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Abstract

Clinical Efficacy of Atovaquone/Proguanil
and Azithromycin Combination Therapy

in Dogs Naturally Infected with Babesia gibsoni

Daekeun Lee

(Supervised by professor Kyoungkap Lee)

Department of Veterinary Medicine,

Graduate School, Jeju National University

This study was performed to estimate evaluate the clinical use of
combination therapy with atovaquone/proguanil and azithromycin
combination as an equivalent treatment in dogs naturally infected with
Babesia gibsoni. Eight mixed—dogs infected naturally with B. gibsoni were
used in this study. Four dogs of experimental group (No. 1—4) were
received atovaquone/proguanil and azithromycin therapy and the other four
dogs of control group (No. 5—8) were administered diminazene aceturate.
All the dogs in this study showed mild to severe anemia and
thrombocytopenia. B. gibson/ in blood smears was also disappeared after

initiation of treatment. All of the experinmental group PCR analysis showed



negative results during the observation period, but more than 1 dog of
control group PCR analysis showed continuous positive results during the
observation period. In this study, we evaluate therapeutic effectiveness of
atovaquone/proguanil and azithromycin combination drug therapy.
atovaquone/proguanil and azithromycin combination drug therapy can
significantly lower B. gibsoni parasite levels and the results suggest that the
therapeutic protocol is a new candidate for effective treatment in dogs

infected with 5. gibsoni.

Key words : Babesia gibsoni, Atovaquone/Proguanil, Azithromycin, Diminazene

aceturate, Dog.
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HpEAlob= AAAIA 0= A <F, wiA, 2, T, ARl =Tl ofsf Ay

ol
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454 Aoltt4, 71. /AE] wiwiNol= AA FHAoR AY Y P e
2 Uy, 8 yekE b5 ofr|of AA XN = Haemaphysalis longicornis
?} Haemaphysalis bispinosa’?} "\ 7W3l+= Babesia gibsoniZ7} +% A3 Q)
o} [13]. ol#gt B gibsonic YRPH R FE7]e] F8e| o8 7l (7],
AAACENE FE[4] 9 EAolBE F3 Hvbzr Fol M= Aadn
[6]. B. gibsoni= RAE717F 2 &5ste BHEH AL o277+ WA s}
ARk, H AFE BN ofy el 7 o] B A7k A E L Y15, 24].
vhu|Ajobe] FH AAFTALS S8 W mE A FAhxo|, 1l

a0 3, 2d, AEAsE Fe, e W HAASE Yebdt3, 61 AA7t

F2rgo] glom[8], k& tigh WAde e W =2 ARET F2 EAF]
Bu¥3 rh[31]. g=20°] diminazene aceturate™ T o] AAto] A 917

el o]

i

Al e thA okEo] Hesh AAoltt. FHF afE Ikl ==
lincosamideAdl 38 A<! clindamycin, tetracyclineAd] 3 A]<1 tetracycline @}
doxycycline 18] 3l nitroimidazole Al &2 #|Q1 metronidazole 5| B. gibsoni
A5 AREEI o, 370E o] 11 Fof Ato] AQEW, 54 Ao}

a4 Aell= 4

=)

2o pzAQ 7wy Qs AoF A Qri(18, 32].
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olg]dt EA|H o7 Qsty] HZ B gibsoni® X8| thdt theksk Ayt 2

A 31 QIt}d. Atovaquone® B, gibsoniol Wdr A& @37} By

2
>
ofo
i)
32

OuH[1, 17, 19, 221, atovaquone? @& X F oA cytochrome A & nt3639]

/] methionine®] isoleucine®.® wAE+= M1211¢] 2#HO 2 atovaquonedl

£
r—|~'

A AdFo] Yy Agdcty sith[14, 21, 30]. o5 WSk 5

Q)&= azithromycin® A X 57 R PO, o] TS 7] vlwA|ol X Fef &

VAl

o)At EAS eha] AEAINA Eas A

rir
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=

e

HA QtH2, 12, 26].

FHZols ARelAA A4 A 2eteols oW, ARske oFEEA AHEH

+ atovaquone¥ proguanilt A& &3+ B gibsoni A5 @37 RIEHJITH[9,
10, 25, 29]. @A atovaquone/proguanil &A7F M12119] && S A= 7]
AL AFER kot %7 B gibsoni X8 &3A<Ql Zlor AdyA At}

[9, 10].

B Ao = B gibsonil A A" Jiol A atovaquone/proguanil¥}

azithromycin® WE FoE F3| 7|£2 X549 diminazene aceturate2}9]

p

b,

Ag &7 WE B8
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B. gibsonil A #EE 199 o]5te] gvke] E A AT
A 7% bl A, QAFAE, AARAD 2 AzAE AAsdr)
(Table 1). S AFUm QT2 229989 5AL wob A4

o] F3&lo] AAIEATHR2014-0008). BE Ad e Ad A 7)EZAQ WAl

3 PES BE vhA AEglon, wpAel wa o #9% Aug #d A
g qlolth AY A BE AR AV e, Wege Ae dasn 5
o Qe YEQth BE A 2ol Giemsa 94 & WAnA A

oA AdT wpHAlof o4 SAIZE ZlE Sl

ni|Alop ZEo]l gl 8ntge] JNE FERIE AdAste] atovaquone /
proguanil?} azithromycin B8 Fo] A3 4v}g] (No. 1~4) 9 7]1& =549l
diminazene aceturateE T X8 =2 3= X 47g] (No. 5~8)F 5o A

dakgieh. A@2o 1, 2, 39 AAeh 2o 5,6, 7H AAE BF o ojn]g



Ao 2 L2 oA ARSI glor, AR 4W, Uzt 89 JiA=
ojul7} & ATk A+ atovaquone (13~20 mg/kg)/proguanil (5~8
mg/kg) S 1Y 8AIF HAS R 1097 AT FoI8kgl e, azithromycin(8~12

mg/kg)< 19 13 10947 AF  FAskglt. o272 diminazene

-

Ao w1

S

aceturate (4~5 mg/kg) S 1FYe] 13 & 33 28 FAEICH EA]q
A

tetracycline (5 mg/kg) ¥ clindamycin(10 mg/kg) S 19 12A]7F

=

o Eeb AT FolStH17, 25, 30]. WAL BIAAL Giemsa P4
A4 9 PCR RAME F 2 BE A9 A4 39, 109, 20205} 30204 A4 8

t} (Figure 1).

Table 1. The clinical signs of dogs before treatment and medicine
administration protocol

No Age Sex HCT PLT Parasi— Clinical signs Administration
(month) (%) x10%w)  temia(%) protocol
1 6 male 31.8 388 8 Anorexia Atovaquone 13~20
- mg/kg, PO, q8 hrs for
6 male 34.3 266 14 Anorexia
10 days

3 6 male 16.0 2 42 Anorexia, Proguanil 5~8 mg/kg,
Depression PO, g8 hrs for 10 days

4 12 female 13.0 100 36 Anorexia, Azithromycin 8~12
Pale mucus mg/kg, PO, q24 hrs for
membrane 10days

5 6 male 25.4 3 44 Anorexia Diminazene aceturate
Depression 4~5 mg/kg, IM, once a

6 6 female 34.0 377 22 Anorexia week total 3 times

- injection

7 6 male 19.8 28 42 Anorexia, Tetracycline 5 mg/kg,
Pale mucus Clindamycin 10 mg/kg
membrane, PO, q12 hrs for 14days

Hemoglobinuria
8 8 male 33.7 2 48 Anorexia
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Days after infection
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Figure 1. Schedule of CBC, serum chemistry, PCR, Giemsa staining and administration in each group.



e AF Y da2 AF 3Y, 104, 20€3 30940l sdsiA Ao

ku

AEeG o™, EDTA-3K®} Heparin FHe| Z4zF B3¢0 daed %

Hato] 1AIZHERE Al

o

T #HvFow AT AHES BT EEdA
Ad+ 1,000/ 5ol e AE7 (permillage; %) = HERHSIT. &4
- AAHCBC) = MEK—-6450 (NIHON KODEN, Japan) “H| =

g3 7 A= Cobas Cl11 (ROCHE, Switzerland)& ©]€3ke] alkaline
phosphatase (ALP), alanine aminotransferase (ALT), total bilirubin(T—BIL),

blood wurea nitrogen(BUN), creatinine(CREA), total protein(TP),

o
I
oX,
ol
o

i

albumin (ALB)

4. PCR &AL

d= DNA = G-DEX™ I b DNA Extraction Kit &= (iNtRON
Biotechnology, Korea) ©]&3slo] %3t} PCR °f AI&3 2= Al DNA

+%+ 100 ng/wt (NanoVue, GE Healthcare, UK) 2 27 3}t

Ao AMEEH primer set = 18S rRNA 9] X2 Bapesia/Hepatozoon

B SEA7)= 3% primer set & AFESFITE (Table 2) [5, 11, 20].



Table 2. Oligonucleotide sequences of primers used to detect Babesia gibsoni

and Hepatozoon canis

Primer set Tm Sequence (5'—3") Size (bp)
CBabe—18sF GTT GAT CCT GCC AGT AGT
59T 1676, 1761
CBabeB—18sR AAC CTT GTT ACG ACT TCT C

PCR & Forward primer 10 pmole, Reverse primer 10 pmole, 10x PCR
Buffer 1x, dNTP mixture 2.5 mM each, Top—Tag™ 0.5 unit, DNA (100
ng/p) S E3 20 w WEgSAM e PCR > TM 600 thermal
cycler(TAKARA Shuzo, Japan)& ©ol&3dtiewn, =A== 94 C 8 &,
el 38 AolZelA 94 T 30 %, 59 T 20 %, 72 T 30 %, 181

wpxw 72 C 5 o2 Y. ¥%F primer & ©|$3%t Babesia spp. 9

o\

Z37|% 1,676 bp, Hepatozoon canis 2 +<3%37]+= 1,761 bp ©|t}.

A

ol

PCR A&ES 1.8% agarose(EtBr) A #d7]gdFoxw st on, =

Babesia spp ¢ Hepatozoon canis & T'23}7] £3lA

o
=
3
(]
=
oZ
o)
>,
il
ofN

PCR—-RFLP & 4338} t}. PCR-RFLP + PCR A& 5 w, Enzyme (PST1)
1 ul, 10x H Buffer 1 0, =7+ 3 WE ¥33F 10 f mixture 5 2 A|ZHE9h

37 °C oA wioksla, 2% agarose (EtBr) A A7]9 502 3Hlstict.



1. EAHZUHA

Re Ad A darsd A Akl AdT Wl Fdd RS 1.1~2 x

1.2~4 m® 9% B gibsoni 7} #2= 1t} (Figure 2).

(o]

A8 7 8uty] BE oA g A, 3Y, 10Y, 2094 283 304A A}

g Al & F53] 445 AE 104 & FAE dAu)A oA B s S+ gl
Fom, thxT 9A] HE 204 F FAE ddAv)Ad Ao #FEE £ QT
(Table 3).

Figure 2. Microscopic observation of B. gibsoni merozoite in circulating
erythrocyte (red arrow), Giemsa staining (x1,000).
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Table 3. Parasitemia (%) in experimental and control group

20 30

Day
10

Parasitemia
(%)

1

Experimental

14
42
36
44
22
42
48

Control

-t

Klo
<0

ol

o, A 7)) 2% A5 & 10

510,

A& YERA kbt (Table 4).

=
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Table 4. Clinical signs in experimental and control group

Day

Clinical signs
0 3 10 20 30

Experimental 1 AN (++) AN (+) - _ _

2 AN (++) AN (+) — - —

AN(++) 3 B B
3 DE (++) AN(+)
n AN(++) AN(++) _ _
PM(+++) PM(+)
Control 5 ANGHH N _ _ _

DE (++)

6 AN(++) AN(+) - - -

AN(++) AN(+)
7 PM(++) PM(+) - - -
HU(++) HU(+)

8 AN (++) AN (+) - - -

(AN: Anorexia, DE: Depression, PM: Pale mucus Membrane, HU: Hemoglobinuria)
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Figure 3. Changes of HCT and Platelet value in each dog of experimental group.
(M: HCT, 4: Platelet)
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Control group; Dog 5
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Figure 4. Changes of HCT, and Platelet value in each dog of control group.

(M: HCT, 4: Platelet)
ATy dx2T BF AR Aol mE YA SolAkdke &2l 3 4 gl
Atk (Table 5). A5 WE F 1+ EFolA o4 Qe Wshe YepA] &k

.
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Table 5. Serum chemistry of the experimental and control group

Day
0 3 10 20 30
Experimental 163*67°% 171141 164+99 134+54 114+47
ALP
(U/L)
Control 114+43 120+56 168+62 129+55 137+27
Experimental 23.3%7.6 11.5+5.9 31.5+23.8 19.0+9.0 18.8+5.6
ALT
(U/L)
Control 13.842.2 2434273 21.0+10.1 16.8+14.4 21.8+19.0
Experimental 0.28+0.35 0.1550.17 0.15+0.10 0.13+0.06 0.10+0.04
T—BIL
(mg/dL)
Control 0.1+0.01 0.1+0.08 0.12+0.05 0.11£0.03 0.13+0.02
Experimental 10.5%1.0  9.8%£29  135%+1.7 13.8+3.6 13.843.6
BUN
dL
(me/dL) Control 16.0+1.8 105+4.8 16.0+27 12.0+22 12.3+35
Experimental 0.35+0.17 0.38%0.17 0.43+0.05 0.43+0.09  0.50+0
CREA
(mg/dL)
Control 0.75+0.57 | 043026 055%+0.13 0.5+0.14 0.50%+0.11
P Experimental  4.5+0.3 48+1.2  4.9%0.7  44+07  4.2+07
dL
(g/dL) Control 41506 4603  4.9+0.4 3.9+1.2  4.0+1.1
Experimental 2.2+0.17  2.3+0.33 2.8+0.29 27+0.62 2.3%0.36
ALB
(g/dL)
Control 2.170.34 2.6+0.47 3.0+0.30 2.4+088 2.1+0.50
4 Mean = SD
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4. PCR &At

PCR ¥% primer® A4S Holx= JHA(Figure 5)= B gibsoni%

Hepatozoon canis< 73 = Q7] Eo] AstasrE £33 PCR—RFLP #HA}

~
(o]

ol BF7} B. gibsoni®] ©57AS Akt (Figure 6). ©]$ A% 34, 10
A, 2043} 304 el PCRE A 54+ 9 49 FHE elsklvh A5 1094
Y= do A7) PCR Ao, AdTAAE B =
A okgkom ) dizTel 6WlE 8¥ JiAllA odsE] Fdo] HolE Ees &
l & & Stk(Figure 7). AR5 2094¢] PCR Aol HAAToNM= B,
gibson7} A E A ko oAM= 5 7TH JNAA B gibsoniZt FF

&2 B @ 5 Ytk = AR 3098 PCR AIFAA

&
2
ol
2
o
~
=2
R
rir
S
09

o
%)

Q

S

N
B
X
rO
i)
2
&O

Fokom, e 7 7)Aol At

B. gibson7} A= 3= A AT 4 AT (Figure 7).
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Experimnetal Group Control Group

M NC PC Dog Dog Dog Dog Dog Dog ‘Dog Dog

No.l. No.2. No.3. No4. No5 No6. No.7. Nos8.

2000bp <o ) T ey — — ot <—1676bp

1000bp
500bp

Figure 5. PCR (Day 0) ; Representative electrophoretic agarose gel showing
the results of single PCR assay for detection of B. gibsoni and H. canis 18s
rRNA gene; All the dogs were infected with B. gibsoni or H. canis (M): 100

bp ladder, (NC): negative water control (PC): positive control sample.

Experimnetal Group Control Group

M Dog Dog Dog Dog Dog Dog Dog Dog
No.l No2 No3 No4 No5 No6 No7 No8

2000bp
1000bp
500bp

P~

Figure 6. PCR—RFLP (Day 0); Pstldigest PCR—RFLP banding patterns

using 1.8% agarose gel; All the dogs were infected with B. gibson/ only.
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® Experimnetal Group Control Group

PC Dog Dog Dog Dog Dog Dog Dog Dog

No.l. No.2. No3. Nod4d. Nob5. No6. No.7. Nos8.

2000bp « 1676bp
1000bp

500bp

Experimnetal Group Control Group
Dog Dog Dog Dog Dog Dog Dog Dog
No.l. No2. No3. No4 No5 Nob6. No7. Nos8.
2000bp « 1676bp
1000bp

500bp

© Experimnetal Group Control Group

M Dog Dog Dog Dog Dog Dog Dog Dog

No.l. No.2. No.3. Nod4. No5 Nob. No.7. No.s8.
2000bp

— « 1676bp
1000bp [
500bp

Figure 7. Electrophoresis analysis of DNAs amplified by PCR.
(A) (Day 10); dog 6, dog 8 infected with B. gibsoni.
(B) (Day 20); dog 5, dog 7 infected with B. gibsoni.

(C) (Day 30); dog 7 infected with B. gibsoni.
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H AT 2dske gEo] Iy wAg e FAakd ofe] whE W=7 wi) A
W]l wpE Aok Zhedo]l Frbelal e FAloItH[27]. FElvEtel M= AT
AE] o] FrYAA|RE, FHToe A olF A 7bA] mpH|Alol7 KAl =
5 9 Aol sFHHA AL ATH[15, 24]. A 2 UEE v 23 ofAo} A
Aol A2 AN =V (Haemaphysalis — longicornis) 9F  7FANS3] F 2 =7
(Haemaphysalis bispinosa) 7} "W/Wel+= B. gibsoniZ} B E 11 Qt}[13]. o]
St ol 2 MAIZORE B gibsonol et thekst AF7F 28 E a1, atovaquone
o ©& X 5[1, 14, 19, 21], atovaquoned azithromycin A [2, 26], 18 1
atovaquone¥} proguanil®] A & ©iFst x5 W el oidt A7t JeE 3

9ltH[9, 10, 17, 22, 28]. § <kEE2 BHE %x7] vhu|r|ole] E3] g7}t Q=

O

AoZ By Hom g B TAZ Aste] o]F Hekstr] st FA7F
FZ¥E3 vy, E3]  atovaquone¥  proguanil® &A1l Malarone®

(GlaxoSmithKline, UK)2 #Hoj §AF5283 A2 H&8S 7MA 1 ¢lom,

QA A48g olAlstel FAF 482 dhw wuEo] (25, 20]. WA

atovaquone/proguanil A7} M12112] 23S A stE= 7| A A5 A %Sk

oy, =7 B gibsoni Xz mIA Fo=w dHA i[9, 10]. TS



71% diminazene aceturate$} Bl sty &3S AR 2} sFA T}
B. gibsoni®l A e 8wula] 9] NE FAAy 4ulg] A

atovaquone/proguanil A9} azithromycine WE Fo3tes A+

= APspl=dl, 8t Ve F 67t s omo AN Bloju EF S A
oA AR JRAEAN AdEE vt SF weE Ad Ay wskE
Hastd & St T 7 BT 8 W BRERAY AR e kA stk A
Ab, AL Giemsa @84S 3 d9 =% A PCR % PCR-RFLP = 4
Alstl o, B gibsoniol ZAE el AA T 304 AES W3St
gz Am ZREZLS 7|ES B gibsonel W$ diminazene aceturate
A7 Wi wet A48 tH[17]. Diminazene aceturate®] X5 &3 4 F2
Goll teire= A B ATE Tl gHNeH, A5 A e w2

ARES] Bebs 9 ddTAES P 3

rir

Aoz 4#A tetracyclined
clindamycing ®HFA o2 2739 t}t. Clindamycine IARE HIS 7F3HA
71e FAAE LA e, FAFAEN B gibsoniz PI1EASA7I= a7
7 BauEQeh[(32]. =gt A9 X5 dst &% W §WE atovaquone
azithromycin, 12}l proguanil $rAlo] 3 7]ES] AFE EE X 53RO
w, A¥TFAE=  atovaquoneo]l AR FH S 319, proguanild
azithromycin> W& Aty X5 a3 A7l o =88 7+ 32
2 BIEH9].
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B. gibsoni7}

|5 39 o]F

o
A

PCR A¥} AellA A

Matsuu 5 (2004) 2]

ol=

= e

/\C-)Ig

KR
=t

Lo %

(2007) 9] atovaquone® azithromycin &

L=
[€)

atovaquone Y55, Jefferies

A Am s Aot

Sk
H

(2013) 9] atovaquone/proguanil

L=
[€)

, 18] 31 Iguchi
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U, PCR A¥eofA A3 104 F 6Wy 8 2704, 204 5 53 7+ 2704,

304 & 79 1AM ok B. gibsoni7t BAH = Eus WERASITE o]

Fl

O

ol 14Y43te] AR7F B3 AU, AUl s Wdo] AAHAS Aow A
H A= sdst A5HRY Fol 209 o]FFH PCR
o} diminazene aceturate©] th3F W

H
A BHE & ARS F59 = 7 vk o= Wickramasekara 5 (2012) 9]

Aol wdof w2 4% X2 doxycycline®} metronidazole¥ 72 A A 2]
3NE olde 21 MA7F 4Qee Aow At

B o] AE %A atovaquone/proguanil A9} azithromycin®

rU?L‘

fFoo| wE B gibsons X =) dls|A sk ek Al gyE AT
AN o, diminazene aceturate X|& ¢} Bl sto] vpw|AJo} 7FF o]l 27| X7

urh wE Gvbh 9 RS B e Andn 2 okEd

i

Al

il
fot

3 orobry] gl FF o Be A7 faEolol & Aow AZwT 1
g Aw $4e G493 fofary] AL ARDH ARE TEL 5 glo]of
313, B. gibsoni FAE A% AT & 9 AART-PCRI S Ha@dvid =

o AgsiA Amads AFIE 7 Asle Ao ARdn
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v.d &

Babesia gibsoni®| A 7Z9¥ F 8uig]9 7lE % atovaquone/proguanil
kA ¢} azithromycing B8 Foldt 4701412 238+ diminazene aceturate$}
tetracycline, clindamycins ¥E Fo43F 470419 2Tl X5 235 vl

g A et vk

1. 9357, 2984 283 Giemsa 94 =2 AAF Ay AET 470A 1A
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