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Abstract

Molecular Epidemiological Survey of Theileria and Anaplasma spp.
Infections of Korean Native Cattle in Jeju Island

Min Geon Kim

(Supervised by Prof. YoungMin Yun)

Department of Veterinary Medicine, Graduate School,

Jeju National University

This study investigated Theileria and Anaplasma spp. infections of Korean native cattle
in Jeju Island using molecular diagnostic tests. Blood samples were collected from 148
Korean native cows in six areas of Jeju Island and the infection rate of each pathogen was
confirmed via polymerase chain reaction (PCR) using pathogen-specific primer sets. In June
2022, the infection rate of 7. orientalis and Anaplasma spp. for 100 cows in Hawon-dong,
Seogwipo-si, was 96% (96/100) and 91% (91/100), respectively. Co-infection rate of the
two pathogens was 79.7%. According to region, the infection rate of 7. orientalis was high
in Hallim-eup, Andeok-myeon (100%), Hawon-dong (96%), and Pyoseon-myeon (90%),
whereas that of Nohyeong-dong was the lowest at 30%. In Anaplasma spp., the infection
rate was high in Pyoseon-myeon (100%), Hawon-dong (91%), and Andeok-myeon (80%),

and that of Nohyeong-dong was the lowest at 10%. It is difficult to determine the differences



in rates by region owing to differences in the distribution of individuals in each region, but
infection rates increased as age increased. Sequencing analysis showed that the homogeneity
of each PCR product was 98.43% and 98.03% with 7. orientalis (Genbank accession no.
U48772.1) and Anaplasma phagocytophilum (Genbank accession no. NR.04762.1),

respectively.

A preventive policy for vector-borne diseases caused by Theileria and Anaplasma spp. is
required because the productivity of livestock could be affected, resulting in economic loss.
Because Anaplasma phagocytophilum is zoonotic, continuous monitoring for the pathogen

is required.

Key words: Theileria orientalis, Anaplasma spp., PCR, Korean native cattle, Jeju
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I. Az % B

1. AFEY 5ol erd@ 2ot} ohpEet=utol] i PCR AA}

1 dass 2 9N 8

Hds=a 2022 9 6 & AFAEA sl WE ARSEol I=7] =

Hobg Aem mol #9100 w129 202213 9 WA 109 Aole] A F:=)

[

ge oA A, AFA wdE, FRg, ANEA FUH, AR A5

FF- 7 10 v, 2RSSO AREEE @9 8 mhelR AdAssla AR
AFERAANE FEAN DL F5E AN RS AHEEHAY
2) AR F=
frddFEs AT FEdE AgEier AuE Maxwell®

RSC(Promega, USA) 9} FHAAFZ=7]E Maxwell® RSC Whole Blood DNA kit =

A&kl E 200ul ol A DNA & #g]dto] &1l 8kl



PCR &2 T. orientalis & 745, A¥%+= AccuPower® HotStart PCR
PreMix(Bioneer, Korea)E AF&3tH 10pmol/ul %9 7. sergenti forward
primer (5'— CCTCTTGAAGTCATCCATGT — 3¢ 7. sergenti reverse primer

(5'= CACTGAGCTGGAAAGAGCTA- 3)E 77} 1ul 9 §ARFZE 2ul

i

E8tela HHEHFFE Hubslel 2% 20u 2 wEJU dAtEE Z=ZH7)

N
rr

o

128bp o)W wWHE ZAE predenaturation = 95TCoA 15 & AA ZT
denaturation = 96 ColA 30 %, annealing = 60ClA 1 i, polymerization <
72TCNA 1 &5 35 3 S3F3Fal post polymerization & 72CelA 10
AU Anaplasma spp. o3& 91814 Al#EE AccuPower® HotStart
PCR PreMix(Bioneer, Korea)E AF&3tH 1 2} PCR 3}t 10pmol/ul =2
Anaplasma 16S forward primer (5'— TCCTGGCTCAGAACGAACGCTGGC— 3") ¢}
Anaplasma 16S reverse primer (5'= AGTCACTGACCCAACCTTAAATGGCTG—

3"

il

ZH7 1ul, A

% ooul B ERSL BRER4E Al 53

Ho
2
i
rf

20l HEF3] RESAIFI VdEE FF A7 1433bp Atk 1S 9%
2 2F PCR 2 10pmole/ul %2 Anal6S—nF primer (5'— GTC GAA CGG ATT

CTT TAT AGC TTG C— 3% Anal6S—nR primer (5'= CCC TTC CGT TAA

GAA GGA TCT AAT CTC C—- 3YE 47 1ul, F8AF=% 21 & &35t
HASHTE A7t F%F 200l ©] HEF o] wkgsision, Uy s 5%

A7]= 928bp 9t} 1, 2 2 PCR 2% =93

g

CR 7oz APty on

predenaturation = 94Co|A 5 & AA|3+ & denaturation = 94TCo|A 30 X%,



annealing 2 50T A 30 %, polymerization S 72Co|A 1 &S 353 FZ3sa
post polymerization = 72CeolA 10 & AAsttt. PCR o A&

C1000 Touch Thermal Cycler (Bio-rad, USA)% t}.

Table 1. PCR primer sets and condition of 7. orientalis and Anaplasma spp.

PCR
Target Primer Sequences (5'-3") condltlpn Size(bp)
species (annealing
temp. C)
KTSI-R 5'- CCTCTTGAAGTCATCCATGT-3'
7. orientalis forward 60 128
KTS1-R 5'- CACTGAGCTGGAAAGAGCTA -
backward 3'
Anaplasmal6S 5'- TCCTGGCTCAGAACGAACGC
forward TGGCGGC- 3' 50 1433
Anaplasmal6S 5'- AGTCACTGACCCAACCTTAAA
Anaplsma  reverse TGGCTG- 3'
Spp. 5'- GTCGAACGGATTATTCTTTAT
Anal6S-nF :
AGCTTGC- 3 50 998
Anal6S-nR 5'- CCCTTCCGTTAAGAAGGATCT
AATCTCC- 3

4) A7|9E

TZ¥ PCR A& A5 A71953H|0 Qiagen ARl QIAxcel® advanced
(Qiagen, Germany)°l QIAxcel® DNA High resolution Kit(Qiagen, Germany)

AEDAE gt FEe A A7E S8



2. PCR &4 &2 A g4 g G7IEEA
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m 2 3

1. AFZ=V HE ASEHE 3H5-oA eldd g ole ofyEet=ule tidk PCR
Z=PN
PCR AFEof )3t H7)|dFoA] s+9 148 wnla] FdA 7. orientalis =

132 vl & 89.2% 9 UAES W, Anaplasma spp.s= 123 vFE =2 83.1% 9]

V=S T orientalis 9 7%

off

FAAES HY AGHoA A FEA
96%(96/100)¢] FAES WUl Anaplasma spp.= 91%(91/100)¢] FA &S
BHAY. AFA =852 T orientalis 30%(3/10), Anaplasma spp. 10%(1/10),

AFA 3L T orientalis 100%(10/10), Anaplasma spp. 70%(7/10), #|FA]

flo

ZH1ES T orientalis 50%(4/8), Anaplasma spp. 75%(6/8), AFEA] ¢tEwH

T. orientalis 100%(10/10), Anaplasma spp. 80%(8/10), AHAXEA] ZTAHL T
orientalis 90%(9/10), Anaplasma spp. 100%(10/10)2] <AA&S e AT

AR EFsls

=

13® v+ 7. orientalis 30%(3/10), Anaplasma spp.
10%(1/10), 1-2 A= -2 7. orientalis 83%(30/36), Anaplasma spp. 70%(25/36),
5!

3—5 @wWLe T orientalis 96%(52/24), Anaplasma spp. 91%(49/54), 6 A&

(@)

oAl = T, orientalis 98%(47/48), Anaplasma spp. 100%(48/48)2] A &S
eI 148 F Folld 23 299 MAE 118 F2 79.7%9 .01, Ay
2 dAEe 138 1uke 0%(0/10), 1-2 38 63.9%(23/36) 3—-5 d#H&

88.9%(32/36), 6 A& o] A& 98.0%(47/48) it}
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Figure 1. Analysis of PCR product of Theileria by QIAxcel® advanced.
The size of PCR product using KTS1 primer set is 128bp.
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Figure 2. Analysis of PCR product of Anaplasma by QIAxcel® advanced.
The size of PCR product using Anal6S-n primer set is 928bp.



Table 2. Infection rates of Theileria and anaplasma in cattle by region

Region No. of cattle  T.orientalis(%)  Anaplasma spp.(%) Co—infection(%)
Hawon—dong 100 96(96) 91(91) 90(90)
?gfgyeong_ 10 3(30) 1(10) 0(0)
Hallim—eup 10 10(100) 7(70) 7(70)
Jocheon—eup 8 4(50) 6(75) 4(50)
Andeok—myeon 10 10(100) 8(80) 8(80)
ii‘zenon_ 10 9(90) 10(100) 9(90)

Total 148 132(89.2) 123(83.1) 118(79.7)

Table 3. Infection rates of Theileria and anaplasma in cattle by age

Age(year) No. of cattle T.orientalis(%) Anaplasma spp.(%) Co—infection(%)
<1 10 3(30) 1(10) 0(0)
1-2 36 30(83) 25(70) 23(63.9)
3-5 54 52(96) 49(91) 32(88.9)
6> 48 47(98) 48(100) 47(98.0)
Total 148 132(89.2) 123(83.1) 118(79.7)
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XM 009691516.1 Theileria orientalis strain Shintoku uncharacterized protein

AP011946.1 Theileria orientalis strain Shintoku DNA

Theileira orientais 2022 jeju

U48772.1 Theileria sergenti KTS1-R clone pKTS1

——— CP056065.2 Theileria orientalis strain Fish Creek

CP056069.2 Theileria orientalis strain Goon Nure

0 0010884 0021768  0.032652 0043536  0.05442

I I I I I |

Figure. 1 Phylogenetic analysis of 7. orientalis PCR positive sample

— NR 121714.1 Ehrlichia muris A5145

NP 0447621 Anaplasma phagocytophilum strain Webster

Anaplasma 2022 jeju

AF283007.1 Anaplasma centrale

ME0313.1 Anaplasma marginale

—— AF147752.2 Ehrlichia chaffeensis

0 0.01271 002542 0.03813 0.05084 0.06355

I I I I I I
Figure 2. Phylogenetic analysis of Anapl/asma spp. PCR positive sample
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