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Abstract : This study was performed to estimate the clinical use of combination therapy with atovaquone/proguanil
and azithromycin as a effective treatment in dogs infected with Babesia gibsoni. Eight mixed-breed dogs that were
infected naturally with B. gibsoni were used in this study. Four dogs (No. 1-4) as experimental group received
atovaquone/proguanil and azithromycin therapy. As for the other four dogs as the control group (No. 5-8) were
administered diminazene aceturate and tetracycline/clindamycin. All the dogs in this study showed mild to severe anemia
and thrombocytopenia. After initiating the treatment B. gibsoni in blood smears disappeared. PCR analysis of the
experimental group showed negative results during the observation period, but more than one dog from the control
groups showed continuous positive results. Atovaquone/proguanil and azithromycin combination therapy can signifi-
cantly lower the B. gibsoni parasitemia levels and the results suggested that this combination therapy should be a
new protocol for an effective treatment in dogs infected with B. gibsoni.
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upAlote]] ZHE gulE]E FARIR 4ntd 7 U o
Z Ut Atovaquone/proguanil®} azithromycin ¥H-8 F
o (No. 1~4)& A¥dFo=z, 7]& A< diminazene
aceturate®} tetracycline/clindamycin & Fi+(No. 5~8)
< dxo® Stk A2 atovaquone (15 mgkg)/
proguanil (6 mgkgye 1€ 8AIZF 7HEo 2 1047 A+ F
oJ3}93 32, azithromycin (10 mg/kg)y 19 13 1097F A+
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Aol 13] F 33] 25 FARIN O™ A9l tetracycline (5
mg/kg)?} clindamycin (10 mgkg)S 19 12A]7F 7HHo =
144 F<t 737 FASATH2,14).
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PCR A

= DNAE G-DEX™ II b DNA Extraction Kit (iNtRON
Biotechnology, Korea)g& AR&-3t] FZ3}30th. PCRS 91
RE A9 DNA F=E 100ng/ul (NanoVue, GE Health-
care, UK)Z 24315

A&ol] ARE-E primer set= 18S rRNAS| U¥-2 . Babesia/
Hepatozoon 255 SEZA7]E= &% primer sets A&-31%)
o™, Babesia spp.2l SE371E 1,676 bp, Hepatozoon
canis®] SZ371+= 1,761 bpe]th(Table 2) (5,10,17).
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Table 1. The signalment, blood chemistry, clinical signs of experimental dogs and administration protocol of medicine

No Age (month) Sex

HCT (%) PLT (x 10%/ul) Parasitemia (%)

Clinical signs Administration protocol

1 6 male 31.8 388 0.8 Anorexia
2 6 male 34.3 266 1.4 Anorexia Atovaquone 15 mg/kg, PO, q8
. hrs for 10 days
3 6 male 16.0 2 4.2 Anorex?a, Proguanil 6 mg/kg, PO, q8 hrs
Depression for 10 days
Anorexia. Azithromycin 10 mg/kg, PO,
4 12 female 13.0 100 3.6 Pale mucus 924 hrs for 10days
membrane
5 6 male 25.4 3 44 Anorexia
Depression
. Diminazene aceturate 5 mg/kg,
6 6 female 34.0 377 22 Anorexia IM, once a week total 3
Anorexia, times injection
Pale mucus Tetracyclne 5 mg/kg,
7 6 male 198 28 42 membrane, Clindamycin 10 mg/kg PO,
Hemoglobinuria ql12 hrs for 14days
8 8 male 33.7 2 4.8 Anorexia

Table 2. Oligonucleotide sequences of primer set used to detect Babesia gibsoni and Hepatozoon canis

Primer set Tm

Sequence (5'-3")

Size (bp)

CBabe-18sF
CBabeB-18sR

59°C

GTIT GAT CCT GCC AGT AGT
AAC CTT GIT ACG ACT TCT C

1676, 1761
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Fig 1. Changes of HCT and platelet value in each dog
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Fig 2. Changes of HCT, and platelet value in each dog
control group (m: HCT,

: platelet).
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Fig 3. PCR-RFLP (Day 0); Pstldigest PCR-RFLP banding
patterns using 1.8% agarose gel; All the dogs were infected
with B. gibsoni only.
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Fig 4. Electrophoresis analysis of DNAs amplified by PCR.
(A) (Day 10); dog 6, dog 8 showed positive result for B.
gibsoni. (B) (Day 20); dog 5, dog 7 showed positive result for
B. gibsoni. (C) (Day 30); dog 7 showed positive result for B.
gibsoni.



Babesia gibsoni A2 7AG7Nelx9] Atovaquone/Proguanil A2} Azithromycin H-85Fod0l] & X583} 19

613} 8 JiAA, 2084 S 7 ANA A 2B]A 30
oA & 7H AN B. gibsoni®l EA7F SR1EATHFig 4).
2o 2 n@

H AT 2dstel tiEe] MEr] ok Fo wskE B
o]aL gjom, oo wE F=7] wirfA] AHo] X&HHoR
S = FAHolg. AlAI o= Aol B. gibsoniol T
st ohFst A R Ea /len, £3] atovaquone
proguanil®] A%l Malarone® (GlaxoSmithKline, U.K)2
Hojt % 283} A2 TS 7L QoA AFe]
Zetelol A8 g ool de] AREELL Stk & AtellA
= ol FAC upAlol A8 8HE Fotry] flsiA 7]
= diminazene aceturate®} tetracycline/clindamycin ¥-& X

EWF Blwskd.

Hz2ae ANE ZZEFL 7|1£9 B gbsoniol Wi
diminazene aceturate X & HHo| wel H L3 TH14).
Diminazene aceturate®] X8 &3} 2 F2hgo tisiv= 3
A B d7E T8 ERlEgleH, A8 53 A5 =
2 AEES 23] $I8IA tetracycline?} clindamycing:
BHEHoZ ARSIl 3)tH(7,20). Clindamycin FUSA=Z
A B. gibsoniz B1EAJSIA7]= E37F UTH24). A<
X Fol AH8-¥ atovaquone} azithromycin, Z22] 3 proguanil
FA o] EWF} &F VIS AFE EUE ARSI,
atovaquone®] F¥ X & °F]Z&S W, proguanil?
azithromycine IH/‘é S AL A E 2= A5AYE
55 TUHO).

A8 A2 A AT e B 33w v
I AEE Ak 7t RAENS A BF A8
oA Folgh FA-8-2 AREA] Fhon guke] BF
o] =)= 304 Bt AT HARIA 1 A%
o] 7] o} &7E HolA] 2

FrThEIOlE A 0}7\] 7—_%_ ).

oft > F

PCR A3} oA AP+ A7 3457 H 5 B
gibson7t EASIA] RO X FE FF 20¢ —"_7—‘)”1: 4 é%
e o= Matsuu 5-(2008)9] atovaquone THEXE,

Jefferies 5(2007)2] atovaquoneZ} azithromycin Hé% A5
2] Iguchi 5(2013)2] atovaquone/proguanil A A&
5o Az} vwd of, vpAo} X 5ol Hot wE 83E

YepeH, A& 209 o]fol® Al A4S HolA| ot
718 AsRET 83Fo]L ARl AoRE AlRETh
©]:= atovaquone®] babesiacidal £}, proguanil®] HZ2Z<1
GF a3, T2]3 azithromycin®] WAL A G 3o
C i Sinaadl=

=

AR
xS A5 395 FE J3d 2 A el A
A Aol #AEFNO, -—,——0:] 10d % ezt §H 27HA,
209 % sz 7 RAl, 309 & 7 JRAl)A PCR A
APdelA 3 % B. gibsoni7} *LZH she 7S JERAITE ©]
23t olf= 14U7ke] X BV EFESISI AU diminazene
aceturate %3% FE7t AstEs Al7lel Bl s |
dZo] T4 =2 = WA st Aoz AlgsHY. ol&
Wickramasekara 5(2012)2] A-tollA] Hirg wpe} o]
ZAFe] Wolo] u}Z diminazene aceturated]] thek UjAde] wb

A3, Lin 5(2010)2] A-FollA AXE AXE Az g
o] ey} Ao S AoZ ALRHH, ol g &
& ZAZ doxycyline?} metronidazole} 7+ 3HAA|2] 3
4 oge] A7 Foirt HQd Aow dAnHEr)

>

N

g £

B. gibsoni XA 7lel oA atovaquone/proguanil T
A9} azithromycin®] H-&5o7} E3}# o) eHgZQ A&7
A7E JeRNSIt). Diminazene aceturate X|EH3} B3]
v Alo} ZHe] 27] A Fo| B wE 33t e A
e, ek X517 7F oFEe] X8 aHE goti
7] st 3% o B2 A7 FEojoF & ZloE AlR
b=

INCE

o] =& 20158 AFew g
Aol A1) Aol st} ATEUS.

InE2d

ikl

1. Baggish AL, Hill DR. Antiparasitic agent atovaquone. Anti-
microb Agents Chemother 2002; 46: 1163-1173.

2. Birkenheuer AJ, Levy MG Breitschwerdt EB. Efficacy of
combined atovaquone and azithromycin for therpy of chronic
Babesia gibsoni (asian genotype) infections in dogs. J Vet
Intern Med 2004; 18: 494-498.

3. Conrad P, Thomford J, Tamane I, Whiting J, Bosma L, Uno T,
Holshuh HJ, Shelly S. Hemolytic anemia caused by Babesia
gibsoni infection in dogs. ] Am Vet Med Assoc 1991; 199:
601-605.

4. Farwell GE, LeGrand EK, Cobb CC. Clinical observations on
Babesia gibsoni and Babesia canis infection in dogs. J] AM
Vet Med Assoc 1982; 180: 507-511.

5. Fukumoto S, Xuan X, Shigeno S, Kimbita E, Igarashi I,
Nagasawa H, Fujisaki K, Mikami T. Development of a
polymerase chain reaction method for diagnosing Babesia
gibsoni infection in dogs. J Vet Med Sci 2001; 63: 977-981.

6. Groves MG, Dennis GL. Babesia gibsoni; field and laboratory
studies of canine infections. Exp Parasitol 1972; 31: 153-159.

7. Hwang MJ, Lee HS, Lee KW, Hematological and serum
chemical findings following repeated medication of diminazene
aceturate in canine babesiosis. Korean J Vet Clin Med 2000;
17: 349-358.

8. Iguchi A, Matsuu A, Fujii Y, Ikadai H, Hikasa Y. The in vitro
interactions and in vivo efficacy of atovaquone and proguanil
against Babesia gibsoni infection in dogs. Vet Parasitol 2013;
197: 527-533.

9. Iguchi A, Shiranaga N, Matsuu A, Hikasa Y. Efficacy of
Malarone(®) in dogs naturally infected with Babesia gibsoni.
J Vet Med Sci 2014; 76: 1291-1295.

10. Inokuma H, Yoshizaki Y, Matsumoto K, Onishi T, Nakagome
K, Kosugi R, Hirakawa M. Molecular survey of Babesia
infection in dogs in Okinawa, Japan. Vet Parasitol 2004; 121:
341-346.

11. Jefferies R, Ryan UM, Jardine J, Robertson ID, Irwin PJ.
Babesia gibsoni: Detection during experimental infections and
after combined atovaquone and azithromycin therapy. Exp



20

13.

14.

16.

17.

Parasitol 2007; 117: 115-123.

. Korsinczky M, Chen N, Kotecha B, Saul A, Rieckmann K,

Cheng Q. Mutations in Plasmodium falciparum cytochrome b
that are associated with atovaquone resistance are located at a
putative drug-binding site. Antimicrob Agents Chemother
2000; 44: 2100-2108.

Lee MJ, Yu DH, Yoon JS, Li YH, Lee JH, Chae JS, Park J.,
Epidemiologic and clinical surveys in dogs infected with
Babesia gibsoni in South Korea, Vector Borne Zoonotic Dis.
2009.

Lin EC, Chueh LL, Lin CN, Hsieh LE, Su BL. The
therapeutic efficacy of two antibabesial strategies against
Babesia gibsoni. Vet Parasitol 2012; 186: 159-164.

. Lin MY, Huang HP. Use of a doxycycline-enrofloxacin-

metronidazole combanation with/without diminazene diaceturate
to treat naturally occuring canine babesiosis caused by
Babesia gibsoni. Acta Vet Scand 2010; 52: 27.

Matsuu A, Koshida Y, Kawahara M, Inoue K, Ikadai H,
Hikasa Y, Okano S, Hifuchi S. Efficacy of atovaquone against
Babesia gibsoni in vivo and in vitro. Vet Parasitol 2004; 124:
9-18.

Matsuu A, Ono S, Ikadai H, Uchide T, Imamura S, Onuma M,
Okano S, Hifuchi S. Development of a SYBR green real-time
polymerase chain reaction assay for quantitative detection of
Babesia gibsoni (Asian genotype) DNA. J Vet Diagn Invest
2005; 17: 569-573.

. Matsuu A, Miyamoto K, lkadai H, Okano S, Higuchi S.

Cloning of the Babesia gibsoni cytochrome b gene and

19.

20.

21.

22.

23.

24.

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 Prasitol 2008;
157: 1-8.

Miller DB, Swan GM, Lobetti RG Jacobson LS. The
pharmacokinetics of diminazene aceturate after intramuscular
administration in healthy dogs. J S Afr Vet Assoc 2005; 76:
146-150.

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

Suzuki K, Wakabayashi H, Takahashi M, Fukushima K,
Yabuki A, Endo, Y. A possible treatment strategy and clinical
factors to estimate the treatment response in Babesia gibsoni
infection. J Vet Med Sci 2007; 69: 563-568.

Wickramasekara Rajapakshage BK, Yamasaki M, Hwang SJ,
Sasaki N, Murakami M, Tamura Y, Lim SY, Nakamura K,
Ohta H, Takiguchi M. Involvement of mitochondrial genes of
Babesia gibsoni in resistance to diminazene aceturate. J Vet
Med Sci 2012; 74: 1139-1148.

Waulansari R, Wijaya A, Ano H, Horii Y, Nasu T, Yamane S,
Makimura S. Clindamycin in the treatment of Babesia gibsoni
infections in dogs. ] Am Anim Hosp Assoc 2003; 39: 558-
562.



