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Vibrio  parahaemolyticus \Juangdifguaslsanszinizenmisuazaltddniay
Tnsianzognedadeludlsind 03:K6 Aduaiandnvesnsszuiailan {]mﬁ’uwudwmmmm
sz Indlslnd 01:K25 waz O1:K untypeable (KUT) A8 miﬁﬂmaﬂwmummmauaw
m’iﬂizLuumﬂuﬂiwﬂumimLLuﬂmawuqsuaqLsuammmmmwu Fadunisdnuigd
fnquszasdifionsiaaeusvuuunisnenos uifius wasdnuwusdiiioatunisnelsa
Y84 V. parahaemolyticus a1eWugszu1n §lsind O1:KUT, O1:K25 uag O3:K6 1w 46
lolwian Fsusnldangtaelulsmenuamalng dwminasvan Ussinelng sendned wa. 2544-
2555 91nM1sANEINUINT 0T LR DR EE ampicillin waziidosau 7 (Gosar 15) was
1 (3ovaz 2) lolwian Aosio ciprofloxacin wag norfloxacin snuansu fivawle fe Founnnt
fauaz 50 fianulslusziuliunansiesn ciprofloxacin waz/M5e norfloxacin uenINAE Ny
MsnsraevesBuiiedesiusyuu type Il secretion systems (T3SS1 wae T3SS2) WaysEUU
type VI secretion systems (T65S1 Wag T6552) TuL?gaﬁqﬂs?JIﬂwﬂ Feovmuaiinnuanunselunis
a¥19an5fi thermostable direct hemolysin (TDH) T8lusssuiiontu Woshuau 21 (Gesay 46)
war 15 (Fesay 33) loleian daruaiunsalunisiAdsufiuuy swarming wag twitching
padulusedugs uenaniidedwau 45 leleian anunsaldslulnaduduuvdossnudn
Wiesograiold Tnedemnnindosas 80 vewimunaunsawsaluansfidslulnaduluszeiu
anuidudusuies 50 lulasTuans miﬁﬂmaﬁﬁwummLmﬂﬁhwaqgﬂqumi?;jamﬂfj%auz ez
Snuasiiienfunsnelsaludeiiidlsndsiy

Hagtuiifednfnvesdsuilélunisdiuun K antigen Fwvhlsllanunsavsdundsiinnves
Hodlslnl KUT ilefinwmsssuisinetld wedreadiluanadsdanudniulunissuunide
aeWusdenan nisdnwiuansliifiuin inafia arbitrarily primed PCR (AP2-PCR uas
AP4-PCR) waginaila enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) 19u
wafiafideuasBensilun1ssiuun V. parahaemolyticus aeiugszun drumnata pulsed-
field gel electrophoresis (PFGE) ldannsasuuni@edlslnd 01:KUT Fauenld Tuszmnined w.a,
2544-2548 'l& nsAnwissldwauunada muLtlpLex multiple-locus  variable-number
tandem repeat (MLVA) Lwaisi’ﬂuﬂﬁarm,uﬂmawuﬁmama Tnensrvdeus It wesdTuLUE
vulastulonfifinuiuwls (variable number of tandem repeat; VNTR) 97131 4 619U WU
JULUU MLVA Fuansnaiu 38 sUlUU A1 Nei’s genetic diversity indices (DI) 81 VNTR W 4
9g381719 0.83-0.92 NsANwIANILARgINUT TR2 IAuruuUslY dlerunis subculture waz
anzaien nada MLVA fifaunduaiunsasiuunmisuansiswesdodlsing OLKUT i
sUMUY PFGE indfloutusanaintuld fussAvsnmlumssuunide (0=0.99) ganduvada PFGE
(0.52) fimnuaunsaaenitmaila PFGE lun1s39uun V. parahaemolyticus @lstnd O1:KUT
aeiugsruIn uaziinnusndiniunededu q Adlunsfnvaefsifisuelund

nsAnuniuandlisuianstedesufiiuzuasdnuns fiAstestuauguusdunis
rolsafinainuateves V. parahaemolyticus aneiugszuin lnsianizidedlsind 01:KUT
Failusylevidenisinemeszuiainewendeluowian Snvianeadin multiplex MLVA 4
W Tudsanusealdiiihss Suasnsnaeunmssvuinvesdeldsoly



Abstract

Vibrio  parahaemolyticus is one of the important causative agents of
gastroenteritis, especially O3:K6 serotype which is considered as a pandemic serotype
disseminated worldwide. Recently, the outbreaks of V. parahaemolyticus infection
occurred not only by O3:Ké serotype but also its serovariants, O1:K25 and O1:KUT
(untypeable). It is imperative to explore their characteristics, and evaluate the novel
method to discriminate the strains. In this study, A total of 46 pandemic
V. parahaemolyticus isolates serotypes O1: KUT, O1:K25, and O3:K6 obtained from
diarrhea patients in Hat Yai hospital, Songkhla during 2001-2012 were examined for their
antimicrobial resistance profiles and virulence characteristics. Resistant towards ampicillin,
ciprofloxacin and norfloxacin were found in all (100%), 7 (15%) and 1 (2%) isolates,
respectively. Interestingly, more than 50% of the isolates were found to be intermediated
susceptibility to ciprofloxacin and/or norfloxacin. The virulence-associated genes
encoding type lll secretion systems (T3SS1 and T3SS2), and type VI secretion systems
(T6SS1 and T6SS2) were widely distributed among the isolates in all serotypes. All
isolates were able to produce the similar level of thermostable direct hemolysin (TDH).
Of 46 isolates, 21 (46%) and 15 (33%) displayed high level of swarming and twitching
motilities, respectively. All isolates except one were able to use hemoglobin as the only
iron source. More than 80% of the isolates were able to grow in iron-depleted medium
under hemoglobin concentration as low as 50 puM. There was no difference in the
antimicrobial resistance profiles and virulence characteristics observed among different
serotypes.

Due to the limitation of established K antisera, tracking the sources of KUT for
epidemiological investigation is not available. Therefore, the effective molecular typing is
required in order to discriminate the strains. This study demonstrated that arbitrarily
primed PCR (AP2-PCR and AP4-PCR) and enterobacterial repetitive intergenic consensus
PCR (ERIC-PCR) exhibited low resolution for typing among pandemic V. parahaemolyticus
isolates. Pulsed-field gel electrophoresis (PFGE), a gold standard method, showed low
ability to discriminate among O1:KUT isolates obtained during 2001-2005. This study
develops a multiplex multiple-locus variable-number tandem repeat (MLVA) assay for
strain typing based on the analysis of 4 variable number of tandem repeat (VNTR) loci.
MLVA analysis of V. parahemolyticus isolates generated 38 distinct profiles. The Nei’s
genetic diversity indices (DI) of the 4 VNTR loci ranged from 0.83-0.92. For stability study,
some variations in TR2 were found after multiple subcultures and in stress conditions. In
this work, MLVA resolved the isolates of O1:KUT obtained in 2001-2005 with identical
PFGE patterns into unique profiles. The multiplex MLVA developed in this study has
higher discriminatory power (D=0.99) than PFGE (0.52), and is superior to PFGE for
distinction pandemic V. parahaemolyticus including O1:KUT isolates. In addition, MLVA is
more rapid than other typing methods used in this study.

This study highlisht the antimicrobial resistant and multiple virulence
characteristics among pandemic V. parahaemolyticus isolates which will be useful for
further epidemiological and clinical investigations of this organism. In addition, the MLVA
typing technique developed in this study would significantly contribute to surveillance
and outbreak investigation of pandemic V. parahaemolyticus.
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V. parahaemolyticus \uanvgddeyres lsromnsiluiie wse nssiwizemisiazaild
Sniau msnelsavendoafeiadrelsafidndy Ao thermostable direct haemolysin (TDH) ua
thermostable direct haemolysin-related haemolysin (TRH) e?fqgﬂmmmimaﬁu tdh way Bu trh
MINa1du (Nair et al, 2007) V. parahaemolyticus Wuanwngaulugvedlsaomisiluiie
Tuvangyszinauaunivieide 1wy YsemagUu u Wity duide Tnsluuszinalnewudn
V. parahaemolyticus \Juanngdusu 1 veslsaemisiluiivuinaen Tud w.e. 2540-2545
fs1eaugtaelsaomsidufiviiflanvnunain V. parahaemolyticus Anidufesas 56, 56, 58,
60, 61 uag 78 maqﬁﬂaaﬁ’wmmmé’ﬁu (NsUANeIFARINITWING, 2550) LazaINaIUTIEU
n3sedalsn vedinssuningl nsumuANlsA NIENTNaIs1sEY Tulse q w1 wuiidnsn
Ureelsaomsiluiividiuiuanas usdensnugUisain V. parahaemolyticus mmﬁqm
dadoyauihszalsremsduiivaign Baaheu unsian - e nsngiau 2558 wuguaelsa
9L dufie 913U 70,994 518 Ineflanuananain V. parahaemolyticus waz Salmonella
30989UIAD Staphyloccoccus
ﬂﬁ]ﬁ;ﬁ'Wlﬁ%’@ﬂﬁjm%a V. parahaemolyticus 1935 serotyping lagedeanuuzves
somatic (O) antigen uay capsular (K) antigen Uaguu V. parahaemolyticus fisurustanan 75
@5y (Ishibashi et al., 2000) e?fqmaﬁuﬁ:mm V. parahaemolyticus ﬁﬁ@IﬁLﬁ@ﬂﬂiiSUWﬂﬂ%ﬁﬂﬁfyj
(pandemic) Tuwnaie o Useina A V. parahaemolyticus O3:Ké Iﬂawum'ﬁszmm%”’ﬂmyj
Tud n.a. 2539 o ifles Caleutta Useinedulie uasnun1sszuinesseiiedludmans 4 Usena
wouvithende wu gu Fu Ty savimumsszuadaridlufnssmaanszemsnnTedala
V. parahaemolyticus O3:K6 ﬁlﬁumaﬁuﬁfﬁﬁﬂﬁﬁﬂm'iizm@ (pandemic strain) Fagoany
stusianannduienidtu tah udlsifiy th (tdh”, trh) waelsinauaniu group specificPCR (GS-
PCR) 34l48u toxRS operon WHuduithuuie (Matsumoto et al., 2000) ognelsAniu Aauinis
s1e9uiadio V. parahaemolyticus dlsIni3uitlina GS-PCR uan léun 04:Ke8, O1KUT
(untypeable) waz 01:k25 Tnedlslnduaniliisrduves tox RS operon, sUluvaneRssiABuLed
17971775 arbitrarily primed-PCR (AP-PCR), ribotyping uag putsed -field gel electrophorsis
(PFGE) Fndlousudlsind 03:K6 (Nair et o 2007) wazdanuide V. parahaemolyt/cus Fslnd
su « filsnwaelulnlniloutu 03:K6 Wutwies  tioradululin Wermunddus e
NNumaLFeIiy uatinsAsuLUamIIELYes antigen Lilensuauasraniduiuveslaas (host)
(Chowdhury et al., 2004)
QﬂaaiiﬁaﬂmﬂiLﬂuﬁwﬁLsﬁw%’umi%’ﬂm a Isanenunamalue 2.a9va1 Tugaed w.e.
2543-2508 wudndlvgydianugannisiedeludlsing 03Ke, 04:K68, OLKUT wag O1:K25
(Wootipoom et al., 2007) sexluta9l w.e. 2549-2553 ﬂauiuwummwmmﬁuaszﬂﬂm 04:K68
kag 01:K25 (Thongjun et al., 2013) memwugﬂwmmLsuaezﬂﬂm O1:KUT ag Feo19LAnan
nsfivszvulufiuiiinisadenfduiusie antigen voutedlslndifiu (O3K6, OLK25 uay



0a:K68) Mafiliiannsnszywinues K antigen ¢ oradumaedosinves antisera u1nsgud
edun1sin dawalinisiaaunisssuinineildenidesanlinsiveinues K antigen
fua3a il K antigen veadewantiu orailuauazein Wievdmiedtufld s nswmwds
Tunsusnaneiusvendededianuddyegsislunistestunasiihss fanshinde

Hagtuldfinsiamunisnsfnwmanofiuifduieves V. parahaemolyticus Faa1a1sn
osunsAMILANATeTausavaneugly Wy undsiinn, anuannsalunisnelsa uagnnsios
UFTue 1518973 IUNNANYIANNNAINIAIEN UGN ITUYRY V. parahaemolyticus Blstnd
03: K6 FadudefinelmAnnsssuninlanegieguuss sgslsfimunmsfnumanunainuaienis
ftugnssulnsiomeianzasuideludlslnd O1KUT Sxfitiosnnn Tnseumannyanevieiusnssy
04 V.  parahaemolyticus Han@Anw1n18tnAliAcIg 9 18U AP-PCR, tnailA Enterobacterial
Repetitive Intergenic Consensus PCR (ERIC-PCR) lawdl tnatin PFGE Ay gold standard
method (Okura et al., 2003, Nair et al, 2007) waila AP-PCR, ERIC-PCR way PFGE d70f-
Foideunnsnaiiu Tng AP-PCR way ERIC-PCR {Ju3siiviléde winuansalunisidiuaznsg
Fuuni du PFGE Aflanlddnowaznisasmuge, lyaainsiifinnudiungy, lszoznaiuiuuas
gunsaifiany dsluunaiesufdinisldanusodinld venandifefisresunisinuian
vimmﬁmEJﬁuaqmaﬁuaﬁammﬁLammaqaLé‘uLaﬁﬁﬁﬂé’ULua%ﬁ 9 il %30 short sequence repeats
(SSR) 158 microsatellite (Jeffreys et al., 1985) #1358 variable number of tandem repeats
(VNTR) (Nakamura et al., 1987) Tngendonisinsizdanuunnsnawesdrsugiiinainnissush
veuuAfiSereanmuindon Inenuinduladifinie SSR LLmﬂasujwﬁé’mwmsﬂmaﬂ’uéﬁqm’h
uiilsddl SSR wnsn wazenvlvuuafiiednisusuiudsuanuanunsalunisnelsafimanzaudu
izuugﬁﬁuﬁu%ﬂaaﬁ (Peak et al., 1996, van Belkum et al., 1998) G’T’wm@ﬁl VNTR fAN3UEY
wUsluseduiugnasureuinegs whsduuuafidealTdfetuudauasaeiusiufonadminet
T VNTR upnsneiu sedudsiinnswmunmaiia multilocus variable number of tandem repeat
analysis (MLVA) Sunrldlunissuunviinveuuniliie Tngld3s PCR §o1de primers finsou
USIad VNTR vane 9 shwnds wlethannsinaeuwun UNTR 69833 cel electropgoresis a1t
sUluUveLaUALduefunnssiuluLuafiSeinsanewus (van Belkum et al., 1998, Vogler et
al., 2006) 33 MLVA Safuisdiaznan, fluszansam wazUsendarldane seildseaunisld
VNTR Tumsusnaneiiuveadouuaiidonanssiinluemssudaidonslsaindeniaiuga du
Escherichia coli O157:H7 (Lindstedt et al., 2004b) Psuedomonas aeruginosa (Onteniente et
al., 2003) wag Salmonella enterica subsp. Enterica serovar Typhimurium (Lindstedt et al.,
2004a) nonniiimshisduiteduidenelsaluuyud Wy Neisseria meningitides (Schouls
et al., 2006), Listeria monocytogenes (Lindstedt et al., 2008), Mycobacterium tuberculosis
(Valcheva et al., 2008) wag V. parahaemolyticus (Harth-Chu et al., 2009)
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N13ANYI V. parahaemolyticus 03: K6 saetnatin MLVA WUl wallatilianuaziden
LLa8?1’3’]%?1’]%]5511‘14?7’13‘1/7’1%’1@;3 (Kimura et al., 2008) uenaniiluisedeundidgsinisinem
AUNAINNAIBTDY O3:K6, O4K68 uay O1:K25 $aufu OL:KUT 113U 3 atewug laginaila
PFGE uax AP-PCR U1 iWoaneniug O1:KUT daeglunduifisntiuiio O3:Ke, 04:K68 uaz O1:K25
(Okura et al., 2003) wazils1e9udn V. parahaemolyticus O1:KUT daunniiauiain V.
parahaemolyticus 03: K6 Mluaewugszuin (Nair et al,, 2007) usihazinsfnwideansiug
OL:KUT Saufuaneiusdu « lnomadama q uideyaiilifiddlifimnuazidoniiomenenisdnu
A195¥UVOS V. parahaemolyticus O1:KUT uwazdsliiiasdinis@nwiainuiadesues VNTR
Fumiiesing q ludefindraun

middeadell Saiitaguszasdifionmund® MLVA uazthalflunsduunaeiugues
V. parahaemolyticus #5lntd O1:KUT TneAnwisaududlslnddu q ﬁLﬂuL%aamﬁ’uﬁ:szmm
NSANITULULY VNTR fiuntdening o voudelunded uazmsimumaiia MLVA asduuselowd
pganndmiunsinumisiussuinineivedlsafiaidedifanunan V. parahaemolyticus
naly
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AauUN 1 NMINIIREBUANYMETINEITaINUN1SRlsAYaY V. parahaemolyticus §18WUSIZUIN

1. msmaa‘umﬁul'sszjaalf??a@iamﬂﬁ‘?nuz (CLSI, 2012)
nsnaaauaubIsies1UfTILA3T disk diffusion leeldarufdrugdiuiu 6 vila Ao
ampicillin (10 pg), chloramphenicol (30 pg), norfloxacin (10 pg), ciprofloxacin (5 ug),
cotrimoxazole (25 pg) Way tetracyclin (30 pg) WANIIATIVEBUAIULIFBEIUHTIULNUIN
FonnaneWushesos ampicilin wazdedmiudosar 60.9 ladunansdes ciprofloxacin
uaefihanlafie Sieswau 1 aeiitug ARedesuiiauzannds 3 wia (ampicillin, norfloxacin
waz ciprofloxacin) agnslsimumuindedulng $1uan Sevaz 95.7, 76.1 uas 97.8 Sandhsie
81 chloramphenicol, norfloxacin Wag cotrimoxazole AUAPU uaﬂmﬂﬁé’awudwﬁaﬁqﬂmaﬁuﬁ:
lasiaen tetracycline anNan1snaapsiansliiiuin V. parahaemolyticus @wluajenslasie
81 chloramphenicol, norfloxacin WLa¥ cotrimoxazole ognslsfmudesiuauunidulina
Tirunaameen norfloxacin Way ciprofloxacin %QIﬁuﬂﬂi%’ﬂwﬂﬁﬂaaﬁamL%aﬁLﬁ'm%’mﬁ'uszw
ML Jemssiinseimsldorsinanlfinniy Wewinenadwasensaesvendeldly

BUIAR (A15199 3)

M990 1 Insiwesdmsunisdnuwun V. parahaemolyticus aneiugszunn

Target Product
PCR primer and sequence (5’-3’) . Reference
genes size (bp)
tox R-F: 5’-GTCTTCTGACGCAATCGTTG-3’ ,
toxR 368 (Kim et al., 1999)

toxR-R: 5’-ATACGAGTGGTTGCTGTCATG-3’

GS-VP.1: 5’ -TAATGAGGTAGAAACA-3’
GS-PCR 651 (Matsumoto et al., 2000)
GS-VP.2: 5’-ACGTAACGGGCCTACA-3’

tdh1 :5’-GGTACTAAATGGCTGACATC-3’
tdh 251 (Tada et al., 1992)
tdh2 : 5’-CCACTACCACTCTCATATGC-3’

trh-F: 5'- GGCTCAAAATGGTTAAGCG - 3'
trh 250 (Tada et al., 1992)
trh-R: 5'- CA CCGCTCTCATATGC - 3'




M13197 2 58a8deAvad V. parahaemolyticus aneugszuiailglunisfinyiil

Presence of

Serotype Year of No. of strain cene GS-PCR
isolation  isolates result
tdh trh
Pandemic (46)
O1:KUT 2001 1 PSU291 + — +
2002 5 PSU732, PSU736, + — +
PSU748, PSUT751,
PSU752
2003 2 PSU938, PSU974 + — +
2004 4 PSU1297,PSU1352,
PSU1601,PSU1918 ’ B ’
2005 3 PSU2030,PSU2453,
PSU2487 T *
2006 2 PSU3031,PSU3460 + — +
2008 2 PSU3916,PSU3972 + — +
2009 7 PSU4792,PSU4T93, + — +
PSU4915,PSU4918,
PSU4994,PSU4998,
PSU5009
2011 5 PSU5126,PSU5139, + — +
PSU5140,PSU5150,
PSU5221
2012 1 PSU5291 + — +
01:K25 2003 2 PSU1031,PSU1032 + — +
2006 1 PSU2667 + — +
2008 5 PSU3866,PSU3880, + — +
PSU3894,PSU3939,
PSU3949
0O3:K6 2008 6 PSU3868,PSU3872, + — +

PSU3887,PSU3892,
PSU3896,PSU3921




A13199 3 wuusnuaLbsieeUfTaugvee V. parahaemolyticus

Pandemic V. parahaemolyticus (n=46)

Antimicrobial agent

No. (%) of R No. (%) of | No. (%) of S
Ampicillin (AMP) 46 (100.0) 0(0.0) 0(0.0)
Chloramphenicol (CHL) 0(0.0) 2(4.3) 44 (95.7)
Norfloxacin (NOR) 1(2.2) 10 (21.7) 35 (76.1)
Ciprofloxacin (CIP) 7(15.2) 28 (60.9) 11(23.9)
Cotrimoxazole (CO) 0(0.0) 1(2.2) 45 (97.8)
Tetracycline (TET) 0 (0.0) 0 (0.0) 46 (100.0)

1R, resistant; I, intermediate; S, susceptible
2A!\/\P, ampicillin; C, chloramphenicol; NOR, norfloxacin; C, ciprofloxacin; SXT, trimethoprim-

sulfamethoxazole; TE, tetracycline

n13nsIMIBuNAeItesiunisnelsaly V. parahaemolyticus 39U 46 @8RUT WU
WedwuSeway 57 funelsailiieatasiu T3SSs wag T6SSs NnduingIvaey tawa varDl,
verD2, vopQ, vopC, vipAluag vipA2 lauieiindednuiuiosay 47 wuduninaet ey 4 gu

(A1579% 4) wansliiudnanwlunisnelsaves V. parahaemolyticus

2. n1sAsavguineNtaInunsnalsa
gunLA

s

A15197 4 sUnuuMsidunelsaves V. parahaemolyticus 313U 46 angiug

]

Detection of virulence genes
No. of isolates

T3SS1 T3SS2 T6SS1  T6SS2 (%)
verD1 vopQ wverD2  vopC  VvipAl  vipA2
+ + + + + + 26 (57%)
+ + + + + - 8 (18%)
+ + - + + + 1(2%)
+ + + + - + 2 (4%)
+ + + - + + 1(2%)
+ + + + - - 1(2%)
+ + + + 1(2%)
- + + + + + 3 (7%)
+ + + + - 1(2%)
+ + - + - - 1(2%)
+ + - + 1 (2%)

+: wudunalse; - linudunalsa



3. NISASIVEIUAMNEINTTOIUNNTES 198150 thermostable direct hemolysin (TDH)
NANISVAABUUUBINIS Wagatsuma agar WUILZeNnateiugaIuisaaaleidadonias
v Y @ v a d’lj
UUDIMNT Wagatsuma agar 16 uanslmiuanuanunsalun1sasisansiie TOH veude Inalyuld
seulalativeadauuamnsia 35 Filus Jvunaduinaudnaiegsening 8.2 - 14.6 Tadiuns
(5U7 1)

;J‘Uﬁ 1 NM15a39a157Y thermostable direct hemolysin ¥09 V. parahaemolyticus U113
Wagatsuma 9 35 €2l

4. NISATIMIAMUEINTTOIUNISLARDUTILUY swarming
V. parahaemolyticus NaNeiugiANuaINTaluNISARoUNLUY swarming 7IkAnNe19iY
lngiiaan 8 Talus nuruiadusgudnatsvedlalaiiuuemissening 8.0-49.4 dadluns

5 MSATIINIAMUAINITAIUNITIARBUNILUY twitching
V. parahaemolyticus AN UGIAMLAINITAIUNISLARBUNRUY twitching LANE1IAY
(5U7 2) lneilszezveanisinfouilogsening 4-34 Iadiuns

;J‘Uﬁ 2 NILARDUNLUY twitching B4 V. parahaemolyticus NgaunIed crystal violet



6. nInsrvdauAuaNnsalunsidivan

msnsvdeuanuaisolunsidiman Elulnadu) fenududu 155 waz 50 uM WUt
Weiimnuannsalumslislulnatuuansneiu (Uil 3) lneiWodiulngdnuiesay 83 auisa
wildluemnsidalalnaduis 2 Arndudu wasiidesuiudesar 11 wialdawzluomsidl
Fulnaduiinnududu 155 uM v sgrdlsfinumuiniidedosas 1 lianansawialdluems
ffFlulnaduite 2 Arandudu

5U7 3 N15LA38YV89 V. parahaemolyticus UUBIMNT melted rich medium + 2, 2’-dipyridyl

Y

FfiElulnadunnadudu 155 UM of hernoglobin (A1: 10X; A2: 1X) wazlifiElulnadu (B1: 10X;
B2: 1X)



Aauil 2 NIANYITULUUANERNNALOWDVBY V. parahaemolyticus anewugszuna lnewain
AP-PCR, ERIC LLazPFGE

1. nsUszliulszansninvaunaiia AP2-PCR waz AP4-PCR

INNANTNAADINUINNATLA AP2-PCR way AP4-PCR Tﬁ’gmwumsﬁmﬁaLSuLmeL%aﬁau
Tnajaanardeiu IngliuaumousIuiu 4-12 uay 7-11 Loy Aua1eu mﬁmﬂdm%ai@amﬁsmm
LmﬂmwaﬁﬂqumawuwmLauLammmmuauiaaav 80 wuinunata AP2-PCR fanuaiunsaly
ﬂ’ﬁmuumﬁaaammmuﬂ AP4-PCR (i'iJVI 4 waz 5) nefinumileusesas 80 walln AP2-PCR
mmimmﬂqmsﬁﬁﬂ.m 2 Nqu (AP2, uag AP2,) diuwmnaiin AP4-PCR mmsmmqm%aimwm
1nzjw/i’1ﬁ?u (AP4,) Araanunsalunissuundeuazlszansamlunssuunideveanain
AP2-PCR (1.0, 0.576-79) fiFngandn AP4-PCR (1.00, 0.006-24) lainaila AP2-PCR wag APd-

PCR Tat1anTun1s9ntuntdnmaudnauny Ae Uszaunad 17 92149 30 Wil (115199 9)

% Sirmilarity - PSU Year AP4
¥ Similarity - PsU Year AP2 G 10 20 30 40 50 60 70 BO %0 100 §§§§§ g8 strain Group
0 10 20 30 40 50 60 70 60 S0 100 §§‘§§ g B & strain Group MTr rrrrrrri

MMTTTTITrrrri i “ﬁzgl 2001 ARG
“Ih 291 2001 APZ, BT 2002 APG,

[ 1@ 2002 APZ, T 2002 AP,

T . L 2002 AP2, EEETE 2002 APd,

I T . 5 2002 APZ, T 2003 AP

1 e 2003 APZ, [ w0 R 2003 AP4._

14§ N 2003 APZ, [T w0 JRUEN 2003 AP

T . 03 2003 AP2, [ w1 R 2003 Apa,

[ 2003 AP2, T 1257 2000 AP

EEEEE W 1257 2004 AP, EEEETEE 252 2000 APd,

____ 1= BEx 2008 AP2Z, EDEETEE ¢ 2004 AP

T W 1501 2006 AP2, 2453 2005 AP

EEEEE I 200 2005 AP2, T 2067 2005 AP,

I 2653 2005 APZ, T 2567 2006 APA

. 2087 2005 APZ, 3031 2006 APA

[ 19 2006 AP, ——— T w006 APa

18 EE 2006 AP2 1

— . 3150 2006 APZ " e 2008 AP,

! T G868 2008 AP4

T 2002 APZ, O 2008 apd’

[ & 1 2002 AP, o o o

—— I[EEEE I 1018 2004 | E T ETE. )
T :osc 2008 AP2, T e 2008 APS

T W 3558 2008 APZ, | == - 2008 AP,

— T . o7 2008 APZ, — T 5590 2008 APa
O 2550 2008 APZ T 59 2008 AP4,

ITHEE W 3587 2008 APZ, IIETETEE 5516 2008 APA,

| TN 2892 2008 APZ, T 921 2008 APA

T 3694 2008 APZ, T 5939 2008 AP,

T 556 2008 APZ, ENETETEE e 2008 APa

[0 e EEY 2008 APZ, T 5572 2008 A4

|| D e 2008 APZ, a792 2008 APA

| a1 e 2008 APZ, 4793 2009 AP,

1 a0y B 2008 APZ a915 2009 AP4

— IEEE W 792 2000 APZ] 918 2009 AP4,

| | T W o 2009 APZ, 5009 2008 AP4

TN 994 2009 APZ, BN stz 2011 AP4,

INEEE W 500v 2009 APZ, T 5139 2011 AP4,

N 1 2011 APZ, EEEEITEE 540 2011 AP4

—| I I 5150 2011 AP2, T 150 2011 APE

IEENE N 5291 012 APZ, I 5221 2011 APS

— I s 2011 APZ T =61 012 APY

— O 072 2008 APZ, - I 0 2004 AP

— EIEE 5130 2011 APZ, 4 T 2030 2005 APA,

i O W 4515 2009 APZ, T oo 2009 APA

T W 9918 2009 APZ, _| Bl 2002 ARG

—— [T 5221 2011 T 2002 AP
T W 1998 2009 — I oo 2009 AP

T ATCC17802 e ATCC17802 :

a A o & = a A &
SUN 4 SULUUAIENUNALBULD LAY SUN 5 SULUURIYNUNALDULD LAY
U QU Y Y

dendrogram ¥4 V. parahaemolyticus
a1eiugIEuIn wag ATCC17802 N1laan
7% AP4-PCR

dendrogram ¥8¢ V. parahaemolyticus
A1eNugIzuIn kag ATCC17802 AlAan
7% AP2-PCR
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2. msuszdiudseansninvaanaila ERIC-PCR lun1sa1uun V. parahaemolyticus

watlA ERIC-PCR WgﬂLLuumﬂﬂmﬁaLSuLammL%aei’;uimyjﬂé”mﬂﬁqr'ﬁ’u Tngliuaudiou
U 5-11 W mﬁﬂmjm%aimmﬁammLmﬂﬁhwaagﬂqumsﬂuﬁﬁLﬁumﬁmmmﬁau
Sovay 80 wuiumedla ERIC-PCR atusndanguidolfifies 1 nquiindu (ERIC) (3U7 6)
AATaEnsalunssLundeuasUssavsnmlumssuunidevonnadia ERIC-PCR iy 1.00
way 0.008:36-muawu neflszoziadldlunsinwwidy 12 $31us 5 Wi (379 9)

% Similarity PsU Year  ERIC

0 10 20 30 40 50 &0 70O 80 90 100 .

T T G888 g5 Grove
“ 291 2000 ERIC,
B Toaa 2002 ERIC,
T . 2002 ERIC,
. 202 ERIC,
[ 1 sl 2002 ERIC,
L . 2002 ERIC,
[Ty e 2003 ERIC,
T . 2003 ERIC,
EI . 2004 ERIC,
T ic 2004 ERIC,
[T 1 2005 ERIC,
[ 1 1 EEHE 2005 ERIC,
[ e 2006 ERIC.
[T N 2006  ERIC,
[T 1 R 2006  ERIC
[ 1 EEEE 2008 ERIC,
[ T 2008 ERIC,
. 2008 ERIC,
[ 2008 ERIC,

[ . 2008 ERIC,
I 2008 ERIC,
. 2008 ERIC,
. 2008 ERIC
T 2008 ERIC,
. 2008 ERIC,
T 2008 ERIC,
I 2009 ERIC,
[ R 2008 ERIC,
. 015 2009 ERIC,
I . 2008 ERIC,
[ 1 1 EEEE 2005 ERIC,
EE T 2008 ERIC,
O 2011 ERIC,
O - 2011 ERIC
. o 2011 ERIC,
O - 2011 ERIC,
I 2011 ERIC,
L 2012 ERIC,

— I 2009 ERIC
T 2003 ERIC
BT 2003 ERIC,
T 2004 ERIC,

— I 2004 ERIC,
[ RN 2005 ERIC,
[ 1 2008 ERIC
[ 1 RN 2008 ERIC
I - TCC 17802

UM 6 gULUUAeRNAOWe uaz dendrogram w83 V. parahaemolyticus @8WugsEUIn
Way ATCC17802 MlA91n75 ERIC-PCR
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3. msUszfiudseansninveanaiin PFGE Tun1saauun V. parahaemolyticus
wiafla PFGE TgUuuuatefiuifidueninainuaie Taglioufdudiuin  10-13 uou

Fefuu1nogsening <48.5-727.5 kb wsegrelsAinudinafizluvuarefinnue e uidiu
Pwdlouriu (3UN 7) Msdanguidelasendominuunniiavessuuuuatefiunfduenanumiion

Souay 80 WuUIMALA PFGE mmia%’mﬂfjmsﬁalﬁ 3 nqu (PFGE;, PFGE, Wag PFGE,)
meuansalumsswuneuasUsyansamlunsswunideveannaila PFGE wiifu 1.00 wax
0.520:93-nuadu aeslsfinaumaiia PFGE Sszezinanildlunisdnwiutudian Ae 26 42lug 42
it (1157197 9)

FRGEVP _PFGEVP Year PSU PFGE
Strain Group

g....8 % . % %
B 2000 I 2000 Psu4792  PFGE,
2008 I 2008 PSU4TSZ  PFGE,
| [ 2009 PSUS009  PFGE,
B o2 [ 2009 PSU4998  PFGE,
B 200 I 2009 PSU4915  PFGE,
W 2002 0 2009 PSU4918  PFGE,
W 20 2008 PSU3949  PFGE,
W 2004 2008 PSU3972  PFGE,
B 2005 2011 PSUS150  PFGE,
2006 2011 PSUS221  PFGE,

2011 PSUS126  PFGE,
2011 PSUS139  PFGE,
2011 PSU5140 PFGE,
2012 PSUS291  PFGE,
2001 PSU291  PFGE,
2002 PSUT48  PFGE,
2002 PSUTS1  PFGE,
2002 PSU752  PFGE,
2003 PSUST4  PFGE,
2004 PSU1287  PFGE,
2004 PSU1352 PFGE,
2004 PSU1601  PFGE,
2004 PSUI918  PFGE,
2005 PSU2030  PFGE,
2005 PSU2453  PFGE,
2005 PSU2487  PFGE,
2003 PsSU938 PFGE,
2003 PSU1031  PFGE,
2008 PSU2887 PFGE,
[l 2003 PSU1032  PFGE,
[ 2002 PSUT32  PFGE,
B 2002 PSUT3s PFGE,
2006 PSU3031  PFGE,
2006 PSU3450  PFGE,
2008 PSU3836  PFGE,
2008 PSU391E  PFGE,
2008 PSU38E8  PFGE,
2008 PSU3872  PFGE,
2008 PSU38SZ  PFGE,
2008 PSU3887T  PFGE,
2008 PSU3921 PFGE,
2008 PSU3880  PFGE,
2008 PSU38%4 PFGE,
I 2008 Psu4g94
2008 PSU3886  PFGE,
2008 PSU3939  PFGE,

LI

JUN 7 JUkuUaIeiIiALawe uaz dendrogram ves V. parahaemolyticus aneiiugseunn
#lpan35 PFGE
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AauN 3 N1TWAINIIMATA multiplex MLVA  tWafnurjuuuuatanunaLdulavas
V. parahaemolyticus mﬂﬁuﬁzizmﬂ

1. MIATIREaUanulianalalnavas VNTR wazn1seantuulnswasdimiuis MLVA

9nnsmsaRaouaiuianalelndues VNTR lugruteyanudviuianalelnedisinuau s
M3IALTEDIN1SIUIU 5 sUlUUAe TR1, TR2, TR3, TR4 uag TR5 Failern1s blast fudsu
fedlelnaves V. parahaemolyticus @nefiug RIMD2210633 lugiudeyaves NCBI wuin
d1uvad TR1 Lag TR3 unsnaglugdiuvas non-coding region &@3u TR2, TR4 uaz TR5 wnsnaglu
d7uv99 hypothetical protein UONANHTINUIT @9uwes VNTR markers 71110519800
fiunseguurislaslulen 1 wag 2 104 V. parahaemolyticus a1eiius RIMD2210633 lagdau
¥84 TR, TR2 Uag TR4 Tsuniseguulasiuloy 1 uag duves TR3 uag TRS diunisaguy
TasTalew 2 (A3797 5)

fdeldeanuulnsiuesdmau 5 g Asumegdu UNTR marker 3 5 5ULUU (1137991 6)
waznudlwaiwesiommn sniulwsiues TRS annsaifiudiuiu VNTR markers vaaidosiavanld
wardizUuuuvas MLVA fivannvans TasdodnilvalVinaauilonaaoudelnaues TRs dedu
Tudupou MLVA 3dl¥lnswessiuu 4 quindu Ae TR1, TR2, TR3 ua TRA

A1519% 5 518820819 VNTR loci

VNTR Repeat Unit Copy Function Chromosome
loci motif length number
(bp)
TR1 AGGTTCT 7 11.1 Non-coding region 1
TR2 GCTCTG 6 21.5 Hypothetical protein 1
TR3 CAGCTAAA 8 22.8 Non-coding region 2
TR4 ATAGAG 6 28.2 Hypothetical protein 1
TR5 TCTGGC 6 21.5 Hypothetical protein 2

A1519% 6 IWsLuasansUIs MLVA

VNTR Expected
locus F-primer sequence (5'->3')  R-primer sequence (5'->3") amplicor: size
(bp)
TR1 GTGACGGCTGGTCAGAAGAT TTCACGCCAACTTCCTCAAC 130
TR2 AGTTGCGGTGCGTAGTTTTC TCGCTCAGGAGCTATCCTCT 190
TR3 TTCACGGGTAAAAACACCAT GCTGTGGTCTTTGTGTACGG 233
TR4 TCAGCCAGACACTCCATACAA  GGAAGACATATCCGGTTTGC 214

TR5 CTCTGCGTATTGCATCTGGA GCAGGCGCTTGATGATTACT 229




2. A1SWAIRIAS multiplex PCR d1%5U MLVA

13

1NN1INAFBIANNTOUSUANLLTUTUBIEUsEnaUlU PCR reaction wazUsuan1izlunig

1 PCR Lo lyLun1zAun19v191Uv89 primer 914 4

FILAAIIY AN 7 WAL 8 ANUAISU

5199 7 PCR reaction dwsun13vi Multiplex MLVA

gansounu (multiplex PCR) 14

PCR reaction Final Conc. pl /reaction
10X Buffer 1X 6.0
2.5mM dNTPs 0.20 mM 2.4
4uM PrimerTR1-F 0.2uM 1.5
4uM PrimerTR1-R 0.2uM 1.5
4uM PrimerTR2-F 0.2uM 1.5
4uM PrimerTR2-R 0.2uM 1.5
4uM PrimerTR3-F 0.2uM 1.5
4uM PrimerTR3-R 0.2uM 1.5
4uM PrimerTR4-F 0.2uM 1.5
4uM PrimerTR4-R 0.2uM 1.5
5U/ul Tag polymerase 05U 0.1
Template DNA - 2.0
Water - 7.5
Total volume - 30.0
5199 8 PCR condition dw3un1svi Multiplex MLVA
PCR condition Temp. (°C) Time(min)

Initial denaturation 95 3
Denaturation 95 1

Annealing 50 1 30 cycles
Elongation 68 1

final elongation 68 5




3. MATIERUNA MLVA 1agd5 capillary electrophoresis kagn1331AT12viguuy VNTR

IINNTNTIVABUIULUY MLVA lu V. parahaemolyticus 31u3u 46 aneviug lnglilnsiues
fisuw1ziu VNTR markers  $1u2u 4 sUwuu (TR1, TR2, TR3 uaz TR4) f1875 capillary
electrophoresis WugULuu MLVA FupnatafusIuI 38 sUuuy Fas Ut 104 TR1, TR2, TR3
wag TRA dA10g5endng 8-17, 7-24, 5-44 Uay 7-38 AUA16IU

n15a¥14 dendrogram aga dasUluy MLVA saaidiouazinnguitolasendoanuunneis
Y9931UIN1V08 WNTR finrunniioudoras 80 wuih aunsoudadessnidiu 6 ndu (MLVA,,
MLVA, , MLVA;, MLVA,; , MLVA; kag MLVAy) (gﬂﬁ 8) nadla MLVA darauaiuisalunis
f\i”nmﬂL%@LLazﬂﬁzaw%ﬂwwiuﬂWiﬁTﬂLLuﬂLS??aqamﬂ Ao 1.00 wag 0.99 MuaIRU wazdsyeziianluy

ANSILUNLTBLANES 4 T4 40 U (AN5199 9)

2003
2005

2011
2009

2001
2002
2004
2012

35U 8 Dendrogram @31991n3Uluy MLVA 483 V. parahaemolyticus g18Wugssun

e £

MLVAVP_vals (<All Characters>)

8 § 8 8 2 8 g B

—

—

AT

ﬂmmﬂm@»g%;;@z@gga

MLVAvp_vals

@

10 19
10 19
10 15
10 12
14 17
8 23
8 23
8 23
8 a3
8 24
8 20
8 18
8 17
8 15
12 1
12 17
12 19
12 19
12 20
9 25
i 12
1 12
1 7

1" 7

1 18
i 13
1 13
1" 12
1" 12
i 21
i 16
1 16
1" 16
1 16
9 16
NA 20
17 7

NA 8

15 8

15 7

15 8

15 8

15 16
13 13
13 14
13 12

R2

TR

21

15

TR4

g

Year

2003

2m

2gggggd

2R L

g8
LI

§eggEeggggaeeey

gggse
- - =

gggges

PSU
Strain

PSU1032
PSU2487
PSU3031
PSU5150
PSU4998
PSU38ES
PSU3ST2
PSu3ss?
PSU3892
PSU3896
PSU3921
PSUs221
PSU291

PSU3916
PSU2453
PSU3049
PSUT48

PSUTS2

PSU751

PSU1918
PSU1207
PSU1601
PSU4TO2
PSU4915
PSU974

PSU3804
PSU3939
PSUlg66
PSU3880
PSU39T2
PSUT32

PSUTI6

PSU3460
PSU1352
PSU9IS

PSU2030
PSUS291
PSUS139
PSUS140
PSUS126
PSU4994
PSUS009
PSU2667
PSU4TO3
PSU49018
PSU1031

MLVA
Group

MLVA1
MLVA1
MLVA1
MLVA1

MLVA2
MLVA2

MLVA3
MLVA3
MLVA4
MLVA4

MLVAS
MLVAS

MLVAE
MLVAE
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4. nsidSeuiisudszansainlunisaauun V. parahaemolyticus vaanailn AP2-PCR,

AP4-PCR, ERIC-PCR, PFGE waz MLVA

dle3euifisuuszansamlunissiwun V. parahaemolyticus veunailn  AP2-PCR,
APA-PCR, ERIC-PCR, PFGE wag MLVA wuin wadia MLVA Sumediaiifiananuaiunsalunis
ai’wu,uﬂL?gaLLazﬂizﬁw%mW‘Lumifﬁ’]LLum?gaqaqm (1.00 way 0.99) s99a3u1AD WwAlla AP2-PCR
(1.00 wag 0.57), PFGE (1.00 wag 0.52), ERIC-PCR (1.00 tag 0.00) hag AP4-PCR (1.00 wag 0.00)
AUy wenanidleluisuiisussesnanlunissuunidenuin wada MLVA Humaiaiidl
AMNTINLTTIaR SesaBwNAe ATlA ERIC-PCR, AP2-PCR, APA-PCR uay PFGE audifu (1319
7 9) nansPaBILuARILTLI WATA MLVA LﬂUL%ﬂﬁﬂﬁi?@L%DLLazﬁﬂ’iza%%ﬂ’]WQQ Tun1sdiun
V. parahaemolyticus aneiugszun

M99l 9 IWSsuLisunmasTRvesmatia AP2-PCR, AP4-PCR, ERIC-PCR uag MLVA

Qmﬂuﬁa AP2-PCR AP4-PCR ERIC-PCR PFGE MLVA

ANUAINTTOIUNITI LN
1.00 1.00 1.00 1.00 1.00
T=Ny/N
ﬂizaw%mwiumsiﬁi’muﬂ
D=1- 1 5 n (nj—l) 0.57 0.00 0.00 0.52 0.99
N (N-1) j=1

seuznaild (h)
t=1781989 DNA extraction + PCR + 17.30 17.30 12.05 26.42 4.40

Gel electrophoresis
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AaUN 4  N1IVAFBUANULENYTVRIFULUY VNTR Yaaluan1aesng o

NITATIVFOUANLAD YTV VNTR 983 V. parahaemolyticus Tuan1zang q lanwunng
\WasuuUawess uausn VNTR markers 513 4 fumila (TR1, TR2, TR3 wag TR4) Tudedirunns
dAusnuluiiiudn (80 ssmiwadea) uasiivavaresfusuiuane 9 0 (repeated freezing
storage and thawing) agnslsfimunisineidsadenarsns (multiple subcultures) ¥liide
$1uau 1 Telaan anvievn 50 lelwan fnsideundassiuuginmelu TR2

N1INTIVADUAIULADYTUD NTR Lﬁ'm?iym V. parahaemolyticus Tuannghaaien
(aa,mﬂu pH, AHLAL) Wmmmamwam pH 11 uazan1eid NaCl geilefewas 8 Lilinase
$1uaUT 89 VNTR markers 119 & fumsla aEmiiﬂmuwumiuJasJumJaqmmusmmaTu TR2
Tudevisleluanidiedosiionmgl 5 woe 44 ssaneaidoa uioluanneiid pH 1 (4.8) 3o
i NaCl s (o 0.5)
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nan153dudundelailannun udegluinguszasAvaslaseiniside

ASN1sneang

1. maivhedeluiifusauasilfazaredenisiuasundasuas VNTR
Tnaaeailneldes V. parahaemolyticus PSU 3868 Uua1913 TSA+1% NaCl figaumgd
37°C Hunan18 Hilus mntudaEenlalaiiiensiuan 1 colony unassluemis TSB+1% Nacl
Unfigaungll 37°C 1unan18 dalug wanAudely 15% slycerol figamgil -80°C LfJunaﬂS
F2lue K1n1say awmwamwﬂummmumauiﬂmeummwﬂm 80°C 8nas
(freezmg storage and thawing) \Junan18 sz’ﬂm Mnsuwdudsiazay mm%ﬂummu 9 98U
mﬂuummﬁaammmuummi TSA+19% NaCl mmmu 37°C 1 Junan 18 Hlus udadnidenlaladl
Weasuau 5 Taladl wievundudosudu Imsmmﬂmwaiu 15% gtycerotwammu
-80°C 1Jutaan 18 sz’ﬂm ¥nsududeuazazanesisn 10 sou mﬂuummjaml,amuumwm
TSA+1% NaCl Uuflgaumad 37°C (unanis dalus wdadmienidesiuau 10 Talad wnafn
AdUA28TS phenol-chloroform extraction LagnTINE@RUANULETYTVO VNTR A2875 MLVA

2. mswzdsatesvaneaduiemsuisunUasuas VNTR

Tnaasailneides V. parahaemolyticus PSU 3868 U101113 TSA+1% NaCl figaumgd
37°C WHunan1s Failus mntudmdenlaladiiion s1uau 5 Telall tdssunue1ms TSA+19% NaCl
figaumnd 37°C \unanis Fluaiievnudesudu antudsndounuems TsA+1% Nacl
Tysinn 9 Ju auAsUTL 10 U (multiple subcultures) wifmdonlalalfunuainemsiaes
Feusazau 91uaz 10 laladl wnaiasusieds phenolchloroform extraction u&a3winns
MIRFDUANULADYIVDY VNTR 9875 MLVA

3. msdsadeludnziuasearenisiUasunlasuas VNTR

FBnsneassinlaeides V. parahaemolyticus PSU 3868 uue1wns TSA+1% NaCl
vufigamgd 37°C Wunan1s Halus andudmienlalaiifier $1wu 5 Talad undesusims
TSA+1% NaCl ﬁuﬁammﬁ 37°C Wunan18 Hrluadielddudosudu mndudssuuems
TSB+1% NaCl MNANIZAN 9 laun aundl 5 uar 44 °C; pH4.8 uay pH11; NaCl: 0.5 unz 8%
Uwammu 37°C 1Huran18 ilus LLa’Ju’lLGUEJVl“UquLLG]a ANMEVBINSLABNN streak UUBIWS
TSA+1% NaCl Anidenlaladifunuanemsiasadeusazay 91uas 10 laladl madniLusae
75 phenol-chloroform extraction L&13911A19ATIADUANLENTVDS VNTR A28 MLVA
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NANISNAABILAZIR5e]

N30 39E0UAINLADEIVOI VNTR GUEN V. parahaemolyticus Tuan1zmng g]hJ‘W‘Uﬂ’li
\WaBuLUawess uIusn VNTR markers 513 4 fumsla (TR1, TR2, TR3 wag TR4) Tudeiiiunis
dAusnuluiiiudn (80 ssmiwadea) uasilvavaresfusiuiuane 9 sou (repeated freezing
storage and thawing) agnslsfimunisineidsadenatsnss (multiple subcultures) v¥liide
$1uu 1 Telaan anvieva 50 lelman fnsideundassuuginmelu TR2

N1INTIVADUAIULADYTUD NTR Lﬂ,dJ‘IEJL?;J‘EN V. parahaemolyticus Tuannghaaien
(aammJ pH, AHLAL) Wm']mit,amwaw pH 11 uazan1eid NaCl geilefewas 8 Lilinase
$1uaUT 8 VNTR markers 119 & fumsla amﬂiiﬂmuwumiLﬂaauLLUaﬂmmummsﬂu TR2
TumamﬂdmamLmaLaqumﬁQu 5 uaz 44 ssraldua wisluanieiill pH d (4.8) wie
il NaCl i (Bowaz 0.5) Tsdonndosiuaiseluide salmonella Typhimurium, Pseudomonas
sp. uag E. coli fisneauin ﬁﬂ’l’szaﬂLﬂ%‘c’m{ﬂ"m“]ﬁﬂil’mLﬁlEJ’J%ENfqﬁm’l’iLU%SULLﬂﬁG%NWﬂﬁqﬂ%‘%‘@J%@Q
L%@ﬁﬁﬂé’ﬂ(!\/\artinez and Baquero, 2000, Van Den Broek et al., 2005, Cooley et al., 2010)
uananiifaiinisAnwanuaiosves WIR Ty Ecoli fafinissiseut 353, gangiigs uas
anmziiflansemssiiainadenisiasuulassiuiuginiglu VNRT (Cooley et al., 2010) fatu
niTedswludiuinanisiuadeaiinasensivasuudamessiuiuginigly VNRT 101 V.
parahaemolyticus warlunsEUIUNISANYINTI9MSIUINTIes VNRT AI5a8nanidsanis
WAL T et Maneasunsrensarinnisianaina N siUasunlassiuiusives VNRT lu
S¥WINNTRTINEaUla

LONE1SD19D9

Cooley, M. B., Carychao, D., Neuyen, K., Whitehand, L., and Mandrell, R. 2010. Effects of
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Applied and environmental microbiology. 76: 3398-3400.
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UNI

o

V. parahaemolyticus \uanvgddeyres lsromnsiluiie wse nssiwizemisiazaild
Sniau msnelsavendoafeiadrelsafidndy Ao thermostable direct haemolysin (TDH) ua
thermostable direct haemolysin-related haemolysin (TRH) e?fqgﬂmmmimaﬁu tdh way Bu trh
MINa1du (Nair et al, 2007) V. parahaemolyticus Wuanwngaulugvedlsaomisiluiie
Tuvangyszinauaunivieide 1wy YsemagUu u Wity duide Tnsluuszinalnewudn
V. parahaemolyticus \Juanngdusu 1 veslsaemisiluiivuinaen Tud w.e. 2540-2545
fs1eaugtaelsaomsidufiviiflanvnunain V. parahaemolyticus Anidufesas 56, 56, 58,
60, 61 uag 78 maqﬁﬂaaﬁ’wmmmé’ﬁu (NsUANeIFARINITWING, 2550) LazaINaIUTIEU
n3sedalsn vedinssuningl nsumuANlsA NIENTNaIs1sEY Tulse q w1 wuiidnsn
Ureelsaomsiluiividiuiuanas usdensnugUisain V. parahaemolyticus mmﬁqm
dadoyauihszalsremsduiivaign Baaheu unsian - e nsngiau 2558 wuguaelsa
9L dufie 913U 70,994 518 Ineflanuananain V. parahaemolyticus waz Salmonella
30989UIAD Staphyloccoccus
ﬂﬁ]ﬁ;ﬁ'Wlﬁ%’@ﬂﬁjm%a V. parahaemolyticus 1935 serotyping lagedeanuuzves
somatic (O) antigen uay capsular (K) antigen Uaguu V. parahaemolyticus fisurustanan 75
@5y (Ishibashi et al., 2000) e?fqmaﬁuﬁ:mm V. parahaemolyticus ﬁﬁ@IﬁLﬁ@ﬂﬂiiSUWﬂﬂ%ﬁﬂﬁfyj
(pandemic) Tuwnaie o Useina A V. parahaemolyticus O3:Ké Iﬂawum'ﬁszmm%”’ﬂmyj
Tud n.a. 2539 o ifles Caleutta Useinedulie uasnun1sszuinesseiiedludmans 4 Usena
wouvithende wu gu Fu Ty savimumsszuadaridlufnssmaanszemsnnTedala
V. parahaemolyticus O3:K6 ﬁlﬁumaﬁuﬁfﬁﬁﬂﬁﬁﬂm'iizm@ (pandemic strain) Fagoany
stusianannduienidtu tah udlsifiy th (tdh”, trh) waelsinauaniu group specificPCR (GS-
PCR) 34l48u toxRS operon WHuduithuuie (Matsumoto et al., 2000) ognelsAniu Aauinis
s1e9uiadio V. parahaemolyticus dlsIni3uitlina GS-PCR uan léun 04:Ke8, O1KUT
(untypeable) waz 01:k25 Tnedlslnduaniliisrduves tox RS operon, sUluvaneRssiABuLed
17971775 arbitrarily primed-PCR (AP-PCR), ribotyping uag putsed -field gel electrophorsis
(PFGE) Fndlousudlsind 03:K6 (Nair et o 2007) wazdanuide V. parahaemolyt/cus Fslnd
su « filsnwaelulnlniloutu 03:K6 Wutwies  tioradululin Wermunddus e
NNumaLFeIiy uatinsAsuLUamIIELYes antigen Lilensuauasraniduiuveslaas (host)
(Chowdhury et al., 2004)
QﬂaaiiﬁaﬂmﬂiLﬂuﬁwﬁLsﬁw%’umi%’ﬂm a Isanenunamalue 2.a9va1 Tugaed w.e.
2543-2508 wudndlvgydianugannisiedeludlsing 03Ke, 04:K68, OLKUT wag O1:K25
(Wootipoom et al., 2007) sexluta9l w.e. 2549-2553 ﬂauiuwummwmmﬁuaszﬂﬂm 04:K68
kag 01:K25 (Thongjun et al., 2013) memwugﬂwmmLsuaezﬂﬂm O1:KUT ag Feo19LAnan
nsfivszvulufiuiiinisadenfduiusie antigen voutedlslndifiu (O3K6, OLK25 uay



0a:K68) Mafiliiannsnszywinues K antigen ¢ oradumaedosinves antisera u1nsgud
edun1sin dawalinisiaaunisssuinineildenidesanlinsiveinues K antigen
fua3a il K antigen veadewantiu orailuauazein Wievdmiedtufld s nswmwds
Tunsusnaneiusvendededianuddyegsislunistestunasiihss fanshinde

Hagtuldfinsiamunisnsfnwmanofiuifduieves V. parahaemolyticus Faa1a1sn
osunsAMILANATeTausavaneugly Wy undsiinn, anuannsalunisnelsa uagnnsios
UFTue 1518973 IUNNANYIANNNAINIAIEN UGN ITUYRY V. parahaemolyticus Blstnd
03: K6 FadudefinelmAnnsssuninlanegieguuss sgslsfimunmsfnumanunainuaienis
ftugnssulnsiomeianzasuideludlslnd O1KUT Sxfitiosnnn Tnseumannyanevieiusnssy
04 V.  parahaemolyticus Han@Anw1n18tnAliAcIg 9 18U AP-PCR, tnailA Enterobacterial
Repetitive Intergenic Consensus PCR (ERIC-PCR) lawdl tnatin PFGE Ay gold standard
method (Okura et al., 2003, Nair et al, 2007) waila AP-PCR, ERIC-PCR way PFGE d70f-
Foideunnsnaiiu Tng AP-PCR way ERIC-PCR {Ju3siiviléde winuansalunisidiuaznsg
Fuuni du PFGE Aflanlddnowaznisasmuge, lyaainsiifinnudiungy, lszoznaiuiuuas
gunsaifiany dsluunaiesufdinisldanusodinld venandifefisresunisinuian
vimmﬁmEJﬁuaqmaﬁuaﬁammﬁLammaqaLé‘uLaﬁﬁﬁﬂé’ULua%ﬁ 9 il %30 short sequence repeats
(SSR) 158 microsatellite (Jeffreys et al., 1985) #1358 variable number of tandem repeats
(VNTR) (Nakamura et al., 1987) Tngendonisinsizdanuunnsnawesdrsugiiinainnissush
veuuAfiSereanmuindon Inenuinduladifinie SSR LLmﬂasujwﬁé’mwmsﬂmaﬂ’uéﬁqm’h
uiilsddl SSR wnsn wazenvlvuuafiiednisusuiudsuanuanunsalunisnelsafimanzaudu
izuugﬁﬁuﬁu%ﬂaaﬁ (Peak et al., 1996, van Belkum et al., 1998) G’T’wm@ﬁl VNTR fAN3UEY
wUsluseduiugnasureuinegs whsduuuafidealTdfetuudauasaeiusiufonadminet
T VNTR upnsneiu sedudsiinnswmunmaiia multilocus variable number of tandem repeat
analysis (MLVA) Sunrldlunissuunviinveuuniliie Tngld3s PCR §o1de primers finsou
USIad VNTR vane 9 shwnds wlethannsinaeuwun UNTR 69833 cel electropgoresis a1t
sUluUveLaUALduefunnssiuluLuafiSeinsanewus (van Belkum et al., 1998, Vogler et
al., 2006) 33 MLVA Safuisdiaznan, fluszansam wazUsendarldane seildseaunisld
VNTR Tumsusnaneiiuveadouuaiidonanssiinluemssudaidonslsaindeniaiuga du
Escherichia coli O157:H7 (Lindstedt et al., 2004b) Psuedomonas aeruginosa (Onteniente et
al., 2003) wag Salmonella enterica subsp. Enterica serovar Typhimurium (Lindstedt et al.,
2004a) nonniiimshisduiteduidenelsaluuyud Wy Neisseria meningitides (Schouls
et al., 2006), Listeria monocytogenes (Lindstedt et al., 2008), Mycobacterium tuberculosis
(Valcheva et al., 2008) wag V. parahaemolyticus (Harth-Chu et al., 2009)



(%

N13ANYI V. parahaemolyticus 03: K6 saetnatin MLVA WUl wallatilianuaziden
LLa8?1’3’]%?1’]%]5511‘14?7’13‘1/7’1%’1@;3 (Kimura et al., 2008) uenaniiluisedeundidgsinisinem
AUNAINNAIBTDY O3:K6, O4K68 uay O1:K25 $aufu OL:KUT 113U 3 atewug laginaila
PFGE uax AP-PCR U1 iWoaneniug O1:KUT daeglunduifisntiuiio O3:Ke, 04:K68 uaz O1:K25
(Okura et al., 2003) wazils1e9udn V. parahaemolyticus O1:KUT daunniiauiain V.
parahaemolyticus 03: K6 Mluaewugszuin (Nair et al,, 2007) usihazinsfnwideansiug
OL:KUT Saufuaneiusdu « lnomadama q uideyaiilifiddlifimnuazidoniiomenenisdnu
A195¥UVOS V. parahaemolyticus O1:KUT uwazdsliiiasdinis@nwiainuiadesues VNTR
Fumiiesing q ludefindraun

middeadell Saiitaguszasdifionmund® MLVA uazthalflunsduunaeiugues
V. parahaemolyticus #5lntd O1:KUT TneAnwisaududlslnddu q ﬁLﬂuL%aamﬁ’uﬁ:szmm
NSANITULULY VNTR fiuntdening o voudelunded uazmsimumaiia MLVA asduuselowd
pganndmiunsinumisiussuinineivedlsafiaidedifanunan V. parahaemolyticus
naly

FTULLIANIY 2 U (anmy 2558 - fugeu 2560)

wyis v uE sy YUANLUNITIEINUNINGIRLAIVAIUATUNS
UszanauUssanaunuiy Usedntauuseunn 2558
doyeynaan SCI5812085S

QUIzAA

1. ewmuinada MLVA  wldlunissiuun pandemic V. parahaemolyticus
O1:KUT lagiSeuiieudssaninmlunisdnwunaieiugiuis AP-PCR, ERIC-PCR
wazl435 PFGE 10uiBunIgIU

2. fiednuidadedie q fifnadeniiuiadesves VTR 989 pandemic
V. parahaemolyticus O1:KUT
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AauUN 1 NMINIIREBUANYMETINEITaINUN1SRlsAYaY V. parahaemolyticus §18WUSIZUIN

1. msmaa‘umﬁul'sszjaalf??a@iamﬂﬁ‘?nuz (CLSI, 2012)
nsnaaauaubIsies1UfTILA3T disk diffusion leeldarufdrugdiuiu 6 vila Ao
ampicillin (10 pg), chloramphenicol (30 pg), norfloxacin (10 pg), ciprofloxacin (5 ug),
cotrimoxazole (25 pg) Way tetracyclin (30 pg) WANIIATIVEBUAIULIFBEIUHTIULNUIN
FonnaneWushesos ampicilin wazdedmiudosar 60.9 ladunansdes ciprofloxacin
uaefihanlafie Sieswau 1 aeiitug ARedesuiiauzannds 3 wia (ampicillin, norfloxacin
waz ciprofloxacin) agnslsimumuindedulng $1uan Sevaz 95.7, 76.1 uas 97.8 Sandhsie
81 chloramphenicol, norfloxacin Wag cotrimoxazole AUAPU uaﬂmﬂﬁé’awudwﬁaﬁqﬂmaﬁuﬁ:
lasiaen tetracycline anNan1snaapsiansliiiuin V. parahaemolyticus @wluajenslasie
81 chloramphenicol, norfloxacin WLa¥ cotrimoxazole ognslsfmudesiuauunidulina
Tirunaameen norfloxacin Way ciprofloxacin %QIﬁuﬂﬂi%’ﬂwﬂﬁﬂaaﬁamL%aﬁLﬁ'm%’mﬁ'uszw
ML Jemssiinseimsldorsinanlfinniy Wewinenadwasensaesvendeldly

BUIAR (A15199 3)

M990 1 Insiwesdmsunisdnuwun V. parahaemolyticus aneiugszunn

Target Product
PCR primer and sequence (5’-3’) . Reference
genes size (bp)
tox R-F: 5’-GTCTTCTGACGCAATCGTTG-3’ ,
toxR 368 (Kim et al., 1999)

toxR-R: 5’-ATACGAGTGGTTGCTGTCATG-3’

GS-VP.1: 5’ -TAATGAGGTAGAAACA-3’
GS-PCR 651 (Matsumoto et al., 2000)
GS-VP.2: 5’-ACGTAACGGGCCTACA-3’

tdh1 :5’-GGTACTAAATGGCTGACATC-3’
tdh 251 (Tada et al., 1992)
tdh2 : 5’-CCACTACCACTCTCATATGC-3’

trh-F: 5'- GGCTCAAAATGGTTAAGCG - 3'
trh 250 (Tada et al., 1992)
trh-R: 5'- CA CCGCTCTCATATGC - 3'




M13197 2 58a8deAvad V. parahaemolyticus aneugszuiailglunisfinyiil

Presence of

Serotype Year of No. of strain cene GS-PCR
isolation  isolates result
tdh trh
Pandemic (46)
O1:KUT 2001 1 PSU291 + — +
2002 5 PSU732, PSU736, + — +
PSU748, PSUT751,
PSU752
2003 2 PSU938, PSU974 + — +
2004 4 PSU1297,PSU1352,
PSU1601,PSU1918 ’ B ’
2005 3 PSU2030,PSU2453,
PSU2487 T *
2006 2 PSU3031,PSU3460 + — +
2008 2 PSU3916,PSU3972 + — +
2009 7 PSU4792,PSU4T93, + — +
PSU4915,PSU4918,
PSU4994,PSU4998,
PSU5009
2011 5 PSU5126,PSU5139, + — +
PSU5140,PSU5150,
PSU5221
2012 1 PSU5291 + — +
01:K25 2003 2 PSU1031,PSU1032 + — +
2006 1 PSU2667 + — +
2008 5 PSU3866,PSU3880, + — +
PSU3894,PSU3939,
PSU3949
0O3:K6 2008 6 PSU3868,PSU3872, + — +

PSU3887,PSU3892,
PSU3896,PSU3921




A13199 3 wuusnuaLbsieeUfTaugvee V. parahaemolyticus

Pandemic V. parahaemolyticus (n=46)

Antimicrobial agent

No. (%) of R No. (%) of | No. (%) of S
Ampicillin (AMP) 46 (100.0) 0(0.0) 0(0.0)
Chloramphenicol (CHL) 0(0.0) 2(4.3) 44 (95.7)
Norfloxacin (NOR) 1(2.2) 10 (21.7) 35 (76.1)
Ciprofloxacin (CIP) 7(15.2) 28 (60.9) 11(23.9)
Cotrimoxazole (CO) 0(0.0) 1(2.2) 45 (97.8)
Tetracycline (TET) 0 (0.0) 0 (0.0) 46 (100.0)

1R, resistant; I, intermediate; S, susceptible
2A!\/\P, ampicillin; C, chloramphenicol; NOR, norfloxacin; C, ciprofloxacin; SXT, trimethoprim-

sulfamethoxazole; TE, tetracycline

n13nsIMIBuNAeItesiunisnelsaly V. parahaemolyticus 39U 46 @8RUT WU
WedwuSeway 57 funelsailiieatasiu T3SSs wag T6SSs NnduingIvaey tawa varDl,
verD2, vopQ, vopC, vipAluag vipA2 lauieiindednuiuiosay 47 wuduninaet ey 4 gu

(A1579% 4) wansliiudnanwlunisnelsaves V. parahaemolyticus

2. n1sAsavguineNtaInunsnalsa
gunLA

s

A15197 4 sUnuuMsidunelsaves V. parahaemolyticus 313U 46 angiug

]

Detection of virulence genes
No. of isolates

T3SS1 T3SS2 T6SS1  T6SS2 (%)
verD1 vopQ wverD2  vopC  VvipAl  vipA2
+ + + + + + 26 (57%)
+ + + + + - 8 (18%)
+ + - + + + 1(2%)
+ + + + - + 2 (4%)
+ + + - + + 1(2%)
+ + + + - - 1(2%)
+ + + + 1(2%)
- + + + + + 3 (7%)
+ + + + - 1(2%)
+ + - + - - 1(2%)
+ + - + 1 (2%)

+: wudunalse; - linudunalsa



3. NISASIVEIUAMNEINTTOIUNNTES 198150 thermostable direct hemolysin (TDH)
NANISVAABUUUBINIS Wagatsuma agar WUILZeNnateiugaIuisaaaleidadonias
v Y @ v a d’lj
UUDIMNT Wagatsuma agar 16 uanslmiuanuanunsalun1sasisansiie TOH veude Inalyuld
seulalativeadauuamnsia 35 Filus Jvunaduinaudnaiegsening 8.2 - 14.6 Tadiuns
(5U7 1)

;J‘Uﬁ 1 NM15a39a157Y thermostable direct hemolysin ¥09 V. parahaemolyticus U113
Wagatsuma 9 35 €2l

4. NISATIMIAMUEINTTOIUNISLARDUTILUY swarming
V. parahaemolyticus NaNeiugiANuaINTaluNISARoUNLUY swarming 7IkAnNe19iY
lngiiaan 8 Talus nuruiadusgudnatsvedlalaiiuuemissening 8.0-49.4 dadluns

5 MSATIINIAMUAINITAIUNITIARBUNILUY twitching
V. parahaemolyticus AN UGIAMLAINITAIUNISLARBUNRUY twitching LANE1IAY
(5U7 2) lneilszezveanisinfouilogsening 4-34 Iadiuns

;J‘Uﬁ 2 NILARDUNLUY twitching B4 V. parahaemolyticus NgaunIed crystal violet



6. nInsrvdauAuaNnsalunsidivan

msnsvdeuanuaisolunsidiman Elulnadu) fenududu 155 waz 50 uM WUt
Weiimnuannsalumslislulnatuuansneiu (Uil 3) lneiWodiulngdnuiesay 83 auisa
wildluemnsidalalnaduis 2 Arndudu wasiidesuiudesar 11 wialdawzluomsidl
Fulnaduiinnududu 155 uM v sgrdlsfinumuiniidedosas 1 lianansawialdluems
ffFlulnaduite 2 Arandudu

5U7 3 N15LA38YV89 V. parahaemolyticus UUBIMNT melted rich medium + 2, 2’-dipyridyl

Y

FfiElulnadunnadudu 155 UM of hernoglobin (A1: 10X; A2: 1X) wazlifiElulnadu (B1: 10X;
B2: 1X)



Aauil 2 NIANYITULUUANERNNALOWDVBY V. parahaemolyticus anewugszuna lnewain
AP-PCR, ERIC LLazPFGE

1. nsUszliulszansninvaunaiia AP2-PCR waz AP4-PCR

INNANTNAADINUINNATLA AP2-PCR way AP4-PCR Tﬁ’gmwumsﬁmﬁaLSuLmeL%aﬁau
Tnajaanardeiu IngliuaumousIuiu 4-12 uay 7-11 Loy Aua1eu mﬁmﬂdm%ai@amﬁsmm
LmﬂmwaﬁﬂqumawuwmLauLammmmuauiaaav 80 wuinunata AP2-PCR fanuaiunsaly
ﬂ’ﬁmuumﬁaaammmuﬂ AP4-PCR (i'iJVI 4 waz 5) nefinumileusesas 80 walln AP2-PCR
mmimmﬂqmsﬁﬁﬂ.m 2 Nqu (AP2, uag AP2,) diuwmnaiin AP4-PCR mmsmmqm%aimwm
1nzjw/i’1ﬁ?u (AP4,) Araanunsalunissuundeuazlszansamlunssuunideveanain
AP2-PCR (1.0, 0.576-79) fiFngandn AP4-PCR (1.00, 0.006-24) lainaila AP2-PCR wag APd-

PCR Tat1anTun1s9ntuntdnmaudnauny Ae Uszaunad 17 92149 30 Wil (115199 9)

% Sirmilarity - PSU Year AP4
¥ Similarity - PsU Year AP2 G 10 20 30 40 50 60 70 BO %0 100 §§§§§ g8 strain Group
0 10 20 30 40 50 60 70 60 S0 100 §§‘§§ g B & strain Group MTr rrrrrrri

MMTTTTITrrrri i “ﬁzgl 2001 ARG
“Ih 291 2001 APZ, BT 2002 APG,

[ 1@ 2002 APZ, T 2002 AP,

T . L 2002 AP2, EEETE 2002 APd,

I T . 5 2002 APZ, T 2003 AP

1 e 2003 APZ, [ w0 R 2003 AP4._

14§ N 2003 APZ, [T w0 JRUEN 2003 AP

T . 03 2003 AP2, [ w1 R 2003 Apa,

[ 2003 AP2, T 1257 2000 AP

EEEEE W 1257 2004 AP, EEEETEE 252 2000 APd,

____ 1= BEx 2008 AP2Z, EDEETEE ¢ 2004 AP

T W 1501 2006 AP2, 2453 2005 AP

EEEEE I 200 2005 AP2, T 2067 2005 AP,

I 2653 2005 APZ, T 2567 2006 APA

. 2087 2005 APZ, 3031 2006 APA

[ 19 2006 AP, ——— T w006 APa

18 EE 2006 AP2 1

— . 3150 2006 APZ " e 2008 AP,

! T G868 2008 AP4

T 2002 APZ, O 2008 apd’

[ & 1 2002 AP, o o o

—— I[EEEE I 1018 2004 | E T ETE. )
T :osc 2008 AP2, T e 2008 APS

T W 3558 2008 APZ, | == - 2008 AP,

— T . o7 2008 APZ, — T 5590 2008 APa
O 2550 2008 APZ T 59 2008 AP4,

ITHEE W 3587 2008 APZ, IIETETEE 5516 2008 APA,

| TN 2892 2008 APZ, T 921 2008 APA

T 3694 2008 APZ, T 5939 2008 AP,

T 556 2008 APZ, ENETETEE e 2008 APa

[0 e EEY 2008 APZ, T 5572 2008 A4

|| D e 2008 APZ, a792 2008 APA

| a1 e 2008 APZ, 4793 2009 AP,

1 a0y B 2008 APZ a915 2009 AP4

— IEEE W 792 2000 APZ] 918 2009 AP4,

| | T W o 2009 APZ, 5009 2008 AP4

TN 994 2009 APZ, BN stz 2011 AP4,

INEEE W 500v 2009 APZ, T 5139 2011 AP4,

N 1 2011 APZ, EEEEITEE 540 2011 AP4

—| I I 5150 2011 AP2, T 150 2011 APE

IEENE N 5291 012 APZ, I 5221 2011 APS

— I s 2011 APZ T =61 012 APY

— O 072 2008 APZ, - I 0 2004 AP

— EIEE 5130 2011 APZ, 4 T 2030 2005 APA,

i O W 4515 2009 APZ, T oo 2009 APA

T W 9918 2009 APZ, _| Bl 2002 ARG

—— [T 5221 2011 T 2002 AP
T W 1998 2009 — I oo 2009 AP

T ATCC17802 e ATCC17802 :

a A o & = a A &
SUN 4 SULUUAIENUNALBULD LAY SUN 5 SULUURIYNUNALDULD LAY
U QU Y Y

dendrogram ¥4 V. parahaemolyticus
a1eiugIEuIn wag ATCC17802 N1laan
7% AP4-PCR

dendrogram ¥8¢ V. parahaemolyticus
A1eNugIzuIn kag ATCC17802 AlAan
7% AP2-PCR
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2. msuszdiudseansninvaanaila ERIC-PCR lun1sa1uun V. parahaemolyticus

watlA ERIC-PCR WgﬂLLuumﬂﬂmﬁaLSuLammL%aei’;uimyjﬂé”mﬂﬁqr'ﬁ’u Tngliuaudiou
U 5-11 W mﬁﬂmjm%aimmﬁammLmﬂﬁhwaagﬂqumsﬂuﬁﬁLﬁumﬁmmmﬁau
Sovay 80 wuiumedla ERIC-PCR atusndanguidolfifies 1 nquiindu (ERIC) (3U7 6)
AATaEnsalunssLundeuasUssavsnmlumssuunidevonnadia ERIC-PCR iy 1.00
way 0.008:36-muawu neflszoziadldlunsinwwidy 12 $31us 5 Wi (379 9)

% Similarity PsU Year  ERIC

0 10 20 30 40 50 &0 70O 80 90 100 .

T T G888 g5 Grove
“ 291 2000 ERIC,
B Toaa 2002 ERIC,
T . 2002 ERIC,
. 202 ERIC,
[ 1 sl 2002 ERIC,
L . 2002 ERIC,
[Ty e 2003 ERIC,
T . 2003 ERIC,
EI . 2004 ERIC,
T ic 2004 ERIC,
[T 1 2005 ERIC,
[ 1 1 EEHE 2005 ERIC,
[ e 2006 ERIC.
[T N 2006  ERIC,
[T 1 R 2006  ERIC
[ 1 EEEE 2008 ERIC,
[ T 2008 ERIC,
. 2008 ERIC,
[ 2008 ERIC,

[ . 2008 ERIC,
I 2008 ERIC,
. 2008 ERIC,
. 2008 ERIC
T 2008 ERIC,
. 2008 ERIC,
T 2008 ERIC,
I 2009 ERIC,
[ R 2008 ERIC,
. 015 2009 ERIC,
I . 2008 ERIC,
[ 1 1 EEEE 2005 ERIC,
EE T 2008 ERIC,
O 2011 ERIC,
O - 2011 ERIC
. o 2011 ERIC,
O - 2011 ERIC,
I 2011 ERIC,
L 2012 ERIC,

— I 2009 ERIC
T 2003 ERIC
BT 2003 ERIC,
T 2004 ERIC,

— I 2004 ERIC,
[ RN 2005 ERIC,
[ 1 2008 ERIC
[ 1 RN 2008 ERIC
I - TCC 17802

UM 6 gULUUAeRNAOWe uaz dendrogram w83 V. parahaemolyticus @8WugsEUIn
Way ATCC17802 MlA91n75 ERIC-PCR
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3. msUszfiudseansninveanaiin PFGE Tun1saauun V. parahaemolyticus
wiafla PFGE TgUuuuatefiuifidueninainuaie Taglioufdudiuin  10-13 uou

Fefuu1nogsening <48.5-727.5 kb wsegrelsAinudinafizluvuarefinnue e uidiu
Pwdlouriu (3UN 7) Msdanguidelasendominuunniiavessuuuuatefiunfduenanumiion

Souay 80 WuUIMALA PFGE mmia%’mﬂfjmsﬁalﬁ 3 nqu (PFGE;, PFGE, Wag PFGE,)
meuansalumsswuneuasUsyansamlunsswunideveannaila PFGE wiifu 1.00 wax
0.520:93-nuadu aeslsfinaumaiia PFGE Sszezinanildlunisdnwiutudian Ae 26 42lug 42
it (1157197 9)

FRGEVP _PFGEVP Year PSU PFGE
Strain Group

g....8 % . % %
B 2000 I 2000 Psu4792  PFGE,
2008 I 2008 PSU4TSZ  PFGE,
| [ 2009 PSUS009  PFGE,
B o2 [ 2009 PSU4998  PFGE,
B 200 I 2009 PSU4915  PFGE,
W 2002 0 2009 PSU4918  PFGE,
W 20 2008 PSU3949  PFGE,
W 2004 2008 PSU3972  PFGE,
B 2005 2011 PSUS150  PFGE,
2006 2011 PSUS221  PFGE,

2011 PSUS126  PFGE,
2011 PSUS139  PFGE,
2011 PSU5140 PFGE,
2012 PSUS291  PFGE,
2001 PSU291  PFGE,
2002 PSUT48  PFGE,
2002 PSUTS1  PFGE,
2002 PSU752  PFGE,
2003 PSUST4  PFGE,
2004 PSU1287  PFGE,
2004 PSU1352 PFGE,
2004 PSU1601  PFGE,
2004 PSUI918  PFGE,
2005 PSU2030  PFGE,
2005 PSU2453  PFGE,
2005 PSU2487  PFGE,
2003 PsSU938 PFGE,
2003 PSU1031  PFGE,
2008 PSU2887 PFGE,
[l 2003 PSU1032  PFGE,
[ 2002 PSUT32  PFGE,
B 2002 PSUT3s PFGE,
2006 PSU3031  PFGE,
2006 PSU3450  PFGE,
2008 PSU3836  PFGE,
2008 PSU391E  PFGE,
2008 PSU38E8  PFGE,
2008 PSU3872  PFGE,
2008 PSU38SZ  PFGE,
2008 PSU3887T  PFGE,
2008 PSU3921 PFGE,
2008 PSU3880  PFGE,
2008 PSU38%4 PFGE,
I 2008 Psu4g94
2008 PSU3886  PFGE,
2008 PSU3939  PFGE,

LI

JUN 7 JUkuUaIeiIiALawe uaz dendrogram ves V. parahaemolyticus aneiiugseunn
#lpan35 PFGE
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AauN 3 N1TWAINIIMATA multiplex MLVA  tWafnurjuuuuatanunaLdulavas
V. parahaemolyticus mﬂﬁuﬁzizmﬂ

1. MIATIREaUanulianalalnavas VNTR wazn1seantuulnswasdimiuis MLVA

9nnsmsaRaouaiuianalelndues VNTR lugruteyanudviuianalelnedisinuau s
M3IALTEDIN1SIUIU 5 sUlUUAe TR1, TR2, TR3, TR4 uag TR5 Failern1s blast fudsu
fedlelnaves V. parahaemolyticus @nefiug RIMD2210633 lugiudeyaves NCBI wuin
d1uvad TR1 Lag TR3 unsnaglugdiuvas non-coding region &@3u TR2, TR4 uaz TR5 wnsnaglu
d7uv99 hypothetical protein UONANHTINUIT @9uwes VNTR markers 71110519800
fiunseguurislaslulen 1 wag 2 104 V. parahaemolyticus a1eiius RIMD2210633 lagdau
¥84 TR, TR2 Uag TR4 Tsuniseguulasiuloy 1 uag duves TR3 uag TRS diunisaguy
TasTalew 2 (A3797 5)

fdeldeanuulnsiuesdmau 5 g Asumegdu UNTR marker 3 5 5ULUU (1137991 6)
waznudlwaiwesiommn sniulwsiues TRS annsaifiudiuiu VNTR markers vaaidosiavanld
wardizUuuuvas MLVA fivannvans TasdodnilvalVinaauilonaaoudelnaues TRs dedu
Tudupou MLVA 3dl¥lnswessiuu 4 quindu Ae TR1, TR2, TR3 ua TRA

A1519% 5 518820819 VNTR loci

VNTR Repeat Unit Copy Function Chromosome
loci motif length number
(bp)
TR1 AGGTTCT 7 11.1 Non-coding region 1
TR2 GCTCTG 6 21.5 Hypothetical protein 1
TR3 CAGCTAAA 8 22.8 Non-coding region 2
TR4 ATAGAG 6 28.2 Hypothetical protein 1
TR5 TCTGGC 6 21.5 Hypothetical protein 2

A1519% 6 IWsLuasansUIs MLVA

VNTR Expected
locus F-primer sequence (5'->3')  R-primer sequence (5'->3") amplicor: size
(bp)
TR1 GTGACGGCTGGTCAGAAGAT TTCACGCCAACTTCCTCAAC 130
TR2 AGTTGCGGTGCGTAGTTTTC TCGCTCAGGAGCTATCCTCT 190
TR3 TTCACGGGTAAAAACACCAT GCTGTGGTCTTTGTGTACGG 233
TR4 TCAGCCAGACACTCCATACAA  GGAAGACATATCCGGTTTGC 214

TR5 CTCTGCGTATTGCATCTGGA GCAGGCGCTTGATGATTACT 229




2. A1SWAIRIAS multiplex PCR d1%5U MLVA

13

1NN1INAFBIANNTOUSUANLLTUTUBIEUsEnaUlU PCR reaction wazUsuan1izlunig

1 PCR Lo lyLun1zAun19v191Uv89 primer 914 4

FILAAIIY AN 7 WAL 8 ANUAISU

5199 7 PCR reaction dwsun13vi Multiplex MLVA

gansounu (multiplex PCR) 14

PCR reaction Final Conc. pl /reaction
10X Buffer 1X 6.0
2.5mM dNTPs 0.20 mM 2.4
4uM PrimerTR1-F 0.2uM 1.5
4uM PrimerTR1-R 0.2uM 1.5
4uM PrimerTR2-F 0.2uM 1.5
4uM PrimerTR2-R 0.2uM 1.5
4uM PrimerTR3-F 0.2uM 1.5
4uM PrimerTR3-R 0.2uM 1.5
4uM PrimerTR4-F 0.2uM 1.5
4uM PrimerTR4-R 0.2uM 1.5
5U/ul Tag polymerase 05U 0.1
Template DNA - 2.0
Water - 7.5
Total volume - 30.0
5199 8 PCR condition dw3un1svi Multiplex MLVA
PCR condition Temp. (°C) Time(min)

Initial denaturation 95 3
Denaturation 95 1

Annealing 50 1 30 cycles
Elongation 68 1

final elongation 68 5




3. MATIERUNA MLVA 1agd5 capillary electrophoresis kagn1331AT12viguuy VNTR

IINNTNTIVABUIULUY MLVA lu V. parahaemolyticus 31u3u 46 aneviug lnglilnsiues
fisuw1ziu VNTR markers  $1u2u 4 sUwuu (TR1, TR2, TR3 uaz TR4) f1875 capillary
electrophoresis WugULuu MLVA FupnatafusIuI 38 sUuuy Fas Ut 104 TR1, TR2, TR3
wag TRA dA10g5endng 8-17, 7-24, 5-44 Uay 7-38 AUA16IU

n15a¥14 dendrogram aga dasUluy MLVA saaidiouazinnguitolasendoanuunneis
Y9931UIN1V08 WNTR finrunniioudoras 80 wuih aunsoudadessnidiu 6 ndu (MLVA,,
MLVA, , MLVA;, MLVA,; , MLVA; kag MLVAy) (gﬂﬁ 8) nadla MLVA darauaiuisalunis
f\i”nmﬂL%@LLazﬂﬁzaw%ﬂwwiuﬂWiﬁTﬂLLuﬂLS??aqamﬂ Ao 1.00 wag 0.99 MuaIRU wazdsyeziianluy

ANSILUNLTBLANES 4 T4 40 U (AN5199 9)

2003
2005

2011
2009

2001
2002
2004
2012

35U 8 Dendrogram @31991n3Uluy MLVA 483 V. parahaemolyticus g18Wugssun

e £

MLVAVP_vals (<All Characters>)

8 § 8 8 2 8 g B

—

—

AT

ﬂmmﬂm@»g%;;@z@gga

MLVAvp_vals

@

10 19
10 19
10 15
10 12
14 17
8 23
8 23
8 23
8 a3
8 24
8 20
8 18
8 17
8 15
12 1
12 17
12 19
12 19
12 20
9 25
i 12
1 12
1 7

1" 7

1 18
i 13
1 13
1" 12
1" 12
i 21
i 16
1 16
1" 16
1 16
9 16
NA 20
17 7

NA 8

15 8

15 7

15 8

15 8

15 16
13 13
13 14
13 12

R2

TR

21

15

TR4

g

Year

2003

2m

2gggggd

2R L

g8
LI

§eggEeggggaeeey

gggse
- - =

gggges

PSU
Strain

PSU1032
PSU2487
PSU3031
PSU5150
PSU4998
PSU38ES
PSU3ST2
PSu3ss?
PSU3892
PSU3896
PSU3921
PSUs221
PSU291

PSU3916
PSU2453
PSU3049
PSUT48

PSUTS2

PSU751

PSU1918
PSU1207
PSU1601
PSU4TO2
PSU4915
PSU974

PSU3804
PSU3939
PSUlg66
PSU3880
PSU39T2
PSUT32

PSUTI6

PSU3460
PSU1352
PSU9IS

PSU2030
PSUS291
PSUS139
PSUS140
PSUS126
PSU4994
PSUS009
PSU2667
PSU4TO3
PSU49018
PSU1031

MLVA
Group

MLVA1
MLVA1
MLVA1
MLVA1

MLVA2
MLVA2

MLVA3
MLVA3
MLVA4
MLVA4

MLVAS
MLVAS

MLVAE
MLVAE
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4. nsidSeuiisudszansainlunisaauun V. parahaemolyticus vaanailn AP2-PCR,

AP4-PCR, ERIC-PCR, PFGE waz MLVA

dle3euifisuuszansamlunissiwun V. parahaemolyticus veunailn  AP2-PCR,
APA-PCR, ERIC-PCR, PFGE wag MLVA wuin wadia MLVA Sumediaiifiananuaiunsalunis
ai’wu,uﬂL?gaLLazﬂizﬁw%mW‘Lumifﬁ’]LLum?gaqaqm (1.00 way 0.99) s99a3u1AD WwAlla AP2-PCR
(1.00 wag 0.57), PFGE (1.00 wag 0.52), ERIC-PCR (1.00 tag 0.00) hag AP4-PCR (1.00 wag 0.00)
AUy wenanidleluisuiisussesnanlunissuunidenuin wada MLVA Humaiaiidl
AMNTINLTTIaR SesaBwNAe ATlA ERIC-PCR, AP2-PCR, APA-PCR uay PFGE audifu (1319
7 9) nansPaBILuARILTLI WATA MLVA LﬂUL%ﬂﬁﬂﬁi?@L%DLLazﬁﬂ’iza%%ﬂ’]WQQ Tun1sdiun
V. parahaemolyticus aneiugszun

M99l 9 IWSsuLisunmasTRvesmatia AP2-PCR, AP4-PCR, ERIC-PCR uag MLVA

Qmﬂuﬁa AP2-PCR AP4-PCR ERIC-PCR PFGE MLVA

ANUAINTTOIUNITI LN
1.00 1.00 1.00 1.00 1.00
T=Ny/N
ﬂizaw%mwiumsiﬁi’muﬂ
D=1- 1 5 n (nj—l) 0.57 0.00 0.00 0.52 0.99
N (N-1) j=1

seuznaild (h)
t=1781989 DNA extraction + PCR + 17.30 17.30 12.05 26.42 4.40

Gel electrophoresis
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AaUN 4  N1IVAFBUANULENYTVRIFULUY VNTR Yaaluan1aesng o

NITATIVFOUANLAD YTV VNTR 983 V. parahaemolyticus Tuan1zang q lanwunng
\WasuuUawess uausn VNTR markers 513 4 fumila (TR1, TR2, TR3 wag TR4) Tudedirunns
dAusnuluiiiudn (80 ssmiwadea) uasiivavaresfusuiuane 9 0 (repeated freezing
storage and thawing) agnslsfimunisineidsadenarsns (multiple subcultures) ¥liide
$1uau 1 Telaan anvievn 50 lelwan fnsideundassiuuginmelu TR2

N1INTIVADUAIULADYTUD NTR Lﬁ'm?iym V. parahaemolyticus Tuannghaaien
(aa,mﬂu pH, AHLAL) Wmmmamwam pH 11 uazan1eid NaCl geilefewas 8 Lilinase
$1uaUT 89 VNTR markers 119 & fumsla aEmiiﬂmuwumiuJasJumJaqmmusmmaTu TR2
Tudevisleluanidiedosiionmgl 5 woe 44 ssaneaidoa uioluanneiid pH 1 (4.8) 3o
i NaCl s (o 0.5)
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ANTIBIOGRAM PROFILES AND VIRULENCE
CHARACTERISTICS OF PANDEMIC VIBRIO

PARAHAEMOLYTICUS ISOLATES FROM DIARRHEAL

PATIENTS IN HAT YAI HOSPITAL,
SOUTHERN THAILAND

Sutima Preeprem!, Phuangthip Bhoopong? Kanchana Srinitiwarawong!,
Varaporn Vuddhakul! and Pimonsri Mittraparp-arthorn!

Department of Microbiology, Faculty of Science, Prince of Songkla University,

Hat Yai, Songkhla; 2Institute of Allied Health Science and Public Health, Walailuk

University, Nakhon Si Thammarat, Thailand

Abstract. Fifty-seven pandemic Vibrio parahaemolyticus isolates (tdh positive, trh
negative GS-PCR positive) obtained from diarrheal patients at Hat Yai Hospital,
Songkhla, Thailand during 2001-2016 were examined for their antibiogram profiles
and virulence characteristics. Resistance to ampicillin, ciprofloxacin and norfloxacin
was present in 100%, 12% and 2% of the isolates, respectively, with over half of the
isolates showing intermediate resistance to the two fluoroquinolones. Virulence-
associated genes encoding type III secretion systems (T3SS1 and T35S2) and type VI
secretion systems (T6SS1 and T6SS2) were widely distributed among the isolates. All
isolates were able to produce similar levels of thermostable direct hemolysin. Eighty-
nine percent and 44% of the isolates exhibited swarming and twitching motility,
respectively. Sixty-eight percent of the isolates were able to use 50 yM hemoglobin
as the only iron source and 81% in the presence of 155 uM hemoglobin. This study
highlights the antimicrobial resistance and multiple virulence characteristics of
clinical V. parahaemolyticus isolates, information that will be useful in clinical and
epidemiological investigations of this pathogenic organism.

Keywords: Vibrio parahaemolyticus, antibiogram, iron acquisition, motility, viru-

lence gene, Thailand

INTRODUCTION

Vibrio parahaemolyticus is one of the
major causes of gastroenteritis in humans.
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Cases are often associated with eating raw
or undercooked shellfish or even cooked
foods that contaminated with raw shell-
fish (Yeung and Boor, 2004). Recently, the
number of V. parahaemolyticus infections
in Thailand has been gradually increas-
ing and this is a major cause for concern
(Bureau of Epidemiology, 2015). V. para-
haemolyticus O3:K6 serotype, positive by
PCR for group-specific toxRS regions and
thermostable direct hemolysin gene (tdh)
but not tdh-related hemolysin gene (trh)
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was shown to be responsible for pandemic
outbreaks of diarrhea in various parts
of the world, including Asia, America,
Africa and Europe (Okuda et al, 1997;
Daniels et al, 2000, Martinez-Urtaza et al,
2004; Ansaruzzaman et al, 2005; Bureau
of Epidemiology, 2015). V. parahaemolyti-
cus serotypes O1:K25, O4:K68, and O1:K
untypeable (KUT) were also reported
as pandemic serotypes originating from
03:K6 clone ( Chowdhury et al, 2000; Mat-
sumoto et al, 2000; Bhuiyan et al, 2002). In
Thailand, these serotypes were reported
to be continually detected in patients since
2000 ( Wootipoom et al, 2007; Thongjun et
al, 2013).

Pathogenicity of V. parahaemolyticus
depends on multiple factors. TDH and
type III (T3SSs) and type VI secretion sys-
tems (T6SSs) are recognized as virulence-
associated factors of V. parahaemolyticus
isolates (Ceccarelli et al, 2013; Zhang
and Orth, 2013).TDH is responsible for
V. parahaemolyticus cytotoxicity and he-
molytic activity (Vuddhakul, 2008, Wang
et al, 2015), while T3SSs and Té6SSs are
responsible for translocation of effector
proteins [VcrD1(T3SS1), VerD2 (T3SS2),
VipA1l (T6SS1), and VipA2 (T6SS2)] by
needle-like bacterial structures (Calder
et al, 2014). VopC and VopQ of T3SSs (en-
coded by vopC and vopQ, respectively) are
responsible for host cell cytotoxicity and
enterotoxicity (Calder et al, 2014). T6SSs
play an important role in environment fit-
ness of V. parahaemolyticus (Salomon et al,
2013; Wang et al, 2013b) and are neces-
sary for adhesion to host cells (Wang
et al, 2015).

In addition to these factors, V. para-
haemolyticus exhibits swarming and
twitching forms of motility. Swarming
motility enables bacteria to survive in the
environment by enhancing colonization
(Fraser and Hughes, 1999) and twitching
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motility is involved in attachment, biofilm
formation and pathogenesis (Ottemann
and Miller, 1997; McCarter, 2001). Iron
acquisition was reported to correlate with
the infection ability of V. parahaemolyticus
isolates (Ledn-Sicairos et al, 2015). Under
iron-limited conditions, V. parahaemolyti-
cus produces a siderophore, vibrioferrin,
considered one of the importance factors
for pathogenicity of V. parahaemolyticus
due to its ability to chelate host cell iron
and association with iron transportation
(Vuddhakul, 2008; Leén-Sicairos et al,
2015).

In order to extend our understanding
of pandemic V. parahaemolyticus charac-
teristics in this region, this study deter-
mined antibiogram profiles and virulence
properties of clinical V. parahaemolyticus
isolates from Hat Yai Province, southern
Thailand.

MATERIALS AND METHODS

Collection and identification of pandemic
V. parahaemolyticus

V. parahaemolyticus isolates were
obtained from clinical samples at Hat
Yai Hospital, Songkhla, Hat Yai Province
during 2001-2016 as part of routine micro-
biological diagnosis. Species classification
was confirmed by PCR amplification of
toxR (Kim et al, 1999), and identification
of pandemic clone-specific characteristics
(tdh and toxRS positive and trh negative)
was performed by PCR as described pre-
viously (Tada et al, 1992; Matsumoto et a,
2000) using primers listed in Table 1. In
brief, reaction mixture (20 pl ) containing
2 ul of template DNA for toxR, tdh and
trh or 2.5 ul of template DNA for toxRS,
0.2 mM dNTPs for toxR, tdh and trh or
0.125 mM dNTPs for toxRS, 0.2 mM of
each primer or 1 mM of vopQ primers,
0.5 U Tug DNA polymerase (NEB, Ipswich,
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MA), and 1X Thermopol buffer (NEB) was
subjected to thermocycling using a PCR
T100 thermocycler (BioRad, Hercules, CA)
as follows: 96°C for 5 minutes; for toxR:
35 cycles of 94°C for 1 minute, 63°C for
1.5 minutes and 72°C for 1.5 minutes; for
toxRS: 25 cycles of 96°C for 1 minute, 45°C
for 2 minutes and 72°C for 3 minutes; for
tdh and trh: 35 cycles of 94°C for 1 minute,
55°C for 1 minute and 72°C for 1 minute;
all followed by a final heating at 72°C for 7
minutes. Amplicons were analyzed by 1%
agarose gel-electrophoresis and ethidium
bromide staining.

O (somatic) and K (capsular) sero-
types were determined by a slide agglu-
tination test using commercial anti-O and
anti-K antibodies (Denka Seiken, Tokyo,
Japan). V. parahaemoltyicus isolates were
stored at -80°C for further analysis.

Antimicrobial susceptibility test

Antimicrobial susceptibility test was
carried out using standard disk diffusion
method on Mueller-Hilton agar (Difco,
Sparks, MD) plate according to guidelines
of the Clinical Laboratory and Standards
Institute (CLSI, 2010; CLSI, 2017). Anti-
microbial disks (Oxoid, Hampshire, UK)
contained ampicillin (10 pg), chloram-
phenicol (30 ug), ciprofloxacin (5 ug),
cotrimoxazole (25 ug), norfloxacin (10
1g), and tetracyclin (30 ug). The data were
interpreted as sensitive (S), intermediate
(I) or resistant (R) following CLSI (2017)
criteria.

Detection of V. parahaemolyticus secretion
genes

Chromosomal DNA of pandemic V.
parahaemolyticus was extracted by a boil-
ing method (Thaithongnum et al, 2006).
Detection of T3SSs and T6SSs genes
(verD1, verD2, vopC, vopQ, vipAl, and
vipA2) was performed by a PCR method
as previously described (Laohaprertthisan

Vol 50 No. 1 January 2019

et al, 2003; Makino et al, 2003; Yu et al, 2003;
Okada et al, 2009) using primers listed in
Table 1 and amplification conditions as
described above.

Detection of V. parahaemolyticus TDH

Pandemic V. parahaemolyticus isolates
were cultured on tryptic soy agar (TSA)
(Difco, Detroit, MI) supplemented with
1% NaCl at 37°C for 18 hours. Then, a
single colony was spotted onto Wagat-
suma blood agar prepared as previously
described (Hara-Kudo et al, 2003) and
incubated at 37°C for 18-35 hours. TDH
production was detected by presence of
a clear zone around the colony.

Detection of V. parahaemolyticus swarming
and twitching motilities

Swarming motility assay was per-
formed on a swarming plate prepared by
adding 6 g of Bacto agar (Difco) to 1,000 ml
of Luria Bertani (LB) medium (Difco). In
short, pandemic V. parahaemolyticus isolate
was cultured in LB broth (Difco) at 37°C
for 18 hours, then bacteria concentration
was adjusted to 0.5 McFarland unit. A 2
ul aliquot of bacteria culture was added
onto the swarming plate and diameter of
swarm zone was measured after incuba-
tion at 37°C for 4 and 8 hours (Inoue et
al, 2007).

Twitching motility assay was carried
out on LB agar (Difco) supplemented
with 1.5% NaCl. In brief, pandemic V.
parahaemolyticus isolate was cultured on
TSA (Difco) supplemented with 1% NaCl
at 37°C for 18 hours. Then a single colony
was inoculated into an LB agar (Difco)
supplemented with 1.5% NaCl and in-
cubation at 37°C for 24 hours. The agar
layer was removed and twitching zones
were visualized at the agar plate interface
by staining the zone with 0.1% (w/v) of
crystal violet. The diameter of twitch zone
was measured from the point of inocula-

135



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

tion (Antunes et al, 2011).

Detection of V. parahaemolyticus iron ac-
quisition

Iron acquisition assay was performed
as previously described (Wong et al, 1996;
Almeida et al, 2008) with minor modifica-
tions. In short, 2 ul aliquots of hemoglo-
bin (50 uM and 155 pM) were spotted on
melted rich medium (1% peptone, 3%
NaCl, 0.5% Na,HPO,, 0.5% glucose, and
1.5% agar) supplemented with 150 yM
2, 2’-dipyridyl to chelate any exogenous
iron in the medium. After incubation for
1 hour, 2 ul aliquot of V. parahaemolyticus
suspension was placed onto the medium
and incubated at 37°C overnight. Growth
of bacteria was determined directly by
eye and under a light microscope (4x
magnification).

RESULTS

Clinical pandemic V. parahaemolyticus
isolates

During 2001-2016, 57 clinical pan-
demic V. parahaemolyticus isolates were
collected from diarrheal patients at Hat
Yai Hospital, Songkhla (Table 2).

Antibiogram profiles

Using a disc diffusion assay, V. para-
haemolyticus isolates showed resistance
to ampicillin (100%), followed by cip-
rofloxacin (12%) and norfloxacin (2%)
(Table 3). Intermediate susceptibility to
chloramphenicol, ciprofloxacin, cotri-
moxazole, and norfloxacin was observed
in 2 (4%), 38 (67%), 1 (2%) and 10 (18%)
isolates, respectively. Forty (70%) isolates
were susceptible to all six antimicrobials
tested except ampicillin. Interestingly, one
isolate possessed resistance to ampicillin,
ciprofloxacin and norfloxacin.

Presence of secretion genes
Gene of T3SS1 effector (vopQ) and
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structural (vcrD1) protein was identified
in 100% and 93%, respectively of isolates,
and that of T3SS2 effector (vopC) and
structural (verD2) protein in 96% and 93%,
respectively (Table 2). All four T3SS genes
were present in 84% of the isolates, both
T3SS1 genes in 93% and both T3SS2 genes
in 91%. Two T6SS genes were identified
in 74% of the isolates.

Virulence-related characteristics

All V. parahaemolyticus isolates were
positive for the Kanagawa phenomenon,
ie TDH production and manifested twitch-
ing motility (zone diameter ranging from
4 to 52 mm), while 89% possessed swarm-
ing motility (diameter of migration zone
ranging from 5 to 49 mm) (Table 4). Forty-
three (81%) isolates were able to grow
on iron-depleted medium supplemented
with 155 yM hemoglobin (Fig 1) and 68%
in the presence of 50 yM hemoglobin
(Table 4). Interestingly, 37 V. parahaemo-
lyticus isolates were positive for all tested
virulence-related characteristics including
Kanagawa phenomenon, motility pheno-
type and iron-dependent growth.

DISCUSSION

Diarrheal disease remains one of the
most important health problems world-
wide. Infections by V. parahaemolyticus
are commonly reported in several areas,
especially in Southeast Asia (Ottaviani et
al, 2010; Bureau of Epidemiology, 2015; Li
et al, 2015). Treatment with antimicrobial
can reduce disease severity and symptom
duration.

Our results show that all V. parahaemo-
lyticus isolates were resistant to ampicillin,
consistent with results reported in China,
India, Indonesia, and Mexico where 100%,
87%, 98%, and 94% of the isolates from
clinical samples are resistant ( Pazhani
et al, 2014; de Jests Herndandez-Diaz
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+, present; -, absent. AMP, ampicillin; CIP, ciprofloxacin; NOR, norfloxacin.

et al, 2015; Chen et al,
2016). As resistance to
ampicillin has become
widespread, fluoro-
quinolones, such as
ciprofloxacin and nor-
floxacin, have been the
first-line drug for initial
treatment of acute diar-
rhea in adult patients
(Riddle et al, 2016). In
Thailand, fluoroquino-
lone is the most com-
monly prescribed anti-
biotic for treatment of
acute diarrhea in adults
(Supcharassaeng and
Suankratay, 2011). In
our study, intermediate
resistance of clinical V.
parahaemolyticus iso-
lates to the fluoroqui-
nolones were present
in over 50% and (of
concern) complete re-
sistance in 12% of the
samples. Ciprofloxa-
cin-resistant V. parahae-
molyticus isolates (11%)
have been reported in
Indonesia since 2001
(Tjaniadi et al, 2003).
Not only in V. parahae-
molyticus but resistance
to ciprofloxacin and
other fluoroquinolones
was present in Cam-
pylobacter spp isolated
from patients with di-
arrhea in Thailand and
Indonesia (Kuschner et
al, 1995; Tjaniadi et al,
2003). Careful surveil-
lance and appropriate
use of antimicrobial
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Table 3
Antibiogram profile of clinical Vibrio parahaemolyticus isolates from Hat Yai Hospital,
Songkhla, Thailand collected during 2001 - 2016.

V. parahaemolyticus isolates (n = 57)

Antimicrobial agent Resistant® Intermediate Sensitive?
n (%) resistant? n (%)
n (%)
Ampicillin 57 (100) - -
Chloramphenicol 2 (4) 55 (96)
Ciprofloxacin 7 (12) 38 (67) 12 (21)
Cotrimoxazole 2 (4) 55 (96)
Norfloxacin 1(2) 10 (18) 46 (80)
Tetracycline - 57 (100)
aBased on CLSI (2017).

agents are required to preventing emer-
gence of drug-resistant bacteria. The
increase in resistance among pathogens
might be due to overuse of antibiotics.

T3SSs and T6SSs are believed to be
responsible for pathogenicity of V. para-
haemolyticus (Ceccarelli et al, 2013; Zhang
and Orth, 2013). All V. parahaemolyticus
isolates in this study carried at least one
gene encoding for T3SS. T3S51 and T3552
genes are detected by microarray hybrid-
ization in all pandemic V. parahaemolyticus
isolates (Meador et al, 2007). In this study,
the prevalence of T3SS genes vcrD1, verD2,
vopC, and vopQ were >90%. T6SS genes
were detected at lower frequency than
those of T3SS. An earlier study described
all clinical isolates possess T3551, whereas
84% and 92% of clinical isolates were posi-
tive for T6SS1 and T6SS2, respectively, but
no information regarding the pandemic
genetic background (GS-PCR, tdh*, trh) is
provided (Kongrueng et al, 2015). Further
studies are needed to examine the preva-
lence of other genes in the T6SS group.

Production of TDH (Kanagawa phe-
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nomenon-positive) among clinical V. para-
haemolyticus isolates and its relationship
with V. parahaemolyticus pathogenicity has
been reported (Ceccarelli et al, 2013). This
phenomenon was previously shown to be
strongly associated with tdh* trl- V. para-
haemolyticus isolates (Suzuki et al, 1997).
In the current study all tdh* trh- V. para-
haemolyticus isolates were TDH producers
of similar levels.

V. parahaemolyticus isolates dem-
onstrated variations in swarming and
twitching motilities, but all isolates pos-
sessed at least a swarming or twitching
motility. V. parahaemolyticus can be mo-
tile by several ways, depending on the
environment (McCarter, 1999; Kim and
McCarter, 2000; Broberg et al, 2011) and
also on the presence of number of genetic
regulatory mechanisms, motility proteins,
and surface sensors (Kim and McCarter,
2000; Mattick, 2002; Wang et al, 2013a). The
inability to swarm observed in six isolates
might be due to defects in cell division
during the swarm cell cycle, lateral fla-
gella formation or ability to produce auto
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Fig 1-Growth of clinical Vibrio parahaemolyticus
isolates on melted rich medium supple-
mented with 150 uM 2, 2’-dipyridyl and
155 uM hemoglobin. A). 1x magnification.
B). 4x magnification. C). Negative control,
1x magnification. D). Negative control, 4x

magnification. Arrow indicates V. parahae-
molyticus colony.

D.

inducers (McCarter, 1999).

Iron is essential for almost all bacteria
including V. parahaemolyticus. During in-
fection, V. parahaemolyticus utilizes sidero-
phores for uptake of iron during growth in
iron-limited environment (Ledn-Sicairos
et al, 2015). Isolates were examined for
ability to utilize iron from hemoglobin on
iron-limited agar plate. A minority of V.
parahaemolyticus isolates were unable to
grow when tested with 50 yM hemoglo-
bin in agreement with a previous report
(Wong et al, 1996) suggesting these isolates
might possess low virulence in humans
where “free” iron is limited. In this study,
65% of isolates were able to grow at low
iron concentration with swarming and
twitching motility. These phenotypes
could help V. parahaemolyticus to survive
under stress condition, especially during
infection.
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In summary, the study reveals the
majority of clinical V. parahaemolyticus
isolates collected from a hospital in south-
ern Thailand over a 16-year period had
pandemic properties; all isolates were
resistant to ampicillin and over 50% par-
tially or completely resistant to the first-
line drugs, fluoroquinolones; all isolates
possessed virulence characteristics, such
as secretion, twitching and /or swarming
motility and iron acquisition, as well as
genes required for hemolytic activity. The
antibiogram profiles identified in these
clinical isolates are of importance for both
clinical and epidemiological purposes.
Moreover, data from these investigations
should be of assistance in furthering our
understanding of virulence properties and
underlying mechanisms of this patho-
genic organism.

ACKNOWLEDGEMENTS

The research was supported by
Prince of Songkla University (contract
no. SCI581208S). The authors thank the
Office of the Higher Education Commis-
sion, Ministry of Education, Thailand
for supporting a scholarship under the
Strategic Scholarships Fellowships Fron-
tier Research Networks (specific for the
southern region).

REFERENCES

Almeida RS, Brunke S, Albrecht A, et al. The
hyphal-associated adhesin and invasin
Als3 of Candida albicans mediates iron ac-
quisition from host ferritin. PLOS Pathog
2008; 4: €1000217.

Ansaruzzaman M, Lucas M, Deen JL, et al.
Pandemic serovars (O3: K6 and O4: K68)
of Vibrio parahaemolyticus associated with
diarrhea in Mozambique: spread of the
pandemic into the African continent. ] Clin
Microbiol 2005; 43: 2559-62.

Vol 50 No. 1 January 2019



CHARACTERIZATION OF CLINICAL VIBRIO PARAHAEMOLYTICUS ISOLATES

Antunes LC, Imperi F, Carattoli A, Visca P.
Deciphering the multifactorial nature of
Acinetobacter baumannii pathogenicity.

PLOS One 2011; 6: 22674.

Bhuiyan N, Ansaruzzaman M, Kamruzza-
man M, et al. Prevalence of the pandemic
genotype of Vibrio parahaemolyticus in
Dhaka, Bangladesh, and significance of
its distribution across different serotypes.
J Clin Microbiol 2002; 40: 284-6.

Broberg CA, Calder TJ, Orth K. Vibrio parahae-
molyticus cell biology and pathogenicity
determinants. Microb Infect 2011; 13: 992-
1001.

Bureau of Epidemiology, Ministry of Public
Health. Annual epidemiological surveil-
lance report (AESR). Food poisoning.
Nonthaburi: Bureau of Epidemiology,
2015. [Cited 2017 Nov 5]. Available from:
http:/ / www.boe.moph.go.th/ Annual /
AESR2015/ aesr2558/Part%201/07/
food_poisoning.pdf

Calder T, de Souza Santos M, Attah V, et al.
Structural and regulatory mutations in Vib-
rio parahaemolyticus type III secretion sys-
tems display variable effects on virulence.
FEMS Microbiol Lett 2014; 361: 107-14.

Ceccarelli D, Hasan NA, Huq A, Colwell RR.
Distribution and dynamics of epidemic
and pandemic Vibrio parahaemolyticus
virulence factors. Front Cell Infect Microbiol
2013; 3: 1-9.

ChenY, Chen X, YuF, et al. Serology, virulence,
antimicrobial susceptibility and molecular
characteristics of clinical Vibrio parahaemo-
Iyticus strains circulating in southeastern
China from 2009 to 2013. Clin Microbiol
Infect 2016; 22: 258. 9-16.

Chowdhury NR, Chakraborty S, Ramamurthy
T, et al. Molecular evidence of clonal Vibrio
parahaemolyticus pandemic strains. Emerg
Infect Dis 2000; 6: 631-6.

Clinical and Laboratory Standards Institute
(CLSI). Methods for Antimicrobial Dilu-
tion and Disk Susceptibility Testing of
Infrequently Isolated or Fastidious Bacte-
ria; Approved Guideline-Second Edition

Vol 50 No. 1 January 2019

M45-A2. Wayne: CLSI, 2010.

Clinical and Laboratory Standards Institute
(CLSI). Performance Standards for Anti-
microbial Susceptibility Testing. Wayne:
CLSI, 2017.

Daniels NA, MacKinnon L, Bishop R, et al.
Vibrio parahaemolyticus infections in the
United States, 1973-1998. | Infect Dis 2000;
181: 1661-6.

de Jestus Herndndez-Diaz L, Leon-Sicairos N,
Velazquez-Roman J, et al. A pandemic
Vibrio parahaemolyticus O3: K6 clone caus-
ing most associated diarrhea cases in the
Pacific Northwest coast of Mexico. Front
Microbiol 2015; 6: 221.

Fraser GM, Hughes C. Swarming motility. Curr
Opin Microbiol 1999; 2: 630-5.

Hara-Kudo Y, Sugiyama K, Nishibuchi M, et
al. Prevalence of pandemic thermostable
direct hemolysin-producing Vibrio para-
haemolyticus O3: K6 in seafood and the
coastal environment in Japan. Appl Environ
Microbiol 2003; 69: 3883-91.

Inoue T, Shingaki R, Hirose S, Waki K, Mori H,
Fukui K. Genome-wide screening of genes
required for swarming motility in Esch-
erichia coli K-12. | Bacteriol 2007; 189: 950-7.

Kim Y-K, McCarter LL. Analysis of the polar
flagellar gene system of Vibrio parahaemo-
Iyticus. | Bacteriol 2000; 182: 3693-704.

Kim YB, Okuda J, Matsumoto C, Takahashi N,
Hashimoto S, Nishibuchi M. Identification
of Vibrio parahaemolyticus strains at the spe-
cies level by PCR targeted to the foxR gene.
J Clin Microbiol 1999; 37: 1173-7.

Kongrueng J, Yingkajorn M, Bunpa S, Serm-
wittayawong N, Singkhamanan K, Vud-
dhakul V. Characterization of Vibrio para-
haemolyticus causing acute hepatopancre-
atic necrosis disease in southern Thailand.
] Fish Dis 2015; 1-10.

Kuschner RA, Trofa AF, Thomas R], et al. Use
of azithromyecin for the treatment of Cam-
pylobacter enteritis in travelers to Thailand,

an area where ciprofloxacin resistance is
prevalent. Clin Infect Dis 1995; 21: 536-41.

143



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

Laohaprertthisan V, Chowdhury A, Kong-
muang U, et al. Prevalence and serodi-
versity of the pandemic clone among the
clinical strains of Vibrio parahaemolyticus
isolated in southern Thailand. Epidemiol
Infect 2003; 130: 395-406.

Leén-Sicairos N, Angulo-Zamudio UA, de
la Garza M, Veldzquez-Romadn ], Flores-
Villasefio HM, Canizalez-Romdn A. Strate-
gies of Vibrio parahaemolyticus to acquire
nutritional iron during host colonization.
Front Microbiol 2015; 6: 702.

LiB, Luo]J, Tan H, et al. Phenotypic and phylo-
genetic analysis of Vibrio parahaemolyticus
isolates recovered from diarrhea cases in
Guangdong Province, China. Int | Food
Microbiol 2015; 200: 13-7.

Makino K, Oshima K, Kurokawa K, et al. Ge-
nome sequence of Vibrio parahaemolyticus:
a pathogenic mechanism distinct from that
of V. cholerae. Lancet 2003; 361: 743-9.

Martinez-Urtaza ], Lozano-Leon A, DePaola
A, et al. Characterization of pathogenic
Vibrio parahaemolyticus isolates from clini-
cal sources in Spain and comparison with
Asian and North American pandemic
isolates. | Clin Microbiol 2004; 42: 4672-8.

Matsumoto C, Okuda J, Ishibashi M, et al. Pan-
demic spread of an O3: K6 clone of Vibrio
parahaemolyticus and emergence of related
strains evidenced by arbitrarily primed
PCR and toxRS sequence analyses. | Clin
Microbiol 2000; 38: 578-85.

Mattick JS. Type IV pili and twitching motility.
Annu Rev Microbiol 2002; 56: 289-314.

McCarter L. The multiple identities of Vibrio
parahaemolyticus. | Molec Microbiol Biotech-
nol 1999; 1: 51-7.

McCarter LL. Polar flagellar motility of the
Vibrionaceae. Microbiol Mol Biol Rev 2001;
65: 445-62.

Meador CE, Parsons MM, Bopp CA, Gerner-
Smidt P, Painter JA, Vora GJ. Virulence
gene-and pandemic group-specific marker
profiling of clinical Vibrio parahaemolyticus
isolates. | Clin Microbiol 2007; 45: 1133-9.

144

Okada N, Iida T, Park K-S, et al. Identification
and characterization of a novel type III
secretion system in frh-positive Vibrio
parahaemolyticus strain TH3996 reveal ge-
netic lineage and diversity of pathogenic
machinery beyond the species level. Infect
Immun 2009; 77: 904-13.

OkudaJ, Ishibashi M, Hayakawa E, et al. Emer-
gence of a unique O3: K6 clone of Vibrio
parahaemolyticus in Calcutta, India, and
isolation of strains from the same clonal
group from Southeast Asian travelers ar-
riving in Japan. | Clin Microbiol 1997; 35:
3150-5.

Ottaviani D, Leoni F, Rocchegiani E, et al. Vibrio
parahaemolyticus-associated gastroenteritis
in Italy: persistent occurrence of O3: K6
pandemic clone and emergence of Ol:
KUT serotype. Diagn Microbiol Infect Dis
2010; 66: 452-5.

Ottemann KM, Miller JF. Roles for motility in
bacterial-host interactions. Mol Microbiol
1997; 24: 1109-17.

Pazhani GP, Bhowmik SK, Ghosh S, et al. Trends
in the epidemiology of pandemic and non-
pandemic strains of Vibrio parahaemolyticus
isolated from diarrheal patients in Kolkata,
India. PLOS Negl Trop Dis 2014; 8: e2815.

Riddle MS, DuPont HL, Connor BA. ACG clini-
cal guideline: diagnosis, treatment, and
prevention of acute diarrheal infections
in adults. Am | Gastroenterol 2016; 111: 602.

Salomon D, Gonzalez H, Updegraff BL, Orth
K. Vibrio parahaemolyticus type VI secretion
system 1 is activated in marine conditions
to target bacteria, and is differentially
regulated from system 2. PLOS One 2013;
8: e61086.

Supcharassaeng S, Suankratay C. Antibiotic
prescription for adults with acute diarrhea
at King Chulalongkorn Memorial Hospi-
tal, Thailand. | Med Assoc Thai 2011; 94: 545.

Suzuki N, Yasufumi, Furukawa T, et al. Inci-
dence of Kanagawa phenomenon-positive
and -negative Vibrio parahaemolyticus
strains isolated from traveller’s diarrhea
and their relation to tdh and trh genes.

Vol 50 No. 1 January 2019



CHARACTERIZATION OF CLINICAL VIBRIO PARAHAEMOLYTICUS ISOLATES

Kansenshogaku Zasshi 1997; 71:417-20.

Tada J, Ohashi T, Nishimura N, et al. Detection
of the thermostable direct hemolysin gene
(tdh) and the thermostable direct hemoly-
sin-related hemolysin gene (trh) of Vibrio
parahaemolyticus by polymerase chain reac-
tion. Mol Cell Probes 1992; 6: 477-87.

Thaithongnum S, Ratanama P, Weeradechapol
K, Sukhoom A, Vuddhakul V. Detection
of V. harveyi in shrimp postlarvae and
hatchery tank water by the Most Probable
Number technique with PCR. Aquaculture
2006; 261: 1-9.

Thongjun J, Mittraparp-arthorn P, Yingkajorn
M, Kongreung J, Nishibuchi M, Vud-
dhakul V. The trend of Vibrio parahaemo-
lyticus infections in Southern Thailand
from 2006 to 2010. Trop Med Health 2013;
41:151.

Tjaniadi P, Lesmana M, Subekti D, et al. Anti-
microbial resistance of bacterial pathogens
associated with diarrheal patients in Indo-
nesia. Am | Trop Med Hyg 2003; 68: 666-70.

Vuddhakul V. Vibrio parahaemolyticus: an im-
portant seafood-borne pathogen. 1% ed.
Songkla: iQue media, 2008.

Wang L, Ling Y, Jiang H, ef al. AphA is required
for biofilm formation, motility, and viru-
lence in pandemic Vibrio parahaemolyticus.
Int | Food Microbiol 2013a; 160: 245-51.

Vol 50 No. 1 January 2019

Wang R, Zhong Y, Gu X, Yuan J, Saeed A F,
Wang S. The pathogenesis, detection, and
prevention of Vibrio parahaemolyticus. Front
Microbiol 2015; 6: 144.

Wang L, Zhou D, Mao P, et al. Cell density-and
quorum sensing-dependent expression of

type VI secretion system 2 in Vibrio para-
haemolyticus. PLOS One 2013b; 8: €73363.

Wong H-C, Liu C-C, Yu C-M, Lee Y-S. Utiliza-
tion of iron sources and its possible roles in
the pathogenesis of Vibrio parahaemolyticus.
Microbiol Immunol 1996; 40: 791-8.

Wootipoom N, Bhoopong P, Pomwised R,
Nishibuchi M, Ishibashi M, Vuddhakul V.
A decrease in the proportion of infections
by pandemic Vibrio parahaemolyticus in Hat
Yai Hospital, southern Thailand. ] Med
Microbiol 2007; 56: 1630-8.

Yeung PM, Boor KJ. Epidemiology, pathogen-
esis, and prevention of foodborne Vibrio
parahaemolyticus infections. Foodborne
Pathog Dis 2004; 1: 74-88.

Yu WT, Jong KJ, Lin YR, Tsai SE, Tey YH, Wong
HC. Prevalence of Vibrio parahaemolyticus
in oyster and clam culturing environments
in Taiwan. Int | Food Microbiol 2003; 160:
185-92.

Zhang L, Orth K. Virulence determinants for
Vibrio parahaemolyticus infection. Curr Opin
Microbiol 2013; 16: 70-7.

145



FOODBORNE PATHOGENS AND DISEASE
Volume 16, Number 2, 2019

© Mary Ann Liebert, Inc.

DOI: 10.1089/fpd.2018.2505

Multiplex Multilocus Variable-Number
Tandem-Repeat Analysis for Typing of Pandemic
Vibrio parahaemolyticus O1:KUT Isolates

Sutima Preeprem,' Kamonnut Singkhamanan? Mitsuaki Nishibuchi®
Varaporn Vuddhakul," and Pimonsri Mittraparp-arthorn'

Abstract

Pandemic O3:K6 Vibrio parahaemolyticus emerged in 1996. Since then, this strain of pathogen and its ser-
ovariants (predominantly O1:KUT [untypable], O1:K25 and O4:K68) have caused gastroenteritis worldwide.
Owing to the limitation in established K antisera, tracking the sources of KUT for epidemiological investigation
is difficult. Therefore, the effective molecular typing is required to discriminate the strains. The aim of this
study was to develop a multiplex multilocus variable-number tandem-repeat analysis (MLVA) assay for typing
pandemic V. parahaemolyticus, including various O1:KUT isolates. The assay was based on the analysis of four
variable number tandem repeat loci. Forty-six pandemic isolates, including O1:KUT, O1:K25, and O3:K6, were
investigated. MLV A generated 38 distinct MLVA profiles, whereas only 16 types were obtained from pulsed-
field gel electrophoresis (PFGE). In this work, MLVA resolved the 12 isolates of O1:KUT obtained in 2001-
2005 with identical PFGE patterns into unique profiles. Our data indicated that multiplex MLV A developed in
this study has high discriminatory power (D=0.99), and is superior to PFGE for distinct pandemic V. para-

haemolyticus, including O1:KUT isolates.

Keywords: molecular epidemiology, MLVA, PFGE, VNTR, V. parahaemolyticus

Introduction

VIBRIO PARAHAEMOLYTICUS is a marine bacterium that
causes seafoodborne gastroenteritis outbreaks world-
wide (CDC, 2016). In 1996, infection by pandemic O3:K6
serotype that possesses the thermostable direct hemolysin
(tdh) gene but not the tdh-related (trh) gene appeared sud-
denly and was responsible for diarrhea outbreaks in various
parts of the world (Okuda et al., 1997; Daniels et al., 2000;
Martinez-Urtaza et al., 2004; Ansaruzzaman et al., 2005; AESR,
2014). Group-specific polymerase chain reaction (GS-PCR)
was established to detect nucleotide variations within the
toxRS/new region that are unique to the pandemic group of
V. parahaemolyticus (Matsumoto et al., 2000). In addition, four
genomic islands, VPal-1, VPal-4, VPal-5, and VPal-6, were
proposed to be pandemic markers for V. parahaemolyticus
(Hurley et al., 2006).

In recent years, O3:K6 and other distinct serotypes, such as
O1:KUT, O1:K25 and O4:K68, have been demonstrated in
Asia, America, Africa, and Europe (Nair et al., 2007; Ser-

ichantalergs et al, 2007). In Thailand, those serotypes are
predominant and have been reported in clinical specimens
(Wootipoom et al., 2007). Molecular analysis of those ser-
ovariant strains reveals that they are nearly identical and may
originate from the pandemic O3:K6 clone by alteration of the
O:K antigens and a genetic recombination (Chowdhury et al.,
2000; Matsumoto et al., 2000; Bhuiyan et al., 2002; Chen et al.,
2011). However, for epidemiological investigations, some
isolates could not be typed to the existing K serogroups (KUT).
Therefore, tracking the origins of those various KUT isolates in
epidemiological investigations may be difficult. Thus, a high-
sensitivity technique is required for differentiating those strains.

Many molecular typing techniques have been developed to
gain a better understanding of genetic relatedness among
strains of V. parahaemolyticus. Several PCR-based typing
methods, such as arbitrarily primed PCR and enterobacterial
repetitive intergenic consensus PCR sequence, have been
demonstrated for V. parahaemolyticus strain typing. Although
these techniques are affordable, rapid, and easy-to-perform,
they are occasionally associated with low discriminatory
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power and low reproducibility (Wong and Lin, 2001; Sabat
et al., 2013; Oyarzabal and Kathariou, 2014). A standard
method for epidemiological investigation of this pathogen is
pulsed-field gel electrophoresis (PFGE). However, this tech-
nique requires an expensive specialized equipment, it is time-
consuming, and PFGE banding patterns are sometimes diffi-
cult to interpret.

Multilocus variable-number tandem-repeat analysis (MLVA)
has been developed for typing of bacterial pathogens based
on the detection of variable number tandem repeats (VNTRs)
at multiple VNTR loci (Lindstedt, 2005). MLVA results can
be easily and unambiguously interpreted allowing inter-
laboratory comparisons. This method has been demonstrated
to provide high-resolution information and reproducibility
for epidemiological studies of V. parahaemolyticus, es-
pecially for pandemic O3:K3 serotype. The five previously
reported MLVA typing protocols differ in the number of
VNTR loci that were used, including 7 (Ansede-Bermejo
et al., 2010), 8 (Kimura et al., 2008; Jiang et al., 2016), 10
(Harth-Chu et al., 2009), and even 12 (Liideke et al., 2015). So
far, 19 VNTRs has been used for typing of V. parahaemolyticus
(Kimura et al., 2008; Harth-Chu et al., 2009; Ansede-Bermejo
et al., 2010; Liideke et al., 2015; Jiang et al., 2016).

The aims of this study were to identify novel potential
VNTR loci and develop a new multiplex MLVA scheme
using fewer VNTR loci than previous protocols for typing
pandemic V. parahaemolyticus, especially O1:KUT sero-
type. The results were compared with those obtained by
PFGE. This technique may be useful for molecular epide-
miological investigations of other O serogroups V. para-
haemolyticus that possess KUT.

Materials and Methods
Bacterial strains included in the study

All V. parahaemolyticus isolates used in this study were ob-
tained from clinical specimens in southern Thailand and were
confirmed by PCR targeting the foxR gene (Kim ef al., 1999). A
total of 46 pandemic isolates, including 32, 8, and 6 isolates of
O1:KUT, O1:K25, and O3:K6, respectively were used (Table 1).
Nonpandemic V. parahaemolyticus isolates (n=20) were in-
cluded for evaluation of pandemic-specific VNTR marker. The
pandemic-clone specific characteristics (tdh*, trh~, and GS-
PCR") were determined by PCR as described previously (Tada
et al., 1992; Matsumoto et al., 2000). The O and K serotypes
were evaluated by the slide agglutination test using com-
mercial anti-O and anti-K antibodies (Denka Seiken, Tokyo,
Japan), according to the manufacturer’s instructions.

Pulsed-field gel electrophoresis

PFGE of pandemic isolates was carried out as described
previously with slight modification (Wang et al., 2008). In
brief, agarose-embedded genomic DNA was digested with
Notl restriction enzyme (NEB, Ipswich MA), and the digested
DNA fragments were separated by electrophoresis using 1%
pulse-field certified agarose in 0.5 X Tris-borate-ethylene di-
amine tetraacetic acid running buffer at 14°C for19 h with use
of the CHEF-DRIII system (Bio-Rad Laboratories, Hercules,
CA). Electrophoresis was performed with pulse times of 2.2—
54.2s, a 120° angle, and a 6 V/cm gradient. The gel was
stained with ethidium bromide and the DNA patterns were
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TABLE 1. CHARACTERISTICS AND GROUP-SPECIFIC
POLYMERASE CHAIN REACTION RESULTS
OF VIBRIO PARAHAEMOL YTICUS ISOLATES USED
IN THIS STUDY

Presence
of gene
Serotype Year of No. of ————— GS-PCR
(no. of isolates) isolation isolates tdh trh  result
Pandemic (46)
O1:KUT (32) 2001 1 + - +
2002 5 + - +
2003 2 + - +
2004 4 + - +
2005 3 + - +
2006 2 + - +
2008 2 + - +
2009 7 + - +
2011 5 + - +
2012 1 + - +
O1:K25 (8) 2003 2 + - +
2006 1 + - +
2008 5 + - +
03:K6 (6) 2008 6 + - +
Nonpandemic (20)
2000-2007 7 + - -
2009-2011 3 + + -
2007-2011 3 - + -
2008-2011 7 - - -

GS-PCR, group-specific polymerase chain reaction; #dh, thermo-
stable direct hemolysin; trh, tdh-related.

analyzed both visually and with Bionumeric software (v.7.0)
(Applied Maths, Sint-Martens-Latem, Belgium). Dendrogram
based on the Dice coefficient was constructed by unweighted-
pair group method with arithmetic mean (UPGMA).

VNTR analyses

For the selection of VNTR markers, the genome sequence
of Vibrio parahaemolyticus RIMD2210633 was screened to
locate the presence of VNTR sequences (http://minisatellites
.u-psud.fr) (Denceud and Vergnaud, 2004) according to the
following criteria: (1) a repeat unit range of 3-9bp, (2) a
minimum copy numbers of 10, (3) a minimum repeat size of
50bp, and (4) percentage matches between 80 and 100. Three
VNTR loci common to the previous studies (TR1, TR2, and
TR4) (Kimura et al., 2008; Harth-Chu et al., 2009; Ansede-
Bermejo et al., 2010; Liideke et al., 2015; Jiang et al., 2016)
and one novel VNTR loci (TR3) were identified (Table 2).
Primer sets specific for those four VNTR loci were designed
with Primer3Plus software (http://primer3plus.com) (Rozen
and Skaletsky, 1999). The 5’ forward primers were labeled
with distinctive fluorescent dyes (VIC, PET, NED, or FAM)
to generate multiplex PCR products, which were further sep-
arated by multicolored capillary electrophoresis. In VNTR
amplification, bacterial DNA was extracted by boiling method
(Kayali et al., 2015) and subjected to a multiplex PCR am-
plification using primer mix to simultaneously amplify the
VNTR loci. Each 30 gL multiplex PCR mixture contained
1 x GoTaq® Reaction buffer, 0.5 U of GoTag® DNA polymer-
ase (Promega, Madison, WI), 200 uM of each deoxynucleoside
triphosphate (Promega), 0.2 uM of each primer, and 2 uL. of
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TABLE 2. CHARACTERISTICS OF THE VARIABLE NUMBER TANDEM REPEAT Loci AND LIST
OF PRIMERS USED FOR MULTILOCUS VARIABLE-NUMBER TANDEM-REPEAT ANALYSIS

Expected
VNTR locus name  Repeat consensus VNTR copy amplicon
(chromosome) sequences number® Function DI Primer size ( bp)h
TR1 (I) AGGTTCT 11 Noncoding 0.83 F:5-VIC-GTGACGGCTGG 130
region TCAGAAGAT-3’
R: 5-TTCACGCCAACTTC
CTCAAC-3’
TR2 (T) TCTGGC 21 Hypothetical  0.92 F: 5-PET*-AGTTGCGGTG 190
protein CGTAGTTTTC-3’
R: 5'-TCGCTCAGGAGCTA
TCCTCT-3’
TR3 (II) CAGCTAAA 22 Noncoding 0.85 F: 5-NED°-TTCACGGGTA 233
region AAAACACCAT-3’
R: 5-GCTGTGGTCTTTGT
GTACGG-3’
TR4 (I) ATAGAG 28 Hypothetical 091 F: 5"-FAM°-TCAGCCAGAC 214
protein ACTCCATACAA-3

R: 5-GGAAGACATATCCG
GTTTGC-3’

aRepeat times were counted using the genome sequence of Vibrio parahaemolyticus strain RIMD2210633.
Amplicon size of each VNTR locus was estimated using the genome sequence of V. parahaemolyticus strain RIMD2210633.

‘Fluorescent dyes.

DI, diversity index; F, forward; R, reverse; VNTR, variable number tandem repeat.

template DNA. The multiplex amplification was carried out on
a'T100 thermal cycler (Bio-Rad Laboratories) using a thermal
profile of beginning at 95°C for 3 min, followed by 30 cycles
of 95°C for 1 min, 50°C for 1 min, and 68°C for 1 min. Each
run ended with a final elongation step at 68°C for 5 min. The
PCR products were analyzed by capillary electrophoresis
using ABI 3130 Genetic Analyzer (Applied BioSystems,
Foster City, CA). Fragment sizes from each VNTR loci were
determined by GeneMapper software (v.4.1) (Applied Bio-
Systems) and were converted into VNTR copy numbers us-
ing the following equation (Slack et al., 2005):

Number of repeats (bp) = [fragment size (bp)
— flanking regions (bp)]/repeat size (bp).

The combination of four numbers reflecting the number of
repeats in four VNTR loci generated an MLVA profile. A
dendrogram was constructed based on the categorical (map-
ping) with UPGMA method by Bionumeric software (v.7.0)
(Applied Maths).

Statistical analysis

The polymorphism information index or diversity index
(DI) of each VNTR locus was calculated individually using
the formula; D=1-Z (allele flrequency)2 (Weir, 1990). The
discriminatory power was calculated as previously described
(Castafieda et al., 2005). The congruence between typing
methods was determined using the Wallace coefficients (W)
(Fowlkes and Mallows, 1983).

Results

Genotyping by PFGE

The Notl PFGE of 46 pandemic V. parahaemolyticus iso-
lates was performed and 16 distinct PFGE types were gen-

erated. The discriminatory power of PFGE was 0.89. At 80%
cutoff, all isolates obtained during 2001-2006 were grouped
together regardless of serotypes (Fig. 1). It is of interest that
12 isolates of O1:KUT obtained during 2001-2005 exhibited
indistinguishable PFGE patterns (Fig. 1). All O3:K6 isolates
had similar PFGE pattern and were clustered closely with
four of five O1:K25 isolates obtained in the same year
(Fig. 1). New PFGE types were observed among the O1:KUT
isolates obtained during 2009-2012. Similarity values of
>70% were observed among these isolates (Fig. 1). A mini-
mum spanning tree (MST) based on PFGE illustrated that
phylogenetic groupings of all pandemic V. parahaemolyticus
isolates were well correlated with serotype (Fig. 2A), except
for one O1:K25 isolate, and period of isolation (Fig. 2B).

Analysis of VNTR loci and MLVA analysis

In this work, four VNTR loci (TR1-TR4) with repeat
consensus sequences between six and eight were selected.
Analysis of these loci indicated that three (TR1, TR2, and
TR4) and one VNTR (TR3) loci were located on chromo-
some I and II, respectively (Table 2). TR1 and TR3 were
localized in the noncoding regions; however, TR2 and TR4
were located in the open reading frame regions of hypo-
thetical proteins, VP2226 and VP2892, respectively. TR3
primers could also amplify VPA1263 region, which is lo-
cated in the VPal-6 (Fig. 3). In this study, all pandemic iso-
lates were positive with the TR3 primers, whereas amplified
DNA was not detected in all 20 nonpandemic isolates.

Specific primers that targeted each VNTR locus were
newly designed to support multiplex PCR method (Table 2).
The numbers of flanking nucleotides in TR1 to TR4 are 53,
88, 57, and 46 bp, respectively. A multiplex PCR simulta-
neously amplified four VNTR loci of V. parahaemolyticus
and generated the copy number of each locus ranging from 8
to 17 (TR1), 7 to 24 (TR2), 5 to 44 (TR3), and 7 to 38 (TR4),
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FIG. 1. Dendrogram was generated with Notl-digested PFGE patterns of the 46 pandemic Vibrio parahaemolyticus isolates.
Colors within the squares correspond to year of isolation. Year of isolation and serotype of the isolate are included along each
PFGE lane. MLV A profiles and MLVA groups (A-I) are provided for direct comparison. MLV A, multilocus variable-number
tandem-repeat analysis; PFGE, pulsed-field gel electrophoresis. Color images available online at www.liebertpub.com/fpd

respectively (Fig. 4). The DI based on genetic diversity for
the four VNTR loci ranged from 0.83 to 0.92 (Table 2). TR2
locus was the most polymorphic loci (Table 2). No amplifi-
cation product of TR1 and/or TR4 loci was observed in some

isolates (Fig. 4).

Based on MLVA using these four VNTR loci, 38 distinct
MLVA profiles revealing high genetic diversity were de-
tected among 46 isolates of pandemic V. parahaemolyticus
(Fig. 4). Similar MLVA profiles were observed in some iso-

lates of the same serotype obtained during the same periods
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FIG. 2. Minimum spanning tree of the 46 pandemic Vibrio parahaemolyticus isolates based on PFGE. Each circle
represents a unique PFGE type. The colored pie chart sections inside circles correspond to serotypes (A) or period of
isolation (B). The circle size indicates the number of isolates with that PFGE type. The numbers indicate PFGE types.
PFGE, pulsed-field gel electrophoresis. Color images available online at www.liebertpub.com/fpd
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FIG. 3. Vibrio parahaemolyticus RIMD2210633 genome regions containing the VNTR loci used for the MLVA. Each
region corresponded to the VNTR locus TR1 (A), TR2 (B), TR3 (C), and TR4 (D), respectively. Arrows indicate the
direction of transcription. MLV A, multilocus variable-number tandem-repeat analysis; VNTR, variable number tandem
repeat. Color images available online at www.liebertpub.com/fpd
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FIG. 5. Minimum spanning tree of the 46 pandemic Vi-
brio parahaemolyticus isolates based on MLVA profiles.
Each circle represents a unique MLV A profile. The color of
the circles corresponds to serotypes. The circle size is pro-
portional to the number of isolates. A distance of one locus
between two MLVA profiles is indicated by a thick line, a
distance of two loci is indicated by a thin line, and a distance
of three loci is indicated by a gray line. Dotted circle indicated
the nine MLVA groups A-I. MLVA, multilocus variable-
number tandem-repeat analysis. Color images available online
at www.liebertpub.com/fpd

(Fig. 4). However, the results of this study showed that pan-
demic Vibrio parhaemolyticus O1:KUT isolates were het-
erogeneous. The discriminatory power of MLVA was 0.99.

MST analysis revealed that all MLV A profiles were linked
with other profiles regardless of the serotypes (Fig. 5). MLVA
profiles were grouped together if two neighboring profiles did
not differ in more than one VNTR locus. Nine MLV A groups
(A-I) were found in this study (Figs. 4 and 5).

Comparison of MLVA with PFGE

MLVA separated the 12 PFGE-indistinguishable O1:KUT
isolates obtained in 2001-2005 (PFGE type 7) into unique
profiles (Fig. 1). Thirty-two isolates of O1:KUT Vibrio
parahaemolyticus revealed 12 PFGE types and 29 MLVA
profiles (Fig. 4). MLVA offered a higher discriminatory
power (0.99) than that of the PFGE (0.89).

The results showed that all isolates with the same MLVA
profile had a high probability of having the same PFGE type.
As calculated by using W, MLVA predicted PFGE type
(W=0.86). However, PFGE profile did not predict MLVA
profile (W=0.33).

Discussion

Most serotypes of O3:K6, O1:K25, 04:K28, and O1:KUT
pandemic V. parahaemolyticus have been continually de-
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tected among patients worldwide (Nair et al., 2007; Wooti-
poom et al., 2007; Thongjun et al., 2013). MLVA technique
has been demonstrated for typing pandemic V. parahaemolyticus
isolates; however, there is no direct evidence of this tech-
nique for differentiation among O1:KUT. In this work,
MLVA technique has been constructed to discriminate pan-
demic O1:KUT and other pandemic serogroups V. para-
haemolyticus strains.

Previous MLVA protocols have been associated with a
number of VNTR loci and primer sets (Kimura et al., 2008;
Harth-Chu ez al., 2009; Ansede-Bermejo et al., 2010; Liideke
etal.,2015; Jiang et al., 2016). In this study, we optimized the
criteria for the selection of VNTR loci and redesigned a set of
fluorescence-labeled specific primers for single-tube multiplex
VNTR amplification. A novel VNTR locus (TR3) was used in
combination with three of the previously described loci (TR1,
TR2, and TR4) (Kimura et al., 2008; Harth-Chu et al., 2009;
Ansede-Bermejo et al., 2010; Liideke et al., 2015; Jiang
et al., 2016). Thus, the MLVA developed in this study differs
considerably from the MLVA previously described. In this
study, MLVA scheme yielded a higher discriminatory power
than that of the standard PFGE.

VNTR can be found in both noncoding and coding regions
of bacterial genomes. TR1 locus was located in noncoding
region downstream of the gene encoded for a zinc-binding
protein (Makino et al., 2003). Thus, copy number variation in
this region may have no effect on the downstream gene.
However, TR2 was located within the gene encoded for a
hypothetical protein ortholog to chemotaxis protein CheW
that was necessary for the control of bacterial motility pat-
terns (Miller et al., 2009). Variations in the repeat numbers
could affect protein synthesis and structure. Effects of
changing the repeat length on virulence and phenotypes have
been demonstrated in many pathogens, including Haemo-
philus influenzae, Enterococcus sp., and Streptococcus
sp. (Schouls et al., 2005; Watecka et al., 2009; Naseer et al.,
2012). VNTRs were also shown to be involved in the varia-
tion of promoter activity (Tantivitayakul et al., 2010). Am-
plified DNA derived from TR2 primers revealed the highest
variability in copy numbers. Therefore, this is one of the
important regions to generate diversity among V. para-
haemolyticus isolates. For TR3 locus, primers were designed
to target the pandemic region found within V. para-
haemolyticus genomic island VPal-6 (Hurley et al., 2006),
which was located next to the TR3 locus. In this study, TR3
was specific to all 46 pandemic strains. In this study, four
isolates belonging to the O1:KUT were negative for the TR1
and/or TR4 amplification. This might be due to either se-
quence variation in the PCR binding regions or lack of those
VNTR loci. This also can indicate the variation among
isolates. In addition, four-loci combination of MLVA in
this work could generate distinguishable profiles of those
isolates.

Identical PFGE type and MLVA profile of the isolates
obtained from patients indicated that the infection might be
associated with the same clones because the isolates were
taken from the patients in the same period and geographic
region.

MST analysis based on MLVA revealed the link between
pandemic O1:KUT isolates with other pandemic serotypes.
Previous study suggested that the O1:KUT and O1:K25
isolates are originated from the pandemic O3:K6 stains by
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alteration of their O:K antigens in response to the host’s
immunological pressure (Chowdhury et al., 2004; Nair et al.,
2007). The results obtained in this study confirmed the ge-
netic relatedness of pandemic O3:K6, O1:KUT, and O1:K25
serotypes.

Two isolates defined as unrelated by PFGE (PFGE types 1
and 6) were not distinguished by MLVA (MLVA profile 34).
This may be due to the reason that tandem repeats in these
isolates evolved slower than others (Noller et al., 2006).
MLVA and PFGE detect different genetic variation in dif-
ferent regions of the chromosome. Variations in MLVA
profiles are caused by the mutation in tandem repeats;
however, mutations in enzyme restriction sites have been
shown to affect PFGE type (Tenover et al., 1995). Therefore,
MLVA may be capable to detect the fast evolution among
bacterial strains, which other methods such as PFGE are
unable to detect, and beneficial for fast surveillance and
tracking the source of foodborne disease outbreaks (Liideke
et al., 2015; Jiang et al., 2016). Although, the high variation
of VNTR can indicate the differentiation of bacteria strains,
it can cause the limitation in the correlated investigation
between bacteria strains isolated from different periods (Lam
et al., 2012). The discriminatory values >0.90 are acceptable
for epidemiological typing of bacterial strains (Hunter and
Gaston, 1988). Thus, this indicates that four VNTR loci used
in this study are suitable genetic markers for differentiation
of pandemic V. parahaemolyticus, especially among various
O1:KUT isolates, and can be applied for molecular epide-
miological investigations of other O serogroups V. para-
haemolyticus with KUT serotype. In addition, MLVA
technique is considerably more rapid than PFGE technique.
It is of interest for future studies to evaluate relationship
between the difference in the VNTR copy numbers among
the various loci and virulence or phenotypic variation of V.
parahaemolyticus.

Conclusions

This study demonstrated a reliable multiplex MLV A assay
for typing pandemic V. parahaemolyticus, including various
O1:KUT isolates based on four VNTR loci (TR1-TR4). It is
highly reproducible with high discriminatory power and
would significantly contribute to surveillance and outbreak
investigation of pandemic V. parahaemolyticus with untyp-
able serotypes.
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37°C WHunan1s Failus mntudmdenlaladiiion s1uau 5 Telall tdssunue1ms TSA+19% NaCl
figaumnd 37°C \unanis Fluaiievnudesudu antudsndounuems TsA+1% Nacl
Tysinn 9 Ju auAsUTL 10 U (multiple subcultures) wifmdonlalalfunuainemsiaes
Feusazau 91uaz 10 laladl wnaiasusieds phenolchloroform extraction u&a3winns
MIRFDUANULADYIVDY VNTR 9875 MLVA

3. msdsadeludnziuasearenisiUasunlasuas VNTR

FBnsneassinlaeides V. parahaemolyticus PSU 3868 uue1wns TSA+1% NaCl
vufigamgd 37°C Wunan1s Halus andudmienlalaiifier $1wu 5 Talad undesusims
TSA+1% NaCl ﬁuﬁammﬁ 37°C Wunan18 Hrluadielddudosudu mndudssuuems
TSB+1% NaCl MNANIZAN 9 laun aundl 5 uar 44 °C; pH4.8 uay pH11; NaCl: 0.5 unz 8%
Uwammu 37°C 1Huran18 ilus LLa’Ju’lLGUEJVl“UquLLG]a ANMEVBINSLABNN streak UUBIWS
TSA+1% NaCl Anidenlaladifunuanemsiasadeusazay 91uas 10 laladl madniLusae
75 phenol-chloroform extraction L&13911A19ATIADUANLENTVDS VNTR A28 MLVA
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N30 39E0UAINLADEIVOI VNTR GUEN V. parahaemolyticus Tuan1zmng g]hJ‘W‘Uﬂ’li
\WaBuLUawess uIusn VNTR markers 513 4 fumsla (TR1, TR2, TR3 wag TR4) Tudeiiiunis
dAusnuluiiiudn (80 ssmiwadea) uasilvavaresfusiuiuane 9 sou (repeated freezing
storage and thawing) agnslsfimunisineidsadenatsnss (multiple subcultures) v¥liide
$1uu 1 Telaan anvieva 50 lelman fnsideundassuuginmelu TR2

N1INTIVADUAIULADYTUD NTR Lﬂ,dJ‘IEJL?;J‘EN V. parahaemolyticus Tuannghaaien
(aammJ pH, AHLAL) Wm']mit,amwaw pH 11 uazan1eid NaCl geilefewas 8 Lilinase
$1uaUT 8 VNTR markers 119 & fumsla amﬂiiﬂmuwumiLﬂaauLLUaﬂmmummsﬂu TR2
TumamﬂdmamLmaLaqumﬁQu 5 uaz 44 ssraldua wisluanieiill pH d (4.8) wie
il NaCl i (Bowaz 0.5) Tsdonndosiuaiseluide salmonella Typhimurium, Pseudomonas
sp. uag E. coli fisneauin ﬁﬂ’l’szaﬂLﬂ%‘c’m{ﬂ"m“]ﬁﬂil’mLﬁlEJ’J%ENfqﬁm’l’iLU%SULLﬂﬁG%NWﬂﬁqﬂ%‘%‘@J%@Q
L%@ﬁﬁﬂé’ﬂ(!\/\artinez and Baquero, 2000, Van Den Broek et al., 2005, Cooley et al., 2010)
uananiifaiinisAnwanuaiosves WIR Ty Ecoli fafinissiseut 353, gangiigs uas
anmziiflansemssiiainadenisiasuulassiuiuginiglu VNRT (Cooley et al., 2010) fatu
niTedswludiuinanisiuadeaiinasensivasuudamessiuiuginigly VNRT 101 V.
parahaemolyticus warlunsEUIUNISANYINTI9MSIUINTIes VNRT AI5a8nanidsanis
WAL T et Maneasunsrensarinnisianaina N siUasunlassiuiusives VNRT lu
S¥WINNTRTINEaUla

LONE1SD19D9

Cooley, M. B., Carychao, D., Neuyen, K., Whitehand, L., and Mandrell, R. 2010. Effects of
environmental stress on stability of tandem repeats in Escherichia coli O157: HT.
Applied and environmental microbiology. 76: 3398-3400.

Martinez, J., and Baquero, F. 2000. Mutation frequencies and antibiotic resistance.
Antimicrobial agents and chemotherapy. 44: 1771-1777.

Van Den Broek, D., Bloemberg, G. V., and Lugtenberg, B. 2005. The role of phenotypic
variation in rhizosphere Pseudomonas bacteria. Environmental microbiology. T:
1686-1697.
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msifSeuiisumaiiansnenaneRunfilduieiiveAnwiaunainanenanugnssy

vas Vibrio parahaemolyticus #5lnd 01:KUT angwugszun

Comparison of DNA Fingerprint Techniques for Studying Genetic Diversity
of Pandemic O1:KUT Vibrio parahaemolyticus

7541 Y31y (Sutima Preeprem)* fulads Insn1Wews (Pimonsri Mittraparp-arthorn)**

159050 aIzna (Varaporn Vuddhakul)*+*

UNAnNga

Vibrio parahaemolyticus {uawsdndgueslsansyinizomsuasalddniay Jagiununisszuin

¥ '
= = £

e
neludlsind OLKUT (K untypeable) wingeu nsildaiuisadwundnuue K antigen voudonguile

e

v A da & = P2 = o a & ]
ﬂ"IiGLGUaWEJWZU‘WG]LE]‘LAL@NJJU%ISJGUUIUﬂﬁiﬁﬂ‘bﬂﬂﬂuﬂa’m‘maﬁBWWQWUQﬂiiuLLaxSEU’WH‘WEH%ENL%aﬂquu

1%
v

mMsfnwaSiisaltnguseasdiiiewSeuiieumaia arbitrarily primed PCR (AP2-PCR wae AP4-PCR) way

a

enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) Iumﬁﬁﬂmmmua’m%mamﬂﬁuﬁqﬂiimm
V. parahaemolyticus  OLKUT agiugszuindiuiu 41 leleian Fawenandthelsmeruiamalglugied

A.A. 2001-2009 lagdasnginnuamsalazUssansanlunisduunide uazszoznanld wuiwnaila AP2-PCR

a

- o & d
fenuanansauazUsednsanlunisdiuuni@egeiign (0.24, 0.69) 589a3EAB APA-PCR (0.16, 0.14) Uz ERIC-PCR
(0.12, 0.09) Mudwiu Fumada AP2-PCR uandliiiuindefivenlalul a.a. 2008-2009 dauduiusniaiugnysu
Ind3ariu ag1alsiinig ERCPCR  lumaliafildszozinalunisduunidetes i 31n6an15A5 1291960

Jaesdnunaila AP2-PCR wildlunisdnuun V. parahaemolyticus OLKUT eneiugssun agslsiniumaiia

I
o o

yaudslinnuarideataglun1s@nwmnurainvaive e

ABSTRACT

Vibrio parahaemolyticus is one of the major causes of gastroenteritis in humans. Recently, O1:KUT (K
untypeable) serotype emerged as the pandemic strains. Because of the untypeable K antigen in O1:KUT strains,
the use of DNA fingerprint patterns is therefore useful in studying the genetic diversity and tracing the source of
its infection. This study was aimed to compare various DNA fingerprinting techniques including arbitrarily
primed PCR (AP2-PCR and AP4-PCR), and enterobacterial repetitive intergenic consensus PCR (ERIC-PCR)
for studying the genetic diversity of 41 pandemic O1:KUT V. parahaemolyticus isolates from patients in Hat Yai
Hospital from 2001-2009. Typeability, discriminatory power and time-consuming were compared. The result
indicated that AP2-PCR scored the highest in discriminatory power and typeability (0.24, 0.69) followed by
AP4-PCR (0.16, 0.14) and ERIC-PCR (0.12, 0.09), respectively. Moreover, using AP2-PCR showed that
bacterial isolated during 2008-2009 were clustered within the same group. However, ERIC-PCR was less time-
consuming than that of other 2 methods. Considering typeability, discriminatory power and time-

* Unfnwn wdnansuTonuitadin a1913¥13aT33Me1 AMEINGMERNS INTIVENaYaUaIuATUNT
* ManTIANTd §191399aTTINGT ANgINEIMEns winIneduaaanuaiuns

# ENART1158 @10INIATIIVEN AUEINGINENT UNTINEdUAATATUNS
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consuming, therefore AP2-PCR was considered as the most suitable method for typing of pandemic V.
parahaemolyticus O1:KUT. However, these 3 methods exhibited low resolution for diversity study.

ANFIARY: ANUVAINYAIENIRUTNTTU V. parahaemolyticus O1:KUT AP-PCR ERIC-PCR
Key Words: Genetic diversity, V. parahaemolyticus O1:KUT, AP-PCR, ERIC-PCR

umin
Vibrio - parahaemolyticus \Judioaivg

drdgyeeslsanszimizeimisuazanldsniau lag

v
5

L%amaﬁuqﬁﬁﬂdaiﬁﬁmmmzmmﬁ"ﬂaﬂﬁa
V. parahaemolyticus O3:K6 wasdslsiniu
msszvialudagtudsfianngunanideaeiusdug
#e Balaun Alslnd 0a:Ke8, O1:K25 way O1:KUT
(K untypeable) (Yeung and Boor, 2004) Tnglang

0g1989%151nd O1kUT  elutagiunuinisszuia

o
o o

Wingedu Snviedufudlslnddliaiunsae

uunanwuzaes K antigen 1o tesanded

MsAsuLUas K antigen Litevaunansruugiiduiu
o d1UuI i bR llanisadnuundnuaizve
antigen Asna1ImIBInAtiANaBuyluInela (Boyd
et al, 2008) ﬁaﬁumﬂﬁﬂmqaf@ﬂmLaqa?jal,ﬂu
wpdafithaulalunsldfnumnadussuinineuay
a@mumaszmmau%@ﬂmﬁuﬁﬁ watla arbitrarily
primed PCR (AP2-PCR uay AP4-PCR) Wazivnaila
enterobacterial repetitive intergenic consensus
PCR (FRICPCR) 1fumadianisey@aluanaiifiey
waldlunsfnwinnumainvaieniaiugnssuves
o q Tnsiamzodsidludofiduaimguodsely
TEUUMILAUDIMIT iadaneaasiiuimnain
ﬁmﬁwé’ﬂms"ﬁugmmaﬂ PCR  (Oyarzabal and
Kathariou, 2014) §aafia AP2-PCR uay AP4-PCR
azodelnswedanvdu q esduierlumsidhduiu
AdueuluuuluUdY (Penner et al, 1993; Kumar
and Gurusubramanian, 2011) @uwaila ERIC-PCR

o 1

r01Fylnses NI NIzAUaIUYe enterobacterial

" . . =
repetitive intergenic consensus seqguence %3

323

annsanulsludonguiinelselussuumaiuemis
(Enteric bacteria) 52184 V. parahaemolyticus $2¢
(Matsumoto et al., 2000; Oyarzabal and
Kathariou, 2014) agdlsfauneumthiilsiisneau
AeafuniswSouiioumeain AP2-PCR,  AP4-PCR
wag ERIC-PCR Tumsfinuanuvannvangmaiugnisy
w04 V. parahaemolyticus O1L:KUT @etiugssuin
Fadudeflianmsnssydnumzves K antigen 14
falunisdneindel sedosnisiusuiioumaina
AP2-PCR , AP4-PCR uag ERIC-PCR Tun1sAnwrAy

VANMAIENNHUENTINYDUTOAINGT?

InUsTaAnIIY

Wguieumaila AP2-PCR, APA-PCR Lay
ERIC-PCR Tun1sfnwralruvainuanse
MAUNIIUVRY V. parahaemolyticus O1:KUT

aenugITun

ASeiunsive
wuaisenlglunisinen

V.  parahaemolyticus O1:KUT

1Y

aneugszuin Nidlunuidei

= o

$1uau 41 lelwands
Hudedusnldangvaslsagarssdassening
Y A.A1. 2001-2009 (1151971 1) wazsiunstuduindu
V. parahaemolyticus anewiugszuin tne3s PCR ER
T lwsinesfsunnzAudy toxR, tah uae trh uasmals
nJe75 agglutination test Tnanageuiu anti-O1
antiserum 1@y anti-K antiserum  W&2 wazly V.
parahaemolyticus ATCC 17802 \Juifausnnga

(outgroup)
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199N 1 S19azldenuss V. parahaemolyticus

OL:KUT anenugszuin

Year of No. of
Strain
isolation isolates
2001 1 PSU291
PSU732, PSUT36, PSU748,
2002 5
PSU751, PSUT52
PSU938, PSU9T4, PSU1031,
2003 4
PSU1032
PSU1297, PSU1352, PSU1601,
2004 4
PSU1918
PSU2030, PSU2453, PSU2487,
2005 4
PSU2519
2006 3 PSU2667, PSU3031, PSU3460
2007 0 -
PSU3866, PSU3868, PSU3872,
2008 13
PSU3880, PSU3887, PSU3892,
PSU3894, PSU3896, PSU3916,
PSU3921, PSU3939, PSU3949,
PSU3972
PSU4792, PSU4T793, PSU4915,
2009 7 PSU4918, PSU4994, PSU4A998,
PSU5009
v o
N1FaNAALYULD

afnaLdueues V. parahaemolyticus
OLKUT ¢agnafinfioute Presto™  Mini  ¢DNA

Bacteria Kit (Geneaid, Taiwan) 3nTud AL

Taludaniruitududoiadoes NanoDrop®
spectrophotometer (Thermo Scientific, USA) iay
Ysuanududulasindu 10 uluniu/lulasans
Welddufiueduuuudmiuis APPCR  uay

ERIC-PCR

waila AP-PCR (Williams et al., 1990)

ﬂ"lﬁ%ﬁﬁ;‘}"lﬂﬁqﬂﬁﬁﬁlﬂ%ﬁqﬂsﬂaﬂ
V. parahaemolyticus O1:KUT aaginailn AP2-PCR
g AP4-PCR fauuan1anIvves Williams wag
(5’-GTTTCGCTCC-3’) hay

Twsiuos 4 (5-AAGAGCCCGT-3") w1U &1 AU

Ay logldlnswes 2

324

Ingdrunanlunisvinufizen Ussnausig 1X buffer
(NEB, USA), 0.33 mM dNTPs, 0.83 pM primer, 2.5 U
Tag DNA polymerase (NEB, USA), uay DNA 2.5
lulasdns  wandsuSudsunagavinelinyingu 30
ulasans sethnduusaande annzlumsi AP-

PCR

'
=

Uszneudag duneu pre-denaturation %
gaumgil 95°C U 4 unil , denaturation figamail
95°C YU 1 wil, annealing figaumgil 36°C w1
U191 uBy extension ﬁqmuﬂ“ﬁ 72°C WU 2 Wil Lo
v‘ivgw%’umau denaturation,  annealing  way
extension §1uIu 44 S0U MNVLTWITUREY final
extension 72°C U 7 Ui

N13M399d@8U AP-PCR  product  ¥11a7e
wadla gel electrophoresis lagle 1.5% agarose gel
Tudwines 1X TBE wagldnszualndn 100 Tad uiu
57 wdt wdiusulu 15 mA Uszanm 10 Falus
Mndudedionaadne ethidium bromide uazdodg
MMelauas UV ud39a519 dendrogram Taglusinsu

Bioprofile image analysis (Vilber Lourmat, France)

wiallA ERIC-PCR (Zulkifli et al., 2009)

NMSANYIAIIUNAINNAI8VD S
V. parahaemolyticus O1:KUT gaemnaiia ERIC-PCR
An1slagaanlainiannisves Zulkifli wag
Az lagldlnsiiuas ERIC 1R (5’-ATGTAAGCTC
CTGGGGATTCAC-3’) wag ERIC 2 (5'-AAGTAAG
TGACTGGGGTGAGCG-3")  dunanlunsiiufiiten
Usznaunag 1X buffer (NEB, USA), 0.05 mM dNTPs,
0.4 uM primer, 2.5 U Taq DNA polymerase (NEB, USA)
waz DNA 2 lulasdns UsulSunagavnglimindu 25
lulasdns  srethnduusidannide annavlunisin
FRIC-PCR Uszneudng dumou pre-denaturation i

a

guunll 95°C W 7 u¥, denaturation Migaumil

U

90°C 1y 30 Ui, annealing figaumgil 58°C uu 1

W7l uag extension Nigauminil 68°C w1y 8 Uil lag
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ﬁﬂ%ﬂ‘ﬁgu%au denaturation,  annealing  uay
extension §1U3U 29 58U MnTUTWhTuRoy final
extension 68°C WU 8 W17

NM3M929a0U ERIC-PCR  product 192
wiadla gel electrophoresis Tngl4 1.5% agarose gel
Tudwies 1X TBE uagldnszualvin 100 Thad wiu
57 i wduiudu 50 Taad Ussanm 6 dalus
nduFadouaadae ethidium bromide wazdodq
Melanas UV wa33a319 dendrogram Taglusunsa

Bioprofile image analysis (Vilber Lourmat, France)

mMslesiauanansalunissuunde
, UsEEN3NINNITIINUNLG D, WATITELIIATY
(Shuan Ju Teh et al., 2011)

arrna1u1salunissiuunide (1),
U3y AnBnmnissuunide (0) uarsvesiianiildues

wAlA AP-PCR Uag ERIC-PCR xQninsieilaggns

saselud
T=N/N
D =1-_1_ 3nnD)
N(N-1)  J=1

ez ild = 1awes PCR + 1181784 gel
electrophoresis
oy Ne= Iuaugduuy; N = é’wmuvﬁaf’fwmm;
s = Swunguide (innuudou=80%);

n= Suudeluusiarngy

NAN15338

INNANTSITINUIN 1nATiA AP2-PCR, AP4-
PCR ua¢ ERIC-PCR liiguuuuatefiuvididuievoside
dulungadondeiu ngliuauAdusiuiu 4-12, 7-
10 Uag 6-8 WAU MINAIU BeiVUIABYTENING 0.5-10
kb kaga1nTnnguiialngelde AMULANAIIVDY

a e & - <
JULUUAETINTALD UL d1umalla (A1md 1, 2

war 3) WU MAdla AP2-PCR a@nunsaukanaliibiiu

AINUNANUAYUYBY V. parahaemolyticus O1:KUT
e a1 leluanlfuniian uazfianuimiiousiniy
80% Uil AP2-PCR mmwm"fmmjwﬁ??alé’ 3 ngy
(AP2,, AP2, uag AP2,) @21 AP4-PCR Way ERIC-
PCR annsodnnguite Iéifisanaiaee 1 nga
Wiy (AP4, U@z ERIC)) YoNaNHINASAIWIAN
anuannsalunissuundewasUssansamlung
SuuniFonuiumaiin AP2-PCR  fidvisansgaiian
(0.24, 0.69) 5098IUIA® AP4-PCR (0.16, 0.14) wag
ERIC-PCR (0.12, 0.09) @ua1nu (57 2) dmu
szoznafidlunisfnviveusdasinafinnuin ERIC-
PCRu'fJumﬂﬁﬂﬁﬁmmmm%aﬁqm Tneldiian 11
T4 35 W7l daunadia AP2-PCR uaw APA-PCR ldiaan
yude 17 Flus uenanidamudn waia AP2-PCR
wandlidfiudsenuduiusmatusnssuiflnddaiuyes
FoTluanlalud a.a. 2008-2009 usethdlsfinmaiivay
wadaliauisananddiiuanuuanaiesywing V.
parahaemolyticus OL:KUT angiiugszuin wag V.

parahaemolyticus ATCC 17802 Faudude outgroup
1o

A151497 2 wWisuileupuantfveunatin AP2-PCR,
AP4-PCR ey ERIC-PCR

AP2- AP4- ERIC-

ANANUR
PCR PCR PCR

ﬂ’J'IiJﬂ'liJ']iﬂIUﬂ”l‘iﬁ?LLUﬂ
T=Ny/N

0.24 0.16 0.12

UsgAnsawlunisiun
D=1__1 sl 069 014 009

NN =

szuzae (h) 17 17 11.35




The 36th National Graduate Research Conference 2015

nsUsEAvMsaueran e syiuTufinfnywiend Az 36

% Simnilarity PsSU Year AP2
0 10 20 30 40 50 60 70 80 90 100 gggg % 2 strain Group

“‘_‘h 291 2001 AP2
. e 2002 AP2,
. 751 2002 APZ,
N 752 2002 APZ,
| 1@ R 2003 APZ,
1§ 2003 AP2,
I . 1031 2003 AF‘2|
T W 1032 2003 AP2,
I . 1297 2004 APZ
T 152 2004 APZ,
I W 1601 2004 AP2,
T 2030 2005 APZ,
T 2053 2005 APz,
T 2457 2005 AP2
T 2667 2006  AP2,
I 3031 2006 APZ,
I W 3460 2006 AP2,
. ez 2002 AP2,
I . 73 2002 AP2,
—] INEE s 1518 2004 AP2.
— 1 e 1 8 T 2008 APZ.
N W 3868 2008 APZ
N W 3872 2008 APZ,
U 3880 2008 AP2
T W 3687 2008 AP2
O 3852 2008 APZ,
I Gs94 2008 APZ,
I 3696 2008 APZ,
B 3016 2008 APZ,
AN 3521 2008 APZ,
A W 395 2008 APZ.
DN 2549 2008 AP2,

— HEEEE 3572 2008
(T 4792 2000 AP2,
T 4793 2009 APZ,
[ . 9994 2009 AP2,
I 500 2009 AP2,
COOEEEE 915 2000 AP2,
I %18 2009 AP2,

L [ 4998 2009

T ATCC17802
2519 2005

A 1 suuvaeaniAdueuas dendrogram
Ve V. parahaemolyticus O1L:KUT gy
ATCC17802 ilgiann3s AP2-PCR

%4 Similarity PsSU Year APa
0 10 20 30 40 50 60 70 80 50 100 ééi% £ 8 swan crap
“H 291 2001 APG
[ 2002 A4
751 2002 APG
TN 752 2002 Apd,
v 2003 AP,
[ 2003 A4
TR 1051 2003 ARG
T 1032 2003 APG
T 1297 2004 APG,
EEETETE 5o 2004 ARG,
T v 2004 AP,
T 2053 2005 APG
T 2957 2005 APG
T 2567 2006 APG
T 3031 2006 APa
3460 2006 AP4.
- EEETTEE G866 2008 ARG
3868 2008 APa,
— T 2872 2008 APY,
_— T 3850 2008 ARG,
T 3857 2008 APa,
T 2892 2008 APA,
EETETE 3e9d 2008 APG.
T 3896 2008 APS,
T 3516 2008 A4,
T 292! 2008 APE,
T 3539 2008 APa,
T 2949 2008 AP,
T o7z 2008 APG
T 4792 2009 AP4
| s 3 | a793 2009 APG
EETETEE 915 2009 APG.
EEEETETE 918 2009 APG,
| memess g G 2009 APa,
- 1601 2004 APa,
T 2030 2005 AP4
—| 4994 2009 ARG
B 2002 APG,
— . 72 202 APa
— 4998 2009 ’
m ATCC17802
EI 2510 2005

= Y ]
a2 guluuaIsiuiALULeLay dendrogram

~

U9 V. parahaemo

ATCC 17802 #il#a1n33 APA-PCR

yticus OL:KUT Lag

326

% Similarity PSU Year ERIC
0 10 20 30 40 50 60 70 B0 90 100 § 8888 g - Group
T 2ssze R

ﬂ 291 2001 ERIC,
. 2002 ERIC,
T 2002 ERIC,
. 2002 ERIC,
E—_—. - 2002 ERIC,
ELL . 2002 ERIC,
ELL mE 2003 ERIC,
1 1 et 2003 ERIC,
Er . 2004 ERIC,
B 2004 ERIC,
[T 2005 ERIC,
I 2005 ERIC,
[T ey 2006 ERIC,
T 2006 ERIC,
I 2006 ERIC,
D 2008 ERIC,
] T 506 2008 ERIC,
D 2008 ERIC,
7 2008 ERIC,
1 e 2008 ERIC,
1 . Gl 2008 ERIC,
BT 2008 ERIC,
[ _amme NSRS 2008 ERIC,
[ 1 3 1 [T 2008 ERIC,
T 2008 ERIC,
I 972 2008 ERIC,
[ 1 1 A 2009 ERIC,
. 2009 ERIC,
N 2009  ERC,
I 0 2009 ERIC,
. 2009 ERIC,
I 5000 2009 ERIC,
L D o6 2009 ERIC,
B . 2003 ERIC,
[ 11 RGN 2003 ERIC,
B 2004 ERIC,
— I 0 2004 ERIC,
E T 2005 ERIC,
I 5o 2008 ERIC
BT 2008 ERIC
L SN  ATCC17802
I 2005

] A fa &
Al 3 JUuuUaeiiusiAdweuas dendrogram

—_

¥4 V. parahaemolyticus O1:KUT uay

ATCC 17802 #il#27n3% ERIC-PCR

afuseuarasUNan1ivg
nAtedldiTouifisunmuantis q ves
wadla AP2-PCR,  AP4-PCR wae ERIC-PCR
lun13fn¥rAIIunaINNaIeN 1IN UTNTTUYDY
V. parahaemolyticus O1:KUT @1eiugssun R
wuiunadia AP2-PCR fanlun1sdwunidouay
Uisaw%mwiumiﬁﬂLLumf&”aqqﬁqm 5098911AD
wAda AP4-PCR  way  ERIC-PCR  a1u@d1avy
Feaenndaafuenidenounthidldinaiia APa-PCR
ERIC-PCR Tun1sfnwiadiuvainnangves

Tu

Uszmedulade  wuin AP-PCR  arunsaliiiuds

b e

V. parahaemolyticus MLenlaaIn oA

AINUAIINUAYUDI V. parahaemolyticuslﬁmm?i’l
ERIC-PCR (Zulkifli et al., 2009) uananifalisngau
Weafunsiine V. parahaemolyticus OLKUT i

wonl@iounasudsl A 1995 Fawuin AP-PCR
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gruisoudndliiiudennuunndicveaide
fenainansdiaadly (Okuda et al., 1997;
Matsumoto et al., 2000) ﬁ’j\‘l"jﬂﬁﬁ AP-PCR @11150
T¥gunuvanefinsimduieivarewainnin ERIC-PCR
p19zinntnswesves  AP-PCR 1lulwsies
argdu q uasidrduiudifuiouduuvuuudy
Fomniteiiannnsuasiimswasuamediduely
vsdufazylilnswesllaunsadnduiu Adue
LLJJLLUUléfuazﬁﬂﬁgﬂLLUUG{J@Q%Lﬁuﬁié’um&hqlﬂmﬂ
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