vyﬁﬁvvlmx97ﬁ$mvmo
E%P§$®$4&%®mmk
BT 5W%E

(ﬁ%’?ﬁ%ﬁ 06660397)

SR 7 EEREER NS RPE (C) FIERREEE

P93 H

REPHE AR BB

R SEAERRR ST RERE L > 5 B



W&&@©Voﬂxy7ﬁﬁnnmm§%%%%@
FESL &2 OISR BT 55

WHERE 06660397)

W

 (

ek 6 ~ 7 SECRIETT R 6 (2C)

TR

i LanE 1
WRGEAIA - D55 - DIZeses 2
WEmEOmE 4

BREHLR s



Lo =

RS AR b 5 /S] o 7, B Sl LR B BHEE T LT
Bo AATH Babesidovata 1o k& B AN Y PREAHD bILTH D ML Lo K E
LREL 2o T b?é o . BEOTIXVRIINRL FRAB. equi %O B. caba.llf@!?&
Bz ko TSR SN, FEREAMRIEESNTY S, SV, BEOEZ5HE
| RHEELRLEBE BT BN, IHEDIECBOTIAD 5 ORER, REBES
HABOBALARL, BRNOBADTERARETERVBIRCH B, F5I0, FE
BRI Stk TEEE N, BARAIKBO TS Ths ORFRERN T 5MEOY =
MADH>TNBT EMS, BICBATS LT BBBMENTHIBH D, TXNRTT
BB O AANDR ML L2 s 5 ¥, IAE RS EROM (k25 < B2
BINTVS, LHALAKS, ThdOEHORBREIREHT STk, %
FORORBIRDHEL < | ﬁﬁﬁ%@ﬁ@%W%%E\Blwﬁﬂ&v?ﬂ@vf%7®ﬁ%
IZDWTOMEINERLTW Z>

$anm W/&U@v®A&>7EE@nwmoﬁﬁﬁﬁﬁ%& OMT&ﬁé
AT D /}\/\/YEEBabesza ovata. VNN T EHB. equi BRI B. caballi DS
BRI U, /e, TR RS ICR IR A FUR & U TR B0
K&é@%¢®ﬁ¢%ﬁ%ﬁot&z6;%yﬁwTHQO%uLQ%ﬁ@%bTméé
LMD, E$®@?MF?$WT%f¢®fﬁﬁ%bmémﬁ%®Bhtoit\
RrEBPIE OB E2BEL & U TB. equi KcU B cabali IZd T 5%/ 7 D*—“j")l/j”hﬁ‘%?fﬁ
Wi, 5H%O. IS OHEORBET B E&mwt%bmwﬁﬁwﬁﬁﬁbﬁrﬁén



R | . |
RFRGEE | FHR AT (FLEEAPR RS TRERR L > 5 —B8dR)
SRS R % (RIEEREAPER BN TR L ¥ & — B
SBRISE | M RGBSR RS |

HEERE D AR EF (FLEERTEEEIEER)

AR o o
RGN | o 1400FH
TH.THEE 0 . - 500FH
o 190 0FM
AR+
1) #2@

1. Igarashi, I, Avarzed, A., Tanaka, T., Inoue, N., Ito, M., Omata, Y., Saito, A. and
Suzuki, N. 1994. Continuous in vitro cultivation of Babesia ovata. J. Protozool.
Res. 4:111-118. | | |

2. Avarzed, A., Igarashi, ., Kanernary, T., Hirumi, K., Hirumi, H., Omata, Y., Saito,
A., Oyamada, T., Nagasawa, H., Toyoda, Y. and Suzuki, N. 1997. Improved in
vitro cultivation of Babesiacaballi. J. Vet. Med. Sci. 56; (in press) |

3. Avarzed, A., de Waal, D. T.; Igarashi; 1., Omata, Y., Saito, A., Oyarhada, T.,
Toyoda, Y. and S_uzuki, N. 1997. Prevalence of 'equiné piroplasmosis in Central
‘Mongolia. Onderstepoort Journal of Veterinary Research. (in press)

4. Suzuki, N., Igarashi, [., Avarzed, A., de Waal, D. T., Nagasawa, H., Omata, Y.,

" Saito, A., Oyamada, T.1997. Preliminary survey on horse serum indirect - | |
ﬂuoresceﬂt‘ antibody titers in Japan against parasites Babesia equiand Babesia
caball (Onderstepoort strain) originating from South Africa. J. Protozool. Res. (in
press) '



5. Avarzed, A., Igarashi, I., de Waal, D. T., Omata, Y., Saito, A., Oyamada, T., ‘
Nagasawa, H., Toyoda, Y. and Suzuki, N. Monoclonal antibody against Babesia

equif It's characterization and diagno_stic poptential. in preparation.

2)Eﬁ%ﬁ'

L ATRAS. B, PRER MRS FEEL SAEE
Babesiaovata Din vitroEae OBRE, $1 1 SEHARESS (HhnM) .
1994498780

2. AR, HUBE, THEASE. MREE, AIE-H, HEEL |
MIEBEEERIRIRIC L D 7% D Babesia e qui JRH _(Onderstepoortﬂ&) IZxd 5 kG
PUARE (FH) . B119EHFREFS ) . 19954474 1H |

&AJWmm¢ﬂ+ﬁ%%\%%$%\m%%% MEEE, FEER REST. B2
R, ERIERE: BN 37 B Babesia equi & {'Babesia caballi @ in vitro Higiks
HIEOBP, 4 2 ERAFERYS - BAEEBYEALASTHLARAR (T
B . 19954£10H7H |

4. A. Avarzed, FtRER S, %ﬂé% INEERREE, MBS, %ﬁ% . BRERT, &
o El?l%f:*r R ENEE %/\f\/j’ﬁﬂ-l@m vitro f@aﬁiﬁ%?ﬂg@ﬁﬂ‘ %1 2 OIEIEIZ’IS%HE% _
2 (BHO. . 1995@11)5]75 '

5. D.T. de Waal, ¥£¥5F0+, R?E?ﬁ%“ﬁ;- FHEME. A. Avarzed, J. Mosqueda, S.
Singh, &REFHT. BH#H. #MAHESE: Animproved culture medium for the in vitro
* propagation of Babesia equi:Preliminary fmdmgs %12 2EA ZliéklE £ (#I5).
. 1 996#£8H30H ' '

6“AAmquﬁ+ﬁﬁ%.#L%\m{ EHE, HEEL, RERT. LER. HAE
| 3 YNNIV E Babesia equi i3 E B E 5 O FEO/EM, $4 30H
AFERER - AREEIYFRLARTRREAFASR (HHE) . 199649 A
68 | -



_ EE%ESZ%O)#EEE

1. W N3 7EH Babesia ovata @ in vitro @ﬁtﬁ%?£®ﬁaf :
BEREINZTINART TR B, ovata BRRIRINERZ T T SRR %ﬁlb?‘;

 SCIDV ™ RICHMEL TSR, invitro RAERICH V. TOMR, 199 B2k R
(4 0% R, pH7.0) . ARIIRARD 1 0%. EREOSH (5 %K. 5
YRR H A, 9 0%3EK) ORHLEM T TB. ovata DIFFENE &bb?hi_o 2 A1 3

— 4 EFH'EJOJJﬁMJtiﬁ%FHEJBE’Cﬁ?mﬁiJ’EHé%# 6—1 0% UBHIEGRESTEE o7z,
7. BRI 5 % Cozo)ﬁx%#TT%iﬁ%Tﬁbfﬁéa.c‘;?b\ﬂHJEﬁ Uiz, Bz,

B Ul 2mE HH (KU EZ—V e R2) #EMAVegay Martinez U >

S 571D BEE TR, WHEEETREL., HURRUZHRTHE E(Diﬁaﬁﬁiﬂ

BHOSNE, T, EERICH bl_bﬂ%ﬁ‘fﬁﬂﬁ@ﬁ?‘biﬁ%h@‘? IUNRTTRRTI EORL

ﬁ%ﬁ&éﬂfhtﬁ\$W%T@2&ﬁﬁﬁﬁﬂ%ﬁ%é:&ﬁ%#ﬁﬁbto '

R A GATAS /7!?5110)m\r1troiﬁ%?f0)fﬁ=1 :
%ﬁmusemﬂm%éﬁtwvgnm%fmﬁéﬁwu BEECDOIHRM LI, T
DR, 1 9 oIk ONTHRFYF, 40% WVIEEL?EEY%JJH pH 7.0) . FRMEREA
BAT5~1 0%, EMEDHA (2 %K RRMH A9 3%ER) OEBRITTB
equi DREDERD 5, 2 AL 5 — 7 B O EIIG CRIRBRES 2 —
3 %\ USRI £ 78 o 7, EAFIRIC, B, caball TIZRPMI16403538H (L~
elutamin, 4 0 % TR, pH7.0) . ARIMREHAS5~1 0%, EHBEOHA(2
é&%Sém&ﬁZ93£%$)®ﬁ%%#Tme&M®%%ﬁ%®Bmkn2&%
1805 — 7 BRI ORER BRI TARIERBIRIDT 2 - 3 %158 L BRAE N TIREL 750 72,
EEICEB LB, eqw & B. caballl (JIEREREH ZYSEN D 5 BIRIEHT A9 5 % %ZERDEM
WBLUTEETLEIZLD, 2REN156~20% B8 ~10% @ﬁufifﬁﬁéﬁéﬁég

EARARRIC LD 7z, $J=. Babesia equz@tﬁ%'mij’)bﬁ: v, a2-]krzaryarsae sy

v B UT7°D7‘/['/<:¥?§JJI]'§”%> &L;.J:UJTLLF‘*?%FF?” 4 0 %MD 2 5% b’ﬁ&‘é’d’é
L—(:ﬁ\_.[ﬁb&tiot_o

3. MSEOLHARIC &3 B HARE |

1) RS AR 31T & B 7 7 O Babesia equi FR R |

C BEEETHRICBW T Y Babesiaequi RRIZEK S & F%iu&voﬁﬁ%#ﬁﬂ:mm .
V. UL, WA E ORADBEALETE. Ak ﬁﬁ%ﬁmabf@Bmeﬁ



TR EBBIEOE—%E UTHE T 7 ) Onderstepoor tBRE BT OEMER RV TR
FEOYTMEERE L. FOVAmEE, 199 248—1 9 0 3 i biiEs & O
U TR L2 4 9 441 (NBEEK 43 96, HEEES 54) TH5. FEECHIHE
iz & D Onderstepoort FIFLFF DHIEENE (MBI S 02 M) U THREL
Feo TOFERIZIRM A 7 54, BB L 641, IBIEICIEVRIBIE 3 FIOMME R, T
T, ﬂ‘HX N5V ¥ B.equi BBIURAY Berlinjt%ﬁi%ﬁ] bl’COnderstepoort*}EL
6%%%mﬁ®#¢ﬁé&wbtnEE%S@@&%@B&mﬂmﬁﬁ%mF#WWM
HIUBREETIRARL, 3%?«TL%%ﬁéTbtwm @bﬂmﬁvto

2) FEEOLH @&k&é%yﬁw@vmﬁ¢®N&y7#¢mﬁ

: iﬁ%“ﬁ‘?%b:hﬁ_Babema equil U'B. caballi 2 il & U T- MBSO ﬁiELDM“‘C*ﬁ?
Ltoﬁmﬁﬁ%$3~4/#ﬁ5#ﬁabrﬁﬁfﬁﬂ 8 OfELL LEBIEE L,
B$®¢7ﬁ%15%@%%?@vtoit CEIINOUTMEL 1 0FIZ DWW THYE
WERFoRET A, 8 1.8 BASTE XD AT b“Cl/l;é &fﬁ#ﬂfﬁ bf_o

4, Babesiaequi icxt$ %€ & O—F L Hitk R

3THRAL S I, BB THSMZREEHIRE L TR W MBRCE R B2 N
ICERTIEE TS 245, B R & D X MR 2 B WELISA T, FRIMBREES @
BAKESDEHEASNBIHRMEIENE < EARNCM NS Z &3 TER oM, TIT,
FRIMERERS) DIR A DILWHLE Ol B iy & U T Babesia equit #3327 7 1 F— IV
¢MAm®wﬂ%1ato%®#% E%&@&ﬁﬁ?éh47Ub MY A=

BoNe, EONMS 3[EY I-22 T B> TES NS T K- <1.H11.B2.G3
EL7, 1.H11.B2.G3 OE4AT SmAbidBabesia equl & DHRERE L. B.caballik®
ARMERITSUE LI Z EDHRE Nz, TOMADDY T Y 5 A1 egGLTHY, YIS
>y MEICE D, 19kDa OFRERBET S Z MMM Uiz, $72, 500 pg/ml B
OmAb FINZ &V, HIBIC AR ORIERS0%IME S Hz, 48, FIoFA /0T
N7S5T 4~k D ZOmAD DT HHUR R R L Hﬁﬂﬁ@#ﬁ&bf%ﬁf@
5@%@9mf@ﬁﬁévﬁr&5° |

U\—b@"ftgﬁ 0% COZCDIIZ%{—F_FT'?//\f\/?J?HEBabesmovata, BN T

FHHB. equi U B. cabalﬂ@ﬁﬁiﬁ%b\_lﬁ“c‘:f;o Foo Ei, BEETH bﬂfuﬁ%@iﬁaﬁﬁ -

BEHEIEOHUR ELUTERTHZEMAS M &0, S8, HETHSNEEREM
Wb Z&izkn, IR - FEFFCDrEub\g’ﬁ‘ﬁﬁ&@Eﬁ%@&Uﬁh?ﬁﬁﬁmc‘: RVITHR
MO ERHRrENS, -



W

R



J. Protozool. Res., 4, 111-118 (1994) _
Copyright © 1994, The Research Center for Protozoan Molecular Immunology

Continuous in vitio Cultivation of Babesia ovata

IKUO IGARASHI, AVGAANDORJIIN AVARZED? TETSUYA TANAKAZ
NOBORU INOUE’, MASANARI ITO?, YOSHITAKA OMATA’?, :
ATSUSHI SAITO" AND NAOYOSHI SUZUKI'

'The Research Center for Protozoan Molecular Immunology and ’Department of -
- Veterinary Physiology, Obihiro University of Agriculture and Veterinary
Medicine, Obihiro, Hokkaido; Japan. .

Received 8 May 1994 / Accepted 28 Tuly 1994

- Key words: Babesia ovata, in vitro culture, low oxygen atmosphere,
cryopreservation |

ABSTRACT h g _

Basic method for in vitro cultivation of Babesin ovata was examined using a
method which was developed by Vega et al. for cultivation of B. bigemina, a
closely related organism. The parasites obtained from an infected SCID mouse
were initiated their multiplication within adult bovine RBC in Medium 199
supplemented with 40% adult bovine serum under a low oxygen atmosphere, 5%
Oz, 5% CO2 and 90% N2 Although no proliferation of B. ovata maintained in 5%
(Ozin air was seen during the initial 5 days, the parasites passaged three times
under the low oxygen atmosphere were readily cultured in 5% CO:z in air, as well
as under the low oxygen atmosphere. The parasites were propagated in the RBC
stored in Vega y Martinez solution at 4°C for up to 2 months. Babesia ovata-
infected RBC from cultures were successfully cryopreserved in 10% polyvinyl-
pyrrolidone in Vega y Martinez solution and used to initiate new culture not only
under the low oxygen atmosphere but also in 5% COzin air. |

INTRODUCTION :
- The success of continuous cultivation of Babesiz bovis with microaerophilous
stationary phase system (Levy and Ristic 1980) stimulated the cultivations of
other Babesia parasites such as B. divergens (Vaayrynen and Tuomi 1985), B.
canis (Molinar et al. 1982), B. gibsoni (Onishi et al. 1993), B. caballi (Holman et
al. 1993) and B. equi (Holman et al. 1994), and these success of in vitro cultivation
contributed to the morphological and biochemical study, drug sensitivity and
supply of antigen or immunogens for the prevention of disease (Kellermann et
al. 1985). ' o : )
Babesia ovata is a relatively large Babesia parasite and widespread in Japan. It is
not highly pathogenic for cattle, but splenectomized cattle show high para-
sitemias accompanied by anemia, hemoglobinuria, and in some cases, death
(Ishihara and Minami 1977; Minami and Ishihara 1980). Morphologically, the
intraerythrocytic forms of B: ovata are closely resembled B. bigemina. Vega et al.
(1985a) reported that B. bigemina was cultured continuously under in vitro labo- -
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ratory conditions, and they also established a cryopreservation method. of
cultured B. bigemina (Vega et al. 1985b). We applied these methods to the
cultivation of B. ovata by taking advantage of morphological. similarity of two
parasites. The present study reports establishment of in vitro culture of B. ovata
“and of cryopreservation of the parasite.

MATERIAL AND METHODS . :
Parasites: Babesia ovata (Miyake strain) was provided from the Kyushu Branch of
National Institute of Animal Health (Kagoshima, Japan). A frozen stabilate. of B.
ovata was inoculated into, instead of cattle, a splenectomized SCID mouse which
was transfused with bovine RBC, according to the method of Tsuji et al. (1992).
When parasitemia reached at 2.3%, infected RBC were collected from the SCID
mouse by a cardiac puncture with 4 syringe containing glass beads, and the de-
fibrinated blood was then washed twice with Vega y Martinez (VYM) phosphate-
buffered saline solution (Vega et al. 1985a) and used for in vitro cultivation.
Culture media: Three culture media, RPMI 1640, Medium 199 (M 199) and
Minimum Essential Medium (MEM), were purchased from Flow Laboratories
(ICN Biomedical Inc., CA, USA). The culture media contained NaHCOs (2.2g/Mor
25mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), and pH of
all the media was adjusted to 6.70-6.90 and supplemented with bovine serum.
Antibiotics were not added to any culture media used in the experiment.
- Bovine erythrocytes and sera: Normal venous blood from adult Holstein cows of
~ the University farm was aseptically collected and was immediately defibrinated by
shaking with glass beads. The defibrinated blood was centrifuged at 800 g for 10
‘min at 4°C and serum was separated and distributed into sterile 15 ml plastic
tubes in 4.0 ml aliquots, and stored at -80°C until use. Remaining RBC were "
. subsequently washed twice in VYM solution at 800 g for 10 min at 4°C to remove ,
buffy coat cells, and resuspended in VYM solution to a final 30-50% concentration
for storage at 4°C until use. Fetal bovine and calf sera were purchased from ICN
Biomedical Japan Co. Ltd. (Osaka, Japan). _ '
Culture conditions: An infected RBC suspension was prepared.at 10% con--
- centration (v/v) by mixing one part of packed RBC with 9 parts of serum-
supplemented medium. Duplicate RBC suspensions were placed in wells of
~ sterile, disposable 24-well multiple plates (one ml/well) (Corning Laboratory .
Sciences Company, U. S. A.) and incubated under a low oxygen atmosphere (5%
QO3 5% Oz, 90% N2) or in 5% CO2 in air. Culture medium was changed daily with
fresh medium. : '
'Cryopreservation of parasites: Stock solution of 20% polyvinylpyrrolidone (PVP)
was made in VYM: solution according to Vega et al. (1985b) and used as a cryo-.
protectant solution. When parasitemia was higher than 5%, packed infected RBC
were mixed with an equal volume of 20% PVP and suspended in 1.5 ml
cryotubes. The PVP concentration of the final mixture was 10%. The vials were
rapped with tissue papers and frozen at -80°C overnight. The vials were then
stored in liquid nitrogen following day. | | !

~ The frozen vials were taken from liquid nitrogen container and rapidly
thawed in a 37°C water bath. The thawed samples were immediately diluted in 10
ml of VYM and centrifuged at 800 g at 4°C for 10 min. The resulting pellets were
resuspended in fresh culture medium containing 10% normal bovine RBC and
one ml of RBC suspension was dispensed in wells of 24-well microplates. The
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plates then were incubated under the low oxygen atmosphere or in 5% CQ: in air.
Culture medium was changed daily and the growth of parasite was monitored in
Giemsa-stained blood siears by means of light microscopy.

RESULTS

Infected blood was obtained from the splenectomized SCID mouse infected
with B. ovata at the time of initiation of culture. The defibrinated and washed
blood was suspended in a mixture of M 199 supplemented with 40% adult bovine:
serum containing 10% normal RBC (v/v). One ml of suspension was transferred
to a well of two separate 24-well microplates. The plates were incubated .in
‘humidified atmosphere of 5% CO: in air or under the low oxygen atmosphere
(6% CO2 5% Oz, 90% N2) at 37°C. No growth of parasites was observed in culture
in 5% COz in air. In contrast, growth of B. ovata was observed in the cultures
- maintained under the low oxygen atmosphere (Fig. 1). Although parasitemia was
very low ( less than 0.3%) until day 3, thereafter parasitemia steadily increased on
days 4 and 5 ( 0.6% and 1.2%, respectively). Subculture was made on day 5 by
diluting 1:2 with a 10% normal RBC suspension. The second subculture was
carried out on day 9 by diluting 1:10 with 10% normal RBC suspension when
parasitemia reached at 4.2%. The parasites were then subcultured every 3 to 5 days
depending on the growth of parasites, and maintained continuously in vitro for
- more than 1 year. Parasitemias in excess of 6% were frequently observed. After
three passages of parasite under the low oxygen atmosphere, growth of parasite

was observed in 5% CO:z in air, as well as under the low oxygen atmosphere ( Fig.
2). ' ' ' -
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Fig. 1. Growth of B. ovata cultured from the blood of an infected SCID mouse
in different atmospheres. Days at subcultures are indicated with dotted lines.
Symboles; low oxygen,5% Oz, 5% CO2 and 90% N2 (@) and 5% CO2 in air(().
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Fig. 2. Growth of B. ovata in different atmospheres ©  Fig. 3. Growth of B. ovaln using’ various cultu
after three passages. Symboles; low oxygen(Q)  media. Symboles; NaHCOsbuffered M 199 {[ _
and 5% COzin air(@). - HEPES-bufferedM 199 (M), NaHCOabuffered

: MEM (O ) and NaHCOz buffered RPMi 1640 {1

Three culture media, M 199, RPMI 1640 and MEM buffered with NaHCQa,
and one medium, M 199 buffered with HEPES, were examined on the growth of
parasites. All the media contained 40% adult bovine serum. No significant
difference in parasitemia was found among the 4 media on day 2. However, M
199 buffered with NaHCO: supported higher parasitemia than other three media
on day 4 (Fig. 3). NaHCOs showed superior effect to support the parasite growth
than HEPES when it was added to M 199, Therefore M 199 buffered with NaHCOs -

- was selected for further experiments. - L
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Fig. 4. Growthof B. ovata using adultbovine - Fig. 5. Growth of B. ovala using different sera
-serum at different concentrations withM 199, with M 199. Symboles; adult bovine serum (O),
Symboles; 0% (A), 20% (@), 40% (), 60% calf serum (@) and fetal bovine serum (H).
- (M), 80% (&) and 100% (O). ‘ ' S
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Fig. 6. Growthof B. ovata in normal adult bovine Fig. 7. Growth of B. ovata indifferent atmospheres

RBC stored at4 "C for different periods. Symboles;  after cryopresrvation. Symboles; low oxygen atmos-
freshly collected ([]), stored for 37 days () and phere?’Op) and 5% CO¥ in air (@). e
: stored for 57 days ().

After NaHCO3s-buffered M 199 was selected in the previous experiment, the
- effect of different concentrations of adult bovine serum on the growth of parasites
was examined. Although 20% or higher concentrations seemed to support the
growth of parasites, the highest parasitemia was observed at the 40% of serum
concentration (Fig. 4). However, supplement with 40% of fetal bovine serum or
. calf serum did not support the growth of parasite (Fig. 5). Heat-inactivation of
serum (at 56°C for 30 min) did not affect the growth of parasites (data not shown).
' The effect of storage of adult bovine RBC on the growth of parasites was
examined for practical consideration. Normal RBC were collected on day of
experlment or collected from the same donor and had been stored for 37 and 57
days in VYM solution at 4°C, respectively. No difference of the parasite -growth
was seen in RBC stored for different periods of time (Fig. 6). As the result of this
finding, normal RBC were stored for up to 2 months in VYM solution at 4°C.
Cultured parasites from the sixth passage in the RBC were cryopreserved
using 20% PVP in VYM buffer as a cryoprotectant. Cultures were initiated again
from the cryopreserved parasites propagated under the low oxygen atmosphere.
Low numbers of B. ovata within RBC were first observed on the day 2 after the
initiation of culture.  On days 4 and 6, parasitemias of culture were 0. 3% and
 3.6%, respectively. On day 7, at the time when the parasitemia was 4.9%, first
subculture was made. The parasitemia in the subculture was reached at 7.7%
three days after the initial subcuiltivation, thereafter successful subcultures were
made every 3-5 days.. In a separate experiment, the effect of culture atmosphere
~ on the cryopreserved B. ovata was examined by initiating cultures agam from the
: cryopreserved materials either under the low oxygen atmosphere or in 5% COz in
air. The atmosphere of 5% CO: in air, as well as the low oxygen atmosphere,
supported the growth of parasite (Fig. 7).

11
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DISCUSSION : .

The present study demonstrated that B. ovata could be cultivated contin-
uously in vitro using a method which was developed for in vitro cultivation of
B. bigemina, a closely related organism. A low oxygen atmosphere (5% O3, 5%
CO:z and 90% N2) was necessary to initiate growth of B. ovata in bovine RBC. The
reduced oxygen requirement for in vitro culture is also reported in B. bigemina
(Vega et al. 1985a), B. caballi (Holman et al. 1993) and B. equi (Flolman et al. 1994).
These results suggest that oxygen gas tension seems to be a.key factor for
initiation of in vitro culture of Babesia parasites. After three passages, however,
B. ovata could be maintained in bovine RBC culture under 5% COs in ait
(high-O») as observed in Plasmodium “falciparum. (Waki et al. 1984) and B.
bigemina (Vega et al. 1985b). The oxygen requirement of B. bovis was varied
according to initial parasitemia of subculture (Rodriguez et al. 1982). Babesia
bovis grew readily in cultures in 5% CO2 in air when an initial parasitemia was
0.5% or above, but the parasites did not when the initial parasitemia was 0.1% or
less. If this similar effect occurred with B. ovata, threshold of the growth of B.
ovatain 5% CO: in air might be lower than of B. hovis.

Serum supplement to medium ‘is essential to in vitro growth of B. owvata.
Cultures without serum did not support even limited parasite multiplication,
but- cultures containing greater than 20% serum supported the growth. Cultures
with 40% of serum concentration showed the highest multiplication. Further-

more, effects of fetal bovine and calf sera on the the ‘growth of parasites were
- compared with those’ of adult bovine serum, since young animals are known to
be more resistant to Babesiz infection than adults (Levy and Ristic 1981).
Commercially obtained fetal bovine and calf sera did not support the growth of
' B. ovata. One possible explanation may relate to the presence of an inhibitory
factor(s) to parasite growth in young animals as suggested in B. bovis (Levy et al.
1982), or lacking a supporting component(s) for growth of B. ovata. Further study
of effect of RBC and leukocytes from young animals will need to determine the
role of blood components in the phenomenon of age resistance. - : :
‘The storage of RBC for longer period is very important for practical consid- -
- eration of this culture method. The present study demonstrated that storage of
RBC in VYM buffer for up to 2 months at 4°C did not affect parasite growth and
during the period severe hemolysis was not observed. This finding-is contrast to
the cultivation of B. bovis and B. bigemina, where that RBC can be stored at
most " for one week only (Vega et al. 1985a; Levy and Ristic. 1980). De Verdier et al.
(1981) reported the favorable effect of citrate-phosphate-dextrose supplemented
with adenine-guasonine on the stability of human blood stored at 4°C. High
concentration of glucose in VYM solution supplies energy source for RBC, and
adenine and guasonine enhance ATP and 2 3-DPG production, and ATP is closely
linked to preservation of biconcave shape of RBC. An addition of adenine to
human blood preservation media extended the storage period of RBC from 21 to
28 days or'35 days (Sasakawa 1983). These favorable effects may occur with respect
to the storage of bovine RBC for longer periods in the case of B. owata cultivation.
~ The reestablishment of in vitro culture, using frozen Babesia parasites, would
_eliminate the need for maintaining infected animals. The successful cryopres-
ervation of B. bovis for initiation of in vitro cultures was reported by Palmer et
al. (1982) using 10% PVP in Pack’s saline G solution supplemented with extra
glucose. However, this cryoprotectant solution did not work with B. bigemina.

12



CULTURE OF BABESIA OVATA

Vega et al. (1985b) developed a modified procedure for cryopreservation of B.
bigemina with 10% PVP in VYM solution instead of Pack’s saline G. Application
of this procedure to B. ovata was successful in the initiation of culture of cryo-
preserved parasites and animal inoculation (data not shown). Growth of B,
- ovata was observed in cultures under a low oxygen atmosphere (5% COs, 5% O,
90% Nz) as observed in B. bigemina (Vega et al. 1985b). Furthermore, B. ovata
could be also cultured in 5% CO: in air. This result may indicate that high
infectivity of cryopreserved B. ovata was retained during cryopreservation of
parasites, since relatively high oxygen atmosphere of 10%. Oz, 5% COz, and 85% N:
could support the initiation of growth of B. bigemina, if a high ratio of infectivity
was used (Vega et al. 1985b). These results suggest that 10% PVP in VYM solution
is highly suitable to cryopreserve B. ovata. o : '

- The present study suggests that B. ovata can be cultured readily using a’
conventional CO:z incubator after establishment of in vitro culture or cryo-
preservation of parasites from cultured materials. By establishment of in vitro
“cultivation, animal infection for maintaining parasites and the risk of spread to
susceptible animals could be avoided. In addition, in vitro cultivation can be
used to produce specific antigen for serology, and to study the life cycle and
biochemistry of parasites and to develop effective and safe vaccines. '
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- ABSTRACT. ‘Ba'.bes.ia caballi infected erythrocytes were coliected from the blood of an
experimentally infected horse and could bé continﬁousiy cultivated in vitro‘with
parasitemia rénging from 2-4% in _HPMI 1640 medium supplemehted with 2 mM L-
glutamine, 20 mM HEPES and 40% adult horse serum in a low oxygen étmosph'ere
(2%0g2, 5%002 and 93% N2). AII aitempts to increase parasiteﬁ\imia"failed Using other
culturé media, serum concentrétions and'cu!ture vésselé. However, parasite growth
was enhanced by transfer Of cultures from a low oxygen to 5% COzin aif, witlh |

parésitemia ranging from 8-10 %.

Key words: Babesia caballi, in vitro cultivation,
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Equjne piroplasmdsis, ‘c‘e_lused by Babesia caballi and Babeéia equi, is
considered to be thé most important tick-borne disease of horses iﬁ tropical and
éubtropic_al regions of the wo‘rld [10]. Japanis free from the disease, howevaer, a

| number of imported horsés from abroad inctuding endemic areas haé_increésed -

| and the existence of tick vectors, Dermacentor reticulus and Rhipicephaius‘

' sanguineus has been also_ reported [13]. If infected.anim'als are introduced m )
Jaﬁan, there is a pdssibility that these parasites can 'readily be spre.a.ld‘. | Therefo'_fe,
the detection of carrier anim'als is very important to p_revént the introduction of
infected:ahirﬁals to the coluntfy. Horses to be impor__téd to Japén havé tp 'bé tes;ted
for babesiosis by serological teéts.- In addition to relativ:ely low' sensitivity énd
spe_ciﬁcilty of sero!oéi’cal tests, antigen suppiy for serological tests is not s_u{ficierit in

| Japan, becau.se equine babesiosis is designated as én exotic disease for which

P3-level facility is required.

The development of a continuous microaerophilous stationary phase culture
system for a réfated parasi‘te,'Babesia bovis [71, represented a major
bréakthroﬁgh in Babesia research. Culture-derived'B. bovis antigens Were, thus,
" made available feplacing the requiremer_ﬁ -for experirﬁéntaily inffected animals in
éntigen productior_t.' Several fésearchefs have cultured B caballi in w‘tro_', howevier',
~the yields of parasites from B. caballi cultures is véry low [1, 2], which hampers‘the
‘progr'ess of de\ielopnﬂent of -diagnostic_ methods or biological studies. The present
study was design_ed fo define the optimal continuous cﬁlture conditions for B. |
baballi to improve the yiel_ds of parasite antigen.

Blood samplés for cultures were collected from a horse experimentally infected

with a frozen stabilate of B. caballi (USDA strain) at P3-level facility of the Epizootic
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Reslearch .Statiion, Eqvuine Research Institute, The Japan Racing Association. Blood
from the jugutar vein, containing approkimatety 1.0 % parasitemia, placed in tubes.
contaihing EDTA (ethylenediarrline tetra-acetic .aci'd) as anti-coagulant were sent by
air packed in ice to The Research Center for Protozoan Molecuta\r Immunology,
Obihiro University of AgricuItUre artd Veterihary Medicine. Upon arrival, the sample
was washed three times by centrifugation vtrith RPMI 1640 medium buffered with 20
mM HEPES (N-2- hydroxyethylplperazme N‘ 2-ethanesulfonic acid) to remove the’
buffy coat After the tlnal wash the supematant was removed and 50 ul packed
mtected erythrocytes were transferred to a 24-well culture plate containing 1 miof
buffered RPMI 1640 with 40% horse serum and supplemented with 2 mM L-
glutamine and 50 ul packed normal horse erythrocytes Cultures were mcubated at
37 T in a humidified atmosphere of 5% COz in air or in reduced oxygen |
atmosphere containing 5% COé, 2% 02 and 93% Na.

Whole blood trorh an aduit horse was collected in sterile Ehrlenrheyer flasks -
with glass oeads and immediately defibrinated by regular shaking: Defibrinated
blood was centrifuged at 800 g for 10 min at 4C Serum was sep_arated and
distributed into sterile 15 ml plaetic tubes’in 4 ml aliquots and stored at -30 C ntil
use. Remaining erythrocytes were also washed three times by centrifugation with
RPM! 1640 medium buffered with 20 mM HEPES, for the removal of buffy coat. The
final pellet was resuspended in an equal volume of RPMI 1640 medlurm and stored
atd C forupto two months,

The medium was changed daily by using 1 mi of fresh;medium and percentage
. of parasitemia was monitored by microscopic examination otl(‘aiemsa—stailned biood |

- smears. During the first five days, the percentage of parasitemia' was very low
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' (<0.1°/;) both in a low bxygen atmosphere and in 5% CQQ in air. Parasiteé in 5%

COz2in air were ho longer detected at days 6 and .7 and thereafter the experiment_

was discontinued_. Increased. pa‘rasitemia QvaS observed in a low oxygen |

atmosphere on culiure days 6 and 7. Subcultures were made on days 7 ahd 12ina

Iowoxygen atmosphere, and'parasitemia i.ncreased to a maximur_h of 3% (Fig. 1).

Aﬁerr the third passage, continuous cultures were succeésfuliy carried with

~ parasitemia between 2-4% and subcultures were made everyr 510 7 dayé,
depending on the growth. Two hundred ml of infected erythrocyte suspension was

~ transferred to a well containing 900 ul -ofRPMI 1640 medigm described above and

1,06 ul of packed donor erythropytes.

After continuous in'\'firro cuiture of B. caballi has bee'n established, various‘
conditions were inyeétigated to enhance parasi’;e growth. Three .cutu_re media,
RPMI 1640 (Dainippoﬁ Pharmaceutical Co., Ltd., Osaka), Iscove’s modified.
'Dulbecco's medium Hybri-Mak and Iscove’smodified Dulbecco’s medium (Sigma,
St Louisi, three differeh,t _serUm éoncentrat’ions (20,4_0, 60 %), and thrée diffrent |
size of culture. vessels (24-well plate; 6-well plate aﬁd Petri dish) were compared as
to their effect'oh'in vitro prolpagation of B. caballi ba_r_asites inalow oxygen
atmosphe_re. All media with 40% horse serum sﬁpported parasite growth inth no
significant difference as observed on day 5. B. caballi reached the highest
observed parasitemia |n RPMI 1640 with 40% serum and grew least in 20%
serum. The sizé of culture vessels _did qbt énhance paraéite growth.

After eight passages in a low oxygen atmosphere, parasite growth was

reexamined under conditions of a low oxygen atmosphere or 5% COz2 in air, On
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the féurth culture day, the parasitemia had doubled in | 5% .002 i_n air réaching as.
high as 6.3% on day 7, whilAe the parasi{emia in ldw oxygen was ohly 3.3% on day
7 (Fig. 2). HencefortH, routine maintenance of B. caballi was done under 5 % COz.
in air and parasitemiaé uéuaily ranged from 8-10% but parasitémias in éxcess of
15% were sometimes observed (Fig. 3). . I

| Estabiishment of in vitro bu!ture of equine'Babesfa is pérti_cularly.important for
antigen produbtion without animal infection in a non-endemi'_c- country like Japan.
- The present study demlonstrated {hat- B. caballi can be -contin'uous_ly cultivated

in vitro and confirmed the previous report that a Idw oxygen atmoépﬁere is |
necesséry for the initiation of B. cabéﬂi cultures [4]. The requirement of re.duced |
oxygen tension for the establishment of Babeéia cultivation was reported in other
Babesia pérasites such as B. bigeminé, B. ovataand B. equi [5,6,11 ]. Low oxygen
tensibn is also required wﬁen starting a culture with low B. bqvis‘ parasitemia [Qj
ot cryopreserved samples of‘B. bigemina [12].

The levels of parasiterﬁia remained low in in vitro culture with a low oxygen
‘atmosphere. .Attempts to improVe the parasitemia using différent culture media,
serum concentrations, or vessel volumes were in vain. The parasitemia was |
doubled or even greater when parasites were tr-ansferred to 5% COz in air.
| Obser\(ed parasitemia waé betWeen 8-10% and sometimes over 15% .whi.ch is the
highest ever reported for B. éabaﬂi . Similar improvement of parasite.m_ia was
observed in B. equi [14] and B. divefgens [3, 81 .These results may indicate that
- actively dividing parasites require normal oxygen levels. Thetimprovement of
'parasité grth in an ordinary 5 %COz incubator can avoﬁd the ﬁse of animal
infection and will greatly enhance funher‘studieé on bioche_mistry, metabolic

pathways, growth requirements and dr_hg sensitivity of this important equine'-[ '
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~ Figure legends’

' .F|g 1. Growth of Babesia caballi cultured from the blood of an expenrnentally '
: infected horse -from initiation of culture through 2 passages. Mean percent

parasitemia of a low oxygen atmosphere () and 5% CO, in air (D)
Closed circles indicate the points of subcultures.

Fig. 2. Mean percent parasitemia of cultute-adapted Babesia caballi in a low

oxygen atmosphere () and in ‘5% CO; in air (O).

- Fig. 3. Giemsa-stained thin smear of cultured Bébaes;a caballi from 70th passage
showing parasitemia of 16. 4 %. Paired pynforms and several dlfferent single
forms are shown. x890 :
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INTRODUCTION

Equine piroplasmosis is caused by Babesia equi and Babesia caballi and .is
endemlc in equrnee throughout most of the trop|cal and subtroplcal regions of
the world (Frledhoff Tenter and Mueller 1990) B. caballi, a typical large |
'-Babesra only rnfects and muitiphes in erythrocytes and ‘is transmrtted
trans_ovanal!y and transstadially by its t_tCk vectors (Frredhoff, 1988). In the case of
B. equi, however, it has been report_ed that the paresite apparently first multiplies '
lln Iymphocytes (Schern Rehbern Vorgt & Zweygarth 1981 Rehben, Zweygarth,
Voigt & Schein 1982), before invading erythrocytes where merozoites can

frequently be seen arranged in a typical Maltese cross formation.

Babesia paraeites are usually only'_ detected in b[ood smears during the acute
stage of the infection and anirnals that recover from the disease remain carriers
‘of these perasites. 't has been reported that horses oan remain oarriers of B :
caballi parasites for up to 4 years, Awhile they- probably remain carriers for their
_life after infection with B. eqw' (Friedhoff, 1982). ldenti_fication of these carriers
and previoUSIy .exooeed horses can most easily be accomplished by
demonstrating specitioantitiodies in the serum with a serotogical tests (Weiland
-and Fteit_er, 1982). - The indirect fluorescent antibody test (tFAT) is the most widely
-used serological technique to detect speoific' antibodies in protozoan infections.
_ Ristic and Sibinovic (1964) first reported about the use of the tFA test to detect B
| cabam antibodies in horses. Maddan and Holbrook (1968) euccessfully applied

this test to dltferentrate between B equiand B. caballi rnfectlon in horses and did |
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ot report any cross reaction. Antibodies detectable by the IFAT stert to rise
shortly after the first parasites appear in blood smears, and persist for long

periods (Donnelly, Joyner, & Frank, 1980; Weiland 1986; De Waal, 1995).

In Mongolia, Dash (1957 and .'1'959, cited b'y_Desh, 1967), using microscop.)ic'.
IV examination of thin blood smears, repdfte‘d that both . B equi and B cebam'
occuk wi'd.e spread in horses. The tick vectors ih this regio‘n is also unknown, but
D. nuttafl (Olenev 1929, cited by Dash 1986?) D. salvarum (Shulth 1933 cited
by Dash, 1.’91:36{) and H. dromedan (Swrskaya 1961, cited by Desh 1égg)/

'frequently,mfect horses and all have been‘ reported to be vectors of B. caballi,

~elsewhere. However, no serological survey has been conducted to determine

" the prevalence of these two parasites in horses. In thIS study in vitro propagated

parasutes were used as antigen in the [FAT to determlne the prevalence of B

| equi and B. caballi antlbodles in field horses from Central Mongoha.
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MATERIALS AND METHODS
Strains of .Babe'sia specles

B. equi and B. caballi, both USDA strains, were used in this study and wére
obtained from expérimentally infected horse at Tochigi Research Station of -

Equfne Hesearéh Institute, Japan *Hacing Association.

Sérum samples

Serum from expe.rimenta‘ll'y infected horses with B. 'equi OF’—is‘oIate“ (horse No
460- 9) and B. cabam SWA isolate, (horse No 042-9) were obtamed from
Onderstepoort Veterinary lnst;tute (OV1), South Africa and used as posntlve
control serum._Negatlve serum was obtained from a horse’ralsed under tick-free
cOn‘ditio'n's at OV I. Sera were collected fr‘orﬁ 15 Babesia-free horses in Japan
and from 110 horses of the Mongolian native breed, briginat_ing from two different
herds in Centrat Mongolia. Blood was aIIoWed to clot at room temperaturé
overhight before serum was removed énd stored at -20_?C. At the same time as

collecting blood, thin blood smears were also brepared, and stained with

© Giemsa solution.
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Anﬂgen preparatlen for IFAT

Antlgen was prepared from in vitro propagated B, equi or B caballj mfected
erythrocytes (Avarzed A ~lgarashi. I, Kanemaru.T, Omata Y, Saito. A,
‘ '_ Nagasawa H, Toyoda. Y and Suzukr N. 1995) In vitro propagated Babesia |
parasites were transferred from 1 well of a 6-well culture plate into a 15 mt
| centrifuge tube and centrifuged for 15 min at 700 g at 4°C. After the first
centrifugation, the erythrocyte peliet was washed 5 tlmes by centrlfugatlon for 5
min-at 350 g and reconstttuted with 10 mI PBS(- )[147mM NacCl, 5mM NaHgF’O4,
.SmM NagHPO;,, pH 7.2) each tlme Any visible white blood cell !ayer was
removed after each wash:. After the fifth wash, 1 part packed red biood cells was
reconstttuted with 2 parts-of 4% bovine serum albumin in PBS(-)(1:2, ‘v'/v) The
| blood mixture was dlspensed onto prevuously cleaned glass slides us:ng aiml
syrrnge and 27G needie. Frfteen antigen spots, 5 mm in diameter (3 rows of 5
spots) were prepared per sltde The slldes were dried for 30 minutes at 45°C in a
drylng oven (Forced convection oven FC- 610 Toyo Selsaku Co., Ltd) and
‘thereafter for a further 30 mtn at room temperature; The slides were then

wrapped in tissue paper and covered with aluminum foil and stored at -20°C.
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IFAT technlque
‘Antigen slides‘ were removed from storage, at -20°C, and placed in an drying
oven at 45°C for 1 h. The antigerr spots on the slides were encircled with a pap
pen (Kantoukagaku Japan) and fixed in a Iarge volume of cold acetone (- 20°C)
~ for 5 minutes. Two fold serum dr!unons were prepared in PBS(-) starting at 1 10
to 1/5120 dilution._ Every test i_ncluded B. equr‘ and B. cabaﬂr‘ positive‘and_
8 negative sera as "well as PBS control. Ten microlitersi of each serum 'diIUtion'
were then placed on the an'rigen sbots. Slides‘ were incubated-in_a humid
| chamber at 37°C for 30 min. The siides were then rinsed ih fresh Pas(-)’and
washed once for 10 minutes in PBS(-) followed by a further washing with
deionized-distilled water for 5 mirr. Goat anti-ho_rse [QG-FITC conjugate (Bethyl
| Laboratories, Inc., USA.} was di!ufed 1/80 in 0.01% Evans blue-PBS(-) to reduce |
nonspecific fluorescence and 10 ml of diloted conjugate was pipetted onto each
spot. The slides were rncubated rinsed and washed as descrrbed before After '
the last wash slrdes were - allowed to air dry slrghtly before being overlard wrth
glycerrn-PBS( SR 1) and covered with a 24x60 mm cover slip. The slldes were
examined under a fluorescent mrcroscope usr’ng a 40x objective lense
(Microphot EPI-FL, Nikon, Japan).Fluorescence was interpreted as positrve (+),
trace(+) or n'egative (-). The highest serum dilution showing positive (+).

“fluorescence was taken as the titer of the sample.
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RESULTS

 Validation of IFA with parasites from in vitro culture.

In vitro ‘prooagated B. equiand B. caballi were investigated as antigen sourse in
the IFAT. When the test was performed with B. equi or B. cabaﬂr antlgen and
homologous positive control sera, strong specific fluorescence of the parasntes_
wrthln erythrocytes was observed (Flg. 1). -Some cross-reactions were observed
b.'etween the positive reference serum and the recipro'cal antigén at low serum
di[utiono <1/40 (data nor sh.own) but no specific fluOrescerxce was observed at
1/80 or higher difutions. Sera, collected from 15 horses born and roar_ed in

Japan, and regarded as Babesia-free showed some non-specific fluorescence at

~low serum ditutions (=1/40) on both B. equi and B. cabalii antige‘ns (Fig. 2).

Therefore .a titer ofz80 with in vitro cultured antigens in vitro. culture was

considered as being positive for the mfectlons
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‘Screening of.IFA titer with Mongolian sera.

In vitro probagated B. equi and B. cabalh" were also. used ‘to investigaté the
prevalence of antibodies to B. equi and B. Cabaﬂi in horses ‘from Central
Mong:olia. Although no. blood parasifes were detectable in thé Giemsa-stainéd
-blood smears frbm any of these horses, a wide range of end titers was found in
the 1.10 Mongolian horses 1/20 to 1/2560 (Fig. 3). Based on criterion for positivity
as described above, the prevalencé of B. equf and B. caballi inféction in
.Mongolia was'38.15% ‘_a'nd 84.5%, respectively (Table 1). The .age_s df the
Mongolian horses varied from 1 to 19 years and B. equi and B. caballi antibodiés
were detected in all age groups with ninety horséé (81.8%) being seropositive to

both infections (Table 2).
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DISCUSSION

Untit recently most researchers have performed the IFAT for equine
plroplasm03|s on mfected erythrocyte antigen prepared from experimentally
infected horses ( Ristic & Sibinovic!. 1964, Madden & Holbrook 1968, Tenter &
Friedhoff. 1986, Weiland, 1986 and De Waal, 1995) With the succassful
establlshment of in vitro cultures of Babesia, it is now paossible to employ culture
_derlved antigens in thlS test In vitro propagated paras:tes used as a dlagnostlc :
antigen for the IFAT in the present study can avoid the use of experlmentally
infected animals as an antlgerr sources. Although Boe_s_;e (1994) reported the use
of micro-aerophilous stationary phese (MASP} cultures as antigen source of B,
caballi IFA, they did not comment on antigen preparation procedure. We
&experlenced many dlffic'ulties inan established IFAT procedure when the. MAS'P
cultures of B. equi or B. caballi were used as antigens for IFAT in comparlson
- with the anttgens obtained from infected horses (unpubltshed observatlons) _
Consequently various modification had to be |mplemented to allow repeatable

. and consistent results. ln this study, cuitures with 3-4% parasltlzed erythrocytes :
were found to be most suitable. Cross reactions of control sera with heterclogous |

antigen were observed at serum dilutions of up to 1/40. Similar results were
reported by other workers using antigen from experimentally.lnfected horses
(Ristic & Slbinovic 1964 Madden & Holbrook 1968. Waeiland 1986, Tenter
&Friedhoff- 1986, De Waal 1995). Although we were unable to completely
| ellmlnate the non-specific bmdlng of conjugate to B. caballi antigen, it was
distinctly different from the pOSIthe, control and dl_d not interfere with the

interpretation of the test.
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The Mongoiian horse, famous for its 'riding qualities animal is also used for
racing, draught, milk and meat production. Horse husbandry in Mongoha has
_still remained a pastoral nomadic system in Mongoha which includes seasonal
mlgrat|ons and rotations of migrations routes. This seems to be a possible
'source of re- and mixed mfectlons of horses with Babesia parasites. The present
: study conflrmed that both babesial mfechons occur in horses in Central
Mongolia. As shown in Fig 3, ninety horses had hlgh tl_ters (N 60—1/2560) for B. ..
eqoi and eighty two horses for 8. caballi. The results frorn this limited survey
' maﬁ'suggest that equine 'piroplasmosis is oroba_biy endernic in Central
: .Mongolia. Very few clinical cases of equine piroplasmosis are reported' hom
horses in CentraI-Mongolia orobably due 'to most horses béing infected early in
life and b_ecome as carriers for (as 93.7% of_i year old horses sera positive to
both parasites) when they are protected by colostrai immunity -and other
non-specific factors {De Waal, 1995). The tICk veotors of these parasﬂes in:
Mongolia is stlll unknown but Dermaoentor nuttalli (OIeSnev 1929, 01ted by
Dash, 1967), D. salvarum (Shui_t\h,1933, cited by_Dash, 1_967) and Hyalonma
drohvedan' l(Svirskaya, 1961, cited by Dash, 1967) ticks frequently infect horses
and all have bean reportad to b".e vectors of B. caballi in Europe and Russia
(Friedhoff, 1988; Markob, "1935, cited by Dash, 1967). Further s_urVeys and
studies on vectors of equi p'iroplasmosis are _necessary to to evaluate the

epidemioiogical' status of equine pirop!asmosis in Mongolia.
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Fig 1. Immunofluorescent reactions; A. Babesia caballi antigen with
B. caballi positive serum, B. B. equi antigen with B. equi positive serum.

41



—
=
=
3 3 i
=3 I
§ 3§
[<4] o N
8 & 7
,orS
SYES
P
AR
EAEN
N e S B N S e
S N N N N LT Y
NN N N NN AN NN NN N NNN
L g R N N N NN
A A e R N N A
S, SR . S T V. V. V. - Y. V. W V. WL
e E hE L LAY TS VY S s R Y VRN
P A e e R I P A A A A A AP A
S R S N YL
P N NN N NN N N AN N N NN NN
N g R R T N N
AN AR AN AN N NN AN A A NN,
i I j 1 i
[ o) <] ~ SN =]

sasioy Jo laguinN

a0

40

10

<10

Raclprocal tlter

'Fig 2. Distribution of IFAT end titers for Babes

ia equi

and Babesia caballiin Babesia- free horses from Japan.

42



A N A
.r./l.r.////l/).ff)._ll
itk o I N .

B A A T A A e S N
AR N N N N N N N N NN NS

\\\\\\\\\\\\\\\\\\\\\\

AR TR TR A YT
.\\\\\.\\\\.\.\\.‘.\\.\\\\
ffffffffffff

AN N N N % N NN
S DL S, A ST TS

- B.caballi
B. equi

$@510Y Jo J3qunN

320 640 1280 2560 5120

160
Reclprocal ther

20 40 80
Fig 3. Distribution of IFAT end titers for Babesia equi

<20

and Babesia caballiin Mongolian horses.

43



Table 1. Summary of IFAT results of Mongolian horse sera,

number of horses

_ Sel”Oneqéltive_l - sempoSitiv_e—Z—
Babesia equi 13(11.9%) 97 (88.1%)
Babesia_caballi 17 (15.5%) 93 (84.5%) -

-1'2Reciprocal t_i'ter_of <80 or >80, respec'tively.
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Table 2. Prevalence of Babesia equi and B. cabailiin different age groups of Mongolian horses.

Seroneqative . Seropositive
‘Age B. equi B. caballi B. equi B. caballi

1 - 1 .16 15
2 1 3 _ , 21 _ .19
3 2 3 : o 12 SR &

4 - 3 . 13. 10
5 - - 11 11
6-10 6 3 23 26
11-19 4 4 1 - 1

45



Preliminary - Survey on Horse Serum Indirect Fluorescence
Antibody- Titers in Japan Against Protozoan Parasites Babesia
equi and Babesia caballi (Onderstepoort strain '} Originating from

South Africa

N. Suzuki, I. Igarashi, A. 'Avarzed, D. T. De Waal, H. Nagasawa, Y.
Omata, A. Saito & T. Oyamada*

The Research Center for Protozoan Molecular ‘Im'rhunologyy Obihiro
'Uhiversity, ‘Hokkaido, and *Department of Veterinary Pafasitology, Kitasato
University, Towada, Japan. - |

=
|

Key words: Babesia _cabélli,‘ Babesia ‘e'qui, sera 'diagnbsis, IFAT, Survey

46



ABSTRACT

" No clinical surveys concerning equine babesioses in Japan have been _
reported. A total of 494 horse serum samples (439 domestic horses and 55
 imported) were collected from Kyushu and Hokkaido in Japan. In the serum -
samples tested by the IFAT, none showed a positive reaction of a 1:80 serum
dilution. However, 3 of the 19 trace or false-positive (%) cases were
observed as pseudo-positive ( £ —+) in a weak and sharp fluorescence
around the parasite of B. equi and/or B. caballi by the IFAT. These results
might be required to further studies until the accurate diagnostic method in
in vitro culture system can be established in Japan.

INTRODUCTION

Babesia equi and Babesia caballi are horse intraerythrocytic protozoan
parasites transmitted by ticks almost worldwide( Tenter and Freidhoff,
1986). Up to now, there have been no clinical reports concerning equine
babesioses .in Japan, and Japan is still free from equine babesiosis. Possible
‘vectors of horse piroplasma, however, Dermacentor reticulatus and
Rhipicephalus  sanguineus exist in Japan (Yamaguti et al. 1971). As a
standard test of horse piroplasmoses in Japan, the complement fixation test
(CFT) is used for protection of disease control and safety importation of
i horses from foreign countries.. Consequently, we surveyed horse babesioses
using the indirect fluorescence antibody test (IFAT) as a preliminary survey
in Japan. ' ' '

MATERIALS AND METHODS

- Strains of Babesia equi and Babesia caballi: Slide smears of B.
equi and B.  caballi for IFAT and the standard positive and negative sera were -
transported at -20C from Onderstepoort Veterinary Institute, South Africa.
The antigen spots on the slides were encircled with a pap pen and fixed in
cold acetone. Slides were wrapped in tissue papers covered with aluminum
foil, “and stored at -20C until use.

Serum = samples collected: Serum samples collected from Kyushu,
Hokkaido were kindly supplied by various veterinary practitioners in 1992-
1993. The total of 494 was from 439 domestic horses bred in Japan and
from 55 horses imported from foreign countries. -
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Ten samples of equine babesia positive sera by CFT' were kindly provided by
Dr. N. Komatsu, Yokohama Animal Quarantine Service, the Ministry of
Agriculture and Fishery. They were kept at -20C until use.

IFAT technique: Eighty fold serum dilutions in each sample were
prepared in PBS(-). Every test included B. equi and B. caballi standard _
positive and negative sera provided by Onderstepoort Veterinary Institute as
well as PBS control. Ten microliters -of each serum dilution was then placed
on the antigen spots and slides were incubated in a humid chamber at 37C
for 30 min. The slides were then rinsed in fresh PBS(-) and washed once for
- 10 min in PBS() followed by a further washing - with deionized-distilled
water for 5 min. Goat anti-horse IgG FITC conjugate (Bethyl Lab., Inc., USA)
was diluted 1:80 in 0.01% Evans blue-PBS(-) to reduce nonspecific
~fluorescence and 10 mi of diluted conjugate was pipetted onto each spot.
The slides were incubated, rmsed and washed as described before. After the
last wash slides were allowed to air dry slightly before being overlaid with
glycerin-PBS(-) (1:1) and covered with a 24 x 60 mm cover slip. The slides
were examined under a-fluorescence mic_roscope.'using a 40x objective lens
(Microphot EPI-FL, Nikon Co., Japan). Fluorescence was interpreted as.
positive (++), pseudo-positive (+ - +), trace (false-positive)(£), or
' negative (F), , | _

RESULTS

Determination of equine sera by IFAT: 494 samples at a serum
~dilution of 1:80 were tested by IFAT either in B. equi or B. ‘caballi spotted
blood smears, together with the positive and the negative standard sera.

As shown in Table 1, 19 cases of 494 were trace (false-positive)(t) in the
B. equi IFAT. Three of the 19 cases gave a strong and sharp trace showing a
" weak and clear fluorescence around parasites. We marked the three as
pseudo-positive ( +— =+ ), showing both B. equiand B. caballi. The other
475 samples were all negative. In the three pseudo-positive sera of B. equi
‘and B. caballi in the IFAT, two cases were positive in 1:5 dilution in the B.
caballi CFT( tested by Dr. T. Kamio, NIAH, Tsukuba, personal commumcatlon).

Comparison of the CFT positive sera with IFAT: Ten equine
babesia CFT positive sera which detected babesia parasites inside
erythrocytes by the National Animal Quarantine Service, Yokohama, were
tested by the IFAT. As shown in Table 2, in 7/10 cases (70%) identical -

48



results were obtained with IFAT. Test samples of No. 5, 6 and 7 in B. equi
were lower than 1:5 to 1:5 by the CFT, and they reacted in the IFAT showing
a titer of 1:80 to 1:320. 'The sample No. 7 with a titer lower than 1:5 by the
CFT was posutlve in the IFAT shownng a titer of 1:80.

- Cross reactions between B. equi and B. caballi: In the IFAT as

~ shown in Table 3, B. equi antigen reacted to 1:320 of anti-B. equi serum, and
to 1:40 of anti-B. caballi serum as | the positive titre, respectively. Babesia

caballi antigen reacted also to 1: 1320 of anti-B. caballi serum and to 1:20 of
anti-B. equi serum ( trace(x) in 1:40 ) as the positive titre, respectively.

DISCUSSION

- Currently, regulatory control of equine babesiosis in the United States
and other countries (Brazil, Canada, Japan, and Australia, for example)
relies on serological testing ( Holman et al., 1993). _AlthoUgh the CFT is the
official test of the U.S. Departmeht of Agriculture, it has been shown to
yield both false-positive and false-negative results for B. caballi { Enlgk K.,
1950; Tenter & Friedhoff, 1986). At present, the ELISA for Babesia
infections is the test with the highest sensitivity. Western blot and IFAT
provide comparable results, while the CFT must be regarded as obsolete due
to low sensitivity which does not meet the requirements for export testing
or epidemiological studies ( Boese and Peymann, 1994). For the final
confirmation of Babesia infection in horses, the parasites should be
“identified from the horse, and consequently, the ability to expand the
parasite population to detectable levels through in vitro culturing _
represents a final diagnostic procedure that might be used to confirm
" current methods ( Holbrook et al, 1968).  IFAT is laborious and provides a
somewhat subjective method, however, with the reason that we could see
every slide directly to observe the Babesia, we carried out a survey on the
horses in some regions of Japan to see whether they are completely free
. from the IFAT Babesia tests. Three cases of the 494 horse sera were not
completely negative from the test in 1:80 serum dilution by IFAT, showing a
weak and clear fluorescence around the parasites. Two of the three cases
were positive at 1:5 serum dilution by the CFT examined by Dr. T. Kamio,
National Institute of Animal Health (personal communication). We collected
sera at random from- 3 different regions in Japan, consequently, we could
not try to test these three cases again. Thus, further studies for equine
babesiosis in Japan are required until the accurate diagnostic methods and

49



the in vitro cquur_e system for the improved tests can be established.
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Table 1. ]
Determination of equine sera by the IFAT Babesia equi (Onderstepoort strain) -

Serum Negative Trace = Pseudo-positive Positive  Total
tested - () (*) (£-4) (+-++4)

[P T T P T T T e S L L LT T R ey Y PR P TP T

1. Onderstepoort

Positive serum o o ' 1 1
Negative serum . 1 : . : i
No. of control samples 1 ' B 2
2. Japan
A. Hokkaido ‘ g : : )
A stock farm 327 - 7 o L 0 335
B stock farm 100 1 0o 0 101
'B. Kyushu : : | ‘
C stock farm 48 g 2 0 58
No. of samples 475 . 16 3 0 494

Note: All sample$ at serum dilution of 1:80 were tested by IFAT.
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Table 2.

Validation of the CFT for Babesia equi and/or Babesia caballi given by the
‘Yokohama Animal Quarantine Servoce ,and comparison with our IFAT

Case No. Sera from horses infected with B. equi and/or B. caballi*
) . ' CFT - IFAT .
' . B. equ: B. caballi B. equi . B. caballi
No.of Exam. 1 - 2 (§*%) 1 2 (§*%) T 2 (%) 1 2 (8%
S 1(E2) 510 5 (+) <5 <5 () - 80 80 (+) <80<80 (-)

- 2(E-5) <5 <5 () <5 <5() <80<80 () <80<80 ()
3(EI-13) 5 10 (+) 20 20(+) 80 80 (4) 160 80 (+)
C4(E17) - <5-5 <5-5(%) 40 40 (+) <8080 (-) 320 B8O (+) -
5(El-24) <5 <5 () 20 20 (+) 320 320 (+) 80 80 (+)
“6(EI-25) . . <5-5 <5-5(+) 5 5 (+) . 160 160 (+) 80 BO (+4)
7(EI-32) - <55 <55(%) <5 <5 () 80 80 (+) . 80<80 (%)

- B(EI-39) 40 40 (+) 10 5-10(+) 320 160 (+) 160160 (+)
9(El-46) <5 <5 () <5<5 () <80 <80 (-) '<BOLBO ()
10(EI-49) 510 5-10 (+) - 51010 (+) 80 160 (+) 80160 (+)

*Nos. 1-10 horses examined contalned mtraerythrocytlc parasites in each blood smear slide.
Results of the CFT for B. equi and B. caballiwere tested by Dr N. Komatsu at the Yokohama Animal
Quarantine Service. :

All sera tested by the IFAT were diluted more than 1:80 as a standard positive resuit.
 S** means the score mark serum pOSItlve(+) trace or false positive(=), or nagative (-) result..

52



