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Figure 5. ELISA detection of local miucosal IgA responses. Local mucosal IgA antibody responses were detected in BALB/c mice immunized
with rEm-TSP3+CpG or rEm-TSP3-FBP intranasally after the third immunization, Mice were sacrificed and nasal washes, liver extracts and intestinal
washes were collected for measurement of nasal IgA (A); intestinal IgA (B}, liver IgA (C), lung lgA (DY and spleen IgA (E) antibody responses. ngmrczmt
differences between the vaccinated groups and the PBS control group are denoted by an asterisk over the bar. The SB35 indicated by vertical lines,
Significant differences between any of two groups are denoted by an asterisk over the line connecting them. n=3 per group; *p<0,05 {significanty;

<01 {very significant); **¥p<0.007 {extrerely significany).
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flexible peptide in biofunctional fusions [35]. Hydrophobicity
analysis showed that there was no significant change in solubility
bewween the unfused and fused forms of Em-TSP3, 'Three-
ditensional structire prediction of En-TSPS sugpested that the
exposure of the C-terminal nked with short FBP might improve
the atachment of fusion protein to epithelial M cells and wigger
DG detivation [20], '
Fehinococeus metacestodes form a laminated layer which protects
thens from host immune atiack after the fection established on
the: liver of intermediated host, Therefore, it may be more feasible
to Kill-Eehinocoreus oncospheres in the early stage of infection in the

fatestine and blood before they develop into metacestode. Aswas

sugdested that antihodies: form a critical part of the iImmame
response against weniid metacestodes, with 1gG 1, 1G22y, IgG2h
and Igk piaying & major role in oncosphere killing, although the
mvolvement of othér rechanisms should not be valed ow [36].
The tendency of Thl or TH2 cell immune responses were
assessed via detecting the 1gG1/1gG20 ratio afler the second and
the thivd imununizadon. Immunization with rEm-TSP3-FBP
multfzd in an increased JgG1/1gG2y rato (a xesariexacy towards
They, while sEm-TSP3+CpG showed an early Thi-dominated
response that shifted towards a Th2 response later: T cellsregulate
g’ isotype switcling on the basis of their ability tw secreéte
cytokines, In miee, 1L+4 (inducing Iz and Igh), IFN-y (inducing
IgG20 and 1gG8) and TGF-B (inducing TgA and IgGab) are the
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most important eytokines involved in g isotype switching [37,38].
It is suggested that the Thl-polarized eytokine responss pluys an
important role in killing Lehinococcns metzeestodes during the initial
stage of development iy liver. The response §hifts to o predom-
inantly non-protective Th2 response during the chronic stage
[86,39-47]. Although FAP was previously shown to induce a Thi-
tike response {34], in ourstudy, the fusion of FBP to Em-TSP3
induced a prédominantly "Th2 response. Studies indicate that £

granulosus has developed strategies for immune. evasion using

wisleeules such as a:xtig,eu B, wherehy DCs differentintion is
impaired, resulting in polarization towards a Th? cell response
[48}. Tetraspanin of Schistosoma ‘was also shown 1o serve us an
important molecule in imumune evasion by masking their nongelf
statis 149,501 Based on these and our recent studies, we believe

ithat although FBP facilitated targeting of M cells by the fusion

protein to stmulate stronger mucosal dmmume responses, it o
cavsed tetraspaning to impair DCs functions [48]. This is the most
likely explanation for the failure of tEm=TSP3-FBP to indace a
high 1gG2¢ response. We speculated that Em-TSP3 might be one
of the most important wmolecules for regulating host Imuune
responses by Eelinocorcus metacestode to benefit their long-ferm
survival i their intermediate host [13].

Mucosal IgA responses were also detected by ELISA. Remark-
ably, imunization with tEmSTSP3-I'BP cvoked significantly
swwong TgA antibody responses in intesting; lung and spleen
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compared to that by rEm-TSP3+CpG. Research on mucosal
immunological responses over the past decades has suggested that
mucosal IgA plays a crucial role by neutralizing parasite ES
{excretory-secretory) products. This leads to attenuation of the
parasite-host interaction and interferes with parasite feeding and
survival [51-53], inducing eosinophil degranulation [54] and
tolerance induction to the parasite [32]. Secretory (intestinal) IgA
is thought to be one of the first lines of defences against infections
by parasites such as Giardia [55), Trichinella |56] and Echinococcus
[32]. Moreover, in this study, higher liver IgA response was
induced by rEm-TSP3-FBP compared to rEm-1SP3+CpG
(#<0.05), which is thought to be one of the important immune-
associated factors during the chronic stage of IErhinococcus
metacestode infection [39,57,58].

Ln. administration of the Em-TSP3 fused with FBP (rEm-
‘I'SP3-FBP) induced both systemic and local antibody responses,
indicating that this is a novel, prospective model for the
development of an efficient, non-toxic human vaccine. Since both
the CpG and FBP did not induce the expected Thl response
against ZEchinococcus metacestode, we speculated that the early
systemic (IgG) and mucosal (IgA) antibody responses are crucial
for oncosphere killing and thus provided protection in our
experimental model [13,22]. It appears to be very difficult to
exclude metacestodes completely once infection is established in
the host liver, although the liver IgA may play an important role in
anti-echinococcosis [39,57,58].

We chosen an i.n. administration route in this study because it is
the most appropriate for inducing the full range of local immune
responses (so-called ‘common mucosal immune system’) [59].
However, it is notable that although both the CpG and FBP
provoked strong intranasal IgA responses, there was a significant
difference in intestinal IgA production. It is clear that FBP is more
efficient to induce lgA production at certain remote sites, e.g.,
intestine, lung and spleen. We noticed a swallowing behavior
during the i.n. administration of Ags in all BALB/c mice which
means antigens were partially administrated orally. Thus, FBP
might be more efficient than CpG if orally administered. This
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should be confirmed by performing an oral vaccination experi-
ment for further evaluation of their vaccine efficacy. Another
important consideration for developing vaccines against E. multi-
Iocularis established its infection in the liver is to find a more
efficient adjuvant that is able to offset the undesired effect of
proteins like antigen B and tetraspanin which is believed to cause a
shift from protective Th1 response to non-protective Th2 response
[13,48], or fuse FAP with other protective Ags.
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Diagnosis and countermeasure for Echinococcus
multilocularis in fox
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1. BUBIC

%@ %&W Echinococcus multilocularis (346 $3R (121 <
GHL. HELEHER7AF VR (FFFVREIO
H#E), K, AFHI, 23—F, koFzrFIih
EDRBEHT. LoehpEeEEE A X1H
YDA LAXI TR AE) ThHs 3]
EATRECTHEYVREZVYFF X IMTERLT
w3 [191,

BRI ERICE L. W30 FAELEDS
ARFEOHEENEFKLON TS, HATIEINBED
BHOANERFDHRETH L4, BHEiddiEETn
MEE (Y A EBHEDOTF A 70) BHSR TV D,
1937 A SIEFL KR, 1966 SEA HITER (R, Jil
WH) OBRIHMOBEEFERE LTS TELY (B
JT, 1997) .1980 I EENOTITHROIE A L,
E 5121990 FEFUUSIE F 7 RN BT B REFH LA
LRLU, EEEEH0%E L >TwD [20]. AWML SHIE
1999 HEIZHHRN A O BEEE R S, 2005 41213%
EEOFEEPSNTF /Ty 7 AAIIRILHETH O
mxzRHbL [29]. 2LBNEN~DRA - EXHLE
HahiCwd 2], T TIIHRHPLLEBALEL S
AHRELESHEINTES [25]. FHOAFERD
BRI 2 AHTH B, BELZBEUNRMIE
WTEFLTWAETI WA, 4L QERISLET
Hb,

2. ¥YRXRDZSAERDBLRET

i (fTH0) (SX b, BWHRTI 1966 Fhn, £l
I 1983 Fh 6 ¥ v 1+ DHBHAAPHEETONTS

D, 2O LEMTIz b/ 2GRS HRMICL &
ML F—sLhoTWwWh, 1983 £ LB TIX, f—ni
HE UMETEH 1/6 DBRBHREA) TEEENLTSEY,
1983 ~ 1992 4 (349 20%. 1993 4F LARE X &7 40% @ B e
FLEALTWS, TNHDEFEOWET— 5 ILETFD
F=AR=TIZH WS N TV B,

FENOFITIRIR L IVBT 20101 BEH2ZT
Bl WEMEHPHENT A RPRLEETH SN, =
N2V TIE—HDOATRS ATV 5B, 1999 F0 /)
BIZB 2 67 HoFx v 2 OMBREE (2/MHIRE) Tk,
3BH (57%) HLUFEHMET, 1 HREL Lo
42% (16/38) TH-7: [30]. BEFTHEIN TS
FAVRRXALADT— 5 ERT/PYUDEREP LV H
WETH D, FV AL BHRPOFELRIZOWTOE
DERIBT — F IRV OMEOREMBOER
% Al 7o mSARATld, EPG 1 ~ 100256 5. 101 ~
10000 A% 7 5. 10001 LLLAS3TH T, RS TH B
ILEPG 1 VT T, —HOBd* Y 2 0OHNEEO R
2L TV AT AR ENR TS [30].

BEoxy +ORELERIE. BAHICERYT 5 HAED
F— 5 THBN. ANDBEEE L TEBMiiEic s 5
FVADOMRLAEETH D, 1997 LUt (i)
BT %Y AOSRHBREMRTIE, BISTERL80E
L UL T 19 DFEFENR DA D BEED 11 B
TIX /3 v 7 AHREBE () OREHIFN S N7,
ESIZZ0 N BEFR7TEFCBVYTERE (F=T#)
L s, HEHICBIT2Z /Y FAXINERE
BEIZE A, BT OB Tl S v M0 - BL,
SREMIIFERELTVB I EIRENTVS [26].

_8_._..
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3. BEEX (FYRXRBIURKR) DBHE
BiLicbBUYAIE /oy 7 ADBMEL LT~
BRHENFTHObh TV 5, HBILDMBINOR S % BEHEBE
L LB ToRLBERTELIFETH L. SHIC.
FELTONMGEHLIETE BH SR MDD
GBI T & G, £, BEAREO/DIIE, HIBA
AL 2 HET B EMS, BLGEALEE L
Bo B, JOHBTYH, BE L SIRET S Ll
THRECELHEEIPHONIY, FHEBHEZET S,
LHo T, KEOBREORELXTIHAIX. EHiLL
hErHw LR Tw3 [3le T4bb, MEOESINK
DPORE—EITOH LT B Kikk, dbiEED
TTHRED L VIZDBO—RDOAERET L HTETD
h, BB CHOOFETIHRENRLRETTS, L
L. WFhofg b i EERE L., toFEheo
ENRES LRI EPSBERIEIXIZI0%EEL SND,
— i EROFERBERL LT, HEROQRO
BUAFTDN DA, LUEHEZ0EBEF=TH4EM
(Hideh - UhApdm - BRER - ey &L E) of
HOBHER 2 EINIATETH S EFEREREL S
TW5b, OREREICMTA2REIZNA T, Felifk
BL e, niizHttd % 3 ToMMNTOR
BRI ARTITRET, S 5612, SUEBESRTIX, Rk
~2PHIZBW TR EAMMICIThh 0T, Hlt
MIBEAIR LTI T 2, Tex OV TV 2R
PEETIRO0Sg DEBEEZREL TV HH. BREEY
Y ADOEREEBVARETI A0 ~ B%OEETH -
7z [30]. WAV EBEORPLRERRE RS Z
EIZE-T, EBIZTAINY—R=1—=F[B LR
ik oT, USRI ORIE Y LITAUESLETH
%o
=7 HLROBMIOF - REMCOVTIL, HE
PCREMEREN TV 5, B HIZMBEARINE 1L/
HLerid, mAESEL. PCRTZALRIIHRAL
DNA #i8 (B A3 ba v M) 7TOBETF) %2
BLRIETED, Lidto T, BESAIMGE&0%
RIEIX 100%TH D = DOREEILRIPIRILOBEIIRFF
To5H5, BIEFRILSh T, RELSERELHER L
13 PCRIZ & % DNA BEA sk 2 W2 &2 h, Mk
HROHBIIREELET . HEL LML 5
T, BEr o EHSELMIZIERN L DNA 2B+
AAL L INTVWBEA, BESK, BEE (K K
) ST TR (BARE. SEEM, LM, S

I

G, fatkgelie &) OBLMAFIFICHBHERT 5
ENBHb. RElGEFoF=T7HEREFANT, PCR/
Dot blot #:i2 & h M RMB L UBREN L Tu—T%

I hay FYTOpedl BGFEMCCHEELL: 1L
Reverse line blot iETld, —HOBIZSHOHiO 7o~
TERBEL., FBCZSENT = 7TREUIFENTETS
h. SEOHBIMFES NS,

BlfE, LBV TLo L b ECHHENTHEH
B LC, mAHEl - T A RBEDM L. RENI
e LTRIET 2 HildH 5. BEINTIE. Echinococcus
BIHEAMZITRIINTSE ., 70+ — Liitk EmA9
AR LBEANSAADIR 2 BRT 23 FM4 v
FELISAthé Ay as7ou- b (Kfloxz¥ v b)) #¢
fibhTwd, iz, hEES Y FAAHESN T 5,
EmA9 DR HMFUIRMOERS L3 EN B
HOT, WHMKETHS (9o EmAIIXIZIZ ¥/ 3y
7 ARRWC, MeEM, AEEH, RELR, Tuenia
crassiceps Tp £ L 13 & FUS L va® [9, 23], Mikdh
!@%@]’C‘“"ii"{ﬁum#%&) bhaZEahs (1],

« ENTE, BIREMERIEDTERTHE I L
#e\umx& M DWW TIRERR KT LR o TV
FEMPHANIL ¥ Y A DFEBKRS L BAPIIH
HENZLHE0T, BREROBHITHRTSHS. £
7z, % AOFEMEHNHE O OD i & #BHC X ARk
ﬁuu&&ﬁ&mﬁ%#ab[wam.ﬁm%&mﬁ%
2% %, MREem RIS HNT DRI DV T,
< &b 10100 HERIEORETHNITRINTE S Z::ﬁﬁ
Ea3Nb,

B, BEAE LUF Y A ORBHRIFEN 2 DUE L
SROBMERDIEB M~/ 2 A, WITIRSTR 1 1A
~ 2 REOA B TH B (28], MEOMEE LSS
%1APOREZ2 S 4 AEGC (15]e FV 4
DRI X BHFEDEF Y A OBBEORA T, A
B HEEIZ 0% L TH B, —F, MLk i
IR 40 ~ 45% & iV [14. 30,

g

4. REDZARRICHT BME

Blfe, bHEETIES Y ARABRISRER W I ISR
el o 3 R YIS REET A C LR, KEOEM. *
IFERo/) LAV EINERLTHFERIEI L,
FHOEFHTTREI LA EMET AL LTHITHRTY
B (B 1997), &512. RGBT HDOERDMITE
BREL IO TV 5D, IBEOEHHFILLiEHRY 548

— g —

— 246 -



ZARROLE

TR LTEMATTAEETH S,

T/, EBETEFA,SERSAERI R ST
BY. RS, BLEVORAB L UBERIZLE) — Fb
LT EFREMET AN S5, KO LHEVI
DOV TIEHERBTFHELETT CEL s Tw A dLi
BT S 62885020 THEVEADES LI
BTH5H [2l]e Ry MILoTlE, FIRIEHVERL
ELE) — Febided L9 2220, sl s
BABLBELHTLEIHN 5,

5. 2AEHROBRFENE (XY XDEER)

ERUAL S %, SHNEERTIEIRL, $84%0%
Iz PO— AT B EVIRALTORTVS,
BEMBEDT 7T h » FAMNEEEIIBWT, (212 100%
DERMFIRA DS Lh o FERIEAD DOTH (XA })
ZER L, ¥V 2 0EBMBISEMIIES (Ll
fAebgdAashTwas (4.6 10 24).

FADIHEEI BV TR RO EZIT-TE
7oo BHEMMIIANA FEBAT S I & THYEHES
AR SN, SR~ODIBPHEEIEAS L, Fhiz ko
THAXIORETZREIBIL, EH51IHFRX3%
FYABEARSE LTHF 7 FANDBBAREAHL Y A
THHREEZMEL TV D AL, ZOHEENT M
MHFOBENET ., FUbROKE S, s
Bt EHFRETH Y, XA M EPIETLEF Y R
DEBPENRLAITIIRSD, T2, AT 51 b Ede
Dadoro ) HAHBEAFRTELY LTHF Y F0OHM
BT FThHoteh, FLRBEIZThRVWERULS
BExyAHRAL, DESEHIV 2V LLTREN
Bo LIzhfoT, FHAIIHBREHERL LSS MAT
o Twb,

5-1. BB R OREE

RHBROMBIZOWTIE, Ny —DHBLAFY
FERAOHRBEL TN T B A, BN T
BOZEDx 7 A OBIRAES T, ChongxH
WCHEARTE RO HEORELTTIZ LIl T
b, HENTETH S [13. 16 221, iz, FFFHRIE
NZHOF Y AOREOREICL Y, O L2&%
FATKROMEBAGBBTE T, MR LX) IC&KED
BIGR A » b GPS R8I £ b R v 2 D4 HHET
RELIFEAETH S, BE, LBETIEZOHENTR
WENLLBOF Y FREOHRSE L CHIRTEIC LD

U & R 5

BRHBEOHEN TN TS (7, 8. 201,

B, XA MAETTECRBEICH LTRIRMN L
T FCRELEINDS, BARRTRETOFBRYE
A RIESN TV BT TH B, 55, FHE L IREE
WENGTHLDINEE L L IHRVPULETH 5,0

A SBEHIEA D DS FEERL, Y F04: 01
IZEMI LI HETHH) s ELLERAT
&7- (100-200 f#l /km*)o T $1E, DERITIZBWT,
1998 4E -2000 £, ¥V A DHMUB DM VRHETE S
BERBADEDI (27], THURREF Y 20EET
LHE—H T, BUE A, HEBBAS PEHA LAY
(B2 IE50m i 1 E$ D). ¥V #2500 £ L ¥FT.
Pl IR BT R 2 LIS TAI LR ET,
*V AOBBERFPZIRITEIEERLTE,

2000 SELAREO N A M IZHIBRERICE o TiFb R
TWdo SO &I B RRHRHE O MM HIS R OIF
EHERDEBMALETH Y, BT HLEND S, TTH
LB EBRITARTH S, dLiFE (T8 IhicH
TAEHAFTA X[ XV ADERIZHTEIHN A FTA 2]
WL, EBETOR-LAR-UhS I 0~ ¥
et hoTwWh:

52 BREAWNAT b

FLEONL ML, AOTH G EARBEERFT, 77
Th T (50me/ ) FEIML BRI 10g TH b,
BB, ABERVTHFYIEHEITHADOLDOTH
Ao MMEICBEHAF YV ADIONA P OFEHEE RS
I, FRIHA ) (HEWE) A MM
LT, NA PEATRCHlBEINRAS Y 3 OWIZIEFL
LREXHEDT 1 OFEELBRe XA M O#S
EELIZEYADWMDENT 4 » OMBEFR (~N4 MR
) (LU, XA M 4 EHRODERIC & BRI
100%. FEERIL 40% & o Foe S HIEBET A LIZE D,
BRI X AEIRD AT A LAt S s [5). &
B, bilEEIZBV T, DROL B4 K & el fk
B, BREROZAS LHFFILHWIEFAONTYS
[14. 3016

5-3. ¥V X ORMERH

¥V AOHIET Y P —OBRO DI TS
A AR & S THHES B 2k EORHIZ DWW TIRAH]
Thbo FAlTMA, BEERLLET TR RIFRORMI
120V T b FM & AT THERE Lo FERIC
FheLEE L, BIER, BRETESHIELRL.

Jpn. J. Vet. Parasitol. Vol. 11. No. 1 2012

— 247 -



R

SOFERIEETRMENLFELEL TV D, HKR
DI LLhs, REOHITF Y FOEEHTRMTS L
Ez o, REOFHELIHFEHENTL I L DL T
»Hb,

LB, FVIAORBLBOYXF, FU. K MkE
DEBLIUVESED ) v b EDERIZOVTIE, Kl
DIGRB & CHEREDH HERI L T 555, — MR
SEHH B, HEORETFRE L HEERETIL, q
BETHENENLCFYVAORESL LELOIRTE AL
FVROBECTHo /2 LRI TVS (18],

5-4. EFREBMOPRTA ) XA FEBRR
9, B R TR L v A Ftks X UTENH & iR

AEERISOWTHIERL, T LS cERL .

1) BAEFERBIZOWT, 9, BRI REEH) 24
WOHBRIGR 4 & b &AL A ELRL 720
REFWO~A MEALAHEL AL, EREDT
fTofe ERCHHEREL»SDLF /) 2y 7 AHGH
BoOBLEEHLTEY) . ARSI SR LPIZIE
NA ML TR,

2) D&, FTRUIENEE HBETET L CREITRY
THEDMBRB L. IS, Y 2AOHELE ) AT
PH M THERL .

3) NS MEAHOREERMAS DI, ¥V DORM
FRMLT RPHLIEGPS TT v b)), EERT
(BT REREIROR L il i, HURLIX EmA9 R Al /-
# ¥ F4 v FELISA) £17v, BENHEB L UTF
—THMBMOBRESZ MR EIZ 7Ty P L. R
REBEBIIL > TR 2D, HRBZT~T M
K 2HED S SEMAZIZHFCENT S LR
Ay FRINEEBUL 1 HY72 ) 40 @ /100km” BREE H
BAZ U7z SO XIS MECEBItHRTED 711 H
WK3ENIEF Y ADORMOWAEL TV X4 M
DF—5 & Lo BERIULRADREIREHES o,
RESNIADHRTERL 72

4) A MEAGEBHEEZMHL, #SWERV51
B H B 10-20 8 /km® BREE T L 72,
MIRBEEEO SV E A TR BEE LM L.
DAL MR R, ER¥ TR o X1 MK
HIZERTo TV, Lok dic, Thidsa
ZHOTLIF o PEYF FAH I PBTHBEI LD
b, BHex v A0S QUL FHT A0
e R DA

5) A MAIRIZ7-11 BOMIC 1 HEERDHETE

Hi=

fihole, RERTELEBL., ShTRS MHRIR
ZHEL., KEESHANS FMAT L0, V— ME
oW THEREBEL 72

6) LB, NS MEMEHIEEHED LTSS
Pk 1HBML TV A0 THIUSER L A-FEdEE
AN RS PORR - BEITERETHM S5
H AT B A (FfR) AN FRERTAI LIS
TWwb,

5-4-1. IINEKBTIC 17 BN 1 MHDR

INHIKET (42BT# 200km’, i HutE49 100km”) Cid,
REAPEHSNATE ), RIGIZBEEEORN LI
LoTWHDT, N4 AR RERNIC & - THEW
LHIRTH D, 1998EN LS MHEBHEBL, <A
MRARTIZBT S F Y A BEORE MR 60%. B
PR MEERIE 20% T, ¥V ADIH /Ty 7 RRPHH
BN EATFHEIN, 2005 EH 5122010 FF T, {E
KRIZL2BADONA PATHNZIZER (200 K4 > b)
Tibid: (2007 FDA2HAI—E). COBOFY
 REOMBREPES L 10%. ROEHEZRIE 03%TH Y .
2 2 A — O O 2007 4 TIE LRSS L LAY
LB LA, F Y FORBRIFTEIIZ SN
720 010 SELLRIZ B NILD 70122 » HIC—ERH &
L. —F. X1 MR IHEE L TZOBROMER L #
BLTWwh,

542, Z € AEBIC BT BT MHIR

S I E P AYHIRATA NS MR RS L.
ZO®%. FUR, MM MEN. —to, SHIZRRAIC
BWTAS MATIFT b TE T 1212, SHIRTH
E~NA MR EIBOLNR TS, TITlE B
%, FRE LU= IMOERIZOVWTERE,
{ELANZHT © {BEIZCHT (260km*) O LB I ERE AR
DHDEHZHo TV AN, B IUIER F VLRI
EHAEL TV 2, #AHT 2005 E0F 7 HEMOH
BB k41T 20%. MIHEBPESEIE 7% T, F 7 L OBRF
AR L 0 Bl p kWS AT E R RARTOR
HCHORAENHBERUENBR SN D, XM b
A E BB A L L, — HRERBUT P REFIZ O
THITWV, REL . 2006426511 BETHEA. @
1400 B A AT 2 WIS T » 720 N4 MU
(2. 2006 42 SEHF WA L. HIoHINEGEEIRIEE
YOl okdt, HEBESICEER?SY . SVhe
1Z10%E > T b,

— 248 —



S AARUORTIBIF & RYH

FORHT @ FUERT (231km®) Cld 2007 IS~ A b HATE
DEEETV, F Y A BEOHEEM4IE 40%, BHE
HEIE 15% T, ¥V 2 OBPEAVDINA L D A% YK
WIEMFEBEN, (ZIZRMITN AL 2008
Frb 511 AETEA, $ 1200 BT M %1312
ZUIZERBLTVWBH, 2010 FF E CHEIC XY 20K
HAKIRPPZ S, UIIDMBEEE 0%, HIFRBERY
WL 2%BA LT 5,

W] 2008 EAC A AT OBME R TV ¥
FREOPUF SR 33%, RIPMMESRIL 7% T, &V
FOBLFDIEKRE DDk h RS ENTEIR,
RIZEM 55 BEEEARR IN, Lid>T, 132
£EZ20004E 25 511 A CHA. #1200 L<
(X LI00 o~ A P AT EEL TV 205, Wi
0% T, HUEEBERTI0%UFERY, ¥V FOmKE
EHREHIHEL O TS,

5.5 SHROEE

PLEo ks, {84 0k CRITHRFLETH S
A5, BREBEA Y MOFAIC & B F Y A BABOIFNET
fEe8bhs (17, 4B OFLEONE L BRIZMT
LGEHAREEELOND, UBMLE LTI, E6I1IF
VAL BEMEDOH AN PO, N4 POl
LIRS (B2 ZOHFARTL2HEHON
1 Mk Thd, B, WTOKESLZED, X1 Mg
HEPEET 23V 2 BERICEEIH I 00, Fz2IE
# 250km® DHIRTIZ, EHELHPSEH - AIEED
FEPLET, XM M EEIBERS MWL Z 0B
BAHETH L, T/, X MRASIROBECET N
EEDTE 2 BH, N4 M RATHHROHEZ T LV
BEEPL Y FHEENKTE 5. JE. 85I OEE
W LR SEHHIE, BMEA DS bOFTY
RHERILELTIC A>TV a,

N AR HEICET S5 ad5, Bl
PODIREBOBALH D, kDD L, BEENEHAT
%o BT B O OHAT B & VTR HE O #H A
RufRERBHN, FA4oTHbIL ) RERE BV
R EL T LENSH B L EbNIS (10, 24].

6. BHHWIC

»oT, SHRETILLES L UOHKRORLIKE Rl
ENTWI, ILLBTCERF Y 2AOBMIC L h&FIE
IFBHRLTWARS L, 85I koBEF Ik Lo

& D ZUENNPRBTE A BRTIEF Y F ORI
EhAE L & & Lchs, #RMICITaBiZHTbaL
KLTLZ -7/ [20), SSICHECHFEMNYIZHSITE
FATIKIR D S GO BEBORML M OFITHIL
AVPBNROLNTV D HEOSEMAMIETIE. Zhbd
RIS S RHEETH B, AWK LT X DR LR
BOELHEEND A, ERIETLRE k21 %
WREREIERT 5 (T RTOFERMBE L RRT D)
RIS EEET, SEHNLOREEAEDES LN
BEMRERLEL o Tvd. SURITEAFOERL L
R ) RERMTTEAZHERLTVEDITTRELC, ¥
hkn—HoOMEHFEERS LR, BEMOKSTY
TREGEBUNHETH S, BRTGED/NBICFET HHM
DERMEI R BL b, 4tk MIGROTRAL LRKRA
SUMEHTOLNATESZ L Lk,
HRELTHIODITBARHROBEENEETH A
2, BEOILBHEMNO 20 LEEDOEMELER LT T
<. B - REWICH B REFE ., BROBEHOH
MRPRAM~DIEALEE L/ L CORBMHRERET
RETCHDEH LD, M MMz >V TIHERDOER
LBNMDLET, k. 28LHIIOPVWTOELLED!Y
A7 5l - (5E - FEOBIESLEE Bbh b,

FHRILL  OWMEH., RE, £, HEERDL 4
OEBMIZOIARNI LY ITbhbDTHE, 12
Be BRIt L VEHBENALNDTHE, TIIKEBA
TC, BHoEFTRLIV,

Key words : Echinococcus multilocularis, fox, control

and prevention

51 A3k

1. Armua-Fernandez, M. T. Nonaka, N. Sakurai, T.
Nakamura, S.. Gottstein, B.. Deplazes, P., Phiri, L
G.. Katakura. K. and Oku Y. 2011. Development
of PCR/dot blot assay for specific detection and
differentiation of taeniid cestode eggs in canids.
Parasitol, Int. 60 : 84-89.

2. chakRedE. MIMEE, NIOWE. AIOSRK. MEHIL,
HB LA EIRERE F PR R AR,
2003. dLidEB L U SLDERENTE X/

Jpn. J. Vet. Parasitol. Vol. 11. No. 1 2012

- 249 -



10.

11.

B

3y 7 AFRMBAOTREME. G245 50 © 639-648,

. Eckert. J.. Gemmell, M. A., Meslin, F.-X. and

Pawlowski, Z. S. 2001. WHO/OIE Manual on
Echinococcosis in Humans and Animals: a Public
Health Problem of Global Concern. Paris, WHO/
OIE. pp.266

. Hegglin, D. and Deplazes, P. 2008. Contral strategy

for Echinococcus multilocularis. Emerg. Infect. Dis.
14 : 1626-1628.

. Inoue, T, Nonaka, N., Kanai, Y., Iwaki, T.. Kamiya.

M. and Oku, Y. 2007. The use of tetracycline in
anthelmintic baits to assess baiting rate and drug
efficacy against Echinococcus multilocularis in
foxes. Vet. Parasitol. 150 : 88-96.

. Janko, C. and Kénig, A. 2011. Disappearance rate

of praziquantel-containing bait around villages
and small towns in southern Bavaria. Germany. /.
Wildl. Dis. 47 - 373-380.

. Kamiya, M. Lagapa. J. T.. Nonaka, N. Ganzorig,

S. Oku. Y. and Kamiya. H. 2006. Current control
strategies targeting sources of echinococcosis in
Japan. Rev. Sci. Tech. 25 : 1055-1065.

Kamiya, M., Nonaka, N.. Ganzorig, S. and Oku, Y.
2004, Effective countermeasures against alveolar
echinococcosis in the red fox population of
Hokkaido, Japan. In: Torgerson., P. R., Shaikenov, B.
S. (eds.). Echinococcosis in Central Asia: Problems
and Solutions. pp. 273-282. Publishing House Dauir.
Almaty. Russia.

. Kohno, H., Sakai, H.. Okamoto. M., Ito, M.. Oku.

Y. and Kamiya. M. 1995. Development and
characterization of murine monoclonal antibodies
to Echinococcus multilocularis adult worms and
its use for the coproantigen detection. Jpn. J.
Parasitol. 44 : 404412,

Koénig, A., Romig, T.. Janko, C.. Hildenbrand. R..
Holzhofer, E., Kotulski, Y.. Ludt, C.. Merli, M.,
Eggenhofer, S., Thoma, D.. Vilsmeier, J. and
Zannantonio, D. 2008. Integrated-baiting concept
against Echinococcus multilocularis in foxes is
successful in southern Bavaria,Germany. Eur. .
Wildl. Res. 54 : 439-447.

Malgor, R.. Nonaka, N.. Basmadjian, 1., Sakai,
H., Carambula, B.. Oku, Y., Carmona. C. and

H=n

12.

13.

14,

15.

16.

17.

18

19,

20.

21

Kamiya. M. 1997. Coproantigen detection in
dogs experimentally and naturally infected with
Echinococcus granulosus by a monoclonal antibody-
based enzyme-linked immunosorbent assay. /nt. J.
Parasitol. 27 : 1605-1612.

Wilasg, 1997 =%/ 2y 7 REFROBIEE R
B EHLERE 72 1 569-581.

Morishima, Y., Tsukada, H., Nonaka, N., Oku, Y.
and Kamiya, M. 1999. Coproantigen survey for
Echinococcus multilocularis prevalence of red
foxes in Hokkaido, Japan. Parasitol. Int. 48 : 121-
134,

Morishima, Y., Tsukada, H. Nonaka, N., Oku, Y.
and Kamiya, M. 1999. Evaluation of coproantigen
diagnosis for natural Echinococcus multilocularis
infection in red foxes. Jpn. J. Vet. Res. 46 : 185-180,
Nonaka, N. Tida, M., Yagi. K. Ito, T.. Ooi. H. K,
Oku, Y. and Kamiya. M. 1996. Time course of
coproantigen excretion in Echinococcus multilocularis
infection in foxes and an alternative definitive host.
golden hamsters. fnt. J. Parasitol. 26 : 1271-1278,
Nonaka, N., Tsukada, H., Abe. N.. Oku, Y. and
Kamiya., M. 1998. Monitoring of Echinococcus
multilocularis infection in red foxes in Shiretoko,
Japan. by coproantigen detection. Parasitology
117 : 193-200.

Nonaka. N.. Kamiya. M. and Oku. Y. 2006. Towards
the control of Echinococcus multilocularis in the
definitive host in Japan. Parasitol. Int. 55 (Suppl) :
$5263-5266.

Nonaka. N.. Sano. T.. Inoue. T. Armua, T.-M.
Fukui. D., Katakura, K. and Oku. Y. 2009. Multiplex
PCR system for identifying the carnivore
origins of faeces for an epidemiological study on
Echinococcus multilocularis in Hokkaido, Japan.
Parasitol. Res. 106 : 75-83.

Oku, Y. and Kamiya, M. 2003. Chapter III : 5.
Biology of Echinococcus. In: Progress of Medical
Parasitology, Otsuru, M., Kamegai. S. and Hayashi.
S. eds.. Meguro Parasitological Museum, Tokyo, pp.
293-318.

BUEZEE. 2002, I BT A S ELMOBR,
RIE LW L BYLiER k. LA 46 ¢ 1-13,

. BHIZER. 2004, KT x s av o AR BUEGFE

- 250 -



22.

23.

24.

SURRORT LR & ST 5

Mgt 311719,

Sakai, H., Nonaka, N., Yagi, K., Okuy, Y. and Kamiya.
M. 1998. Coproantigen detection in a routine fox
survey of Echinococcus multilocularis infection in
Hokkaido. Japan. Parasitol. Int. 47 : 47-51.
Sakashita. M., Sakai, H., Kohno, H., Ooi, H. K,
Oku, Y. Ito. M. and Kamiya. M. 1995. Detection
of Echinococcus multilocularis coproantigens
in experimentally infected dogs using murine
monoclonal antibody against adult worms. fpn. J.
Farasitol. 44 : 413-420.

Schelling, U., Frank, W., Will, R.. Romig. T. and
Lucius, R. 1997. Chemotherapy with praziquantel
has the potential to reduce the prevalence of
Echinococcus multilocularis in wild foxes (Vulpes
vulpes). Ann. Trop. Med. Parasitol. 91 : 179-186.
FORGENTE, LTEHE. WIS, Bk 1EEH. 1986
FEMIIBT 25 UNEOLMNER. FHEUE
35 1 95-107

Tsukada, H., Morishima, Y., Nonaka, N., Okuy,
Y. and Kamiya, M. 1999. Preliminary study of
the role of foxes in Echinococcus mullilocularis
transmission in the urban area of Sapporo, Japan.
Parasitology 120 : 423-428.

Tsukada, H., Hamazaki. K.. Ganzorig, S.. Iwaki.
T.. Konno. K.. Lagapa, J. T.. Matsuo. K.. Ono, A.,
Shimizu, M., Sakai, H. Morishima, Y.. Nonaka, N.,
Oku. Y. and Kamiya. M. 2002. Potential remedy
against Echinococcus multilocularis in wild red

foxes using baits with anthelmintic distributed

around fox breeding dens in Hokkaido, Japan.
Parasitology 125 © 119-129.

28, AKRRTE. UG, 1999 BRHBRC L 2805
NS YEREIROFR. L% /a3y 7 R,
p.51-63. ALHEE BT AERNALHT.

20, ILAREESE, MLRCMZ, NTIERN, FHEFEETF. /MU
Hets, TTEFERA, HA, KR, AHTA, BIBHEZ.
Nk 2005 HERADOKOREA»HBHER
fexF/av s A (LAEH) OHRIR. JTASR 26:
307-308.

30. Yimam. A. E., Nonaka, N., Oku, Y. and Kamiya,
M. 2002. Prevalence and intensity of Echinococcus
multilocularis in red foxes (Vulpes vulpes schrencki)
and raccoon dogs (Nyctereutes procyonoides albus)
in Otaru City. Hokkaido, Japan. /pn. J. Vet. Res.
49 : 287-296.

ZOMOBEEH (1 FT7 4]
[ROxF /29 7 RERBETA K742 2004) B4
HiE
[IBERED DO LE ) Ty 7 RERBY=2T
L2003 UCETAR 2008 b/ NEYTIRIE IS
[ 3OFURICET BT FI 4 ) elEErF

SEREREE | BHSH. B RFMERE R SUNFRE,
T 680-8553 SELTHMILATE 4101,

E-mail : oku@muses.tottori-u.acjp

Correspondence | Y.Oku, Laboratory of Veterinary Parasitology.
School of Veterinary Medicine, Tottori University, 4-101
Koyama-Minami. Tottori, 680-8553

Jpn. J. Vet. Parasitol. Vol. 11. No. 1 2012

- 251 -



B Medicine (8] Badks

[& %]
A& gt AL RE OB kR %

@ ,
interzoo

— 252 —



L w2 AEFFAEE (Gl R A A ) i
TR bAEed B & R B o T AR
FEELAHBIIEEER X S ALY H D, HETEL
B L s TWBOEREEERTHS, Lo/
Ty 7 AL 199944 T HEIF O [ RESIE O T B B OVl
S BF AT B ERHI T A ] CEIE R
FES I, BB LB G, ENES TR LT
W GREOMHE 1572 ) 250 o mmE+ish
L o e i 2 6 A il &

Eicsgsooh, BaE1ATE 1 5oL 25«
oo SO D IZHHETE, HEICEIRT CEto¥o
Vod & [od /oy r ZEBSERE L PSlisho
DF e —H, I BWTEELIREN L e Ty
B v A BREEEIZEB) (Tow T H g IR,
BEMOBIN & » THEEBOBHEA TV S (B

HWE TE  MascoKamya

BB 4~ T4 015{@%&%%%

Tresloe BHIT2004 5 100 TSRO AL

I# : SA Medicine 369 (200574 ) $p (X~ ¥
Ad)s

w R
SREMBARFY R EHRALIONCERT L.
B s b kO OBRIC A 52 TORE (4
T RRT. AN, LU (RERoREEL LS
AR R RO R, 2. Al (S
RGN, 8 Bl GREEOBRE o 38R &
Zo M E AU FNER RS AHEOWITHE L, WK
340 Qs v H, K Mhd) Embhiabo
(BAZ 34345 OMBEERMLTEELTY
B

JOE, BUUEF O TN W T 5 B
THEBIZBATZ b, EHEREKERE
Fvs, AL FHIPHEIEA A SRS (B2), FOR

A

[ @as |

R EDERA

1 £B&hosiER
(SA Medicine 388 (200584 E) PI6E3%3{H)

- 263 —



B2 RCBSERER
BREEBERT $BOBGEINITEROREEEL &Y,

ENCTHESHET 5. S0 BE e 2S840

B, IHORBAOT, BESTER LAV EHRIRIE TS 5.
(SA Medicine 368 (2005248 PI6E4 231E

DEEEHETSZ NS
ARDO RGP SNYE
“’“‘?“’:;1@,{& BOREBEIZLNE

»‘
/u‘
z»zx»

HETAHAES I ORIT
e oy ATHAS TR 0

ux%fwﬁﬁégﬁ B EG. L LEGE K

OmIPHE S s R A L)
e ads 2 '@:mis:a- ol 'Z., 2008)6 MPFIV & B Ok
SRR T AT RS S S O T, B

IRt
T HLENES.

FOEtr, BEERELTO R 20, WITHII
BOTIEE R K I AN, '&éb‘i&f%@‘ﬁf?ﬁfﬁi@&}%’z
Rl TREL 2T BEOD SN LEL LR, DTORK
HHED SIS BB WAZIOTRTHBREL T
ABRFTELRGH, AR wm‘ﬁ%%ﬁ*g‘éﬁmi Lk
a&”&'ﬁ 3 L FOHLS Fﬁ&é‘f@%f«

Hivahes

D ROBEBEE 0 b T2F 0 R TR BBERORRES
FEET R TOLAS !
CF216-0000 11185 W & RN
4455) hitpriwse ielasmonicjp/aisatahiml

DI Y B EELR B LOWSE (FRUHOM
BaAY) %5 U gk (SUREE)
BBy 2L
LF08500%0 LW MK oo Mot B282 TEL 011531
BIBTY hittpriterww.kBidionnegpi~fen/

RERE AL/ 0TS & EEERs !
EREN ADEEPOIT/ DvbA | Buie BeR BRE

e e .
304 SERY STAME

{Hzas

M3 AOREhoIss oy y ARBEIREOREES v
frsw i}

BEERBOLERNBESEET, 1 X5y TEE 308 CES
HWETE SHOBREA VY- T TED,

BE BRREREOHEE

CihoTh, EHENERETREOHAETE 3750

B E 7L — b BLISA (S & A8 b B 2 IRm

- 254 -

FL— b ELISA (el 2L < SERBUR A BRI

BE |REONBRE (4> FA v F ELISA Tb— b3
L& BRBRTORE |
REOREHRE |V aESERCEILERET
’ THIE (F PRSRRE)
RIID DNA RE | POR 3 PCR-RFLP 3%
(R

R RTRCS3BEEY (FUREL) ’\%%ﬁ‘@ '
| AEBREYE GHEAOTREOREBONE

BEOHRA R

JoeMiri T = 7R G MARIN S h oA, =
F )y 2 AOWENRS S S0, BEESHOELE
R B, 2F ) 2y ABROMKPER SR
. BRTLOR I FE L R Th B,

TN CIE & o 2D wfuﬁ%%
FL. WAl s hboizow TR PCREEIZL
%@%xiﬁ@f@“-%ﬁ PO T B A% IIBEETE @ﬂ@h*‘?
VT IE, IR BRI B S L, SRR OB IR
L. ZORMNHIEOUTE & 5% . SRR
BAEIE L 2 WIRTow T, BB R T b

B, WEBIEO/ DO PCR N E CHINF YT 5
SERBADT, L MAOEEY A7 B RBI 0
ﬁ&%ﬁ%%&%&?%u&ﬁ&%?@u &ﬁwﬁw

THRL PRI EBET 5.
CRETROBIFLESE 7 4 —F S0 BV TR

LCHrbiLT & 2275 20084 R=n% /23y 7 AR
Mty [y b (E8)) A% (BT : b
Avb BB G 4 Y EAHR A 2T R) SiL B
BN COMBHAEATI L B0t 2O [ 2%y M1

A%y PTHY, BHPMR SRS BT ABHITHR

[




Seik & HEORIEE b oo BERE L A TIBIBE RS

g$?1&ﬁ%?ﬁ%§ﬁéﬁ RIS AT 1B 6
WY 27 WP 8- THEY, WRoBdikrZs 6

gd s, [2Fy P A2 —o U FHEy L &
LT koL s oy 7 ARERIATE S 2 b BT
X ARBERICERIL Ty b SAE TS

WIE T o 7odt, Z O, Bl & CHITAIEIE, K4
WFZERepY. BRI CLHEHITEL LA Itk o,

B OB

Bl rs vy rry g, A B Fy R ok
BRCHAET A 4m, itad ) oy 2 AMITHLT
Hregam bk < BIfEH b E ST, &4
OO PAoRBERE LT T, 2
GicBid4 2.0 ?575‘36% BEROTS T 07 e Ll
e (5mglkg) T IEE 1009 OBRMRESH L L0
i AN i é?‘; iR L 2By 95 o
GO I T 5 5&*“%&%}1%& o T, s
Bz @ EATwL I 22 MELT R L vlidy
R gy PR 1 JI VIEED, e~ HR
YN RITE f L (9 : R BRI PR
Pk LCEHICEL £ SROMRBSLUY—-vk
LT M T BT H By

AT B BV EORES & g ic B
Lk MCoWTE, o R L
R AT EDTEL. BERROS A ML
FEEO® * X 3 O L BHE T o2 gy
Bk, BT 5RO THREYET b,

Hhic

190056, WHROT I LR 720y 2 AOWlhE
FLEALA BALBLETA S AM T el X HHo s
FPRE SRTIROLA, DAETIOFEROEES
PEER SN D OILILERT 20 ) OFEH Ch o7z,
2O, AHAOBALZDWT, ﬁr@ YRR EFY R
T EHSIET B b AR ORI Lo TR ()
U ABRsShTwL bR Ey i LEEH .
SEORAUHEE D SRMNEHTD (T RORER
Bate). RIEETIES Y ADETEROESL, fES
HTWERRRPSH b s/ Ty 7 ZAPREERTHA
IRRTIL, PECTH A LB S AN IR S
RENTWHEEZ SN, 27 S5 E50 st
EH I ANBIELR L THASN TS, IS5 %

—~ TS TOTLTIAER) DBREE, D~@Ou
TNPEBET 5, LRI 5me/ke BO)
TR FYRBEQIX /Oy JARRICE
o TSV T TN EREEA HER R R
cw:,mt é&%ﬁiz.taam E{*ﬁ*f 1@ w ié:ﬁ:

WET A e, RcbaE /oy s A5EH L, BESE
YA ZEINT B SR ETOME TR O
%%@m#/sy?X&%ﬁﬁﬁ%%ﬁfv&ﬁ%ﬁ@

FEATHAG, BRAZEHELAVOHGILREO RS

BThrHEY x«%}ﬁ%ksﬁé’hﬁ‘h DIEHIAR AR 9

WTHIEC 2F /0y g AL
HECHDe

E§ad i'&,%&?fsf;?&%}ﬁ RIS, RS R R L.
B CHRT A2 AN L e s Mmmr
B —— VR AR P LRy v AR

b B A UG

- 255 —




PRI L, SOBWITESHAEbEE %i%?ﬂ o
Tof R, SEMEPIBUEEASHR L. B iR S et
200k ik Jwy
ORI L E O 2000 k' A
& HIRAHN B ATV L
L SO S - THER
i, X%"Jﬁv 2 A

X?ﬁﬁkﬁﬁﬁﬁﬂwiiéﬁtghxéN
HdC & 2 Fod
AA A *$“UwLm%<

50 ,vﬁm%g ;;agtg;g‘“x;@)%%iéi‘
@@ﬁmﬂﬁ& %

BE a@é 'ﬁiz‘* LE. S8R

FEASEEL S D BRI IR &, BRERR Sy
DI Aoy Wi il %mxﬁv%@&%&«%m-a
B

20049 10 F OB RdOE T, WRICEEY TS
23y 7 AR o — BT H B [RER O R
WINERT LS Bl h ol 2005 L TS T8LY
OREIAH Y, BRSO ERTY A2 MRS
iz SR OO - R OIR (HERRIEGEE)
FHLTHREARESATY S,

— 256 -



Review:

Viral Infectious Diseases in Wild Animals in Japan

Viral Infectious Diseases in Wild Animals in Japan

Hiroshi Shimoda, Yumiko Nagao, Masayuki Shimejima, and Ken Maeda

Laboratory of Veterinary Microbiology, Faculty of Agriculture, Yamaguchi University
1677-1 Yoshida, Yamaguchi 753-8515, Japan
E-mail: kmaeda@yamaguchi-v.ac.jp
[Received July 19, 201 1; accepted October 5, 2011}

Even limited to mammals, there exist more than 5,000
species of wild animals. Because each wild animal is
the natural host of specific viruses, the total number of
viruses in wild animals is enormous. Although it is im-
possible to cover all the infectious diseases caused by
such viruses, accumulation of data on viral infectious
diseases is important. In this paper, some of the latest
findings acquired from our studies on viral infectious
diseases in wild animals will be introduced.

Keywords: wild animal, viral infectious diseases

1. Introduction

The number of viruses which infect more than 5,000
species of wild mammals is enormous, as in the case of
viruses in humans. Although humans are unlikely to be
directly infected with the viruses which wild animals are
infected with, there is a possibility that the viruses would
be transmitted through other animals. However, we have
little information on the viruses in wild animals. Table 1
shows the list of infectious diseases of wild animals desig-
nated by the World Organisation for Animal Health, OIE.
The circled items in the list indicate infectious diseases
caused by viruses.

Rabies virus should be first referred to in consider-
ing the viral infectious diseases in wild animals. In Eu-
rope, foxes, and in the US, raccoons, bats, foxes, coyotes,
skunks, etc. are infected with rabies viruses, being the
source of infection to domestic animals, companion ani-
mals and humans. Japan became one of the few countries
which succeeded in extermining rabies with the Rabies
Prevention Act. The extermination was achieved owing
to the fact that the animals infected with rabies viruses
cannot easily intrude into Japan, because it is surrounded
by sea, and that import of animals has been strictly regu-
lated under the quarantine system. However, rabies is still
prevalent in Southeast Asia and thus it is considered as
one of the viral infectious diseases that might intrude into
Japan in the future. Rabies is the most well-known viral
infectious disease which wild animals are involved in, and
preventive measures such as vaccination to wild animals
have been already taken.

The important issue we have to address regarding viral
infectious diseases in wild animals is emerging infectious
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diseases. They are infectious diseases transmittable to hu-
mans which were discovered or which causes were identi-
fied after the 1970s. Many of such diseases are caused by
viruses originating in wild animals, as a result of the pro-
cess where the viruses which had been parasitic on wild
animals found new host by chance, consequently trigger-
ing problems for humans. Such viruses as Ebola virus,
Marburg virus, SARS coronavirus, Nipah virus and Hen-
dra virus are considered as the parasite on bats. In examin-
ing the outbreak of such emerging infectious diseases, the
knowledge on viruses in wild animals is indispensable.

The motto of “One World, One Health” in the Manhat-
tan Declaration of 2004 stresses that the health of humans,
companion animals and wild animals are closely linked
and should be addressed at an international level. In this
review paper, we will introduce our studies on viral in-
fectious diseases in wild animals in Japan. We hope this
paper would be instrumental in working out the measures
against the possible outbreak of viral infectious diseases
originating in wild animals.

2. Infection with Japanese Encephalitis Virus

(JEV)

Japanese encephalitis virus (JEV) belonging to family
Flaviviridae, genus Flavivirus, causes infectious diseases
transmitted via arthropod. JEV can also be grouped under
the Japanese encephalitis virus serocomplex, because it is
closely related genetically and antigenically to the West
Nile virus (WNV) and St. Louis encephalitis virus etc.. In
the life cycle of JEV in Japan, mosquitoes play a central
role as shown in Fig. 1. A mosquito sucks blood of a pig
and is infected with JEV contained in the blood of the pig.
The transmitted JEV multiply in the body of the mosquito.
Then, when the mosquito sucks blood of another animal,
JEV is transmitted to the animal. Accordingly, a mosquito
is termed vector and a pig is termed amplifier. JEV does
not trigger serious damages or diseases for pigs except
for abortion, but in rare cases, if the mosquito infected
with JEV sucks blood of a horse or a human, the horse
or human sometimes suffers from encephalitis and even
die. Horses or humans do not play a central role in the
life cycle of JEV because, even if they are infected with
JEV, the viruses seldom appear in the blood, and thus the
mosquito sucking the blood of the horses or humans does
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Table 1. OIE listed diseases affecting wild animals.

Anthrax

African horse sicknesso

African swine fevero

Aujeszky's dissaseo

Avian chlamydiosis

Avian infectious bronchitis ©

Avian infectious laryngotracheitiso
Avian mycoplasmosis (Mycoplasma gallisepticum)
Avian mycoplasmosis (Mycoplasma synoviae)
Bluetonguseo

Bovine anaplasmosis

Bovine babesiosis

Bovine genital campylobacteriosis
Bovine spongiform encephalopathy
Bovine tuberculosis

Bovine viral diarrhosac

Brucellosis due to Brucella abortus
Brucellosis due to Brucella melitensis
Brucellosis due to Brucella suis
Caprine arthritis/fencephalitiso
Classlcal swins fevere

Contagious agalactia

Contagious bovine pleuropneumonia
Contagious caprine pleuropneumgnia
Contagious equine metritis

Crimean Congo haemowhagic fevero
Dourine

Echinococcosis/hydatidosis

Enzootic abortion of ewes (ovine chlamydiosis)
Enzooticbovine leukosiso

Epizootic haemorrhagic diseaseo
Equine encephalomyelitis (Eastem) ©
Equine encephalomyelitis (Western) o
Equine infectious anaemia o

Equine influenzac

Equine piroplasmosis

Equine rhinopneumonitiso

Haemormhagic septicaemia

Heartwater

Highly pathogenic avian influenzac

infectious bovine rhinotracheitisfinfectious pustular vulvovaginitise
Infectious bursal disease (Gumboro disease) ©
Japanese encephalitis ©

Leishmaniosis

Leptospirosis

Lumpy skin disease°©

Maedi-visnao

Marek's diseaseo

Myxomatosiso

Nairobi sheep diseass©

New world screwworm due to Cochliomyia hominivorax
Newcastle disease©

Nipah virus encephalitis o

Old world screwworm due to Chrysomya bezziana
Ovine epididymitis due to Brucella ovis
Paratuberculosis

Peste des petits ruminantso

Porcine cysticercosis

Porcine reproductive and respiratory syndromec
Pullorum disease

Q fever

Rabbit haemorrhagic disease ©

Rabieso

RIft Valley fever o

Rinderpssto

Salmonellosis due to S. abortusovis

Scrapie

Sheep pox and goat poxo

Surra (Trypanosoma evansi)

Swine vesicular disease°

Theileriosis

Transmissible gastroenteritiso

Trichinellosis

Trichomonosis

Equine viral arteritis o Trypanosomosis (isetse-transmitted)
Foot and mouth diseaseo Tularemia

Fowl cholera Venezuelan equine encephalomyelitiso
Fowi typhoid Vesicular stomatitise

Glanders West Nile fevero

not become infected with JEV. Such animals as horse and
human are termed dead-end host.

The typical mosquito as the vector of JEV in Japan
is Culex tritaeniorhynchus which breeds in rice paddies.
The mosquito appears when the rice paddies begin to be
filled with water, and then the prevalence of JEV becomes
noticeable. The incidence of JE in humans and horses
reaches a peak from August to September. From the
1940s to the 1950s in Japan, more than 5,000 human JE
patients and more than 3,000 horses showing the symp-
toms were annually reported. However, by the effect of
the vaccination program against JEV, the number of hu-
man patients has decreased to less than 10. And there has
been no case of infection in horses in Japan since 2003,
when two horses were infected with JEV in Tottori Pre-
fecture.

Where does JEV exist after summer, during the pe-
riod from winter to the beginning of spring? The fol-
lowing are possible answers: 1) in the bodies of winter-
ing mosquitoes; 2) in the bodies of wild animals; and 3)
brought from the continent in some way. Recently, Dr.
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Morita et al. at Nagasaki University pointed out that the
JEV isolated in Japan can be divided into two groups,
namely, the viruses which are assumed to have intruded
from China into Japan and those indigenous to Japan [1].
Moreover, Dr. Takasaki et al. at the National Institute of
Infectious Diseases succeeded in isolation of JEV from
the wild boar captured on 12 December, and in detection
of the JEV gene from the wild boar captured at the begin-
ning of May [2]. The fact that JEV was detected from the
wild boars captured in December and May, when there
had been no report of detection of JEV from pigs, indi-
cates the possibility that wild boars are involved in win-
tering of JEV. It is now thought that some of the viruses
prevalent in Japan may be held in the bodies of wild an-
imals such as wild boars, and there is a high possibility
that some others may be brought in from abroad.

What species of animals are infected with JEV besides
pigs and wild boars? In Japan and China, JEV was iso-
lated from bats. Furthermore, it has been pointed out that
wild birds may also play a role as amplifiers. We con-
ducted a survey on the prevalence of JEV antibodies in
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Fig. 1. Life cycle of JEV.

raccoons in the prefectures of Wakayama, Osaka, Hyogo
and Hokkaido [3]. According to the findings, the anti-
body prevalence in western Japan was 41% to 69%, and
0% in Hokkaido, where almost JE patient had not been
reported. In Wakayama Prefecture, 63% of the raccoon
dogs had antibodies against JEV, while wild boars marked
the antibody-prevalence of 83%, which was higher than
raccoons and raccoon dogs. Moreover, as a result of
surveys on the prevalence of JEV antibodies in various
species of wild animals in Wakayama Prefecture, many
wild animals including deer, foxes, weasels and badgers
were antibody-positive, while the antibody-prevalence of
bent-winged bats (Miniopterus fuliginosus) of one year or
over inhabiting in Wakayama Prefecture was only 33%,
which was lower than expected (manuscript in prepara-
tion). We also confirmed that the antibody prevalence of
cats was low, while that of dogs was exiremely high [4].
At the same time, we confirmed by experimental infection
to dogs with JEV that dogs might not show any clinical
symptoms [5]. Although in rare cases, JE has been re-
ported to appear in animals other than horses and humans,
such as cows and sheep; thus, there is a possibility that
many wild animals are infected with JEV but only some
of them show the symptoms. JE has the infectious cycle
involving not only humans and domestic animals but also
many wild animals. Wild animals may suffer from JE and
die secretly, unknown to people. In particular, further sur-
veys are needed on bats and wild boars which are regarded
as amplifiers of JEV.

In Japan, because of widespread use of vaccines, the
number of incidence of JE in humans and horses has de-
creased. However, in Korea, the annual number of pa-
tients increased to 26 in 2010, although the number had
been less than 10 as with Japan. The sudden increase in
the number of patients in Korea, which had been in a sim-
ilar condition to Japan, means that we should continue to
be attentive to JE as zoonosis. Although pigs have been
exclusively focused in the discussions on host of JEV, at-
tention must be also paid to wild boars which are close
to pigs, because wild boars are more likely to appear in

Journal of Disaster Research Vol.7 No.3,2012

residential area and near urban area. Lastly, since JEV
is closely related with WNV, which is prevalent in non-
Asian countries, it is difficult to distinguish the both. To
prepare the intrusion of WNV into Japan, the survey on
JE in wild animals and wild birds in Japan is significant.

3. Infection of Wild Boars with Aujeszky’s Dis-
ease Virus (ADV)

Aujeszky’s disease (AD) is an infectious disease caused
by suid herpesvirus 1 belonging to family Herpesviridae,
subfamily Alphaherpesvirinae, genus Varicellovirus. Au-
jeszky’s disease virus (ADV) is latently infected in pigs as
the natural host and triggers abortion in pregnant pigs and
respiratory symptoms in new-born pigs, causing a ma-
jor economic damage to pig farming. Accordingly, for
the purpose of eradicating the AD, vaccines have been
administered to prevent the outbreak of the disease, and
ELISA to detect gE-antibody, which are induced in vac-
cinated pigs, has been used to detect and monitor the pigs
infected with wild virus. As a result, many prefectures
succeeded in eradicating the disease in Japan. It is ex-
pected that eradication of AD from pigs will be achieved
all over Japan in the near future.

Another problem of AD is the high fatality rate in case
animals other than pigs are infected with the virus, Al-
though such infection seldom occurs, if cows, cats, dogs
and so on, are infected with the virus, they suffer from
neurological disorder including pruritus and almost 100%
of them die. For this reason, AD disease is also termed
pseudorabies, like rabies. In 1997, in Nara Prefecture,
24 hunting dogs which had eaten raw meat of wild boars
died of AD [6]. It has been also confirmed that wild boars
which are closely related with pigs can be the host of
ADV.

The situation of infection of wild boars with ADV in
Japan has been unclear so far. We conducted a survey
on the situation of seroprevalence against ADV in the
wild boars captured in three prefectures, where AD had
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not appeared in pigs [7]. First, using a ten-fold diluted
serum, which was not supposed to cause nonspecific re-
action, a virus neutralization (VN) test was carried out
by 80% plaque reduction test. As a result, the antibody-
positive wild boars were found in two out of three prefec-
tures surveyed. The antibody-positive rate of wild boars
in each prefecture ranged from 4% to 6%. Next, those
positive sera were further tested using ELISA to distin-
guish between infection with wild strains and vaccina-
tion. As a result, it was proven that all the positive reac-
tions were caused not by vaccination but by infection with
wild strains of ADV. In VN test, we adopted the screen-
ing method under strict conditions to raise the degree of
peculiarity, in order to prevent a false positive reaction.
Therefore, it is considered that more individuals are actu-
ally infected with ADV than in our findings.

Then, what kind of measures should be taken against
infection of wild boars with ADV? ADV infects latently
their natural host, a characteristic of herpesviruses. Thus,
the antibody-positive wild boars in the above-mentioned
survey may have been latently infected with ADV. Ac-
cordingly, we must keep in mind that several percent of
wild boars retain ADV and they can become the source of
infection to other animals including other wild boars. As
a matter of course, we also must keep in mind the pos-
sibility of transmission of ADV from wild boars to pigs.
Especially in the prefectures where vaccination has not
been administered, attention must be paid to such possi-
ble transmission. Furthermore, raw meat of wild boards
should not be given to animals including dogs as food.

4. Canine Distemper (CD) in Wild Animals

Canine distemper virus (CDV) belongs ito order
Mononegavirales, family Paramyxoviridae, subfamily
Paramyxovirinae, genus Morbillivirus. Genus Morbil-
livirus includes Measles virus (MeV) causing measles in
humans, and rinderpest virus (RPV) causing rinderpest in
cattle. As for RPV, eradication was declared by OIE in
2011. This was a brilliant achievement following that of
smallpox. The latest genetic analysis indicated that MeV
diverted from RPV during the period between the 11%
and 12 centuries [8]. In other words, MeV is the virus
whose host range mutated from that of RPV. In my per-
sonal view, MeV, RPV and CDV are different only in the
host range, but have similar strong pathogenicity.

What kind of animals are the hosts for CDV, while RPV
infects cattle and water buffaloes, and MeV infects hu-
mans and monkeys? Various species of carnivora are in-
fected with CDV, but especially canids including dogs can
be the natural host of CDV. CDV has triggered fatal epi-
demics in many animals. As the most well-known ex-
ample, about 1,000 lions out of about 3,000 inhabiting at
the Serengeti National Park in Tanzania died of infection
with CDV [9]. In addition, the number of island foxes in-
habiting in California, USA decreased drastically to one
tenth because of infection with CDV and this species of
fox was designated as endangered species [10,11]. In
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2008, there was an epidemic of CDV in rhesus monkeys
in China and moreover, more than 30 cynomolgus (crab-
cating) monkeys imported from China were reported to
have died of infection with CDV at an animal quarantine
station in Japan [12, 13]. The host range of CDV may be
expanding to primates.

In Japan, some cases of the CDV epidemic in wild an-
imals have been reported. We will introduce three ex-
amples of such epidemic of CDV on which surveys have
been conducted: 1) case in Tanabe City, Wakayama Pre-
fecture [14]; 2) case in Kochi Prefecture [15, 16]; 3) case
in Yamaguchi Prefecture [17].

1) Case in Tanabe City, Wakayama Prefecture

In around March, 2007, raccoon dogs in the area around
Tenjinzaki Cape in Tanabe City, Wakayama Prefecture,
were reported to have died of asthenia. As a result of
examination, it was proven that those raccoon dogs had
been infected with CDV [14]. We succeeded in isola-
tion of CDV from seven raccoon dogs and one weasel
in total. According to the results of comparison of the
viruses, they were identified as the same origin. After the
outbreak, we conducted a survey on the retention rate of
CDV antibodies in wild animals in the area around Tan-
abe City, Wakayama Prefecture, and confirmed that about
50% of raccoons and about 20% of raccoon dogs were
CDV-positive. Besides, CDV-positive animals were also
found in badgers, a weasel and martens. Among carnivora
inhabiting in this area, foxes were the only species that we
did not find any CDV-positive one, although only one fox
was tested. The surprising findings were that 26% of wild
boars and 40% of sika deer were CDV-positive. Infection
of wild boars with CDV was not the first case, because
the infection of peccary similar to wild boars had been al-
ready reported in the US [17], but infection of deer was
the first case reported, to our knowledge.

2) Case in Kochi Prefecture

In 2005, many raccoon dogs which were infected with
CDV died at Katsurahama Beach in Kochi Prefecture, and
thereafter, deaths of badgers and palm civets caused by in-
fection with CDV were continuously reported in the area
around Kochi City [15,16]. We had the opportunity to
isolate the viruses after 2008, and succeeded in isolation
of KochiO1A strain from the affected palm civet, in de-
termination of its compleie genome sequence and also in
the development of pathogenicity in dogs through experi-
mental infection (Manuscript in preparation). The homol-
ogy in the sequence of hemagglutinin genes between this
virus and Onderstepoort strain used as vaccines was less
than 90%. Afterward we continued the surveys on CDV
in this area. In 2010, relatively many cases of infection
were reported and thus the tendency of CDV epidemic
was recognized again. It has been confirmed that the
viruses prevalent in this area were similar to KochiOlA
and kept spreading among wild animals in this area.
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3) Case in Yamaguchi Prefecture

In Yamaguchi Prefecture, there was an epidemic of
CDV in wild raccoon dogs beginning from the end of
2009 [19]. CDV was successfully isolated from those
raccoon dogs. Then, in January, 2010, diarrhea, stomach-
ache and coughing were recognized in 12 tigers kept at
the zoo in the same area, and CDV genomes were detected
from the diarrheal stools examined. Two of the tigers died
of unknown reason, while many of the others recovered.
However, in March, one tiger died of neurological dis-
order and CDV was isolated from the tiger. The result
of comparison between the strains isolated from the rac-
coon dogs and from the tigers showed that the both viruses
were closely related. These findings indicate that the CDV
prevalent in wild animals including raccoon dogs were
transmitted to the tigers kept at the zoo. Furthermore, as
a result of examination on three lions kept at the zoo, one
lion was found to be highly CDV-positive. In addition,
after examining nine Asian black bears captured in Yam-
aguchi Prefecture, it was confirmed that one bear out of
nine was CDV-positive.

The above findings suggest that, although the infection
with CDV was previously thought to be limited to canids
or felids belonging to Carnivora, the host range of CDV
is now spreading to other animals.

Then, what kind of measures should be taken against
CD which has been prevalent among wild animals? Based
on our findings, vaccines are effective for dogs and vac-
cination might be also recommended to the other com-
panion animals. However, as for such animals highly
sensitive to CDV as ferrets, the safer method of vacci-
nation should be considered. In addition, as for such rare
species of animals as tigers in the CDV-infected area, vac-
cination is strongly recommended. And there might be a
possibility that humans are also infected with CDV, be-
cause CDV has been already transmitted to non-human
primates. Thus, it would be necessary for those who
may have frequent contacts with wild animals to con-
firm whether or not they have been vaccinated against
MeV. The vaccination against MeV is strongly recom-
mended for those who have not been vaccinated against
MeV nor infected with MeV, because the immune re-
sponse to the MeV vaccine may be also effective to CDV.
Moreover, based on the fact that CDV infects wild boars
and deer, we can assume that CDV can also infect pigs
and cattle. Therefore, prevention against invasion of wild
animals into livestock farms is important, although it is
also needed to prevent viruses other than CDV. Moreover,
in protecting weakening wild animals, separation from
other animals is necessary, because such wild animals are
highly suspicious to have been infected with CDV. There
is a report of possible transmission of CDV from a pro-
tected palm civet to a pet dog (manuscript in preparation).
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5. Viruses Originated from Bats

As mentioned above, bats are the natural host of viruses
causing emerging infectious diseases. In the case of Ni-
pah virus, it is believed that virus transmitted from bats
to pigs because pig farms were kept away from urban ar-
eas for various reasons and were obliged to relocate near
the wood where bats originally inhabited. Nipah virus
excreted from bats were transmitted to pigs and conse-
quently spread from'the infecied pigs to humans. Mean-
while, in the case of Hendra virus, when bats were forced
to leave their original habitats and moved near the stables
for horses, the virus was transmitted from bats to horses,
and consequently from the infected horses to humans.
This was the result of the increased opportunities for hu-
mans, pets and livestock to have contacts with bats due
to progressing deforestation eic., although there had been
few opportunities for such contacts before. The viruses
infected bats as the natural host had coexisted with bats
quietly in forests before, however, since humans or other
species of animals intruded into the area, some viruses
caused emerging infectious diseases as new problems for
humans. Thus, bats are not to blame as the cause. We
should consider why so many viruses as the cause of the
emerging infectious diseases originate in bats. Domes-
tic or companion animals have had many opportunities to
have contacts with humans in their long history of domes-
tication process. Therefore, even if such domestic animals
had viruses which could cause emerging infectious dis-
eases, those viruses must have already been transmitted to
humans in the long history, triggering some problems to
humans. Contrarily, wild animals have had fewer oppor-
tunities to have contacts with humans and the viruses par-
asitic on the wild animals have also had fewer opportuni-
ties for transmission to humans. This is the reason why so
many emerging infectious diseases originate in wild ani-
mals. In mammals, there exist more than 1,000 species of
bats belonging to Chiroptera, which is the second largest
number of species after Rodentia. 1f each species of bat
is natural host of specific viruses, the total number of
viruses should be enormous. A tiny part of them pos-
sesses infectious capacity to humans and appears as the
viruses to cause emerging infectious diseases. More im-
portant point is that bats are regarded as relatively close to
horses according to the genetic classification [20]. Thus,
the viruses which can be transmitted to bats may be likely
to be transmitted to horses. On the other hand, because
rodents are considerably far from humans genetically, in-
fection of humans and other animals with the viruses car-
ried by rodents is thought to be difficult.

It has been made clear that the viruses carried by bats
are likely to be the cause of emerging infectious diseases.
Then, what kind of viruses do bats carry? We have had
too little knowledge on bats; there has been almost no
cultured cell to isolate the viruses originating in bats. We
succeeded in the establishment of cultured cells from the
following species of bats: Rhinolophus ferrumequinum,
Pteropus dasymallus yayeyamae, and Miniopterus fuligi-
nosus, and isolated some viruses in the process of estab-
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