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The number and prevalence of Anisakis larvae in chub mackerel Scomber japonicus

on rearing fish with feeding

Manabu FURUSHITA, Toshimichi MAEDA, Ryosuke SAKAMOTO,
Tsubasa FUKUDA, Ryohei TATSUNO, Daisuke ARAI and Masaki KANENIWA

The change of the number of Anisakis larvae during rearing with feeding was preliminarily investigated in two groups
of chub mackerel Scomber japonicus. In one group, the mean number of larvae significantly increased from 4.3 to 19.8
during 34 days of rearing, with the reasons unclear. In the other group, the prevalence and mean number significantly
decreased from 100% and 11.1 to 50% and 0.85, respectively, during the 61-day period of 21-82 days after the beginning
of rearing. All larvae were obtained only from the body cavity of fish. Among them, Anisakis pegreffii and A. simplex
s. s. occupied 96.1% and 3.9% in total, respectively. In the second group of fish, the ratio of A. pegreffii decreased from
100% to 92.3% during the 61 days of rearing. The decreases in the number of larvae and the ratio of A. pegreffii in the
second group suggested possible death of A. pegreffii in the body cavity of chub mackerel, although further well-designed
experiments are necessary. Additionally, the presence of Anisakis larvae even after the long rearing indicated that the risk

of food poisoning cannot be completely eliminated by rearing.
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7 =R AEGAUL, VT, A VA EO RS
WamEe L, H3gRpEERME T L L CRIE
RANNIHFET D, b ML, T FABRROAER
TIIHAEETH L & S b (Baird et al. 2014)0 D
T =W F AL WA L 7o M & JEINE O IRFE TR AL
ThHE, TZHFRAELRTIERIT,

7 =¥ AL BT TERE TG 70 3k 1) A PR e 7 A 20
BENTVR 72O THEYFHTEL A FEENIHEAT
B 1), internal transcriptional spacer 2 (ITS2) #Hiz, (ITSI-
588ITS2) X3 M ¥ BV 7 cox A Z DR & S
T2 (D' Amelio et al. 2000, Zhu et al. 2000, Valentini
et al. 2006)c HAILHED BN AGFET 27 = % A
ZOWT LG FAEYEMNTERICL L FENIEATEY
(o B - 1l A 2009, Suzuki et al. 2010, Quiazon et al.
2011a, Gomes et al. 2020), % D% { " Anisakis simplex s.
s. L7213 A pegreffii & [A]7E LT 5, A pegreffii 13 A.
simplex s. s. & W L C, SEHOWEEA S HR~NEITT 5
FE1L 10070 D 1F2E THERE HADR AT 55 <
(Suzuki et al. 2010) & PADEG) 27 35 & &
AHNTWA,

S DRI AR B O FE I L D, FEF O
HEERKEY OGO TRIZEZAHTH LA, T
A ERKEY ORI L LT = F AL I L 2 B
DIEBIHEIE L7272 ORGR & 0 2 BN H 5 HEAH
IEHEER O FERE DA T 5 % E BT ESEF A DR
P EINTWD,

BIAICB VT D, 20044 2HA SN2 » /%
F Seriola dumerili 33 X UN A " 3 Parapristipoma trilineatum
O 12 2RI AL pegreffii D374 LIMFE & 70 5 72,
2R, T WX APEE L AEORESIEE TS D
(Yoshinaga et al. 2006, /NI 2010, #iA - #7H 2011), JE
AT BE bR 28T O P 2B 2 lE R AT )
& (BEGEBEESR 2005), F5HMA O EE BB
BHCBUT 27 = F 20K 2To TV 5,

H A2 5946 9 % ~ 7N Scomber japonicus 1%, F 1
U2 & Z BRI 3 % KPR EE (RE S 2017) &,
B e & HAEO I & [0t 9 % 5 R BEG RO 2 R H#
i ens (HES2019). KFEROS T 25
X E A simplex s. s. 30 B IEGER B2 6 1 E F12A
pegreffi T EEX N D Z E NS LT A (Quiazon et
al. 2011a)e DA DE N, MOEMIZL>TT =
X ZIEDRE) AT IZENH LI LR, WHHAEAT
YNEERTLEBBEENEL TVD L) BN D %
(H112013) 0 ARERERZ 4T o 2 AIEIC B W T8
FERKEDTH Y, 2010~ 20194 F TOHJINED
WYiERE L, 3382 Thore (AIRKERE Y
5 —2020), 7z, RERTIAERESLHEEL —EICT
L7 Lo NIRRT RICARER L LTl
TLZENHDH, TNET, filF =~ A Oncorhynchus

mykiss & ¥ 7 X Paralichthys olivaceus \2 %13 % 7 = %
A5 H ORE IG5 B GL S BR A HE S LTV % 2% (Quiazon
et al. 2011b), I NOMAFEFHO 7 =4 F 2R D
AR T A AR O TZ L,
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ThY, EFFE 1 EHY) V38 4000 22 INE L 72,
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720 WAEA T F BT N R 2 HBEICHET L 7275,
KON 1 B 5 HEICHEE L7z 7 =4 F ALl
HFAREIC LD HEHITRETH ), AR AERE T2 LT
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S FE AR L, AR E RV B LT\
LB T A o BTy 2wz, 10T
223°C, 11 H T 19.2°C, 12 H T 159°C, 1 H T 10.7°C T -
725

10H 6 HIZifE L 72~ g, sk 10H 6H)
CRAMEAE IS LA 10H) ICEBEREL, 10H
20 HIZIAE L 7o~ g, GEEfE 21 Hig (11 A 10 H),
SIH (12H 10H), 82 H#% (1R 11H) ICREHREL,
7 = F AL RO E AR & Rz,

TENZERAC L 72~ B alBH i, 20~30R & Lz
FoNElEHE, BRE L RELMER, Wi ERA,
TREE A3 TR AL L 72,

T_HXZAOKRES LB 7= F 2L mokl
&, BRBEMEICX VITo 720 VAL, Jackson et al.
(1981) @ % % L 72 % %  (0.85% NaCl, 1%
pepsin (Biocon L. T. D)), 0.IM HCI, pH2.0) % 72, J§
Hl & B H O~ NFHAE, 200 ~ 300ml OVAEMRITEIZ %4 %
BiE L, WL 100ml OBEBEIIZE L7 HIRB LD
Wliglx, 37°C T6 ~ SR E ) B L7z, BFTIC
IR DS pHA0 % FIl o 72356, HCl KT % S =N 2
pH2. 0 \ T L 720 WA B X WO M, HR
& 046mm Offi CHEME A R, T F AR EFT
B 7z FAERCEE, F4RRAEE REAARE TR
L7z BfE s L7z,
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L7 QT = F AL S AR A RIS IZHEIR L
ITS2 D PCR ¥ A L7 =7 v A2 L D ITHo 72,

DNAfiliHE E 7 =4 & 2 HfK (2 Buffer ATL (Qiagen) &
TUF A= AKEMA TRy L)V (FTAT V) TiEL
55°C CT—MEAR AR L, QlAamp DNA Mini Kit (Qiagen)
W TIT-> 72,

COMICHIE LZDNAT S E L, BERICHE- T
ITS2 (ITS1-5.8S-ITS2)%H 1 O PCR¥E IE % 7 » 72 (D’
Amelio et al. 2000) . PCR¥41§1Z1%, Taq DNA polymerase
(Takara) * v 72, 79 4 ~—1%, NC5 (5 -TAGGTGAA
CCTGCGGAAGGATCATT-3 )& NC2
(5° -TTAGTTTCTTTTCCTCCGCT-3' )% fi {1 L 72 (D'
Amelio et al. 2000, Zhu et al. 2000)

PCR 4 IR 2 W © K5 % 1%, NucleoSpin Gel and PCR
Clean-up kit (Takara) Z ] L 7zo PCR Y1 EY O3 H A
H52 1, Dye Terminatorik @ JHW 72 i 7°F A <~ — (&,
ZMET OBV T7I 4~ =ty MIA
NCF1 (5° -TTAATGAGCCACGCT-3" )& NCR1
(5" -GATCCACGAACCGAGT-3" )% M\ 7z, HEHES %
PrsEth, WIREEEE Hinf 1 & Hha 1O Z8R ] % /3R L ¥
BI85 — 2 X ) FERE 21T - 720
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OHEHEE 31 HIRICREHRE R T o 7278, Zh L&
REAHETE ol 22T, 10 20 HIZHE L
Tox R W2 BBOFEE 1TV, 21 H, 51 H,
82 HADHEREEZIT-72 (K Do

10 H 6 Hift B 2O~ NBEORE I, 3277 + 44.2¢
Thotzo HMEFAET 1y HREOX Y NOTFHHEEIL,
4613 = 759g L WML 720 — 77, 107 20 HifafiE~ 4
HOFYREILZ fE20HHET4395+ 712g, 51 HZ
T 4372+ 71.6g, 82HET 4824 % 615¢ThH o 72

THNIFETR7 VX IR v NHFET S
T =W F ANREOFBRER LIRS, TXTOT =
FALHUE VSN S BES I, B S 1308 S
N o7z WEHMEMARR O 7 =4 F A5 R, 0~
116 A TH > 72,

10 6 i~ NHED 7 =W X AR FA K
(R A 13,43 = 68Tk CTH o720 F72
~HNORE L RN 70) 0T = F ZLHEI AR X
RoNzroz(J1). 2O NBEOIEFT 31 H £,
7 =W F R R E AL 198 + 313K & HEIC
BinL 7.

10 H 20 H i< N BB U A 550, Al
fH 21 HFZIZ 111 = 1418408, 51 H 12 2.65 £ 2981k,
82 H%12 085 = 13K LA L7ze T XRTCOMEHE
BB CHEED O N,

RYNOT = F ALRARE, 101 6 HififE~ 4
INHEORAEE 72T 86.7%, #AEIHE 31 Hi% T 100% & 7
D, FAEKCEH LRBRICEMNL 72, 72, 10H 20 Hift
<N, BT 21 H1£12 100% Tdh > 7245,
51 HT212 85.0%, 82 Hf%IZ 50.0% &84 L7z,

ToYXZMBORE FEZBIRo7T = F L)
W13 fEMRIX, 9XT A pegreffii & %\ A. simplex s.
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x 1 FEEGRS X CWREERT <N E L0 T = AFFEIR

i1 B RXE @m) &R () wame 00X
(4£/R/H) (4£/H/H) - Y4 £SD ¥ £SD (%) [gmﬁ

2018/10/06 2018/10/06 30 30.1+1.1 327.7+44.2 86.7 43 + 6.8%

2018/11/10 20 32.0+1.4 461.3£75.9 100.0 19.8 +31.38

2018/10/20 2018/11/10 20 31.5+1.1 439.5+£71.2 100.0 11.1 +14.18

2018/12/10 20 31.6+2.2 437.2471.6 85.0 2.65+ 2.94

2019/01/11 20 32.7£1.2 482.4£61.5 50.0 0.85+ 1.3¢

TS F AR T RCAEICEELTBY, SRS ML EI N R o7
2T = FERREO AR/ R AARE BE, POl kR FE TR L
BT &E7)V7 7 Xy ME, Steel-Dwass MBI L B2 HEEAEZRT (p<0.05)



s. EHEEN, &IRD D H A pegreffii 13 96.1% L &S L,
A. simplex s. .13 3.9% Td -7z (3 2). A. simplex s. s. D
ADFELTCWoliF 1R (10 A 20 HififE~ 1 \EEo
WMEFTE 51 HR) ORTHo720 2D L), R
BHIMIZI D 59 A pegrefii MBS L TW7z2s, 20
FE1E 10 A 20 Hift#E~ B THEEEHTE 21 HED S
82 HT 100% 75 923% 129 L, — 5 A simplex s.
s DEIEIE, 0% 205 7.7% LML 72,

fE L2 BT BN RICHEL, £3 7 IOKRESE
HEIIRRDTW AW L5 T7 = F AOH AH
FE I, F72, HERO I NMRE LAk S 72D
OT7 = HFAGBPOME IR SNT (K1), Zof
THARDEZIIHEML-EBHEIAHTH 5,

—77, 10 A 20 B ICHE S N7z < I TG AT
20HE 20 82 HAOMIZ, FHEHFERL 111 £ 14118
b 085 13K EFBICHA L, £/, A

T2 T =Y F AL DR ERER

7 = T =¥ F R} D [d]
MmEH #EH o ik Py e = ) Abﬂ e .
/R JH) CGE/A/H) FERRY WET = Anisakis Anisakis
B * 2 HEE pegreffii simplex s. s.
57 55 2
2018/10/06 2018/10/06 129 (100%) ( 96.5%) (3.5%)
25 24 1
2018/11/10 393 (100%) ( 96.0%) (4.0%)
25 25 0
2018/10/20 2018/11/10 221 (100%) (100.0%) (0.0%)
33 31 2
2018/12/10 53 (100%) ( 93.9%) (6.1%)
13 12 1
2019/01/11 17 (100%) ( 92.3%) (1.7%)

zZ =

XY NDRLE LN HEDITE A EDA. pegreffii T
Hotze HRIZBIFDYHNNICHAET L7 = F ALH
DAL, KRR TA. simplex s. s.7° 80% Ll &
BET 50, EWEEDSHEROHAKETA pegreffi
73 80% LA b L BT 5 Z L ST D (Suzuki et
al. 2010) o COMFEIIHAIZBIT S b7 =HF ZIED
JEFICBW TR O BVWHECHHSNLTETHY, 0
E AL 98.9% MY A. simplex s. s., 12% DS A. pegreffii T 5
EIRE SN TS (Umehara et al. 2007) o #8712 FH I
THRIBT SN2~ N o a8 L7727 =0 % A4 g,
85.0% N3 A. pegreffii, 15.0%A5A. simplex s. s. T 5 & #Ht
HEENTWAE (Suzuki et al. 2010) o ARWFFEIZ BT [
FoBmEZRL, 101 6 HOWBEZDO I/ EEIZHE
T 57T = F ALHIL A, pegreffii 15 96.5%, A. simplex s.
s1335% &, A pegreffii H*\5 O HE G TN E TOHE
LV ED o Fzo WKTENLE OB & 2RO L A~
FNOEBEIZZEE L, A simplex s. sHBMELT 5 EE 2
LN TWIHFRTA pegrefiiNMELET AR EINFETO
B & Fod D7 = F AEPIEET 25608555 2 L8
SN TWD (Gomes et al. 2020) o FNFENDOFEDH &
LEEFHECAZ SN TS DIFTIEARL, —E0EA
Wb LEZHLNL,

108 6 HIZi#E L7-8 Tk, K17 AofEEdhic
HBUEESHE BN L 720 AWZETIE, U vilB o
BRI AT TB Y, HIEHEALZEH L. AW

pegreffii DEIE DS, FEBIE 21 HZO 100% 205 81 H%
W21E 923% 12 A L7z Al pegreffiil%, HLEHIRIE 72 1
HE R I > il & H AR O B EGRI 0Ai § % 2 LA
HHMNTWD (Levsen et al. 2018, Gomes et al. 2020) o
F72, KEOENETFIZA pegreflii 0355 HET DY T IN
HWINT 52 270 51T b (Abattouy et al. 2014,
Eissa et al. 2018) o —7/, A. pegreffii J)H & #11#%5- L 72
ZUN AR 12°CTHIET 5 &, fAENDS A pegreffii
DR OFCCAFEATHES N D % &, IKIRASA. pegreffii D
BRI B Y 5 2 A EEMEAMRI ST\ % (Quiazon
et al. 2011b) o AWFFEIZB VT, FFHHROKIRIEL
FIZ12°C LT 88K o 7o FREEEFE PO~/ BB
TEAEBUE S% LT TH Y, FHA D &\~ VA
FEC L 772D I BT OFEREN T o 72 L 13F I
Wi, INBLEEZEZAEDED L, 10 H 20 HiffE~ ¥\
HETIZ A E WM P S I S iR D A, pegreffii 73 F 1
HAHICREC LT RRESEZ Z 5 b,

WMEMBFICLY, T NICHFET D A pegreffii S B EL
DY HR LN, T =% F ZAGEPFEST LHELD
50% A L7ze —7, BEhEHERI LR TE LT
% & ENDA simplex s. s. DFABITAHIM S 1Z1Z—
ETh o7z, WEROWREFEEIX, < NOREMRS
LB O —ALICEE R ZF 2o TW a5, FESG
WROAERIZL L7 = F AE&HHED) A7 &4l
ETHHDOTII LW EITEEPLELEE R S,



SN T T O 7 = R AL A RO ZAL

i

AWMRZERS 2 12b720, ERETHNEH 720
JTTRL TSR35 R L& P e ST IR B OB B2 TR LA L
T ARBFZEIE, ENZBFZERFEE NKEMTE - B HiE
ffeTay s b LTEML

X ®

Abattouy N, Lopez AV, Maldonado JL, Benajiba MH, Mart1 ~ n-Sa ~ nchez
J (2014) Epidemiology and molecular identification of Anisakis
pegreffii (Nematoda : Anisakidae) in the horse mackerel Trachurus
trachurusfrom northern Morocco. J. Helminthol, 88, 257-263.

AREME (2011) 7 =¥ FA L7 = F E —ZOBIR L HE—
ARSI PRERIF AR, 56, 1-5.

Baird FJ, Gasser RB, Jabbar A, Lopata AL (2014) Foodborne anisakiasis
and allergy. Mol. Cell Probes, 28, 167-174.

D’'Amelio S, Mathiopoulos KD, Santos CP, Pugachev ON, Webb SC,
Picanco M, Paggi L (2000) Genetic markers in ribosomal DNA for
the identification of members of the genus Anisakis (Nematoda:
Ascaridoidea) defined by polymerase chain reaction-based restriction
fragment length polymorphism. Int. J. Parasitol, 30, 223-226.

Eissa AE, Showehdi ML, Ismail MM, El-Naas AS, Mhara AAA,
Abolghait SK (2018) Identification and prevalence of Anisakis
pegreftii and A. pegreffii X A. simplex (s.s.) hybrid genotype larvae
in Atlantic horse mackerel (Trachurus trachurus) from some North
African Mediterranean coasts, Egypt. J. Aquat. Res., 44, 21-27.

Gomes TL, Quiazon KMA, Kotake M, Itoh N, Yoshinaga T (2020)
Anisakis spp. in fishery products from Japanese waters: Updated
insights on host prevalence and human infection risk factors.
Parasitol. Int, 78, 102137. doi:10.1016/j.parint.2020.102137.

AINEIRER A & — (2020) MAERTEHZEL  http//www.pref.
ishikawa.jp/suisan/center/sigenbu.files/opendata/top.html, 2020 4F-
9H27H.

Ivanovi¢ I, Baltic MZ, Boskovié M, Kilibarda N, Dokmanovi¢ M,
Markovi¢ R, Janji¢ J, Baltic B (2017) Anisakis allergy in human.
Trends Food Sci. Technol, 59, 25-29.

Jackson GJ, Bier JW, Payne WL, McClure FD. (1981) Recovery of
parasitic nematodes from fish by digestion or elution. Appl. Environ.
Microbiol, 41, 912-914.

= A 57 8 & (2018) & 1 # K Rl http://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/kenkou_iryou/shokuhin/syokuchu/04.html,
20204 9 H 27H.

IEAT A BESE R (2005) L E P B ARG SR AE A Ay > /82 D
Bl zowC. fefigess 0615001 7 .

BHEAT - KHEE - ZHW - 8k & - EREEE - wET
(2017) PR 28 (2016) 4R~ ek BRI R O G IFEFT. F
I8 28 4 FEE F S]] 2 K 3 D 1A S SR (AR AR 31 1) o
FPAM - TACHE) 45 143#ffF. JKEEFTHIGEAMEAE RS, EISZAFZE R 561k
NIKEEWSE - BB HEME, 201-235.

Levsen A, Cipriani P, Mattiucci S, Gay M, Hastie LC, MacKenzie K,
Pierce GJ, Svanevik CS, Hojgaard DP, G Nascetti, Gonzalez AF,
Pascual S (2018) Anisakis species composition and infection
characteristics in Atlantic mackerel, Scomber scombrus, from major
European fishing grounds - reflecting changing fish host distribution
and migration pattern. Fish Res., 202, 112-121.

hE R IR 3 (2009) HATUE(H D ) LB Y RIS BT
% Anisakis 1 BU R O 53 F- WA HOREEIC X 2 551, KRG,
56, 525-530.

ANIFIFE (2010) S HH O Z A U2 B 5 5 BlF2E.
76, 586-598.

Quiazon KM, Yoshinaga T, Ogawa K (2011a) Distribution of Anisakis

HAK 2358,

species larvae from fishes of the Japanese waters. Parasitol. Int, 60,
223-226.

Quiazon KM, Yoshinaga T, Ogawa K (2011b) Experimental challenge of
Anisakis simplex sensu stricto and Anisakis pegreffii (Nematoda:
Anisakidae) in rainbow trout and olive flounder. Parasitol Int, 60,
126-131.

R 15 (2019) A & By D Il IEAE D FHTITH(15) 7 =4 3 A4E.
HABREE i &HERE, 72, 581-586.

SR MHEED 011) DAENIBT LT =R AEE T =W F
AR R R e 7 —TFSE4E R, 62, 13-24.

Suzuki J, Murata R, Hosaka M, Araki J (2010) Risk factors for human
Anisakis infection and association between the geographic origins
of Scomber japonicus and anisakid nematodes. Int. J. Food
Microbiol, 31, 88-93.

Umehara A, Kawakami Y, Araki J, Uchida A (2007) Molecular
identification of the etiological agent of the human anisakiasis in
Japan. Parasitol. Int, 56, 211-215.

Valentini A, Mattiucci S, Bondanelli P, Webb SC, Mignucci-Giannone
AA, Colom-Llavina MM, Nascetti G (2006) Genetic relationships
among Anisakis species (Nematoda: Anisakidae) inferred from
mitochondrial cox2 sequences, and comparison with allozyme data. J.
Parasitol, 92, 156-166.

Mol 1 (2013) SMAMEOAERIZ X 24 A HUE. HARE MY S
SHERE, 30, 100-103.

Yoshinaga T, Kinami R, Hall KA, Ogawa K. (2006) A preliminary study
on the infection of anisakid larvae in juvenile greater amberjack
Seriola dumerili imported from China to Japan as mariculture
seedlings. Fish Pathol, 41, 123-126.

H BB - PHISRIS - HANET- - ST ET - BT - il
2 (2019) *FHE30 (2018) AREE~H KRR O B IEEFL
SR 30 4R BEFR AT L ORI 0 0 IR A, K BT R il A A
- LTRSS AR ERTTE - ZAE R, 163-208.

Zhu X, Gasser RB, Jacobs DE, Hung GC, Chilton NE (2000)
Relationships among some ascaridoid nematodes based on ribosomal

DNA sequence data. Parasaitol. Res., 86, 738-744.



