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REVIEW

ANIMAL PRION DISEASES
Morikazu SHINAGAWA

Obihive Universtiy of Agriculture and Veterinary Medicine, Department
of Veterinary Medicine, Labovatory of Velerinary Public Health

[ Received for publication : Octnber 30, 1996 )

Transmissible spongiform encephalopathies or prion diseases are insidious,
degenerative diseases affecting the central nervous system (CNS ) of man
and some animal species, in particular ruminants. Scrapie in sheep and goats,
bovine spongiform encephalopathy ( BSE ), transmissible mink encephalopathy
and chronic wasting disease in deer are the major members of animal prion
diseases. Scrapie is considered to be the origin of other animal prion diseases.
Animal feed contaminated with BSE prion caused prion diseases in domestic
cat and some wild ruminants, as well as cats kept in zoos. Human infection
of BSE was also suspected. Prion diseases occur after long incubation times
of months or years, progress sub-acutely, and are always fatal. No gross lesions
are observed in animal prion diseases. Histopathological changes, which are
characterized by cytoplasmic vacuolations and loss of nerve cells and
proliferation of astrocytes but no inflammation, are confined to CNS. The
pathogenic agent of prion consists of an abnormal isoform ( PrP*¢ ) of a host
protein, prion protein ( PrP ). It is purified from affected animal brains as
amyloid filaments named as scrapie associated fibrils. The affected animals
do not produce antibodies to prion at any stage of the disease.

All animal prion diseases and some human prion diseases are believed to
occur by infection of prion, but some human prion diseases, such as
Gerstmann-Straussler syndrome and fatal familial insomnia, are known to be
hereditary diseases. Spontaneous production and accumulation of prion occurs
in the central nervous system of people with specific mutations in the PrP gene,
and induces degeneration of nerve cells. Such prion is also infectious to other
animals. Therefore, prion diseases can be defined as the diseases which are
neurodegenerative disorders caused by accumulation of prion in CNS§,
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irrespective of the cause of prion production. The PrP gene can exert a major
effect on the length of the incubation period and on clinical disease occurrence

in sheep scrapie, as in human prion diseaes.
Recently, however, detection of PrP*¢ by

hisfopathological examination.

Scrapie have been diagnosed by

immunohistochemistry, Western blot analysis, or enzyme linked immunosorbent
assay, has been introduced. Since PrP*¢ accumulates in lympho-reticular tissues
in scrapie-infected sheep at a relatively early stage after infection, PrPsc
detection in the tissuds seems to be promising for diagnosis of scrapie at the

preclinical stage.

I, mEEERIANE (T4 /) i

{EEMEEARIE, BIFR 7Y 4 > (Prion) %
i, ARUEIcEMoBEN 0%z, FELT
TTIhEE, SFCRIE, BEER, SEB)AHE ORER %
T, Ak AT, B oPEERER T
BB, TVAAFIFEIED D I EEME DR
ThOss, HEROMEMEE L OEE T
EHEE2HS T, RO EDORBICEWT LIE
FlEREAFCHT 2 PEbEEL L, B
R L U TEREE  BRMITESPFET 25
bbb, PRV EEUVRELKRIEZEET 2
—WOEBRTH S, WHRIEORTRL, ks
FA L EPAE R AR oD iR O AT By UM R =
2—0ENDZEgEt, 7A o s ) FHloR
ERUEFEERELbE W EIC L > TEMMTT S
NiEEIC kT 5, —7f, 7Y A URIGEHEE
DEBR L EO T~ OFBEOWUE & LT
BRI ANSNL L3 o TERLOTH
2, 19824EH V) 7 4 =7 K DS.B. Prusiner®is
FEMERRIE DR T L b BADAI LA P—D
B O R 5, RIEECEA MOk
TEEWRTL7) 4 v OAFERRE LW, 7)) 7
CEBKT AEAOME T AR ENEE, B
a—FahiliETFTHy, 7OMETEDR
EHZHEOKRESE LTHEET S I L2855
foed COEE YA 7 LA E—iEEEORE
EHELTHRESNLILD 7Y 4 > HEE (prion
protein, PrP) &&fFiF &S, TEH Sillao
MRER E LT OIFEET B0, RIREEHER T
% b D¥%scrapie PrP (PrPs), IEH & b M %cellular
PrP (PrP¢) EXBIL T2, 74 iFPrPess
W& ZE L L T PrPse &2 0, B b s o f
W7iof4 FELTEELELOTHDS, EY

MEREFAINC X D NBRO S S i s
NTPrPa 7 L 74 2 W I RIF L T B, 41
WERA LT YA 55| &4 L2 D PrPop» 5 Prpse
AOLEEH B EAGEVBRETHY, WEEHEN
DIPrPC 2B A D B o s i BRI O B 5T
PrPcsstZe(b 22 2 LT 7 ) 4 > ic T 255
EONEE TV A R TH B, Ik A ME R
DEETH->TH, —HELShITY A ik
BETH D, BYCERT 5 2 ik DRSS E
FEAN DO,

I, 7 AmniEE

Table 1 I ETRHMSNTWE 7Y 4 65
E i, Bo 7Y & AE IR0 b IRIE T
HY, A7vAE—nRMOMPNARE L IFER
THAZEMPHEEENRT WA, A TIERIYE L i
EHER S L UTRED - % D L oisski o8
BUHIS ST w5, WEFED S Eiah i H5E
DAT VA AROTEOFE, 1979455 5 10874F
IZ 2 TITBRAE AT & 2 0 e A LT 7
DA AT L, [EREEEH 2 SN B AEHH33
BICEL TWaE Z b/, BEHEd 2 v il
FEEDZ ) & P~ v ASERTYICREE T
ETE LY, MEHEREOSS E—RiciicE
EZELIoWERAEH S,

1) AZvAE—

AZ VA4 E— (Scrapie) iy &P —o v
NTREL T, A2y b T FTIRE L £260
FELA ERTOREEFESH 5. BRI, FEo
Blps N 22 3 L HIc RS TRECE DI A
BizRESRONA L5 >7 ( Teble 2 ).
RS ESE i EFE L 5 a s, —A
AZVAE—EAT B E, BECHESL L
RS TE it & 2 2, 19524EIcA—A bV 7
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Table 1 71 BOMR
] # (] = Fepitkat fifi *
APl E— ¥, W BB T (R, PHHREUR)
BSE 2 o filjl (BSE {5 i E e
CWD ALK FEREA o ] (A A E—DiEIT?)
TME 1vy B e EE (A2 vA E—BRER)
[z & o mefl
AHEAR IS E b i #e  fgl (BSE j5i2y b 7—F)
Z Ofhoif A-EHE B ff (BSE V5 HRBELETED
PRl F-— F SRR &g filgl (BSE PEHLREIA)
mFEM:CID A A B
EERHECID A BB TR VR R, TSR
s iR RS
Kuru A woRe EEeNRA, BN 8D
NV CJD A BERL? BSE {GHuA ?
FIEpECJD A HWEM Glu200Lys 2771 4 > OZEH
GSS A SEME ProlO2leu %77 o > %EHRL
FFI A fifEdE  Aspl78Asn %7 F v DR
BSE - bovine spongiform encephalopathy, 4-#G&HRINAE | A 7 VA ©— Y

J D BEE L e SR R E R DIRR L s e R s,

CWD : chronic wasting disease, {QEH#ERT | MR THIERE R 2 LT v 3 EEICTEE,
BB TOFRELH D LI,

TME : transmissible mink encephalopathy, 53PS > 27 [MfE | KE O 2 > 7 RIS T
1947 24056, 19854 DFe 4 i3RI e F L s T B,

CJD : Creutzfeldt-Jakob disease, 7 a4 Y7 x|« ¥3 79 | YIENNSFIET 5. il
SNz LCIDOE & % 5o 2 MFEHCID PPz sz v, SERECIDOME 3 PrPo—
iz acde, R#, PrPlfnToa F 145, 198d 5 W E2001C 2 Mb H 5,

GSS - Gerstmann-Striussler syndrome, ¥ VA F= ¥ » ¥ a b oA A7 —fEEH  CIJDX
D 5L 30MeA 550 CRIET 5. PrPMET O3 F 2102, 10655 W IEITICERYH 5.

FFI : fatal familial insomunia, BFEHESRIEASIE ; SRR & BUG AR 5568 T,
R EAEHEE L WEIE LT v e, PrPtETo 3 F 2178, 1804 5\ 13232 WERBHDIP T

5.

BU=a—Y—F Y FIzbREEPSAI L E—
B EAE RS, METIEAZ VA E—&5HE
L 722 &) & p OB 3 5 v (Lo A iEE S
Sl TENGRE Lz, Lk EEEL T
See il FEVT Bah L 72, SENC 1X19T44F 1 4
S SlHA Lzt 7 o — 2 Fi0F L HicdbimE o
HT A L fe00 E Tl RS TR
NI Ehs, AZvAE—0ORELIRED S W
LR ZEOfIEE I 5 LI AEIC L - T,
FREFEN R SN { kol FOMBETB DR
LESNBEH, A LA E—0OFEL ZOHN

D—2EE->Tn3,

R R U A

% OEE, A7v4C—R3EE» S EER b
ORI R B E# 2 S BN, FRALE S
LR 2 o T, BRI U fo RS A PERE
IR L o iR s R & o TR LT &
3 EfEER R T W5, IFFEESI32.5M0 54,55
T, 1EL DEWEREEb CRHiThD, 4L
b LT B I EME LI L e, BRI
S ITIE—3T 5,

fifi A REAR



Table 2 REEEOBMAIZEFRAILAE—
DFEE

FELEH

1878
1938
1947
1952
1952
1958
1961
1966
1970
1973
1976

E5] #

T RN

v

KE
S=a—F—Fp
A=AFrZU7
A x—
A
NI —
=

L

4207
TIN 1978
AL A 1979
Ha 1981
AXL—F 1988
F70A 1989

LREUSA A 7 v A E—DRIEMSH SR TWAE !
TANZYE, 77 7ERELS, ®E, 4+—A
FOTF, A, T4 F, auET,
A4 R, YYUT, FxaA0NET, NbF—,
ok, e

A2 VA E—OREMPHAOHHRERIZIZ->&D
Liznizth, FHERFEIEREICHS & L il L,
i, HhTBIT 5K, LEZTSEELD SR
oL, FAKCLEAR S CEIILTWEE
TR, Forty 2:\ERE, HRAOEHE &
EOHEENE NS, i D ORERITREFEER
MEAI VA E—DFRE ok, BEEITY
i3z [Rzv4 Ex2) bRenB, LS
TERETT 2 ELTHAS, #EsbONh5
Lin, HE LD, BOX vy oy THROSTHRS
NAEZELHE, NI LEZDIET 5,
PR I3 EcE» s B HTh 5,

sl

ANDFEFBTHEELMEHESFED 555, A
7 V4 E—TRARNZEREERR S v,
AR SR AR AR RS T B (Fig.
1,2), BERMEIROMEE RURKE =2 —0
B0z, 7 A oA b OMERURIE

LIy CTERER S HERE:

oS En - Lic k> THEDS T s s,
HHRM OZ I —o S HEED SN EFOKE
BR—ELTwiwy, SROENRLSHE T 5%
HITHSFENCEAEET 5, FREBBLX
EAEMTRCHIRT 5. FHEIIRIZRZEICZ L b,
A DIFFEER IR TH D, BICPIOERS LSRR
ZWNSEL TWA. TR 2H8PrPens®s 7
o FEsEbohdtEbH B,

PrPicitd PR E R WT/37 7 4 AR 2545
ety L T HPrPC b PrPeb @ T E 4w, L L)
Fr &7 B B W ISR A T A — 2

AR pd o TR T e T L L B e

Fig. 1. R4 LA E—RESoHsits ) 7ER
(GFAP)#ifhiz & 2 RERE, 2T
EFA PO PHROBENS RGNS
A, RERIGIEZL,

Fig. 2, A7 LA E—REBO~T bF 1) -
IHAT L RE ZREEOSRICLYE
HIRICRA 3.

LV— 7N, 3D\ IR, ST =V ViR
IIES ¥ ORTEE %R T 5 L, PrPessgifaa b &
3k 502 (Fig. 3, 4). M, V> @iHsn
IRk £ OMIfEF R R RE RS 5 ke
WA RPN 7 ) A BRI T B 70, R
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EHRETPIP*2 R T2 I LB TEZ, {HL,
g eh | [EE Sl YU X 0 AT O S8 —
FELEWis, BOLRLINEND S,
BEm~OEE
AZVbAE—FvvA, Zvb, AFHFXE,
INAAY—, FIEY N, 2T, FTFEFI,
ZEHIN, VAN, THEYN, H=24 %N

ZOHEBEHY I EBRCGES A TWS, F28
vI—EEA SN IEFERI R T LR,
EEOE MRS —F L v, BREIYCE
ET55E, VIREERESR, EEL LY
STWEETE S LIRS 2w, R—HEOY
TR EER2 LERESEL —EL 2 D,100%

Fig. 3,4, MBHATFF (F)# EHO—
(ZHY) 3tk (P 7AmMAD) IZLBHE
HORERE, BILATREREIER
BEAY, ik & Y Mmoo
BRURRBICPIPEOBEIFIZHHN
5,

WERTEEL3I10R5, 20U EERICHER
HpsRVH B W IMEERMEEL R EFOBE (species
barrier) EFEA T 508 = OFEOEE 3% Ik
~BEIPrPDT 2/ EEETIOE VAL T

B Lo T &S, EEMCEBIYICEET
BLME, BERHLZWTHERENTLTAZ VA
— PPN RERFEEL LSS E LT, mEEs v
7 IEE, FiRRIESH SN T WS, &g
BHETHTH 2 B HARETHEEIC BRI L
HDELT, IkEOREESCHRET 8%
WRER S 5, HEETHRE L T2 HiEiaiiE
P, BHYEO 7 - X -5 LAARy 27 E4REO
T OWRIRIGE IZ2EA 7 v A E—DSEERRL
e TR <, A UFRIE L e ARimi ke
PRERELIZLDTHS,

fREE

A7 vA E—DEREE, A2 vA E—Dik
fETH DT EMHMHENLLTH»E, Frvy v
TR R LBEERYA VA EEZONRT
7208 oA LR ERRE L TEREORSSERIC
Ho TEA S iess, i b I Lo 72, 1970
ERDKED 5 1980FERDIED ITMITT, AU T
# NV =FRKDS. B. Prusiner IFEFEMH LED
SREERE L UHER L EE A S b R
S ORSEE R RENL L fz07, FiHES 7 T a4
FiHEROMESEFHEBSEC L VEESH, &
BB S n YA VAR IZES TN B R RE
WEmHT s L TERDol, ZOZENS
BRROERIC19824EIC A 27 V 4 E—DiBREICER
DGR F #EW T Sprion (7Y 7 ) OHRH]
FIELJ, 7 o4 FEEEROWE (Fig. 5)
22T, Prusiner@FEE L D{EMICEL, P.
Merziy+ 7 b ¥ — AQES % FETEEFALEE L
THFEMETHEE LA 7 v, E—0xR K
UfFfET 35 2 L5, scrapie associated fibrils
(SAF ) ELTRERELTWLA, FUF 38,
B, s, BHEREHE, Frv Uy, HBwi
— R OHEAICEIEREETR T, M7 VI
WSS D S, BEOSBERC IS SRR
ik 50,

T A I BEEEF SR WIC b Bh s 3, R
LiBEDOEKIORE S, PIRHERORBEOH
BEAI R VTR E DFEWEIC L > TEIT = 5808
HonTwaun, B2 ZERIAOES 7Y 4 58
EUSRBER N T 2R uBhL L E
WEL T2 CGREEREM. o740
B B R B T HERF R RLA, ZAUEPIPSe
M7 2o4 FIZEELEFOREDEWIZL S L
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Fig.5, R LA E—FE~ 7 A SHRL 12
TN FARRIE, T F (SRS S,
FREESEAEY, 2EECRUVERD R
BigEproteinase KMIBDiEASHEIZE
5T, Wi 2 AOEHHIFRL TS
(U oNftEE & £25mm, FElEEF
EAHTITRE LTRSS hD, BEBRT
I 04 FEHESHA 2BV, RHAT 1
TRE,

2 Twighy, BHEHESR TS i
SHEET S &, HINEKmOPrPOX= > F44 b—
yAR Lo THIAIZIRDAEFRI VAT ) VI
WAL, A T AE L TR R B8,
AT ZTPrPEOE SR L &S L TPrP*
5 L L TR PrPe#sPrrsac iz z b L, Mz
EEAP R T 2 L EEESENT520THS
3. ZOEOOREEIC Y v2o i T &
HIHEE STV 212, PrPe & PrPsejd— KAk iX[E]
CThy, om0 Eiiz Ol & Twnixs,
L LE ki ot v & LT, g sy — Ml
MWIBIRETH D, BEROBLUEEE NI E
Do T B @,

7 & > OB FEYE

A7 VA E— DGR R DR T =
sty RN —F gy 2HTEIRS ML,
Z DD B b EISHTE RO RS, B
EFEEOEIE) idsip sA sip pAr BTG ez

1L KPR SR

—HORIEGEFIc L > TEREATH B, =
7 A T b RO T sine s7 /sine p7 &> T
FERENTWE, sip A sAD B Widsine s7./
§7 DA PRIALE <, sip pAS pABH B IEsine
p7 ./ p7 DEBE T RIAME <, B I FEER I
Bk rbbhsd, Ll 2 ok
ICHWAZ v 4 E—RREOH L OAaSbY
THED, FEEOKRCL o THIcREZED
Hb, A7vA E—OERINEE T 215 0l
HETFH, PrPE T+ 0O b D THS Z LS M
ot

Fig. 6l FEDOPrPOUETF DI — Fifllic 2 —
Fafk7 s /By Emnli, 20— Py
IZI33E 13256, 4122564 B V264, =7 A1X254
FEIMEI—FLTWS, PrPO7 3/ HEEYI:
METE{EESRTED, FLFTUY%, <7
ATEIY%, NARAY—T88Y%, ATY%, v
T94% L IEF I OHFEE R T, PrPdiE T o
mRNA K UTER 8 H, PrPe g sz ik 2
S S s H, (Lo b I
f71ET 29, Fig. 7OPrPOEEEO L 512, N
ST B T 5 > 2 v OFEAH D, B
WEOREINCkESNSE, T/ EErsAS
DR U R T, BUkiEomss D, o
O 7 2 o4 MEEETHE, E51Chl
WA & 2 EETORHRE G EE L, B
PrPic iz8iH % K < b O, — @2 iz o b
ORKRV 2 HITCH#EREE T 5 b 00 3OS T
DIEIET 2, XHTHIANE FEEESH 1 DI
Ehd, CEEd 2V ay—n/"7xA77F
P WSS =T ¥ H—DFEELT, K
LiEET 5. B oOCERORTF FidkkEksih
2. WO bEAPPIE S L #2107 2 /EERE»S
i s Twa,
PrPEFET £ L RESNWIZEATH LM, N
THELLOT 2 /BEESAESNS, FRU~
2 AT O BRI BEESH Y, sinc 57
v ATHEHPrPO I F 10801 &2, 1895 A
A= ThbsMsine pr< 7 ATHEHENENLT ==
— T I=r ) rTH N, sip sSADETIE
3 K 1368580 > TH DB R T = Th
D, dea FXINIBTAT=OE&Ika P>
136288 ) » THIEAMMPR S 209, 2120, ¥
T —2HTIET K 1368350 > ORI
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Fig. 6.

1:M--ANLGCWMLVLFVATWSDLGLCKKRPKP~-GGWNTGGSRY PGQGSPGGNRYPPQGGGGW
1:--MANLGYWLLALFVTMWIDVGLCKKRPKP-GGWNTGGSRYPGQGSPGGNRYPPQ-GGTW
1:~--MANLSYWLLALFVATWTDVGLCKKRPKP-GGWNTGGSRYPGQGSPGGNRYPPQGGGTW
1:MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGH
1:MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQG -~~~
1:MVKSHIGSWLLVLFVATWSDIGFCKRRPKPGGGWNTGGSRYPGOGSPGGNRYPPQGGGGEHW
1:M-~-AHLGYWMLLLFVATWSDVGLCKKRPKPGGGWNTGGSRYPGQSSPGGNRYPPQ-GGGW

B ok khk ok k F Akkkwkh kkhkkkkhkkEkhh AhAhkAh koA
58 : GQPHGGGWGQPHGGGWGOPHGGGWGOPH- GGGWGD-———- G---GGTHSQWNKPSKPKTN
57 : GQPHGGGWGQPHGGSWGQPHGGSWGQPH-GGGWGQ-~~--G-~-GGTHNQWNKPSKPKTN
58 : GQPHGGGWGQPHGGGWGQPHGGGWGQPH-GGEWGEQ - -~ ~--G=~~GGTHNQWNKPSKPKTN
61:GOPHGGGWGQPHGGGWGQPHGGGWGQPH~-GGGWGQPHGGGGWGQGGTHGQWNKPSKPKTN
56 : ———-GGGWGOPHGEGGWGQPHGGGWGQPH-GGGWGQPHGGGEWGOGGSHSQWNEPSKPKTN
61:GQPHGGCWGQPHEGGWGQPHGGGWGOPHGGGEWGED---GGG-5H-G-~--QWGKPSKPKTN
58 : GQPHGGGWGQPHGGGWGQPHGGGWGQPHE~GGEWGR-—=====—= GGTHNQWGKPSKPKTS

* Kkkkkdhkhkk WhkhkARE AAhkER EREAAR * hk wk kR ARE

109 : MKHMAGAAARGAVVGGLGGYMLGSAMSRP I IHFGSDYEDRYYRENMHRYPNQVYYRPMDE
108 : LKHVAGARARGAVVGGLGGYMLGSAVSRPMIHFGNDWEDRYYRENMYRYPNQVYYRPVDQ
109 : MKHVAGAARAGAVVGGLGGYMLGSAMSRPMLHFGNDWEDRY YRENMNRYPNQVYYRPVDQ
120 :MKHVAGAARAGAVVGGLGEYMLGSAMSRPLIHFGSDYEDRYYRENMHRYPNQVYYRPVDQ
112 :MKHVAGAARAGAVVGGLEGYMLGSAMSRPLIHFGNDYEDRY YRENMYRYPNQVYYRPVDR
113 : MKHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRYPNQVYYKPVDQ

108 : MKHVAGARAAGAVVGGLGCYMLGSAMSRPLIHFGNDYEDRYYRENMYRYPNQVYYRPVDQ

gk kkkkkhkk kb ok kb hkhakdok dkh dhkk ok kkkkkkhdkd hkkdhokdkh ok

169 : YSNQNNFVHDCVNITIKQHTVTTTTKGENFTETDVKMMERVVEQMCITQYERESQAYYQ~
168 : YSNOQNNFVHDCVNITIKQHTVTTTTKGENFTETDVKMMERVVEQMCVTQYQRESQAYYDG
169 : YNNQNNFVHDCVNITIKQHTVTTTTKGENFTETDVEKMMERVVEQMCVTQYQKESQAYYDG
180 : YSNONNFVHDCVNITVKEHTVTTTTEKGENFTETDIKMMKRVVEQMCITQYQRESQAYYQ-
172 : YSNONNFVHDCVNITVEQHTVTITTTKGENFTETDIKIMERVVEQMCITQYQRESQAYYQ-
173 : YSNQNNLVHDCVNITVKQHTVTTTTKGENFTETDMKIMERVVEQMCVTQYQQESEAYY(Q-

168 : YSNQNSFVHDCVNITVKQHTVTTTTKGENFTETDIKIMERVVEQMCITQYQQESQARYQ~

ek dedededede ke k whkkdkhokhkAkkkLbhkkhkhk *k b whkhwkhkEk ddw LA

228 :-RGSSMVLFSSPPVILLISFLIFLIVG
228 :RRSSSTVLFSSPPVILLISFLIFLIVG
229 :RR-SSAVLFSSPPVILLISFLIFLIVG
239:-RGASVILFSSPPVILLISFLIFLIVG
231:~RGASVILFSSPPVILLISFLIFLIVG
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B L M e
(2ft: 1996610H20H]

REVIEW
FUSOBACTERIUM NECROPHORUM AND NECROBACILLOSIS
Masamitsu KANOE

Laboratory of animal health, Tokyo University of Agriculture,
1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156, JAPAN

{ Received for publication : October 20, 1996 )

Fusobacterium necrophorum, a Gram-negative, non-spore-forming strictly
anaerobe, is a normal inhabitant of the alimentary tract of animals and human
beings. The bacterium is an opportunistic pathogen that causes necrotizing
infections (necrobacillosis). In cattle, the bacterium induces abdominal
abscesses, often in hepatic tissue, foot-rot and calf diphtheriae. In the past
two decades, much progress has been made in the taxonomy, virulence factors
and serologic diagnosis of F. mnecrophorum. However, the pathogenic
mechanism of the infection still remains to be elucidated. Further research
is also needed to clarify the immunoprophylactic approach to preventing F.
necrophorum infection in livestock animals.

This review summarizes the present state of our knowledge of the
taxonomic description and the several virulence factors of the bacterium. It
also discusses the pathogenesis of the bacterium in cattle, and the diagnostic
and preventive means that provide laboratorians with methods for investigation
and confirmation of F. necrophorum infection.

i C & 2

F. necrophorum ¥ Loeffler (1884) ic & 2349 TORIKLE, BHOEBELHEREO—
DL LTHLHBsB kI cko7., Larl, BEMETHS I LBREALT, IAZXT
WE S N A EE M o Tz, TE, LIPLEFE~OMLEED, iz, BhE
FEELOES L LT, I 2050 OIS ERICER L, HOERSREICHS
BIZENTER, 851, XELSEFT2ABLUBPOERL LELERESNB LS
Wi o> T &7, KT, FICF necrophorum subsp. necrophorum O FEEMER DR
5 VI OXREBIYEIC DWW TOREORIEEBNT 5.

* FR MR R EMAEFPIRE FILOAERFDREZBREMEYFHE) - 202
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ERMHRE LUSRR

F. necrophorwm SRS S 7 AR REFia
BET, R MrH20IR7F oirsFICIER
EAEpEAT S, HEEESBEERL, sk
USSR BB & D ERICELT 5. BFIXI80.5—
1.75um, £&0.5—5004mT, EHIC LD EED
—HBMEBIC T 5. ¥ LAV RERF LT
LRI 2T % (Fig. 1.). F. necrophorum subsp.
necrophorum O—ER ORI B AR I 26
T30, F77AIFLERSNTWE, £z, &
EHFET L EEONTLSE,

L

HENSN (Foage)

Fig. 1.

FFEE FOEE IRAG—KES, MEtk—
HFPRT, ER1—3mADS F-ERBEES
R d 5. subsp. necrophorum (X EFEBHICEE
HXRETT Z L%, KIS TIR
HABLUHRNES LS BEXE 2R T, O
H S ORBTIE, KbsS o iahistd Tt
BIROFETEEZERT 5. BRmMEREEE*H
L, BRBLUBMKLTLICENLT 5. —74, F
necrophorum subsp. funduliforme X EBFRINEREE
HEUERL, AYF—BIUFAREET S,
subsp. necrophorum OKEES Ok IEF(bAE % E
EL, VA—EFENETRT, v¥FIr—+F, 4%
7—¥, WEBERTEERL. AvF=rbsY
U ERELET L, —EOkKRE T F RS
By a. A2V B L VERSREZEETH
B, A—S—AE YA FFA ALY —EB LV Y
I UPREEREE R L, OO MEREEV, 7
NIA—ABEUT T2 b —ASBREDKRLFED S
NTv: 5, subsp. necrophorum DDNADGCE it
1328—32 mol%TH D, subsp. funduliforme®

I OB HERE

FE27—33 mol%TH D,

ZH i LoefflerDERIRLATE, BFHZHHE 2 (2458
L, BERS CICEELY IV TE L OIS -
fz. % Dk, BOELIRIEER, DNAOGC%%
DEEE O S TR, F. necrophorum B L U
WmaEmosEFNMAE EL ISR T, FE
A, B, C® 3 Dbiovar/phaseiZ X3l a 1
fe4n, &5, ZODEODNAMHEM OMEHZ &
D, biovar C#F. pseudonecrophorum &A@+
Uoh TAEE» SRS, 7, F
necrophorum i &H 5N Tz, O TOEFFE,
Sfunduliforme ( biovar / phase B ) B L UH < &
DEISN TV 5 F. necrophorum ( biovar / phase
A) i, ToEfheThifE: L T3 sh,
F. necrophorwm subsp. necrophorumis &L U'F.
necrophorum subsp. funduliforme & IZE5FEHES
T3, 2L EROFFFE e X huld, iR iE 2
OEY—ADNADY KA VI THRERE L
HIEA & H T BT, 2 S TR 0O F BRI
#Table 1Lz,

AhE LURRME

F. necrophorum E N2 & ICi o0 ks L »*
LB EEMCSAT 5. FTRE—-SSF IS
A9 %3903, BB 3% < e {, WIERE AR
THEMMEDOS> b, 4 F—LRWEHICET 5
DO—o LRMETWwS, Lo, F—F4%
OFHIF T 110,/ meLA_E D BE#CE T HlHEE
& %30, A TR Fusobacterium B DFRE
SO E. necrophorum & BT 543, THflL
NRNWEZDWTOHRED v, Z oo oE
EF B 2FEEOEBII DV TIEH % VRE
HITRL,

F. necrophorum, FilZsubsp. necrophorumc
& 2 P ORBGYE RS ERRESEO—DT, &
KON B 5 R L EFEEBRRICET 5
WTHh5, WE, BEL L BEREEORES
ELizs, HIEIREAE (Necrobacillosis) & LT
MohTws, ATH, FREEZSHEEINIOH
SUEHBYYEOBRICEECTED SN T WS, |,
BEOREEOFRE 22 I L bMbATY
51810 ol T, HIVEEBE DR D 5 A
Hethahs X5 ks, BFIRMRE L L THEE
HOEB#BIL &Sk,
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Table 1. F. necrophorum BEFE LTI ML

il Fili subsp. necrophorum subsp. funduliforme
B - otk 74 7 A2 MK A, il E fo s
HeE SHE, Kaf, MiE—FER RE, ¥x—Ik, K
AR, T L
Wtk RHFET CHEE
T % BEREROERLES Bk~ 7 E—a—itk
DY
DNASHT
GC% : 28—32 27—33

DNAJEO Y —

subsp. funduliforme

1253—T626 Bt S D

subsp. necrophoriom

W51 —73% A ES D

19

HAbEEA R
DN7—+ : + =
No3—¥: + =
FaFF—+: ol — —yt
AT I —¥ . + i
HFEFEE
B LR B i
Pa i B =+
IR MBREESEE - + =
iR ESE: + =
Mgk
~to i : - — S+
HE— B E sk + =L
= AR B FEEE + i
=7 sk I (Palik) B, B85, B,
BERIEE, T 7T —, L U RS

B33, B

AW, 4 B, K »A - IUE, K N R,
ENEY R, Ty b, W ArFr—, B ¥,
M, FFaw, A LAZCEEL, ZhsBife
B BBREORR L & 51E», o EHicE
GRERERELLD, TREREELR S, 4T
&, Bl L 92, FTICF necrophorum subsp.
necrophorum D3RS0 % b & 3 5 PN

(Visceral abscess) *V, HtEE#M (Foot rot)
s T4 7 7 Y — (Calf diphtheria) DR
M &% 5 (Figs, 2a, 2band 2¢). F. necrophorum
subsp. funduliforme b{E¥ETHHHB 5 OFFE
HmosiEsns.

EEMCEDOMRRD 2 VL IFE—HRIRNICF

necrophorim subsp. necrophorum = FRET 5 &,
FFSE SR, S 55979, SRR T &L D AE
ITHoOREVERShS, £, FERvY AL
MLTORBEEEAL, ML oEML— kD
TN 5 2 TR 3 B 2104089 Z D X 5 7R
B, BaW5es v—7 32 EH oL %
FiFRTLEEFZ TE™,
FIZBITEEKR

LB T A IIRE O FE 4R 1damE 3 — 5 %l
B3Ny, Barley beef®Feed lot@PAAI4

TIE30% ATt DFEDRE ST 5, WHE
BT HAEILE AL & T e 4
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Fig. 2.
b : HifEIRIRTE

a ! fTiRTS

L T w8, B o % BT 0% B fEv, AR
%k, BCELAMHIEE 4 B 2 ARE OEHE R FE
EMEE NS LD ko, IWEFEEEOM
B O, FEERII%ILL Ich s I EDHIS
NT 29 JFREA OSB3 IREIZ D
T, Skt B4 2R = L was, S5
T 3 YOFEREREF T Y, £z, FHRZE
BT B ENS VLI TH D, WA OB
U UIEBZE S W B 08, S Tl FEAEES0.5
— 8% EEbhTwa, BHTR, FFov77

D — i ARIE OAS 1 B T CE & iuichhE
e Rensh, 74 —Foy MEoOoBE&ETH
6 % OFIC, & 12, KR4 T 4% 0ihgic
FhENRO SN ETHWMENDL,. ZOIEh,
BT s, A I RAREEFLEE 465150, B4
LOFRAI bR,

FFE osE, PIE»SKICH T TERTEE
EhiiTws, MR, Sk 2HEERREDS
T,

PRI I 56 R & 41 B TR & UFie 2 Dt D FR L
OB F I % I A RIS LB oo, HED
BRI D OFEICET A, PRHVRETH S
2, PEFOoATLT AV HEREICE T 2HE
AERI18005 Fv, A+ FDFhiE250H Fve
bz fFINE i k2408t oRdico
W LRERS S hi»TEY, IBPE2EMNET
AEFHICE - THEEZHEICZ->TWw3,
IR ZELASL ORI D 5 b, BRI X 21E%KI1E
BBLZFI0ARFAMEEREEEbRTWEY, F4
DY 77 ) —0EE, EEEEEOET, HmEEO
ElE s 5 S A O AT O EO#EE
F67. ERIEBEWLT AR L 2 HEIHE L
S5, RROFEERESAIL Z & b FEEF L

HEORAEFRR
c : BISEEA SR L 7-RIER &

LI VRIS AR

o T, BHENAEEC LTS A TR,
wIRET

1. FRImEREEESHE (Hemagglutinin)

G LI R HIE LTI O BT, Rl
s a2 e olhE 5, {3 dHlaERT OBk
Mz E 5%, F necrophorom  subsp.
necrophorum D%y, WHERRE ORMEREIERD
fIERETE LTS TS, ARIRMBREIESR
SFRIkDaD B ERT, 7 7=, VP 2
¥, EAFIUELELEE TS, HEERKIIET
SRS R TR PIE— R 2 L, f0fE— Bk
i b 7 A s (Fig. 3), M P9 RZ IR, i
i, Bl oI5 3 5. Fivfilzo v+
FH—lZ oW T FFISICHE ISR TR LA,
F—HimEloa 7 —5 >, MEREMEO
7470H7FROPINAT TS b= AHK
o< F > (Figs. 4aand 4b) HFoHMES
E (ECM) BZzhZhofiliovery — %
ZohTw3, ABLUFOMMEEEYES 59,
Z s O % 5 N BEE RHTARIMBREEULSRIN T
Ik DHIES e, £, LTy F OFEER
WCARBHEZ AT 2 L, HPo Mok S
i, Mt bEEd 5% (Figs. 5a and 5b).

O E THEFEET L ST w5 85E L OBRIC
SWT, Bl k3, REOHEBGHIHE,
s TwinI LbdoT, ARARMmBkEELER
EORFIITHTSH S,

B OEN L OBIR T, MEREHRTHST
b FRMBREHEN 2 K L= Y A~ORRAEET
LEbh T3,

L 2 AT, F. necropiorum subsp. funduliforme
ZIE Y A HR R AREREEEE % R &, dla~
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OFFEELTEY, 20T kiE, RIEHEHIFORFE
s HE DRESLEWLE Eo—2 O fc
BrEZoNDE, WHWIER, ZOEEN)T
VIR Bk, REHESERT LKL D, Z
OFFEH S, FEETERMBREERENT ) T
YREAREAI L D RV ES TS50
LiffgEsh s,

2. HIMEk#HE (Leukocidin)

TR A3 T O & 7o BRI B e, &
SIS ERSHEE O~ ORAEESICLL
b, WEEAREE3 LI bEOMEZME DK

e w3, REMEEBEFRT 2HEHO—2LLT,

F. necrophorum subsp. necrophorum T & EMLER

Fig. 4,

Fig. 5.
a | JEFEgT

21

a | FITCEES s 5 F e TRIB & hizkle
b : RhodaminetZinE 4 TR S h f- FA—HhH

FMBEEREMELEY bIBT2NEDHE

b : #EFE60NTE, HITAIEIZMARHAL, THRBIEMERLERT,

PUEE TSI EHL X DMERTWE, F
12, 4 ORI R AR TR E DR W 2 &
e, REROESESHEOBEHICIET S EEL
S5NRTWAY KEMIKEOMERICDOWTIERELZ O

SEikhsd B4, ML Tv AR, A 5
BMEAT, RBHofFPEskcitERT LT
& preisaeT) g AT X 0 AT 1B
T oo B MBI A3 HE s iz, B R a
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Fe AU E 3 OFRIER, BB I UTY /8,
vy Al 207 7 —YIHLTHEETL,
S M OMEE DSk, Mk oEEt,
o REEOEEER2ERLT 2% (Figs. 6a
and 6b). & 5z, KWE x4 05— E Rl
Qo R 0. 2 b Lt Dl S 1 R s Y

Ay A -
| AR

Ll T ) % oty 7 .

AP s

WL OERE S HERE

i, A<Ei®Phopholipase Bifitt4s, HIMER#EME
B & U oEmEEcBET 5 & LG
B/ic B, G E LT OSEOMFHE
= (R

Fig. 6. EIMIREOFTRERKCHT DMiENE (EEBERR)

a ! SEEEl
b : RFE0DHE

3. #IM#E (Hemolysin)

F. necrophorum subsp. necrophorum OEF:
o, BEchRTaEEE LTHL X DHES
NTW5, AREIMIEEREOEE R 5
Tz, RuERIEEOSE, FEBTbh
TELT, FOMRRETHTHS 2, M, £
FORFUSE L SN, ez OHRSBON TR,
Feak PR R A A e Lo —AB LU
U BEERY B T B L o TE S NIIEMEESY 13,
GEMEOWE TAB L URORMEREEMT % 13
, SEEBIMEKCE s ORECEEFRET
¥, Friz, REmMEKCHLWEHEESE T 5 2 08
Sinlc S NI, T OEh, KR B
ML (Figs. 7a and 7h), &5612, 40
HRZEMNICBWT bEEES N2, FH 5 DIl D
WatTlt, AEBEEALT Y b OISER E I
45, AEBRREIC, oL RiEESEDX
3 RBEEET 20 ESERREHT 2LEBEH 50,
Zho iz OMREE, FREEHFEOBERMEEHE
SHhT 1EFTH B I EErTahaiEilic
ZLDEEZSNA, RITIE, BINEEOFEE

W e ez 00, BRWVMREshsLdch
B s, AT O SRR IC B 1 B HEINHE O f ] HS
FEICHSPIENDDH B,

4, HHSRFE (Proteases)

F. necrophorum subsp. necrophorium D—ED
WiEEEsy o7 F ek s L

HonTwa, 7t &) ESRE s R
BOVPL 2801k 707 7—C BT, 7

AINEYBBIUFAZ ) a—NERIC L D3
LwiFtoBlHEzr2R2 T 5. & 712,

p-Hydromercuribenzoate ( PCMB ) IZ &5 < [
EEZBIBEIEDE, KTuTF 7 —EREFA—1
FuF T —EO—REHEZ SN TIN5, KR
10°CFU /MO E #HEME iz~ AT, i
o5 7 —EHiigEss 3HE LD mEdiciEE s s,
Zheso®ENS, K7oT 7 —¥bEOKER
FO—2EFHZ BNE, ZOED», FH o O
T, FERHES a7 v ESRHTESOTT
—ViEtEET 5. KiEEE, RAESEION
iz k M zEEEL, HENMRAT BERCR
MobotBbhs,
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i

Bl 15 0 S I b
Fig. 7. BNFOFENRERMIRICNT 5l (FAVLamB) (BT, ARRRN)
a : REH
b : &Ee0H#%
5. MiE% (Endotoxin)

7' Z LA OIS ERES O —2, LPS
FEEREYEEETRTIEBMeNTWS, F,
necrophorum subsp. necrophoromHZELPSIEH
T L ERICH S OS5, YV EFA,
~FYH Iy, AT =R, UBIUKDOLD
e %8, It LEE2 ot &R, b, =
DA, BT FENICEIGRERER S,
RIER AL o IS i 2 55 & & 597 (Fig. 8). 11
H i OREAEEIE O BBERE 4719, KRS LT ) 25 \
bEgWEREMEEF S, £/, Sarcoma 18041z Fig. 8, LPSEMELEy Mol MEE BN
o UEBEHME 2R, £ 25T, BNHEZED Y A : LPS#EFRL
EFABLPSHEEOETRS EEX STV, B : X{f8 (PBSHEHELE)
ARHEOFhIZ DB TRMSA TR, fiF
5 ORATIE, AW O ) € F AW IxREmE
ARl B EE R L, MlalT 2 FrEE
b, BB, Z0k>WFEED
BN DV TO—[EORFPLEE NS,

6. KR5E3%E#E (Dermonecrotic toxin)

F. necrophorum subsp. necrophoriomn QG
Lo T IEBERE T 2 2 edHontT
VAT KRR b AR ERB L UBLT Y b ERT
T 2 L, IR X URFRELEL 2198, FE
WEHOMBER I ETHE VRIS T -

To.o I, AEEZEHERL S HSEE OMIRLEE D 5 43 HE & Fig.9. BE#HAIOEILEY FRBEE
h, i, FEREESEHOMBE RS s s | C:¢E&
EBBAS M 5 727 (Fig. 9), W4 EEALE 0 CW : {HRaEER 5

s HsE, Zho OIEMESAREOEELHER C P ! i@faE s
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HFO—2EELHNLEDT, JilhsOTRD
RSB LENS,

7. OO

F. necrophorum subsp. necrophorumBDNT
—¥, V=¥, aSFF—EhoTICT+ A7
7 ¥ —EiEESEERT I ERHL L DHSRTY
B0 Lal, SRS OEESEORBERC LD
LIRERAEET AN LRI TLRL,
& 70, ANEFEEAHED E U TR EL T
ah, AU OBEFICNT BEE, EEFICOL
TRFETH S, BOBERICBITS, o
A ORISR T 2 BB S S, R,
REO—HORRIFHEP AT T 5 Z e Mo n T
27 PR R v A LB E R T
BEENTVAEY, HRMEFEERFCED 2FLY
B S LT i,

SR - SERRHERT

fiko L 3z, F necrophorem EHEAERE LT
AB L UEBHOOEE, HEESFCHRT 555, &
FT ko T & ORBEFEN, ERSEET S L
B, AR s AR (HR) HmRET
b5,

K iz Ao O, MbE, kgL,
BEFEME (ARR) #EE E L e, WEsasE
B, s, PRRRREIE, Bl X ORI,
LeREsE s I G 5. AOHE, HSEEE
ORFERAE LTHI SN T B LUTOHS, Bib, i
eI, B, ISR, KT, JLEEORERE,
R I T SIS O % H, ORI
2 & B AR HIEEOIET, ¥4 v ARG 5T
HALESOSREDTFN L2 D, BYDPLT 20D
EEZSNTVS, iz, RO TRHIVBREZ
1P 7 MBI A S ORFE DAL IRESNLOLD
Wi otz AT, REIZFRMEREE 2 ixthiobk
SME L ORSBBROEEND LTI L HHIS
nTwa, St >wTR2E, ZhEFTOR
s Tix, fEHEdEEE LTE  necrophonom
subsp. funduliforme3% vk 5 TH 5,

4ONFIE, Ez ZREREOSHE IS, B
BE—Hw—A2 5535 h—v A, BB,
ANIEES, BB WIS E REORERIIFET S
Z B0 OB O%E, T0 LD BE—
B ofEx O, FEIEFOEREFZONT

1L VKBS S eSS

Bh, v—RuNI3H5F V—¥A, EB—BL I
Bga 7Ly 2 ALWIEEBHLELTINET
Hfif & T &,
FREBRICE S 7o ABMTOLIIZHLS
nTwa, @b, EH04ELEHEEORE T
ahtd0%E, Bk, BEEBICEIE s zRE
ffHzd0E—BNTRIIC TR, Ssh, £
OFSS, PEAEIEFEIEIRIEES AT S, 35
1z, BHOILERRM b ERICRY, B—HPpH%
ek %, 2@ D SR T OEE 51
B S 2, E—HPEEE S S I L
5, i, FELSNHEFEIEIRIGRE 28— B
B E A o sehE, fafbic bigdier 525, —5,
e OFAFEHE SA 2 & IR O % & E Ok s
L OB I S 2 B RRATRIBIC Z L v
fzb, WERSIDERD &2 L E-HHEO
SGERE R, 209 2, BUEfER P OREE T
B R DS £B | X I L, T4
fEAHE L THMEORELE I bs ¥ s, 251,
PEE S N IcHBEOSMEN S L UL ORI
& X EpHIC & B RS ~ O EETRIEL, 55—
RGNS B AR A AL, R e L bIciEERE
PR ORI A O A L & iz it e, £, &1
Fr, S 22 BuEFOE —H 05
Euwsd L5 e, 1bE#ns X USRS
N—RA 775 V=V R, B—HE, &5 b
DLIEAIEE AR EORERRET AL H LS
nTwns,

0k S R E R OEERC S E s
54 % F. necrophorum subsp. necrophorum 375
IMBKEEEH 2 L TR, #iiT 5. S50z, B
PRI B W TR L IR, #E# O SE OfF
iz & 0 B oSS 2 FTREL, Rz
— BT 5, 0%, BRI ORIV
8% ~TFIRIMZ & L < FMhofEERicEL, I
i@ 2 W ik ciEEn s, ZoOM, &
AHE IEARmEk, MR & o /NBEEI R TR L,
HHEIEBGR IR 5, R 10 E - 72 R
ek, IR e bz 2 e L, e
FEE3, ZOrHLT, BAHKE- TON
i L < IEAEsE N COBEHE R NET 5, M
AP R SR T Lz OB I ERE 0 5 BicHl
laBtko7 77 rEeEiiRcEB s ¢ (Fig.
10), £7:, #16 2{ESTREQWEHIZTEL, &
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HeLTHEEHEL P IkBr T2 %2 5
N5, Wi S wHamekE, HMmaHESE oM
WEC L DR EEE -2, TIHIOREE
BT 2, £0ROBELRKOEER, BAROD
%, BEEERE OFEEL & I F M ORI O
Bl k> TEfish, MEEMSS SICERT 5,

FMERZIRT 2 F OBkt
(BT, WWoERE)

Fig.10,

HUED XS, HRSORERE—HLLr0&
MR L HEERBFREE T 210, The ok
IR —HRETEE 2 > 7y 2 2 w3 EREIR
HELTAEL, HRShiRETHSI, 5
W, PSRBT 208 6, Rk L
Dk E s bDOEHZ 6h kLS, FORHMME
D35, HCHENSFHS 2R E LT, i
DEY I X AGROETHREICH T 5 RF %
M3 ESbhTha5eu, ZElic oW TIZHHL -
STV,

F. necrophorim OFEHe & 2 4O REEE 1,
SR P EAAMOHIEL LG 4 L LTHE
T32ERTHS, HHEFERELT, AEHOF
v 7 OPEEILIC & 5 B CRLEE ok s & UL,
THDOPH, Wk & 2 REOMB, KK, $Fl%
B ik 386%% S ViR OERA TSNS N
TWwd, @) aFEICL > TBRS Lz
1R I, FEMER OATE RS L TIREDES 1L
B, JAVEBGE U BT RS R L T
iR G T 5. BEREEMOSE, PHRiikd-o
Felis & UHEFOMEOBELREZIT LT Wiz,
R 5, F. necrophornum OIED SO
HMahbh, ¥z, F. necrophorum & Prevotella
melaninogenica DIRERBIPER S LTV, L

25

ML, BHETIHERENREEN L <, RER
POEEEITHTH 5.

FEBRIZ L5 F4H0Y 77 ) — ik, oIk
WAERETE, BROESC L L O, 5, 5
T OBRGENAHEBROFR N SN TS,
ARE DB, WEEL L ARk I X
DL LE—ENORENRLT 258 L %2
S5, TAEEEORZEO—EBHIC ZE - Tlifig
E LM AR L, FRCIXER, FMGEC &
DEWIDEIET A L bH D, ERTIRAEREIC
DOTOMENZL <, BY, FEHROEEIZES
LT,

2 B

Ihim, FRCFOEIEREED S b, MHEMNS
FUTFHEOY 7 7 ) — BIEHERIC & D £mTht
aN DA, WFEEL & U Z 0o PRI T i,
FrAM BRI PITR 2K < e, 4RI INIE
RETHD., FNOmE LFERYHEICLD
MEIcziahs,

1. EEFRATR

—RRICIFIRE AR LI E A CRE R RS
Wy, BEHEFED L {FEXRIE L =i T i3
BLUEEER LT, BEREM TS, Mk
WiEx a5 Lbbs, LHEEES AR
HHEOHE, M AFROENERT 500350,
W AFER OGN, FRIMBRI R DRI e 5.5,
A/GLIEDIET, FFEOES 2 v ASRORY b
B oshd, KIRGOEHE, BEH Y E i3 X i
ZWASEIRET B 245, T LIRS OIS = A
BRMmOBmRERHE LEvw L Sbhaze, i,
Rl b Sl -, —#I Ty, BEEEE T,
AT, RATO¥RE, iR, MIREOFREEL,
FRAEDMETICfE, BITHEE, B ERL & ER
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The tupaia or tree shrew was first recorded in a diary book of Wiliam
Ellis in 1780, who was the shipsdoctor for Captain Cook. In 1924 and 1925,
Wilfred Le Gros Clark mentioned that its cranial, brain, muscle and
reproductive organs resembled those of primates. Accordingly Simpson ( 1945 )
classified Tupai into primates, Lemuridae. The appearance of Tupai resembles
that of squirrels, but it belongs to either insectivora, primate or tupia itself.

Scandentia is composed of only Tupaiidae, which has Tupaiinea and
Ptilocercinae. Tupaiinae is composed of Tupia, Anathena, Urongale,
Dendrogale and Lyonogal, while ptilocercinae has only Ptilocercus lowii. The
largest group is Tupia to which at least 11 species belong : Belanger's tree
shrew, common tree shrew, long-footed tree shrew, mountain tree shrew,
Nicobar tree shrew, painted tree shrew, Palawan tree shrew, rufoustailed tree
shrew, pygmy tree shrew, Indonesian ( or Javan ) tree shrew, slender tree shrew
and others. For the anatomy of Indonesian tree shrew ( Tupaia javunica ),
this short report compiles bibliographically related publications up to 1996
concerning the anatomy of tupaia.

Anatomical research papers of Tupaia so far published include those of
retina, testis, spleen, pineal gland, alimentary canal, arterial circle of Willis,
and placenta. Of the related studies, evolution of hemoglobulin, gene mapping,
DNA analysis, plasma enzymes, and others are major topics. No papers about
the fundamental gross anatomy of Tupaia are published vet.
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=7, N, 5 ECEBESERBCH TS EE
#51 (1924, 1925), # D% b &Iz Simpson (1945)
HSEIESEY TR YA 2EREEF Y A VIV
WwEbhwiht, ZOZEIE>TH L OFEES,
Vw4 #EEROELORERLEELELL
THRZET 2 k5o T, 20ERITT TI210003k
BT zlrubhTwicss, BETHEBRET
BuEgaE, 1-ETH0/ (5 LRSI

131992~1996 TFHEL ) FoREFE N TS,

ZO/NERIE, 1996F F TDY N4 OXLFRDFT
FioRE R TIRE R EFRL LD TH B,
Hedho & 3 ICRAORMED, Vo4 BEERED
AMEMEVIFHERTH-OT, V4 28R
DML L A5 (Sorenson 1970) idhH Vo3
A BNAVFAIRELORBPICHETRETH
% (McDewell 1958, McKenna 1 9 7 5, Camp-
bell 1974, Van Valen 1965) & \» 3 i@Ewnseld 5
n, TR LT {0 £ 38R (Good-
man 1975, Dene, Goodman and Prychodko 1978,
Pelter and Pelter-Rousseaux 1979, Corbet and
Hill 1991) #5382 >TW 5,
COFTHOELE iz, MmiES 87 OREhkE
Ricois iz & 241, EmRETROELHE
B LABRELODRERIG, ROV Y XEH
(a-crystallin) @7 & / BT & 5B RRVEERE
DEH, ~ESOEYDT 2/ BEBROLELR
YOPESE I HHTwaH, I TIREEE

(i) MR ESE B, s EELL.

whd, v VA, BETF, FEE, FEED,
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(#%1) w394 B (Scandentia)

w44 B} Tupaiidae
1 ws34 5§} Tupaiinae
1) = F3 AY s34 & Anathana
< K5 A9 A ellioti.
2) RYAYSAR (EF 2 —Y34E) Den-
drogale
1. 2+ 34 Y4 Y44 Dendrogale
melanula (southern® j# Bornean smooth-
taited tree shrew)
2. F##HYAYsi4 Dendrogale murina
(northern smooth-tailed tree shrew)
3) 74 Vv vsi4{E Urogale
1. Urogale everetti (Philippine tree
shrew)
4) 44,54 F Lyonogale
1. #:# w4 Lyonogale tana (terrestrial
tree shrew)
2. v=wsi4 Lyonogale dornalis (striped
tree shrew)
5) w84 E Tupaia
1. =7 »¥xws8{ Tupaia belangeri
(Belanger's tree shrew)
9. 3% > Y54 Tupaia glis(common tree
shrew)
3. F+# 7 s34 Tupaia longipes (long-
footed tree shrew)
4) Y= ,54 Tupaia montana (montane
tree shrew)
5. =astnvsi4 Tupaia nicobarica
(Nicobar tree shrew)
6. =4 »Fw FYst4 Tupaia picta
(painted tree shrew)
7. 957,34 Tupaia palawanesis
(Palawan tree shrew)
8, 7 # 4+ W4 Tupaia splendidula
(rufous-tailed tree shrew)
9. B 3—vs¢4 Tupaia minor (pygmy
tree shrew)
10, ¥ % 7,54 Tupaia javanica (In-
donesia¥ [Javan tree shrew)
11. &Y w,%4 Tupaia gracilis(slender tree
shrew)

I &34 8F Ptilocercinae
1) »i# w4 & Ptilocercus
1. /»a#vs54 Ptilocercus lowii (pen-
tailed tree shrew)
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THHAR O L £,
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(Van der Horst 1949, Hill 1965), F4EHAE
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brE, BREBEOCEE HNEFSAREET
HHTk, EEEbLOIL, FrAXOAHAK
Bl BiRE b 2 b, HHEEE LR
PHAKBHTE 22 X OE#SH 5.
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In 1992 a new guidance for education and a code of learning were
introduced, and a new subject " social life ” was established for the 1st and
2nd grades of primary school . Accordingly animal breeding " and
" cultivation of plants " were transferred from * scienes ” to * the social life ” .
This resulted from the shift of recognition from the teaching of scientific
knowledge to voluntery interest and learning how to perceive living organisms,
such as animals and plants, at an early stage of compulsory education. The
present authors are teaching elementary education of “ social life " at colleges,
Although it is obvious that veterinary science deals with domestic, companion,
and wild animals, what will be the cultural and social scientific aspects of
" the social life " study which teaches the mind of love to living organisms ?

It would be our pleasure if this report contributes to the better
undemstanding of the cultivation of affection for animals and of the education
which supports that.
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