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Racoon roundworm, Baylisascaris procyonis,
as a cause of larva migrans

Hiromu Sugiyama'’, Yasuyuki Morishima'

)

, Kyoko Sakamoto'’, Yosuke Kameoka?’,

and Masanori Kawanaka'’

') Department of Parasitology and 2’ Division of Genetic Resources, National Insititute of

Infectious Diseases

BN 794~ EREELT T 74 V<l
Hix, b FEEUHEEEEOPRHERRICBEA
LTS A SR TE 2B S 2T, bosET
ik, BYE - BERRER CEEROT 74 J
IR E LTEAROFEBE SN, ZHICHET
% RS A TREDSROE 7 Y ¥ CEMFEE L 2 2
o, FOREENLETHS, TIL S
WEHACOEEZ L T L2 omRE ST Tw3,
BEE CHEMT 74 Feno 7 74 7 <EBE
RS HTOR WS, X % [EHREHEO M)
i cEME N, T4 il hk T 5EE
SNDREIC Y e > Td—BIEHE R BRI & &
DRET L7 & 25, PBOBIITY FRE - ERlh
AR Sk % PCR CHEML L 72, 5B b7 54 7
RERNRE LLEGRE NE2MEL, 7
A 72 EROEREISEH S v & ) EREET 5
DD B,

1. FUsIC

T4 rewBEBEE (KREE) £L55754
7= [6l® Baylisascaris procyonis &, &t %2 &
CHREAEE (FRET) OFRMRERICEAL
TBOLN S BRBITIEZGI g7, dRTR7
A VBIROFENT 74 T2 HEICRS
. AMEBRFIBDREEL TVwB I L6, AR

L S RBITESAREE LOBEBALMEL ko
Tw3[9], bHETIEAFES DL 13208,
BYE - RN CRE P07 54 Seick
RoOFEBR S [11], THICHEKT % kY
RBITEL 7 Y X CHERMAEAE L 72 [15, 16] 2 &
Do, TOBERPLETH L, AETIE, B
1330 H ABIE F 2 FMERX I BT 2 HABIES
FERPERY R Y A TABEEE 4 RYE I
THRRLHBEZEIC. 7 74 72 RROEYF,
7 74 7 BIRIC & 3HRBITHEORER - 2W -
B - T, B LUOEICE T 2BFEOBIRI
DWTHHRT 2, FLHIEMBELLET7IA S
vEHEDOFE - EHEICOWT, EESBBAE S
TIELRBIZOWTHEHEICHEHN L 720v,

L2, WREREAETER (K1)

774 JeBROBBEGFAREHEZEL. BRI
HEDSO ~1lem. MWEIZ20~22em T, 7 o4 72D
NS 5, MBI 1S 1 HIZ12f
~18HEORIZEH L, COUPEFBIEL THE
NABEH Sz, HINEFATE (B&&72um X
FEN6Anm) TEARME L, Z ORM I
BZ2E27T2 (K2A B XU2C), AN HEHRD R
PRI BAHARAENCH 223, BULBEREFO T~
14H TR H30. 27mn 2 O BG g R % S 12 33
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DLGBEEINE 2 ), BPEHZRO X I 1Tk
5, ARIZ7 594 V2 200K TRET 3
(9], B— i3Sz EEROERT 2
THRBBRICEIRETCH S, B3N T S
A4 72 HROGRZET R I EQONEY R
RBITBE, 2EDHEBERE LR 2ER
THILTHRBRICEIRETHE, E MR
R T e Eo/NE E RIRR I S B ELEER & R 1B EYL
LT7 74 7=z ERNICED AL, FRICE
ALTSHRIE, Z20%KELZ2.0nE I2ETE
BICHER L B0 oA 2T T2, Brichix
BERICBA LB E I i 5 £ 5 IEE sk
ELL BLOIERDBIERoE NG, ZDLkHk
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SIHRBITHRE X 4 2 [l Toxocara canis '?9/‘?5@
T cati DFEPI X ->THEIERIZI NS, L
LG s OHhRIGIEEEEEERNTIZ
HFRH0. 5mn FIBIET 5 L HEILE 5 [11],
Thbb 774 7HRICL 2 RBITENEE
ERBDIE, RABTHOSEISHEYDOKE ZIC

ETRHICHEF L, PIHRER~OEEIAE L
otEZONS,

3. ff K

t R CIEIR L 72 RIRD B & S RO BATERLIC
HEL T U T oS HBTEIEEINS]9, 10],
(1) TRGIHRBBITIE © IFEETRIEREIEIG R & 2 2,
KETIFIBIEICTETE L HEMND» S 7 54 7 <
ROGRMHHI TR, ARE2FKLET2E
BEDdH 5 0IBIFEOMKER A7 { L b 126
AEINTWVE, 20 H106IIL 6 R T DR
T, RSB EPELTE Y, £FEHATDH
RERECHREROBBELAD T3,
(2) MREHBATRE : BRAZ Fla iz — (i o M2
Eixd, WIREIC X 2 HiBEOBHFIP, L —¥—
EROISGBEORB CLEE) H53A 5 N ER
bWEINTLEY, BIEELBRLRHICES
ZEbHB,

Y CH L WHRERE R UILICE 2 iR
HBITEOEMIRE I NTWS [9], HHsHE
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BRI U CA AR & e thgiid . Sk

BIE UTHEICO DB R MR L . B
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FHNLEBEIAL D bR THE, ZDkd,
HEDRHL T 54 7o 7 DM L Oz 8t
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RO UEHRRBRIECHEEICEHR L, BRIl
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BEAIL . BRG - FEHEEEO GO TRRPA
F—ATHUIBLT, BN k BIEREERICHRE
LAk sk, Yo REE> S
DT, 774 T7OHFHEAIEEL TEAED D
BEEEMIET 5 Z EBNERETHS [4, 6],

6. BEE  bHETORR
T 74 72 RAELBEIZZERL Tolkdho

BT H B, 191TEILT IA VR EALNLL
TeTFLVETZADHBENZ L5, BBy
FELTEAZINIHEVEWL, SOLIFICIZERN
1,5008 02 B 2 5 BEPBEELEZ T2 Z L@
AENTE 2000527 54 73RBS
EOWIENREIEM X 1, BWARRDRE L
Brlh, MABEBEPEIEL), ZOME., #
HER P —MRETHBTINLT 54 V2 I 3REE
TICHRET 2 HHHAZMZ 2 LHEEZI N, ZO—E
MEHZVITEHEINTHATES - BHEL TV
BIRRDH 5, WELT 74 VDRI N
BRI I0ERTICIXISTH -7 [11] 25, BET
WRICEFTIHARLTWS [7], 2Dk 5 kB4
794 e DEFBHEHCOLTOREZFTT
WBH, BTWIZLTHEETT 74 /<R RGHE
fAFRIEZED TR,

OBEOBYEABT D7 74 Vi 7 54
FIEBHFEL TSI LRBICHREINTVS
[11], BURZIB L NEZIL TS oo, HEE
NBAEYERIEEGEFTR OISR & IEFTB
D2BEYIRBTFMHREENREL T, 794 7=
ET7 A eBBICET 7 — T ER
L7co ZOHER . BIB2HEETT 74 /o 0sfH &
| FEREBIT00EZRZ 2 2 357,
774 JeBHBIZEIL TGRS 7 54 U=
DEMEH B3 HE L Lok EZT, Rk
HERI MR EEDOTTRRDOT 54 V<o
EWEOLNBZ EEHESMICLE [5,8], 2
DHI I TE HUIERRFE A & L fEsdh & .
BYRBOERLPEEICREETH L Z LR EN
77,

TIA T2 Ofh, EK e EORERRCRET
Ry PELT, ¥BEBEOT TRy FPHELT
FAEINTVE, Ry bELTDTIA4 F=ick
HPFEL TS 2 EIRBICERE DD 5 [11) 25,
BRHE % 2EICA T TOFENRAR T, i
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BB D, WHEALT 74 Vel KB ERE IR
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DO Fl
W7 74 VvOEEMEZBEL T 58
BT, RENBD 7T I 4 7~ o BIHRISEH X
Niz, ZOMEEERER - HRL, BE» ol
LRSS E L & 25, BB S <.
BEERIMICERE (B) 2805, ZE»IEE
IRV, HEORRHER LA I o LR 2 R0 e
W, i EOREIEEIN, YXXEEEDE
F & T 5% XFHEE Toxocara tanuki & [FE L
7o 1121, B 7 94 =D& X X [ H BRI
FAtETHE N Twi [1, 17] 35, AT
BEFEL TS I LRI N, & X XEHix

P ATHBEBITIEZ S SR TS, 77347~
HHRO L9 ZEOFEERE 2 [14],

7 X X EHOHINIEMATY (EEH68pum X 48
FERI59um) CTEABEMEL, FOEREIZ TV 7
F—ND L) TROEMEZRD 7. (R2BE LU
2D), 774 /e ERIOE BRIk T
HHI o, MEODRVWENRERL, 74—
ARzALEC L THRPBZHEBETE, D&
L DMEEE RS (M2Ck kU2D), LarLlk
Do RERVEOWADBORIL HEETE
BEIE, TBRICES CRBHNIPES TRV
LR 72, 2 ZCIEMREOEN I TEY
HINFEDSHATE R BRE L,

K2 7S50 0TERN (ABLUC) LUy X+EHRP (BHELTD)
DOEMETE, BILKR. RREVWThHERETERENEYL, ERE
REET 7+ /BRI TIRIEERETHZH, FXFRIRIMITIL T R—
LDESTEWRYIZRD D, 74—ARELLEL L THPEER T
. COBWILDHEEEGS (CHITUD),
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8. PCRZIGAULL7Z S/ <ERE Y X+
h e DRIFTOE
HHEERHO KRR EHo L ICT 2R EDH

W s, VARY -4 DNA (tDNA) oEERS]

DURE - BIRENTED, MBEHFIZBLTLHE

DHERL T3 [13], ZZCDNA%2 Y —7 v
FicE®, PCRICK Yt 2D b Z LIt Lz,

PCRIZH W35 7L — | DNA (&, #ENH

PR o BERICHEL TR L (2], 794 < —

WWERHBE D IDNA KN T3 a2y AT

4 +— (NCI3® X ' NC2 [3]) # :#EU, 5.8S

rDNA ( 3 RaE4) 225 ITS 2 2% T28S rDNA(5°

KIRESY) (R 2 EEE RS ¢, BYI % FRE L

7= (K3),

ZORE, 1fHodlmzHEMEELTH
PCR #41F « FlFIMRHENCTE 2 2 &, MIEED
ElE AR D LRI KTHZE, B
BN TRIBEESIRTWS Z &, mEDEY]
WBITS2TRECELZIE . REBSI-T (K
4), Tbb, RIS DNA 2% L ¢ PCR
Wi - BB T A, ITS2IC 81T B HR

1 2 3

3 TISAUIERPELVT X FERIFAS DNA

AFREL, AVEYHRBTSAT— (NCI3HL -

U'NC2) ZHWT PCRIBIES B EHOF HO—
ABREKE c TFIIATONA RREFRBE, L—
V1 i HFEBEI—H— (NEB, 100bp 54 —). 2:
ToAOREIRENS OERIBEY. 3 FXFEH
B S DEIBEY. WINHHI500bp DY Kz
Bhico TOINY RESILOISETIHL., BIE EHR
LTz,

o774 F2EREFMETE, ¥ XXMM
EMTEB LN L ko, TOHERA
Z[EIREIZ S E b 7 ORI AREE
TETW? [3] ZEvs, KERSHEERD R
iz & 2 HERE - ISR BRI N TV b
D EHFEINS,

RERF DORGIC ERT X W @I EmTE 3
TR DOLTOBE L7z, bBETE 754 7~
[E RO E DYFOERIRIZS 2 X [ERIPTH 2
ZEs, MEOITS2ICEERN 594 v—%
EtL (BpF1& XU TIF1, M4), 2 LHiHD
774 <2— (NC2) L%fiafabETPCR %2R
Hte, ZDOFRER, DNAOHEFELE 7754 ~—D
R E DS —F L 25 DA, FHEY 4 XD
VsHIREI N 2 L3 ah otk (K5), T4b
LERFR7 74— 2Hvs2&ickbh, 1HD
PCRCHREIZ7 54 F~EHRIMFEECE, ¥
FXOEIPEEHMCXZ I EBHENE R,

Bl, 794 7=@llRE7 74 F=lBICL S
SHRBATIEIC DWW TR L, BB e L7
74 7 <BROMEE - #HARKICOWLTHEHAL 72,
SHOT7 74 SeHROGRERZERZL, 774
TeeWNRELHE - WEEMEL, 774
2EHOHERDIEN S EIBERLTLRE
DBHDEEZTHD,

HE AR B R L Tutuni)
B Boed (MRNEZARBERE Y v 5 ),
FHE =S4 (BARZEYEFRRZEE) ., 5T
it CRIRWREFEEYAR) . HEEA
AABYEKEEG S, BYEE X OCBYRRE
HOBRE SN, HIEHOHMIRE S ICHEL
xLET,

X Bk

[1] ®IE, & ) BERPEKER LS
WA REDIZE S 1999, JLEHERET 7 4 v 0% 4
IR, BABEERE 4 101-103.

[ 2] Gasser, R.B., Chilton, N.B., Hoste, H. and
Beveridge, 1. Rapid sequencing of rDNA from

single worms and eggs of parasitic helminths.
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5.88 rDNA
HC13-> Bp 1:TAGCTGCGATAAARTAGTGCGAATTGCAGACACATTGAGCACTARAAATTCG

Tt 61l:.... Cotenvtencoscsonosncsncosessasannosnosssscsssnans CAG.:107

IiTs2 BpFl->

Bp 108 :ATATCGTAAG-A-GTTGCCATTTATGAATTTTICAACATGGCATATCCGATAAGCTATGA

Tt 108:....~.6...7.C.A.-.TGC. ... .Te~. .A.GGA. . ~. .=~ AAT.C..... ECC.@
TEFl->

Bp 165:@gGT—-AGACGAATAAAAGAAGTACT—ATCATACCTTCTTCAGCATATATGATGCAATA-

7t 162:[....GC.AT..CTC.C....T.C.T.CGCG..6G.TA.G..=~.~G..GT. . =~..T...T

Bp 221:ACTCGTT~C-TCATTTCCT-TCAA-TGAG-ATGAGAGAGAGAGAGAGAGAGAARAGAGARA
Tt 217:.A.GA..C.AG...AC...GC...G.CT.T...C..C.—,.-TC.CTGTCCTTT.CTIC.T

Bp 276 :GAATATATGCATCAAGAAATTATCGTG~TCGCTCTTAAAAGTCGATTCCAGCGTATATTG
Tt 275:...G.GGC.A.AATG.CC...GCT...T..CT..ACG.T..~G.CC.vou.. A..CG...

Bp 335:TTATGGATCTAGCAATATG~C-CATA~GTTGGAAAGAAAGATAGG-CG~AT-AATGATGC

Tt 334:..G..7T.G.T..TTGG. .A.A..A.G,v:s0s:4Ger.Cc~.C..C..CT.G..G..G.A
Bp 389 :ATA~--TAA-AG-=G——=—-— ATTTT:402

Tt 393:...CGG..TG.TT.ACATA.....2416

288 rDNA

Bp 403 :TTGACCTCAGCTCAGTCGTGAATACCCGCTGAATTTAAGCATATAACTA:451 <-HC2

Tt 4173..... cevess

B4 FZa07<BHR Bp) & XFEHR (TH) OURY—LDNA (rDNA) OIEEEFIORE, JvEVHR
B7Z74~— (NCI3H LU NC2) #HWz PCR T.5.85 rDNA (35REREZRS) N5 [TS2%#ET28S rDNA (57
KIHED) CEDBWEEESE. Fvbh () BIXFERDERNR TSI /IEAROLDER—THB
EENATAY () BEORIODBEENREILTWDCEERT, P11 TEIRBERTS 17— (BpFl).,
BELVYXFEBFE T4V — (TtF1) OUBERTHARL. 7547 <BHED5.85 rDNA (AJOD1501)
HELUVITS2 (AB051231)., ¥ XFEIHD5.85 rDNA (ABO27136[ A E ] &£ LU ABOS1230[2E]) &
L TITS2 (AB027152) &R, EMADF It v ¥ 3>+ /\—T DDBJ/EMBL/GenBank [c &g

nTtws,

M5 7Z5AUYRESBIE (L-Y284£03) LVFX+

BlHREE (L—>4&8 L UB) HhSHEL - DNA ERL.

TIAURBEBERES 1T — (BpFl.L—>2& L U4)
HBD2WEY IFEREFERE IS 3~ (TitF1. L—r3H
SUB) £, FhzhIveyY AR TS — (NC2)
CHEAEDLETPCR U, Z0EYA 70— XBERXED
BICITFIIDLTONA RBEBLI, L—Y1E9FE
Y —5— (NEB, 100bp 54 —). DNA OHEiE: 75
AR —DENEED—BULIEEE. §8bE7S1UT
ElHEIDNA I L TBpF1 & NC2E 2 HAHSHET
PCR ULEBSE (L—2), LU XFEHEDNA IC
HUTTFIE NC2EEBHAEDLETPCR ULES (L —
»B) EFRY A XDEYPHIIBIESI N, —7 DNA O
KRBT SAXN—DENEBEENELRBIES, Thbs7
SAIIERMDNACKH LT TIF1 & NC2E R AHE
bETPCRULEBE (L—23), $LUY XE£EHER
DNA [t U T BpFl1& NC2& A& bt T PCR Ui
BE (L—>4) ITId PCR TOEIBIEES WA - 1=,
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Nucleic Acids Res. 21: 2525-2526.
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Abstract

An unknown taeniid cestode, resembling Taenia hydatigena, was recovered from a snow leopard,
Uncia unciain Mongolia. Morphology and nucleotide sequence of the mitochondrial cytochrome ¢ oxidase
subunitT gene (mt DNA COI) of the cestode found was examined. The cestode is differed from T Aydarigena
both morphologically and genetically. The differences between two species were in the gross length,
different number of testes, presence of vaginal sphincter and in egg size. The nucleotide sequence of this
cestode differed from that of 7" hydatigena at 34 of the 384 (8.6%) nucleotide positions examined. The
present cestode is very close to . kotlani in morphology and size of rostellar hooks. However, the adult
stages of the latter species are unknown, and further comparison was unfeasible.

Key words: Mongolia, snow leopard, Taenia, taxonomy, mt DNA, cestode, Taeniidae

Introduction

The snow leopard, Uncia uncia Schreber, 1776
(Felidae) is an endangered species within Mongolia
and throughout its range. It is listed in the [UCN
Red Data Book, Mongolian Red Book and included
in CITES (Convention on International Trade in
Endangered Species of Fauna and Flora) on
Appendix [. The helminth fauna of this carnivore
is almost unknown. Only two species of nematode,
namely Toxascaris leonina and Toxocara cati were
reported from this host in Russia (Mozgovoi, 1953)
and India (Maity et a/., 1994), respectively.

In 1986, we were able to obtain a digestive tract
from one snow leopard that was shot under special
permission to the Academy of Sciences of
Mongolia. During dissection, the cestodes
resembling Taenia hydatigena Pallas, 1766 interms
of rostellar hook lengths, hook shape and number
were recovered from the small intestine of a snow
leopard (Ganzorig & Amarsanaa, unpublished).
However, a more recent examination has revealed
that the specimensare differing from 7. hydatigena
in the number of morphological traits.

The specific identification of taeniid cestodes
based on morphological characters only is often
inadequate. Because of the characters of Tuenia

“species are subject to variations which necessitate

the use of more than one character for specific
identification (Edwards & Herbert, 1981).
Identification based on hook morphology and
measurements are difficult because of overlap in
the hook lengths between different species. That
based on the gross morphology of the strobila and
segments are invalid because of distortion due to
poor fixation (Verster, 1969; Beveridge & Gregory,
1976; Edwards & Herbert, 1981). Beveridge &
Gregory (1976) found that gross strobilar
morphology and anatomy of the mature proglottid
were reliable methods of differentiating 4 species
of Taenia in suitably relaxed, fixed and stained
specimens. [dentification of taeniid cestodes
requires well-relaxed and subsequently fixed
complete cestodes with mature segments and
scoleces,

To date, the nucleotide sequences of the
mitochondrial DNA cytochrome ¢ oxidase subunit
[ (mt DNA COI) gene were used to distinguish and
resolve phylogenetic relationships in the strain
variation of Echinococcus granulosus and E.
multilocularis (Bowles et al., 1995); between
species of Taeniidae (Okamoto et al., 1995). Using
this approach, it has been indicated that the Asian
Taenia recently described as Taenia asiatica, is
closely related to 7. saginata and taxonomic
classification as a subspecies or strain of T saginata

—192—



22 Ganzorig et al. Taxonomy of the snow leopard s cestode

is more appropriate than formal designation as a
new species (Bowles & McManus, 1994).

In this study we used both morphological and
DNA approach for exact determination of the snow
leopard’s cestode.

Materials and Methods

Parasite specimens. Helminths were collected

from one snow leopard that was shot on 30th
December 1986, by special permission to the
Academy of Sciences of Mongolia, in Mt.
Burhanbuudai uul of Govi Altai Province, Mongolia
(intestines and other internal organs were provided
to us by Mr. G. ‘Amarsanaa, Institute of Biology,
Academy of Sciences, Mongolia). The esophagus,
stomach, smalland large intestines were dissected.
In total, 81 specimens of nematode and 62
specimens of cestodes were collected from small
intestine..Nematodes were identified as Toxascaris
leonina. The cestodes are consisted of 5 matured
and 57 young unmatured specimens. Voucher
specimens deposited in  Helminthological
Collection of the Department of Zoology of the
National University of Mongolia and at the
Laboratory of Parasitology of the Graduate School
of Veterinary Medicine, Hokkaido University,
Japan.

Microscopical study. All the cestodes were fixed
and preserved in 70% alcohol. Four matured
cestodes were stained with aceto-carmine,
dehydrated in alcohol, cleared in xylene, and
mounted in Canada balsam. Rostellum of 15
cestodes was mounted in Hoyer’s medium. All
measurements were made with aid of an Olympus
video micrometer (Model VM-30). At the time of
dissection, helminths recovered were largely
contracted; the cestodes are mostly poorly stained.
Moreover, numerous calcareous bodies have been
intensively stained with aceto-carmine making
observation of internal organs difficult.
Measurements and examination of internal organs
were done using phase-contrast microscopy.

DNA study. Nucleotide sequence of the
mitochondrial COl gene of the specimens was
examined. Total DNA was extracted from alcohol
fixed specimens using the Easy-DNA isolation kit
(Invitrogen). PCR amplifications were performed
according to manufacturer’s instructions. The
oligonucleotide  primers used  (pr-A 5’
TGGTTTTTTGTGCATCCTGAGGTTTA 3" and
pr-B 5" AGAAAGAACGTAATGAAAATGAGC

AAC 3") were that of Okamoto et al. (1995). PCR
products were purified with QIAquick-spin PCR
purification Kit (Amicon, USA) and CENTRI-SEP
Columns (Princeton Separations, Inc.). PCR
products were sequenced using a Dye terminator
cycle sequencing kit and a model 373A DNA
sequencer (Applied Biosystems). DNA-sequence
data were aligned using the CLUSTAL V and the
phylogenetic tree was constructed with the
neighbor-joining and maximum-likelihood methods
(Saitou & Ney, 1987) using sequence data on other
taeniid cestodes (Okamoto ef al., 1995),

Results
Taenia sp. (Taeniidae: Cestoda)

Morphological description. Mature cestodes
with gravid segments 32.6 to 39 cm long, consisted
of 250-285 segments. Scolex 0.723-0.884 mm in
diameter, that of rostellum 0.401-0.408 mm.
Suckers 0.253x0.209 mm in diameter. Rostellum
armed with 30-35 hooks arranged in two rows (Fig.
1). Large hooks 0.190-0.209 mm (0.200+0.001) in
length with it biade and handle 0.096-0.102; and
0.112-0.123 mm long, respectively. Small hooks
with bifid guard, measured 0.127-0.144 mm
(0.133£0.001) in length. Blade and handle were
0.076-0.080 and 0.070-0.83 mm long, respectively.
Segments are wider than long. Mature segments
2.0-2.2 mm long by 5.9-7.1 mm wide. That of gravid
segments 2.8-3.9x5.8-6.2 mm. There are 400-480
testes, 0.052-0.068 mm in size, its number larger in
aporal part, 220-280 vs 179-200 in poral part. Testes
are does not connect posteriorly and distributed
between ventral excretory canals only. Cirrus sac
0.287-0.359 mm long by 0.085-0.090 mm wide.
Vagina posterior to bursa sac, with a copulative part
0.281 mm long. Vagina has a well-developed
sphincter, 34 to 58 pm in diameter, Mature uterus
possessed 8-10 primary lateral branches. Eggs
0.027-0.032 mm in diameter. Embryonal hooks
0.006-0.007 mm in length.

DNAsequence. The nucleotide sequence of the
mitochondrial COI gene (Fig. 2) is differed from
that of the T hydatigena (in Okamoto et al., 1995)
at 34 of the 384 nucleotide positions examined.
None of that nucleotide changes causes a coding
change i.e. changes that do not affect the amino
acid sequences. The maximum-likelihood tree
inferred for taeniid cestodes showed that
genetically, the present species is close to T
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hydatigena (Fig. 3).
Discussion

Morphologically, in terms of hook size and
shape, the present cestode species is close to T
kotlani Murai, Gubanyi & Sugar, 1993 and T
hydatigena. The former species was first described

parenchymatosa. But, T parenchymatosa has very
distinet type of the large hook that is with very
prominent handle (Murai ef al., 1993). Thus, the
present cestode is close to I kotlani and T
hydatigena in means of the hook dimensions and
shape, and to T. parenchymatosa in the anatomy of
the mature and gravid segments. The results of the
present study showed that the snow leopard’s

Fig. 1. Scolex and rostellar hooks of the snow leopard’s cestode (scale bar = 0.10 mm)

based on metacestodes recovered from lungs and
abdominal cavity of ibex, Capra sibirica Pallas,
1776 in Mongolia (Murai et al., 1993). The
descriptions of the latter species largely
complicated, considering large ranges of main
characters (see Verster, 1969; Loos-Frank, 2000)
one may suppose that more than one species is
involved. Of the description available on this
species, the present cestode has close similarities
with the cestode described as T, Aydatigena reported
by Sawada & Shogaki (1975) from wild dog in
Nepal. However, the present cestode can be
distinguished from the T hydatigena by the
possessing vaginal sphincter, less number of testes
(400-480 vs 600-700), and in smaller eggs (0.027-
0.032 mm versus 0.038-0.039 mm). Also,
differences are in gross length of the cestodes,
which is about 40 cm in present cestode and 50-
250 ecm in T hydatigena (see Edwards & Herbert,
1981). Other Taenia species with the same hook
dimensions or internal characters included only 7.

cestode is distinguishable based on morphological
characters, from both T hydatigena and T
parenchymatosa, at adult stage. However, we have
not fulltonfidence in that our specimens are belong
to I” kotlani, because, the adult stages of T korlani
are unknown. Only, direct comparison of the DNA
sequences from the 7. kotlani and the present
material could solve this question.

The level of nucleotide variation in the COI gene
within the genus Taenia is about 6.3-15.6%
(McManus & Bowles, 1994). Although, these are
4.6-9.3% between several strains of Echinococcus
granulosus (Bowles et al., 1992). In the present
study, a value of 8.6% sequence variation was
observed between the snow leopard’s cestode and
T hydatigena. The mitochondrial COI gene
sequence data supported the morphological
differences between two species.

In this study, we provisionally identified the
snow leopard’s cestode as 7. kotlani ? Murai,
Gubanyi & Sugar, 1993.
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24 Ganzorig et al. Taxonomy of the snow leopard s cestode
TspUncia ~——ATTCTTCCTGGGTXTGGAATTATTAGTCATATATGTTTAAGAR

Thydatigena TGTTTTAATTCTTCCTGGATTTGGAATTATTAGTCATATATGTTTGAGAA
.*********** * khkkdkkkFkddrkkkdrkhhkkkkdr ok khkwk
TspUncia TAAGTATGAGTCCTGATGCTTTTGGGTTTTATGGATTGTTATTTGCTATG
Thydatigena TAAGCATGAGTCCTGATGCTTTTGGATTCTATGGATTATTATTTGCTATG
Fhhkx hhrrhkkkFhk kA rEThhddkdhd *kk hkdkwkddd Fhhkkdkhkkkrrr
TspUncia TTTTCGATAGTTTGT TTAGGTAGAAGTGTGTGAGGACATCATATGTXTAC
Thydatigena TTTTCAATAGTCTGTTTGGGTAGAAGTGTGTGGGGTCATCATATGTTTAC
Thkkk Fhkdtdk Fdhdk hrdkhkrhdhkdhrhbhArkhk Fhk Ak kkkFhkkr ok k ok
TspUncia TGTTGGGTTGGATGTTAAGACTGCTGTTTTTTTTAGT TCCGTTACTATGA
Thydatigena TGTTGGATTAGATGTTARGACTGCTGTTTTTTTTAGTTCTGTCACTATGA
‘ *khkFhkdhk khk khkhkhFhtrxE ki Ak kddbhk kb r b kA kA A A AT *k FhkdhkkEok
TspUncia TTATAGGTGTGCCTACTGGTATARAGGTATTTACTTGACTATACATGCTT
Thydatigena TTATAGGTGTGCCTACTGGTATAAAGGTGTTTACTTGGTTATATATGCTT
khkkdkdhkhhkhhhrdhhddhhhddhdrrhhd *hdhkhdrhrn kkkk Fx xR KA
TspUncia TTAAATTCTCATGTGAATAAGAGTGATCCTGTTGTTTGGTGRATTGTCTC
Thydatigena TTARACTCTCATGTGAATARGAGTGATCCTGTTGTTTGATGAATTGTTTC
*****. Fhkkdhhdrkhdhdkdrhkx bkt rrhdhddrdhhdrdhd *hdrkhrdkdk xd
TspUncia TTTTATAGTTTTATTTACTTTXGGGGGGGTCACTGGCATTGTGTTATCAG
Thydatigena TTTTATAGTTTTGTTTACTTTTGGTGGGGTTACTGGTATTGTGTTGTCAG
* kKK ok ok ok dkok kKK Xk Ak ok ok w *d ok k ok ok * Kk kk ok kkFk okt okt ok * ok kX

TspUncia CATGTGTGTTAGATAAAGTTCTGCATGATACTTGGTTTGTG

CATGTGTATTAGATARAGTTCTTCATGATACCTGGTTTGTA

Thydatigena

Kk kFx sk Fhkhxkdrdhhrhdbr *drxhdrkd Fhdkhkkhhkx

Fig. 2. CLUSTAL V multiple sequence alignment of the mitochondrial COI gene from

Taenia sp. and T. hydatigena. TspUncia - Taenia sp. from snow leopard

Diphyllobothrium latum

Hymenolepis nana
Taenia saginata

Taenia crassiceps

Taenia hydatigena

Taenia sp. Uncia

Taenia pisiformis

Taenia taeniaeformis ACR

= Taenia taeniaeformis SRN

Mesocestoides sp.

Fig. 3. Phylogenetic tree of cestodes constructed from maximum-likelihood
analysis of the mt DNA COI gene nucleotide sequences
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Abstract A mathematical model for Echinococcus multi-
locularis transmission would be useful for estimating its
prevalence and determining control strategies. We pro-
pose a mathematical model which quantitatively de-
scribes the transmission of E. multilocularis in Hokkaido,
Japan. The model takes into account the influence of the
dynamics of both the definitive and the intermediate host
populations, which show large scale seasonal variation as
they are wild animals. The simulations based on the
model clarify the mechanism of seasonal transmission of
E. multilocularis quantitatively, notwithstanding a lack
of seasonal prevalence data. At present, human alveolar
echinococcosis is prevalent throughout the mainland of
Hokkaido. The risk of being infected in the human
population has been investigated by analyzing the sea-
sonal fluctuation in parasite egg dispersion in the envi-
ronment. This is necessary for the planning of more
suitable preventive measures against E. multilocularis.

Introduction

We propose a mathematical model to describe the trans-
mission of Echinococcus multilocularis quantitatively.
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A mathematical model can help in studying estimates of
prevalence and the effects of control measures under
various assumptions. A simple mathematical model was
constructed by Roberts and Aubert (1995) to evaluate the
effect of control by the addition of praziquantel to bait in
France.

On the main island of Hokkaido, Japan, the first
case of human alveolar echinococcosis (HAE) was re-
ported in 1965 at Nemuro, in eastern Hokkaido
(Yamamoto et al. 1966). Nowadays, HAE has spread
throughout the mainland of Hokkaido (Anonymous
1995, Doi 1995). E. multilocularis maintains its trans-
mission cycle in two hosts; the definitive hosts are
canines, while the intermediate hosts are mainly ro-
dents and ungulates. In Hokkaido, the major definitive
host is the red fox (Vulpes vulpes), and the major
intermediate host, the gray-sided vole (Clethrionomys
rufocanus) (Ohbayashi 1996). The intermediate hosts
are infected by ingesting parasite eggs voided in the
feces of infected definitive hosts, while the definitive
hosts are infected by preying on voles that have
hydatid cysts. Humans are infected by the accidental
ingestion of parasite eggs.

The transmission of E. nudtilocularis is influenced by
the dynamics of both the definitive and intermediate
host populations, which vary greatly between seasons
(Saitoh et al. 1998). Seasonal forcing was accounted for
in the model to more precisely analyze the prevalence of
E. multilocularis in the host population. The ecological
and epidemiological parameters used in the model were
determined on the basis of field surveys in Hokkaido.

We carried out simulations of the model to study the
seasonal transition in the prevalence of E. multilocularis
in the population of foxes in Nemuro and Abashiri
provinces, eastern Hokkaido. We also investigated the
risk of being infected with HAE in the human popula-
tion through simulations of the model, assuming that the
risk would depend on the abundance of parasite eggs in
the environment. Consideration of the mechanism of
seasonal transmission can be helpful in designing strat-
egies for the control of E. multilocularis.

—197—



