INBEEDORMD DERICRERERT 281
s BHEE AR LB ch o THES N
TetBll BT ENT=E D

ARt

HRBOAREREZEET 2D BELEMYT
LEN)

< I AFEFEOIBE T 2 FREMRSITREET h
T EREEEFDO S5, (REHARMFICIETL
b DOXIEFEAREOEMBICLDUNGEN
Vil X

- EEHSE L2 E D
TRFRTENC ERERT 27D EREMR
T 5E

c HEMBICK DRI NRICRILSENES
D

B

CHt

PRI Z DRI NEE D

ABRCEYS T B MEMKIE, REFRIITRFEFGEL TV
BLERESEDN D B Tedd, WRITERBPFROEREEZET S
WENB B, f22 L, BFEFYIC X 2 WEBERIIFEERE
TMEWz, HEIC K o TIEREN SO BRE NN e F
MENB, iz, BAEHEEICHT BITRBHIERFO
FEIEECOVT, BEACHEN R T ENS, AR
FATBEGOBHEEZRY) VIR ERET B & BE
FEOERUICOED D BFNLE D,

—J5T, CRHCEYHT AEKEIEBNEZICNETES
T WD, MEEE R ENCHERT 5T LHTEETH B,
LAL, cNEDEFBEOCEZIIBETHD T EHRFEEIN,
E LICHEEAAEICBY ZIERIE T AV ADFREERN
BN eSS, RICBEEMSIEN > TWaE L THEEZAY
UHERNEL, EERERERRLLTUES BEAS
BB,

COXRIICERD L, BIENMDERMICIE, BEEL
TR U RGE R X URSRESIE AN T2 ) V73
S LTEEETH S, IERFBICRELEE T, 178
SRR LT WABEED B B 708, ARclEEang
CERRBERICEBT H3HENENETFRINENS
7%,

SEBERICBO T, BEEFPSHREEEOER S X5
LOBEMESE TR, To2U Y IHSRRERFEC &
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HLWVHE LRV, TEEYENSRET2EZ2) VYT
FAE, Y, ABICEKETAEFICREINSGZA 5,
UL, BEFEBATZ XU TL0S HIVEERT 5IC
X, BEERUCBIRYE T AEWOBREREAZITTHL
TENEF L,

—H T, EAREWAEIN 1508 EEFYICES)
DRI N TEY, EMEEsmoROEH2, FC
T, BHEE T, REONERE R 2 HEIYEONT,
FOEEDPA L OBMBEDZESRERLT, TiDk
30z, EREEOBEWIEIC 3 DOEEICHIE L,

FSATT, RAFE, THEVER, TA
mowm |0

TFE, NFUYY, FaubrAR
e o= B

F, T
E=ESEE ovuxl

CHET, HANICLIERBORITIREESN TV SE)
WEEE, R, AAHZ, FUR, EXF, TIATR, R
AT, RV, AR EKELND, FTT,
EANCERTAHEOBRAE LEFHOS B, AREEE
WINE ERBZBIEX 85 B2 BWERE EEZ R
{fEEHSIC, ERSAEOKMEN, ABPRE L OHfl
B BN TOFERBHRITADOE S DWW T E R R 26
FITD, ERREZ 2 UV THREOREER L. (&
1)

MEEEETRA LR, BRETIR 127, BEFH
TRSEPY A FENE, ThEOERIRIC, #dmD
3DODFHEET LIS 3 T VIR L, EESAHA DI
FEMB LG AEPETE L OEMEEDNT NI ET
o @EERER) THD, LB DENTOILRFRIT
DL E T V7 LIS NI R FRREOE— 8%
&ML 72,

R, FRSFOIIAEA R KT AMORSE & Ol
BEDWTNONET Y7 THY, TBHDEINTOIER
RFTAOBEENR S o 7 LEME N EERFEREED
EITEEE ML 2,

BE, a9 VOIERRTAIVA (U wdoA LA
) BEREHET AU AKETORRESNTED, I
RFRBEOEREISVEFMENSENPERICEERL
Tnb, UL, 7I7IRERLTVWAaTEVIEDNT
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el SERIROMERSIROER Y A (UE, 0 oA KOG HD
LG A B TO | JERE
No. e i Pt D FHEED | JRIERTT | HED
o | RS | ~OBSS | BRE
BEEE () CARNIVORA  Carnivores
=%} Ursidae (Bears)
1| erdw Ursus arctos Brown Bear i o & |
2 VxR SIT Ursus thibetanus Asiatic Black Bear H r & 1%
TS5 F Procyonidae (Raccoons)
i 3 f FoA T | Procyon lotor | Common Raccoon I K| k=3 i =) ﬁ}
A ZF Canidae (Dogs and Foxes)
4 | ERF Nyctereutes procyonoides | Raccoon Dog K =] [ [
5 |7 A Vulpes vulpes Red Fox i ) & [
A ZFF Mustelidae (Weasels)
. Martes melampus Japanese Marten 3
|77 Martes zibellina Sable h " i "
7 | ZoRvA BT Mustela itatsi Japanese Weasel /N i i 15
8 |Fa vtz a%F | Mustela sibirica Siberian Weasel K - 2l H
9 |\ TAYLBE Y Mustela vison American mink i & H {&
10|74 Meles anakuma Japanese Badger K e H e
v a3k Viverridae (Civets)
IR PAN/A Paguma larvata Masked Palm Civet K =) r 1
12| VA4 U=S—Z | Herpestes auropunctatus Small Indian Mongoose K {lis i [
BE=sE (0veUHE) CHIROPTERA  Bats
FA T EUER Preropodidae (Fruit Bats)
S 1 | eI A L ey %Pteropus dasymallus { Ryukyu Flying Fox 1 7N i i 5 1K ‘
TIN5y e )R Rhinolophidae (Horseshoe Bats)
| 2 ] FOHTATEY iRhmafophus ferrumequinum i Horseshoe Bat E i [ & H s I
vrave VR Vespertilionidae (Vespertilionid Bats)
3 |\ yavhavel | Myotis formosus Hodgson's Mouse-eared Bat 73 1% & &
A\ TToaTEY Pipistrellus abramus Japanese pipistrelle r H ] 1
5 | yFaTEy Plecotus auritus Long-eared Bat 7 1% [ &
BIFRFR Y A NWADGHENTRMEZNEDO LT BTN, HEThENSRE L

1999 FEM SR E N TV A BREBOIERFRETS, av

EVREBETRETHD, HADIAYEYDSIEREY AV

AMBEDOMBIERE (N EZ BND, 2/ZL, CTRET
IUEVICDOWTERSEHENM TN TWERWNT & BB
T %, AFENTOIERBORAEETO CEHNEFTLNE

LT, F=@EEEe LTav e Z2INA T,

ERBWEZZ YV TRAEDEDT

S, SMBTHERYENSGE LIERIRE= 2 v
JIHEFTEE T RIS > T, COREEZEICLD
D, FNTNOHIBDOIRN LW OEB D HPBES)

KB UT, BRIEMOEELNSBOBINZITY T EMNE
ELV, RIETE, MBI BB DMED T 2 e
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ERCR
1) BRECERINADOIEE

B E BRI EICZE LTV B30T, RENS
b7 B ESREOEEIRRIEOWT, RESOMEDRED
§, B OBHRE F CHANEESET 5AEND B,
BRI K-> T3, EESHERMABINTNE 0L
275 (BEEH 2R, RTLEEBHFOLO L IFEL T,
EARIC X 5T, BIELRE O BEIEL S AR O
EERNAESEERL, BIRETRL TS, £/, i
B KPS DORBTIIHE, &5V REREDE
WMHEy 57, WL ERGRIGRR L TR, FEHYOER
BIEICEL TV BEANE, E5ic, BEERRH
WA, BEMEREAE T, T X B RIS
DFEEIBEE L THB0T, WERFHROU T IVEA LGE
kD BB OSFHEAENSC L L TE 5,

LT, MENSIEOHTEPADEEEVRES L EEY
B EFRENBIEEE, NREENRERD S EENICHR
ETHEEENEE B,

2) BEEREORER

WEDERIBLITEE LD, WREOMKZIERT S
Fw PI—=U D DIEEFT %, FEMERETTHENRS D,
HEIC X > T A~ CEHDEN TN TIERDO ATFREHK
ELBEBTENDHBHDOT, HEFTHZRET HICHkLD,
BRI IR MIEE Y A ML T T EEE
L,

3) BEEGOERINEG

IRDRERIC N 27200 2 BB EA G0 B RE
LESOHHEMENS) WL, MEBEEOIAIRICED
HIERNVELEDETREL TBL T ENBETH S, &
i, MEBEFIPNEEEGT LIXEARTREENS LN
FHEENZOT, WARICEARD OREE B OIREDITENE
HOESMERHEEIHCEAEE L,

BT DR B S OB LS RGER R D5
&, BERCEOVTEERLTNEDT, H5HUHIE
RIRRE OHERE Z MR TE B AT \DEHEES

BOAGE S, KB 5. HEFWAOAILTICOWTIE, -

TEFAEBGE N BT 71 COKERIR) Eh8# 0k
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Z

e, EROFERBINCEDLERIE, TEHRESEE
DREEE OREMZIGRE T 5 L TEE LRS00, R
#B) HumZz M EICEERT BREND B,

BEEGZRERTSEE

B OBELHRFEOBRP AT DONTIE, THEED
RN CEEN G MOMIE (BT Bk (UTTE
kD) BRU TRENREYIC X 5 EERFIHRIHE
OBFIRICEET 23k (LUF THSREMED I X O REE
N, ZLOHBRTEIEEXBICIOEINTED, ¥
T RRIESE BRI & 2 FESHMEROREILEE DN
TV,

BRI, SEFYOEKEEET 2 4HIE, BIBEIC
EDEZETHD, —RIETRTEHRETHD, Lizho
T, SEESE CEE L IeREESBOMEE — L Lk
R 2IGEIE, HEERE, ZOMOBEGRHEE & EEL
THEEAEZEET A EAZEERT 2 0END 5,

COEIEHEBEZWEZ, BEISMOITRFREIC DN
T, TREYE SFERESZIEICSRREN THRER
RISy ENTABR, BB OVITOEERS TN E N E
HERERT ST EHHENTH 5,

TTTR, BAEBGEEINEHESNOS B, FET
RUTEA~CROFNTNICES T B HRAEEEORRICHE
THHEHEERIT 5o

1) AB

UL, ADTRFRFIETFIED DR 4 o Rl
HIRERIT D NERHIT, RENRE G 5DOERERERE
R LTEHEBT, W - BUS SNz DTHS, 2
2L, BEEWIC L WREERSRELTE, NEMEGE
MRS B L FBOTHREETH B T EHAMEINB 728,
BEROREFEROMEREKICHET 2 BRENET 572H0
BE(RHERE & OEEDRETE 5,

INEEEOHEBICH - TE, A& LT TBEE %
DEDCED HETTHIRETH D, £z, REEsskE
M (B1ERLERTE, 794074V T—
ANELET D, LUFAE) OEGIZFZ{BEEIRSC
EETERD, INEEEOHE - BUFITDNTIE, %
e DT HEHHBENRETH S,

— 325 —



1

2) B#

TN, JERIR R B IRE O 2 DICE 2175 BT
59, FHEE O & D SR ORI ICRGE &
NIEFLEIOS L, GEERICIEC Lz 8 DB R UF

WG LTSRS 5 B, JEREIEED HIREO R
BRI K0 EIE N DR R L B,

B, TBEEE IcEDE, T OHEFIERIRGES
NI ORHNAEED CnD, 12120, BBk
CICRGERRI N BB 12 (B 1), B ko fif (k)
EWET B, FNTNTHEESNTVS BEEEEE
S EEAFR O R — LS— P TR, 7235 2015 R
BIEIRIEL & D SRR E PR 2R AT AE) FiERR
T RRENH D, Fio, BEEEEDOIEERDHERICHTz->T
&, BERBGREE DRGEEEOTHE (B DBE,
B, HogEtERhs, PEZEEEEES) FHEGRE L OT0%k
FAEDNETH S,

Tk, B, 0 RERLIS OB B EEE T2
AN, FIFAN LTS BREBEA T, T,
EREER DR WS EBROFEMICK T ZIEh D, BE
B BRSO T 2 ) T D—BTH BT LR L
TWEWE SR %o TN BIGHBREDE= 21 V7D
BEEIETETREL D, EETIIT LY SEEE
Foy U0 G eENE YN VR AT LOREEE
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EGIKIC & I EBIES R O GRS & A RO I LD

PHRRTENTO S, DRETES—E, TAESYRGEDE
DIEBETRELES D,
OB, EE, GEEEEES EREOBERE
R KD EIP RSO P ENTED, JEROER
KDWTIE, RS & OT0siBENBNETH S, Ei,
SSRGS DWW, A OBE OEGE, H
MR DIEATER X CORFEIC XD, Mg & UCHE
SHVIEECEE I NS JEAEOFPNEEIN, fRFNE
FEHTHBM, FHAMAFERROBRAFICKD, ik (&
I DIRBREZEHERI L, MEFRIMO N2 HWTg 5 20
ENH B,

3) C#

T, FERIR TN T & ORMANERE DT Bz
TOBOIT, FCCESHEC LI N, BL TN
BRGNS R D, 1272, TS DfEERIE—
IRICIERE TH L EMEETNLDT, IEIIFT AV AR
AL T2 A REEVWDE LR, —J5 T,
BWZOHETHE, BAEZTHT LT, IERFEEEL
REEBBANTRT T — 2 NEHETE S LEABND,

BEMER, BRI X0 B CETEICHRE S
ITEENFNEE (BLICERE) CHREe LT TRERE]
FOMEFT 2R TEME NS, FEROUSTTESE
BB LICROENTNE DT, BIRIER L D157
EDRETH S, Tz, FHEISKEMDOENREHZB
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BEEB T LIRTER, I - RUDE NI AR OTER
IZDOWTR, BERREDTERENLETSH S,

—7, L, TREE) KEDDNIRFHEE (1
ICRUTBETE, BRAESENENT ) BEEEN
RVED BT PIC A REB TRIEE N5, Lizhio
T, FERIMRCI USBAMRRER, SPEERES) cERd
BELEEYOMEZTERT 5 LETERY, FHICIED
RSNk, WREOFEN L5, RiFRE
D I%ERD, BEORMBOWT, ITEEORBEMHR
TELEND D,

BB, MERRI LOFEMEOMEEN Rt s
&) Fid, RELREEGNR & L TEFE SN, k—
LAR—VETRHEINTV S,

JVM Vol 67 No.11, 2014

830

BSEEY

D BIEE BEAkEYWSE —E, hip//www.env.gojp/nature/
intro/ 1outline/list/index.html

2) WEE BB M &K htp//wwwsizenken.biodic.gojp/
wildbird/flash/toukei/07touket.html

3) RELEWSEE Y 2 — | GRBEER GIS BV X7 1L,
http://www.biodic.go jp/trialSystem/top.html

4 BEREMZRELY Z— BROFWDIHEEE, hitp//www.
biodic.go.jp/kiso/atlas/

5) ERIBENIZEHT : BAEYT— 2 —2, http//www.nies.gojp/
biodiversity/invasive/

6) EETHHE MO ARREA A BS54, http/Awww.mhlw.
gojp/bunya/kenkou/kekkaku-kansenshou10/dl/140826-01.pdf
) FETMERENY BT ViEEEES (1995) T BESYREE

>V RT b~ HREGEBOI DRV, kB AR
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%
BAWENAFTE—-T 57«

Vol.4 No.2

(No.10)

=55

JEE

Pl 7 G T E

FLHIZ

FERFF L, R T AEAE 55,000 ABL EASSE T L
TBY. Vol ARNZIEET A & Btk 1T
e, BICTEDOMAE R L TE B4 10 H LA
100% FF09 % Bt S i gediE (Zoonosis, A FRIL
WIBYIE) Th Do BB D 99% LLEIEIE KNG % 5
HE L7 RIS L BRI TH Y. &0 30-50% i
BRELTOFHCHL, Ly LEers6, BiZko
TWIFEOWAETY (FY R FXF, TI54 7
T AN VY, YT =R, Ay E) TR
FEATATLTED, WTFNOIERBE T A NS e b
BETETONILEICEET R 2 L 2 BN W T
BELwv, WHO . HF7 V7 O 10EAL LT
FERBFORBEIEHENTED ., BEOREES
A 1,900 J5 A, BEESTBEE (PEP:post-exposure
prophylaxis) 25400 TG AZBA TWAE LHERTL T
Whe T VTG REEOIERBRIRIT IS T, BAE
24000 APLEAFETLCHB Y, REL 4 ¥R A >
FAYT. 740y, X FLAEORPEED S
KETIEDWIRLTHBE I ERERLEDIPED
AR EDEN T B E A TH B NP

EIPN D AE R R 5

HA T, 1958 45 DI Py TR U 7241 K%
AT HEW T L IMEDN LV, I THERBO
R ENBCET R ERROT 7 F R
TETRERICHERFEIELTHRT L3 HD
I AER D HE ST 5 (http//idsenih.gojp/
iasr/28/325/tpc325-1html)o FRAE. FE R T By i
(1950 4¢. JEAZWE) . Bk (1998 45, JE4E
B RECIRTHE (1951 4. BHOKESR)
WHEDWIERITOF RS, [ER - BREERTE &
CROE A ERLE Y OWIPEZFOW I 2825
5, B - i FEBEFICE o THE L LTI TWw A,
F /2. HIBMR T 2001 SR ICHE S e [HERIE
A B4 2 2001) 1T THEREREE DS
WAHBGEORIE T Z 2 TV EREML T A,
2013 EIIX [FERIBIIEH A F94 > 2013 —H AR

BRI B 200

EIPZ 3B CHERE & F60E L 72 RASFED b iz 4
DIEHE I E—] AR ST, R EHEE S
NI REEDTYDFHD S NI HEr RS
LIzOOEREMY =2 7V FEBEKTERS 1L
DOH b, Tl BT ERDICERFEIHE
Endz s &R TRDENC BT A B O 3FER
T &) 2 T HA AR B BRAEE (B 5
FHEIEBIIRZE) | 25T, TREREERIC (B
FRIFHATA ¥4 V) PSR, ¥

VA A0 7 R R A

HRKFWE, STFIANVAREY v 4 VAR
(Rhabdoviridae family. Lyssavirus genus) I2 J& 3
BA T AD 1A RNA B A4 v 20T X 5 g
FECH O v ANVAE [HR] FROTEREEL & 5HE
£ 75-80nm. 4 180-200nm DK & 7z RNA T =
ANWVATH B, WBKTIE, 7/ & RNA &47% <
EL 50D A NVABEP LR ENTEBY, fiE
e 7 vt h 7 F (nucleocapside) A3 v«
1 —7 (envelope) B b Tw5, HERXFHTA WV
ADREGIL 7 A NV ARCFFREN A8 7 & LT
HLTwa GEHICHT S PRI L o THIE
THEIEDNTE A,
HRFEIANADI B, BESLHNEPLLFRE -
GRS pk (L) I eI, F -
T4 b3 (BSL3) TEHEI, J7FroHE
Bhves CAREMERR & U CfER & A IR IR A o0 [ e d ik

“(CVS #&. ERA ¥k, Flury #. Fuenzalida S-51 #k.

Fuenzalida S-91 #. Kelev #:. LEP ¥:. Nishigahara
k. Paris Pasteur #k. PM (Pilman-Moore) 1. PV #k.
SAD (Street-Alabama-Dufferin) ¥k, Vnukovo-32 k)
WoWwWTiENf e —75 4 LRV 2 (BSL2) T
DY PHEENT VDB, Tz, HRFEZ A VA
. B (BIYEO TN O BISE O BE I
TAHEFRICHET A5 OREESE T4 R
BE. BRSO BT A BAE TSR RAEICS
I TWwd, 2B, U7 F y#kTdh b HEP #E
RCHLBRICOWTII AR EREE LB FTIEE
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ALTVH DL L THEAIBNRERSICEESRT
\1)60 4 8.9

SRR DI Y v & g5

FERIBEEFE L hEW O3 T ORI
W A NAFE R RIS 2 LS TE BH5, hARAE
FERE L R ICBIREO T A VAP E N A, B
BOFWEIC L LN 2T A VAR, 74 VA
DEY L7 ERB B L L AMERR S L. 3T
RIFOEWIC L BBEER. 7 A4 VAL
WD Lo A4 VW APE LN S FEHORIEHEE 5
CNDREVROFELH I RNE T A VA DRGEHRE
BTH b,

FERIROFE DB ERRAE R B AR O RLY v
& BSL2 TIT 9 o #E) Bl - TRERESEPS LK. &
B OREHEEELT) Z LI L o TRETFUIH
WEETH Do HRIFT A IVARLEL LB ORLD
oo, W - B, 7o FVBEBIUYAVAD
HRERITZC ¥ b A M F I EERMICE RO T 7 F
VAT AN WHO Lo THEE R TY
Bo B VT v RBEREELHEEEPRICY
A NABREINBEICILER 2T 7 F 0B
MBS & o TRETFH 2.

HE - RE

HRFEIA NG, 2orXu—7%2FoTBY,
ARk, =5, 7007 VA 45-70% 5 ./ —
WM. F—FHL 47 Ey LIS L o TG
BRbDEDLIENTE D, BREEERTIE, ZBHE
HREDHBESE X ORIV [BREZ+—
EPETHAESUEELLE IR EFASN EoshR
EHETAEMTEERABE Y T AHE. A0S
P00l S— vy P AL OREEER S M v A
KICE B —IFRL EDREL T2 RIS L
FEL FoREETLHETRESZTAZ L
&%B_@Z Lf\ﬂ%o 3, 9, 10, 12, 16-18)

Bbyiz

EEd 5 & T, 1047 IS A U E sk
DRI X BIERIG & EBRITH & TR LT 1959 4E
DNE 1961 EQFYWTOREZRBICEBEN D
SIFRFFEZHE L2, E2AD 2EFMBECA
FFTFTISERBEOWT LT DI LS 2
L, BEBUFE20134E7 A 17 HIERBOR
E R EREERER (OIE) 12HE L, Ribidic
iz THERKROFBEEIER L TWwL EEZ S
NTELBETAZFT7TF I HERFEmMITL

Vol.4 No.2 t

{ No.10)

TVl L ITBIREBETH D, BETHERR
TG T & 72 Did 1999 45 S 08D 72 B D IE K
FEIZL B E T B IKE Vv (International Expert
Meeting, Taiwan CDC. Taipei, Aug 30, 2013).
. BERIZA S FT7F7V<RERBRLTBELT, B
FEFRICE o TMADELEEIN TV A,

HARC, &RISICEETE, NS L CEEi
2R L-MERORB TV, 20 BEENE
FICMERDFT L2GEITE, BES U TRE
PbhTnb, ZOXIE, O 4 ORI
LTIONTWELDTHY, ChETII—EDH
T, MRS 2 R DAL D & BT B IERIER
FREHEN TRV, WHO (HREERER) &,
[(ERFOZVCEIICBWTCOBPWOFERFRALE 2 E
Wy 50+ dma R LT BNCEET S
BEEOBVEFTEY R T AEBWIEIZOWTIER
HREBIENOD LEEIE, B S RERE
X o TR ERETNETH L] L LTBIIE
RIFOREEH 2 EMT A 2R LB, b
BENZBW TS, BICEE SRR/ ATA R
A VERFERLT, BRWHOFEIZWIRLT T
HoTHIERFHELEELN LB & BRI ICEI L,
g & EBBROBEICL o THERRTHEhED
RIEELCE BB ORES RS NS,

ZE R

1) WHO Expert Consultation on Rabies: First report.
2004. WHO Technical Report Series 931.

2) WHO Expert Consultation on Rabies: Second report.
2013. WHO Technical Report Series 952.

3) EAME FX9E (http//www.mhlw.gojp/bunya/
kenkou/kekkaku-kansenshoul0/}

ORI TR
OFERIFRIEH A K5 4~ 2001
OERFFHHIEAT A FF 4 > 2013
OERFICHETLQ&A

4) BEABmHE RIERBFHEOCBRISEDBFINT5
EHEIZE$ 5 EHE (http//law.e-gov.gojp/htmldata/
H10/H10HO114.html)

5 EER%@H4E BWomABHBHEIICDWT
(http://www.mhlw.go.jp/bunya/kenkou/kekkaku-
kansenshoul2/) V

6) BHIKES R&EoiB ABERDN (http//www.
maff.gojp/ags/hou/52.html# kisoku)

7y BMIKIEE FREREHETFHEOME (uttp//www.
maiff.go.jp/ags/hou/36.html)

8) A.C. Rabies. 2" edition, Academic Press, Elsevier,
London, UK, 2007

9) EAE BIUEERICEO ERREREOEIE
il 2w T (http//www.mhlw.go.jp/bunya/kenkou/
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kekkaku-kansenshoul7/03.html)

10) Laboratory techniques in rabies. 4" edition, WHO,
Geneva, 1996

11) Biosafety in Microbiological and Biomedical
Laboratories (BMBL), US.Department of Health
and Human Services, Public Health Service,
Centers for Disease Control and Prevention and
National Institutes of Health, Fifth Edition 2007,
U.S.Government Printing Office Washington: 2007
(http://www.cde.gov/biosafety/publications/bmbls/
index.htm] :

12) A F v =75 4 OFM GREREY & — T
WOER). AHT CERTT - ESFFRRALIEGE 2008
i

13) CDC, Human rabies prevention - United States,

(No.10) '

1999, Recommendations of the Advisory Committee
on Immunization Practices (ACIP), MMWR, 1999,
48:No. RR-1

14) 7 A VABRFEDORAL - BWAS V¥ —F. 5. X
. SERLFEAT. 2011 4

15) BEYHETFRLEE (B 200, XM BARAHRAER
S5EAT. 2005 4F

16) White L.A. and Chappell W.A. 1982, J.Clin.Microbiol.
16, 253-256.

17) Turner G.S. and Kaplan C. 1967, J.Gen.Virol. 1,537-551.

18) Kaplan M.N. Wiktoy T. and Koprowski H. 1966.
BullWid Hith.Org. 34.293-297.
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BRI S i tH L] B

[ HEEK IRk 1 IRIHPRO
SN SR SHRD SHMKIERRY VIR
NRIRILUONIIO tl [BEHE
e S R\ (R | (02U 1
REUROS aD—KPi &
SHKERE L R QRES - S
HIRERRWENC MR IKIER LIynf:

Re LR 5 v e

R (rabies) THIBE- iR d
e’ BEoR<HHRRID
St (ERHERE— ¢~
http://www.mhlw.go.jp/bunya/
kenkou/kekkaku-kansenshoul(/
pdf/03pdf $0EE) ° NIdNPI AL
EDe R XU SEB<AHREE O
SRAERUVS BEaR-ooo
IR H OO ORI
S HAREVRE w0

DRI EEAR I WRRIE O e X Rl

R SRS ORI VR
EHREL QSRR E KR

EAIR e R X H A 494D 4
Y OERBUERPOUVRE
O SR BIEwEE e
EREBEOS Y L e

AN NI NN St~ CEV R
e )OREEGSIEE - BERRWY
PR ERVERYESR (3%
RN KRAN DR
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First detection of Echinococcus multilocularis infection in two species of
nonhuman primates raised in a zoo: A fatal case in Cercopithecus diana
and a strongly suspected case of spontaneous recovery in Macaca nigra
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ARTICLE INFO ABSTRACT

Article history: The causative parasite of alveolar echinococcosis, Echinococcus multilocularis, maintains its life cycle between red
Received 10 May 2013 foxes (Vulpes vulples, the definitive hosts) and voles (the intermediate hosts) in Hokkaido, Japan. Primates,
Received in revised form 31 March 2014 including humans, and some other mammal species can be infected by the accidental ingestion of eggs in the
Accepted 17 April 2014

feces of red foxes. In August 2011, a 6-year-old zoo-raised female Diana monkey (Cercopithecus diana) died
from alveolar echinococcosis. E. multilocularis infection was confirmed by histopathological examination and de-
tection of the E. multilocularis DNA by polymerase chain reaction (PCR). A field survey in the zoo showed that fox

Available online 26 April 2014

Iéﬁfzzzgtsécus diana intrusion was common, and serodiagnosis of various nonhuman primates using western blotting detected a case
Macaca nigra of a 14-year-old female Celebes crested macaque (Macaca nigra) that was weakly positive for E. multilocularis.
Echinococcus multilocularis Computed tomography revealed only one small calcified lesion (approximately 8 mm) in the macaque's liver,
Spontaneous recovery and both western blotting and enzyme-linked immunosorbent assay (ELISA) showed a gradual decline of
Zoo antibody titer. These findings strongly suggest that the animal had recovered spontaneously. Until this study,
spontaneous recovery from E. multilocularis infection in a nonhuman primate had never been reported.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction of E. multilocularis transmission from domestic dogs to humans. As 12

The genus Echinococcus includes two species of tapeworms that cause
echinococcosis: Echinococcus multilocularis and E. granulosus. While the
former, which is limited to the Northern Hemisphere, causes alveolar
echinococcosis, the latter, which is distributed worldwide, causes cystic
echinococcosis [1]. Both cause serious zoonotic disease. Alveolar echino-
coccosis is endemic in Hokkaido, Japan, and E. muitilocularis maintains its
life cycle between canines (definitive hosts: red foxes and sporadically
dogs) and voles (intermediate hosts) [2]. Humans and some other
primates can become intermediate hosts by the accidental ingestion of
eggs excreted in canine feces [3-9]. Larvae form tumor-like tissue mainly
in the liver [10,11].

Since 2004, Japanese veterinarians are required to report the case of
a dog infected with E. multilocularis in accordance with the “Law
Concerning Prevention of Infectious Diseases and Medical Care for
Patients of Infections”. As a result, concern has surfaced over the risk

* Corresponding author. Tel.: +81 11 747 2769; fax: +81 11 736 9476.
E-mail address: yamano®@iph.pref.hokkaido.,jp (K. Yamano).

http://dx.doi.org/10.1016/].parint.2014.04.006
1383-5769/© 2014 Elsevier Ireland Ltd. All rights reserved.

cases of E. multilocularis infection in dogs were reported in the period
2004-2013 (data reported by the Hokkaido Echinococcosis Conference,
Hokkaido Government), it is important to pay attention to the risk of
infection from domestic dogs to their owners. Even animals under
well-managed conditions can spread an infection, because the degree
of the contact is high among domestic animals and owners.

Here we report two cases of E. multilocularis infection in nonhuman
primate species in captivity in Hokkaido, Japan. In 2011, a female Diana
monkey (Cercopithecus diana) raised in a zoo died from alveolar echino-
coccosis (Case 1). This case led us to conduct a field survey in the zoo
and serodiagnosis for other primates. Consequently, it was strongly
suspected that a female Celebes crested macaque (Macaca nigra) had
been infected with E. multilocularis (Case 2). Infection with members
of the genus Echinococcus has been previously reported in some
primates [5-9], but this is the first report of a confirmed E. multilocularis
infection in these two species. Most of previously reported cases were
of fatal ones similar to the Case 1 in this report. However, the character-
istics of the Case 2 strongly suggest that spontaneous recovery could
occur.
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2. Materials and methods
2.1. Animals and blood samples

This study included two female nonhuman primates with
E. multilocularis infection: a 6-year-old (at the time of death) female
Diana monkey (C. diana, Case 1) and a 14-year-old female Celebes crest-
ed macaque (M. nigra, Case 2). Both of them were born and raised in the
Sapporo Maruyama Zoo (Maruyama Zoo) in Hokkaido, Japan. The
female Diana monkey was loaned to Hamamatsu Zoological Gardens
(Hamamatsu Zoo) in Shizuoka, Japan for breeding purposes in June
2011 and died there in August 2011. No characteristic symptoms were
recognized during the animal's lifetime. On the other hand, the Celebes
crested macaque survived and had been subjected to blood sampling
for serological examination at the Maruyama Zoo in December 2011,
January 2012 and September 2012.

All other primate species kept in the Maruyama Zoo were also serolog-
ically screened for E. multilocularis infection: C. diana (n = 7, excluding
Case 1), M. nigra (n = 2, including Case 2), Cercopithecus neglectus
(n = 1), Papio anubis (n = 3), Macaca silenus (n = 4), Mandrillus
sphinx (n = 2), Hylobates moloch (n = 2), Hylobates lar (n = 1),
Cebus paella (n = 3), Lemur catta (n = 2), Varecia variegata (n = 2),
Pan troglodytes (n = 4), and Macaca fuscata (n = 9). All blood
samples were collected for serodiagnosis under anesthesia.

2.2. Autopsy of Case 1

As there were no characteristic symptoms during the lifetime in Case
1, the cause of death had to be confirmed by autopsy, histopathology,
and detection of the DNA of pathogen. Some of the lesions collected
during the autopsy were fixed in neutral-buffered formalin, embedded
in paraffin, cut and stained with hematoxylin and eosin (HE).

2.3. Detection of the E. multilocularis DNA in Case 1

Three separate pieces of the cyst tissue were cut out and approx-
imately 50 mg each from three pieces was used for genomic DNA
extraction. Genomic DNA was isolated from the cyst tissue using
the QJAamp DNA mini kit (Qiagen, Gaithersburg, MD) according to the
manufacturer's instructions. The E. multilocularis DNA was detected by
polymerase chain reaction (PCR) using two specific primer sets
targeting the 125 rRNA gene (5'-TTA AGA TAT ATG TGG TAC AGG ATT
AGA TAC CC-3’ and 5'-AAC CGA GGG TGA CGG GCG GTG TGT ACC-37)
[12] and the U1 snRNA gene (5’-GTG AGG CGA TGT GTG GTG ATG
GAG A-3" and 5'-GAA GGC AAG TGG TCA GGG GCA GTA G-3) [13].
PCR was performed with 60 ng of genomic DNA in a total volume of
25 L using the Gene Amp® PCR system 9700 (Applied Biosystems,
Branchburg, NJ). Amplification of the 12S rRNA gene was performed
under the following thermal cycling conditions: 12 min at 95 °C follow-
ed by 45 cyclesof30sat94 °C,30sat58 °Cand30sat72 °C, and a final
extension of 7 min at 72 °C. After PCR amplification, 8 U of Ssp I (TaKaRa
Bio, Otsu, Shiga, Japan) was added, and the amplified DNA fragments
were digested for 1 h at 37 °C in a total volume of 10 pL. Amplification
of the U1 snRNA gene was performed under the following thermal
cycling conditions: 12 min at 95 °C followed by 45 cycles of 60 s at
94 °C,60 s at 62 °Cand 60 s at 72 °C, and a final extension for 7 min at
72 °C. The PCR products were electrophoresed on a 2% agarose gel.
The separated PCR products were visualized by staining with ethidium
bromide.

2.4. Western blotting of Case 2 and other nonhuman primates

Crude antigen used for western blotting was extracted from
E. multilocularis protoscoleces as previously described [ 14,15]. Serodiag-
noses for monkeys were performed using the diagnostic methods for
humans, with some modifications |16].

Sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was performed using an E. multilocularis crude antigen preparation
according to the Laemmli method {17]. Crude antigen (about 0.5 pg per
gel) was electrophoretically separated on 15% SDS-PAGE and was
electroblotted onto a nitrocellulose membrane. The membrane was
subsequently blocked in 5% skimmed milk in PBS for 1 h at room
temperature and then incubated with the primate sera (1:100 in PBS
containing 0.05% Tween 20 and 5% skimmed milk) for 1.5 h at room tem-
perature, After washing, the membrane was treated with anti-monkey
IgG alkaline phosphatase-conjugated antibody (A-1929; Sigma, St Louis,
MO) diluted at 1:2500 in 0.05% Tween-PBS for 1 h at room temperature.
After further washing, the membrane was exposed to phosphatase
substrate solution (5-bromo-4-chloro-3-indolyl-phosphate/nitroblue
tetrazolium; PerkinElmer Life Sciences, Gaithersburg, MD) for color
development.

In this study, we adopted multiple diagnostic markers including
26-28-, 18-, and 7-8-kDa) bands [14,18~23]. The diagnostic criteria
were as follows: typical positive (26~28-, 18- and 7-8-kDa); atypical
positive (26-28- and 7-8-kDa); and quasi-positive (26-28-kDa only)
[14].

2.5. Enzyme-linked immunosorbent assay (ELISA) for Case 2

Flat-bottomed microplates (No. 2580; Corning, NY) were coated
with the crude antigen (12 pg per mL; 100 pL per well) for 4 h at
37 °C. After non-bound components had been discarded, the surface
of each well was blocked for 1 h at 37 °C with 5% skimmed milk in
PBS. Serum samples from Case 2 diluted 1:250 in 0.05% Tween-PBS
(100 pL per well) were then added to the microplate wells and incubat-
ed overnight at 4 °C. After washing with 0.05% Tween-PBS, 100 pL of
anti-monkey IgG alkaline phosphatase-conjugated antibody (A-1929;
Sigma; 1:1000 in 0.05% Tween-PBS) was added and the microplates
were incubated for 4 h at 37 °C. After further washing, bound antibody
was detected by the presence of a reaction for alkaline phosphatase on
p-nitrophenyl phosphate (0.1 mg per well) in 10% diethanolamine
buffer (pH 9.8) following an incubation period of 8 min at 37 °C
(100 pL per well). The reaction was stopped with the addition of 50 pL
3 N NaOH, and the absorbance was read at 405 nm with a microplate
reader (iMark; BIORAD, Hercules, CA).

2.6. Computed tomography of Case 2

In January 2012, computed tomography (CT) images were taken
using a multi-detector row helical CT scanner (Activion 16 TSX-031A;
Toshiba Medical Systems Co., Tochigi, Japan). Acquisition parameters
were 2.0-mm slice thickness with a 1.0-mm slice interval, 120 kV, and
150 mA.

2.7. Field survey

The Maruyama Zoo does not keep red foxes. To identify the carrier of
E. multilocularis in the Maruyama Zoo, we investigated wild red fox
intrusion into the zoo premises. Searches for fox trails on the snow
were conducted at the zoo six times between December 2011 and
April 2012. Eight camera traps were also set in the zoo premises,
which recorded the frequency of fox sightings from January to june,
2012. Furthermore, we identified fox feces by shape, color, and size
when we found animal feces outside of the cages during routine zoo
work.

3. Results
3.1. Confirmation of alveolar echinococcosis in the Diana monkey (Case 1)

Case 1: In the post-mortem dissection, many tumor-like lesions were
identified in the liver and neighboring organs (Fig. 1). Histopathological
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Fig. 1. Alveolar echinococcosis of the Diana monkey (Cercopithecus diana; Case 1).

examination revealed multiple cysts and laminated layers characteristic
of the genus Echinococcus (Fig. 2a). Protoscoleces with hooks were also
detected (Fig. 2b).

As shown in Fig. 3, target DNA was detected by PCR amplification of a
373-bp product of the 12S rRNA gene in all samples from several parts
of the same cyst (lanes 1 and 2) and a control sample prepared from
adult E. multilocularis (Hokkaido isolate). The amplified DNA fragments
digested by Ssp I produced two bands (approximately 175 bp and
106 bp; lanes 4 and 5). This result was consistent with the specific
banding pattern derived from the E. multilocularis 12S rRNA gene [24].
In addition, target DNA was detected by PCR amplification of a 337-bp
product of the U1 snRNA gen in all samples (lanes 7 and 8). From
these results, it was concluded that the cyst was of E. multilocularis.

3.2. Serodiagnosis for other nonhuman primates
A total of 42 sera were collected from other nonhuman primates

(n = 42) in the Maruyama Zoo. All nonhuman primates, except Case 2,
were negative for E. multilocularis infection by western blotting.

Case 2: The first western blotting test of Case 2 in December 2011
identified 26-28-, 7-8-, and 12-kDa bands (Fig. 4, lane 1). Therefore,
Case 2 was diagnosed as positive (atypical pattern). No characteristic
symptoms were observed at that time. During the follow-up process,
the antibody response gradually weakened (Fig. 4, lanes 1-3). At the
third examination conducted in September 2012, the 26-28- and 7-8-
kDa bands had almost disappeared (Fig. 4, lane 3). Accordingly, the
ELISA absorbance value showed a corresponding decrease (Fig. 5). The
dotted line in Fig. 5 shows the provisional cut-off value (0.21) as a
reference, which was determined in the previous study on the outbreak
in Macaca fuscata in 1998 [16].

3.3. Computed tomography of Case 2

Fig. 6 shows a transverse CT image of Case 2. Only one small calcified
lesion (approximately 8 mm) was detected in the liver.

3.4. Field survey

Despite the fact that the Maruyama Zoo is enclosed with 2.5 m-high
chain-link fencing, many fox intrusion routes were found within the zoo
in the field survey carried out over the winter season. Fox trails along
the zoo's animal cages were also detected. Furthermore, fox feces
were found on the snow near the primate cages. The camera trap survey
showed that foxes intruded into the zoo through the places where the
fence was relatively low with the piled up snow. Foxes also intruded
through gaps where small streams were running under the fence.
During the observation period in 2012 red foxes were detected on 163
of 476 working camera-days. At certain camera sites, red foxes were re-
corded in 25 out of 30 camera-days, revealing that red foxes intruded
into the zoo frequently.

4. Discussion

Infection with the members of the genus Echinococcus has previous-
ly been reported in a number of nonhuman primate species [5-9]. In-
deed, in Hokkaido, Japan, nonhuman primate deaths due to alveolar
echinococcosis have already occurred in three of the four main zoos to
date. These include a gorilla (Gorilla gorilla) and a lemur (Lemur catta)
in the Asahiyama Zoo in 1994 [3]; a chimpanzee (Pongo pygmaeus)
{25] and a Japanese macaque (M. fuscata) in the Kushiro Zoo in 1992;
and a Japanese macaque in the Obihiro Zoo in 1998 [4,16,26]. Of these,
the last case in the Obihiro Zoo was an outbreak in which 12 monkeys
in a colony (n = 57) were infected with E. multilocularis. The 12 infected
monkeys were treated with albendazole without surgical resection.
These monkeys died one after another over 10 years and the last one
died 13 years later (unpublished data). Alveolar echinococcosis of all
the monkeys was confirmed by post-mortem dissection and pathologi-
cal examination.

Fig. 2. Histopathological findings of liver lesion in Case 1. (a) Laminated layers (hematoxylin and eosin [HE] staining); (b) Protoscolex with hooks (HE staining).
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Fig. 3. Detection of E. multilocularis DNA in the cyst tissue obtained from Case 1 by PCR amplification. DNA fragments of the 125 mitochondrial rRNA gene (lanes 1-3) and the U1 snRNA
gene (lanes 7-9) were amplified by PCR using specific primer pairs. Amplified DNAs for 125 rRNA were digested with Ssp I restriction enzyme (lanes 4-6). Lanes: M, 100 bp ladder size
marker; lanes 1, 2,4, 5, 7, and 8, genomic DNA isolated from the cyst tissue; lanes 3, 6, and 9, E. multilocularis (Hokkaido strain) genomic DNA as a control.

The present study describes two cases of E. multilocularis infection
detected for the first time in the Maruyama Zoo. From this and other
studies, primates are likely to be susceptible to infection with
E. multilocularis, even if they were brought from non-endemic areas.
The source of E. multilocularis infection was suspected to be the feces
of red foxes which were occasionally observed near the cages. Although
the Maruyama Zoo is enclosed by fencing with an angled overhang, we
found some fox intrusion routes along the fence. Although exposure of
the primates to E. multilocularis eggs was not confirmed, animals in
the cages could reach those fox feces left near by the cages. To protect

MTA 1 2 3

Fig. 4. Western blotting of the Celebes crested macaque (Macaca nigra; Case 2). Lanes:
M, molecular weight marker; T, typical pattern of human alveolar echinococcosis patient;
A, atypical pattern of human alveolar echinococcosis patient; 1, Celebes crested macaque
in December 2011; 2, Celebes crested macaque in January 2012; 3, Celebes crested
macaque in September 2012. Diagnostic bands are indicated by arrowheads.

against possible infection, straw bedding had not been used in primate
cages because it might be contaminated by fox feces, and animal feed
given to the primates had been kept indoors. The reported prevalence
of E. multilocularis among red foxes across Hokkaido is approximately
40% (1998-2010, data reported by the Hokkaido Echinococcosis Confer-
ence, Hokkaido Government). Therefore, frequent intrusion of these
foxes into the Maruyama Zoo is likely to carry an infection risk not
just for caged animals, but also for zoo staff and visitors.

Two cases reported here were not naturally infected with
E. multilocularis, as both infected animals were born and raised in the
Maruyama Zoo. Although Case 1 died in the Hamamatsu Zoo,
E. multilocularis infection is not endemic in that region. Furthermore,
considering the time of the stay in the Hamamatsu Zoo (approximately
2 months) and the progression of the lesion, the infection seems to have
occurred while she was in the Maruyama Zoo.

In the present cases, infection had happened in the highly-managed
situations. This suggests that even animals in the zoos in Hokkaido,
Japan are at the risk of accidental infection with E. multilocularis by red
fox feces contaminated by eggs. It is essential not to allow red foxes to

0.40
0.35 -
0.30
0.25
0.20
0.15
0.10
0.05 -
0.00

Relative absorbance value

2011.12
2012.1
2012.9

Time of collecting blood

Fig. 5. Time course of ELISA absorbance values in Case 2. The dotted line in Fig. 5 shows the
temporary cut-off value (0.21) as a reference, which was determined in the previous study
on the outbreak in Macaca fuscata in 1998 [16].
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Fig. 6. Transverse CT image of Case 2. The calcified lesion is indicated by the arrow.

intrude into the zoos in Hokkaido. Preventive measures against infec-
tion of potential mammalian hosts are necessary. Furthermore, the
measures taken in a zoo are important to get rid of the infection risk
for visitors (humans).

In Case 2, computed tomography revealed only one small calcified
lesion in the liver. Therefore, no veterinary treatment was deemed nec-
essary at the time of diagnosis, and the monkey has been followed-up
by antibody titers. The result of computed tomography corresponded
with the time course of the antibody response (Figs. 4 and 5). Therefore,
the animal was strongly suspected to have a spontaneous recovery.
There have been no previous reports on the spontaneous recovery of
nonhuman primates with E. multilocularis infection, although some
human cases of the spentaneous recovery have been reported so far
[27,28].

Usually, the 18-kDa band is a main diagnostic marker in typical
positive cases of human patients in western blotting. Therefore, it is in-
teresting that western blotting in Case 2 showed an atypical pattern.
This atypical pattern of Case 2 has several possible causes. The first
possibility is that sero-negativity against the 18-kDa antigen may be a
characteristic feature of immune response of the Celebes crested ma-
caque. However, no conclusive evidence is available as it is the only
one confirmed case to date, and further investigation will be necessary.
Susceptibility against E. multilocularis has already been shown to vary in
species of mice in experimental infections [29,30], so it is conceivable
that it also varies according to the species of nonhuman primates. The
second possibility is that the timing of the blood sampling might take
place after the disappearance of the antibody response in the process
of the recovery. In general, the 18-kDa band is known to disappear
first after surgical resection of cysts in a western blotting analysis of
human alveolar echinococcosis patients [31]. Therefore, the disappear-
ance of the 18-kDa band in the antibody response of Case 2 may simply
reflect the stage of the recovery process.

In summary, we found two cases of E. multilocularis infection in non-
human primates that were raised in a zoo and became infected while
they were under a managed situation. Infection of the Diana monkey
was identified by autopsy, while the Celebes crested macaque seems
to be the first case of a nonhuman primate exhibiting spontaneous re-
covery. Although alveolar echinococcosis is one of the most dangerous
diseases for primates including humans, the findings of Case 2 suggest
that not all cases of alveolar echinococcosis are fatal. Relationship

between spontaneous cure and host immune defense should be
explored in future.
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