were isolated 
from cattle or aborted fetuses by the 14 livestock hygiene 
service centers of Hokkaido Prefecture from 2006 to 2014, 
and now, we have a total of 1,155 field isolates since 2001 
[25]. To confirm a diagnosis of persistent infection with 
BVDVs, cattle should be retested after an interval of at least 
3 weeks. In Japan, most of cattle were not retested, because 
of economic losses by detention of ‘viral pollutant’ in herds. 
These infected cattle were sporadically identified in herds, 
not in a group, and thus, almost of these cattle can be con-
sidered as PI cattle.

To investigate recent epidemics in Hokkaido for the con-
trol of BVD, we firstly analyzed the 766 BVDVs in the pres-
ent study. Phylogenetic analysis on the basis of the 5′-UTR 
revealed that field isolates were divided into BVDV-1a, 1b, 
1c and 2a. These subgenotype viruses have been circulating 
at least since 2001 in Hokkaido, Japan [25], but HoBi-like vi-

Fig. 1. Viral subgenotypes and clinical signs in cattle persistently infected with BVD-
Vs. (A) The pie charts show percentage incidence of clinical signs in cattle infected 
with each subgenotype virus. Statistical analysis using Pearson’s chi-square test and 
Fisher’s exact test showed that cattle infected with BVDV-1b viruses showed signifi-
cantly less clinical signs compared with other subgenotypes (P<0.01). (B) Clinical 
signs frequently observed in cattle infected with BVDVs of each subgenotype. 
“Others” include rough fur, stomatitis and neurologic symptoms. Complications of 
clinical signs in the same cattle were dually counted for each sign.
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ruses (BVDV-3) were not detected from field isolates by the 
present phylogenetic analysis. On classification of BVDV-2 
subgenotypes, some criteria were reported in the previous 
studies [19, 34, 41]. In the present study, the classification 

of BVDV-2 isolates was followed using that of Peterhans et 
al. [34], and all Japanese BVDV-2 strains were classified as 
BVDV-2a. In Japan, no epidemic has been reported, that was 
caused by highly pathogenic BVDV-2 viruses, such as the 

Fig. 2. Phylogenetic tree of BVDV-1a field isolates based on nucleotide sequences of the entire E2 gene. Nucleotides 1,122 bp of the entire 
E2 gene were used for phylogenic analysis. The phylogenetic tree of BVDV-1a field isolates was constructed using the maximum-likelihood 
method and bootstrap analysis (n=1,000) by the MEGA 6.0 software with 31 sequences obtained from the DDBJ/EMBL/GenBank databases 
and through personal communication. The 31 reference strains were described in bold. The 38 field isolates in Hokkaido were classified as 5 
clusters (I–V) followed by bootstrap values of phylogenetic analysis. The 8 field isolates used for antigenic analysis were underlined.
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Fig. 3. Phylogenetic tree of BVDV-1b field isolates based on nucleotide sequences of the entire E2 gene: Nucleotides 1,122 bp 
of the entire E2 gene were used for phylogenic analysis. The phylogenetic tree of BVDV-1b field isolates was constructed using 
the maximum-likelihood method and bootstrap analysis (n=1,000) by the MEGA 6.0 software with 33 sequences obtained from 
the DDBJ/EMBL/GenBank databases and through personal communication. The 33 reference strains were described in bold. 
The 70 field isolates in Hokkaido were classified as 5 clusters (I–V) followed by bootstrap values of phylogenetic analysis. The 
10 field isolates used for antigenic analysis were underlined.
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890 strain isolated in North America [7] or the NRW 19-13-
8 strain recently isolated in Germany [19]. Taken together, 
BVDV-1b viruses are still predominant, and BVDV-2a has 
increased since 2011 in Hokkaido, Japan. Interestingly, sta-

tistical analysis showed that BVDV-1b isolates in Hokkaido 
tended to result in less clinical signs in cattle. This result 
may indicate that the predominance of BVDV-1b is due to 
difficulty of diagnosis by clinical signs.

Fig. 4. Phylogenetic tree of BVDV-2a field isolates based on nucleotide sequences of the entire E2 gene: Nucleotides 1,116 bp of the 
entire E2 gene were used for phylogenic analysis. The phylogenetic tree of BVDV-2a field isolates was constructed using the maximum-
likelihood method and bootstrap analysis (n=1,000) by the MEGA 6.0 software with 38 sequences obtained from the DDBJ/EMBL/
GenBank databases and through personal communication. The 38 reference strains were described in bold. The 24 field isolates in 
Hokkaido were classified as 2 clusters (I–II) followed by bootstrap values of the phylogenetic analysis. The 6 field isolates used for 
antigenic analysis were underlined.
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Inactivated vaccines containing BVDV-1a and 2a an-
tigens and live-attenuated vaccines containing BVDV-1a 
antigen had been used widely in Japan until 2014, whereas 
BVDV-1b and 2a viruses were predominant recently in Hok-
kaido. Therefore, we analyzed nucleotide sequences of the 
E2 of BVDV-1a, 1b and 2a field isolates from 2001 to 2014, 
since the E2 is a main target of immune responses in hosts 
and important for viral antigenicity [12, 13]. These field 

isolates were further classified, supported with bootstrap 
values in the phylogenetic trees. Regardless of the classifica-
tion of E2 clusters, all BVDV-1a and 2a field isolates were 
antigenically similar. Antigenicity of BVDV-1b isolates was 
almost similar among E2 clusters, while only one isolate 
of BVDV-1b cluster V, BVDV/Hamanaka/646/08 strain, 
showed antigenic difference. The BVDV/Hamanaka/646/08 
strain was blanched into the most distant cluster from other 

Table 2. Cross-neutralization titers of antisera raised against different strains of BVDV-1a and 1b

Subgenotype Cluster of  
E2 gene Virusb)

Antisera against BVDVsa)

1a 1b

Nose
Cluster I Cluster II Cluster III Cluster IV Cluster V

IS27CP/01 Nakashibetsu 
/881/10

Nakasatsunai 
/719/09-CP Setana/1103/12 Hamanaka 

/646/08
1a Cluster I Nose 2,048 64 64 32 128 64

Betsukai/503/07 2,048 64 64 32 128 32
Monbetsu/205/04 1,024 64 32 32 64 32

Cluster II Monbetsu/03/01-CP 1,024 64 64 16 32 32
Betsukai/669/08 1,024 64 32 32 64 64

Cluster III Oketo/277/04 2,048 64 64 32 128 64
Kamiyuubetsu/08/02 2,048 64 32 32 128 64

Cluster IV Akkeshi/710/09 1,024 64 32 16 32 32
Cluster V Hamatonbetsu/1191/13 1,024 128 16 16 128 128

1b Cluster I IS27CP/01 256 512 256 256 128 128
Yuubetsu/10/01 256 512 256 256 512 256
Okoppe/89/01 256 256 256 256 256 128
Betsukai/884/10 128 512 256 128 512 256

Cluster II Saroma/23/02 256 256 1,024 256 512 256
Nakashibetsu/856/10 256 512 1,024 512 256 256
Nakashibetsu/881/10 128 512 1,024 1,024 256 128

Cluster III Nakasatsunai/583/07 256 128 256 512 256 256
Nakasatsunai/719/09-CP 256 128 128 512 256 128

Cluster IV Setana/1103/12 256 128 256 256 512 64
Cluster V Hamanaka/646/08 64 128 64 64 128 512

a) Neutralization titers are expressed as the reciprocal of the highest dilution that inhibits 50% viral growth, and homologous titers are described in 
bold. b) “BVDV/” is omitted from the name of field isolates.

Table 3. Cross-neutralization titers of antisera raised against different strains of BVDV-2

Subgenotype Cluster of 
E2 gene Virusb)

Antisera against BVDVsa)

2a 2b
KZ-91-NCP Hamanaka /843/10 GBK_E− Hokudai-Lab/09

2a Cluster I KZ-91-NCP 512 64 16 32
Yuubetsu/71/01 512 128 64 64
Okoppe/458/05 256 128 32 64
Honbetsu/597/07 256 64 16 64
Akkeshi/1170/13 256 64 16 32

Cluster II Hamanaka/843/10 128 128 16 16
Shikaoi/909/10 128 128 8 16
GBK_E− 128 128 128 8

2b Hokudai-Lab/09 256 64 32 128

a) Neutralization titers are expressed as the reciprocal of the highest dilution that inhibits 50% viral growth, and homologous 
titers are described in bold. b) “BVDV/” is omitted from the name of field isolates.
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BVDV-1b clusters and showed the lowest identity of the E2 
gene (84–88%) with other BVDV-1b isolates. These results 
indicate that genetic differences on the E2 gene correlate 
with differences in viral antigenicity, and thus, phylogenetic 
analysis on the E2 array improves understanding of viral 
antigenicity in detail. Additionally, the isolates of BVDV-1b 
clusters IV and V were blanched into the same cluster with 
Osloss strain, which was classified as ‘BVDV-1b1’ in the 
previous report [41]. Almost Japanese BVDV-1b isolates 
were closely related with CP7 strain of ‘BVDV-1b2’, and it 
is the first report of isolation of BVDV-1b1 viruses in Japan. 
BVDV/Setana/1103/13 strain of BVDV-1b cluster IV was 
antigenically similar with BVDV-1b2 viruses, and antigenic-
ity could not be clearly distinguished between BVDV-1b1 
and 1b2 viruses. Taken together, it has been confirmed that 
the BVDV-1a, 1b and 2a isolates are likely to be antigeni-
cally conserved among each subgenotype during the last 14 
years in Hokkaido, Japan.

Antigenic diversity among subgenotypes of BVDV-1 has 
been well demonstrated [1, 3, 28, 31, 36]. Japanese BVDV-
1a and 1b viruses showed significant antigenic differences 
in the previous studies [28, 31], and the present study also 
showed antigenic differences between BVDV-1a and 1b 
isolates in Hokkaido, supported by R values (6.3 to 17.7) 
lower than 25.0 [2]. In contrast, BVDV-1a and 1b isolates in 
other countries, such as Switzerland, U.S.A. and Argentina, 
showed higher R values (24.2 to 50.0) [1, 3, 36]. In such 
countries, the several reports also showed that BVDV-1a 
vaccines can induce only lower antibody titers against 
BVDV-1b viruses [14, 32, 36], and some authors discussed 
that this antigenic difference may lead to predominance of 
BVDV-1b viruses over the other subgenotypes [14, 36]. 
In Japan, there are no complete data of the frequency of 
vaccination in cattle, and thus, it is still unclear whether 
the predominant situation of BVDV-1b viruses was due to 
BVDV-1a vaccine pressure or not. Recently, a commercial 
inactivated vaccine containing BVDV-1b and 2a strains 
and a live attenuated vaccine containing BVDV-1a and 2a 
strains have become available in Japan, and further studies 
are needed to consider the epidemiological impact of these 
vaccines on the predominant BVDVs.

In summary, we revealed that BVDV-1b and 2a viruses 
were recently predominant in Hokkaido, Japan. BVDV-1a, 
1b and 2a isolates show genetic diversity on the E2 gene 
with antigenic conservation among each subgenotype during 
the last 14 years. Based on the present study, it is required to 
use effective vaccine against predominant field isolates for 
the control of BVD in Japan. Vaccination as a stand-alone 
control measure is not adequate in preventing viral circula-
tion [18, 23], and thus, it is important to both stamp out PI 
cattle and to use effective vaccines for reduction of PI cattle 
to control BVD.
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