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%£5. HESOMEFORSHES LORBRE-KE (RRID

A m HNE L SBE MEER
FEREA LR .
60 CREBRSELIA DT O i) / 100 /g LT
FEIR smam —e N
o1 BOBBEREL % b0) - katt/25¢ /
G HKOFE
RERE  — _ : : ‘
BE (C) B (5D HEOFRIZR LSO T
E 35+1.0 PC(24%2) X1, X10, X100, X1,000; 1 miX2 %% FREOHEENLL
36%1 mBPWY (22+2) 25 g+225 ml (mBPW)
42405 TT, 10ml (22%£2) mBPW & 0.5 m!
+LERSEE RV, 10m!l (22%2)

36+1 MLCB? (18~24)
BGS? (18~24)
36+1 TSI, LIM & 3\ i3 LIA (18~24)
MEFNRSS L CEENSEREZTVEIET S BE+ » + b{ﬁﬁﬂ)

Y mBPW: L-Y A5 4 v 0.2 g/l X it FeSO,-7H,0 % 64 mg/! i<#shn L 7- BPW

2 gRfbkEELIC L b HIET 55T MLCB, DHL, XLD %

3 GFibKEIEEETH »THY VEX T LYFETE 3T BGS, BGM (KB BGA), 5 /¥y 715, SMID &%
O KFERBICERT 32 EMERERTHS. 0 EHERTUIRIEHERRK (1 m) »5L15,

" TT,RVO&Z1 z—¥

£6. BRROHBESMERMHIES L URBHE—EE (OTEISOBAET Y A)

& &  WER Kigeer Be7y s GEH)  IBRETYR (MPN)

62 (GEBBE) WwTHC / : / (£33 /

40 BEWTHEZ 10 5/g UF &t (DS) fatt /
BEIcmBEELLY

63 (GEXE) wThic / / (232 /

41 BEOTHIiC 10 5/g UT Bt (DS) et /
Bar I ESY

64 KEWTHI 10 7/g 4T fatE (DS) / /

65 amitangE? / / / 100/g LT
46 UEHIcLiEgRME 5H/g T E. coli, 230/100 g LI F / 100/g AT
39 LAMKEEENMTE  105/gUTF katt (DS) / 100/g LI'F

BB HeloHE
REREE - - -
BE (C) 1 (B5RE) HE OFRER L EHIOHK

. 37 296NaCl i AP (—BHER)’ 25 g+225 ml

BRETUA GEE) o TCBS (—FiE) | HeH
' #EEZREE LHE
37 2%NaCl fn AP, 10 ml (—&IZH) 26 g+225 ml (3%NaCl fii PB)—X 10
: {1 ml!
BxkEe7 Y+ (MPN) 9 m! (3%NaClfii PB)—X 100 -
(X 10; 1 ml, X100; 1 m/, 0.1 ml)x3 &
37 TCBS (—®IE®E) 1 G&H
EEZEE LHE

AP: 75 ) X7+ K (pH 8.6), 3%NaClfin PB: £RMH EDREICHV 2 PBIZ 3% @ NaCl i 72 6.

D AL EY GREE) W THITIIRBR LV,

2 £ GHERAE VD AXBUSFI LEEEAH ELEER) TH-T, £RAOLO (FHES L1 bDEHR) KRS,
B FHAROERKUHE MPNRRICEY IREROEEK>VWTER, BSLLOMESFET @D NIHETITOCL

MEHONI. 1B, BEOTED, BEYTHIL, EEHREARENEONENL XUKBEHORRE, CEXFGILER
Hh» & oiERE LU E. coli 0B IIRIZH L T3,
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Rk 5 FORARMBOFNMEREORETICEL T, Ky
Bish o BEMRRCERIRBREDSEIR S Chid
TREYRBC VW THBAHF LVWEARAEMSHER S LT
W3 EIES, FriiciclRIh A AR A EICTERICH
331 THB) LI EBEICER 10ED
RERBOBRSBERSERINIEBS, vV EXSHR
B a gD SBRA SN, EIAMNBRETYVAR

BREOFIEEEO—MAE (FR13FE6 A7 H) TR,

ERoBsiR LU TEREE LTRAIBEILEEhTL
¥ -7 Fr@EfBFicEBRES I KREEHFEER
hHERAEER | s hrigie 7)) A ZRERS T
bPHIIEDLRTVWHVDLERTH 5.
—ExOSHANL S I, HBEOLAN RGBS L
LTRUTDObOMEF N5, OEEEREOEE
BEED, HEEBLHTIE32~35C &EhdbsoicxiL,
ZOBOAER TR 35E1.0C LEFICHES KTV S,
LA, BHOBEAHLELTERESSDT IR
Haty, ThooRGERIZERCHHRTER
V., Q4 BHOFFRBEEEVD I TASARZERILYE
T S v, 2o0—FTREBEREMIEEEhTY
HOWARbLHS EFS 1~TO4HME 2607 Y — 4,
27 DELERK], 49~51 DKEF L EFEEIK, 60 DEREX
HEIE). CO XS NEERRRBEOMEVST ], BREE
KEHADOR LREEZ, REI XE2FEHT IR
SIEWERRSIEV, QARD 10 EAHA =T 55,
BEAFDES 10g (M) ORSICHERIEZEIMA T 100
mlicd 30, 74X7Y—LHPKETIR IO mI OF
REAEMABCECE->TWA, AEARTIIALR 25
. g IFEFMEE 225 ml, H * T3 200 g LLEREERLTE
BOBREEMA B LKL >TWA, @ hlsic
b, BRIZEET IBOEMOEREII 43~45C ICFFFT
ZEMBMFEEINTVWAY, COBRETRIEMASEBELTL
T DICEELEBATFETH 5.

5. BEHEOEREEMEREROMES

LEEHREORIBRRE L LT, BRIEDRET « itk b
PLBESRTVWS, REEFRLED ShicHRk %
MABICKESFAXTEHEELT, FTIRS, #
g3, X beuh—BEETI ILEBRBITELE
FICEDONTV S, ThoOEEFIRIBESEE/ NS
TR T AL EIRD 50, RENL bOEHRLTHE
XoE i 7.

51 HARUIMS

3, F4A, BRELEN Ro@AR4H, (K
43, EIslAR, I, 7 ) — ARUAKRE: 5588
ZoFFHRWT 20, XI70ERIBKIEST 5,L
WD HME T & 2 HE L BEFNEEE AW CEEY
CHERBURICR . BRAKRURIERGEAEHM 200
TERIT 5. COBEABUTORETHRELERT
3. BRixRR T 0% 4 RRELAIERICHEL 8 Ti>ES

W, 4EEEBIEAICE, TOERRET IR
L s,

BRALRUBISERACS > TREBEFIRO T £,
25ELIELCIRED, BERT— v TRIK10g 211 =
A7723 (BEBRVWTERSS gLITT100mli D&
LA EBERTZH0D) IR, RREEREKE
A 100ml & LT 10 fEHRKE>< Y, UTHA &
BIER, BRELEA RoFABSH, EE4TL, Eis
s, MIHE, 7Y — o8 L CHEK &R HRE
%5 3.

52 SEBS

BELIFIBERTAEOEREET VI —VBTLLS
% BEL-BEZHEVCEHEEL, TOREO2MEEE
Vo LI BEFESIC 25 g #BENICFEYF MY — T
Y, BEY YEEEFRFTK 225 ml 2MA THEYT 3.

53 BRARYES SAREQRRUARRRYSES

wEDSRICH T ORI, "WE (X542
LEMTIS N BB RBRO) oUITNEREE TV
I-BTEL SV, BELUASEEZRVCEEN
UL, ZoBEohREH, S 25 g 2 MERISRD
HEE4 3. RECRERT b YIEEREK 225 ml
AmACHREL, R E T 3.

254 AN LSS BT H - T3 25 g 2
Hcr L TiRo SB35, HERicgE <7 v
HEFEAEK 225 ml 2NA THEEL, SR ET 5.

hs RARSEEROBRSFBICER S - ARED
—BTH 5, FAFUTOLS KRECIET ST
LrRgREHEbH 5. OBA - ARNKVERFETR
25 g 2 ORI 3 L0, oL
HANEIEAEE LTV 3, hE» SFEIRLLTR
RS HOWERMSEETREL, LhERPIRTIR
HELLAAEETH S, THIZERICEEE L - LEBHT
5. QBAEREALOREN(E) - HRATHERLT
WADRFEIFAHF-TIRULS AR v H—-TdH 5.
OHB L UK G P KE R RIERIEL 4 BRILIRICKR
BETBI LI ->TVWEY, ETHRESHENEZV,
@KEASEBE LT F202BEEVT 2013 HE
MOTEELEETH 5. OBRHAKR VIS RAET. % 5K
T, ERULCEHEECHELICER=A752 2
KRR LR HIEE S 1 WEBHDPBARE TV,

6. BELTLWBYNERSERE

BB & 5 5P 5 E0 BRB R OFEEEDOKET
TOHEHHEY, Tk 10 FIRBERIVORIEHENSE
RANKEIZIR, Y E R SHBRERKSRED SBRA
ThigEma s, LrL, AEOHERLE T
Hohao i, shfich 2BHEOYVERS
HBmo@Emahi (7). CORTROGEBSh B0

13, AAFAALRERIBOY Vv E R SEBRERVTN

IR 10 B s iz b b o FIRANICER
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1. RFBTEKELDYIVER S HERE
KRR (H5 ) R/ . EER/ | - R/
ERRARN (HI0E)  HEHE IR (H10 ) sy | ORRERE HISE) 0

R H | RAES PoELD 25 g ZiRf0 25g %A b7y h —HUE
25 g (R Y] 15 B
ERAAAN REZ o gABEW % 20 EHEE
5X5X1cm 2HIDHY, (& Y+ 4 F - NBEAT])
TDI5D25g % 1 Kk
45

1 %148 | EEM 225 m! mBPW" 225 m! BPW 225 m!

(35.0+1.0°C, 18+2 B5R) (36%1°C, 222 B5f)) (36+1°C, 20~24 B¥fis)

2 KH4H |SBG, ¥ v+ 4 bE TT 1mi/ |TT 05mi/ |TT 0.5 mi/
(43.0+1.0C 142 15ml |(42+057C, 222 85/) 10 ml | (42+05°C, 20~24 B5)) 10 m!
35.0+1.0°C, 202 B5R]) RV 05mi/ |RV 0.1 ml/

(42+05°C, 22+ 2 B5HD) 10mi |(42£05C, 20~24 858D  10m!
5YREYE® |MLCB /42 DHL MLCB %% MLCB %
(35.0£1.0°C, 24 +2 Bf]) (36+1°C, 18~24 B§fal) . | (86E17C, 18~24 B3] ;
LE2E | pos 1=~% pgs s 1BER
(36£1°C, 18~24 B§fa]) (36£1°C, 18~24 B

TEIRILE | TSI LIM (242 5D TSLLIM 7242 LIA % TSLLIM $7:11 LIA %
HERBEOTE L (36+1°C, 18~24 B (36 1°C, 20~24 B5RD)

BZHR | ONPG HERRGH: MiE#8, ELFOHR M5, EALFEIHER

(BIE+ » b7 (FEIsE+ » b ED

) mBPW: L-¥ X574 » 0.2 g/l 72132 FeSO,-TH,0 % 64 mg/l &ML 7- BPW

2 Btk FREEIC L OHET 555 T MLCB, DHL, XLD %

3 BALKRIELETH » THH L EX 5 LHETE ZIEHT BGS, BGM (B8R BGA), 7 v-%y /i3, SMID ¥
4 FbkEEE KR X D HET 35541: MLCB, DHL, XLD, Rainbow Salmonella, ES 4 /v € % 515l
S FALAREEETH > Ty EE 5 LHETE 21T BGS, BGM (AR BGA), 5 /¥y 75,

JOUERTH—4LEXS, SMID,ES 4 €x 511

BREEAE TR, TABHOM (v, VIR, 2¥, 522¥F), WBKKESUAM (12>, =¥ I,

Pk, a9 0% AEE

32ETHA. FIZI—RISEAEE LT, RERP
TRLYRAFA4vH5WViIEFeSO,- THO0 2 MA 12
BPW &%, £RHAANTII EEM S/ RT3
Licli-TW3, —F, REEIN L BEREEREOKR
HEREAMICBECTH 305, —REERE (BPW)
ADL-Y AT A VEORMOEE, RV IEMICERETS
— ISR (05 mi & 0.1 mi) PEEERIOFRRY
B, TOXHINYNVERSKRBREOBRKE, BEX0
ARGEEAREOHE M GBf) oS A2RHELTWS
EVWSTHBETRLYV. KEER 19 FiBME Nt
BREEHAR ORRE TR, —KISEEH» S TT i
~ADEBERNS 1O0mLICEEENRL, DWTIEHS, F98
HIC W KRIBE (E. coli) BRBELRENTWS, ot
T, TA& RIFEoBISEE] KL TRIBEIFES
BB OSRESNTOIRKICOVTIE, MK
F2RBRABAELERT 2 LRI h TV, FERBIC
REDLSBRABEHS 5 RRRBELELLE V. KBk
BARUETH DI THL, BERICIYZLORRIHEIEH
» 3 EOBEEEPERLV. BHEAICHEOBRDR
SAEBICEBENTVEDI E. coli (Wb 2EFERK
ISEE) TH 5.

7. BRETUAHRBREOMEAS

Tk I3 EEORBEEO—HEIE (FRI13FE6H7
8) Tk, H£EASANE E£ERARERENE U
BicLEAfb E, WTHI, OTHEIRBRETY
A BT AR SR G S ht.. BRRROFEEE
BETH OB R LT, ERS lcla g BN
EEhTlE-7c (E8-1). [, SREEHNT
TRZELL EotEEsET 5 EBH SN EHERLDITI]
ZEbidiank. FFLEoHEEEE T AHERE &
B, EREBVWTRENERBRELHEL, RSB &
URBEEZLBVWTRIZEX BB TVWIRREDC
EThIEENT, CoERBERSINDLTP22H
% (ERX134E6 B 29 A) i, B LOHEESZED S
haRBEERES N (3R 8-2).
EIRETRENT: 6% ~7 b v& TCBS g3 THER
ShTuwisy (fREMBTXT10% <7+ vE). [@
EPIEOURESED S A EEREE LT 10% <7 b v
& TCBS Bthhs; R A t-hs, =7 + YR O & i
KRB -OHRSICEINICTYT S oML, &
DfzpEE@REEREICEIRT i, TCBS EdBIEL A
Bhinohmwa sica s, REIHEREO S TSI
#, % 5-—OEBEEME VP EREBHETRGE T &
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#£8-1. BRv7) A (BRiks BHFEOHED)
SRk S EOWEEEET 5 LB
% S OFEE ShaEBE (BRE)
REAEE
B (C) KEH (BT HHORRISEL HHoH  ORBAE L 37CKRAT, 35T
N B i ;
37 2%NaCl il AP (—FHEE) 25 g +225 ml s if‘f .
BRETY A GEE) 37 TCBS (—BUEH) =E3:1 g _
% £ Bl L ¥ 10g ZE L, 3043
- mEET BEREERMEN (JoeTH -
25g+225ml v 7 Y #, CHROMagar tt) %
(3%NaCl im PB)—Xx 10 AT LHE
biml OFFAKIC ) vEEEEHEBEEKY
BRE7Y4 (MPN) 37 2%NaCl 0 AP, 10mi  9ml(3%NaClflPB)—X100 % EET2HE
(—BER) (X10; 1 mi, X100; 1 ml, OFERBE
0.1 mi)x3 & 10 mi (X 10)+2%NaCl o AP
90 mi— X% 100
37 TCBS (—&IiEH) IW=F-3:t (x100; 10mi #D0 %, 1ml,
& EEE LHE ‘ 0.1 mi/10 ml 2% NaCl in AP)
X3 A&
Yy EEESEHEERIEK: PBREE 1.25ml i £BAE/KEINA T 1,000 ml i< FHH
#8-2. B 7Y ArEEE (BHE)
B (C) B Y
19%NaCl fm TSIV 35~37 18~24 R/Y, HsS (=), # R (—)
et K8k 35~37 18 0% (—), 3% (+), 7 ¢1 8% (+), 10% (—)
1%NaCl g VP? 35~37 18~24 VP (-)
Y v v RREEEERY 35~37 1~48 ) vy (+)

D IRt NaCl 2 B BE 1% KMA L bODOFABED STV S,

2 0,3,8, 10%NaCl i NB X3 LLB, Xi30,3,7,8 10%NaCt fio=7 b » kX b Yy 7+ vk (1% #&E, pH 7.2).
NB: Nutrient Broth (Difco, Merck, BBL), LLB: Lab-Lemco Broth (Oxoid)

¥ 25— DEBEEM (Difco, BBL fth) Xi3 LIM EESHIic, 1%NaCl & 1%L-) ~ VEBEEEMA L bDEER.
LIM EBihbia gt (GRPF, 87K LRZUHEHMsEHIh TV S,
HEER, BEREH 574 /3 4~5mmOEXKEREL TEE LIMBHITRERLA(TLLL,

NBEBREE] LV HEMERCERE NS LKL
TEf. LIANHRORGMERBRE I BRIFHAE
i 3 HEMREh T, B 7Y A RBRESE
rEhcEke, TRFUELOHEEEE T LEDLN
ZREk ] BBEEhIY, ZOF—9FRRIATY

WENRL->TWVAED, LIMERIRZOLS KL >TWIE
V. LIM 55 b TCBS 5 & R0 BHA THIEL 547
iR 51w,

ERddviEAaheE  OHESARE TR, BE
BEERFIZIE 351 1°C, EEMKBEIE 202 BRA & & &
W,

HENTWE, EIAH, ERTRENBRET) &
HEETIE, TAH Y <7 b kP TCBS L%
Hi3, 37TC T—HIEFR LT ->TV 3. TH-ESEN Lot
HesZE o 35 ERHE: L LT 35C LIE 37°C RifT—
BRI 2k bBINEh . BEHFETREN TSI
Bt & VP RSO EIFR L 18~24 B & 1843
HB, THEHRRTI 18BREL-TEy, BER
B2 356~37C £ -TW3, 35~37C 2 36£1°C &
RIETEBH, 35CLES3TC RiFETIRI6EIC &FE
BTEHVL, 37TCEVSBEBESHAEEREE CI3E
ﬁ%@ﬁ%ﬁ%@éﬂfbﬁhtb&fﬂﬁmﬁéﬁ
. B 7 ARBREoER LoF—o i, #
ﬁ@imnﬁp FREREE CERBEShTWS GLP
YRT LHEEDIHO SOPERICKEL X4 &1
153,
Bl EEd20idchll totierE T2 L3895

ERENERELD b RIS ELOKEEEXET S
LEHONBERE] THBE O, HRINIHRE
THRABREEOARS BRE 7Y 24525 g hlgtEvR
BT 100/g KIF) 45, RIBREMSENL TV 3EHRET
RBRAE L5258 HAMICIIEC B3, {LEITE
Tid, RESEOL RIEBRAES L DEV) AReE%x
BHTHIIRERFES IR T 20T, HROHRE
NOBEGBECTAEBICHETE S, Lrl, HEHR
BT, BECOATRBREORE IEE LI ER
SR~ OBRIEBEEA S LIS,

8. HEBEOFf+ /ENEUT LS ROLENY
HNUE R SHREOHK SR TV B LHITET
BEEED—2L LT, 2EHOASERHIIRET 515
BIRERLIEMIc L 0 B 2IEREREECTHIG LT
NER SV EBBEF OIS, FIZSARNNSERE
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IO —IEEEIIZhFh 35.011.0C &£ 36:1C
(BEFTHESAH—) CHEETLILLA-TVWSD
G, bED ICOETH->TH, BULBEREOEE
224 2 BUEI S, 11 EAEOABGOREREDEE
B 32~35C L1l > TWADT, ABILEKICK
24515 51E 3EDEERBSHEILLS, LOLDEIA
MXEBTBI0ICh, FrLORRELRHT 254
3BEORBRESERKICREL, KEIILLTISOD &
SIRRBEDF v vV E Y T LA ZEBEICT TR
EEIECORIA S EMNTESLBbN S, HIAH
HRERCEGRERMTRIERE LUBENE W HER
HACHEW SOP %fERK L, \Wbw 3 GLP Y2 7 A TIRAE
EiFoTwa. COBRETHCBELT H—# @&
) Ob2RBEEERTEIEMBUBETHEELEELS
hz. LoFMOEnHRER, GLPItHLTLD ¥
VZMSSHEHTRETH D, FHRE LT, BEINRE
2% TBLRBHFSTI b0 BN 3.
BAfic’), 4% TICERS 3 VILERS hic s R
AL CRETOTREL, KANh > REANRET
B3l Eick-oTod, BHOENLEARREENEET
XZ20TRIEVWHEEZLS.
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9. B\ & IS .
ZIETCUHRSOMERBREOTIKE T 0HENSRIE
BRESER -1, BAMICREABIEZDbDDX
Wk A4 2 EHBEETH S, BERORGEEET
i3, BERAGEEICHT AERMEEE L L TKIGER
L E.coli (BEFZAIBER MSEREThTVWS. &I5
55, 2006 EpSRETE NI —0 9 HEDORMICK
T B RS O KIGEE &L EERKIGARMS LN
vy, KIEE L Enterobacteriaceae (IRER: IBHRMEME
B wBasmAoht:. IhoOBERGKER (T
IRAS) T, HACCP iKxibaaeiBlETIETO
GHEEERELFERAIN TS, TREGOLEELEI
HATEFHZObOMFEREIATVS. KETHEESR
AEEHOBRBEHERETLTCWALITH S, T,
ASORBEAHET2HEELT, BROLHSUHRKD
HKEMOBRATIINC, ICMSF (EEREARMBAEYIRIEER
BL) o4 v 7Y v I 73 viciEsfcoy FMRANER
EhTwa, ' '

&S BARORRRELZOEEEE L REFICAN
uNHS, BEORREEDHZNEREZEVRDEIL
12, BAASBEMELOBELRFEEDO—oTH5LE
Z 5.
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A duplex quantitative polymerase chain reaction (PCR) assay for Clostridium botulinum types
A and B was developed. The sensitivity and specificity of the assay were verified by using 6
strains of type A, 7 strains of type B, and 14 genera of 42 non-C. botulinum types A and B strains,
including C. botulinum types C, D, E, F, and G. In pure culture, the detection limit was 102 CFU/
mL for type A and 10° CFU/mL for type B. In mushroom broth, increases in the amounts of C.
botulinum types A and B could be monitored separately (the quantifiable range was 102 to 108 for
tvpe A and 10? to 107 for type B) from each sample that contained a large number of background
bacteria, and toxin could be detected much earlier than with mouse assay. These resuits suggest
that duplex quantitative PCR methods are useful to detect and quantify C. botulinum types A and/

or B toxin genes.

‘Key words: Clostridium botulinum; quantitative PCR; duplex; TagMan

Introduction

Clostridium botulinum is a spore-forming obligative
anaerobic bacterium that is well known to produce the
most potent neurotoxins, designated A to G*. Types A,
B. and E usually cause human botulism®. The main
human pathogens are found in group I, which consists
of proteolytic types A, B, and F, and in group II, which
consists of nonproteolytic types B, E. and F. These two
groups are completely different in their physiological
aspects, not only regarding proteolysis, but also fermen-
tation of sugars, metabolic acids, growth temperature,
and heat resistance® ‘.

Human foodborne botulism of types A and B general-
Iy occurs in temperate zones in the western United
States, Argentina, Brazil, and China for type A and in
Poland, Czechoslovakia, Hungary, Yugoslavia, Germa-
ny, Belgium, France, Italy, Spain, and Portugal for type
B™ Occasionallv. both types have been implicated in
the same incident®. Some types can produce both kinds
of toxins. Franciosa reported that 42 of 79 strains of C.
botulinum tvpe A isolated in the United States were
encoding both dotA and botB™ 7',

Detection of C. botulinum cells or their neurotoxins in
foods is the first step in risk analysis or risk assessment
of foodborne botulism. Currently, mouse bioassay is
still the major detection method for C. botulinum be-
cause of its sensitivity and reliability. In spite of these
advantages, the assay is costly, time-consuming, labori-
ous, and requires handling of laboratory animals. Thus,

Tel./Fax: 03-3463-0603, E-mail: kimubo@s.kaiyodai.ac.jp

only a limited number of samples can be analyzed at
one time using the mouse bioassay. To improve this
situation, some rapid alternative detecting methods
have been developed. Currently, together with the
mouse assay, the enzyme-linked immunosorbent assay
(ELISA) is most widely used for food analysis®. Howev-
er, ELISA has several deficiencies, including sensitivity,
complexity in handling. and accuracy. However, an
ELISA that is sensitive for type B has been described™
as being more sensitive than the mouse bioassay, and
seems to have overcome these deficiencies. Immuno-
PCR is another rapid and sensitive detlecting
system!": " jn which a reporter DNA molecule is used
instead of an enzyme conjugated to an antibody. The
sensitivity of immuno-PCR for detecling type A
neurotoxin is 10%fold to 10>fold higher than that of
traditional ELISA!®1 Multiple alternative methods
should be developed and evaluated for performance.
cost, and suitability for automation in the food indus-
try.

Amplification by PCR has become an important
method for rapidly. sensitively and specifically assay-
ing a target gene. Manv authors have reported the
detection of C. botulinum in foods not only by simplex
PCR, but also by multiplex PCR'*"'3*, However, all of
these studies required electrophoresis. Electrophoresis
is time-consuming, has a risk of cross-contamination
when caps are reopened, requires the handling of
carcinogenic chemicals to stain the gel, and must be
judged visually from the gel image. The approach to
risk analysis or risk assessment of botulism should be
simpler and the data should be more easily obtainable
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for prompt access.

Recently, real-time PCR has become widely used for
the detection and/or quantification of bacterial genes.
Some researchers have reported the detection and/or
quantification of C. botulinum neurotoxin genes for type
A% for tvpes A, B. and E**"* for types A and B**, and
for type E*". Other real-time PCR approaches, which
involve quantification of RNA expression, were re-
ported for types A and E** for type B*™*", and for type
D*'". These representative studies did not use duplex
PCR quantification methods.

In this paper, we describe the detection and quan-
tification of C. botulinum types A and B by means of a
quantitative duplex PCR method. We also describe the
estimation of C. botulinum types A and B in mushroom
broth with both simplex and duplex PCR methods.

Materials and Methods

Bacterial strains and culture conditions

The clostridium and non-clostridium strains tested in
this study are listed in Table 1. The clostridium strains
were cultured anaerobically in GAM (Gifu anaerobic
medium, Eiken Chemical Co., Tokyo, Japan) broth in an
anaerobic chamber (Hirayama type ] or BBL Gaspak
system) equipped with a deoxidizer (Anaeropack
Anaero, Mitsubishi Gas Chemical Co. Tokyo, Japan).
Non-clostridium strains were cultured acrobically in
TSB (trypticase soy broth, Difco, Sparks, MD, USA). All
cultures were incubated at 30°C or 37°C.

C. botulinum types A and B spore preparation

The C. botulinum types A and B strains were pre-
cultured anaerobically with cooked meat medium or
GAM broth at 37°C overnight. Spores of each strains
were produced in a modified Gibbs's TPY (irypticase
peptone yeast extract)* broth (pH 7.0), consisting of
5.0% trypticase peptone (Difco). 0.5% bactopeptone
(Difco), and 0.1% bacto veast extract (Difco), at 37°C
over 7 days. Spores were checked for the dominance of
refractile spores (>909%) with a phase-contrast micro-
scope (BX50, Olympus Co. Tokyo, Japan) before
harvesting. Spore crops of each strain were centrifuged
at 21,480 xg for 10 min at 4°C (high-speed refrigerated
centrifuge SRX-201, Tomy Seiko Co. Tokyo, Japan).
The pellets were washed five times with ice-cooled ster-
ile distilled water. Each crop was resuspended in sterile
distilled water and stored at —20°C or 5°C before use.
Spores of each strain were counted in clostridia count
agar (Nissui Pharmaceutical Co.. Tokyo, Japan) medium
by the pouch method®”, after heat-shock treatment
(80°C for 10 min, then rapid cooling). Primers and
probes were designed for C. botulinum botA (X52066)
and botB (M81186) from the DDBJ (DNA Data Bank of
Japan) database (DDB]J, 2004).

Primers and probes

Selection of primers and probes allowed for adjust-
ment of the melting temperatures to those optimal for
the ABI 7700 sequence detection system (Applied

Biosvstems division of Perkin-Elmer Co., Foster City,
CA.USA). A 180-bp gene for type A and a 195-bp gene
for type B were selected for specific amplification after
the nucleotide sequences of botA, botB, botC, botD, botE,
botF, botG, and tet (X52066, M81186, D49440, D38442,
AB082519, M92906, X74162, and X06214, respectively)
were aligned using Clustal W software, version 1.743%,
The sequences for type A and type B primers are listed
in Table 2.

Quantitative PCR for types 4 and B

Each 50-«L PCR reaction mix contained: 1X TagqMan
buffer A; 200 mM each dATP, dCTP, and dGTP; 400
mM dUTP; 200 nM primers (Funakoshi Co., Ltd., Tokyo,
Japan), and 100 nM probe (Qiagen, K. K.) for type A or
100 nM primers (Funakoshi) and 100 nM probe (Qiagen)
for type B; 5.0 mM MgCl.; 0.5 U of uracil-N-glycosidase
(Amp Erase UNG: Applied Biosystems), 1.25U of
AmpliTaq Gold DNA polymerase (Applied Biosystemsy,
and 5xL as a template. The reporter fluorescence dye
FAM was used for both types A and B and the quencher
used was TAMRA.

Reactions were run on an ABI PRISM 7700 Sequence
Detection System (Applied Biosystems) under the fol-
lowing conditions: 2 min at 50°C, 10 min at 95°C and 50
cycles of 15sec at 95°C, and 60 sec at 63°C for both
types A and B.

Quantitative duplex PCR

Each 50-#L duplex PCR reaction mix contained: 1X
TagMan buffer A; 200 mM each dATP. dCTP. and
dGTP; 400 mM dUTP; 100 nM primers (Funakoshi) and
100 nM probe (Qiagen) for type A, 400 nM primers
{Funakoshi) and 200 nM probe (Qiagen) for tvpe B; and
5uL of template. The reporter Auorescence dye used
for type A probe was FAM and that for type B was VIC.
TAMRA was used as a quencher dve for both types A
and B.

Reactions were run on the same equipment using the
same quantitative PCR conditions for both types A and
B.

Standard curve and PCR efficiency

The standard curve was constructed following
Kimura's method*”. All PCR efficiency measurements
were made in triplicate.

Detection limit from pure culture

The detection limit was calculated with 56A and
Okra from pure culture by both simplex and duplex
PCR methods. The genomic DNA was extracted by the
guanidine isothiocyanate method®"-3%, The detection
limit was also tested in triplicate.

Growth curve of C. botulinum in pure culture

Dilutions of overnight culture (final concentration
was 8.0 CFU/mL) of C. botulinum type A (56A) or type B
{QC: group II) were inoculated into Erlenmeyer flasks
containing 800 mL of GAM broth and incubated at 37°C
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Table 1. Strains tested by the quantitative PCR method

. PCR
Species Tvype Strain Source”
Tpe A Tyvpe B
Clostridium botulinum A 36\ SCHU - -
62A SCNIH + -
97A SCNIH + -
Hall SCHU - -
Kvoto F SCHU + -
A wsilent B) Renkon-1 SCHCU - -
B 9B SCNI - +
213B SCHU - +
407-1 SCHU - +
Fukuvama SCHU - -+
Okra SCNIH - +
Karashi SCHU - 3
QC SCHU - i
003-9 SCHU - -
D Karugamo SCHU - -
E 164-1 SCHU Co- -
5545 SCHU - -
Iwanai SCHU -~ -
Tenno2 SCHU - -
35296 SCHU - -
Biwako SCHU - -
F 4257 SCHU - -
9H-01IF SCHU - -
Cardelia SCHU - -
Langeland SCHU - -
Yacvama SCHU - -
G G2734 SCHU - -
G2741 ) SCHU - -
Clostrdium butvlicum 1443 - SCHU - -
Clostridium perfringens BBC 2401 BBC - -
Clostridium sporogenes IFO 13950 [FO -
Clostridium subterminale Meat - :
Bacillus cercus IFO13494 IFO - -
Bacillus cougulans IFO12383 IFO - -
Bacillus licheniformis 1IFO12200 IFO - -
Bacillus subtilis 1FO13719 IFO - -
Campylobaciter coli ATCC36887 ATCC . - -
Campylobacter jejuni ATCC33360 ATCC - -
Escherichia coli ATCCII775 ATCC - -
Listeria monocytogenes ATCC7644 ATCC - :
Listeria innocua ATCC33070 ATCC - -
Monzanella morganii ATCC25830 ATCC - -
JCM1672 JCM - -
Pscudomonas fluorescens [FO14160 IFO - :
Raoultella planticola ATCC43176 ATCC - -
Salmonella enterica serovar Typhimurium IFO13245 : IFO - -
Serratia marcescens Fish - -
Staphylococcus aureus ATCC12600 ATCC -
Tetragenococcus muriaticus JCM10006 JCM - -
Vibrio parahaemolyticus IFO 12711 IFO - -
Yersinia enterocalitica ATCC9610 ATCC - -

3 SCHIH: G. Sakaguchi's Collection al National Institute of Health, Japan (given by $. Igimix SCHU: G. Sakaguchi's
Coliection at Hiroshima University. Hirosihma. Japan; ATCC: American Type Culture Collection, T. Manassas. Va.: BBC:
Japanese Association of Veterinary Biologics: JCM: Japan Collection of Microorganisms. Saitama. Japan: 1FO: Institute for
Fermentation, Osaka, Japan.
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Table 2. Primer and fluorogenic probe scquences for botA and botB detcction
Name Terget gene Sequence

CbA 391-617F botA 5.GGAGTCACTTGAAGTTGATACAAATCC.3 This study
CbA 770-744R botA 5-TCTAACCCACTCATTTCATAATAGGCA-3’ This study
ChA 669-727 botA 5 F-TAGGTGCAGGCAAATTTGCTACAGATCCA-Q-¥ This study
boNB100 botB 5 AGACGTGTTCCACTCGAAGAGTTT-3’ This Study
boNB600R botB 5 -GCCTTCCCTTGATGCAAAATG-3’ Christensen et al. **
BP-4050 botB 5 F-TCAGTAATCCAGGAGAAGTGGAGCGAA-Q-3’ This study
BP-4050V botB 5 V-TCAGTAATCCAGGAGAAGTGGAGCGAA-Q3 This study

F: reporter dve (FAM), Q: quencher dve iTAMRAL V: reporter dye (VIC).

for type A and at 30°C for type B for 24 hr. The number
of C. botulinum cells during growth was determined by
Kimura's method>™.

Growth in GAM broth with mushrooms

Mushrooms (Agaricus bisporus) purchased at a local
retail store were cut in half (total 80 g). One half was
incubated in 720 mL of GAM broth with eight strains
ifour strains of tvpe A (56A, 62A, 97A, and Hall) and
four strains of type B (9B, 213B. 407-1, and Okra)] of C.
botulinum spores and the other was incubated in 720
mL of GAM Dbroth without inoculation. The inoculum
contained 8 x10* CFU of each strain. The inoculum
was heatshocked at 80°C for 10 min and cooled rapidly
in ice water. After the heatshock treatment, 1 mL of the
mixture was inoculated into 800 mL of GAM broth with
mushrooms. The final concentration of C. botulinum
was about 1X102CFU/mL. The cullures were in-
cubated anaerobically at 37°C in an anaerobic chamber
equipped with a deoxidizer. The sampling was carried
out every 2 hours from time 0 to 24 hr. Viable
anaerobic cell count was determined at every sampling
time by serial dilution and pour method using GAM
agar, and about 13 mL of culture was also stored at
—20°C every sampling time for the TagMan PCR and
mouse assays.

Neurotoxin assay
Frozen cultures were thawed and mixed sufficiently.

The culture samples were centrifuged at 2,190 X g for 10

min. Toxicity was assayed by intraperitoneally inject-
ing the supernatant (0.5 mL) into each of two mice
(body weight: about 20 g). Samples were judged to be
toxic if both mice died over the 48-hr observation
period®'. The neurotoxin detected in samples was
tested for serum type by inoculation into A and/or B
antiserum-protected mice (2 mice for each treatment;
total, 6 mice). Antiserum protection was established
with an intraperitoneal injection of 0.5 mL of a mixture
of 2 U/mL adjusted types A and/or B antiserum and
the same volume of sample incubated for 1 hr at room
temperature. If the A antiserum-protected mice died
and the B antiserum-protected mice lived during the 48-
hr observation, the serum type was judged to be B. If
only B antiserum-protected mice died and the A anti-
serum-protected mice lived, the serum type was consid-
ered to be A. If only A and B double-protected mice

lived and the others died, the serum type was judged to
be both A and B.

Results

Specificity of primers and probes for C. botulinum types A
and B

The specificity of primers and probes is shown in
Table I. All six type A strains (56A, 62A, 97A, Hall,
Kyoto F. and Renkon-1) were positive with the type A
primers and probe set, and all seven type B strains (9B,
213B. 407-1, Fukuyama, Okra, Karashi, and QC) were
positive with the type B primers and probe set. Only
the Renkon-1 strain (A, silent B: type B toxin genes are
coded for, but are nonfunctional) was positive with both
tvpe A and type B primers and probe sets, while other
positive strains were distinguishable by only one type-
specific primer and probe set. These samples gave C,
values of <25. All of the 14 genera of 42 non-C.
botulinum types A and B strains, including C. botulinum
types C, D, E, F, and G, were nonreactive to the probes
with Ct values of >50 cycles, confirming the species-
specific nature of the assay (Table 1).

PCR amplification efficiency

Amplification efficiency of each C. botulinum strain
was calculated from each standard curve with six
strains of type A (56A, 62A, 97A, Hall, Renkon-1 with
silent B, and the infant botulism strain Kyoto F) and six
strains of type B (9B. 407-1. Fukuyama, Okra. non-
proteolytic Karashi, and nonproteolytic QC) (Table 3).
Both the type A (56A) and type B (QC) PCR amplific-
ation plots are shown in Fig. 1. The silent B strain was
also checked for amplification efficiency of the botB
gene (Table 3). The amplification efficiency using
duplex PCR was also calculated for representative
strains (56A, Renkon-1, and Okra) (Table 3).

Detection limit from pure culture

The detection limit of C. botulinum 56A (tvpe A) was
found to be 2.8 10' CFU/mL by both simplex PCR and
duplex PCR. That of Okra (type B) was found to be 4.7
»10' CFU/mL by simplex PCR and 4.7 x10° CFU/mL
by duplex PCR.

Evaluation of cell growth by the quantitative PCR method
and pouch method in pure culture
Evaluation of cell growth by the quantitative PCR
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Table 3. PCR amplification efliciency
Organism Type Pn::;;;:"d Strain Reporter  Efficiency [I)xer:?l?;
Clostridium botulinum A A 56A FAM 0.92 30
A A 62A FAM 0.97 30
A A 97A FAM 0.94 30
A A Hall FAM 0.97 50
A A _ Kyowo F FAM 0.99 30
A tsilent B) A Renkon-1 FAM 0.93 50
B B 9B FAM 0.94 50
B B 407-] FAM 0.94 50
B B Fukuvama. FAM 0.94 50
B B QOkra FAM 0.94 30
B B Karashi (non proteolytic) FAM 0.95 30
B B QC (non protealytic) FAM 0.94 30
A (silent B) B Renkon-1 FAM 0.91 50
A Aand B 56A FAM 0.88 50
A (silent B) Aand B Renkon-1 FAM 0.83 50
A (silent B) Aand B Renkon-1 VIC 0.87 50
B Aand B Okra ViC 0.81 500
A) 45 Y H1
20
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Fig. 1. Standard curve of C Jbotulinum neuroloxin

genes by simplex PCR
A) Strain 56A (botd), B) Strain QC ibotBi.

method and by the conventional pouch method was
made. Similar growth curves were obtained with both
the quantitative PCR and culture methods for both type
A (56A) and type B (QC) cultures (Fig. 2). Neurotoxin
was detected by mouse assay after 16-hr incubation of
both types and the viable cell count at that time was
about 105 CFU/mL for type A (56A) and 10° CFU/mL
for type B (QC) (Fig. 2). These results indicate that
quantitative PCR could be used instead of the conven-
tional culture method for monitoring C. botulinum
growth. Also, it was clear that the quantitative PCR
method was more sensitive than the mouse assay.

[ 2 4 6 13 [{H] 12 i 1n 33 pli} pa) N
‘Tume (hours]

Fig. 2. Growth curve of C botulinum in GAM broth
with a pure culture. A) Strain 56A (type A) incu-
bated at 37 C. B) Strain QC {type B) incubated at
30C.
<, quantified by quantitative PCR; . quanlified
by culture method. Solid symbols denote the
samples detected with neurotoxin by mouse assay.
X. carrving mouse assay.

Botulinal growth in GAM with mushroom broth

When eight strains of C. botulinum (type A: 56A, 62A,
97 A, and Hall; type B: 9B, 213B, 407-1, and Okra) were
inoculated into mushroom broth, C. botulinum was
detected and type A and B genes could be distinguished
at the same time from all extracted samples by the
quantitative duplex PCR method, while no signals were
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Fig. 3. Cell count of C. botulinum in mushroom broth
No inoculation (A).  Inoculation of C. botulinum
types A (564, 62A. Y7A, and Hall) and B (91, 213B.
407-1, and Okra) {B.
>, anaerobic count by GAM agar; .. estimation of
cell number of tvpe A by quantitative simplex
PCR idashed linc) and by quantitative duplex PCR
tsolid liner: . estimation of cell numbcer of type B
by quantitative simplex PCR (dashed line) and by
quantitative duplex PCR .tsolid linex X, mouse
assay. Solid symbols denote the samples in which
neurotoxin was detected with mouse assay.

obtained from uninoculated samples throughout the
experiment (Fig. 3). The background anaerobic cell
count checked by GAM agar was from 4.0 X 10" to 1.6 %
10* CFU/mL in inoculated broth and from 2.5X10* to
1.0x10°CFU/mL in uninoculated broth. The toxin
was detected from only inoculated samples by mouse
assay. The first detection of the toxin was 14 h after the
inoculation as type B toxin. After 16-hr incubation.
type A toxin was also detected (Fig. 3). It was clear that
the quantitative duplex PCR method was also more
sensitive than the mouse assay.

Discussion

Detection of C. botulinum neurotoxin genes by con-
ventional PCR and agarose gel electrophoresis has been
repor(ed by many researchers, using not only simplex
PCR, but also multiplex PCR® *- 12ri7. i#r22idfi-at pagl.
time PCR detection of neurotoxin genes was also
reported® 2", Among these studies, quantitation for
type A was reported by Yoon et al.?* and quantitation
for type E was described by Kimura et al.2” Real-time
quantitative PCR has a number of advantages as com-
pared to conventional assays for the detection or quan-
tification of foodborne bacteria. The results are shown
as fluorescence intensity, and the absence of electropho-
resis eliminated the need for reopening of the reaction

tubes, thus limiting the risk of carry-over contamina-
tion.

We developed quantitative simplex PCR for C
botulinum type A/B and quantitative duplex PCR for C.

- botulinum types A and B. The order of the detection

limit was 10' CFU/mL by both simplex and duplex
PCR for type A and simplex PCR for type B, and 10?
CFU/mL by duplex PCR for type B. The sensitivity of
the simplex PCR is the same as that of duplex PCR for
type A, but for type B, it was almost 10 times higher
than that of duplex PCR in our results. This'suggests
that the type A primers and probe set may inhibit
amplification of the target region of the type B set.
Actually, quantifying neurotoxin DNA is not quan-
tifying the neurotoxin itself. Some researchers have
evaluated the mRNA expression of the neurotoxin genc
by competitive reverse transcription (RT)-PCR!"" ** and

. real time RT-PCR*®2!",

Quantifying mRNA is more appropriate for risk as-
sessment of C. botulinum compared with quantifying
neurotoxin DNA?" However, the handling of DNA is
simpler than the handling of mRNA. It is also known
that C. botulinum neurotoxin is generally detected in
the late exponential phase in pure culture''. An in-
crease in neurotoxin mRNA reflects a potential risk
of neurotoxin production. Detection and quantitation
of neurotoxins have been performed by ELISA
assay™" "% immuno-PCR assay'® 'V, and liposome-
PCR (LPCR) assay*". The ELISA assay has several
deficiencies, including sensitivity, complexity in handl-
ing, and accuracy. The sensitivity of immuno-PCR for
detecting type A neurotoxin is reportedly 10%fold to
10°-fold higher than that of traditional ELISA!"- """ The
most sensitive method is LPCR, for which the detection
threshold is 0.02 fg/mL compared with that of the
mouse bioassay of 9 pg/mL"™. However, those highly
sensilive methods were performed in vitro, not with
foods or environmental samples, which would contain
bacteria themselves, bacterial metabolites, and debris
from foods or the environment. It is still unclear how
useful these methods are for evaluating foods or en-
vironmental samples.

Mushroom is a secondary decomposer, which means
that bacteria and other fungi have to break down raw
materials before Agaricus can grow, so the mushroom
needs to grow in compost. Further, production of the
fruiting body requires Pseudomonas putida®®. So, the
mushroom would contain Psexdomonas spp. and other
bacteria, such as heat-resistant spore formers. derived
from the raw materials of compost (maturing compost
can reach a temperature of up to 80°C). Actually, C
botulinum has been identified in mushroom®* 3%, Fresh
mushrocoms consume oxygen and produce carbon diox-
ide through respiration when they are packaged with
plastic film. In these circumstances, C. botulinum can
grow and form toxin . With both our simplex and
duplex PCR methods, the growth of C. botulinum types
A and B could be detected and quantified in mushroom
broth containing a large number of background bacte-
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ria derived from the mushroom. Dezfulian reported
that Clostridium botulinum isolation (CBI) medium is
useful for detecting C. bolulinum™*. However, the viable
cell count on CBI medium was at least 100 times lower
than that on Clostridia medium in pure culture (data
not shown), because CBI medium is a selective medium
and Clostridia medium is not. It is, therefore, useless to
estimate the viable cell count of C. botulinum with CBI
medium. Our method would be useful and effective for
estimating the viable cell count of C. botulinum types A
and B in samples that contain large numbers of back-
ground bacteria.

In conclusion, the quantitative duplex PCR method
could be a significant development for the quantifica-
tion of C. botulinum types A and B toxin genes from
pure culture and mushroom broth. The efficiency of the
quantitative simplex PCR method was higher than that
of the duplex method. but a good correlation was found
between the results of the simplex and duplex PCR
methods in mushroom broth. This suggests that the
quantitative duplex PCR method could be useful for
determining the numbers of C. botulinum types A and B
in foods. '
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Abstract

InlA is a surface protein participating in the entry of Listeria monocytogenes into mammalian non-phagocytic cells. PrfA is a positive
regulatory factor that regulates the expression of a set of virulence genes. Recent studies revealed that some L. monocyrogenes strains have a
truncated form of these proteins because of nonsense mutations in their sequences, and these truncations contribute to the significant reduction in
virulence of this pathogen. In this study, sequence analyses of inl4 and prf4 among L. monocytogenes isolated from ready-to-cat seafood revealed
that only one out of 59 isolates had a nonsense-mutated in/4 and all had non-mutated prf4. This indicated that these strains could be fully virulent

based on the sizes of these proteins.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Listeria monocytogenes is an ubiquitous bacterium that can
cause serious listeriosis infections in humans and animals. Both
sporadic and epidemic cases of human listeriosis are mainly
of food-borne in origin and have an associated mortality rate
" as high as 20-30% (Mead et al., 1999). Healthy adults are
generally asymptomatic or develop only mild symptoms with
simple gastroenteritis (Grif et al., 2001; Rocourt et al., 2000).
However, infection in high-risk individuals, such as pregnant
women, newbomn infants, and immunocompromised people,
can result in serious outcomes such as spontaneous abortion,
septicemia, and meningoencephalitis. L. monocytogenes is
therefore a public concern in terms of food safety and
regulations to control this organism have been established in
many countries. However, acceptable levels of this organism in
ready-to-eat foods are defined differently from country to
country. The United States adopted a zero-tolerance policy for

* Corresponding author. Tel/fax: +81 3 5463 0603.
E-mail address.: kimubo@kaiyodai.ac.jp (B. Kimura).

0168-1605/$ - scc front matter © 2007 Elscvicr B.V. All rights reserved.
doi:10.1016/j.ijfoodmicro.2007.05.003 :

all ready-to-eat foods whereas the EU allows 100 CFU/g of
this pathogen at the best-before date for some classes of
foods (European Commission, 2005). Establishing a definitive
universal policy on acceptable levels of this organism is
definitely required, and to this end, risk analysis is necessary to
understand the actual dose response. However, it should be
noted that these policies have been established based on the
hypothesis that all L. monocytogenes strains are equally
pathogenic, despite the heterogeneity of pathogenicity that has
been reported to exist among isolates. This is indicated by most
of the human listeriosis cascs having been caused by strains
of certain serotypes, such as 1/2a, 1/2b and 4b (Schuchat et al,,
1991). Specifically, the strains of serotype 4b have been re-
sponsible for most food-borne epidemic listeriosis cases and the
majority of sporadic cases (Farber and Peterkin, 1991; Schuchat
et al., 1991). The varying levels of virulence were also dem-
onstrated by virulence tests using chick embryo, various human
cell lines, and mouse injection test (Bhunia et al., 1994; Nerrung
and Andersen, 2000; Pine et al., 1991; Roberts et al., 2005;
Roche et al., 2003; Roche et al., 2001; Stelma et al., 1987,
Tabouret et al., 1991; Van Langendonck et al., 1998).
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The factors for this heterogeneity in virulence have been
elucidated by vartous molecular methods. The observation that
some L. monocylogenes isolates express a truncated non-func-
tional form of internalin A (InlA) is of particular importance
(Jonquiéres et al., 1998). InlA allows the pathogen to invade
non-phagocytic celis, such as human intestinal epithelium cells
(Gaillard ct al., 1991), but strains expressing truncated InlA
show a significant reduction in invasive ability into Caco-2 cells
compared 1o ones lacking the nonsense mutation (Olier et al.,
2005; Olier et al., 2002; Rousseaux et al., 2004). A truncated
form of InlA was.shown to be widely distributed in food isolates
and less so in clinical isolates (Jacquet et al., 2004), indicating
the critical role of InlA in the pathogenesis of human listeriosis.
Reasons for strains of serotype 4b posing high risks for humans
is still unknown, but having the intact form of ini4 gene, rather
than a nonsense-mutated form found in other strains, may play a
partial role (Jacquet et al,, 2004). In another recent study,
truncation of this protein in a number of clinical and food
isolates was confirmed using isolates from the United States
(Nightingale et al., 2005a). Moreover, nonsense mutations were
also found in the prf4 gene (Roche et al., 2005), which
regulates expression of a set of virulence factors. Although only
three isolates were found to have nonsense-mutated prf4, all
of them failed to enter human adenocarcinoma cells and were
either avirulent or hypovirulent to mice because of their
truncated PrfA proteins (Roche et al., 2005).

This virulence attenuation mechanism sheds light on quest-
ions about the rate of listeriosis cases. Although L. mono-
cvtogenes is widely present in ready-to-eat foods (Gombas
et al., 2003), the number of cases of human infection is
relatively low. This is also true in Japan where almost no food-
bome listeriosis cases have been reported to date, although
L. monocytogenes is known to be prevalent in many kinds of
foods (Okutani et al., 2004). Despite significant consumption of
these foods in Japan, it should be particularly noted that raw fish
and ready-to-eat raw fish products have never been implicated
in listeriosis in humans. This may be due to the low cell number
of L. monocytogenes in these foods. Or, the presence of
L. innocua, which is commonly found in foods (Karunasagar
and Karunasagar, 2000), enhances host protective immunity
against this pathogen (Vazquez-Boland et al, 2001). Alterna-
tively, previous outbreaks simply have escaped recognition
since Listeria detection from patients with diarrhea has not been
routincly performed (Makino et al, 2005). However, the
possibility that non-virulent or virulence-attenuated strains are
prevalent-in these foods cannot be ignored. Therefore, it is of
extreme importance to determine whether truncation of viru-
lence or virulence-associated genes could be a new tool for
assessing risk of consuming food products contaminated with
L. monocytogenes. Thus, we investigated L. monocytogenes
isolates in ready-to-eat seafoods in this study to determine
whether virulence-related genes inl4 and prf4 have nonsense
mutations that leads to the truncated form of their respective
proteins, InlA and PrfA. As sample foods, we specifically
selected fish roe and minced tuna, since these have high levels
of L. monocyvtogenes contamination (Handa et al., 2005) and
risk asscssment of these foods is urgently required.
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2. Materials and methods
2.1. Bacterial isolates

The 59 seafood isolates used in this study are summarized in
Table 1. A total of 10 isolates were from a previous study
(Handa et al., 2005) and an additional 49 were selected from 64
isolates obtained from 531 ready-to-eat raw seafood retail
products obtained in 61 different grocery stores in and around
Tokyo between October 2004 and July 2005. The remaining15
isolates were excluded from further analyses because isolation
sources (sampling date and store number), EcoRI ribotyping
(Bruce, 1996) or MLST (Maiden et al., 1998; Zhang et al.,
2004) data suggested that they were clonal isolates of other
isolates already included in our list. Strains of the same sero-
type, ribotype and MLST profile were included in this study
when the food samples were obtained on different dates or
different stores.

2.2. Serotyping

Serotyping was carried out with commercial Listeria
antiserum (Denka Seiken, Tokyo, Japan). O-antigen determi-
nation strains were grown on brain heart infusion agar (Becton
Dickinson, Sparks, MD, USA) for 24 h at 35 °C. Cells were
suspended in 0.2% sodium chloride and heated at 121 °C for
30 min followed by centrifugation at 3000 rpm for 20 min and -
resuspended in 0.5 mi of 0.2% sodium chloride. Slide agglu-
tination tests using polyvalent type O-antiserum were per-
formed first, followed by typing with individual O-antiserum.
H-antigen strains were determined using the tube agglutination
test. Briefly, sample cultures were incubated in semiliquid BHI
medium (0.2% wt/vol agar) at room temperature (20-25 °C) for
24 h, repeated four times. The samples were incubated in a
semiliquid BHI medium in Craigie tubes for 24 h followed
by removal to BHI medium for an additional 24-h incubation.
H-antigen type was determined after mixing two drops of
antiserum with 0.5 ml of cell suspenston with 1% formalin and
incubating at 50 °C for | h.

2.3. Lineage designation

L. monocytogenes has been grouped into 3 distinct phy-
logenetic lineages based on genotypings such as sequencing
analysis, ribotyping, and PCR-restriction fragment length poly-
morphisms (Rasmussen et al., 1995; Wiedmann et al., 1997).
Each of the 59 strains used in this study was categorized into
one of these 3 lineages using a method described previously
(Ward et al., 2004). This method used multiplex PCR to produce
a lineage-specific sized band on electrophoresis gels.

2.4. MLST (multilocus sequence tvping)

Partial regions of 6 different virulence and virulence-associated
genes were selected for MLST analysis according to Zhang et al.
(2004) since they have reported a high discriminatory power
of this method. DNA sequencing for each locus was performed
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Table |
L. monocytogenes strains isolated from rcady-to-cat raw scafood
Strain Scrotype Lincage MLST Ribotype Sampling Storc Sample typc Nonscnse Reference

type datc no. mutation

inl4 prfA

29 1/2a I 18 1056 19-Nov-02 2 Salmon roe “sujiko” - - Handa ct al. (2005)
5-2 12a 1l 14 1023 10-Dec-02 2 -+ Cod roc “tarako™ - - Handa ct al. (2005)
5-4 1/2a Il 26 1046 10-Dec-02 2 Salmon roc “sujiko” - - Handa ct al. (2005)
6-9 1/2a (i 12 1023 15-Dcc-02 3 Minced tuna - - Handa ct al. (2005)
11-4 172a 1 20 1030 15-Jun-03 5 Cod roc “tarako” - - Handa ct al. (2005)
12-17 1/2a 1 12 1030 22-Jun-03 6 Minced tuna - - Handa ct al. (2005)
12-18 1/2a i 9 1027 22-Jun-03 7 Cod roc “tarako” - - Handa ct al. (2003)
13-20 12a It 11 1039 5-Nov-03 8 Minced tuna - - Handa ct al. (2005)
20-7-1 1/2a 1 15 16619 28-Oct-04 . 9 Cod roc “mentaiko” - - This study
22-13-3 1/2a 1 13 1023 16-Nov-04 10 Minced tuna - - This study
22-18-5 1/2a Il 20 1035 16-Nov-04 11 Minced tuna - - This study
22-29-1 1/2a Il 24 1053 16-Nov-04 12 Cod roc *“‘tarako” - - This study
23-4-4 1/2a I 12 16619 25-Nov-04 13 Salmon roc “sujiko” - - This study
23-29-1 1/2a 1 "9 1030 25-Nov-04 14 Salmon roc *sujiko”™ - - This study
25-4-1 1/2a fl 12 16619 9-Dec-04 15 Salmon roc “sujiko” - - This study
25-8-1 112a I 22 1035 9-Dcc-04 - Minced tuna - - This study
25-15-1 12a It 25 1045 9-Dec-04 10 Cod roc “mentaiko” - - This study
26-1-2 1/2a 1l 12 1030 13-Jan-05 10 Minced tuna - - This study
26-26-2 1/2a i 8 1030 13-Jan-05 14 Salinon roc “sujiko” - - This study
28-9-1 1/2a Il 16 1039 3-Fcb-05 16 Salmon roc “ikura” - - This study
29-13-2 1/2a 1 12 16619 17-Fcb-05 18 Cod roc “mentaiko” - - This study
30-8-1 1/2a I 10 1030 17-Mar-05 15 Salmon roc “‘sujiko” - - This study
30-11-1 1/2a n 12 1039 17-Mar-05 2 Minced tuna - - This study
30-29-1 1/2a 11 20 1035 17-Mar-05 11 Minced tuna - - This study
32-27-1 1/2a il 24 1045 14-Apr-05 10 Cod roc “mentaiko” - - This study
36-6-1 1/2a 1 11 1039 2-Jun-05 2 Minced tuna - - This study
36-17-1 1/2a I 16 1039 2-Jun-05 24 Cod roc “tarake” - - This study
36-25-1 1/2a 1l 21 1039 2-Jun-05 22 Cod roc “tarako” + - This study
36-25-2 1/2a Il 12 1053 2-Jun-05 22 Cod roc “tarako” - - This study
37-1-1 1/2a I 12 16619 9-Jun-03 25 Minced tuna - - This study
37-3-1 12a It 12 1053 9-Jun-05 25 Salmon roc “*sujiko™ - - This study
38-16-1 1/2a I 12 1039 16-Jun-05 19 Minced tuna - - This study
38-16-3 12a It 19 1030 16-Jun-05 19 Minced tuna - - This study
39-2-1 1/2a 1 16 1039 21-Jul-05 24 Cod roc “tarako” - - This study
40-4-1 1/2a 1l 9 1030 26-Jul-05 25 Cod roc “tarako” - - This study
40-6-1 1/2a 1 12 16619 26-Jul-05 2 Minced tuna - - This study
22-19-2 3a Il 20 1035 16-Nov-04 1t Cod roc “mentaiko” - - This study
22-28-5 3a I 12 16619 16-Nov-04 12 Cod roc “mentaiko” - - This study
26-2-3B 3a 1 12 1039 13-Jan-05 10 Cod roc “mentaiko” - - This study
26-23-2 3a 11 20 1035 13-Jan-05 15 Cod roc “mentaiko” - - This study
26-29-2 3a i 12 1053 13-Jan-05 14 Cod roc “mentaiko” - - This study
30-25-1 3a I 23 1035 17-Mar-05 11 Cod roc “‘tarako” - - This study
34-9-1 3a 1 17 1045 28-Apr-05 20 Cod roc “tarako” - - This study
34-26-1 3a 11 20 1035 28-Apr-05 22 Cod roc “mentaiko” - - This study
34-29-1 3a II 9 1030 28-Apr-05 22 Cod roc “mentaiko” - - This study
39-9-1 3a, 1l 12 16619 21-Jul-05 25 Cod roc “tarako” - - This study
39-9-2 3a 11 9 1030 21-Jul-05 25 Cod roc “tarako” - - This study
39-23-1 3a il 20 1035 21-Jul-05 18 Cod roc “mentaiko” - - This study
40-4-4 3a 1 12 1053 26-Jul-05 25 Cod roc “tarako” - - This study
13-19 1/2b I 2 1027 5-Nov-03 8 Cod roc “tarako” - - Handa ct al. (2005)
23-4-1 1/2b I 1 1042 25-Nov-04 13 Salmon roc “sujiko” - - This study
25-4-3 1/2b I I 1042 9-Dcc-04 15 Salmon roc “sujiko” - - This study
29-10-1 1/2b 1 4 1051 17-Fcb-05 17 Minced tuna - - This study
29-13-1 1/2b [ S 1051 17-Fcb-05 18 Cod roc “mentaiko” - - This study
40-5-1 1/2b | 2 1052 26-Jul-05 25 Salmon roc “sujiko” - - This study
9-17 3b I 3 1042 2-Fcb-03 4 Salmon roce “sujiko” - - Handa ct al. (2005)
39-8-1 3b 1 2 1052 21-Jul-05 25 Salmon roc *“sujiko” - - This study
20-5-1 4b [ 6 1042 28-Oct-04 1 Cod roc “tarako” - - This study
34-18-2 4b [ 7 1042 28-Apr-05 26 Cod roc “‘tarako” - - This study

A tota) of 49 out of 59 L. monocvtogenes isolates were collected from 531 ready-to-cat raw scafood retail products obtained at 61 different grocery stores in and around
Tokyo between October 2004 and July 2005.
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with an ABI PRISM 310 Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA) using the same primers as were used for
PCR amplification (Zhang et al., 2004). For each locus, alleles
differentiated by at least one nucleotide were arbitrarily assigned
different allele numbers (Maiden et al., 1998). Obtained sequences
were deposited in the DNA Data Bank of Japan (DDBJ; National
Institute of Genetics, Shizuoka, Japan) under accession numbers
AB276438 through AB276791. Full sequences of prfd were
deposited, but only positions 61-529 were used for MLST
analysis.

2.5. Ribotyping

Automated ribotyping was carried out using a RiboPrinter
microbial characterization system (DuPont Qualicon, Wilming-
ton, DE, USA) according to manufacturer’s instructions.
Briefly, each isolate was streaked onto BHI agar plates, and
following the overnight incubation at 30 °C, the appropriate
amount of colonies were added to tubes containing sample
buffer for cell lysis. Then the tubes were inserted into the
RiboPrinter. This automated typing instrument employed
EcoRl digestion of L. monocytogenes chromosomal DNA
followed by Southern hybridization with an rRNA gene probe.
Images were analyzed using RiboPrinter analysis software that
normalized fragment pattern data for band intensity and band
size relative to molecular weight markers, and were compared
to database images for characterization. When an obtained
ribotype pattern matched any one stored in the database with
similarity of 0.85 or above, Dupont [D (e.g., DUP-1056) was
automatically assigned.

2.6. Sequencing of complete inlA and prfA

The regions that contained complete.sequences of inl4 and
prfd, respectively, and their flanking regions were amplified

Tablc 2
Amplification and sequencing primers used for inl4 and prfA4 analysis

Gene  Primer name  Scquence (5°-37) Product sizc (bp)

Amplification®"®

inlA  inlA-F1 AATCCTATACAACGAAACCTGA  2490-2499
inlA-R1 ATATAGTCCGAAAACCACATCT

prf4  prfA-Fi TGTTGTTACTGCCTAATGTTTT 951
prfA-R1 ACTCCATCGCTCTTCCAGAA

Sequencing

inl4  inlA-F2 TTTAAATCGGCTAGAACTATC
inlA-F3 AAGATATTAGCCCAATTTCT
inlA-F4 ATGCCTGCTAAAAACATCACC
inlA-R2 GGTGATGTTTTTAGCAGGCAT
inlA-R3 ATTTTTCACCGTGTTTGGA
inlA-R4 GATAGTTCTAGCCGATTTAAA

prfA  prfA-F2 TTTAATGATTTTTCGATTA
prfA-R2 TAATCGAAAAATCATTAAA

“ For both inlA and prfA amplification, Mg®™ concentration was 1.5 mM,
primer concentration was 1 mM. anncaling temperature was 55 °C, and number
of PCR cycles was 30.

b Amplification primers were also used as sequencing primers.

Tablc 3
Invasion cfficiency of L. monocytogenes strains
Group Isolates  Invasion Reference
%£SD*
| Non-mutated inl4 EGDc  0.26+0.05  Nightingalc ct al. (2005a);
Rousscaux ct al. (2004)
Scott A 0.6420.17  Rousscaux ct al. (2004)
20-7-1  0.37+0.04  This study
25-4-3  0.14+£0.06  This study
38-16-3  0.19+0.01  This study
40-5-1  0.29+0.04  This study
2 Nonscnsc-mutated F2-563  0.05+0.004 Nightingalc ct al. (2005a)
inld 36-25-1 0.08+0.02  This study
3 inld with 9 nuclcotidc  20-5-1  0.18£0.04  This study
dclctions 34-18-2  0.30£0.07  This study

® The invasion ratc was calculated as the number of bacteria recovered divided
by the number of bacteria inoculated x 100,

in all 59 L. monocytogenes seafood isolates so that direct
sequence analysis could be performed. DNA sequencing
was performed with an ABI Prism 3100 (Applied Biosystems)
and the obtained sequences were aligned with GENETYX-WIN
software (Genetyx, Tokyo, Japan). The amplification and se-
quence primers are shown in Table 2. The obtained sequences
have been deposited in the DDBJ under accession numbers
AB276379 to AB276437 for ini4 and AB276438 to AB276496
for prfA.

2.7. Caco-2 cell invasion assay

Early confluent cell monolayers of Caco-2 cells (ECACC
No. 86010202) were prepared using the Biocoat HTS Caco-2
assay system (Beckton Dickinson) following the manufac-
turer’s instruction. The cells were sceded onto fibrillar
collagen-coated wells at a density of 2x 10° cells/well and
incubated for 24 h in DMEM-based Basal Seeding Medium
supplemented with MITO-Serum Extender (DMEM-MITO).
After aspirating the medium, 500 pl of Entero-STIM Medium
supplemented with MITO-Serum Extender was added to each
well and incubated for 48 h. L. monocytogenes strains were
selected for this invasion assay from 3 different groups based
on the mutation type of inld gene (Table 3). As control
strains, the group of non-mutated inl4 included EGDe and
ScottA and the group of nonsense-mutated in/4 included F2-
563 since their high (EGDe and ScottA) or fow (F2-563)
invasion abilities were previously reported (Nightingale et al.,
2005a; Rousscaux et al., 2004). Other strains included in the
group of full length of InlA were selected randomly from
strains listed in Table 1. After growing at 30 °C in brain heart
infusion broth, L. monocytogenes cells resuspended in DMEM-
MITO were added to infect Caco-2 cells. Following 2 h of
incubation at 37 °C, bacteria! cells that did not adhere to Caco-2
cells were washed away with PBS. The cells were incubated at
37 °C for 1 h in 500 pl of DMEM-MITO including gentamicin
(50 ng/ml) to kill extracellular adherent bacteria. The cells were
washed 3 times with PBS and lysed by maintaining them for
10 min in cold PBS containing 1% tritonX 100. The number of
viable bacteria released from the cells was counted on TSAYE
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plates by appropriate dilutions. Each bacterial strain was tested in
triplicate.

3. Results and discussion

In a previous study (Handa et al., 2005), enrichment of this
organism in food samples followed by isolation on selective
agars and identification with a RiboPrinter microbial charac-
terization system (Bruce, 1996) showed that the contamination
rates among these samples were 10.0—17.1%, which are
relatively high compared to those of most ready-to-eat foods,
including cheese, meat products, and vegetables sampled in
other countries (Farber, 2000; Gombas et al., 2003; Hitchins,
1996; Soriano et al, 2001). This survey indicates frequent
exposure of Japanese people to this pathogen and shows that

-urgent risk assessment of ready-to-eat seafood products is
necessary. Therefore, we specifically selected these types of
foods for our study samples.

In our study, inld4 and prf4 were successfully amplified in
all 59 of the L. monocytogenes seafood isolates, and the
sequence analysis revealed that 58 out of 59 isolates and all 59
isolates lacked the nonsense codon producing truncated forms
of InlA and PrfA, respectively. Our results are consistent with
those of Jacquet et al. (2004) in that all strains of serotypes 1/
2b and 4b did not have any nonsense codon in the sequence of
inlA. On the other hand, only one out of 36 isolates of serotype
1/2a had a nonsense mutation in inld, while 37% of food
isolates of this serotype had truncated InlA according to
Jacquet et al. (2004). Only strain 36-25-1 had a nonsense
mutation at position 526, where adenine was converted into
thiamine, resulting in a codon change from lysine into a
nonsense codon TAA. This is the first report of a nonsense
mutation at this position, while nine other different nonsense
mutation positions have been previously reported (Jonquiéres
et al., 1998; Nightingale et al.,, 2005a,b; Olicr et al., 2002;
Rousseaux et al., 2004). This suggests that there could be other
positions with nonsense mutation resulting in the truncation of
InlA, making it difficult to establish an easy method to detect
strains with truncated forms of InlA, although this kind of
technique would be a particularly useful tool for the risk
assessment of foods. The invasion efficiency of this strain with
the nonsense mutation was tested by performing a Caco-2 cell
invasion assay. The greatly reduced invasion efficiency of this
strain compared to those of strains with non-mutated inl4 was
confirmed as expected (Table 3).

In addition to the identification of a strain with a nonsense
mutation in the inl4 sequence, we identified two other iso-
lates, 20-5-1 and 34-18-2, having 9-nucleotide deletions in the
membrane anchor region (nucleotides 2212 to 2220 of inlA).
This type of deletion has never been reported before for
L. monocytogenes strains of any origin to the best of our knowl-
edge. This type of deletion may have no effect on anchoring
of the protein to the bacterial surface since the LPXTG motif,
which allows a covalent linkage of the protein to the cell wall
peptidoglycan, is retained (Navarre and Schneewind, 1994;
Schubert et al., 2002). However, statistical analysis (¢ test)
showed no significant difference between these two isolates and

isolates with nonsense-mutated in/4 in terms of invasion effi-
ciency (P value=0.104) (group 2 and 3 in Table 3). Furthermore,
the invasion efficiencies of these two isolates were not sig-
nificantly different from those of the isolates of non-mutated
inlA, either (P value=0.234) (group 1 and 3 in Table 3), whereas
there was a significant difference between the invasion effi-
cienctes of strains of groups 1 and 2 (P value=0.0093). Even
though these two isolates having 3 amino acid residue deletions
seemed to be closer to the isolates with non-mutated in/A than to
the isolates with nonsense-mutated in/4 based on the statistics,
this needs to be confirmed by testing larger numbers of strains.

No case of seafood-borne listeriosis has been detected in Japan
until now (Makino et al., 2005). According to Jacquet et al.
(2004), 35% of food isolates of no less than four different
serotypes analyzed, including seafood isolates, had truncated
InlA. Other reports have also shown that truncation of this pro-
tein is not a rare event among food isolates (Jonquiéres et al.,
1998; Nightingale et al., 2005a). Therefore, it was unexpected that
just one out of 59 isolates collected from 531 ready-to-eat raw
seafood retail products distributed in and around Tokyo was
mutated to have a truncated form of InlA in our study. The role of
InlA was previously evaluated in virulence toward chick embryos
by Olier et al. (2005). They compared the virulence between wild
type strains and mutants constructed by allelic exchange of
the inlA region, providing evidence of the necessary, but not
sufficient, role of InlA in in vivo infection. In fact, strains havinga
full-length InlA have bzen isolated from a healthy child (Olier
et al., 2002) and strains having a truncated form of InlA have
been isolated from clinical patients (Jacquet et al.,, 2004), in-
dicating that other factors contribute to virulence attenuation or
induction. Therefore, even though almost all of the investigated
seafood isolates had non-mutated inid, this does not directly
equate with full-virulence of these strains. We need to conduct
further research to determine whether these isolates are fully
virulent, and if not, which gene(s) contributes to virulence
attenuation. :

Nonsense-mutated prf4 was not detected in all 59 isolates in
this study (Table 1). To the best of our knowledge, there is only
one report of PrfA truncation, and in it, all three isolates with
truncated PrfA were found to have nonsense mutations at the
same position (Roche et al, 2005). The truncated form of
this protein may be more prevalent, and there may be other
positions with nonsense mutation resulting in the truncation of
PrfA, as in the case of the ini4 gene. Since prf4 is important in
L. monocytogenes virulence because of its regulatory function
over several virulence determinants, further investigation of
nonsense-mutated prf4 prevalence is needed.

Among the seafood isolates we analyzed, their distribution
among the serotypes was as follows: serotype 1/2a, 61.0%; 3a,
22.0%; 1/2b, 10.2%; 3b, 3.4%; 4b, 3.4% (Table 1). Isolates of
serotypes 1/2a and 3a comprised 83% of all isolates, and all of
them belonged to lineage II, which is more associated with food
isolates than human or animal isolates. Most of the ribotypes we
obtained from these isolates were widely prevalent among many
kinds of ready-to-eat foods (Gray et al., 2004) and no ribotypes
from those common to outbreak isolates, such as 1038 and 1042
(Jeffers et al., 2001), were found. Moreover, no specific patterns
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for these seafood isolates were detected in MLST when compared
to other food isolates (data not shown). These subtypings reveal
that the seafood isolates we analyzed were not especially virulent
ones, making our results of inl4 sequences more surprising.

Seafood isolates of serotype 1/2¢ were not isolated from 531
seafood samples investigated in this study, and thus, were not
included in this analysis. This is consistent with previous reports
showing that strains of this serotype were frequently isolated
from meat products (Fantelli and Stephan, 2001; Farber and
Peterkin, 1991; Johnson et al., 1990; Thévenot et al., 2005), and
from seafood products with much less frequency (Dauphin et al.,
2001; Handa et al., 2005; Johansson et al., 1999; Nakamura
etal., 2004). However, the reason for these observations remains
unknown since the primary source of food contamination is
most likely the processing environment, rather than the raw
material itself (Kathariou, 2002), and the difference in biofilm
formation ability among different serotypes is still under dis-
cussion (Borucki et al., 2003;-Djordjevic et al., 2002; Lunden
et al., 2000; Norwood and Gilmour, 1999). In a survey of the
prevalence of strains with nonsense-mutated inl4, we found that
all 4 meat isolates of serotype 1/2c that we analyzed in parallel
with the fish isolates had a nonsense-mutated inl4. This is
consistent with results previously reported (Jacquet et al., 2004).
As an epidemiological study of strains of serotype 1/2c, a
larger group of isolates of this serotype may be needed to
ascertain this finding. Also, elucidation of the low incidence of
L. monocytogenes of serotype 1/2c in seafood isolates is needed
to contribute to progress in food safety.
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