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Abstract Bovine leukemia virus (BLV) is the etiological
agent of enzootic bovine leukosis, which is the most
common neoplastic disease of cattle. BLV infects cattle
worldwide, imposing a severe economic impact on the
dairy cattle industry. However, there are no comprehensive
studies on the distribution of BLV in the Philippines, and
the genetic characteristics of Philippine BLV strains are
unknown. Therefore, the aim of this study was to detect
BLV infections in the Philippines and determined their
genetic variability. Blood samples were obtained from
1116 cattle from different farms on five Philippine islands,
and BLYV provirus was detected by BLV-CoCoMo-qPCR-2
and nested PCR targeting BLV long terminal repeats. Out
of 1116 samples, 108 (9.7 %) and 54 (4.8 %) were positive
for BLV provirus, as determined by BLV-CoCoMo-qPCR-
2 and nested PCR, respectively. Of the five islands, Luzon
Island showed the highest prevalence of BLV infection
(23.1 %). Partial env gp51 genes from 43 samples, which
were positive for BLV provirus by both methods, were
sequenced for phylogenetic analysis. Phylogenetic analysis
based on a 423-bp fragment of the env gene revealed that

M. Polat - A. Ohno - S. Takeshima - J. Kim - M. Kikuya -
Y. Matsumoto - M. Onuma - Y. Aida (D<)

Viral Infectious Diseases Unit, RIKEN, 2-1 Hirosawa,
Wako 351-0198, Saitama, Japan

e-mail: aida@riken.jp

M. Polat - S. Takeshima - Y. Aida

Laboratory of Viral Infectious Diseases, Department of Medical
Genome Sciences, Graduate School of Frontier Science, The
University of Tokyo, 2-1 Hirosawa, Wako 351-0198, Saitama,
Japan

C. N. Mingala
Philippine Carabao Center, Science City of Munoz,
3120 Nueva Ecija, Philippines

Philippine BLV strains clustered into either genotype 1 or
genotype 6. Substitutions were mainly found in antigenic
determinants, such as the CD4" T-cell epitope, the CD8"
T-cell epitope, the second neutralizing domain, B and E
epitopes, and these substitutions varied according to
genotype. This study provides comprehensive information
regarding BLV infection levels in the Philippines and
documents the presence of two BLV genotypes, genotypes
1 and 6, in this population.

Introduction

Bovine leukemia virus (BLV) is an oncogenic member of
the genus Deltaretrovirus of the family Retroviridae and is
the etiological agent of enzootic bovine leukosis (EBL),
which is the most common neoplastic disease of cattle [1].
BLV is closely related to human T-cell leukemia viruses
type 1 and 2 (HTLV-1 and -2) [1]. In addition to cattle,
BLYV has also been found in human tissues, such as human
breast tissue, suggesting a risk for the acquisition and
proliferation of this virus in humans [2]. Cattle infected
with BLV are usually asymptomatic; approximately 30 %
of infected cattle progress to persistent lymphocytosis (PL),
the polyclonal expression of non-neoplastic CD5" B lym-
phocytes [1, 3]. By contrast, after 1-8 years of latency,
1-5 % of infected animals develop tumors, characterized
as malignant CD5" B-cell lymphoma [3, 4].

In addition to the structural and enzymatic Gag, Pol and
Env proteins, the BLV genome contains regulatory genes
including Tax, Rex, R3 and G4 [1]. BLV has two identical
long terminal repeats (LTRs), which possess a U3 region,
an unusually long R region and a U5 region; these LTRs
only exert efficient transcriptional promoter activity in cells
productively infected with BLV [1]. BLV integrates into
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the host genome as a provirus [5]. It appears that BLV-
infected cattle retain at least one copy of the full-length
proviral genome throughout the course of the disease [6].
Moreover, large or small deletions of the proviral genome
are thought to be very rare events in BLV-infected cattle
[6].

The above findings suggest that the BLV provirus
remains integrated in cellular genomes [6, 7], even in the
absence of detectable BLV antibodies. After infection,
BLV expression in cattle is blocked at the transcriptional
level during the latent period [8—10]. Therefore, in addition
to the routine diagnosis of BLV infection using conven-
tional serological techniques, such as agar gel immuno-
diffusion and enzyme-linked immunosorbent assay,
diagnostic BLV PCR techniques that detect the integrated
BLV proviral genome within the host genome are also
commonly used [6]. BLV is endemic worldwide; however,
there is no effective vaccine or therapy [11]. Detection and
genetic variation analysis of BLV isolates are important for
diagnostic purposes and vaccine development. Therefore,
we recently developed a new quantitative real-time PCR
method using coordination of common motifs (CoCoMo)
primers to measure the proviral load of both known and
novel BLV variants in BLV-infected animals [7, 12, 13].
The assay was highly effective in detecting BLV in cattle
from a number of international locations. The BLV-Co-
CoMo-qPCR technique amplifies a single-copy host gene,
the bovine leukocyte antigen (BoLA)-DRA gene, in parallel
with viral genomic DNA, which effectively normalizes the
level of viral genomic DNA. Recently, BLV-CoCoMo-
gPCR-2 was improved from the original BLV-CoCoMo-
gPCR by optimizing the primer degeneracy and PCR
conditions and reconstructing the standard plasmid (Take-
shima et al., unpublished work).

The Env glycoprotein plays an essential role in the viral
life cycle. It is required for cell entry and is the target of
neutralizing antibodies [14, 15]. The env gene also contains
a variable region containing sequences coding for epitopes
involved in antigen-antibody reactions and virus-host
interactions [16, 17]. The BLV env gene encodes a poly-
protein precursor (gPr72), which is cleaved to form the
gp51 Env surface and gp30 transmembrane glycoprotein
[1]. The N-terminal half of mature BLV gp51 plays an
important role in viral infectivity and syncytium formation
[18, 19] and contains the conformational epitopes F, G and
H [15, 20], whilst the C-terminal half of BLV gp51 con-
tains the linear epitopes A, B, D and E [15].

Analysis of BLV gp51 env gene sequences from dif-
ferent geographic regions has revealed the presence of
different genetic groups that correlate with the geographic
origin of the isolates [21-29]. Recent phylogenetic studies
on the BLV env gene of strains isolated worldwide dem-
onstrate that the virus can be classified into eight genotypes
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[27, 30, 31]. However, there are few studies on the distri-
bution of BLV infections on Philippine farms, and until
now, no study has focused on the genetic variability of
BLV in the Philippines. In this study, we investigate the
spread of BLV infection in the Philippines by amplification
of BLV LTRs using a combination of BLV-CoCoMo-
gPCR-2 and nested PCR, and we investigate the genetic
variability of Philippine BLV strains by DNA sequencing
and phylogenetic analyses based on a 423-bp sequence of
the BLV env gene. This is the first study to identity the
BLYV genotypes in the Philippines.

Materials and methods
Animals and extraction of genomic DNA

Blood samples were taken from 1116 cattle from different
farms on five Philippine islands as shown in Fig. 1. All
animals were handled by veterinarians from the RIKEN
and the Philippine Carabao Center in strict accordance with
good animal practice following the Philippine Carabao
Center institutional guidelines. This experiment was
approved by the Institutional Animal Care and Use Com-
mittee (IACUC) at the Philippine Carabao Center on the
Ethics of Animals for Research. Genomic DNA was
extracted from 40 pl of whole blood spotted onto Whatman
FTA elute cards (GE Healthcare Japan Corp., Tokyo,
Japan) according to the manufacturer’s instructions.

Luzon 411 head

B
©

e

y Leyte 372 head

#|Bohol 72 head

SFY)

Fig. 1 Map of the Philippine Islands showing the number of cattle
from islands included in the study. The five islands where sampling
was performed are indicated and colored in the figure
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Table 1 Primers and probes used in this study

Target

Primer or probe

Sequence

Reference

(1) BLV-COCOMO-qPCR-2

BLV-LTR CoCoMo-FRW 1
CoCoMo-FRW2
CoCoMo-REV
FAM-LTR probe

BoLA-DRA DRA-F

(2) Nested PCR
BLV-LTR

BoLA-DRA

DRA-R
FAM-DRA probe

BLTR256F
BLTR453R
BLTR306F
BLTR408R
BDRA488F
BDRA1145R

(3) Direct sequencing of nested PCR product

Env-gp51

External Forward
External Reverse
Envsosn

Envseos:

5'-AATCCMNMYCYKDAGCTGCTGAYYTCACCT-3'
5'-ATCCACACCCTGAGCTGCTGCACCTCACCT-3'
5'-TTGCCTTACCTGMCSSCTKSCGGATAGCCGA-3'
5'-FAM-CTCAGCTCTCGGTCC-NFQ-MGB-3'
5'-CCCAGAGTATGAAGCTCCAGCCC-3’
5'-CCCTCGGCGTTCAACGGTGT-3’
5'-FAM-TGTGTGCCCTGGGC-NFQ-MGB-3'

5'-GAGCTCTCTTGCTCCCGAGAC-3’
5'-GAAACAAACGCGGGTGCAAGCCAG-3'
5'-GTAAGGCAAGCACGGTTT-3'
5'-AGGAGGCAAAGGAGAGAGT-3’
5'-ACAACACCCCAAACACCAAT-3
5'-AGGAAGGGGAGGTAGTGGAA-3'

5'-ATGCCYAAAGAACGACGG-3
5'-CGACGGGACTAGGTCTGACCC-3'
5'-TCTGTGCCAAGTCTCCCAGATA-3'
5'-AACAACAACCTCTGGGAAGGGT-3'

Takehsima et al.,
unpublished work

12

Takehsima et al.,
unpublished work

This study

28
28
32
32

Detection of BLV provirus by BLV-CoCoMo-qPCR-2

BLV LTR regions were detected by BLV-CoCoMo-qPCR-
2 as described previously (Takeshima et al., unpublished
work) [12]. Briefly, a 120-bp region of the BLV-LTR was
amplified using degenerate primer pairs as shown in
Table 1. A single copy of the bovine leukocyte antigen
(BoLA)-DRA gene was also amplified, which effectively
normalizes the level of viral genomic DNA. Both viral and
host genes were detected with a FAM probe. Sterilized
water was used as a negative control for PCR.

Detection of BLV provirus by nested PCR

BLV LTR regions were detected by nested PCR, using the
primers shown in Table 1. Briefly, the first PCR amplifi-
cation was performed with primers BLTR256F and
BLTR453R. As an internal control, the BoLA-DRA gene
was amplified using primers BDRA488F and BDRA1145R
as described above. Each primer at a final concentration of
5pM, 2 ul of 10 x rTaq PCR Buffer (Toyobo, Osaka,
Japan), 2 pl of 25 pM MgCl,, 2 pl of 2 mM dNTP, 0.1 pl
of 5 U/ul rTaq and 10.4 pl of nuclease-free water were
added to each sample, which was amplified in a final
volume of 20 pl for 45 cycles of 94 °C for 30 s, 58 °C for
30 s and 72 °C for 30 s and then a final extension step of
4 min. Two microliters of Exo-SAP IT (USB Corp.,

Cleveland, OH) was applied to purify the first PCR pro-
ducts under conditions of 37 °C for 15 min and 80 °C for
15 min. The first PCR amplicons were subsequently
applied to the second PCR with primers BLTR306F and
BLTR408R as shown in Table 1. Each primer at a final
concentration of 5 pM, 2 pl of 10 x rTaq PCR Buffer,
2 pl of 25 pM MgCl,, 2 pl of 2 mM dNTP, 0.1 pl of 5 U/
pl rTaq and 11.9 pl of nuclease-free water were added to
1 pl of each purified PCR product. Sterilized water was
used as a negative control for PCR.

PCR amplification of BLV env gene fragments
and nucleotide sequences

The partial BLV env gene was amplified by nested PCR.
PCR amplification was performed using PrimeSTAR GXL
DNA Polymerase (Takara Bio Inc., Otsu, Japan) using
primers described previously [28, 32], as shown in Table 1.
The reaction mixture contained 13.5 pl (1st PCR) and
14.5 w1 (2nd PCR) of distilled water, 5 ul of 5 x PS GXL
Buffer, 2 pl of 2.5 mM dNTP mixture, 0.5 pl of Prime-
STAR GXL and 1 pl of each primer (10 uM). PCR
amplification consisted of 30 cycles of 98 °C for 15 s,
60 °C for 20 s and 68 °C for 60 s. The external primers
resulted in amplification of a 913-bp DNA fragment, and
internal primers amplified a 597-bp fragment of the gp51
region of the env gene.
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Positive second-round PCR products were purified using
5 x Exo-SAP IT (USB Corp., Cleveland, OH) and were
sequenced on an ABI3730xI DNA Analyzer using an ABI
PRISM BigDye Terminator v 3.1 Ready Reaction Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA).
Sequences included a 423-bp region of the env gene, corre-
sponding to nucleotide positions 5126 to 5548 of the BLV
genome. Editing, alignment and identification of nucleotide
sequences were performed using MEGA 5.1 software [33].

Construction of a phylogenetic tree

The 43 partial BLV env sequences from the Philippines
were aligned together with 72 BLV env sequences from
GenBank, which are representative of eight known BLV
genotypes, by MEGA 5.1 software [33]. Phylogenetic
analyses of a 423-bp region of the env gene were conducted
using MEGA 5.1 [33]. Phylogenetic trees were constructed
using the neighbor-joining algorithm [34] with the Tamura-

Nei model of nucleotide substitution [35] based on align-
ments of the partial env sequence.

Results

Detection of BLV infection by BLV-CoCoMo-qPCR-2
and nested PCR

A total of 1116 samples obtained from different farms on
five Philippine islands were screened for BLV infection. A
total of 174 cattle samples, including 72 cattle from Bohol
Island and 102 cattle from Cebu Island, were negative for
BLV provirus, as determined by BLV-CoCoMo-qPCR-2
and nested PCR, which detected BLV LTRs, present at two
copies per provirus (Tables 2 and 3). Cattle were classified
as Philippine native cattle, Philippine native x Brahman
cattle, Holstein x Sahiwal cattle, Holstein x Jersey cattle
and Holstein x Brahman x Sahiwal cattle. On Leyte

Table 2 BLV detection results for Bohol Island as determined by BLV-CoCoMo-qPCR-2 and nested PCR

Island City municipality Farm Breed Sample number Number of BLV-positive samples
CoCoMo-qPCR Nested PCR Both
Bohol I A Native® 22 0 0 0
Native x Brahman® 3 0 0 0
B Native” 24 0 0 0
C Native x Brahman® 2 0 0 0
D Native x Holstein® 0 0 0
il E Native” 20 0 0 0
Total number of samples 72 0 0 0

* Diary cattle
® Beef cattle

Table 3 BLYV detection results for Cebu Island as determined by BLV-CoCoMo-qPCR-2 and nested PCR

Island City/municipality Farm Breed Sample number Number of BLV-positive samples
CoCoMo-qPCR Nested PCR Both
Cebu I A Holstein x Sahiwal® 4 0 0 0
B Holstein x Sahiwal® 9 0 0 0
C Holstein x Sahiwal® 7 0 0 0
D Holstein x Sahiwal® 10 0 0 0
E Holstein x Sahiwal® 14 0 0 0
I F Holstein x Sahiwal® 0 0 0
Holstein x Brahman x Sahiwal® 0 0 0
G Holstein x Sahiwal® 0 0 0
H Holstein x Jersey® 0 0 0
Holstein x Sahiwal® 40 0 0 0
Total number of samples 102 0 0 0

* Diary cattle
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Table 4 BLYV detection results for Leyte Island as determined by BLV-CoCoMo-qPCR-2 and nested PCR

Island City/municipality Farm Breed Sample number Number of BLV-positive samples
CoCoMo-qPCR Nested PCR Both
Leyte I A Brahman® 1 0 0 0
Native® 10 0 0 0
Native x Brahman® 1 0 0 0
B Native x Holstein® 1 0 0 0
Native® 0 0 0
C Native x Brahman® 0 0 0
Native® 29 0 0 0
D Native® 20 0 0 0
E Native® 6 0 0 0
Native x Brahman® 8 0 0 0
F Native® 12 0 0 0
G Native® 12 0 0 0
H Native x Brahman® 2 0 0 0
Native® 16 0 0 0
1 Native x Brahman® 3 0 0 0
Native® 16 0 0 0
J Native x Brahman® 8 0 0 0
Native® 13 0 0 0
1 K Native x Brahman® 1 0 0 0
Native® 11 0 0 0
L Native x Brahman® 2 0 0 0
Native® 3 0 0 0
M Native x Brahman® 1 0 0 0
Native® 10 1 0 0
N Native x Brahman® 1 0 0 0
Native® 4 0 0 0
(0] Native x Brahman® 3 0 0 0
Native” 24 1 0 0
P Native® 7 0 0 0
Q Native x Brahman® 3 0 0 0
Native® 38 0 0 0
R Native® 1 1 0 0
S Native x Brahman® 8 0 0 0
Native® 21 1 0 0
T Native x Brahman® 4 0 0 0
Native® 2 0 0 0
U Native x Holstein® 1 0 0 0
Native® 3 0 0 0
il v Brahman® 51 0 0 0
Sahiwal x Brahman® 4 0 0 0
Total number of samples 372 4 0 0

a

Dairy cattle
® Beef cattle

Island, only 4 of 372 cattle samples were positive for BLV
provirus, as determined by BLV-CoCoMo-qPCR-2, but
they were negative for BLV, as determined by nested PCR

(Table 4). All of these four cattle were Philippine native
cattle. Of the 159 samples collected from six farms on
Tloilo Island, only three were positive for BLV provirus by
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Table 5 BLYV detection results for Iloilo Island as determined by BLV-CoCoMo-qPCR-2 and nested PCR

Island City/municipality Farm Breed Sample number Number of BLV-positive samples
CoCoMo-qPCR Nested PCR Both
Toilo I A Native® 19 3 0 0
Native x Holstein® 20 0 0 0
Native x Holstein x Sahiwal® 2 0 0 0
B Native” 46 1 1 1
Native x Brahman® 3 0 0 0
C Native” 15 0 0 0
Native x Brahman® 3 0 0 0
D Native® 17 1 0 0
Native x Brahman® 7 0 0 0
Native x Holstein® 1 0 0 0
Native x Holstein x Brahman® 1 0 0 0
E Native” 5 0 0 0
Native x Holstein® 2 1 0 0
F Native® 18 3 2 2
Total number of samples 159 9 3 3

? Dairy cattle
® Beef cattle

both BLV-CoCoMo-qPCR-2 and nested PCR, with only
six samples BLV positive by BLV-CoCoMo-qPCR-2 but
not determined by nested PCR (Table 5). Eight of these
nine cattle were Philippine native cattle.

In contrast to cattle living in Bohol, Cebu, Iloilo and
Leyte Islands, which are located in the southern Philip-
pines, of 411 samples collected on Luzon Island, which is
located in the northern Philippines, 95 samples (23.1 %)
and 51 (12.4 %) were positive for BLV provirus, as
determined by BLV-CoCoMo-qPCR-2 and by nested PCR,
respectively (Table 6). Thus, Luzon Island showed the
highest frequency of BLV infection. Interestingly, BLV-
infected cattle found on Luzon Island were mainly Hol-
stein x Sahiwal (64.2 %) and Brahman cattle (29.5 %),
rather than Philippine native cattle (0.1 %). In particular,
52.6 % of BLV-infected cattle originated from “G” farm
of “V” City, Luzon Island. This farm is a dairy farm
raising Holstein x Sahiwal cattle. In addition, cattle from
beef farms raising Brahman breeds were the next most
frequently infected on Luzon Island.

These results suggest that the prevalence of BLV
infection in Philippine cattle is different in two popula-
tions: southern (Bohol, Cebu, Iloilo, and Leyte Islands) and
northern (Luzon Island) Philippines.

Phylogenetic analysis of a partial sequence of BLV env-
gp5l

Of the 1116 samples screened, 54 showed positive results
for BLV detection by both BLV-CoCoMo-qPCR-2 and
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nested PCR. Only samples that were positive by both
methods were used for further analysis in terms of suc-
cessful amplification of BLV env-gp51. Therefore, to gain
insight into the degree of genetic variability of BLV strains
in the Philippines, 43 field strains, which were represen-
tative of different breeds on the BLV-infected farms, were
selected for phylogenetic characterization. After direct
sequencing, 423-bp sequences corresponding to nucleotide
positions 5126 to 5548 of the full-length BLV genome
(BLV isolate LS3, GenBank accession number HE
967303) were aligned with 72 corresponding sequences
from known BLV strains representing all BLV genotypes,
including genotypes 1-8 [27, 29-31]. A neighbor-joining
phylogenetic tree was then constructed using the Tamura-
Nei model of nucleotide substitution [35]. The phyloge-
netic tree is shown in Fig. 2. The results were similar to
those of previous studies where BLV strains were divided
into eight genotypes [27, 30, 31] and an extra Iranian
isolate cluster [36]. Interestingly, the 43 Philippine BLV
strains clustered either with genotype 1 or genotype 6.
The nucleotide sequence similarity of the 423-bp BLV
env gene sequence ranged from 97.2 % to 100 % for the 43
BLYV strains studied here. These sequences were 94.8 % to
99.8 % similar to those corresponding to all known geno-
types deposited in GenBank. Thirty-two of the 43 BLV
strains showed the highest nucleotide sequence similarity to
the reference sequence of genotype 1 (98.6 to 99.8 %). By
contrast, the other 11 BLV strains were 98.8 to 99.1 %
similar to genotype 6. These former strains were identified in
close proximity to each other and were assigned to genotype
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Table 6 BLV detection results for Luzon Island as determined by BLV-CoCoMo-qPCR-2 and nested PCR

Island City/municipality Farm Breed Sample number Number of BLV positive samples
CoCoMo-qPCR Nested PCR Both
Luzon 1 A Native x Brahman® 8 0 0 0
B Native x Brahman® 23 0 0 0
C Native x Brahman® 13 0 0 0
11 D Holstein x Sahiwal® 17 6 6 6"
i E Native x Brahman® 4 0 0 0
v F Holstein x Sahiwal? 31 5 3 3b
v G Holstein x Sahiwal 105 50 37 37°
VI H Brahman® 39 7 0 0
Native® 11 3 0 0
I Brahman® 31 3 3P
Native® 1 1 1 1
J Brahma® 73 14 1 1
Native © 13 2 0 0
K Brahman® 38 2 0 0
Native © 4 0 0
Total number of samples 411 95 51 51

' Two samples were sequenced
" Three samples were sequenced
¢ 35 samples were sequenced

4 Dairy cattle

¢ Beef cattle

1, while the latter sequences clustered with genotype 6 and
formed three subgroups, named G-6a, G-6b and G-6¢. Of the
32 strains clustering to genotype 1, 31 were isolated in “V”
City, and one was isolated in “II”” City, Luzon Island. By
contrast, 11 strains clustering to genotype 6 were isolated in
several different cities, including “II” City, “IV” City, “V”
City and “VI” City, on Luzon Island.

Nucleotide and amino acid substitutions of BLV env-
gp51 from strains isolated in the Philippines

One typical sequence among those that showed 100 %
identity was submitted to GenBank (accession numbers
KJ668809-KJ668819). Nucleotide sequences for the 11
selected sequences from 43 strains were aligned with that of
the Japanese KO02120 strain as a reference sequence
(Fig. 3A). All of these are indicated by filled circles in the
neighbor-joining phylogenetic tree (Fig. 2). All of the Phil-
ippine BLYV strains clustered in genotype 1 show one unique
silent substitution in the third base of residue 129 (nucleotide
387), and all BLV strains clustered in genotype 6 show seven
unique silent substitutions in the third base of residues 135
(nucleotide 405), 161 (nucleotide 483), 175 (nucleotide
525), 184 (nucleotide 552), 185 (nucleotide 555), 194
(nucleotide 582) and 205 (nucleotide 615) (Fig. 3). By
contrast, all Philippine BLV strains belonging to genotypes 1

and 6 show two common substitutions in the third base of
residues 121 (nucleotide 363) and 133 (nucleotide 399).
Interestingly, of the ten silent substitutions, seven were
located within epitopes, including the viral G epitope
(nucleotide 363), the second neutralizing domain (ND)
(nucleotides 399 and 405), the CD8™ T-cell epitope (nucle-
otides 483 and 525) and the E epitope (nucleotides 552 and
555), as shown in Fig. 3B. In addition to these, seven
nucleotide substitutions caused amino acid variations.
Eight deduced amino acid sequences for the 11 different
Philippine BLV strains were aligned with the predicted
amino acid sequence of K02120. Figure 3B shows the dis-
tribution of amino acid changes within the middle region of
gp51, encompassing amino acid positions 101 to 241. This
env gp51 region includes a portion of the first ND (residues
101-105), second ND (residues 131-149) and third ND
(residues 210-225), a portion of the CD4* T-cell epitope
(residues 101-113) and CD8" T-cell epitope (residues
154-182), and the viral G (residues 121), E (residues
175-194) and B (residues 228-238) epitopes [27]. A com-
parison of the predicted amino acid sequences of the partial
env genes from Philippine BLV strains revealed highly
conserved regions. Although most of the deduced amino acid
sequences showed high homology to that of the Japanese
K02120 strain (accession number: AY151262), seven dif-
ferent amino acid substitutions were found among the
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Genotype §

<«Fig. 2 Neighbor-joining phylogenetic tree based on 423-bp nucleo-

tide sequences of env genes from 43 BLV strains in the Philippines
and BLV strains isolated elsewhere. Philippine BLV strains are
indicated by the sample ID together with the collection time and
country name. The remaining isolates in the tree are indicated by
accession number and country of origin. Philippine BLV strains are
indicated by open (O) and filled (@) circles. Typical BLV isolates
from identical samples were aligned as shown in Figure 3A and are
indicated by filled circles (@). Genotypes are indicated by the
numbers on the right of the figure. The bar at the bottom of the figure
denotes distance

Fig. 3 Alignment of a partial nucleotide sequence and deducedp»
amino acid sequence of the BLV env gene from strains in the
Philippines. One typical BLV isolate from each identical sample was
submitted to GenBank (accession numbers: KJ668809 (PCC130),
KJ668810 (PCC67), KIJ668811 (PCC99), KJ668812 (PCC63),
KJ6688113 (PCC44), KJ668814 (PCC74), KJ668815 (PCC122),
KJ668816 (CAMG69), KJ668817 (PCC4), KJ668818 (PCC158),
KJ668819 (PCC141)). Alignments were performed for 11 typical
nucleotide sequences (A) and eight unique deduced amino acid
sequences (B) of the env gene from 43 Philippine BLV strains.
Philippine BLV strains are shown by the sample ID without the
collection time and country name. Silent nucleotide substitutions are
indicated by numbers and a filled triangle (V). The first, second and
third neutralizing domains (ND) and other epitopes are shown at the
top of the alignment in B. Numbers above the sequences are amino
acid residue numbers that indicate the start and end of each domain.
Genotypes (G-1 or G-6) are indicated by the black bars at the far left
of the figure. Dots indicate identity with K02120 (accession number:
AY151262), which was used as a reference in this study

Philippine BLV strains. Three amino acid substitutions were
specifically found in the genotype 1 strains, namely, substi-
tutions of tyrosine to cysteine at residue 108 within the CD4 ™
T-cell epitope, alanine to proline at residue 119, and leucine
to phenylalanine at residue 202. By contrast, four other
amino acid substitutions were specifically found in the
genotype 6 strains. Interestingly, all of the Philippine geno-
type 6 strains showed isoleucine-to-threonine substitutions
at residue 144 within the second ND, which is a typical
characteristic of the genotype 6 strains. Deduced amino acid
sequences of BLV isolates that formed subgroup G-6b had
one unique isoleucine-to-serine substitution at residue 231
within the viral B epitope, while subgroup G-6¢ had a unique
serine-to-asparagine substitution at residue 234 in the B
epitope. A lysine-to-glutamic acid substitution was found at
residue 175 within a portion of the CD8* T-cell epitope and
the E epitope. However, no substitutions were found within
the first ND. Thus, Philippine BLV isolates showed different
amino acid substitutions according to genotype.

Discussion

Our study has three major conclusions. First, the present
study revealed the distribution of BLV in the Philippines,
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as determined by BLV-CoCoMo-qPCR-2 and nested PCR.
A total of 1116 samples collected from different farms
located on five Philippine islands showed relatively low
levels of BLV infection. Among the five islands investi-
gated, Bohol and Cebu were negative for BLV provirus.
This result is in accordance with previous studies of BLV
in the Philippines [37]. Likewise, BLV was detected at
extremely low levels, 1.1 % (4/372) and 5.6 % (9/159), in
Leyte and Iloilo, respectively. By contrast, BLV infection
was remarkably high (23.1 %) in Luzon compared to the
other four islands. This observation is similar to that of a
previous study [38], where BLV proviral DNA was
detected in samples obtained from water buffalos present in
different parts of Luzon. Thus, our results suggest that the
prevalence of BLV infection in Philippine cattle is different
between the southern Philippines, such as Bohol, Cebu,
Iloilo and Leyte Islands, and the northern Philippines, such
as Luzon Island. Second, the present results clearly indicate
that the sensitivity of BLV-CoCoMo-qPCR-2 was higher
than that of nested PCR because we found a number of
cattle on Leyte, Iloilo and Luzon Islands that were BLV-
positive as determined by the BLV-CoCoMo-qPCR-2 but
were negative for BLV provirus as determined by nested
PCR. This result showed the same tendency as discussed in
our previous publications [7, 12], showing that our original
BLV-CoCoMo-qPCR is highly specific and sensitive and
able to detect BLV in samples that are negative by the
nested PCR assay. In addition, our previous paper [7]
demonstrated that the positive rate for the nested PCR in
cattle correlated with the proviral load determined by the
original BLV-CoCoMo-qPCR as follows: 1) positive rates
for the nested PCR ranged from 62.9 % to 98.5 % among
animals with proviral copy numbers ranging from 10° to
10* copies per 10° cells, and 2) the positive rate for nested
PCR was 100 % in cattle with high proviral loads (>10*
copies per 10° cells). Therefore, cattle that were BLV-
positive as determined by the BLV-CoCoMo-qPCR-2 but
were negative for BLV provirus as determined by nested
PCR may have a very low copy number of BLV, which
cannot be detected by nested PCR. Indeed, only samples
that were positive by both methods resulted in successful
amplification of BLV env-gp51, and therefore these sam-
ples were used for further phylogenetic analysis. Interest-
ingly, our previous study showed that the original BLV-
CoCoMo-qPCR using highly degenerate primers to detect
known and novel BLV variants in clinical cattle was able to
detect various BLV strains from a broad geographical
origin, including Japan, Peru, Bolivia, Chile and the U.S.A.
[12]. Here, we analyzed whether BLV-CoCoMo-qPCR-2,
which uses optimized degenerate primers, allows the
highly sensitive detection of BLV by using two methods,
BLV-CoCoMo-qPCR-2 and nested PCR. Our results
showed that BLV-CoCoMo-qPCR-2 is highly effective in

@ Springer

detecting BLV in cattle from the Philippines. Third, phy-
logenetic analysis based on a 423-bp fragment of the env
gene demonstrated that Philippine BLV strains were gen-
erally of genotypes 1 and 6, out of the eight distinct BLV
genotypes worldwide [27, 29, 30]. Interestingly, a number
of substitutions were found in epitope regions, such as the
CD4™" T-cell epitope, the CD8" T-cell epitope, the second
ND, B and E epitopes, and the substitutions varied
according to genotype.

The majority of BLV-positive samples detected in this
study were collected from relatively large dairy farms
where milking is the most common activity. A tendency
towards high rates of BLV infection on dairy farms was
also found in a Japanese study [39]. Thompson and Miller
[40] demonstrated that pathogens can be transmitted during
the milking process. Therefore, it is possible that the high
level of BLV infection on dairy farms in Luzon is a con-
sequence of transmission of infection from residual infec-
ted milk present in a milking machine to a healthy
receptive cow during the milking process. One interesting
finding in this study is that the BLV-infected farms in “V”
City on Luzon Island, where the highest rate of BLV
infection was observed, belong to a totally confined setting.
By contrast, cattle that were negative for the BLV provirus
were raised on small farms. Previous studies focusing on
risk factors for BLV transmission revealed that loose
housing systems, the presence of hematophagous insects,
blood-contaminated dehorning devices [41], physical con-
tact [42], common use of needles and/or the introduction of
infected animals [39] are the predominant risk factors.
Therefore, we believe that the extremely high level of BLV
present in farms in “V” City may be the result of cattle
management procedures that involve transfer of infected
blood, such as common use of needles, ear tattooing,
physical contact and/or cattle exchange from one farm to
another, as well as infection through milking.

Our analysis of partial BLV env sequences resulted in
the identification of 17 nucleotide substitutions, ten of
which were silent substitutions, and seven were amino acid
substitutions. Nucleotide substitutions at residues 231 and
234 were located in the B epitope. The substitution at
residue 108 was located in the CD4" T-cell epitope, and
the substitution at residues 144 was located between the
second ND. Another substitution at residue 175 was loca-
ted between the CD8" T-cell epitope and the E epitope.
Thus, most of the amino acid changes occurred within
epitope regions. Of all the amino acid substitutions, sub-
stitutions at codons 108, 119 and 202 were a unique
characteristic of the genotype 1 Philippine BLV strains,
while those at residues 144, 175, 231 and 234 were unique
to genotype 6 BLV strains. This result is in accordance
with a previous finding that most substitutions in gp51 are
found within epitopes rather than at random locations [19].
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In this study, two genotypes (genotype 1 and genotype
6) were identified in BLV strains from the Philippines.
The classification was based on the percentage of nucle-
otide sequence similarity, silent nucleotide substitution
patterns, the phylogenetic tree, and amino acid substitu-
tions within a partial env gene sequence, together with
phylogenetic analysis. Most of the Philippine BLV strains
clustered into genotype 1 together with two BLV strains
from Japan, and these Philippine BLV strains were
identified in samples located in close proximity. All of the
Philippine BLV strains clustering into genotype 1 were
isolated from dairy cattle, Holstein x Sahiwal breeds, and
were collected from “II” City and “V” City in Luzon
Island. The rest of the Philippine BLV strains clustered
into genotype 6, together with isolates from Brazil and
Argentina. The Philippine BLV strains clustering into
genotype 6 consisted of Brahman cattle from “VI” City
and Holstein x Sahiwal cattle from “II” City, “IV” City
and “V” City in Luzon Island. Notably, the Philippine
National Dairy Authority imported Holstein x Sahiwal
cattle from New Zealand and Australia to Luzon Island
(http://www.nda.da.gov.ph/nal23.htm; http://pcic.gov.ph/
index.php/news/press-release/pcic-covers-13th-batch-of-
nda-cattle-importation/#). These two countries are known
to have BLV-infected cattle [43-45] (www.daff.gov.au/
animal-planthealth/pests-diseases-weeds/animal/ebl). This
observation was also mentioned in a previous study [37].
In addition to the above, farmers in the Philippines are
also encouraged to cross Holstein cattle with Sahiwal
cattle to increase milk productivity (http://www.nda.da.
gov.ph/2013/PROGRAMS/programs2013.html).  Collec-
tively, our study is the first report to show that BLV
strains isolated from Luzon Island were the most similar
to BLV strains from Japan, Brazil and Argentina.

Another interesting finding was that both genotype 1 and
genotype 6 exist only on farms in “II” City and “V” City
on Luzon Island, which belong to a totally confined setting,
but they were not present on other farms, especially on
small farms. The presence of more than one genotype in
the same herd has previously been noted in open herds [46]
and closed herds. The presence of two genotypes in “II”
City and “V” City may be the consequence of separate
infections of different viral origins in two cities and further
transmission of the virus through exchange of infected
cattle.

In conclusion, two different BLV genotypes (1 and 6)
are present in the Philippines. These results provide
important information on BLV infection levels and will
enable the implementation of appropriate cattle-manage-
ment policies in addition to providing supplementary
information for the development of more-effective meth-
ods of BLV eradication in the Philippines.
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