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DORENZBIT A7 =% AEE, BN FEREOT TRHZ ERSOFILLEICHLESEEZ LN, T=F%F2
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RFCT T 74 7F v — %3 ERITT VAR —DRERPWE L 2D ERMLNTWS. AT, BIEETOT =
T X ZEICET 2EFZRBLOT =X 2ABIBRBOFIH L FEICONTIERD L L BIZ, T XA~ 27

L FDOREIZHOW TS 5.

F—U— R T=HXRE, T LAF—, 7=V R@BAMHRE, BEENRE, 55 EWFREE, dnisakis simplex sensu
stricto, Anisakis pegreffii, ~ V7N, THIRNNBITER

X C ® I

T =Y R RABBRRE, 7TT, ANV, TV T UEREE
WABM A2 KEE, A7 I2PEELTIHERTH
B Fipbh, RIEEOEM L L bICKPICHEH SR
T =X A0 BINE, IENTE UG RICR Y, 2
WHBICRE L7 =45 203 mIIH Sy i 4 5.
7 =W F REMAG HIE, FRIE EOF X T JITHREN,
Fx7 I OENTHE L, HE3shhiclkEzd 5%, Hig,
BEENAXT I2MAL, 7=V 2 IRELEOFH T
FAN R Z R TIEA~EREL TV, — 4, %7 3%
HEL-ANMER LT =X AR LA r i L
FANETIE, 7=V ARFEMSR IV EETE 2. &
DL REEEMFREEEIEEFREEELE Y, IR
FTIZ, BATMEO AN THIS0RELL Lo b 7 =3 %
AR ENTHDY, b b7 =V F 2 §E3Msh A %H4
L7z a2 AR LSAIE, 7= 2838 A
ENTHERBREICEATDHZLICkY, T=0FRIEL
MAEN D LWEBROFIR L 72 5. BISEE, 7=VF
AVL, ERBOMICT T 7 47X —&BIERZT T LV
F—OFKRME L L TRH#BINDE LT TE T
DRENCET BT =V % A EL RN FE BREO P T
BOIERENZWNEE 2 B, 7= 3R MEAEIC
BOTATEERMEICHEEShTNSY., 22T, A
T, 7T=YFRABESER L ZICEINT S 7 =9 % 2 E
BT AHAELE TOMAIZHOVWTRRB L L b, 7=V
X ADREZNE L O T AW ENREE, AN EOT =
Y 2ABORBEOEFARILE E bOT =Y F ARG 2o
IZOWTREIZHONTIHEET 5.

1. 7=V%RE
T =X REIT19604EIC A T o A TIE LD THRE SNz

HILERETHS'. DARETIE, 1965FE DR OHE"
LIRS, Wil AT AOFEE & BT =5 F ZEFHIN L
BUTE, AERIS00BILA LOFAERD 5 LHEESh TV 5. [H
WOT =4 % AFEOKINFERIL, 7 =32 ELhHh2
F& (Anisakis simplex, Anisakis physeteris) 35Ny = — KT
Z ) @k (Pseudoterranova decipiens) DFF3FEINI S
LTWDAS, A simplexDREBIN e b2 < BIEBID8TY% &
WO THERERD/BED SN TVD. L LanD, 20k
FIIHIEIC J 0 Be v, JLEE DA simplex & P. decipiens?
BIG 1A, simplex?383% T D D% L, BAHS LN
TIXA. simplex7399%IZET 5D, E£12, A physeteris?D N
YN, ZhETICHEMORE T NcL LEoTND
BB, INETYa— 77/ NBHHIRIC X 2 H R
BLT7 =YX RELE SO TR, BIETIE, 7T=%*%
A JBSBRBIC X 2 LEE B A 7 =¥ % A JE (anisakiasis) ,
a— N7 T ANBORBICEDbDEY 2= RT T /A
JE (pseudoterranovosis) & XAl L TW5. KR TIX, FIZ
A D7 =% ZA%E (anisakiasis) (DWW TiR~%.

1) ERPRAER L I69R

T =YX 2B KD T =Y REE, SERORRE
W2 &0 BER & AR 3T Han, HIEYL S DAL O
WIZ KD, B7 =R RIEBIOETY =X REICHITH
NTWD. EFROE T =3 % 2JEB L OB 7 =3 % A E
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BIBR72 & OSBHIRIR 2 (L D BE R H 5" (Fig. 1). —
57, BRI L WIS T = X A BRIT, ERSE
R EFEARBET 50, EEREAR TERZRED
BB BN T T = F 2Ol A R S D354
Nir 5.

P decipienslZ X 53 2 — K77 7 B, 1972912418
THEDSNIEBT, 7=VFRE L BV EEEHR
L, R E KRV OREETH B, £z, W
TR I 285662 <, LEEICBIT 2FETIE, K
30%23H: HEH] & HmED STV 5.

Fig. 1. Anisakis larva from a case of intestinal
anisakiasis caused by eating marinated mackerel.
Bar: 10 mm.
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(100kDa) 1%, OFEDT LV v O CII2EHICKE 224y
TROZX LRI T, T2 HFAT LLF—HEFDI8S5%
(2326) DEVBIEREZRLTWEY, —J, IHEOT =
X AT L LF—BEENG L LI EFINEIZB N T,
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IXMREME 2 Ry T, TR AT LA —EBEICBIT D
MIEBYERITENZE1126.7% (8/30), 48.8% (41/84), 25.0%
(7/28) L T13.9% (5/36) Th D EMEZOVSh TS,
BB, INETOFEXDITH>TERAETIITROESMA, A
DATEOM TGS 7 =208 Sh TR Y (Fig.
2), 7=YFAOEKEENRD SNEHAITITM TR
ThHhoTHLT LAF—%23|EEITIEREIND.

Fig. 2. Anisakis larva detected from the muscle of
dried mackerel seasoned with marine.
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LOT LA ORHICIE, SDS-PAGE, ELISA, A A/
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Bz, BEXZRL, N bHtEOREICH CIRME
DEER DD OV CTD D, 7 =3 F 2B AOSHIL,
AN B DOTEREDE ) B A. simplex, A. typicats LU,
physeteris NN & SH7=9. ZOH%OMIICLY, THhE
TR AT, 7 v ¥ A LETOPCRIEIC X 5 B8
FIRHT72 EIC X DN ATREL 72 0, BUEIL, A simplex®D
3FE O [FINaFE (Anisakis simplex sensu stricto, Anisakis pegreffii,
Anisakis simplex C), Anisakis typica, Anisakis ziphidarum,
Anisakis nascettii, Anisakis physeteris, Anisakis brevispiculata
B L Wdnisakis paggiae DI/ SN TNWBED, AFET
X, TV X REORRE LY, KA LETRERDT
=X 2 BIFR RO SFUTEI L TR, i OTEREFHY 2
FricBA LTI, EREsBmX el 500875,

1) 7 =% % 2 ESHR R OFRRER S HE

T =YX 2ABEMSLIE, ChETHORS, BREED
HH LD TEREFM BT XY, PG ST RISy
I T SHEDS 7AW FRN S finc Ly, B
1, 9D T =% A BOLRRIL, A. simplex sensu stricto,
A. pegreffii, A. simplex C, A. typica, A. ziphidarum3¥ JUM.
nascettii’®> 7 =Y % A1 RIZ, % L TA. physeteris, A.
brevispiculata¥s & V. paggiae?’s 7 =4 % AL R 43 5H
ENDHTENZV. PG ROBEOENIITEA LR,
PRICB T D RERFHRENIRETH DY, A simplex
sensu stricto & A. pegreffliD KR T2 BROEIE TIE, %
EROTPCHENEREOS N TS, —F5, Berland®23
IhH L LTHBELTND T = AL T, AANR
SICH, I, VRIS RIS RIS TE 5 2 & 2 WE
LTV, ZOREHEITIES Sk LghoTz.

AR, EA DI, BALMEX Y AL OT =FFAD
FEREND, 7= F AL R (Fig. 3, IA-1C) DI,
FHAER L ORREAREN D, BElNEBREED RN
P EIHEIC M T HZ LN TE72 (Table 1). Zh b3
FEOS R, WIhbZolEmcElsa L (Fig 3,
2A-4A), PRghd (Fig. 3, 1B) &g L CHEHBOIHEL, §
ENGOBERERN KT (Fig. 3, 2B—4B) T, REBICEZELAN
R b otz (Fig. 3,2C4C). LnL2nb, BEoO
JEREDS 272 V), Fig. 3, 2CO S did, FIHEE T BH T,

Table 1. Measurement of the third-stage larvae of Anisakis Types L, 11, III, and IV

Type of larvae (No. measured) Type I (8) Type 11 (90) Type 111 (6) Type IV (27)

range (mean + SD) range (mean + SD) range (mean + SD) range (mean + SD)
Body length (mm) 26.50-36.50 (31.19+3.13) 22.00-34.50 (29.14 +2.29) 27.00-35.00 (32.17 +3.13) 14.00-23.00 (18.22+2.28)
Body width (mm) 0.42-0.54  (0.46+0.04) 0.51-0.75 (0.65+0.05) 0.75-0.95 (0.86+0.09) 0.40-0.60  (0.50 +0.05)
Esophagus length (mm) 2.15-2.70 (2.32+0.21) 1.70-2.40 (2.11+0.17) 1.70-235 (1.96+0.27) 1.25-1.85 (1.46=0.19)
Ventriculus length (mm) 1.30-1.05  (1.18£0.08) 0.50-0.72  (0.59+0.06) 0.45-0.56  (0.51+0.05) 0.22-0.40  (0.31+0.04)
Tail length (mm) 0.08-0.13 (0.10£0.02) 0.16-0.38  (0.26+0.05) 0.11-0.15  (0.12+0.01) 0.07-0.17  (0.11 +£0.03)
Body length / Body width 63.0-72.1 (67.6+£32) 37.7-50.8  (452+3.0) 28.4-46.7 (38.0+6.4) 30.0-46.0 (36.6+42)
Body length / Esophagus length 11.2-15.9  (13.5+1.5) 11.1-174  (13.9+1.2) 11.5-20.6 (16.8+3.3) 10.3-15.0 (12.6+1.6)
Body length / Ventriculus length 23.0-29.5 (26.4+£23) 39.0-62.0 (49.7+49) 49.1-77.8 (63.7+9.5) 46.8-81.8 (59.7+8.5)

Body length / Tail length

241.7-388.2 (319.0+56.2) 84.0-171.0

(115.0 £23.1) 206.7-291.7 (261.2 +£33.4) 124.1-242.9 (170.9 £ 35.5)
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Berland®®, /NMLU% L OAARVDOIFHS) i & 1 FIEEA —
LCWiz. —J7, Fig 3,3CoshliL, BENEL, Rkl
AT, EIENIAL, BRI R OFANER L OJEEED
WA EEELL LTz, 72, Fig 3,4CO% ML, Fig. 3,2C
ERIBRICEEA ML TE N> TR, KE/BENI
W L _THELS, KR, KiE, AERBIUOHEENT
= ARG RS K OMIPRS) IZ BT & <
BHADIVES RO FAER L OIEREOHE L I1IE—H L
2. INHOZ MG, EFLIE, RE TR EE i
WL D7 =X XOREMRE L H i, Berland & 2311
hi b UTHH LTV D A. physeteris, A. brevispiculatads &
ENENT =% R0, 1B LIV &R
SV FRET

M. paggiaey,
ThY, N3O T =V ADOFREIZLD
bHBHZEEHLMTLED.

2) 7T =YX ARRBONTEWE S

BAE, T=0FRE (&) MBS TAEYFHTFIEC L
AREEEE LT, T=2FAD Y R — ALADNADITSI, 5.8S
DNAF & NTS2 (ITS1-5.8S-ITS2) 7B (FJ900bp) % 4=
By & L7=PCRIT & 2 R F AT 28 — iR AN AT L T 5.

Table 2. Oligonucleotide primers for PCR assays targeting
ITS regions and mtDNA cox2 gene of Anisakis larvae

Primer name  Primer sequence (5' to 3')

ITS regions

NC5 TAGGTGAACCTGCGGAAGGATCATT
NC2 TTAGTTTCTTTTCCTCCGCT

mtDNA cox2

cox2F-211 TTTTCTAGTTATATAGATTGRTTYAT
cox2R-210 CACCAACTCTTAAAATTATC

AETIE, dilROQIAamp DNAI =% v kb (74 V) 72
EOBIEFHEF Y Mk 7 =3 % ZODNAZHIH L,
Table 2{7R L7=Zhu® ™2 X % [l s BB # 2 JE < F)

FRIHEZRNCS, NC27' 7 A = — % W /2PCRZATV, 155
HU7=PCRIGIEPEN D L — 77 = o AfRHT £ 7= 1EFig. 41275 L
7=l R R (Hinfld & O\Hhal) % V> 72 PCR-restriction
fragment length polymorphism (PCR-RFLP) /X% — 2LV,
T =X RO ERES 5570,

Fig. 3. Morphology of the third-stage larvae of Anisakis Types 1, IL, 111, and IV.
Row 1, Anisakis Type 1; row 2, Anisakis Type 1I; row 3, Anisakis Type 11I; and row 4, Anisakis Type IV. Line A,
cephalic end; line B, ventricular part; and line C, caudal end. Bar: 100 um.
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ITS1-5.8S-ITS2FEIK DBAR T-FENTHERIC LV 7T =HF 2D
FEMNATRE & 72 5%, FEHICITSIOS K h 2804 L WY
2967 H OHEIEDNA. simplex sensu stricto & A. pegreffii D i F
DEFNERTDNA TV ML MIN DT =% % 2 F
fEL, WiEOEMNNRELRSENRH L™, ZoMHB L LT
%, ITS1-5.88-ITS2A < /L F 2 & — DIk TH 5 72—
WWEBNECTZE VIR0, NA T Uy R =% 27
[FEIRAFER] (4. simplex sensu strictods K UM. pegreffii) DR
MOBFAE LT L W R ERRBINTWD. RIZHHE
FERMICEE o TV, $3 DFIL, A. simplex sensu stricto
LA pegreffiiOATEIG ENA T Y v KT =9 % 2O H
BEBAANR BT D L) T L, mDNAB R OBIAFIC

Fig. 4. Restriction fragment length polymorphism
patterns obtained by digestion of the internal transcribed
spacer (ITS) regions (ITS1-5.8S rDNA-ITS2) of rtDNA
with the restriction enzymes Hinfl and Hhal.

Lanes 1 and 4, Anisakis simplex sensu stricto; Lanes 2
and 5, Anisakis pegreffii; Lanes 3 and 4 Anisakis simplex

C; M.100 bp ladder.
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ITS1-5.8S-ITS2fEk & 72V, Fig SITR L7 L H1Z, cox2
G T OITIE, o — 2 =2 AT IE SN - BT
DULEL 72BN, T —H_R— ZAOEERHEL TND Z & D
5, HfE, Table 2iICR L7z 7 7 A ~— (cox2F-211,
cox2R-210) % AN~ cox2i8InF DA 07 & < fThiL T
D, AT Yy REY =%F% 20 L 95 IZITS1-5.8S-1TS25H
WD —7 T AfER % GenBankE D> — 7 T AT — X
LT ALAITL E XY, T =0 A0
LTHRAMRE L, ZROBERLINTND.

3) HWRICLDT =X RAONFEORAR

T =X R BB OSEE, KEEICFAE L QO R
DRI L O TAEWFENTIES I v iThn T 5.
L LRNRE, BEEOBENST =X AOREEFIREDE
WREIZE Y, FUSECRERNRMER RS S 2 &
WKREECTH S, 22T, 7= F 2FE3MMh NS REEIC K
DIFLNTZRBICE D HERRA LN, TNETIZWNSD
DORREDRF S TE 7=, 19704 R 12 Banning™,
Grabda®®F L U'Sommerville 53012 X A B3 EICH B AN 2
L, BIfEIX, RPMI1640% 1%~7" v LIEERIZ X Y pH4.0
IZFEE L 7ZRPMIL640 ()EEHIC, 7 IR IMTE £ 20%00 %
72RPMI1640 (HE5 123 N BTN A8 Z ORPMI1640
(DB LY, RSB TH DA, simplex sensu stricto°A.
pegreffii D> F3M L % 5% “BILIRFEOSLME T CREE L
LA, REEBAA3,4 0 TR AR b4 RICHE
L, 27418 OB LIRS D EHREV STV 5.

87

AS1 (AB51760)

A. simplex s.s. (DQ116426)
601 AS2 (AB517561)

A. pegreffii (DQ116428)
AS4 (AB517563)

74

62 ' A. pegreffii (EU413958)

69 AS8 (AB517567)

—#_A. simplex C (DQ116429)
93% AS7 (AB517566)

100y A. typica (DQ116427)

Type 1

77

61

A. nascettii (FI685642)
[ASI4 (AB517573)
97 A. ziphidarum (DQ116430)

—

AS13 (AB517572)

A. physeteris (DQ116432) Type II
A. brevispiculata (DQ116433) Type II1

96 |

A
0.05

A. paggiae (DQ116434)

Type IV

Fig. 5. Phylogenetic tree based on mtDNA cox2 gene sequences exploring the relationships among Anisakis species.

The maximum likelihood (ML) tree derived using a general time-reversible model is shown. AS1-AS14 were Anisakis

larvae detected from Scomber japonicus. Significant bootstrap support (N50) from 100 replicates is indicated to the left

of the supported node. The scale bar represents the distance insubstitutions per nucleotide. The codes within the

parentheses represent the GenBank accession numbers.
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LoxL7Zens, I, 1, IVRIShHRToH DA physeteris, A.
brevispiculata$s . 4. paggiae TORRIHBIT F 72 A S
TRV, F, FE38 HIIRPMILG40 (HEEHA FHWTC, A
simplex sensu stricto°A. pegreffiizti®E L& 2 A, Bl
DEBELEBI0%AT Cholofzw, HEREEIFICB L TR
DRMARH D EEZEZTND (Fig. 6). —FH, BETHLN
o OTEHREICBI LT, A. simplex sensu stricto & A. pegreffii
UL 2 A, BET LUV TORRIZEDLY 72 <,

A. pegreffii OTEREFHI R A/ T 2 BIENZ N & 5 i
EAFHN, 7=V AIREREIDG CCOBRBIARN
TALT DATREMED B D & BURIRVW RS b ST b

83)

3rd stage larvae

/)
Adult

Fig. 6. The third stage larvae of Anisakis simplex
sensu stricto and the cultivated adult worm of A4.
simplex sensu stricto. Bar: 10 mm.

4. T=HF ZAOKMEE

NI HFET D7 =X ABIBRROFERREE 2
2 BT, O OKIETTH 2 MER LB P E 3
DAFT IOERWMPREHEDLEZLLNTNS.
DaveylZ & B A. simplex & A. typica B+ 2 /AP T, 4
simplex|X>Y F 2725, THRO I UZ, vaAf i, <A
V78 EWEERLTRE, vr TRy VT e EBERE, T
BT EOREMESTEN SR B S, A ypicali~A
NARE VA A RUip 8~ A VIR OWALE ) b1
HEINTW5b. 20%, BIETRTICE 2 08OREL &
H1Z, A. simplex sensu strictolL, /3> R A L T1R0A A )L
B EN, RBIZE > TA VDR FEEEEEZD
NTEERY, bBAEOHERED R TifTbhizIv”
7 VT OFEBFNCEET DIV T, A simplex sensu
stricto?S X 7 7 VT ICEEFEL T T HWIRMAET AT

FEDBRO GILBRNZ END, AVTRVEIL I IV
DHNEVHHEBEETHDLEVIMETIBH S, 4
pegreffild €I VT, ~ANH, N RTANTITFRD
i, A simplex Cixe LI AT Ko, ATA NI NLIR
HENTWAY, £72, 4 ziphidarumlZ, Y F 272 F05
AR SN TODD. DT =% % 2D P ThebHi L
HIE ST 4. nascettiilt®, /~7 ¥ Z %8 (Mesoplodon spp.)
MO ENTWED. 4 physeterisDEEL T, 43ARIE D JA
Wy a7 DIIRRERERD 5N, AARITHED~ v =
DI InBBRHENTNE®. A brevispiculata¥s L}
A. paggiaeDFKHIL, a~vyauRt T avy avuhbii
HEhTna®.

5. RAMEEICBIT 27 =)F R

ENEAN DT =4 F ZREFI WS S T2 19654 LIRE, 4
RN EOERICERT 2T = F AENMEL 720,
1967-19724E BN IED T =4 F A D FAMRBU BT 5 7
BTN, BATHORNFEIZT TH 50, Lic7 =3
FARRDHND LREDI NI YREET =Y F 20D
FEI3IS) D RN FITTERE T RIS K v T T
722 E0n, RSN TET =Y % X134 simplexE 72137 =
PR 2GR & STV, A simplexE 721X 7 =3 % X1
B i, A simplex sensu stricto, A. pegreffii, A. simplex C,
A. typica, A. ziphidarum¥s & O, nascettii®D> 6Ff % Fde &5 2
TRV, BUE, @GSN TVDIRBIET LV COMYTAS
BIZESSHEDN D, YRS SN2 < BA simplex
sensu stricto E 72 134. pegreffiiChH o1= L F 2 bivs.

1) SEFEORBECEIT 27 = F 20FERD

1985-20014E DHFEE HIZ L DFRAEICIE N T, A AAL T D
FERIT2-24%, AT R U KX TI1E59-100% & @EHRICT =
AR S NI, AT NUE T oA, Mg &8, A
FOERIZTEERLETH DD, 7 =X 2ADOHFAEMA
DEIZAREITBAL CTH D720, HilF OB L 50
VAZIHENEEZZ BND.

HASEHEIE DY 4+ < ZBADFERIT50-100% & 5 5:°D
T, ZIPHARNICHFEL NI ENDAERITRET 5
XThd. £, EFORECTE, LEEEDO v iC
FTELTNDT =X 2D99%1A. simplex sensu stricto T
D ENRETINTND. LLARBS, TAUD,
AFE, INTz—, FY, F=ALFVT, =a—T—
TR, AVEZ—FUBIOT Y —I MOEA SN E
I o <~ RO TILT =5 F XD EF A EFD
ROBINTWRWZ &b, BIEY 7 - ~ AFHDAERICH
LTiEBZELLREE N2 D,

A. simplex & [FERIZFEHINTMSIFE & IS4, ppicads LY
A. physeteris\ZB L C, BID X 5 IZA. typicaBF3¥ASh BT A.
simplex 3G B L TRE I R EERINREETH L Z LD,
A. typicaEFRIZELE LT D AN 19704ERTE O R A
TIEHL N2> TV o 7o, ITFORERER T, &
BELCTTRICKB SNie 2 F U405 R EICA bypica
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DR SN E VI BED NS Tn5E. —F, FiES
BN BN ATBEIR A, physeteris DRI F 1T 5 M HIRIR
WZ2UWT, 197041 OFHA TIZ40FEIT b Iif 72 72 fdi )
OB OFENRD BT T, ERITA physeterish %
HELTWEDIET I~ R DB EFEIN TG,
LI LR S, EEBD2009FICFEMLIoF o A XA (44
B) OfETIE, ETOF U AL T =X ARRD L
A, B SN T =Y 2 BB T30 A, 6240 (&
(85.5%) 73A. physeteris T - 7239, 19684E NN S 2N
rofibnix 244 OWETIE, 3EP2RICA
physeteris3FBD HILTND D, ZOFEEP2UEELLT T
HoT=Z b, 19604E4% & bl U CHAE E D54 DR
AR OHEMBER D —> & Bbhb.

2) AMEOERRE T =) X 2RO

A, A simplex®D3FEDOFERIFE (4. simplex sensu stricto,
A. pegreffiits X O. simplex C) O#EBIZ LY, [FIfufE L~
NTORMNFEOFARDUCET 2RENIEII/THOILD X
I o T, EHELNERNDOT =YX ZEO ETEARFR &
TH DY NEXRIZ, Table 3128 L7z 14761, 218D~
FAICEBT D7 =W F REYUR LA 21T o k3,
74.3% (162/2) A, simplexDFAENRBD B, ~H 12
B2 OFE)FARUI22MERCTH oo, B TRITIC XY
[FINAFE L~V CA. simplexz [RE LTz & 2 5, KIFE S H
WO BARWIED~ P NTFHET 57 =FF ZD80%LL 1
DA, pegreffiiTH VD, —JF, WMAERENGFHREE TORFE

BICARBT SN D~ H /3 TIE80%LL 234, simplex sensu
stricto & 72 0, WHIC Ko THAET 57 =¥ F AFER -
TW= (Fig. 7). AAEMO~ BT, FICIINH D =
AT D RTHEREE, W M6 B AN RIZ )
T OREBRRBEDO2REEIC NS Z ERFMBNTND
0, Y ANOERIR, koA NTR0r VT 78 EORKEE
DAL, ZLTT =% AOMMENEREICBERLTVD
Z BB M/ ol FT7, A simplex sensu strictoD ¥&1E
ETHDHIVI I VTOERTHAR— 7 igh EICEHE
L, dGEEED~ YN, vatyr, Kylr, A5V uEg
BILUO=FTZ051%, 90%LL EDOE|IE TA. simplex sensu
strictoZMRH STV BT80N —F5 0 B HgIc AR
D A. pegreffiiDIEETH DN RUA VA7 EICEEL,
REARPEDT T TRBHRFEDT B A VAT ETHT =
FA1L, 98%LL DA, pegreffii b BE S TWAH™D, g
DI AV~ 7 uip L OEINGETC AR X 2615 b Mk
WLTEER, v IARACROONTZL I RT =V F 2D
MOBENIMOAFETHYE TIEDL LEZOND.

3) ADBREF~DT =% F 2DOBITHE

AR, ENOT =3 % 2 EIE 1004 £ 0 i L7 ko
99%734. simplex sensu stricto CH V), JWIND~H /72 LD
IHEITA. pegreffii D FAERBBMNI B 0b LT, BE LY
i S 727 =9 % R1FA. simplex sensu stricto T o7 &
W ENTz. Fx B~ P SONED S FAELA~D T =
B X 2AOBITREOPEZIT o 72F5H, Table IR L= L D

Table 3. Distribution of Scomber japonicus and detected numbers of Anisakis larvae

District of fish No.of  Positive samples

Anisakis larvae

Penetration rate from the

samples  (in fish muscle)

abdominal cavity to the

No. of the larvae No. of the
(in fish muscle) larvae/fish ~ muscle of the fish
Sea of Japan and East China Sea
Nagasaki 30 27 (1) 2721 (1) 90.7
Fukuoka 13 13 (1) 1206 (2) 92.8 0.10 %
Shimane 9 9(0) 90 (0) 10 (4/4073)
Fukui 18 6(1) 36 (1) 2
Ishikawa 16 8 (0) 20 (0) 1.3
Pacific Ocean
Oita 6 0(0) 0(0) 0
Kochi 6 6 (4) 42 (5) 7
Hyogo 8 6 (0) 27 (0) 3.4
Mie 15 7 (5) 42 (10) 2.8 11.10 %
Kanagawa 14 12 (5) 150 (7) 10.7 (81/733)
Chiba 39 31 (13) 243 (35) 6.2
Miyagi 11 9 (6) 53 (12) 4.8
Iwate 23 21 (5) 141 (6) 6.1
Aomori 10 7(2) 35 (6) 3.5
Total 218 162 (43) 4806 (85) 22 1.76% (85/4806)

2 Mainly Anisakis species was Anisakis pegreffii .

b . o . o .
) Mainly Anisakis species was Anisakis simplex sensu stricto.
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O : Anisakis simplex sensu stricto (As)

Q . Anisakis pegreffii (Ap)

Ishikawa Pref.

Ap:17/20

Hukui Pref.
Ap:10/12

Shimane pref.
Ap:27/28

. Vg
o
5
0 Aomori Pref.
As: 15/16

Iwate Pref.
- As:28/32
Miyagi Pref.
As:20/21

Chiba Pref.
Fukuoka Pref. Chiba B
Ap:21/21
Kanagawa Pref.
. As:9/21
Nagasaki Pref. Iz\fslell;?;
Ap:52/52 :
Hyogo Pref.

Kochi Pref.
As:14/16

As:7/8

Fig. 7. Proportion of Anisakis simplex sensu stricto to Anisakis pegreffii in Scomber japonicus by the area of origin.

2, A. pegreffii & HLig L CA. simplex sensu stricto® F7 73100
U EENWZ ERH LN ERY, FHREA~OBITEROEN
DEREERICKILTWDS EEXBNRED. £/, 4
simplex sensu strictoD FAFH @A) B, THERER
FOESRFED T3 E | A pegreffiidd T EZR DI RO RIF IR
PED~ P30, FH968 % XFHIT4°C, 20°CT0MFHRTF#
DRI KON T 2 BBk E kg L& 2 5,

Table 4127~ L72 & 51T, A. simplex sensu stricto?)s = 212 F54E
LTV =¥ RCBNT, RHShieT =4 % 2l
T DRI T D EHOEE BATEHR) 235, 20[FH4°C
PRI TIE9.3% Tdh o 7= DIxt LT, 20MEH20°CLETEH% T
IX192% CTh o7, —F, A pegreffiild @=RIZFEL TN 5D

Table 4. Penetration rates of Anisakis simplex sensu stricto
and Anisakis pegreffii into the muscle of Scomber
Jjaponicus under different stock conditions

On the 20 hours after

sameday  4°Cc  20°C

A. simplex sensu stricto (As) 2

No. of fish tested 41 42 30
Total no. of As 359 343 213
No. of As in fish muscle 50 32 41
Penetration rate (%) 13.9 9.3 19.2
A. pegreffii (Ap) »

No. of fish tested 14 15 9
Total no. of Ap 701 1209 677
No. of Ap in fish muscle 0 0 12
Penetration rate (%) 0 0 1.8

9 Distributions were Chiba, Kanagawa and Miyagi prefectures.

® Distribution was Nagasaki Prefecture.

RIGREO~Y ST, 2B OMRE & 20 M4 CIRFZD
BATENR L 1T0% T > 7=DITxt L, 201 R120°CIRAF#% T
BWTII8%TH-oT-. Lizdi- T, HE L =iRiziin
BEOHR, LT =X ANHALBIIBITL, HEER
T WX RIS T DU A RIS Z RS0 E
o).

6. 7 =X A RYLBH LR

R ORE L L b2, fEfA - IGRN— BRI
0, HExRFEEORE T TR, LOIFEC~Y 2D L
HHEUDIM LR G IFFICESE DL TE7, 4
simplex B3 RO EE LT R 7 Y © X T ORFlE % -20°C,
—3°CH L UMCTIRAFE L, 24B%[] 2 & o ik R TE S
BELI2L A, 20°C48IEfE VL L DIRAFSAIFIZIVTIE
WL, -3°CB X UMCTIE—#lMEE L THL T =hF R
FEENEANFRD BTN S 100100 g 7= - g o1 5% Atk o
TDA. simplexF3IHL HITERIZIB N TENEN2KE[H I
L OISHEREIRG@ T 5 L FEIR L7 2S, AFETIXISHERIR @ %
BT =YX RIERREIERBD SN TWAI, 7=
F 21, BUTH9<, 60°CTS5H), 100°CTHREFIZIEM L, &
F LoV EORBIZE O TISHL SV OMETIERT %
102)

INEDZ NG, T =Y AOYEBLIICIE, KR
PERMEOAERZRT D 2 &, MBAGHEZITY Z &% b
BHTHDN, BAROARLEE ZZGAIC, BHENTR
WEBX D, LVBIEMZRERDIENKE LT, LIE
D & 9 72l DAL & AT TIE T =9 % X DY
IR S 702, WAL S iz A s v s =
LR, RNMEANEHEZ LT IHAICET = F 204
DOWIEE DL OFFREA~BITT 2HANZ N Eh b, B
WA L N E D 0 ORI 2T BR< Z &3, &g
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—RIZ, BHEAILT =YX ANEEL TV Z LIFHT
BB, 2005FITHEIE LV XTF L AP HIZE 2TV ARE
W7 =X ARFAELTCWEZ Licky, —BICEE D
URFRA Y HICT = ANERIEG L. 200,
JE A B SIS v T OB MBI Sk %
[TolfiEbHD Lo b, BEANETHIRBEEMTO
T =X AOREE EMICERKT S Z ENKNEE b
D.

7. SHORE

DBREICBWT, 2FERPRE ST o b %4ER
JEIE, RYEETHRESNA TWAZX ) 3 v 7 RE, <F
U7, TA= 0, 7V TRRRY DT MMEBLOYT
WO TIEDSEBDOHRTh D . REMITER T 2 T4 BIEI,
BnfEETREYEE LTRbh, B - iExg GF
FRIAERARFH1055) Ve+5Z L BNED LN TWDHA,
FERIS00BILL EDEGBIN D L ibiud T =% % ZET
Sz, 20094 F CAECTHEMS-104RED R L <,
EHE7 EREE O ERE AR TE TV, & 2 A%, 2009
EICEAETBE I L0 BRI AT Tl A Y O
DR HICBET 5 0000 Wl B AT S 2 &
DERFRLTH, TNETL 20BETHS2HNOT =
PR AAED, 2010FIE S B UA VR, HrERAT Z—,
PIER TR TR BIZEZ V6B HE S, HiifEsE
ENDHREER SN, Fox H20104E 2 F L 7= FAs R
TEYN, AFYOET, ANAL B REITRBTDT =%
X ADFERPHUEL LI L TEBTRP - E0nD
7 =% 2 APEO R HEOHEINTIENIC X B M E
IZATOND LR TERELEDTHD EEZLND. L
DLRERD, BFEFEEZIHEFI-MISGHE, 7=VF
AFEDFEAE LTc i, OF VIRKMAFE &2 OEH, Jimek
¥, (RIFIRRE, FEOIER EOFMA oI ST
W5 LW, LER-ST, T2V ELED, &
SRS F A RIS K DR E ORRB LD/ 01, *
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A Review of Anisakiasis and Anisakis Larvae in Japan: From the Prevalence and Risk of

Anisakis Infections to the Identification of Anisakis Larvae
Jun SUZUKI® and Rie MURATA*®

Anisakiasis is a gastrointestinal disease caused by ingestion of anisakid nematodes, mainly Anisakis simplex and Anisakis
physeteris. The disease is thought to be caused by Anisakis simplex sensu stricto, which is one of three sibling species of A.
simplex. There are over 500 cases of anisakiasis per year in Japan, where the disease is prevalent. Anisakiasis can occur in
humans after consumption of raw mackerel, especially mildly marinated mackerel in Tokyo. Recently, IgE-mediated allergic
reactions in individuals who have previously been sensitized with 4. simplex have been reported. Therefore, anisakid
nematodes have been included as pathogenic biological agents in the Food Sanitation Law of Japan since 1999. We reviewed
not only the epidemiology of anisakiasis and the identification of Anisakis larvae, but also the risk factors associated with

human Anisakis infection.

Keywords: anisakiasis, allergy, Anisakis larvae, morphological identification, molecular identification, Anisakis simplex sensu

stricto, Anisakis pegreffii, Scomber japonicus, penetration rate to the muscle of fish
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