B1E BRBEE 599

(e 2E]
E | BE
(%) | BENa
100
75
50
25
0

BEDERE

BENBRL, LEE2<EH
ERUNEHEITEM IS B8, EIERMNTHIEER
N D DEBERENRS D, EEDIRDIRE
DELREEROTBRERDD
Rz

Ul e JW I |

4, PFRYTSATE

4.1 KEHEOEE

SR IE R II B D Toxzoplasma gondii T, b M EEE
£ < ODEMOMBRICERET 2. REERICE-T
4 ME4L), YAMED), - XM (E6)
EWENBBEE L5,

FEV TS AYFEHOBREEE R IROEBYT, *
DIFENTEREEEES, T AMIEELED
HEEE RN, AR THRALBENZDDEDICRD,
ERREIZYEFSA IRV ANOREO MY T T
CEHERICBELEFEOREI T OR) 2EIZHEN
KETARENED, FI0EFEEBITHHINEL—
A MEROMICERTS I EICKDERT D,

.

B4 rFUTSIXTDITFIA b

GLibFEE)

Tt
B5 rFYTSXIDLRAP
GLIERD

BE6 rEYTSIXTOF~TR
Gl R =D

b hSRRL 28BS, BREEARE TRESNAE
HBRETHDH, ENITY ONERDMBHEIEL R
8, BEOSO~T0%IE DY AT ThH3,

IR RSUD TRV IS ITIBRLE
Ha, RREEEEATEERAZBIL, TESHEER
ERPNELTD, HERITEEREL LT, MKE,
WRERL, FHREEEE, BREBORKERLRE
DIERZERT . EIRRIICRENEBRL-EE, BE
BHERICRR, R BEBSIU) ORE0EE,
HE, EMalORMEERERECL, 2<R3EBCTS,

AXRFRITIE, BRLTSIELACERERI R
Vi, SIRMEREEL, BELAEE, TEME, &5
B, 40°CIEWEES, EELBENTER, Hiicks
PRERSEEZE295. PHETIE, BREREIIA
BRESEORBERSBRTLIIETRET S 2 &
HB. MRITKDEWERE, BEROMADITE, B
UREBOER, REREXBRENG, Fhicesy
BRI, Bk, MRBEEEIT,

4.2 BEE

421 BEET2HE

PCRIZIZEL D bRV TS XATERIZEEN: DNA
ZHIEL, BT 52, PCRETRERBO> BT,
BELL, BREOCIMY IS XVEEFE2RETS
ZEMTEDBDT, FECHEEBICEY R FETH
B0, —RICERTBHETITEE Tz,

422 M¥EBEE
MBI, BELSTy I/ ABERBICLDE
Wity b (b F v 7-MT S, S Sk
&4, RI7DBHRENTHED, —BROBEERESET
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600 B1OE HEEMZEAERTHROEM @K

B7 55Ty RBERRICLS bFVYISXTREFY b
(hFYFoy7-MTBEH, RHLERISE

BWATETH D, MEBH T, WELEBITH
HEEAEFT B0, B TEWIEENRINELE
CBMEEEE T B, CDIT v I ABERINTI
1: 64 DA ERLUEEEEBELHET 2,

] RO Ty 7 ABERIEF v b(hFY
F oy 7-MT ‘S5 )2 BWER MY 77 XHE
MHE
(1) UFBIRA o045 —HAML1D1~9D7IZ

B2 25 pLT DA ET 5 (BRI RETS),
(2) H5NUDHSHITHR L ALHRIMIFD 25 nlL % 2

EFRAFTL : 2048(1~8R) ETHRT 5.

(38) 5F w7 AHEEZLSIEEL TH—RBREBK &

Ui, 1~9RIC1HH (25 pl) F DM T 9 5,

4) ML EELEEREL, MEESTY 7 ALHZE
FRBEEULE, HEHILOEDIvITET 5,
(5) BB T—HHE LB, TROHEGHEELNE

REDINTHET 5.

()58 F2E)
PRI EEED 1L EERUZBRERERE
EbHoTET,
S HBELESTy I/ ABEEORABRDDH
20, BEEIETFHEEL
2: WWBELES Ty I AMRESEFTEN>T
NaBE, :
1 WELES Ty 7 ANPERERLN>TVWS
%
0.5 : BHEMEIAVRTBIDDPREDRE,
0:/MEL “Ro&D” &LEABDILREE.

etk 1: 32 EREEM:=1: 32
* BEGIEDIES, EREET 5,

=1 64

5. MERREE
5.1 EROEE

Microsporum canis, Microsporum gypseum, Tricho-
phyton meniogrophytesid EQEBHENRE O BB
RETH B, M. gypseum ZTERPREOIF D OF
KERELVTWOREETHZH, (XL E2EVRIL
D UieE g, BOMFITREEYT S, b hiE
I B U 7o EEICRRE LB & B S B & & TR
T 5,

b hTRE, 10~14 B OBRMERLE, ECEF
DELIVOEFITRENEN D, M. canis DEIETIZ,
FERICABPLAREBOKEEOHBREZ, FPRICIE
I TR DB SRR A BB T 5. M. gypseumn
X DERBIFRTHEN, eI SRR
§, T. mentagrophytesiZ X BEH DL TR BICERN,
B AR EEIL, BEMBOPFHRESh S,

o RETHE, KB, L8 MEEREESL
fENE, BOE, fHOEMEICHE NS,

5.2 BWEE
52.1 Dy RATHESHE

BEIT 360 nm QAR (T v RIT) 2RBET 5,
M. canisiZRB U TWB BB, #HEEHRTSE, Ly
U, M. canisPIAORERIRE T, BHXERLRL
DTREIRERENLETH S,

5.2.2 FRMEEEE
PAMOHEEZERL, BERERL (oHLETFE
BEIT2, AT RTIA LK, npmprss,
10~20 % D KOHE®K % 1, 2HEE LT, 10~1547
HWEL THESEBRIEUBHICR D2/ > TERT 5.,
LAREBICHEAERRA SN D D ENLNDT, BRBICHE
BELUTHRCHESETFERET S,

5.2.3 KEEHREE

AX, ROADFFERREED FEE 2 S50 DK
IZEERT 2 D DN N S TR IR TV S,

[#1] WMERDOFw MY —<F v b, FHTHEBEERS
)RRV EERER(ES)

IDF v FTHE, REBOWEDERZIRMAT O
#f Dermatophyte test medium (DTMY 22 L, %iE
(22~25C) T14 HMETHEHR TS, DTMZIZ, pH
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601

B8 o X - rOORERKEERERER
(F—=Fv b, HrBERAEE)

BRE(T /-y R) EIRRREOME OEREE
BRAKCHEETSHEME (YOS AT7x2a-)V L
rONFII R)BHEMENTN S, Microsporum
B, TrichophytonBRBENHIEELETET IV AU E
REPICE DEHPREBTHIETERTHIL
MWARETH B,

6. RHPWKmRAE

6.1 FEEOHE

KR (Dirofilaria immitis) MERT, 4 XSRS
BEREEBETHD.  XERTHREN S MFIZE
HENEIrOT4 I TEE(MIUYITHN,
AV HE)REML, I70740F7U 7B
ANT2EEEL T mmiE 0% SHRES R LR
5. 1%, EhEDIT, RARBOBRDHZRAL
Fe i Wi X TERE S B,

BEFAOA X TIIBEEOREREETH BN, ERO
EITICHENWERNEARY, &, $REFET, EHE
&, IR, EHEORBRENAEEND, BEH
b, BEARkOBRY, DBER BRE KETZE &

fREOBIMREDHBERROEEEZREILTRTT 5.

FADENLCERT DI ENDHSH, FITIERFEHRR
FERIZEDIC WA, REFITRITRELE, 250K
BERILUTERTTHIE8DH 5. BEATIEE
R, REET, B, TREEZEIT.

6.2 ¥wEE

4 RDOEMPH DVEMERICE ENDRRIKREME
FEZBRETEAL /70X MNEZDEL-EERE
Fo s SWHRENTVS,

(F]] HERDA L2 70X MEGFYFA2—T4F

U7 - Fv b, kASEMEREEFER 2RV

B8 AA/ O MECEBT 45U TRERER
CryFTo~T1435U7 «Fu b, KRSt

REFRERBETEOREE (B Q)

(DA XoeMm, OEHDVEHDRZABOHETEE
Aoy FTFNA A DOBARE TRIZ 17§ (9 40+10 pL)
EHTT 5,

(2) REMBBELSTRNEN B HFRIES 25
(80+10 uL){EF T 5,

(8) BERTH~I04HHEL TRESGHBEOEEEZR
B THZET 2,

(4) THrE B OB (RISKT ) Of %
KHREEDS 1 VBRSO NEEE, BELHETS
(&9,

(6) CHABOAIREEO T U BHBELLESEE
HEHET S,

7. IF/avHRE

7.1 EBROHEE

BERAHHWEREFE E T 5L 6% H (Echinococcus
multilocularis) RE T, BPIER T 4 ERYYEIC
FRHEINTW, B#RETEERFIFYRE ) RX
SEOHEHYM TRERSERIN TV S,

b hTi, BEORIIEERTH2H, BEROERT
EEDITHBRICEREINAEEEIKRELARY, 5~
IORFEFETLEROE - FRERLEESHEED
KOIERNIRN D, FE A EDEF THBICEE A
BRI, BERETREOEEEOREZITRABEMN
HD., BEMNIOFEHUEE2RET S E, Figirs
CiEdE, BE, Bi, RBH, BEAREE2EOERNE
N5

FHEFEVER, A%, FIRECKREBEIE, BEOE
WEREIRW, FRBEOBH TIIFESHTEITE
EAEEENDS, FETEEMROTY 5, =k
P, AF52T—5 > TFFVRFINOLEERI
LB CHNEEINTNS,
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602 FLOH GBREMSDEREEOEH : BHR

7.2 BEE

I Oy 7 AORBHMRE ERER T - 290
THRBEY(RREESFEZHVWEML/Z7DOT b
Bic L BREEy MR IDAHRENTNS, Z0
Fv hTiE, H0HBETCEHRICIDHENTEETS
5,

] HROA L/ 7O MEEFy N, bbbl
s art) 2 HNETF /2y AREFEOK
Ek
(1) BEETREFOEZERESNEEL50

T 5,

(2) HEBEABICEL IS, FEDIKIEESET

FAUALL,

(8) BEFBE2MCHEEEIRS.
(4) BEABOXBOBFHEEHET 5,
(5) WT ./ ANETIMY, BEEBEZEEICDS,

FEOPEZEIFLBIOHEZE TS,

(6) FIST— b OREH T SHOTRU LRE

FHE TS5,

(7) 15~30°CT30fFHEL TRIESE 5.
(8) HIERMICENZ S > 2BEL, FEIA>

DOFEEZBRICTHET 2,

OHIFEZRMIc S bO—b T4 2 EHETA IR
BDENEE, T Iy 7 AHEIRBE e
T5, PUTHHET A PRALS, BECT
5 (E11),

OHIEEAIC Y ha—V I 2 OBHFED SN
BE, T/ 3y 7 ARBERBEEHET 5.

OHFEREIC A bO—IL T4 YRBDHENLEND
BE, BENTRETH D, EiE, #HEN
B TR EOTEEEND B0, BREE

-

T0.

10 A A/ AR MECLBTF/ Ovi R
nEHESSREEy

(LFv b, Db EBEEREH)

B TFv MILOIBEESR

8. RO A I RELAE

8.1 EROEE

TSR D A W AR R A N 2RO RISV R A
JV A 2(Canine parvovirus-2 : CPV-2YRRERERTH S,
FEEFREFMCHEPTHREL TS, EiTT
X, BEEPICHREE N A VAT ERERET S5,
TV ZITIER E N B En S NIRRT S,
£ 2~3n ARUBEO A PP L =88, 4~7
HOBRIO®E, TR - BROWHEE, B, BHEE
NH, KNT, THSHBED, BKEEERONEE
ERY, BRLEWEEBTRLETAZ MBS, HF
IRRVERE T 2 &, Iz B URENBREL, FIRR
MCHIUITEIRERR T, DRERTICTRAREREL
G, SRBREEIL, HEBIKET TR I &8
£,

8.2 WEX

BERORNIVERIA N AHEORBER, 14/
707X MEEZRAWETFRERES Y MO EASTHRS
NnTwa,

AL/ 70 bMEEZRALE, RISILVEILI X
(CPVBIEREAFY b TH, $ELBEzANWS
i<, 1 XROEFFCHMEINS CPVEREND
EICEHT S Z EMNARETH S,

(] WMRDA L7787 NME(F v CPY,
FarERA M) 2 AW CPV HERER (B 12)
(1) FEARBREO LHEEEAL, BREEGOL

g) BB RICHRERD,

(2) HEZzEBRENCRELTERL, ETREST

ZL<EEL, INERBREET S,
3B) HBETHMOART MEHDRA T Y a—F v

TENT,

(4) BRERI— RO Sample ic B % 37E (80.15

wl)HTT 5,
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B1E EEE 603

12 RANNVEIALIRBREOBRSBES Y
(F ¢ w277 CPV, Fhirilspkett)

(5) BRIZHBELTISHRICHET 5.

(6) Control BT HREBDENTHITNIEELAR
AIEFHLN TS CHIETT 5, TestTRICTREADHMN
HRUEBERBELHET 2,

9. RVARFU/HN—

8.1 RRDME

NRSIVITANARENEYTA N ARBDAY A
F 2 )8—17 1 )L Z (Canine distemper virus : GCDV) 3
BEHETHD, HREMTHEZRS, RERECEL
FRVEHMAN, BIBSENEVW, BRLEZIXD
Shy, EE¥R, MROMWAEE, ¥R, PR & OFEMEORIR
FRATBHIECLOBET S,

BHREE TEREAN S EBU EEFEA THS,
ERERLBECOONSEERERERTHDET
EHTHB, BES~THRIBHORRANDD, T
DEABIBEORMNHRENIIEI S, I1)LAD
LEHEEICEN, BIT0s, <Led, HBERL, &
Lz, MEEES TRMRRES 2, RERELLT
KLBE, K9E - WEOHR, SCAROEE - AHE{
FEE) BRSNS, UTINARRRKCRATHEY
RFN—MAEE L, ERRE BERE, Bh
BRBOREEFBILT, ELERETT S, WAERE
ETHEFHRIITRET, EEREORBENRDIL
ME,

9.2 ®ER

AN 70T NERRBLUERSPATN—T1))
Z (COVHBERERAF Y MEHKENTWS, X
DIRIE, &3, W, £HEH (EEEAEBRE BX
CVRLPY GEME) X 7 Uiz kit & 3 CDV & R5E N D
EEICRET S EMARETH S,

(5]] HERDA A/ 707 ME(F =y 27 0DV,

AT B A 2 B Wi COVHUERE R (- 13)

(D) BMARBREO LHEEEAL, #EEM@ROL g
UL, IBiE, S0, B EEBEEEkE
AR BLUIFONTNONDORA T T & AB DK
BEICERT 3, :

(2) BEZEBREAELTERL, HWI10BELET
RO TELEEL, IhEREKRET S,

(8) HBETHOARA PRIDATZ Y a—F v
w57,

(4) RERH— RO Sample B IC A % 31 (1§ 0.1~
0.15 mL){EF 9 %,

(5) BRIHBEBEL C00BICHET S,

(6) Control F{IZ RIEADOESHE T EE AR
BIThN TS LT 5,

(T) TestTITHRIKBEDHEMSHIR LB ITEHE SHE
T 5,

B3 RURFUN—DEERBEY b
(Fx v CDV, HIrBEEEan)

0. EEIED L RERERE

10.1 EHFEOEE
VEOOANART L bR L A BOME R
571 )V R (Feline leukemia virus : FeLV) 2SEFETH
5, HAKHOXITHENE NS,
FECREL AR IOERRMEZN L THRERE
WA DRET B, SEAFLVICEREL TWAIES,
MeROPREBRRLZD, SRS EEEICTFRICER

THRIELHD., PIETIR, RERNBELTHAL

U4 NIRRT ICERRRIREIC D D &
BE<, TORIBBBHETIE, RERE, EF0
mERGEADEE, U BRBER EERETIEE
BV,

BETHE, RBRICEDTANANIRENT, B
BYURIEEZRND L0 H D, BEREREDRIT
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604 103

w5 EE B R R oA - R

i, BEERETTRUAMNAFY YT EROEER
FEMmELITHILOHD. BELLEE, RERE,
BEOMEEAE, U/ BLREBREEET S,

10.2 #®EE
FOOME, i, 2MBIEERPICHITS FeLV

FEZ2BHT OO ELISAT Y FEHRENTY

5, £/, FeLVHEABIUFIVHEZRBICEET

ELEHERAL /7O MR EDSFy bbTATREN

T3,

(1] HERDA L 70T "ME(AF v T « FelLV/FIV
aAVE, TAFv I ATRT M) —XHAE&H) £ A
Wiz FeLVIREOBRERE (8 14)

(1) ROy FEBWTHRE (R, mEE~E
i) 87 E Y > I IINA T IVICDET 5,

(2) a>Vas — DAoL EEEICFEE R
5, A>T aF—rENATIVICATMA 5. NA
FINDSIEBD, 3~5BOEREBIICEDHKRE
Earyasr—hreEIJBEEEDLES.

(8) FINA AAAREKFICEE, N1 TR ORRET R
TEY>TINVEADRES ERSEEZRN VT &
F 4 R— Y2 VO FEICTEE T 5,

(4) U TINHREREERFEYD, TITF1N—~—
ZIVIELESTSI, 7774 RXN—F—&H T,

(5) RBEEOEZRY NORBIIDHEREHET
B, BTN ARy bOFEEIX, BEPOFeLVH
BEEFZFIVRAGBOEEEZRS, BEI> ho—)b
2Ry MCEEDNED LNARNESR, BREZRT
Do

o7 IVEAN
A RIGE
.G FIFaR—bT—5 )
1) '
-‘\ ) 75'7:7’*’(‘ /\"“&'—
=

E14 FelV, FIVOEHSHESY b

(RFvF « FeLV/FIV 3 23K,
FAF w2 AS5RT b —ZAEREHE)

1. BRIERET A ) ABRRE

1.1 EROEE

VROOA AR L 2 FUA I ABOERERE T
-1 )V A (Feline immunodeficiency virus : FIV) SEE T
H5, HWABHMORILCHENREND. FZTAH»
DOBEORIZIZ L VRRT 5728, F A OBRGET A
AFTHRD E2BR EF W,

FIVIZBHR U 7R ODTRTHPRET DD Tidiz
W, BERERIZEDNWT, U1 N ADREEMSEME
B, SRSy )78, Bty oNEERSE, ©
A ABEEFEFRAB L OB RERET 2 ERERERICS
HaINg, B, FBEMERTHZRED,
U NEER, BlEkEd, Bifl, TRHAERRESN
b, T, MEPEEICKD RERTS B RS,
TRODLBEOOANR, EALK, WEREHER, BAL,
BRI ERBEN D,

1.2 ®EFE
FOMBFOFIVHEZRET 572D O ELISAF v
b, FeLVHEB XU FIVH A ZRAKRICHETE S
ERA L/ 707 MERESFy FAHIRE TN
%,
(#] FeLVDIRZEE (R F w7 « FeLV/FIV a2 > 3%)
RS (B 14),

SE R

1) W. A. Jensen, M. Z. Fall, J. Rooney, D, L. Kordick
and E. B. Breitschwerdt, Rapid identification and
differentiation of Bartorefla species using a singlestep
PCR assay, Journal of Clinical Microbiology, 38(5),
1717-1722 (2000)

2) A. Calderaro, G. Piccolo, C. Gorrini, 8. Peruzzi,

L. Zerbini, 8. Bommezzadri, G. Dettori and C. Chezzi,
Comparison between two real-time PCR assays and
a nested-PCR for the detection of Toxoplasma gondii,
Acta Bio Medica, 77(2), 75-80 (2006)

Gl #—)
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> h BRmR

rEYITSZVE
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€

BROBIYEIRBESTDER, Toxoplasma gondii EEADRINETHD. FEEOD
BEEELL, AFSOS<OBHE, BECRENFONG. MY ISIIESR, RBE
B EEOHESTEERESVHRRICONT D, ADBRUES, S<3FBEERLTS
20, BEUCESTHRAC UV NEHBREEOBREDERERT T EHBL. —F, 1T
DR ES(ID L, IRERRICKDEE - MELERE MY ITSXTE OKEEE, MATR

b, BHEEES, ERENTE) ZECY. RERSEBETE, BEREY, DR, e,
IRISHEER, REBRAENHBN, BIEMICKEDIEENES.

(T D

BFRIBIZET BB, Toxoplasma gondii
PIREARTH A, RERIE, WP OB %5
FETEHD, BEBKIEL, ARELE O
FIER BIEIC R 5, 2,000 HLL EoTEAME
R BIICRRgeT B L wbhb, MRS OB
BT THEEAEEE LTBRT A,

MRV AT FERE, BEERBICILTY
FYV4 b BRI MR, K& & 4~Tx4 um) (H
1, Y2+ (EFERRME, K& 30~50 um)
(BE2), #—vA+ (BFERE KEx12x
W0um) (R3) OFHEEE LY, wind Bk
WEELTHWEY,

ARHE R EOFEBEETE, FFVI e
VA MOEERALNSE, BNV TI AT
W, %V 4 MPRRETHRIET 2%, BERE
NTHRPEEESNA L ChbE, EHOT

* HARPEE RS EAREGEZMRE
T 252-0880 #ER!|IRESRITRHET 1866

37

Shunts 63

H1 hITIXTOEEFYA S GUUER)

5744 FEREETE YA PR AR
BRI, =Y A PERBEETH A2 HERE)
MONBRETOREREIND., -V X M
PR 2BOAFRT LA M, AFER YR M
ABMOAERS L P2 EETR. F—VRAPIE
REOBCH, 1 FU L AFTRETH L.
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o

VTS XTDF = Gull
FRED

B3

B4 bRV TSATEOBRER

FEYV TS ARBEROYZ MORRL B
OERIERODWICER S NEE, DB
B R AR R, A=Y R PR R
N, A=A MIEME LD ITHRICEEEE
n, BB 5L Bom~OREEEE TS &
3iehb. ME, ERFEVLPRYRFOR
BOTEY TS AERICBELEREOR

38

(LR ER) 2EPMBALRTFORETER
72, BEE— YR MERET B E o8,
F—=V A MIHERINZIERKE E2 68D
B2 (H4).

FRBINE, BRE PRV I A ERICRE
ORETHZLCIDEI S, BIOEREN
BEliZ, BENTEF—Y A ML Ra YL b
B, YAMPLRTSFLVAL PAEELTE
WRED S Y T D B VI IATHICRIC R
7356, ChoQHRERTI 77—V ER
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Bed b L, ¥HFEVL PARTF-VERL, ¥
LR OE&FOMBRICRETS. &< I
BICIFACTEAE - BHETAZEPL, BEAY
TEBELT, BRSO IR BIRPICEET
&, BRBHRENRILT 5.

4E, AIDS B, PABEDB L URENR
IO EH 2 T B EREBHIER & & ORE
TEREOBRESEML, Tho0BEIT M
VIS AT ERPEETAREVHE L TY
B0 F g AEEIECARFE B A EE R LT
Wz AR, AIDS R3SARSE LD, SR
HEi 7 & CREIMRIIE 2 2 5. 8 N CRIEFR2INE
WHhBZETHRAND Y 79 A2 RBHNEE
kL, BETAIEREIRVIIATELAD

NAELELHIZho 729,
(I s )

FEVT I XAERERE EEEP Y TR
% OEREICHA LN, BERIMRTHE
AMNZET B EERFESNG, DEEOANCBITS
e, EEX (0.1~1) %EVvbh TV,
AR ELROBIMO 5V 75 X7 ER O R
B, Mt iCEL b,

HASTIE, B[ 1,000~10,000 ADHERE b
FVS e A BRICHEEL, 130~1,300 fEH]
DEREPFV 7S A BEFERPHA LT
BY, BEREAERE NV TS ATEORER,
R 5~10 BIFREL#E 2 bR T 5. AIDS
BECBITE FEV TS ATREOHRERZ,
REC3~10%, I—0 v 3T 2B5~50%, AA
Tk 8% B & VbR T 5,

HAEDOF D 20~70%, KD 12~14% %% b
FVT5 ATHERETH B EFREZINT
W3, BEORETIE, HOWAERESERIE 5~
6% LIRETH A, TIYTHERCBITAHD
FEVTEATHEBERE, ¥4 0HT
11%?, BET16.1%", "Nv 7974 v ¥ a
T 33.3%Y, 45 T0%?EEERFETIE

39

BRIZEoTWS.

FEVTI XERE BACLEL ST L
Tw5b, bPBEORENYZ2 NG L LRET
i3, TIALTTD0.9%Y, 403D 6.3%,
D 1.9% Y2 F N EFNHARIBM: T o 7.

( NDEERR

%Eﬁh#vﬁvzvr
ﬁﬁ$kﬂﬁ%mm%bi%m,%¢ﬁ%ﬁ
WREEBLEBETH ¥4 2 hieE E8
LT, BBRIZERE NV 79 X EICmged
LHIEhhEH, HESHERORECE, BE
FET S, MIRGE» SHBIICEEL, BB
A CTEENEZTHR L CRREZ RN -EE
HAERICKERE, BRARY, HiEgmks
RIS 2 & OIERD A NG, BIEF I

HEELCEBERE LS.
HREMF VTS ATED 70~90% 2SR &%
HEREERET L EVERTVES, —i2Z, 4

KBS O REEESLD 5% AT L S h
A, IR OB CIE, JRIR I M ERICTRE,
FEIR, kB X O Y SEOJBIE, #WiE, B
LEOBMERERIL, £EEET Y.
@.%ﬁ%h#vjﬁx?ﬁ
REREEPBRER LSS, BRERR
BT, KE4a B0%LULE) I3 REEMRSE 2 5.
FEM: 0 B ORI, 1~2 AERET, B’
BEOFE, U UrEEDAZNRIREEELR E
PREOT. U VLT, HEBEIOY Y
%595, TOMOERE LT, BREK BHA
6, BOEVE, TE, R, BRES TR
RBREORBLRENRALNS, BEALOBEE
B, A ATERCEET S, BEMTIR
mide, #ERZE, & DffnEeio L
D, IREHEEICHSEILT 5.
RBEDPEBE T, BERE L%, Bk,
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asstract. The intestinal helminth fauna of Tibetan sand foxes (Vudpes ferrilata) and red foxes (Vulpes vulpes) inhabiting in Qinghai, China,
was evaluated by conducting necropsy of hunted foxes and fecal egg examination of field-collected feces. In northeast and south Qinghai,
36 foxes were necropsied, and the species of foxes and the parasites detected were identified by the DNA barcoding. In 27 red foxes and
9 Tibetan sand foxes examined, Mesocestoides litteratus (total prevalence: 64%), Toxascaris leonina (50%), Taenia pisiformis (8%) and
Taenia crassiceps (8%) were found in both species of foxes. Echinococcus shiguicus (8%) and Taenia multiceps (6%) were found only in
Tibetan sand foxes. Echinococcus multilocularis (3%) and dlaria alata (8%) were found only in red foxes. In the fecal egg examination
of the rectal feces, 100% of taeniid cestodes, 73% of Toxascaris and 27% of Mesocestoides worm-positive samples showed egg-positive,
indicating that coprological survey for parasite eggs could only provide partial information of intestinal parasite fauna. For field-collected
feces, molecular identification of feces origins and fecal egg examination were performed. In 15 Tibetan sand fox and 30 red fox feces, we
found E. multilocularis eggs in one feces of Tibetan sand fox. The present study indicated that the upper intestinal helminth fauna of the two
fox species in Qinghai does not differ significantly and both species would play an important role in the maintenance of taeniid cestodes.
key worps: China, helminth fauna, Qinghai, red foxes, Tibetan sand foxes.

doi: 10.1292/jvms.13-0187; J. Vet. Med. Sci. 75(10): 13291333, 2013

play an important role in the maintenance of these Echino-
coccus species. Red foxes and Tibetan sand foxes are the
main definitive host of E. multilocularis and E. shiquicus,
respectively. For E. granulosus, domestic dogs are the main
definitive host, however, foxes are possibly involved in the
maintenance [16].

Several studies have been conducted to evaluate the
prevalence of Echinococcus spp. in foxes in Qinghai. Post-
mortem examination of hunted foxes was conducted in two
studies: one study that necropsied 23 foxes hunted in south-
east Qinghai performed fox and Echinococcus species iden-

Qinghai province in China locating at the Qinghai-Tibetan
plateau has the unique ecosystem formed by high-altitude
adapted animals and plants. Two fox species, the Tibetan
sand fox (Vulpes ferrilata) and the red fox (Vulpes vulpes),
inhabit in Qinghai. It is considered that the former species
is a diurnal specialist that thrives with pikas exclusively and
the latter species is a nocturnal generalist that can thrive with
a wide variety of foods [3, 7, 15, 19]. Although some general
information is available, local ecology of the two fox species
in this area, such as local distribution, habitat segregation,
feeding habitat and its interaction, etc. has not been investi-

gated in detail.

On the other hand, Qinghai is known to be one of the
most endemic regions of echinococcosis in the world [4].
In this area, 3 species of Echinococcus, E. granulosus, E.
mudtilocularis and E. shiguicus, are co-distributed [18, 20].
Domestic and wild canine animals, as the definitive host,

*CORRESPONDENCE TO: Nonaka, N., Veterinary Parasitic Diseases,
Interdisciplinary Graduate School of Medicine and Veterinary
Medicine, University of Miyazaki, 1-1 Gakuen-Kibanadai-Nishi,
Miyazaki 8892192, Japan,
e-mail: nnonaka@cc.miyazaki-u.ac.jp

©2013 The Japanese Society of Veterinary Science

tification [2], however, the other study that necropsied 149
foxes hunted in several regions of Qinghai did not identify
fox and Echinococcus species, and thus, the information is
less valuable [23]. Alternatively, test methods for coproan-
tigen and copro-DNA detection in field-collected fox feces
were developed as a non-invasive ecological method [5,
14, 17], and studies were conducted using such methods in
southeast Qinghai [2, 23]. Unfortunately, all of the studies
just focused on Echinococcus infection and were luck of the
infection status of the other parasites in the two fox species.

This study was conducted to evaluate the intestinal hel-
minth fauna of Tibetan sand foxes and red foxes inhabiting
in northeast and south Qinghai by conducting necropsy of
hunted foxes and fecal egg examination of field-collected
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Fig. 1.

Study sites. A: Map of China with Qinghai province marked
as dark area. B: Map of Qinghai province. Dark area in Map B
indicates the Qinghai Lake. Bold line represents the district border,
and thin line represents the county border. 1: Gangcha county, 2:
Haiyan county, 3: Xinghai county (Heka town), 4: Guinan county,
5: Chengduo county, *: Xining (the provincial capital).

feces. The validity of fecal egg examination for the inves-
tigation of intestinal helminths was evaluated by comparing
the result of necropsy and egg examination of rectal feces.
The grasp of the parasite fauna would be useful informa-
tion not only to understand the biodiversity in the Qinghai-
Tibetan plateau, but also to understand the long term feeding
habitat of the two fox species that can be suspected from
the intermediate hosts of the infected parasites. Furthermore,
the grasp of infection status of zoonotic parasites, such as
Echinococcus in the two fox species, would be necessary to
design effective control measures.

MATERIALS AND METHODS

Study sites: This study was conducted in 5 counties
located at northeast and south Qinghai, China (Fig. 1). In
all sites, Tibetan and other minority ethnic groups conduct
nomadism of yak and sheep in a vast expanse of grassland.
The average altitudes of the study sites are 3,000-3,800 m in
Haiyan, Gangcha, Guinan and Xinghai counties and 4,500 m
in Chengduo county.

Hunting and dissection of foxes and parasite examination;
Under the permission of the ministry of forestry, China for
academic investigation on wild foxes, we asked local hunt-
ers to hunt foxes in Haiyan, Gangcha, Guinan and Chengduo
counties in December 2010 to April 2011 and December 2011
to February 2012. Foxes were stored at —80°C for at least 10
days to inactivate Echinococcus eggs. Then, they were dis-
sected and examined for their small intestinal helminths. The
detected parasites were counted and stored in 70% ethanol
for further examination. In addition, rectal feces were col-
lected and stored at —20°C for fecal egg examination.

Collection of fox feces in the field: Fox feces were col-
lected at grassland within 100 km apart from Heka town in
Xinghai county in September 2010, August 2011 and August
2012. Collected feces were stored at —80°C for at least 10
days to inactivate Echinococcus eggs and then stored at
—~20°C until use.

Molecular identification of fox species by DNA barcord-
ing: A part of the liver and muscle of the dissected foxes
were collected and stored in 70% ethanol. Then, DNA was
extracted from the liver or muscle using QlAamp DNA Mini
Kit (Qiagen, Tokyo, Japan). For the field-collected feces,
fox rectum-derived cells distributed on the surface of feces
were collected by washing the frozen feces with ASL buf-
fer (QIAamp DNA Stool Mini Kit, Qiagen) following the
method reported [12]. Then, DNA was extracted from the
washing of frozen feces using QIlAamp DNA Stool Mini
Kit (Qiagen). On both DNA, PCR for the partial sequence
of the D-loop region was performed with primers, prl
(5’-CACCATTAGCACCCAAAGCT-3") and prH (5°-CCT-
GAAGTAGGAACCAGATG-3") as described previously
[12], and DNA sequences of PCR products were read with
a DNA sequencer (Model 3100, Applied Biosystems of Life
Technologies Corporation, Tokyo, Japan) using Big-Dye
terminator cycle sequencing kit v3.1 (Applied Biosystems
of Life Technologies Corporation). Sequences obtained were
applied to BLAST similarity search (Basic Local Alignment
Search Tool) for species identification.

Fecal egg examination: Fecal egg examination was per-
formed on 0.5 to 1.0 g of rectal feces or field-collected feces
by the centrifugal sucrose flotation technique. When taeniid
eggs were detected from the field-collected feces, the eggs
were collected under a stereomicroscope for the molecular
identification of their species.

Molecular identification of detected parasites: DNA was
extracted either from the worms detected in the intestine or
from the eggs detected in feces. For cestodes and trematodes,
PCR for the partial sequence of mitochondrial cytochrome
oxidase ¢ subunit 1 (CO1) gene was performed with prim-
ers, 2575 (5-TTTTTTGGGCATCCTGAGGTTTAT-3")
and 3021 (5-TAAAGAAAGAACATAATGAAAATG-3")
following the method reported [1]. For nematodes, PCR for
the partial sequence of internal transcribed spacer 2 (ITS2)
region was performed with primers, LC1 (5’-CGAGTATC-
GATGAAGAACGCAGC-3") and HC2 (5°-ATATGCTTA-
AGTTCAGCGGG-3’) following the method reported [10].
DNA sequences of PCR products were read as described
above.

Statistics: The difference in the prevalence was statisti-
cally evaluated by the Fisher’s exact test and the Fisher-
Freeman-Halton test (an extension of Fisher’s exact test from
2 % 2 tables to general row by column tables) using statistical
software R [13]. P<0.05 was considered as significant.

RESULTS
Necropsy: A total of 36 foxes (27 red foxes and 9 Tibetan

sand foxes) were examined. Both species were obtained
in Haiyan and Gangcha counties, although more red foxes
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Table 1. Fox species necropsied and their intestinal helminths at four counties in Qinghai province
Count Fox No. No. foxes harboring parasite species® (range of No. parasites per fox)
oun . .
7 species”  necropsied Mes. lir. Tox. leo. Ala. ala.  Ech. mul. Ech. shi. Tae. cra. Tae. mul. Tae. pis.
2 1
’, i - - -52
_ Val. vul. 19 11(3-1,430) 8220y  3(17-52)  1(116) 0 (18) 0 M
Haiyan 1 1 7
Vul. fer 2 7 ) 0 0 0 3) 0 0
Vi, vl 4 ! 2 0 0 0 0 0 !
s (4 (12-179) 3)
Gangcha ] 1
Vul. fer. 1 0 (12) 0 0 0 0 3) 0
Vadd. vul, 4 4 2 0 0 0 0 0 0
Guinan - (4-654)  (3-15)
Vul. fer: 0 NA NA NA NA NA NA NA NA
Vadl, vul. 0 NA NA NA NA NA NA NA NA
Cheng- 5 4 3 1
duo Vadl. fer 6 (1996)  (4-34) 0 0 @w33-1640) O rm @)
16 12 3 1 2
v vl 27 G-1L430) (179 (1752 (116) 0 20-8) 0 (1-3)
Total 3 1
Vul. fer. 9 7 (19-96) 6 (4-34) 0 0 (833 — 1,640) 13 2(1-3) @

a) Vul. vul.: Vulpes vulpes, Vul. fer.: Vulpes ferrilata, Mes. lit.: Mesocestoides litteratus, Tox. leo.: Toxascaris leonina, Ala. dla.. Alaria alata, Ech. mul.:
Echinococcus multilocularis, Ech. shi.: Echinococcus shiquicus, Tae. cra.: Taenia crassiceps, Tae. mul.: Taenia multiceps, Tae. pis.: Taenia pisiformis.

NA: Not applicable.

were obtained than Tibetan sand foxes. Only red foxes were
obtained in Guinan county and only Tibetan sand foxes in
Chengduo county.

From 32 foxes (89%), 8 different species of intestinal
helminths were detected (Table 1). All sequences of the PCR
products obtained from the parasite DNA were completely
identical to those of the representative species registered
in GenBank. There was no significant difference in the
prevalence of intestinal helminths between two fox spe-
cies (Fisher-Freeman-Halton test). Mesocestoides litteratus
was most abundant and found in both fox species (overal
prevalence in red foxes: 59% and that in Tibetan sand foxes:
78%). All of the Tibetan sand foxes obtained in Chengduo
county (n=6) were infected with this species. In addition,
Toxascaris leonina, Taenia pisiformis and Taenia crassiceps
were found in both fox species with overall prevalence of
44, 7 and 4% in red foxes and 67, 11 and 11% in Tibetan
sand foxes, respectively. Echinococcus multilocularis (3%)
and Alaria alata (8%) were found only in red foxes, while
Echinococcus shiguicus (8%) and Tuenia multiceps (6%)
were found only in Tibetan sand foxes.

Mixed infection with multiple parasite species was found
in 12 red foxes (44%) and 7 Tibetan sand foxes (78%).
Mixed infection with different taeniid cestodes was found
in one red fox in which E. multilocularis and T. crassiceps
were detected.

There was no significant sex difference in the overall
prevalence of M. litteratus (male: 9 infected/15 examined
vs. female: 7/12 in red foxes and 4/5 vs. 3/4 in Tibetan sand
foxes) or 7. leonine (8/15 vs. 6/12 in red foxes and 3/5 vs.
3/4 in Tibetan sand foxes) in either species (Fisher’s exact

test). Sex difference in the prevalence at each site or of other
parasite infection was not evaluated due to the small sample
size or the small number of infected animals.

Rectal feces examination: Rectal feces were able to be
collected from 23 foxes out of 36 examined. The result of the
fecal egg examination is shown in Table 2. When the result
was compared with that of the necropsy, the specific parasite
eggs could be detected in 100, 73 and 27% of samples from
taeniid cestodes-, Toxascaris- and Mesocestoides-detected
foxes, respectively.

Field-collected feces examination: In the study site, 70
feces were collected. Feces origins (fox species) could be
identified in 45 samples: 30 were of red foxes, and 15 were
of Tibetan sand foxes. By the fecal egg examination, E. mul-
tilocularis eggs were detected in one feces of Tibetan sand
fox, however, eggs of other parasites were not detected.

DISCUSSION

As reported previously [19], two fox species, the Tibetan
sand fox and the red fox, were found in the study sites. Al-
though ecological characteristics of the two fox species are
different, they shared the dominant parasite species, such as
M. litteratus and T, leonina, and the statistical difference in
parasite fauna of the small intestine was not elucidated in
this study.

The most dominant species in the two fox species was M.
litieratus. Although the lifecycle of the genus Mesocestoides
has not been clarified in detail, this could indicate that both
species of foxes intend to ingest the second intermediate
host or pessibly paratenic host of this parasite, such as birds,
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Table 2. Comparison of worm-detection at necropsy and egg-detection in fecal egg examination
L No. positive samples for parasite species® in each examination
Examination
Mes. lit.  Tox. leo. Ala ala.  Ech.mul. Ech.shi. Tae cra. Tae.mul.  Tae. pis.
Necropsy 15 11 2 - 1 1 2 2
Fecal egg examination 4 8 0 - 19 19 29) 29

a) Mes. lit.. Mesocestoides litteratus, Tox. leo.: Toxascaris leonina, Ala. ala.: Alaria alata, Ech. mul.: Echinococcus multilocu-
laris, Ech. shi.: Echinococcus shiquicus, Tae. cra.. Taenia crassiceps, Tae. mul.: Taenia multiceps, Tae. pis.: Taenia pisiformis.
b) Examination was not done, because no samples were obtained from foxes infected with the parasite species. c) Detected as

morphologically species-indistinguishable taeniid eggs.

reptiles and small mammals [6—8]. It has not been cleared, if
the parasite can infect to pikas that the Tibetan sand fox as
specialist thrives on. Similarly, the finding of T. pisiformis, T.
crassiceps and T multiceps in Tibetan sand foxes may indi-
cate that the fox species ingests hares, voles and sheep head
as well, although the frequency of such feeding was sup-
posed to be fewer than feeding on pika [7, 15]. It is known
that Tibetan nomads do not eat sheep head, and thus, inges-
tion of sheep head thrown away may explain the infection of
T. multiceps rather than hunting of sheep. On the other hand,
other parasite species detected in red foxes indicate that the
red foxes ingested frogs, voles and hares [15].

Five species of taeniid cestodes were detected in the foxes
examined. Taenia crassiceps and 7. pisiformis were found in
both species at necropsy. Echinococcus multilocularis was
found in a red fox at necropsy and its eggs were found in
a feces of Tibetan sand fox, and thus, the parasite species
could infect to both fox species. Infections with E. multi-
locularis in Tibetan sand foxes and in pikas were reported in
the previous studies [2, 18], and thus, this parasite could be
maintained efficiently by Tibetan sand fox and pika cycle as
well as by red fox and vole cycle. In contrast, E. shiguicus
was found exclusively in Tibetan sand foxes both in this
study and in the previous studies [5]. Although the number
of foxes examined was limited and more foxes should be
examined to clarify, the red fox may not be a susceptible
host for this parasite. On the other hand, as observed in other
studies [2, 23], E. granulosus was not detected in either fox
species in this study. Nevertheless, finding Taenia and Echi-
nococcus species in the foxes would provide us a warning
that surveys on field-collected feces with egg examination
conducted in this area require a further method for the spe-
cies discrimination of taeniid eggs.

Comparison of the results of necropsy and egg examina-
tion of rectal feces indicated that coprological survey for
parasite eggs could provide valid but limited information of
parasite fauna. Taeniid eggs were detected in 100% of foxes
infected with taeniid cestodes. However, the observation
could be a rare case, and an actual detection rate is consid-
ered to become lower because the previous studies showed
that the detection rate of taeniid eggs from the rectal feces of
red foxes infected with E. multilocularis was less than 50%
[9, 21]. On the other hand, other parasite eggs, especially
those of Mesocestoides, were detected in only part of the
infected foxes. Mesocestoides eggs have thin eggshell and
are stored and protected in a sac called paruterine organ of a
gravid segment. Ignorance of detecting segment itself in the

egg examination may explain the low rate of detection of the
parasite eggs.

Various surveys on parasites examining animal feces have
been conducted elsewhere [11, 14, 17]. Previous studies had
some difficulty in identification of origins of feces collected,
however, molecular identification methods for feces origins
have been developed recently and applied to field surveys
[5, 12]. In those studies, examination of parasites was con-
ducted by detection of parasite eggs, coproantigen or copro-
DNA {2, 17, 22]. However, the latter two detection methods
are best applicable to surveys on the specific parasite, such
as Echinococcus spp., and are not suitable for surveys on
parasite fauna. In this study, we performed egg examina-
tion on field-collected feces in a town of Qinghai and found
one positive sample that contained E. multilocularis eggs.
Considering the above result, the observation indicated that
the prevalence of intestinal parasites of foxes in the study
site was quite low. For additional information, infection with
trematodes, such as Alaria alata, could not be evaluated in
this study, because fecal egg examination was performed by
a floatation technique.

In conclusion, the present study revealed that the upper
intestinal helminth fauna of the Tibetan sand fox and the red
fox distributing in Qinghai is overlapped each other, and
both fox species play an important role in the maintenance
of taeniid cestodes. Therefore, the role of the foxes should
be taken into consideration when countermeasures against
echinococcosis or taeniosis (cysticercosis) are taken place.
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Abstract

Alveolar echinococcosis is a refractory disease caused by the metacestode stage of Echinococcus multilocularis. The life cycle
of this parasite is maintained primarily between foxes and many species of rodents; thus, dogs are thought to be a minor
definitive host except in some endemic areas. However, dogs are highly susceptible to E. multilocularis infection. Because of
the close contact between dogs and humans, infection of dogs with this parasite can be an important risk to human health.
Therefore, new measures and tools to control and prevent parasite transmission required. Using 2-dimensional
electrophoresis followed by western blot (2D-WB) analysis, a large glycoprotein component of protoscoleces was identified
based on reactivity to intestinal IgA in dogs experimentally infected with E. multilocularis. This component, designated SRf1,
was purified by gel filtration using a Superose 6 column. Glycosylation analysis and immunostaining revealed that SRf1
could be distinguished from Em2, a major mucin-type antigen of E. multilocularis. Dogs (n=6) were immunized intranasally
with 500 pg of SRf1 with cholera toxin subunit B by using a spray syringe, and a booster was given orally using an enteric
capsule containing 15 mg of the same antigen. As a result, dogs immunized with this antigen showed an 87.6% reduction in
worm numbers compared to control dogs {n=5) who received only PBS administration. A weak serum antibody response
was observed in SRf1-immunized dogs, but there was no correlation between antibody response and worm number. We
demonstrated for the first time that mucosal immunization using SRf1, a glycoprotein component newly isolated from E.
multilocularis protoscoleces, induced a protection response to E. multilocularis infection in dogs. Thus, our data indicated
that mucosal immunization using surface antigens will be an important tool to facilitate the development of practical
vaccines for definitive hosts.
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Introduction Normally, the major definitive hosts of E. multilocularis are wild
foxes, and dogs are not considered to play an important role in the
natural transmission of the parasite, with the exception of highly
endemic areas such as western China and part of Alaska [3-5].
However, dogs also possess high susceptibility to experimental
infection with the adult parasite, suggesting that accidental
infection of dogs with E. multilocularis could be an important
source of AE infection in humans because of their close contact
with their owners.

Alveolar echinococcosis (AE) is a serious public health
problem in many endemic regions of the Northern Hemisphere
[1]. Within the genus Echinococcus, the species that have major
public health importance are Echinococcus granulosus, the causative
agent of cystic echinococcosis (CE), and E. multilocularis, the
causative agent of AE [2]. The life cycle of E. multilocularss is
maintained between intermediate hosts, mainly rodents in the
wild and definitive host wild carnivores. In human AE, infection
is caused by accidental ingestion of parasite eggs excreted in the
feces of carnivores such as foxes and dogs. As much as 10 or
more years after the initial infection, metacestodes proliferate
unrestrictedly into the liver and other organs, forming a tumor-
like mass, which may cause organ dysfunction. Although the
prevalence of E. multilocularis infection in humans is generally
low, AE can be highly lethal because of the unlimited capacity
for proliferation and metastasis of the parasitic lesions, unless
appropriate treatment is administered.

To control this zoonotic disease, some prevention programs
have been implemented in various endemic areas. Distribution of
baits containing praziquantel is an effective measure for reducing
the infection rate of E. multilocularis in wild foxes. Some studies
have reported that bait distribution achieved significant level of
(from 30 to 50%) reduction in the prevalence of E. multiloculars
within 18 months [5-8]. Likewise, prevention programs, including
repeated treatment of dogs with praziquantel and health education
for dog owners, resulted in a significant reduction in E. granulosus
infections [9]. However, to maintain such effectiveness, it is
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necessary to conduct these prevention programs over a long-term
period, which would place a significant economic burden on
society. Therefore, it is necessary to establish new measures to
reduce the risk of parasite transmission from the definitive host to
humans. The development of effective vaccines can provide new
measures for the long-term control of this parasite.

Limited knowledge is available regarding immunology-based
protective responses to Echinococcus infection in definitive hosts due
to controversial reports [10]. In fact, a few studies have
demonstrated acquired immunity to E. multilocularis in canids. In
particular, whether this parasite stimulates an acquired immune
response in the intestines of canids is still debatable [11]. Tanaka
et al. showed that repeated experimental infection in 2 dogs with
E. multilocularis resulted in a significant reduction in worm burden
in dogs [12]. Similar results were observed in dogs infected with E.
granulosus [13]. Early attempts, including generating immunity in
dogs through vaccination with various native antigens from E.
granulosus, induced significant levels of protection [14-16].
Recently, Zhang et al. showed that subcutaneous vaccination
with a series of ¢gM recombinant antigens provided very high levels
of protection against F. granulosus in dogs [17]. Petavy et al.
reported that an oral recombinant vaccine against E. granulosus
showed promise with respect to resisting CE in dogs [18]. These
experimental results suggest that prevention of the disease by
vaccination is possible and that dogs can generate a high degree of
protective immunity against parasites. On the other hand, these
above-mentioned reports have been criticized in terms of their
statistical analyses [10]; therefore, additional supporting data are
needed. Moreover, there has been little progress in the develop-
ment of a vaccine against L. multilocularis in dogs.

IgA is widely accepted as a protective molecule in the gut; in
particular, IgA binds to bacteria or gut-dwelling parasites, exerting
its key function as an initial barrier to infection. Thus, research in
mucosal immunology is focused on developing new approaches for
mucosal vaccines [19].

In this report, we identified a potential vaccine candidate based
on reactivity to intestinal IgA from dogs infected with E.
multilocularis. We describe, for the first time, that this antigen
shows mucosal vaccine potential against E. multilocularis infection in
dogs.

Materials and Methods

Ethics Statement

This study was performed in strict accordance with the
Guidelines for Animal Experimentation of the Japanese Associa-
tion for Laboratory Animal Science, and the protocol for the
animal experiments was approved by the ethics committee of the
Hokkaido Institute of Public Health (permit number: K23-02). All
the surgeries were performed under sodium pentobarbital
anesthesia, and every effort was made to minimize suffering.

Parasite Materials

E. multilocularis (Nemuro strain) was obtained from a dog-cotton
rat life cycle routinely maintained at the Hokkaido Institute of
Public Health. Protoscoleces were collected from cysts developed
in cotton rats at 10-14 months after infection and were washed 7
times with 10 mM phosphate buffer (pH 7.4) containing 137 mM
NaCl and 2.7 mM KClI (PBS) with penicillin G (500 IU/mL) and
streptomycin (1 mg/mkL). Adult worms were collected on day 35
postinfection from the infected dogs. The worms were first
released from the intestinal contents by soaking them i PBS to
remove intestinal mucus and were then rinsed several times in
PBS. These materials were used to prepare vaccine antigens and
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crude extracts for 2D-WB analysis. All experiments in this study
were performed in a specially designed safety facility (biosafety
level 3) at the Hokkaido Institute of Public Health, Sapporo,

Japan.

Collection of Serum and Intestinal Swab Samples

All the dogs used in this study were purchased from Sankyo Lab
Service Co. Ltd. (Sapporo, Japan). To collect serum and intestinal
swab samples, 6 dogs (female beagles, 3-16 months old) were
divided into 3 groups and were used for experimental infection.
Dogs in group 1 were infected once. Dogs in groups 2 and 3 were
infected 3 and 5 times, respectively. All experimental infections
were performed by oral administration of 5x10° E. multilocularis
protoscoleces, and the infection was terminated on day 35
postinfection by administering praziquantel. Repeated infections
were performed with at least 1-week intervals between infections.

Serum samples were collected every week after infection from
infected dogs, and sera were stored individually at —30°C until use.
Interstitial swab samples were collected from the small intestine of
infected dogs. The small intestine was divided into 6 sections, and
the central 3 sections of the intestine were opened with sterile
scissors. Secretions were wiped as equivalently as possible with a
sterile cotton swab and placed into tubes in 2 mL PBS containing
protease inhibitor cocktail (Roche), streptomycin, and penicillin G.
The tubes were immediately placed in liquid nitrogen and stored
at —80°C until use. Each group of intestinal swab samples was
pooled and used in 2D-WB analysis.

Purification of a Vaccine Antigen from E. multilocularis

Protoscoleces

Approximately 1.4 mL of the washed protoscoleces was
transferred to a polystyrene test tube (17x100 mm) containing
5 mL PBS supplemented with 2.4% Triton X-100. Following
gentle shaking for 3 min at room temperature, the suspension was
sonicated 6 times for 10 s with a probe-type ultrasonic generator
(UCD-130, Tosho Electronic Co.) at 4°C to obtain a crude extract
of protoscoleces. The crude extract was centrifuged for 15 min at
3,500 rpm, and the clarified supernatant was dialyzed against
distilled water overnight. The dialyzed solution was separated into
aliquots of approximately 5 mL in a small vial and lyophilized.
This sample was used as the protoscoleces crude extract (PCE).
The PCE was dissolved in 1 mL distilled water and an appropriate
amount of protease inhibitor cocktail (complete EDTA free,
Roche). Two hundred microliters of the dissolved crude extract
was centrifuged to remove insoluble materials and applied to a
Superose 6 10/300GL column fitted on an AKTA explorer (GE
Healthcare) equilibrated with PBS at a flow rate of 0.3 mL/min.
The fraction eluted at the void volume (7.5 to 9 mL) was used as
the vaccine antigen and was designated SRf1. Elution positions of
thyroglobulin (669 kDa) and aldolase (158 kDa) were determined
in a separate run under identical conditions. The purity of SRfl
was determined by densitometric analysis of Coomassie brilliant
blue-stained SDS-PAGE gels by using the UN-SCAN-IT ver. 6.1
software (Silk Scientific, Inc., Orem, UT, USA). BSA was used as a
standard.

2D-PAGE and Western Blotting

2D-PAGE followed by western blot (2D-WB) analysis was
performed as described previously [20]. Briefly, 120 pg of crude
extract from adult worms (i.e., ACE) or PCE was applied to 2D-
PAGE. The separated proteins were stained with CBB or reagents
in a Pro-Q Emerald 300 glycoprotein gel kit (Molecular Probes,
Inc.), as recommended by the manufacturer. After 2D-PAGE, the
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