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Abstract

Prevalence of canine tick-borne diseases in Jeju Island and SNP of

Babesia gibsoni cytochrome b gene in dogs

Mirae Moon

(Supervised by Prof. Youngmin Yun)

Department of Veterinary Internal Medicine, Graduate School,

Jeju National University, Jeju, Korea

There are several diseases such as anaplasmosis, ehrlichiosis, borreliosis, babesiosis, and
hepatozoonosis in canine tick-borne diseases. A survey on previous researches has shown
that canine infection cases of some diseases have been reported and the number of Babesia
spp. infection cases in Jeju has been increasing in the past few years. However, treatment
using drugs that are currently used such as diminazene aceturate and atovagquone often leads

to relapses of infection.

For these reasons, this study did research on the prevalence of canine tick-borne diseases

in Jeju. Also, a survey on SNP (single nucleotide polymorphism) of cytochrome b gene in



clinical cases of dogs infected with B. Gibsoni was performed.

Total 363 dogs, 125 shelter dogs and 238 owned dogs, were randomly selected during
2008 to 2015 in Jeju. A screening test using Anigen Rapid CaniV-4 Test Kit (Anigen Rapid
CaniV-4 Test Kit (Bionote, Inc., Republic of Korea)) was conducted in 125 shelter dogs to
detect antibodies of Anaplasma phagocytophilum, A. platys, Ehrlichia canis, and Borrelia
burgdorferi. Additionally, PCR and PCR-RFLP were given to detect pathogens in all dogs.
CBC tests were conducted in 16 dogs infected with Babesia spp. that were patients at Jeju
National University Animal Hospital (JNUAH). Also, to survey on SNP of B. gibsoni
cytochrome b gene in 11 dogs that were patients at JNUAH, dogs were divided into two

groups that have history of relapse and non-relapse of babesiosis.

The result of kit tests shows that all samples were negative for antibodies of A.
phagocytophilum, A.  platys, E. canis, and B. burgdorferi from 125 dogs. As a result of PCR
and PCR-RFLP, 69(19.01%), 44(12.12%), and 21(5.79%) out of 363 dogs were infected with
Babesia spp., Hepatozoon spp., and both, respectively. Anaplasma spp. and Ehrlichia spp.
were not detected in all samples using PCR. According to the CBC tests, the average of RBC,
Hb, HCT, MCHC and platelet were lower and the average of RDW was higher than normal
reference range. Although the comparative analysis of CBC results from 16 dogs revealed
that the average of RDW was slightly elaborated, there were no differences in the results
between 2 groups. Total 12 SNP were found in 24 samples of B. gibsoni cytochrome b from
11 dogs. However, there were no significant differences between 2 groups and between

before/after treatment using diminazene aceturate.

These results indicate that dogs in Jeju might be in the risk of getting infected with

Babesia spp. and Hepatozoon spp.. The CBC results revealed that dogs infected with B.



gibsoni may have symptoms such as thrombocytopenia and severe anemia. The comparative
analysis of CBC results shows that there were no significant differences between two groups.
This result indicates that PCR test should be performed to diagnose whether the infection
with B. gibsoni is relapsed or not, because glucocorticoid can cause clinical symptoms in
chronic infection case if the infection with Babesia spp. still exists. Additionally, the result
from the survey on SNP shows that there are no relationship between drug resistance and B.

gibsoni cytochrome b gene.

Key words: anaplasmosis, ehrlichiosis, hepatozoonosis, Babesia gibsoni, cytochrome b,

dog, Jeju



M

)

A

AT E HFH

I1.

15

1. 2

25

- 29

)

- 31

3

o

nR
]
o



Mol ZR=7wfs) AWl anaplasmosis, ehrlichiosis, lyme borreliosis,
hepatozoonosis®} babesiosis® Aoz ZFQ93 Aot} o9 HAAE=

ol A AAdAd dETde dEha wd, daw Fasa 22

Ixodes spp. JNE=7]o o& AI¥Hw, o= Haemaphysalis longicolnis7}
T2 B¥IIT(3). olg HYAAES 3 AV B G AT wE :H A

ol W=7] vi7h HhAE &2

ot

My Fo og FAA4Pel o8 ol

Jdold & Arh(14, 25). EF & Fo| A=) g2 WAA e WA} D S

Anaplasma phagocytophilum® A. platys7t 739A3S 713t ol F A,
phagocytophilums Ateol A granulocytic anaplasmosis®] HUJAAZE LA
AOoH(16), AFAHQD =l W} HAAF{ ool I} %ol A

7w 7| = SR(11, 41).

Ehrlichiosis= 1% 4ol o3 Mg AWo= 7jeo a3+, Iy,
83l dATe 7)Asky, QA A= Ehrlichia canis, E.  chaffeensis, E.

ewingiiol™, ©lE & olAloto| Bl AL £ canis¢t E. chaffeensis®]TH 29,
1
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Canine babesiosis
microti, B. equi, B. conradae, “1213l B. vitali7} 71 QAAZ &4 dri(12).

gibsoni, B. canis supsp. canis, B. canis supsp. vogeli, B. canis supsp. rossi, B.

BETENEL B

Babesia spp.©l



22). THA babesiosis®] A-F Aubd SAFS # A QA EA|NH(22), AHA

F2 T AEE Bd F 3len, o] gl 2EdAY dESFAsoE
A g s Aol Sud = Avh(5)

o] A o5 e H=7]ujs} AW F anaplasmosis, ehrlichiosis, lyme
borreliosis, babesiosis®] 7HollA ¥ ALg7E QoW (2, 6, 17, 42),
AFA G = Q=7)o A A phagocytophilum® E. chaffensis(23), 7)ol A

Babesia spp.7} A& AH6).

olg AW F Babesia spp.8 A5, A A A5 AEHE =R
diminazene aceturate (DA), imidocarb diproprionate, pentamidine, atovaquone
(ATV), clindamycin, azithromycin (AZM), metronidazole % doxycycline 5©°]
o, ol T B gibsonPli= DASH ATVZF 7 &34 B2 e
ATH(32). sHANE @A A 7ol AREHE SR EAe] dFEFOEE canine
babesiosis®] £Hx L

Hal Aol FF Ao

™ (19), dA7-4 DAL}

)
rot
R
by
N
N
oo 9

ATV e B. gibsoniol W3k 28 713 DAl thgk A&A g5 71 taix =
o w7y QY. Trypanosoma  spp.®¢ Leishmania  spp. &S Ef
JN7| A ZFo| A aromatic diaminine FAFH] oFEo] =¥ F, wEZ =g o}
ZHl Al Wz wdele] AAE UElew (28, 36), ol s

Leishmania spp.9l A+ cytochrome c¢ oxidase @4 %2 #2(39), Trypanosoma

brucei brucei®l 739 P2 FEHLAE F5 7

olr
Lo
(b

A& of7]skth (15, 40).

WSt Babesia gibsonilA ATV AZM 52 ATV @502 X8 & A

rob

7d9-, cytochrome b EA%X]o] SNP (Single nucleotide polymorphism)”7}

3



el o= ZAFE2 37 Y31, 34). o9} o] Trypanosoma®} Leishmania®

749 DA A 71HAe dHA Qo B gibsoni® 73 ATVel] 93 A3t o=

o
%
3
2
N
N
%0
s}

102 F=5% = cytochrome 52 SNPol| tfdh W

olof & AFddA AFE WY ASFHI {FUIAS giFoe= =7l
AY el Anaplasma spp., Ehrlichia spp., Babesia spp., Hepatozoon spp., —L#| il
Borrelia burgdorferi 73955 ZA}slal, B, gibsoni 749 A5 & £F Ao

w2} AL B gibsoni®] cytochrome b A SNPo} #AE LolH 1z}

skl et
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ol delelqr. gl AAgw wi azsvRgWonny A g o,
=

2) =7|wA A FAHA

Anaplasmosis, ehrlichiosis, borreliosis o gt =37 2]d HALZ, F 363 vl
Z 125 wlele] §717AS gz JEE o|gsle] A AALE AAEY
A g JEAA AA7A 3-6 AZF 7 WART Y9 AFEsE 7 EE

Anigen Rapid CaniV—4 Test Kit (Bionote, Inc., Republic of Korea)=®, 2%



oA AF S deof 10 ple} 71ES} 3 5o g4 3 Wes 4 AR
S €3 10 & FH A& g3 Control A3 test A & control Rk
FoMol Mol et H-E S0 2 control ¥ test A = tf H2Mow
et d9E dHer dAdsiddd. JIE AA AdE Anaplasma
phagocytophilum, A. platys, Ehrlichia canis ®% Borrelia burgdorferi o t gt &

=8 RAgomn FdoRE B

3) YA A

gl O 2 EY PBorrelia burgdorferi & A\ 2|3¢ Anaplasma spp., Ehrlichia spp.,

Babesia spp., Hepatozoon spp.©= PCR FHALZ &213&}%t}.

(1) DNA

4
o

EDTA H#ste] ¥4 nas darzgs 3 A oo G-DEX™IIb Genomic
DNA Extraction Kit for Blood (Intron Biochnology, Korea) & A}-&3}to] genomic

DNA & FZ39t. A8 300 plE 1.5 ml HHe Y RBC lysis solution

-

900 plE Y& 9, vortexing dto] Ao 5 B3 & ¥ 10,000xg & 5 &7t

Al
=t

o

]_

32

o AAEY T gEee AL mFdte] 100 Wl AE HAFE

6

ol

B
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W& 5, Cell lysis solution & 300 W& Y1 33& o] &sto] #23 LMo
HES Aol @35 &aAI717] S8l 37°CellA 1 Al ZFEF w kst H,

PPT buffer & 100 pul Y1 1 ¥7F vortexing ¥ 10,000xg = 1 &7 942 g

it Aol 400 wE FAstel 1.5 ml FHel We ¥, A7k 100%

H
ethanol < Yol AW Y33 13,000xg & 5 237F 94 B3t J=Ae

rehydration buffer S 100 pl 2o 4°Col|A overnight 3t th. 533 DNA =

F3434 = A (NanoVu, GE healthcare bioscience, USA)E o] &3lo] FHFE s=7}

100 ng/ul 7} ¥ =5 243 5 AREAZFA] —20°Co] B3
(2) PCR

Ae gidde] g FEF3 gDNA oA Babesia/ Hepatozoon spp. 18s
rRNA 2422y Anaplasmal Ehrlichia spp. 16S rRNA F21AE S2E317] 930
Birkenheue(10)9} Oh(23)7} ®.31& primer & ©]8€3}¢] PCR & a3t} 2X
TOPsimple™ DyeMIX—Tenuto (Enzynomics, Korea), 2-& Dr. MAX MasterMix

(2X) with Dye (Docterprotein, Korea)E ©]8€3to] PCR (C1000™ Thermal



Cycler, BIO=RAD, USA)E& AAJs ). PCR o AF&% primer ¢ PCR 271
Table 1 ¥ #Zt}. PCR AHE2 100 bp DNA ladder marker (Enzynomics,

Korea) ¢} 37| 1.5% agarose gel o] A7) =3}o] 3helslsitt,

(3) PCR—RFLP

PCR 2tE F #A7|9E3sle] Babesial Hepatozoon spp. 7} Eelw Alg+e=
PCR-RFLP & 2A8t3ith. S% ¥ PCR 4H= 6 plo} A|gtas Pstl (TaKaRa
Bio Inc., Japan) 1 ul, Algt@a sl 5% 10X buffer 1 ul, 3 2} S/ 2 ul &
gol 37CelA 1 At & vHEAIZI T (Table 2). Bk T8 § 100 bp DNA
ladder marker (Enzynomics, Korea)$} &7 1.8% agarose gel o 7] &3}

shelahgiey.



Table 1. PCR primer sets and reaction conditions used in this study

PCR condition

Species and Oligonucleotide sequences Product
Primer o . Ref.
target gene (5'=3") size (bp) Denaturation Annealing Extension Cycles
Babesia/ BH-F GTTGATCCTGCCAGTAGT 1676 .-
Hepatozoon spp. 94°C/30s 60C/30s 72C/60s (10)
1761 40
18S rRNA BH—-R AACCTTGTTACGACTTCTC
Anaplasma/ AE1-F AAGCTTAAACACATGCAAGTCGAA
Ehrlichia spp. 1406 94°C/30s  591C/30s 72C/30s 35 (23)

16S rRNA AE1-R  AGTCACTGACCCAACCTTAAATG




Table 2. PCR—RFLP profile information to identify Babesia/ Hepatozoon spp.

Restriction

enzyme Species Fragment size (s) (bp) after digestion
Babesia spp. 1642
Pst1
Hepatozoon spp. 805, 956

2. Babesia gibsoni cytochrome b 2] SNP ZA}

=i

off
i
W

1) oA ANE AA

2014 d 5 €5E 2015 @ 11 E71A] AFdstnl 5EH YA babesiosis &=

1 ovEDE gaez AMHEARA(CBOE d9d. dee A4W m:

olE F 11 vt E WA O & Babesia gibsoni cytochrome b gene ¢ SNP =
golalgdtl. EDTA <3 Hgl® ooz zHzh CBC ZAAF 2 PCR AALE
A X319 TE. Babesiosis o ik 22 % x5 A] DM (Berenil®, MSD Animal

Health, USA)S 4-6 mgkege Loz I85EFo 39t ol 10-14 ¢

10



¥R o2 W{Aste] Babesia spp. AR F-E PCR = &QIsto], Babesia spp.”}
A=d 45 T48F DM & <557 el ol ApEg JhAl 6 whel ot
AEstA] eF2 5 mhe], 7 wo R o] AYS asgion, ghedo]l At
MAS] B A7 § Wol& oty flaf FrH¥ew 2 3] T 3 3] 10—
14 o Aoz F 24 7he AANRE AFHReH, A5 A AFT 434
sAg WRew Agste FJAE AAESITE AR F FAo] gstHATIE

Ul otst | A, e ARolk® =3Stal Babesia spp.”b PCR ARl A

2) A AHA

Babesiosis 7} ZAgk WAl 12 whef el AdsbA] o2 JHA|l 4 wheolA A g
EDTA A3t Aoz MEK-6450 (Nihon Kohden, Japan)< ©]-&3}4
AR NG AH(CBC, complete blood cell count)& A3 Th CBC HAFZ WBC
(white blood cell), RBC (red blood cell), Hb (hemoglobin), HCT (hematocrit),
MCV (mean corpuscular volume), MCH (mean corpuscular hemoglobin), MCHC
(mean corpuscular hemoglobin concentration), RDW (red cell distribution
width) ¢ 4% 5 glsid. A5 A3} A& olF T 16 vglE e s

CBC A4S AAH0M, CBC Aot ¥ T2 tdom waRy st

11



3) Babesia gibsoni cytochrome b--A2}2] SNP

1 DNA

Ay
iy

EF 11 mkgldlA AAFTE 24 o] A oA gDNA & F=38kqlth. 7}
AN E 300 plo]lA] G-DEX™IIb Genomic DNA Extraction Kit for Blood
(Intron Biotechnology, Korea)& A}&3}lo] genomic DNA & F=3}%oH,

FE2 44 DNA  FEWHel  Eoke] AAET. &3 DNA =

#3 = A (NanoVu, GE healthcare bioscience, USA)ES o] &3l HFE Fx7}

M

100 ng/ul H =% 243 F AHEAIZFA] —20°Ce] ®aa3itt

2 PCR ¥ @7|4EEA

G| A FE3F gDNA oA Babesia gibsoni W/ EZ =20} cytochrome b =
ZS2E317] Y3te] primer set = A 23T} Primer A 2H2 Asian Babesia gibsoni
cytochrome b (Genbank assession number AB215096)E 7|9 %, primer3
(http://primer3.wi.mit.edu/) ¢} Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi) &
o] &3Sl th. PCR F11& Table 3 ¢F o] AAsklom, Dr. MAX MasterMix

(2X) with Dye (Docterprotein, Korea)Z ©]€3to] PCR (C1000™ Thermal
12



Cycler, BIO—RAD, USA)S AA5FtE PCR AHE2 100 bp DNA ladder marker
(Enzynomics, Korea)®} $HAl 1.5% agarose gel o 7|5 3sle] &elsheict.

A7l 5ste] WErE ¢lE PCR AHEL A7AGEAS 9739 th(Solgent,

13



Table 3. PCR primer set and reaction conditions used in this study

Species and Oligonucleotide sequences Product PCR condition
Primer
target gene (5°-3") size (bp)  Denaturation Annealing  Extension  Cycles
Bgcytb—F  ACCAACAAGTTAACATTTGC
Babesia gibsoni . . )
1144 95C/30s 58C/30s 72°C/60s 35

cyth gene
Bgcythb—R ATGCAAACTTCCCGGCTAAAC

14



m Z2 3

1. AFZY AoA A= uizf] AW ZA}

1) sAAA

Anaplasmosis, ehrlichiosis, borreliosis o 3t ~32]d FAAFZ Anigen Rapid
CaniV—4 Test Kit (Bionote, Inc., Korea)& A}&3te] A. phagocytophilum, A.
platys, Ehrlichia canis®t Borrelia burgdorferi®] A &x] oF-5 2elst Ay}

NE FAl ) AsE ekl AAE @ vhelE 99k

Table 4. Seroprevalence of Anaplasma phagocytophilum, A. platys, Ehrlichia

canis, and Borrelia burgdorferi investigated by Anigen Rapid CaniV—4 Test Kit

Anaplasma
Borrelia
Bacterial agents phagocytophilum, Ehrlichia canis
burgdorferi
A. platys
The number of dogs
0 (0) 0 (0) 0 (0)

positice for (%)

15



= 363 wg]e Ao FE3+ gDNA AR T Anaplasmal Ehrlichia spp.

[

¥ AMAE ekl = Lt (Figure 1).

size

1406

Figure 1. Analysis of PCR product of AnaplasmalEhrlichia spp. by 1.5% agarose
gel electrophoresis. The size of amplified 16s rRNA product using AE1 primer

set is 1406 bp. Lane M, 100bp DNA ladder marker; 1, positive control; 2,3,4,

gDNA from dogs.

Babesial Hepatozoon spp. AAFelA, 927F2](25.34%)7F 16429+ 1676bp

=7]¢] PCR AHEo] ZZ5 o] Aoz #AFHAH(Figure 2). ©] PCR AES

of WkS3F F Arded Ay, ddEA g

Adas Pstl & AREEte] R
1642bpe] ©Y WI=E  FA|8l+=  Babesia spp.ol YAA  JlA=

16



699121 (19.01%), F 7l wW== dAus]o] 956bpel 805bp= LFojA &
Hepatozoon spp.°ol Al A= 44918 (12.12%)Q9 k. 18]2  1642bp,
956bpe} 805bp 37He] wi== HYHo| Babesia spp.®¢ Hepatozoon spp.oll

Z87A 8 NA= 21912 (5.79%) 2 Y EFETH Figure 3, Table 5).

size

Figure 2. Analysis of PCR products of Babesia/ Hepatozoon spp. by 1.5% agarose
gel electrophoresis. The sizes of PCR product of amplified 18s rRNA of Babesia
spp. and Hepatozoon spp. are 1642 bp and 1676 bp, respectively. Lane M, 100bp

DNA ladder marker; Lane 1, 2, 4, Babesia spp.; Lane 3, Hepatozoon spp.

17



size

1676
1642
956
805

Figure 3. Analysis of PCR and PCR—RFLP products of Babesia/Hepatozoon spp.
by 1.5% agarose gel electrophoresis. The size of PCR—RFLP fragment of
Babesia spp. after digestion with Ps¢1is 1642bp and the size of Hepatozoon
spp.’s are 956bp and 805bp. Lane M, 100bp DNA ladder marker; Lane 1, PCR
product of Babesia spp.; Lane 2, PCR product of Hepatozoon spp., Lane 3, PCR—
RFLP product of Babesia spp.; Lane 4, PCR—RFLP product of Hepatozoon spp.;

Lane 5, PCR—RFLP product of coinfection of Babesia spp. and Hepatozoon spp.

Table 5. Result of PCR and PCR—RFLP for detecting Babesia/ Hepatozoon spp.
(n=363)

The number of Babesia/ Hepatozoon spp. (%)

Babesia spp. Hepatozoon spp. Coinfection
69/363 44/363 21/363
(19.01) (12.12) (5.79)

18



2. Babesia gibsoni cytochrome b2l SNP ZFA}

1) gurE gz

Babesiosis® A|Ftu FEHAdd Hdg 16wt }AE Fow
Babesia gibsoni X5 A CBC FHAA WBCe MCV, MCHY H2
A2 yebwth. 28y RBC, Hb, HCT, MCHC® A4 ¢ A7)
Uelyten], RDWE 5718k th(Table 6). o] 1672l % DA (Berenil®, MSD
Animal Health, USA)Z A& & Adsk 744 12vtg]e] dutd AyAL Ay}

AsA e A avkele] dwrgelziAb AnE wm BHE A, F o2

v}

ES RDWZE offt At Ao depov, Hdabds} ko] wo Aol

A A TH(Table?).

19



Table 6. The CBC results of dogs infected with Babesia gibson: before

treatment using DA (n=16)

enn Values Rerf:;zzce
Minimum Maximum
WBC (10/L) 15.41 + 9.10 4.0 39.24 6-17
RBC (10'4/L) 2.93 + 1.46% 1.06 5.92 5.5-8.5
Hb (g/dL) 6.30 + 2.81% 2.3 11.7 12—-18
HCT (%) 19.49 + 7.89% 9.8 34.0 37—-55
MCV (fL) 69.62 + 8.68 56.9 87.0 60—77
MCH (pg) 22.73 + 3.21 17.7 31.8 19.5-24.5
MCHC (g/dL) 31.90 + 2.24% 25.5 35.5 32—36
RDW (%) 19.39 + 4.641 13.5 29.4 12—-16
Platelet (10%L)  75.75 + 86.817 2 377 200—500

T Values, out of reference range

20



Table 7. The comparative analysis of CBC results from dogs between relapse

and non—relapse of babesiosis after treatment against 5. gibsoni using DA

Relapse Non—relapse Reference
(n=16) (n=4) p value range
WBC (10%/L) 11.74 + 5.06 9.86 + 1.93 0.58 6—17
RBC (10"/L) 6.33 + 0.62 457 + 1.48 0.16 5.50—8.5
Hb (g/dL) 13.93 + 1.27 12.13 + 2.50 0.12 12—-18
HCT (%) 42.33 + 3.28 38.03 £ 7.30 0.81 37-55
MCV (fL) 67.39 + 7.20 72.48 £ 5.95 0.65 60—77
MCH (pg) 22.15 + 2.26 23 + 0.85 0.61 19.5—-24.5
MCHC (g/dL) 32.90 £ 1.23 31.83 £ 1.56 0.69 32—36
RDW (%) 17.40 + 2.99% 16.43 + 1.25% 0.34 12—-16

Platelet (10%L) 255.64 + 158.94 256.25 + 181.24 0.58 200—-500

T Values, out of reference range

2) PCR ¥ €714¢€ &4

Babesia gibsoni cytochrome b ¢ 97| L9E &21&to] Asian Babesia gibsoni
cytochrome b/ (Genbank assession number AB215096)E 7]+ o &2 H|nl #2413}

Ay, 25 24 ) AR F F 12 3FolA SNP 7} YEE T °ol& % nt 44 9

21



nt 51 & X5 24(100%)702 Algolx del7k yEskow, nt 96 o Wol7}
et A5 13 M(54.17%), nt456 3 nt741 = 2 JH(8.33%) = LtERRTH
ol T ofmi=Ake] Agho] ElE H-e= EF 3 Folglern, FAl(Leu)ol
Hddebd(Phe) o2 X gE nt 507 ¢ SNP &= 1 71(4.17%), & (Val)o]
ol AFAI(Ile) o= X|3k% nt 604 ©F nt 856 ¢ SNP + Z+7zF 2 7(8.33%)<}
1 7H(417)= yebstek(Table 8). o] ofm:=qh gk 2 7] AlRelA
gtolx]9l o % Ut} babesiosis 7} AEEtA &S A|NA AEH B gibsoni
UEt) I3 babesiosis X & 2 Aakal A9} AEkslx] ke A Alole] B
gibsoni cytochrome b ¢ SNP $9IX|& Hluwst Ay, EE AlgoA] wWHo|7t
UERG nt 44 ¢} nt 51 o], AL WA B gibsoni cytochrome b o 4]
AsiA] ke A 2 nt 96(CTG>CTT) I nt 726(CCA>CCG)] SNP 7}
et ou, FAd Sddol 2 ofu| ke Ak YR 2 3kth(Table 9).
ok Adek JRA Alolel A DA 2 Am Y T Folgk Aol®: YEREA

okt
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Table 8. The frequency of nucleotide and deduced AA substitutions in B. gibsoni
cyth gene, compared with standard sequence of the B gibson/ cytb gene

(DDBJ/GenBank/EMBL accession number, AB215096)

Substitutions
Frequency (%)

Site Nucleotide Amino acid
nt 44 ACT>AAT - 24/24 (100.00)
nt 51 GGG>GGA - 24/24 (100.00)

CTG>CTT - 11/24 (45.83)
nt 96

CTG>CTA 2/24 (8.33)
nt 201 GCT>GCC — 1/24 (4.17)
nt 396 CTG>CTA - 1/24 (4.17)
nt 456 CCA>CCG — 2/24 (8.33)

TTG>TTT L169F 1/24 (4.17)
nt 507

TTG>TTA - 1/24 (4.17)
nt 604 GTT>ATT V6041 2/24 (8.33)
nt 726 CCA>CCG - 1/24 (4.17)
nt 741 TTA>TTG - 2/24 (8.33)
nt 856 GTT=>ATT V2861 1/24 (4.17)
nt 945 TTA>TTG - 1/24 (4.17)

L; Leucine, F; Phenylalanine, V; Valine , I; Isoleucine
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Table 9. Substitution sites of B. gibsoni cytb gene in dogs, (A) SNP of B. gibsoni cyth in relapse dogs, (B) SNP of B. gibsoni cyth

in non—relapse dogs, after treatment against 5. gibsoni using DA

(A)

Substitution sites

Relapse

Before treatment

After treatment

JAHBgO1
JAHBg02
JAHBgO03
JAHBg04
JAHBg05

JAHBg06

nt 96 (G>T), 742
nt 96 (G>T), 742
nt 96 (G>T), 742

nt 96 (G>T), 742

nt 96 (G>T), 742
nt 96 (G>T), 742

nt 96 (G>T), 742

(B) Substitution sites
Non—relapse
JAHBg07 —
JAHBg08 nt 201
JAHBg09 —
JAHBg10 nt 96 (G>A), 396, 456, 507, 604, 856
JAHBgl1 nt 96 (G>A), 456, 604, 726, 945

Except SNP in nt 44 and nt 51



T wXse A= T ME S22 S V|2 Haemaphysalis
longicornis, H. flava 9 H. japonica 7} H.i1%o] oW (24), =rfo] H %
Mol HE=E7uj7] AW o= anaplasmosis, ehrlichiosis, lyme borreliosis,
babesiosis 7} ATH(2, 6, 17, 42). =] 7H(4)$} AbeH(20) 9l A Ehrlichia spp.
9} Anaplasma  spp.°l gt AT AHAEEHAeH,  JelA A.
phagocytophilum(2)¥ E. chaffeensis(42)7} #A=E=HAY. AFAHe] H
longicornis N %= A. phagocytophilum 3} E. chaffensis 7} WAEJ 0™ (23),
wFolAMel A, phagocytophilum 3 Hi%E JOU(1), JlelAel FE-

H 3% dF g1t} Lyme borreliosis & A-$ Abstoll X Borrelia burgdorteri o 2] 3F

S~

Aartds lod AFAGelA FEE A e (33), A7IEu
o

FEo A A7

—_

1

off

A" A= dged17), ofA7HA . A=l

¢

Biue gk @8k Asfolo|A A canis 7} AZH A0 (26), AlFA ol A
A Has gloy sEHddA e d4AE AlbE £F 2 th Babesiosis 9
A9 AFAFA A Babesia spp. A AHIZE o™ (6), ofAlo} AFe|A= B

gibsoni ©| 23} canine babesiosis 7} % 2AEaL JTH(13).

AFEd 363 mte]o] e tdos =] wi) AWS AN A3, Babesia
spp.2} Hepatozoon spp.”}F 242} 19.01%, 12.12% = 1% AW, Hepatozoon

spp.ol ©57AAA A% 23 vtE(6.34%) KR tF. 3, Babesia spp.ol YAHES
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Bl JHA 69 wteE] S Hepatozoon spp.dl ZHAE %7 21 vgE 30.43% %

LERS . & JRAlel A ol JE=rui) ARl 5 A= Thsst, ol g

O

B oAy 5FAQ SR s IS WyAY dF At g Ao
ol Hh(25). H3H Hepatozoonosis A&d T2 A

dipropionate =(7), &A B gibsoni o 7} @A e F s
diminazene aceturate ©l st g dEA IdA Erh o]y olf =

diminazene aceturate & ©|83}9] B. gibsoni 739 st X5 Al  Hepatozoon

AFA G AE H  Jongicoinis N Anaplasma phagocytophilum 3

Ehrlichia chaffeensis 7} 7AZE 1 o(1, 23), B A3 A3} oA 71 Ald+=

=
o

otz ¢l Ao = YElT}E o]+ anaplasmosis @ ehrlichiosis ¢ 72-$ A& <l
s wWol ¥ wEo(18) AL Al7|9k Aol &= ALR FHHT
Ae7ld A= HEHdoy oae] S RI%A Zrorn=z Wnjo] we

23} 4B NHow FF F/HH 2L Aasih

Mol A Ee8]E B gibsoni cytochrome b A2 SNP o thdh FAfo] <k
2133 CBC #HAF Z3} babesiosis & ATy FEHI WY A A
hemoglobin, HCT, RBC ¢} d43 G 7HA47F 9o, RDW 9 S71e B4

Ty A5 F oFke] RDW 9 7= Hd o), Aukstx] ¢ke Aol Ajutsh
A Akele] CBC A3 Aol w93k Zol= [l oz yeet Add
MAL A5, A= olFoll& oAx3] B gibson/ ol ZFAE ] YA CBC AAMY

Z Apol7t gl Aoz yEEt ofd we, CBC 2= B3 IARt Babesia
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Babesiosis = Z &% 3kA}E diminazene aceturate = X &3 & B gibsoni
cytochrome b FZ1AFe] SNP & ZAFSH 2y F 12 329 SNP 7} &R1HIAh
a8y 71Eel B gibsoni 7FAolA atovaquone ©.E A& $ cytochrome b
nt363 ¢ SNP = MI1211 Wol7} I vh= AZAxet 2e(31), &

oAM= A= A3 5, AL ofFo] wpE SNP ok A9 o3 Aol=

re
-

e Aoz vebwth. Trypanosoma spp.$t Leishmania spp.9l 73-%-, DB75
(diamidine 2,5—bis (4—amidinopheyl) furan 75)¢} DB820(diamidine 2,5—bis
o

(4—amidinopheyl) furan 820)3 & aromatic diaminine FAFAES

HEFZ =g ol ol =3tew (27, 30), Leishmania © ©lE °FEd =% %

i

MERSeel ZuldTae] W mEZcelcl v A9 Pa® wYrhes,

ﬂJ

36). &=

L
2

G 7

. HAE vEZ=gol HHHfE B2 FY
| EZ =g o} dehydrogenases ¢+ F,Fo—ATPase ¢ a9 slakzxdy} o]
Rem, ol cytochrome ¢ oxidase A% ©vH THEAHY HAE
ok7|1$tth(39). AY7V Trypanosoma brucei 9 745, P2 wEHIAE FF
7159 &£40o] DA o gk Agd3 Aol UvH(15, 40). Babesia gibsoni ©]
Ao ATV 3 AZM & ATV 9502 22 & A0d 49 7 714 ofd
oA A kA EE cytochrome b EAH Aol SNP (Single nucleotide

polymorphism)7}  WERSth=s ZAMEAZE QR(31,  34).  o]g} ol
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Trypanosoma ¢t Leishmania ¢ 739 DA && fARAlo gk A& 7]4d&
adHA gom, B gbsoni © A% ATV o <93 Aoz <ld o=

F=5+= cytochrome /2] SNP o] thgh ¥ 7} gt}

oj¢} %ol Babesia spp.ol ZAFolE WEIEZ oo wdE ofm AL

714& 7Fd % 9o} cytochrome b 5429} diminazene aceturate ©l t 3

WA Bhd Aow Hol= SNP = YERHA Stk 28y & dAF-elA
g 9= cytochrome b o =&HJem = FFF cytochrome ¢ o gk
#7149 2AP} Bas,
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AT Al A he Hezlviz) AWs A7) 98, 125 whele] {713
238 miEle] AVSAS Ao R Anaplasma spp., FEhrlichia spp., Borrelia
burgdorteri, Hepatozoon spp., Babesia spp.°] THES A3, o5 5
Babesia gibsoni cytochrome b A%kl SNP o tjal ZApe 23 o3 4

AES AT

1. AT Ao ok 363 ulgle] MANA Anaplasma spp., Ehrlichia spp.,
Hepatozoon spp., Babesia spp.2] HAES ZAMSH A3} Babesia spp.”f
69 "] (19.01%), Hepatozoon spp.7} 44 wFe](12.12% )N A HAE o,
F YA 25 A" JAE 21 v (5.79%) 9Tk, Anaplasma spp.9+
Ehrlichia spp.7} AZ¥ 7/NA+= gidoh T3, 125 mlglE didoz 3|
7|E AAME ¢ AI Anaplasma phagocytophilum, A. platys, Ehrlichia

canis &+ Borrelia burgdorferi ©] A dAo] Fele /A= ALt

2. Babesiosis 2 AFUstnl FEH Y L3 16 vgE o= A=w
S 7 Aol Ro wel CBC A& wjwsk Axp Ak A ek A EskA
%o A Alo] CBC A¥eol #9Ale fldt).
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3. Babesiosis & AlFgsan =EH Yo YY3sted diminazene aceturate

(Berenil®, MSD Animal Health, USA) 2 X832 11 ulg] 7)Aol A Babesia

—~

gibsoni & 7A%3}o] cytochrome b F4Ae] SNP & XAFs Ay, Adsh

i

A eF A

O

b e A Aboll ol Aol glglom, A& A Fo

o R Afolk= AL

o

ool Az e H=ruiy) HEW F AFAGNA  Babesia spp.9t
Hepatozoon spp. 7} SR1EAoH, olE T ¥ Tt THAGIAJTE &S

Babesia gibsoni cytochrome b A9l SNP & ZAFSH A¥, 7 Ak

(A}

cytochrome b 4219} AAAH L g Aoz Azbw)

30



o], 2013. AT =F9 FEHA = "/ o FIUIATAH EH
ZAb AlFdistal tiskel. Al
o]40]. 2013. Molecular and Serological Detection of Anaplasma

phagocytophilum Infection in Shelter Dogs in Seoul. A& tfsrw tfshy.

ST T dxsEdd. e LE 33t 1997.

Kim TH, Kim YH, Choi JH, Park HJ, Chung DW, Kim DH, Song KH.
Seroprevalence of Dogs with Dirofilaria immitis, Anaplasma
phagocytophilum, Borrelia burgdorferi and Ehrlichia canis Infection in the
Daejeon City and Kangwon Province. J Vet Clin 2010; 27: 631 —634.
Masuda T, Baba E, Arakawa A. Relapse of canine babesiosis after
prednisolone treatment. Mod Vet Pract 1983; 64: 931 —-932.

Seung Tae O, Ho Choon W. Prevalence of Babesia spp. in dogs of
Seogwipo—si, Jeju—do, South Korea. Korean journal of veterinary
service 2009; 32: 377—380.

Baneth G. Perspectives on canine and feline hepatozoonosis. Vet
Parasitol 2011; 181: 3—11.

Baneth G, Harmelin A, Presentey BZ. Hepatozoon canis infection in two

31



10.

11.

12.

13.

14.

15.

dogs. J Am Vet Med Assoc 1995; 206: 1891 —1894.

Baneth G, Weigler B. Retrospective case—control study of
hepatozoonosis in dogs in Israel. J Vet Intern Med 1997; 11: 365—370.
Birkenheuer AJ, Levy MG, Breitschwerdt EB. Development and
evaluation of a seminested PCR for detection and differentiation of
Babesia gibsoni (Asian genotype) and B. canis DNA in canine blood
samples. J Clin Microbiol 2003; 41: 4172—4177.

Bjoersdorff A, Svendenius L, Owens JH, Massung RF. Feline granulocytic
ehrlichiosis—a report of a new clinical entity and characterisation of the
infectious agent. J Small Anim Pract 1999; 40: 20—24.

Boozer AL, Macintire DK. Canine babesiosis. Vet Clin North Am Small
Anim Pract 2003; 33: 885—904.

Boozer L, Macintire D. Babesia gibsoni: An emerging pathogen in dogs.
Compend Contin Educ Vet 2005; 27: 33—42.

Breitschwerdt EB, Hegarty BC, Hancock SI. Sequential evaluation of
dogs naturally infected with FEhrlichia canis, Ehrlichia chaffeensis,
Ehrlichia equi, Ehrlichia ewingii, or Bartonella vinsonii. J Clin Microbiol
1998; 36: 2645—2651.

Carter NS, Berger BJ, Fairlamb AH. Uptake of diamidine drugs by the P2
nucleoside  transporter in  melarsen—sensitive and  —resistant

Trypanosoma brucei brucer. J Biol Chem 1995; 270: 28153—28157.

32



16.

17.

18.

19.

20.

21.

22.

23.

Chen SM, Dumler JS, Bakken JS, Walker DH. Identification of a
granulocytotropic FEhrlichia species as the etiologic agent of human
disease. J Clin Microbiol 1994; 32: 589—595.

Choi US, Kim HW, You SE, Youn HJ. A suspected case of Lyme
borreliosis in a hunting dog in Korea. J Vet Sci 2009; 10: 89—91.

Dryden MW, Payne PA. Biology and control of ticks infesting dogs and
cats in North America. Vet Ther 2004; 5: 139—154.

Farwell GE, LeGrand EK, Cobb CC. Clinical observations on ZBabesia
gibsoni and Babesia canis infections in dogs. J Am Vet Med Assoc 1982;
180: 507—-511.

Heo E, Park J, Koo J, Park M, Park M, Dumler J, Chae J. Serologic and
molecular detection of FEhrlichia chaffeensis and  Anaplasma
phagocytophila (human granulocytic ehrlichiosis agent) in Korean
patients. J Clin Microbiol 2002; 40: 3082—3085.

Irwin PJ, Hutchinson GW. Clinical and pathological findings of Babesia
infection in dogs. Aust Vet J 1991; 68: 204—209.

Jacobson LS, Clark IA. The pathophysiology of canine babesiosis: new
approaches to an old puzzle. J S Afr Vet Assoc 1994; 65: 134—145.

Jae Young O, Bong Chun M, Bo Kyoung B, Shin EH, Young Hwan K,
Young Joo K, Yong Ho P, Joon Seok C. Genetic Identification and

Phylogenetic Analysis of Anaplasma and Ehrilichia Species In

33



24.

25.

26.

27.

28.

29.

Haemaphysalis Longicornis Collected from Jeju Island, Korea. JBV 2009;
39: 257—-267.

Kim BJ, Kim H, Won S, Kim HC, Chong ST, Klein TA, Kim KG, Seo HY,
Chae JS. Ticks collected from wild and domestic animals and natural
habitats in the Republic of Korea. Korean J Parasitol 2014; 52: 281 —285.
Kordick SK, Breitschwerdt EB, Hegarty BC, Southwick KL, Colitz CM,
Hancock SI, Bradley JM, Rumbough R, McPherson JT, MacCormack JN.
Coinfection with multiple tick—borne pathogens in a Walker Hound
kennel in North Carolina. J Clin Microbiol 1999; 37: 2631 —2638.

Kubo M, Jeong A, Kim SI, Kim YJ, Lee H, Kimura J, Agatsuma T, Sakai
H, Yanai T. The first report of Hepatozoon species infection in leopard
cats (Prionailurus bengalensis) in Korea. J Parasitol 2010; 96: 437—439.
Lanteri CA, Tidwell RR, Meshnick SR. The mitochondrion is a site of
trypanocidal action of the aromatic diamidine DB75 in bloodstream forms
of Trypanosoma brucei. Antimicrob Agents Chemother 2008; 52: 875—
882.

Lanteri CA, Trumpower BL, Tidwell RR, Meshnick SR. DB75, a novel
trypanocidal agent, disrupts mitochondrial function in Saccharomyces
cerevisiae. Antimicrob Agents Chemother 2004; 48: 3968 —3974.

Little SE. Ehrlichiosis and anaplasmosis in dogs and cats. Vet Clin North

Am Small Anim Pract 2010; 40: 1121—-1140.

34



30.

31.

32.

33.

34.

35.

Mathis AM, Holman JL, Sturk LM, Ismail MA, Boykin DW, Tidwell RR,
Hall JE. Accumulation and intracellular distribution of antitrypanosomal
diamidine compounds DB75 and DB820 in African trypanosomes.
Antimicrob Agents Chemother 2006; 50: 2185—2191.

Matsuu A, Miyamoto K, Ikadai H, Okano S, Higuchi S. Cloning of the
Babesia gibsoni cytochrome B gene and isolation of three single
nucleotide polymorphisms from parasites present after atovaquone
treatment. Am J Trop Med Hyg 2006; 74: 593—597.

Matsuu A, Yamasaki M, Xuan X, Ikadai H, Hikasa Y. In vitro evaluation of
the growth inhibitory activities of 15 drugs against Babesia gibsoni
(Aomori strain). Vet Parasitol 2008; 157: 1-38.

Moon S, Hong Y, Hwang KJ, Kim S, Eom J, Kwon D, Park JH, Youn SK,
Sohn A. Epidemiological features and clinical manifestations of Lyme
borreliosis in Korea during the period 2005—2012. Jpn J Infect Dis 2015;
68: 1—4.

Sakuma M, Setoguchi A, Endo Y. Possible emergence of drug—resistant
variants of Babesia gibsonrs in clinical cases treated with atovaquone and
azithromycin. J Vet Intern Med 2009; 23: 493 —498.

Schouls LM, Van De Pol I, Rijpkema SG, Schot CS. Detection and
identification of Ehrlichia, Borrelia burgdorferi sensu lato, and Bartonella

species in Dutch Ixodes ricinus ticks. J Clin Microbiol 1999; 37: 2215—

35



36.

37.

38.

39.

40.

41.

2222,

Sereno D, Michon P, Brajon N, Lemesre JL. Phenotypic characterization
of Leishmania  mexicana  pentamidine—resistant  promastigotes.
Modulation of the resistance during in—vitro developmental life cycle. C
R Acad Sci IIT 1997; 320: 981 —987.

Shaw SE, Day MJ, Birtles RJ, Breitschwerdt EB. Tick—borne infectious
diseases of dogs. Trends Parasitol 2001; 17: 74—80.

Skotarczak B. Canine borreliosis—epidemiology and diagnostics. Ann
Agric Environ Med 2002; 9: 137—140.

Soto IC, Fontanesi F, Valledor M, Horn D, Singh R, Barrientos A.
Synthesis of cytochrome ¢ oxidase subunit 1 1is translationally
downregulated in the absence of functional F1FO—ATP synthase.
Biochim Biophys Acta 2009; 1793: 1776—1786.

Teka IA, Kazibwe AJ, El—Sabbagh N, Al—Salabi MI, Ward CP, Eze AA,
Munday JC, Maser P, Matovu E, Barrett MP, de Koning HP. The
diamidine diminazene aceturate is a substrate for the high—affinity
pentamidine transporter: implications for the development of high
resistance levels in trypanosomes. Mol Pharmacol 2011; 80: 110—116.
Tozon N, Petrovec M, Avsic—Zupanc T. Clinical and laboratory features
of the first detected cases of A. phagocytophila infections in dogs from

Slovenia. Ann N Y Acad Sci 2003; 990: 424—428.

36



42. Yu D, Li Y, Yoon J, Lee J, Lee M, Yu I, Chae J, Park J. Ehriichia
chaffeensis infection in dogs in South Korea. Vector Borne Zoonotic Dis

2008; 8: 355—358.

37



	I. 서 론                    
	II. 재료 및 방법    
	III. 결 과                    
	IV. 고 찰                   
	V. 결 론                   
	VI. 참고문헌 참고문헌 참고문헌 참고문헌                   


<startpage>8
I. 서 론                     1
II. 재료 및 방법     5
III. 결 과                     15
IV. 고 찰                    25
V. 결 론                    29
VI. 참고문헌 참고문헌 참고문헌 참고문헌                    31
</body>

