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. Purposes and objectives

Babesia bovis and Babesia bigemina are two economically significant
hemoprotozoan parasites of cattle in tropical and subtropical regions of world.
Control strategies against these parasite species should essentially be
designed based on the rate of exposure, which can be determined by
surveying cattle populations using sero-diagnostic tools. Vietham is an
agriculturally rich tropical country. However, the cattle populations in Vietham
were not analyzed to determine the sero-prevalence of B. bovis and B.
bigemina. The objectives of the present study were to 1) detect the and
genetically characterize the hemoprotozoan parasites infecting cattle and
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water buffaloes in Vietnam using PCR assays, 2) isolate B. bovis and B.
bigemina rhoptry-associated protein 1 (rap-1) gene sequences from
parasite-infected Vietnamese cattle and water buffaloes, and 3) develop and
evaluate B. bovis- and B. bigemina-specific ELISA systems using
recombinant RAP-1 antigens (rRAP-1) expressed based on gene sequences
sourced from Vietnamese cattle.

6. Outline of research process

A PCR-based epidemiological study was conducted to detect and
genetically characterize several bovine hemoprotozoan parasites
(B. bigemina, B. ovata, Theileria annulata, T. orientalis,

Trypanosoma evansi, and Tr. theileri) in cattle and water buffalo bred in

Vietnam.

e Type-specific PCR assays were established for B. bovis msa-1 genotypes
prevalent in Asia. The performances of these type-specific PCR assays were
then evaluated using B. bovis-positive DNA samples that had been
previously characterized for msa genetic diversity in Asian countries,
including Vietnam.

e The rap-1 gene sequences were isolated from the B. bovis- and B.

bigemina- infected Vietnamese cattle and water buffaloes. The conserved

and specific region of these gene sequences were then used to produce B.

bovis and B. bigemina rRAP-1 antigens. Subsequently, rRAP-1 proteins

were used as sero-diagnostic antigens to develop ELISAs for detecting B.

bovis- and B. bigemina-specific antibodies from serum samples collected

from Vietnamese cattle.

7. Outline of research achievements

1. A PCR-based survey detected B. bigemina, T. orientalis, and Tr. theileri
among cattle and water buffalo in Vietham, and a new Babesia sp. closely
related to B. ovata was detected in cattle only. In addition, T. annulata and Tr.
evansi were not detected in both cattle and water buffalo. Phylogenetic
analysis detected T. orientalis mpsp genotypes 3, 5, 7, and N3 in cattle and 5,
7, N1, and N2 in water buffalo. Additionally, water buffalo-derived Tr. theileri
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catl sequences clustered together with a previously reported cattle-derived
sequence from Vietnam. This is the first report of a new Babesia sp. in cattle,
and T. orientalis mpsp genotype 7 and Tr. theileri in water buffalo in Vietnam
[1].

The genetic diversity of B. bovis merozoite surface antigens (MSASs), such as
MSA-1, MSA-2b, and MSA-2c, might be linked to altered immune profiles in
the host animals. We developed type-specific PCR assays for Asian msa-1
genotypes, and re-analyzed the genetic diversity of msa-1 in Sri Lanka,
Mongolia, and Vietnam. Specific primers were designed for nine Asian
msa-1 genotypes, which had been detected based on the phylogeny
constructed using msa-1 gene sequences retrieved from the GenBank
database. Specificity of the type-specific PCR assays was confirmed using
plasmids containing the inserts of msa-1 gene fragments that represent
Asian genotypes. Furthermore, no amplicons were observed by these PCR
assays when DNA samples of B. bigemina, B. ovata, T. annulata, T. orientalis,
Tr. evansi, Tr. theileri, Anaplasma marginale, and A. bovis, and non-infected
bovine blood were analyzed. In total, 109 B. bovis-positive blood DNA
samples sourced from Sri Lanka (44 cattle), Mongolia (26 cattle), and
Vietnam (23 cattle and 16 water buffaloes) were then screened by the
type-specific PCR assays. The sequences derived from all of the PCR
amplicons were phylogenetically analyzed. Out of 109 DNA samples, 23 (20
from cattle and 3 from water buffaloes) were positive for at least one
genotype. The findings demonstrated that four genotypes, including three
novel genotypes, were detected from Mongolia. On the other hand, In
agreement with previous studies, five and four different genotypes were
detected among the DNA samples from Sri Lanka and Vietnam, respectively.
The type-specific PCR assays were also effective in detecting multiple
genotypes in co-infected animals. The sequences of the PCR amplicons
clustered phylogenetically within the corresponding clades. These findings
indicated that the type-specific PCR assays are useful for the determination
of genotypic diversity of the B. bovis msa-1 gene in Asia, including Vietham
[2].

The rap-1 gene sequences were isolated from cattle and water buffalo
infected with B. bovis (n=8) and B. bigemina (n=19). The percent similarity
among the translated amino acid sequences of rap-1 gene sequences were
96.7 — 100% and 96.5 — 100%, respectively. Based on the conserved and
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specific regions of these gene sequences, B. bovis and B. bigemina rRAP-1
antigens were produced in Escherichia coli. The rRAP-1 antigens were then
successfully used as sero-diagnostic antigens in B. bovis- and B.
bigemina-specific ELISA systems. The subsequent sero-surveys conducted
in Vietnam using the newly developed ELISAs demonstrated that 71.9 and
78.1% of Vietnamese cattle in the surveyed area were exposed to B. bovis
and B. bigemina, respectively. The findings indicated that the ELISAs that
we developed are useful to determine the sero-prevalence of B. bovis and B.
bigemina in Vietnam [Manuscript in preparation].

8. Publication of research achievements

1. Weerasooriya, G., Sivakumar, T., Lan, D.T., Long, P.T., Takemae, H.,
Igarashi, 1., Inoue, N., and Yokoyama, N.. Epidemiology of bovine
hemoprotozoa parasites in cattle and water buffalo in Vietham. J. Vet. Med.
Sci., 78: 1361-1367, 2016.

2. Liyanagunawardena, N., Sivakumar, T., Kothalawala, H., Silva, S.S.,
Battsetseg, B., Lan, D.T., Inoue, N., Igarashi, I., and Yokoyama, N.:
Type-specific PCR assays for Babesia bovis msa-1 genotypes in Asia:
Reuvisiting the genetic diversity in Sri Lanka, Mongolia, and Vietnam. Infect.
Genet. Evol., 37:64-69, 2016.
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Chemotherapeutic efficacies of clofazimine and diminazene aceturate combination
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AERLBHICEEL FX Y 7 I A~IELF S BITMBNEERTH D, DHEFFREE TH 5 M)
BBICLVRAESHE b Y P IXVERCRT B 7 F oA TH S TgPF 2 AT, KK %
22— K9 % pDNA % ssPalm 20572 5 F /KL FIC K DA LB o HR R % o fE 4l 2 . £ 5%
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2.6-8.25% L IEWITE WV IRFEIZITA I RV T OFHENER I TV 5P,
AR RO HBENREIND, ARV IZF R0,

INFE THEEEIL., B gibsoni=<° B.ovata ., £RIHIFIZBIT 5., 2.
HRANE ) AP H R A D=L, U F U ORBELE 227 ) AEHROD
ULEE - fENT « ABHZ MR T > CT& 72, S 61T, Fak 2 7HE R RpfFsEt
v —IFEMFSEIZ LV, Babesiaovis ® K7 7 N7 ) AEHIZBH &I LT,
ZTZTAR, UEEROEEEY % RNA-seq BTN+ 5 2 & T, IG5 HEIEK
BIOEEEICETAHIHEROERE. BLXO, Z0RAICLDZ Y ) 27 77—
a COMREALEZAT V., 2, HEAER, EAMWMERBEA D=L, U7 F H
FICETHHEREBOERMLEZ R AT,

oI - IR
B 5

FvadfEEN VY 2 —27 K5O Ferda Sevine #Z O W %15 T,
Babesia ovis J&Y v Y VKM I ® PAXgene RNA W& fig > 7% AT LT,
WM AE D total RNA Z F5 %L L, Agilent 1 BioAnalyzer T Quality check
ZAT\V ., RNAseq AT ICHAT DI+ R EEZR - TWVWDL 2 L 2B LI, £
D%, 7477V —%2EEL, A NVITFTTF7 v 7+ —2 (Miseq 300 bp
paired-end) TY —#7 LV A &{T- 72,

ol d a2, H2T 4 4 L & PE R PR Ui iF 28 & o & — LA o 28 B JRGR
B Te Y AU TRW Babesia ovis D7 ) L] ORETH D B. ovis
K77 877 ABHIC TopHat2 Z HNTT 74 A h L7z, ZORERITHES
T, MBERBEBELR L ZOBBEAIME L, 512, 7 ARH LB EY
AT H L TCRBERESTFETVOMHELZEL T 5 tool Th D
AUGUSTUT Z HW TEBBEFET VO BEH ZITV., FHIHO K EZIT - 72,
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ZIEFAH REES

W 98 B SR D
T 2L

BB EMATOME, GHEETEIE L CWEERTEZR1ICTAT, HBEASHE
f&+ O, ribosomal protein. surface protein D (BoSPD)® &3 BN D &
L7, BoSPD iX B. ovis ¢cDNA library 7* 5 cloning & 1L 7=z TV 7 F
R L ToORARNEEIN TS (Erster O et al., Vet Parasitol. 2015)

Bovis_v01_017_124767.pathl.gened 139 48408.8 hypothetical protein, B. bovis
Bovis_v01_021_100515.pathl.genel0 134 33510.4 hypothetical protein, B. bovis
Bovis_v01_003_339620.pathl.genel33 157 20873.5ribosomal protein S27a family protein, B. bovis
Bovis_v01_058_26426.pathl.genel 265 20394.6 hypothetical protein, B. bovis
Bovis_v01_009_214136.pathl.gene9 160 18025.1translation initiation factor 5A, B. bovis
Bovis_v01_038_59623.pathl.genel3 124 15489.6ribosomal protein L35, B. bovis
Bovis_v01_002_340349.pathl.geneb 305 14706.0 hypothetical protein, B. bovis
Bovis_v01_020_100570.pathl.gene24 132 13600.9 ubiquitin / ribosomal protein CEP52, B. bovis
Bovis_v01_000_530468.pathl.gene227 133 13307.5 hypothetical protein, B. bovis
Bovis_v01_029_75841.pathl.gene” 156 12209.0surface protein D, B. ovis

*1

— ). AUGSUTUS (2L W B +ET VEBILEZR > /R, & 50T
3756 il 725 3156 fHl~ 16%HA LicbDD, F@InFAa—FT57 I /@
DWVEEJED 14% MO, ERXT I ) BEOB L A% EEo2 b, &
Wran CTHEE SN TWiEE 28, AUGSUTUS Ik e &, L &R
DEWEEFETARELNTL (R2), £, HB7 I BES O LK EZIT
ST FER RN 54% By — N 30% Bl TREINTZERE D 16%
FELTEY, AUGSUTUS IC L 2 BETFET VOHEBHRP IR I N (F
3).

WAE, B CERTOZD, EROAIZIT> TV ARWR, LS
LT, DDBJ B L, HFENREXHF LN EE T O2HRTR/RIEMOT —F X —2
DataBase of Apicomplexa Transcriptomes (DB-AT) (2 C. &b =%k
SOBBTFT7T /)T —varyERBTHTETH D,

| loriginal___|AUGUSTUS | l#0fAUGSTUS genes

£ of genes 3756 3156 Perfect match 1709
Ave AA length 464.8 530.9 Partial match 954
Total AA 1745916 1675513 Newly identified 493

* 2 #3

W 98 B SR D
3+

MM ERER L
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I x 2
N F I

IR PE R PR e v & — - BRI PN RR B
5 1 H 57 F A O 1R E K OVEAR - KL #2 2 5 B oD 3 B fig A

HF 72 441 1

VR 284 4 H 1R ~ SRk 294 3H 31 H

ER:DI 8=

NRYTETEary 7L I7MICBET2RATHY VR EFE
DOARMERNICHEAT HZ & T, FEA, G, 3IE M 6455 IR E O E R
Rl L, RIZCEEZHICELLDD, TORNTAXRTT - AE XA
(Babesia bovis)|IZ L » CH|ER I EIND T DN UTHE T, B AR
YL AR M ER S B M A N ICEET 5 2 & TKEMIME 2 i3k
L, RERZG EE T TIREASTUTIE] &V ) B2 iHEMN
MHENTWD, Z DX DI B bovis T D /N7 L0 & Wi R %
R, EDOREANARXTTIERE S IOV T ves B1in 1 & MU
%% Eigin 7 (K 60 D ves-1a Kk O 308D ves-1,6051F1E)13ES
OHEVWIMEERETARHTD 5, F 41X B. bovis D /3 7 JiE B
3 FORATICISH T 2EREZ 2T 2 BT, 7 2 KE I
BN EMRIZEEE T D B bovis YR IMER DBk 2 R A T2, T O
R, FMRICEES EIEEEEORBER N TCE, 22T, K
WEZE I S R THEIZ BB 1T A R R GR R i BR B2 5 B RE o i Bl & H
MELT, BN T AT YT h—A T a7t —AfRIT 21TV, #
JaEEEmM o F2REBL, TNOLERBE LRV, - ITEREHT5
BB FBkEEH T 22T MENKEMmEES ICE D SR
MY TFARIETAILEAEHE LTV A,

VoI - IR
5

L FRNTICH WD 7 o — 0 255720, 7 2 K EM LS N B e
BT D B bovistkD 7 v —=2 74T, MLE NGB E MO 2
sa—r kO, FEEEED 270 — 0 BB, £ 70— 0200 TR
PR MmER R M7 O 7 v 7 4 — LM, RNA-seq IZBIFTH N7 R
7V T h— LG, BEAHEBBICLIBREITo, —HOMITIC X
D, MENEMBPESERICB O TEEAMNIZRIL TWD ves-1a KLY
NETE SN, Ao+ oBERAKOIERIZET L,
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Aiff 9 Bl S D
A

O mMENEMBEEKR/FEEEKDODIve—=2T

H27 4E FE A5 72 7 o ik 2B il af 2 PN RZ A A L2 &%#6%&% SN T
rua—=V 7 ETV, MREEEORR 2 7 e —2 (C1, C3) KO
ENEMBIZIEEAEESE L 2WFERA 2 7 v—2(C2, C5, LAMEIER:
B/ HA— LR EST,

©® RBERNERBEHSTFOTvT 24— LR
ANF I L ONE AR ESER I TS 7 v — /IR
E/o— DR L RMERFRHZ EAT > CTEBEZICERL TE
BOWICHT 22 & T MIES 7 o — o R B A0 2R YRR 1 BR 36 T
FELTWDLREAHRKRZ X IVEORIEZIT o T, MlaEES 7 v —
[FFEER I v — DO OFRER, MREE 77— OH THRIE S
HHE N TENK B0 FFE I N,

@ FIFURIZYTb— LB

by KRFEO L jEE L o LRI TR A K O FEREE R R
%K 270 — 22T RNA-seq fiEtT #4177~ %7 a—>® invitro
R B DI L72 nRNA &2 MiSeq I T L. £ x DO% 7l
DVNTHKI 20 Gb DY — REZH-, MlagEsrsra— v /FEE 7 n—
CHTHEBIZERAENALONIBETZRBELIEMAE. K 10 HoE
BFPRESINTZD . DWTNUSEREEZT2MHEUT ENI LT, — 7,
ves BAR T DRI HOWTIHEMAT LIt 2 A, ves—14 2OV T
4 77— EHIFIERCEIOBIADPERINTEDITK L, ves—1a
WZOoOWTIE4 70— b B8O BBE DRI N, £72. ves
B fORBEIIINETCOHREOHEY FHAPMATH D Z & NRIE
STz, RNA-seq T — X DR D=0, T D7 o — 2 TRET
% ves—la B FICFRAMRESNZKICERPCRAT 74 ~— % &3
LWHRE qPCR 2177 & 2 A, PHRHEBEVXKA I n—2 T, THLENIC
KA 7e ves—1a BRAI D HEMBIICHE L TWA Z LR INT-,

@ BEFHEMECLDLBE

Mt E 7 a— 2 /IEEE 7 0 — 2 OKYT B R MERIC DUV TEVE
R OR O L0 W 25 T, FiEM Rk OERERE - BMBEIC
KX2BEEIToT-, BIENDL, BRI BRI AA(E L., AR5 %)
RICEEGT5HEEZ LN TWAS Ridge EFEIEN S 7 7 (Knob) D HE
EORRE LI, MEEE s o— L /EEE T 0 — B CTHE AR E T
RO LR Tz,

O~@DNT N6, MENEMIEESEMEICIE ves-1a b > T
HIEMRBINTZTZ0D, fﬂiﬂ“?ﬁ%ﬁIﬂ_/’C%\éﬁLTb\é ves-la
LA OmBEREROERICE T Lz, 7o, 7u 74— LoirE 7
VAN FN— AT OWMEBEICB O TCMEESE Y 0 — 2 O THRIE
MWILE L TWD ves-lallA Doy 03BN EFT TH D,
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Odonbayar B.

HF 72 441 1

k28 48 1H ~ FR29% 3 31H

HAY - BE

FUIANETEHRABICEIIZERPEEDNEBELXL THIEEICRE fTE
HHZDHDZENOHALBESE L TRHR#ESNTWD, —FTEVINVEHEITITE
SOEMAMEMMPAAELTEY, 20250V DOMTE NI TIEES, ¥
TREY Y X RLEOFEEENRE L= — 7 RIS BRI RN B
LEEZONDIAEOGBAEFREDZERMbN TS, Ty IAEICHAET D
s R REEDE 2 RS AcEnIEHBoRABYERIC LY
BHOF BRI REZIT) ZENTEDHEE 2, FBEFICHIT 5 TR - 1R
ELTHRPHFTE ke T T 2 & 2 BMICARILFREZED 2,

oI IR
1 5

BRIl v ANVETRIEERBSCEZ SO FAERSR 2 EIWCHHE S5 H A
MAEZRE L, =F 2L NI R R 21T o 7o, I D\ T 55 B — &
ARHBEE L AW HOVWTH MU X VY —~ (Trypanosoma congolense)
WM Nichi v rn 72 X~ (Babesia bovis, B. bigemina, B. caballi,
Theileria equi) & MEFRERIC K 2 5FAM & 45 )R & 2E R BB pF2E & o & — [
MFRFIC X DIEERBRRICTITo T2,

GRSy OREE - EEREICOWTIEALRFEEIZLD I T A LEAR
NMR M| EREZBEA L, BEMICED -, T raVEHOWRESE (£
JVESERESFEHRES - B IAVEN KR ESICHEBRICH T HEE ERD
IRV EFHTORHZHERBIZANZROMEZED DL Z LN TE, RO
R OB F T DR R ES T,
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1. i vV X v —~ (Trypanosoma congolense) k" % 7~ 3 Oxytropis
lanata WHEEFHA XYY — AT oA F2RH Lz, (LS L EM L
DHBEEZRFT LI A, HFE7 2=V EICBT2KBEOHNPEL LD XD
Thole, (R RERX 1. FEHER1)

2. L U R YV — < (Trypanosoma congolense) 1% 1 % & ¥
Brachanthemum gobicum Wk 7 vk ) 7 F 2 R L7z,

8. fiv'n 77 X~ (Babesia bovis, B. bigemina, B. caballi, Theileria equi)
15 % 7~ ¥ Saxifraga spinulosa k7 78 /7 A4 NEEZ LB L=,

Wk 28 R IR EE o ¥ —HEMRIC T I XEWEE W TR
EHICHR IR ERLDHEHICE 72 1E0, SBOMELED HITHT- 0 B
ERDPY R == n T X< Cx L CIEEEZ T EAEAYE
DAL FEE R R BRI O NI 5 72 k3 RIS 2 D 5 F 23 %
O?L:o

iz, EryvarEOMEEZE L ILVEEBRICE > THRRT LI EEZHEL
LT, IThECcicbkmFEZED TWDE LV INVEN KEN N7 —H R
(JICA, M-JEED u v =7 ), £EHILGEERFF BT, FH&EH
BHEIVB A WETZWEEr IVENEREZFRAFTONNY =Y = FEiE, NV
—LVHBELED, HHEHEEICEXAEFAME~EEREEBLZZIT T, 202 0D
BHEMZOSR— MW a2+ EGR2R 0, EEICE I VEEHEY
NHFBMREIT O T TORKE D N— L 722 mFRIEH L 2o i,
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1. Trypanocidal activity of 2,5-diphenyloxazoles isolated from the roots of
Oxytropis lanata

Banzragchgarav O, Murata T*, Odontuya G, Buyankhishig B, Suganuma K,
Davaapurev B, Inoue N, Batkhuu J, Sasaki K, Journal of Natural Products, 79,
2933-2940 (2016)

(CESR=>

1. AAAEEESE 63 HIFER, Filif, 2016 4 9 | HEHE p.265

W Oxytropis lanata WRIZ& £ 5 2,5-diphenyloxazole JEE HTL N U X v
— <&M, ¥ FFH: Orkhon Banzragchgarav, Ok H # ##, Gendarum
Odontuya, Buyanbmandakh Buyankhishig, & ¥ % #f , Bekh-Ochir
Davaapurev, Jf E 5, Javzan Batkhuu, & % K#EER.
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