T 19FEE EAFEREFARHENS (RO - REMHRHEREEE)
MEMSETZOBIENKRICET IHE
FEMAEE RBR &
(REAXRFXREREMBFEHRF)

5y B 58
BRETIVARFTEOH ERAFIZE T 5HE
SEHEE IHEBEF (BYEELREMBEEFRTELERLEDE)

BIIMERESE
EBEETFHRHEBEZR W TDHBEBRE T ) FT0oRH OB

MEERE

BRETVAOMBEMEERNE (TDH) BRAEOERKEMEL LTE
ZAbhTEBY, RHOMNBE—I—¢L LTHEIZAVWLRATWS,
TERESH, BREZSOFRBAEYORRECRELRHBFED
— D¢ LT LANPERS N, KIFETHBARINE tdh B FHRIE
LAMP EDOREREBIVREEZRHL, SLEZERE»PLORBRHIZE
WTHREILE, TORER, LAMPEOHBRMERS L OCREIX PCREEF
FEThol, ERETIX, PCREBLIVLAMPEORHAS—KT 5%
ERITREF I RETHo LB PCRIET tdh BETFLREOKE
SOEDPBVIKEBLE L TRODLNMOBIEEL N XL LTED
BRBEVHIHENELVREDN 6 BiEbo, MFEOKRERE
FUORERRE Thoz b, LAMP ECIRHENERIZITE 3
RBRFELTEZORTE, 8%, VTVH AL PCRERSMOE
BEFRHEBIZOVWTHIEHORERILELEZ I bR,

WEEHE
NBEE. EEE— R KR
i I R S H L3 (BE) 4 96 % FF 57
A HEEM FERBELRVETH Y. — 5

RNERLEBKZEILBRE & DRNMERLWEAKIZHER LZHIK
No5BRYETY F (Vibrio HOBRETVAREFHEOR
parahaemolyticus) D% < X, HLioTWs, “OFDH. B
mEMEmE (TDH) 0% EE BHOCFREFEZRHET S FHE
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BEFLYW, FEEFORBIC
X PCR ER DB ETFE2RRIC
LiHERERZEDLDA TV S,
ZD7H TDH b EEHICE M S
BBE»POLRH TENITREILE
ROFELZHETEDI EEZLD
nd, L»L, BRI &b
BELIRBENTWS PCR LT
Ha—RFVEIKEE DM A
bz, B FHEOCKICH
BDKEED PCREHEBET
5D THY, HEI MR
EETIZ b BREZET 5, BE
DRED—BERETIRERICK
DBRETVFITOHBEDHKITHK
FERFOEEDOHEREZIT-THE
D, BEEFREOCDEAZTAYE
FEREBRBOZDODDODBRERS—TD
MBETLMTbhh TRy, K
METIE, BEFREOP TIX
REPELEHE T, TORIEE
HIZHAN L THEEDE LV LAMP
EEE-7 TDH B2 ERE T
Rt L,

B. BFFE FiE

1. tHREK
BEFEME CH 5 Vibrio BB

- X WGrimontiaBE (F1) %Xt
12 LAMPILIZ X A TDHRR HH D 4%
EEZARLE, SEEKIX 2.0%
(W/V) BREMBHIZ o R ICH#ERE
L., 37C18 MFHiER L 72, £ D
BEEKZ AW THIERDOPCREEI
X % tdh Bi=FHH. RPLAK (7
VA AERF) 1T X BTDHRE ., 5%k
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FARMERMFELE I X 2 HE
B (BhLRE) OERB X
U'LAMPIEIZ X B tdhiB B TR
7o, 7. tdhiBEF+B %
BRET ) AHERKE 10BRFH
WL TtdhBBEFRHEDOPCRER
FOLAMPETORHBEMES X
VCREORRIZAWVWE,

2. HRBRIE '

2007 FE 8 AMD 1L AR, EXK
BNTHEALETFTYXITRE
WOoOWTHRAE TV F0okHE %
Tole. REZEAK, ER T2
RERI LN ICBF R AT ~ B &% L |
I5CTCHEL b RERIUNICRER
R L 7=,

3. BTV FD45BE

AN I —RIZANTET X
YFRE 26gi2T7 NV H Y RTH
K (BRI 225m] 2%,
36—37C T I8 RefiisE & L7z,
BEEK 108l 27207 W
BT AEHICEEREL,
356—-37CT 18 MR LTIz, &£
HLErZuxsr7H— - -7V F
E#HEtoaoo=—28B8EL. B
RETVAELEbh3EAED
no— %38 E UESMBERE.
ML KFREEHRR, 0B E
MHERBRB L O toxREGF L E
I L7 PCREZITVWHEE L,
o MMERRIZT 2%NaCl &M
Triple Sugar Iron Agar (TSI)
YL mEgEH, £, EoBEM
PR BR IZ NaCl # M0 Nurient
Broth (NB) % fEM L7z, srEBEL
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THADan=—E2SEL., 0%,

3%. 7% 3 &K Ut 8%NaCl ¥ AN NB
BEHUIZ IR L% . TSI H% i\ H 4
BXOREML, £hFh 35CT
18 FrIE ‘21T o, BB E T
U A oREE 2 MERIZNB B H#IZ
BWT, 0%ERBRETCEFTRET,
3% . T%BLVSU%IERE TAF
L.2%NaCl #A0 TSI ¥ 4} | 5 #h
KBWT, MERIFRE, BB
BrFEEERT, /-, £an
—ZBRET VI toxRE R F
ZRBIZ LT PCR ICHR L -,
PDR E#HIX 3 %7 Hu—ZX (Nu
Sieve 3 : 1 agarose:Cambrex Bio
Science Rockland) IZ TEK ik
BLEYOREIDERE2IT-
7. DNA DB FE2BRHET S
DI, P NVEFToAT
v A4 FIZTREBEBEITo =,
4. DNA #iH ¥ &

HEKE 1 nl 8X00.1 ml
% 10,000 X g T 1047 fE D
%, LEETREEBICBRER
HKEzMzBRESEE, B
BABEKEIZ, HAK 10l i
I 0.1ml (Zh % 10FEMEL
T 5) HEWO0.1ml 21X 1ml
(ZThhZ 10E/mNETH) &
L, D%, 100CT545M
L., 10,000 X g T 5 4
L LTHELLBNRELEE %
Template DNA & L7z, F7-.
JUaETH— - ¥ T7 YU FHEH
AT LEBEAODaD = —
B X 2%NaCl AN TSA 5 H#h

—
—
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WEB Lo =<3, BHE
KEBAKOInliIZavn=—%F
YEREEIE, 100CT 10 &9
MMz L, DNA # HiH L,
10,000 X g T 5 4&ELLT
H#Hohi- LiE % Template DNA
L L7z,
5. tdh BfaFHH PCR ¥
Template DNA OFHE D = DT,
BEE®R 10l BXUV0.1nl 25
B (6,000 rpm A E 10 %)
L., LEZ2BR THBRIIHRERY
KeEmMzBREIS®ERE, BEX
BAKEIZ . EE®InliZiX0.1nl
(10 fFIRME) . HEHEK 0.1 nl I
i 1ml &L (10fE&HR). #HH
¥ T-30CTCHRAEFL~E, PCR X
Tada © @ K ¥ ( Molecular
Cellular Prob. 1992, 6: 477 -
487) I X o TIT W, RIGREK
45 p 1 I Template DNA 5 pul %
Mz# 50 pul ORI E Lz, PCR
S, BEM 04CL L., T=—1
Y7 55C14, MET2C1HO%1
YA I7N0EL.3B AL 7 0E LT,
HBoHii- DNA WIMEIR 2 kB L tdh
BLFOMBEIT- =,
6 . RPLA &
WZTHIZ7T7T v 7 RABRERIS
¥ v b (KAP-RPLA, ¥ v W £ Wi
ALt BE) 2AVWE, £7.
SHEEKRO—BEFEEZHEL.,
5% BEM~y=v T bV
KIZHER L., 35°CT 18 el 3g %%
iTol, TOEHEK 1 nl %
3,000 X rpm T 20 &M=L L.,



EEOCImZEWMY Y TIAEL
ro TD®% VB~ 70—
Mz#HRIK25 plixPEL. %
BIFIORICYH N2 pl %
TLE. R—HorrFriconT 4
BHEC2REBEAREZITo I,
REBICEBE=azbae—n1 e LT
HEMEEnLEZRBNT, Lk
LBERBEOBIEEZI T, &b
W, RIES T v 7 RZ2EhEh
DFRFNIZ25 plTHOET L TK
PR UER, 18 REEIR
THRERBICHEROHELRIT- T2,
BROHEZR . VR~ 70V
— N 2BnWEnLIZEX, £
LERDIT v I AULBREEZA
RCTBHEL, BEZEFETE
YU NVERBEE L,
7. tdh s TR LAMP ¥&
4FEHE D tdh G RO T T A4 v —
2 A o 7= Reaction Mix 2 & Lr &
2l pld®H5H20 pl#
Loopamp R F a— 7 HE L,
WME1OHBE®ER» S HE L 7 DNA
‘% Template DNA & LTG5 ul %
Mz, 82 plé& L., BEAE
4B (Loopamp U T /NVF A LE
EREREE : LA320C) TRIG%
fTol, RISEMHIX, 66CT 1
BEOREEZIT o, ZHERBIE
COBRBIE., HERLORIESHT
hrpaLBROYn Y VB~
FVILADBEOEIZEST
ITW, BEOLENBEREE
BllloTHBETELELLDOZE
HE L, BEaryba—ne
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Biary br— L E2RBOBIC
BSHTERLE (K1),
8. MmiFRIBIRR ,
SHEEERO—BEEFEEZHE
L. 2%NaCl %/ TSA IZEMRL
35°CT 18 B2 1To Tz, &
Hlian=—ZHAWTHEML
BFEORBPEEBICH N, AT7A4 FNE
£Ei2X 5 K BRHRBRBLVC O
HAIRRZITo T,

C. R
1. tdh Bz FHRH LAMP D %
BHEBIORE
BREMEZRMTILEER. BR
BT YA OMENBRZEMED 10
BRIX . PCR #38 X (R RPLA £ T tdh
BXOTDHEMETH Y, LAMP &
THLBEHEThoTn, —F. WE
JIBR BB O 31 &Kix, PCR ¥R
YORPLAET tdh BEEBEFB LV
TDH (B TH V. LAMP ETH
HThol, BRET Y AL
D Vibrio BHE To b Vibrio
alginolyticus, Vibrio
anguillarum, Vibrio cholerae,

Vibrio damsela, Vibrio

fluvialis, Vibrio furnissii,

Vibrio metschnikovii, Vibrio
mimicus B kX O Vibrio
vulnificus e Grimontia

hollisae tX. PCR 5T tdh B
THY., LAMPETS tdh BT
»H ot

Tdh BHEBAE TV A b K%
AWTREZRHFLEBR. 1



RiGdH-0EEN 42—9 cfu B
LW 4.2-0.9 cfu TiT 10 K&
RERTLRBRCHBETH -2
(R 2), £/, 0.4—0.1 cfu T
X 10 BRI PCR M 4 B1K,
LAMP (£ 3SRRHEBHETH - 7=,
2. TAYXFRBETCOBREYE T
Y AR

AL 3TREFD 29 ik
(78.4%) THBRE TV R4y
BEXhi (X3), E#HBTIX.
EVEEEIL 34 BRIEF D 26 KRiF
(76.5%), TEREIT 2REF
D 2/BE (100%), BREX L
BEHRO 1HKE (100%) THE
BTV ARSEEINTE, RED
AFORMNTIE.8 AX 5
D5 RE (100%), 9 AiX 12 #
g 12 BE (100%). 10 A i3
16 fRIAEF D 12 BRIE (75%). 11
Biz 4fkdbo ok (0%) T
BRET VAN HEEINT,
3. THAVYXRMETO tdh #Efs
TR

tdh BT+ %2 X8 & L7 PCR
BT, aKRETHD 3TRIEF
D 6 & (16.2%) T tdh FEi

FOHEBLRASEOKRE SOHK.

REBETED RHEBEIREZ (K
2OVv—r3BIVER3), &b
I, fthod 5 RET, FHKETH
50 tdh BETOHEEBEERZO
REIOEBEBFEYRIBRHEI N
e, BHOKRE SLUANOEY
NELLTRDLONEEZED
THBRRESDLEDONRE (K

20V —r4B8BIXUEI),
¥/, tdh BEEFE24%L L
72 LAMP 35 CTiX. 37 HREP D 6

& (16.2%) T tdh BEFIR

Hah (3), AFETIX.
tdhBEF 255 ¢ LZPCRER
KX LAMP DO W 5 ¥ T tdh & 1=
FrRRH SN RESL tdh B
FHERELE LD T tdh BE
FHEEREIZ 6 RETH - 12,
BREOEME T, db¥EEEIX
M4 miEF D6 BE (17.6%), F
EREX2HBREFRO 0BRE(0%),
BTHRER 1 REFD 0 BRiix
(0%) T tdhBEBEFHRREHSH
oo REOABTIX. 8 AIXSHK
Bho 0 RE (0%). 9 B 12
BESRO 4 BE (33%). 10 A
16 BEEF D 2 KE (12.5%), 11
Al 4REF0 0KHE (0%) T
tdh B+ BRH ENTE,
4. tdh BEFHBREBXE TV 4
DB L F DKM EE

tdh BEEFHBEEOBRE 7
VA 3 RENLSEI N,
Wb PCRIER L OV LAMP ¥ T
tdh B+ BHERBERZRLE
BRE&ETHo7m, LrL, PCREB
LOLAMP T tdh BB F R B

ThHhoB D 2 BRETIX tdh &
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CFHEEEOBRAE T RS
BESNhZ2hofz, £7-. LAMP
T tdh E=TFRETH DY PCR &
T tdh BEEFLREDOKREXD
EVHRHIKEIBELELTEDDL
NLOWBEDNLELE LTRD



LN 5 RETH, tdh B+
HEOBAL T FISEEXN
A LR

tdh B FBEEHK O MLFR
iX. 04:K37, 04:K38. 04:KUT,
OUT:K37. OUT:K38., OUT:KUT T&
D.OFIZTMBLTOUTTHY,
K Z1% K37, K38 38 X ' KUT CTH
PlLTwWiz, tdh Bz FREEE K
O ER X, 011:K51, 04:KUT,
06:KUT . O010:KUT . O11:KUT .
OUT:K37 B X' OUT:KUT TH »
7=,

D. %%
AWETIE,. 7T FF b0
tdh B F+BHEBRET I T %
BT+ 377-HIC tdh B FHRH
PCREER L RLAMP ¥ & B W72 28,
TOHRICENBODONTZ, ™
FgEEbIT, 37T RiESH 6 BRIET

tdh B FHRBEHEI L, LAL,

PCRETiX, tdh BB FELRED
REIOBEEDYHLETRD O
N300, TOMDLZFEED
WIEEH LRD LN tdh BEF
USADBLEFHREIRBI N TV
EEZLNDLON 5 BEDH -
. PCREFZEBAAIHLTVSD
WMEMEBECFREETSH 558,
HMIEEDE2 T Hu—X S VEX
BN EBRICBERTED OB &R
FBEELHETAFIENERT
H, TORIZHENEE LW
ENH B, KPR TIE, PCREEL
LAMP ¥ D6 Rt L REMNFAZ T
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HhHZERERINE, ZOZ
e, ERHET tdh BT L
REDXREEOHEBEYIET
Bobhln, TOoMoLEE
DEEEDRBD LN tdh Eis
FLUAN OB FRIBEEBINLTW
bk, REFPOHER tdh
BEFNLAMPPETRHEBINRTIZ
PCR BT THRHE W L IZE
Zbhlehol, 5% & 51T,
PCR TOHWIEEMORFT ZIT D
BREBRFTL, BRIV LETH D,
LAMP % @ 81512, 65°C T 60 &
MORIECHENAE T, RE
DHENEE THY ,PCRIETH
BETHIERKENER TE B
TERBTohB, A%, BRE
BRELAEREEZLEL TS
BRICKWICTERTETH D Z
EREZIONE, BRET IV A
AP EBRESTEBEREROIZLALEMN
tdhE 72X trh B F2BRET S
FEMEHR TOHIOIZI L, B
BERIZIoMTIRBEEEOEE
RED TELS, ANMEARLYOR
BEY IR ESHERE S
BT 20XEETHD, LrL,
EHRETIZITRETREND
tdh BeFrAREINZ, 2D Z
b, BEFREEBEZAVS
TliXoT, ANEREOR
Y IANLD tdh BEF %
BEHETABAE TV T OBREHN
PRI ITXDEEZONTE,
S#EDBIT, VT AME A4 A PCR
BEhEMoBEEFRHEIIOW



THIRRAOBRMNBVLELEZ D
ni,

E. #%#%

BRET VDM ENE
(TDH) RABEDOELB/EMEL L
TEZLbNTEY, RHO%E
v —hH—¢ LTHEHEZICHWVWLHI
TWd, ZERBEsh, BEILE
KOFRBEHBEDOBERE TRBF
RBRHEFED—>L L T LAMP I%
BHHMN, AFETIHERIL

7o tdh BEEFHRH LAMPEORBER

MBIUOREZRHL. &b
EREPLOBRBIZBWVW TR
L7z, TDOHER. LAMP DB R
B LORKEIX PCR L FAET
bhol, EMETIZ. PCREB L
D LAMPEDO RS — 3T 2 1E
3T RER I BRETH o728,
PCRET tdhBREFLRAZE DK E
SOEMBPHTKEIBELTR
DONMOBIEENNEL LT
ROLND E WD HENEEL W
BER 6 BEbok, MHED
BEEBIVRERIFREZE oo
e Z &S, LAMP ¥ Tl ¥ E A8
BEHILTEHIRABVEHRELTE
Abhie, 5%, VT VHA A
PR P BEBEFRHEIR
DOWVWTHLHEAORNAPMELE
zZbhi,
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50 bp

2  tdhBRUtrmREFE3RE LI-PCRE

V=>1.9—h—

V=20 ba—-i (tdmlﬁ?ﬁaﬁﬁﬂi)
L=23:REEBE178 (tdhRGTFBH)
V=24 5B E35E (tdnREFHBBRMY)
L—s5:Barba-ib
L=eBtEay baO—=)b (trimREFiEtEaEs)
L=27B%a>bh0-)b
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#1 tdhBEEFRHELAMPREORREOR N

tdhB TR
2L B #AR)IBEHSL  PCRE RALA#:  LAMPE

Vibrio parahaemolyticus 10 - - - -

31 + + + +
Vibrio alginolyticus 3 NT ' - NT -
Vibrio anguillarum 1 ‘ NT - NT -
Vibrio cholerae 31 NT - NT -
Vibrio damsela 1 NT - NT -
Vibrio fluvialis 3 NT - NT -
Vibrio firnissii 1 NT - NT -
Vibrio metschnikovii 2 NT - NT -
Vibrio mimicus 5 NT - NT , -
Vibrio vulnificus 2 NT - NT -
Grimontia hollisae 1 + + - +
#£2 tdhiBf=xFRELAPEOBE OB

BRI R ORREEK

10°% 10 107
B (cfu) /B 42-9 4.2-0.9 0.4-0.1
PCR ¥ (BBAERIGE/RBE) 10/10 10/10 4/10
LAMPE: (BBERUSE/RBE) 10/10 10/10 3/10
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Abstract

The growth of Vibrio vulnificus in an enriched culture of seawater during the summer in Japan was monitored by a
plating technique used as the culture method and a real-time polymeras'e ‘chain reaction (PCR) assay as the molecular
method. V. vulnificus was detected by the real-time PCR assay, ‘the. samples of August and September but not by the
culture method. Vibrio parahaemolyticus, however, was detected among all of the samples with both the culture
method and real-time PCR assay. In the analysis of the: ‘bactérial populations in enrichment culture, it was
demonstrated that the growth of V. vulnificus on agar_mme ia 'was inhibited by the rapid growth of V. parahaemolyticus
after 4h of incubation and the 100 times larger mitxal populatlons of bacteria other than V. vulmﬁcus and V.
parahaemolyticus. These findings demonstrate .that V. “bulnificus detection by culture methods is a failure, and
molecular methods are effective and detect V. uy nificis accurately.
© 2007 Published by Elsevier GmbH. ' '

Keywords: Vibrio vulnificus; Real-time PCR; L

Introduction sepsis were estimated per year (Osaka et al., 2004). Oishi
et al. (2006) studied the epidemiological and clinical

Vibrio vulnificus is.widely: dxstmbuted in coastal and characteristics of V. vulnificus infections reported in
estuarine waters thro ghout the world and infections Japan from 1975 to 2005. They identified 185 cases using
are reported in many“countries (DePaola et al., 1994 medical article search engines. Approximately 40% of
Oliver et al., 1983 Hoi.et al., 1998).. Seafood was found the cases were reported in four prefectures around the
to be related approximately 40 fatal cases of V. Ariake Sea in Kyushu, which is in the southern part of
vulnificus per yéar in the United States (Hlady and - Japan. Therefore, we have been trying to detect V.
Klontz, 1996):In a recent surveillance of emergency vulnificus from the seawater by culture methods and
medicine physicians in Japan, 425 cases of V. vulnificus real-time polymerase chain reaction (PCR) assay.

However, we noticed that V. vulnificus was not detected
—_ in seawater using a technique of enrichment followed by
Corresponding  author.  Tel:  +81337001141;  fax: culture methods, but was detected by real-time PCR

+81337009527. .
E-mail address: ykudo@nihs.go.jp (Y. Hara-Kudo). assay. Subsequently we have monitored the growth

1438-4639/$ - see front matter © 2007 Published by Elsevier GmbH.
doi:10.1016/j.ijheh.2007.10.001
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during enrichment by culture methods, but by a real-
time PCR assay.

In this study, we sorted the bacteria in seawater
samples into three classifications, V. vulnificus, Vibrio
parahaemolyticus and other bacteria, and enumerated
the bacteria numbers by using a culture method and
real-time PCR assay (Lyon, 2000).

To detect or identify Vibrio species, several genes that
reflect the phylogenetic relationship, such as the ToxR
gene (toxR), are commonly used. The toxR, which codes
for a trans-membrane DNA-binding regulatory protein,
is present on the ancestral chromosome (Provenzano et
al., 2000). However, a partial sequence of toxR is
different among Vibrio species. The different sequence
of toxR for each Vibrio species has been used as an
effective marker for the identification of V. parahaemo-
Iyticus (Kim et al., 1999) and V. vulnificus (Takahashi et
al., 2005a, b). In this study, real-time PCR assays for V.
vulnificus (Takahashi et al., 2005a,b) and V. parahae-
molyticus (Takahashi et al., 2005a,b) were used.

Because 9-15% of the V. vulnificus strains can ferment
sucrose and form yellow colonies (Tamplin et al., 1982;
Cerda-Cuéllar et al., 2001) and the rest do not ferment
sucrose but rather form green colonies on thiosulfate
citrate bile salt agar (TCBS) medium, it is impossible to
distinguish V. vuinificus. Recently, chromogenic agar
media such as CHROMagar Vibrio (CV; CHROMagar,
Paris, France) (Hara-Kudo et al., 2001) medium has

been utilized for isolating V. parahaemolyticus. This

medium is also able to distinguish V. vulnificus fro
other bacteria by forming a different colony color. In an

2 ’ A. Kamio et al. / Int. J. Hyg. Environ. Health 1 (

elementary study using CV, TCBS and modxﬁecl_
cellobiose-polymyxin B-colistin agar media for isolation -

of V. vulnificus from seafood, CV medium was better
than the other media. Thus we used it t 1solate V.
vulnificus in this study. '

) M1

Materials and methods
Bacterial strains

V. vulnificus (VV16; from short-neck clam) and V.
parahaemolyticus (VP15; from scallop) were used in this
study. The strains were incubated in APW at 35°C for
8h to use for quantification in TagMan PCR.

Seawater samples

A total of eight seawater samples were obtained from
Kumamoto and Shizuoka prefectures from July to
September 2006 (Table 1). . They were packed in
polyethylene bottles, kept in a styrene foam box, and
transferred to our laboratory:at a room temperature.
Culture was started within 2:days.

Culture

n (10ml) of seawater sample was added to
90ml o APW pre-warmed at 35°C, and incubated at

aseC for 0,2, 4, 6, 8, 10, 14, 18 and 24 h. To quantify the

umber of bacteria of each time, the culture fluid was

1 f_oid diluted with phosphate buffered saline (PBS;

ssui Pharmaceutical Co., Ltd., Tokyo, Japan) con-
aining 2% NaCl. Each dilution (0.1 ml) was plated onto
CV agar. The plate was incubated at 35 °C for 22 h. Blue
and purple colonies were suspected as V. vulnificus and
V. parahaemolyticus, respectively. To identify each of
the bacteria species, the PCR assay targeting for foxR,
was carried out described below. Blue colonies and

purple colonies on the CV agar plate were inoculated

into triple sugar iron agar medium (OXOID Ltd.,
Basingstoke,Hampshire, UK), nutrient broth (Becton
Dickinson, Sparks, MD), and nutrient broth supple-
mented with 3% and 8% NaCl.

Table 1. Seawater samples ‘used in this study
. Sample no. Sampling date Water Salt Detection of the V. vulnificus growth
temperature (°C) concentration X
(%o) Culture method Real-time PCR
assay

1 28 Jul. 30.0 13 + +
2 4 Aug. 25.2 28 - +
3 26 Aug. 26.4 12 - +
4 30 Aug. 29.5 22 - +
5 5 Sep. 28.0 25 - +
6 12 Sep. 26.5 26 - +
7 19 Sep. 25.5 25 - +
8 26 Sep. 24.5 28 - +
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DNA extraction for TaqMan PCR assay

Enrichment culture of seawater and bacterial culture
were centrifuged at 10,000g for 10min. After the
supernatant was removed, the pellet was re-suspended
in 0.1ml of S0mM NaOH and heated at 100°C for
10min. The solution was neutralized by adding 16 pl of
1M Tris-HCI pH 7.0 and then centrifuged at 10,0009
for 10 min and the supernatant was transferred to a new
tube and stored at —20 °C until the TagMan PCR assay.

TagMan PCR

To quantify the number of V. wvulnificus and V.
parahaemolyticus by TagMan PCR assay, 8h enrich-
ment culture of V. vulnificus (strain no. VV16) and V.
parahaemolyticus (strain no. VP15) were serially 10-fold
diluted in APW. The DNA was extracted as described
above. TagMan PCR targeting of toxR of V. vulnificus
and V. parahaemolyticus was performed by the methods
of Takahashi et al. (2005a,b). To determine the viable
cell counts of the overnight culture, 0.1ml of the
1071077 dilutions of the culture was plated onto
tryptone soya agar (TSA; OXOID Ltd., Basingstoke,
Hampshire, UK) containing 2% NaCl in duplicate.
After incubation for overnight at 35°C, the number of
colonies was counted.

Results and discussion

A total of eight seawater samples obtained from "July

to September 2006 in Japan (Table 1) were. \momtored
for the bacterial growth. The growth of ¥; arahdeio-
Iyticus detected by the culture method and t al-time
PCR assay was similar in all of the san ples (Fig. 1la). V.
and stabilized

thereafter. However, the growth
different in the different detection methods. In the
sample of July 28, the popu]anon £V, vulnificus rapidly
increased from 4 to 18 h::Howeyér, at 24 h, it was below
the level detectable -iby the ulture method (Fig. 1b),
although V. vulnificus was, detected by the real-time PCR
assay. V. vulnificus. rrixght be dead by 24 h. In the samples
of August and September the growth of V. vulnificus
was almost notidetected in any of the samples by the
culture method*(Fig. 1c). However, by the real-time

Fig. 1. Detection of V. parahaemolyticus and V. vulnificus by a
culture method and real-time PCR assay. (a) V. parahaeno-
Iyticus: the mean of all of the samples in this study. (b) V.
vulnificus: the sample of July 28. (c) V. vulnificus: the mean of
the samples of August and September. Undetectable levels of
the culture method and the real-time PCR assay were 1.0 and
2.3, respectively.
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PCR assay, an increase of V. vulnificus population was
detected from 4 to 24 h. The growth of V. vulnificus in
the samples of August and September was weaker than
that of July 28. To determine the reasons why the
growth of V. vulnificus was not detected by the culture
method in the samples of August and September, we
more closely analyzed the monitored population of V.
vulnificus, V. parahaemolyticus and the other bacteria by
the real-time PCR assay.

The populations of V. wulnificus (Fig. 2a), V.
parahaemolyticus (Fig. 2b) and the other bacteria (Fig.
2c) on July 28 were compared to those in August and
September. In V. vulnificus (Fig. 2a), the values of the
samples of August and September were lower after 4h
than those of the sample of July 28. In V. parahaemo-
Iyticus and the other bacteria, the populations had an

—
Q

) V vulnificus

(b ) V parahaenolyticus

increase in the samples of July 28, and also of August
and September (Fig. 2b and c). The initial population of
the other bacteria in the sample of July 28 was different
from the mean of the samples of August and September
(Fig. 2c), although the value was similar after 8h of
incubation. The populations of V. vulnificus in the
sample of July 28 were quite different from the mean of
the samples of August and September, although the
populations were similar before 6 h.

Therefore, the details of V. vulnificus, V. parahaemo-
Iyticus and the other bacteria until 6h of incubation
were analyzed (Fig. 2d). The populations of V.
vulnificus, V. parahaemolyticus and the other bacteria
in the sample of July 28 similarly increased during the 6-
h incubation. However, in the samples of August and
September, there was a significant difference among the

(C) The other b :

-

@ Jul.28
- @~ Aug. and Sep.

Bacteria counts (log cfu/ml)

—- Jul. 28

A Jul.28
N Aug. and Sep.

~ - Aug. and Sep.

AN WA OO NGO
14— ———T—T—

0 4 8 12 18 20 240

Time (h)

Time (h)

@ Vv vulnificusin Tul. 28

Bacteria cof

-'.— V. parahaemolyticus in
Jul. 28

—\— The other bacteria in
Jul. 28

"‘." V. vulnificusin Aug,
and Sep.

iy parahaemolyticus in
Aug. and Sep.

«of\e+ The other bacteria in
Aug. and Sep.

0 2 4

6

Fig. 2. Detection of V. vulnificus, V. parahaemolyticus and the other bacteria. (a) Quantification of the number of V. vulnificus using
real-time PCR assay. (b) Quantification of the number of V. parahaemolyticus using real-time PCR assay. (c) Quantification of the
number of the other bacteria using the culture method. (d) The numbers of V. vulnificus, V. parahaemolyticus and the other bacteria.
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populations of V. vulnificus, V. parahaemolyticus and the
other bacteria. We considered the reason that the
growth of V. vulnificus in the samples of August and
September was not properly monitored by the plating
method and the growth was therefore found to be
weaker than that of July 28. The mean of the population
of V. vulnificus in the samples of August and September
was similar compared with the samples of July 28 until
4h, but the population on July 28 was more than 10
times larger than) the mean of the samples in August
and September at 6h. Until 4h, V. parahaemolyticus in
the samples of August and September grew more than
10-fold higher than in the sample of July 28. The initial
population of the other bacteria in the samples of
August and September was approximately 100 times
higher than that of July 28.

In the sample of July 28, V. vulnificus was not detected
at 24h by the plating method. As a reason, it was
considered whether the bacteria was decreased or had
been eradicated. By the real-time PCR assay, the
population of the bacteria did not change from 18 to
24h. Therefore it is possible that the DNA of dead
bacteria may also be extracted and quantified by the
real-time PCR assay. In order to enumerate only live
cells, RT-real-time PCR assay may be effective,
although more extraction environments to prepare the
assay are required.

APW has been successfully used as an enrichment

medium for pathogenic vibrios including V. vulnificus .

(Donovan and Netten 1995), although the selectability is
low. Therefore, during V. vulnificus growth in APW, the

other bacteria also grow. The rapid growth of the. other

bacteria might be inhibitory towards V. vulmﬁcus
growth. It will be necessary to develop new selecnve
enrichment media for V. vulnificus to mhlblt the growth
of the other bacteria.

In most. of samples except for July__ 28 the water
temperature was lower than 30°C-an “salt concentra-
tion was higher than 22%.. Beca, ;:_utllmﬁcus is very
sensitive to temperature and-salt“concentration (Kelly,
1982, Tilton and Ryan, 1987), it is possible that the
pathogen in most of samples except July 28 was dead.
However, the growth of Vi vulnificus in the all samples
of this study was detected by the monitoring using a
real-time PCR- assay. (Fig. 1). It indicates that the real-

time PCR assay ‘detected viable V. vulnificus but not

DNA fragment from dead cells in all the samples.

In the present study, it is demonstrated that culture
methods, including enrichment in APW and plating
onto agar medium, are appropriate for detecting V.
parahaemolyticus but not V. vulnificus in environmental
samples. Molecular methods for detecting V. vulnificus
are available to confirm the presence in a sample,
although dead cells may also be detected. In addition, it
is necessary to develop more effective selective culture

nH-Hn

methods utilizing enrichment and plating so as to better
isolate V. vulnificus.
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Fig. 1. Sampling points in Shimizu Harbor area.

A: Masaki beach for sea bathing, B: Miho
beach for sea bathing, C: The coast of 3797
Miho, D: The coast of Orido 4 chome, E: The
coast of Orido 3 chome, F: The estuary of
Tomoe river, G: Upper stream of Tomoe river,
H: The coast of Minato-cho 1 chome, I The
coast of 149 Shimazaki-cho, J: The estuary of
Ihara river. -
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