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YoIeUwus  nsAnwIaNwEURs Escherichia coli O157 wag uropathogenic

Escherichia coli MuenlaandsdwmsiavesyUae
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UNAnNga

Tunsfnwnil T8vinisnsvaeunidio EHEC waw STEC annlsameiuia
molnguarlsmeruiadami mnuanmsnsavidelufiognsheviosasduau 1,022 1o
Twian Auenanldann rectal  swabs  $1uau 592 fegne 1uszeziian 18 Wou liwy
FHEC/STEC lunnénegnaiinaaeu egndlsfiniu ansnsamu £ coli 0157 leiduau 1 lele
v (@1estug PSU120) 9ngastiessiamenisany 48 U i¥e PSU120 4 1aififu stx uas

eae wiligu escV NlutadedrAnyfinelmAnvieasidlugUae Budunanislidl stx phage lng

1
(% IS

N13993980U8Y Q NAAYVDUTYD WUl PSU120 TSEY Qs ez Qs LWoRasae fIuaTn

o

14
Ay a

naevialasnuINIRiAINTINNITUNINLAE prophages %ﬁmguﬂ dlonsiaaeuansfiu
DNA 299 PSU120 1ne735 pulsed-field gel electrophoresis Feutuidesn 2 aewughe £
coli 0157:HT7 anwiiug PSU2 fusnldarnidetlusunemalvg uaz £ coli O157HT ang
fiug EDL933 fuenlsandihelussmmansgosinimuin PSU120 fmnuadneludiuves
fugnssute 88.6% vilviaradnde PSU120 (Huiefiifu stx indeu uavgapde stx 1u
sgwiamsfnitielusnyud nmslinugtagatn EHEC/STEC Swvhnmsnsianuiinavende

EHEC/STEC Tu 1llednd 1ne38 MPN-PCR wuUsunad EHEC wag STEC Tuillodniviiaangelu

=

seiud Georafutiafenieivinlildannsanuidoanguaeld uenant vnnfude
UPEC 91n1sangnunad@issiindnuau 113 fegnq dlensvBunelsanunauindedu pap,
afa, way hiyA Ju 12%, 7%, uay 14% a1uainu mamiﬁyamﬂﬁ%wzwud'}Lé’?’ija?g{asia
tetracycline mﬂ‘ﬁqmﬁ 77% uaziereEn cotrimoxazole i 68% Wolioen nitrofurantoin

TnenusnsINsAeeLiies 1% wazide UPEC 54% 3audu ESBL producer 8neae

AdARY: Escherichia coli 0157, diarrhea, Shiga toxin, Retailed Meat, uropathogenic

Escherichia coli, Thailand
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ABSTRACT

This study investigated the presence of EHEC/STEC from patients in
Hat-Yai and Pattani Hospitals. A total of 1,022 bacterial isolates from 592 samples,
collected in 18 months time interval, were examined for being of EHEC/STEC. The
results revealed no EHEC/STEC detected. However, one E. coli O157 (designated
PSU120) lacking stx and eae, was found in a 48 year-old male patient. PSU120
possessed escV that can play a pivotal role in causing diarrhea. PSU120 did not carry
Qo33 and Q,;. In addition, PSU120 was found to be a multi-drug resistant strain and
active in horizontal gene transfer by phage integration. DNA fingerprint generated by
pulsed-field gel electrophoresis of PSU120 compared to an E. coli O157:H7 strain
PSU2 isolated from beef, and E. coli O157:H7 strain EDL933 from a patient in United
States showed the high degrees of homology as 88.6%. We are tempted to speculate
that PSU120 was originally stx' and loss the gene after establishing infection.
Quantification of EHEC/STEC in raw meat was performed by MPN-PCR technique. The
results exhibited the low level of EHEC/STEC contamination in all meat types,
explaining, in part, the lack of EHEC/STEC in patients. In addition, in this study, a total
of 113 UPEC samples were collected from Vachira Phuket Hospital. Virulence genes,
pap, afa, and hlyA, were detected in 12%, 7%, and 14%, respectively. UPEC strains in
this study were found to be resistant to tetracycline the most (77%), followed by
cotrimoxazole (68%). Nitrofurantoin effectively inhibited UPEC strains which showed
only 1% resistance. Additionally, Fifty-four percent of UPEC in this study were ESBL

producer.

Keywords: Escherichia coli O157, diarrhea, Shiga toxin, Retailed Meat, uropathogen,
Thailand
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AaNURNTIAveLTe £ coli

13U isolates MLentnain rectal swabs vosEthenlnzuuan
lsangruamavguaslsmeruialanidlugisneunainu w.e. 2555
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U3 (MPN/n3u) veaie EHEC wag STEC luilledniau

Toyaved £. coli 0157 31w 6 lelwian Nuenlaaindiegauilodn
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ToyaataUse¥Ins (demographic data) vesgUlefae UPEC 91N
Tsaneuna@szging Tutafoununius we. 2556 fufouiuensy
W.A. 2556
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dAgy dauimy'@uﬁaiumju enterobacteriaceae IneUnfiuda o E. coli {uidonuniie
Uszanduludldvesuyuduardniifendunansein (Griffin et al, 1995) agrdlsin 1o
E coli vnwasiuganunsadeliAnnisfaidessisgunsaufoundinld Shiga  toxin-
oroducing E. coli (STEC) Aevtefianunsnadeansiiuilisendn Shiga toxin (Stx) ulsdesls
2 wfinde Shiga toxin 1 (Stx1) waz Shiga toxin 2 (Stx2) Tnglamz Stk tuilaw
JULTINANTT St Ussanamidlaiusii AeliiAslaedsundulaziineIn1s hemolytic
uremic syndrome (HUS) aunseiadedinld STEC Aifidu eae Joviminiisatunisiniehin
voudofuiadidrduiiendt enterohemorrhagic £ coli (EHEC) Fullu £ coli nauil
ansoneanuguLssldnigalunguues £ coli AnelyiAnen13viessas (Nataro and
Kaper, 1998) Wuieawnniidansszursluvatsdsumedialan (Dundas et al, 2001;

o w A

Rangel et al, 2005) EHEC lsviptd 0157:H7 Wudlsvivdifanudfguiniian sz

o
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AolMiAnN1398UIMBE19N 9199919 881915ARIN 191 30 UMRIULIRILATNITIZUINTDLY
E. coli O15T:H7 asswsnludszmaansgowsng dalifinisnunisiinie £ coli 0157 910
Hireviosslulssmalnenewivineiies
JymmeansisagundrAydnusenisnilandanvnunainnisiaie £ coli
& a & . A - ! a a &
Afon1sAnLe £ coli Tuseuuduy wanmilaanni1snelsaluseuunIuaueImIs Sunwe
Wa131 extraintestinal pathogenic £. coli (EXPEC) 4o E. coli Mwdauanaldgssuy
maiudaanzuaznelsald 138n11 uropathogenic £. coli (UPEC) wagdniluaundnvesiie

a

nau ExPEC  n1simdeluszuumadudaanziudulsainulugngsiosninlugviey

<

e nanvagnineIniavesngudsliianisinelaiiendt wagansigauvangy

a =

5yl331 Tuiinvesimdasinisiadelussuumadulaanvedates 1 ASY ANgin
& a < = Yo ! va 14
Weluszuumadulaanzidunnginuldvesinnlulsmeiuiadiige aunsanugtinisella
Tupunniseny Invasnuinnluggieiidisunsinululsimeuianaglasunisldasaiuy
Uaaniz We UPEC wiailiiladenelsaniieadesiumsinmiginuinuig vinlvaiunsodasinmiu
1Y ' & ! a v a 7 = & '
aivginenidudiusenovvesssuumaiulaanzlad gelunindu ds1gamunishiesiesn

UfTuzvente UPEC 1udnuunndnsig
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MnanudAyuendotsassnguil Msdnuidsdmsanide STEC way
EHEC sauis EHEC dlsvisd 0157 a1ndegegUleviestislulsmeuiaunniala Anwids
Hafensnelsavende Tufsanuduiusneaiusnssuveadefiuenldfuideineiinng
swnunnewnth uenaniiivinsinuiatenelsauasdnvuziuuununishesUiTue
vouio UPEC flusnldanlsmeuialuunniald suasinlugnsldsutoyadifuusslon

dusulszannstuniaaly

VOB UATUANNIT
daufl 1 Enterohemorrhagic e Shiga toxin-producing Escherichia coli
1.1 dnwazialy (general characteristics)

Escherichia coli 4nagluaed Enterobacteriaceae \Uununfiisaunsuau su
Wyl dUua 1.1-1.5 x 2.0-6.0 um {]J@L%‘SQéTQL‘fJUL‘(JaﬁLaBU“]M%@L%aé@: ansaiasaylailu
annmziifoandunazlufioandiau (facultative  anaerobe) indoudilng peritrichous
flagella laia¥saues anmsaasqldlutisgamai 10-40 °C gumgifimnzaufunisiaiey
#9 35-37 °C GadugungivesdnidonguuuafiSelunguiliiia normal microbiota wa

v

pathogen @nunsanalsalavaluauuardn’d Armnudunsastdianisaasylaegn 7-7.5

Y

a I3

mol% G+C ¥a<DNA difnsendng 48 fis 52 (Tm) uasilunuailiSendneglundy ladnesu

(coliform) Uszwam fecal colilorm Fadulaanesuninulugaanszvesuyuduasdniidongu

[y

Faltdusuttardnuusy91T waztn

q

agnm%mwaué‘fa
Domain : Bacteria
Kingdom : Eubacteria
Phylum : Proteobacteria
Class : Gammaproteobacteria
Order : Enterobacteriales
Family : Enterobacteriaceae
Genus : Escherichia

SPga chja coli
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JUT 1 dnwaurguseveadie £ coli melindesganssmidiaansauluudensia (Rocky

Mountain Laboratories, NIAID, NIH, date of image production is unknown)

1.2 Lmeief/'iagj (natural habitats)

E coli \WunuaitFouszdrduiimuldimluludldauuasdniidongunagny
E. coli vanganeiugidu normal  flora ludnldvesruuaziivselevillunisndninifiu K2
(Conly and Stein, 1992) uenniidetnedostununiieiiannsanslsaneludlals wu
o E. coli Frununnlugansyuszann 10107 CFU/g lumsnudanasanuinaninsansig
wuLdeiingdan 40 Falusludldvomisn Fedlnajaliinelsaluny edrdlsfnuiide £

saa i

coli Ua1eRusNIANa 1NN o AR LS ATUSLUUNIWAUDINIT AL TEUUDUVDIT 19N LA

]

3

niluaunazdnd lnvaulngnuindnisvuilouvondoaslusimisiazinnu

1.3 dnuazYaeuwaunilay (antigenic structure)

WOURALRUYEY £ coli flognaneaila fim somatic antigen (O-antigen) 1Uu
a13U3n0u lipopolysaccharide  wuagluturesuinsad fanautinuanuiouds 121
DIANTARUANUNIABOULAZLOAN DDA

Capsule antigen (K-antigen) 1uansuszneau polysaccharide sinwuviaiiu
1988 WU capsule, fimbriae ﬁﬁmﬁuwﬂﬁﬁ'ﬁ

Flagella antigen (H-antigen) vudiuves flagella Usenaudaslusaud
Fonin flagellin - gayianefigamadl 100 esmiwaldea anewusiliindouiiogliny H-
antigen

'
a v a =

O, K uaz H antigens flaaautfnisnigninuaziiauiuingriuansneiy
AatuluNIFIUN serotype  YBLABTINTINITNTIVADUNITLUINING AU SO LU URLIY
{ ag"d Y 1 ag" [
wianiusuwle
1.4 anauUAnIeRIudLATiLazn15a3ey (biochemical features and growth)
E. coli finpuantAnisdediivainvate Jsllonldnuantfiilunanlunis

IWUNAD £ coli 8onanlia@idusluisd enterobacteriaceae @vormsiasaienioulal



A MacConkey agar (MCA) &nwaizlplaives £ coli Uu MacConkey agar (MCA) &au

differential medium ﬁgww (lactose fermenter) Waglilolnglasauy Eosin methylene

o [

blue agar (EMB) Fadu selective medium aglilaladidmiidnuvazasiounaininimi
3un1 metallic sheen wan15nAdaU IMVIC test W + + - - w30 - + - - FawmneeaIn
Enterobacter uas Klebsiella 3slnardiu - - + + dwduemsdoadeildlunmssuunde
Tu29d Enterobacteriaceae \osdututouldpaautifnsuinihaaiiunnsisturonde
Tasianzagaianima lactose uenanilitanunsansianide £ coli 1iedivduana

Faldlnsiwasndmzitnluduadueduwuy Jouini et al,, 2007)

1.5 E. coli nalsa (pathogenic E. coli strains)

a a 6

E coli drwlngilailyqdunidnalsn wivrsaaiugrinlviinlsalussuy
Maiues wualeilu 6 nau (Giron et al., 1991) fig
1. Enteropathogenic E.coli (EPEC) fUadani1sfinogunsi fiddgyfenis

¥
o

imzAnwadifeyiadldlaelifiala (pil) uazdufifiu (ntimin) Fadunisinziadery
Fuuen (outer membrane adhesion) l¥iAnnsIMeRneadideyfindlddedeiidung

fudunszanauindudnvaziiFoniy lilaslaladl ( microcotony)

lﬂjamLimmaﬂuaumuwumﬂmsmumiLismﬂauagu,azmammaaawmawmwma

3. Enteroinvasive E. coli (EIEC) mﬂa%mwm%smmvﬂﬁw” R
amnuannsolumsiiieadideyindldudmaunanainilnley (phagosome) auaiNga
wsshenesauasnseadludueadinanssdanalniiauadoadsiunisielsaveie
Shigella spp.

Ao o A

4. Enterotoxigenic E. coli (ETEC) #iUadun1sfnliogunsaiadfyAanisasng

>
[

ansfiwuarnsifilude (fimbriae) Wusiuiuunnansiiviiadrsanidenelsadil? sdaldud
ansiuitlidnusiornudou (heat-labile enterotoxin) ansfiwiindnefuansiuiiadaninide
Vibrio  cholerae %QL‘T]uaWmeaqaﬁamﬂIsﬂLLazmsﬁwﬁwwiamm%au (heat-stable
enterotoxins)

M1319% 1 AsanUAnedeiiveate £ coli (Forbes et al., 2002)

N1INAEDU W&




lactose fermentation +
indole production +
methyl red +
Voges-Proskauer -

citrate utilization -

motility test +
lysine decarboxylase test +
TS| ANA, G
H,S -
urea hydrolysis -
acetate utilization +
cetrimide -
ONPG test +

phenylalanine deaminase -

sucrose fermentation +
mannitol fermentation +
glucose fermentation +
dextrose fermentation +, G
nitrate reduction +,G

G =\ingas, G = Lifin gas
A/A = acid slant / acid butt

v
1A

5. Diffusely adherent E. coli (DAEC) muanunsaiunisnelsavaaiiondul

q
(%

galidunuudn gUhedndeinisaieduin viewaiwuuemnsliges Tnedlvawengui
wuludnTonoussuuinndnluannisn nmsizienidisnguil aunsavilalaeiiiioun
NAADUNTNERAWUU diffusely adherence Auadwzideswiln HEp-2 %30 Hela Fadu

Tumsglunsitadets DAEC

1Y

6. Enterohemorrhagic E. coli (EHEC) fifladenshiniieguussiiddgyenis

o

a519a15NwNaNTaanewaslIals  (vero  cell) F938n311815N8nTU  (verotoxin)

[

HanwuslassainaznisoongusiiunedInualsiynaineaniae Shicella dystenteriae



asfiwsininendsdadend Shiga toxin lunisszyindu EHEC duuenainaznuiiy st
uéh Ssipanudu ece Fududuaialusiu intimin MdlunsinzinvesuuaiiBoruieadiin
Tusndne @rudeiiiiiouaty stx aggnisundnu Shiga toxin-producing E. coli (STEC)
Hagtiunuide STEC wnnin 100 Flsviedinelfinlsromnalufvionmssldlngsniaud
\donean (hemorrhagic colitis) Fafienn1suaninisegrsuusdtuteaadeiludenanlad
videdlldnn fuasunsse wu idnidnuazdgeoteiinnudesgsiioziineInts unsndoud
138A71 hemolytic uremic syndrome (HUS) asnsaasnsansiweiaeunelssluladu
(enterohaemolysin) Gainasan1izidinidenunsunnuarlamieviliaedinld dhndorilis
pnsuansoslsnansanieveadeigBuld e STEC Aflseruinduanvnmsszuin
vadlsnomadufiviinutes wu 026, 0111 uay 0145 1Judu uidediiruddyunn

MgnAowe £ coli Blsvied 0157 Faannsanuldindnegluianguves STEC wag EHEC

1.6 E. coli O157

E. coli 0157 HanudAguein1sszuintunalsuszsinanalansiuiy

o

ansgousniuasd@yu £ coli 0157 Wunuaiisaunsuau ddnwaseaieiu £ coli M9y

<9

widnwauzdAgylduenaneiiug £ coli 0157 A liiin1sniinuima sorbitol sy £ coli

0157 fimsmelureduiildiinia sorbitol (Karmali et al,, 1983) E. coli O157 dulueydl

v =

g stx; 139 stxm%aawwuﬁgq@:ﬁlm Fal4lunsnan Stx @atudie EHEC fia513Shiga toxin
§ivde3unin “Shiga toxin-producing E. coli (STEC)” %38 “Verotoxin-producing E. coli
(VTEQ)” afutladvanuguusduaetug 0157

E coli 0157 Sununsnelsandausniinisszuinvaslsariossndud a.a.
1982 (Riley et al., 1983) ?zfqm'i'izmﬂfuwudﬂﬁmaﬂmﬁam%ﬂuuamLuama'%lﬁai’ﬁwqq

Aagnfafu Tunanfediu Karmali wazane Alawandbiiiuiennuduiusvesnisinie £

coli 0157 wazn1snnn1IE HUS (Karmali et al., 1983)

1.7 52U1AINB1VBN E. coli 0157 (epidemiology)
1N19918UNUNIIAATD £ coli 0157 vlanasluansgaiuiniinisssuln

531 350 AW 27N 49 S5TiAnan 0157 TiFuseausewinag 1982 uag 2002 (Rangel et al,,

o«

2005) dquiiiinlusy Minesota wuinAnanleaudunivzveslsa waziin1sszuinves £

coli 0157:H7 Tu Colorado wuigfthefiuilaaillediu 7 Judewsuiionnis Tud 2008 4

)=

AUaely Colorado  A¥nwilulsesnegruianuininannisiuiesuiiinisvuiewdedadl 5



518 seuiau by HUS dildgdlsalanedundy (Karmali et al, 1983) luglsunang
afonLAUATiAUSIWILINNEETINANNNSAALYS £, coli O157:H7 (Dundas et al,, 2001) A5
sevinvaslsailiinannisuudeuveniefithuemsdaiuannguesnisindelu
Aase LLﬁWiE]@J’]ﬂ’]iaﬂL‘*dgaﬁﬂ’lﬁLLWﬁﬂi%ﬁ]ﬁﬂlUgﬂﬂuﬁﬁu’MW]ﬂﬂﬂLWﬂﬁQﬂ’:}Jﬂ

Tudsemadgu Tnsszuinves 0157 Tud a.e. 1996 nsszuninajvente
E. coli 0157 \iistuluiies Sakai §av¥a Osaka winUszaufnuannnit 6,000 ey Sanumean

1INNNTSUUTENIUNIDNLATITI YL

1.8 N15AARa (routes of transmission)
PN9VBINTAIHNIUNTAMLYDLNAENNG LU BN UL UIAY N1SARFABINNAL

1 a a va

dau warfndonieiosufifinng nsvuwilouveswdndmsianidodniuasndnsasian
dodn it amnsafnduldfithu ainnsussemaniensdudatuonnng anudndug e
¥ fifinsszuinvesde £, coli 0157:H7 luuuuas¥a fsoranuluthualdifiiunisanie Tu
lﬁﬂiaﬂﬁwamﬁwyj Tuifoh luienineth wavuy (Feng, 2000; Kassenborg et al., 2004)
nsfadeanaugauluaseunsa qudquaifin nsfnseainaugaudilugsiinnsinde

nNsivURnuavdnyagnmunzavduludnituaglilasudunseain £ coli ass

=

Stx wisemlasuransenuntesunniliosannluaildvesdniivariuliadnedasu (receptor)

LY

fo Stx Atudnivanddadunvendfeues EHEC

1.9 wensnlaunazwen5an1w (pathogenesis and pathology)

E. coli 0157 Wunildluidle diarrheagenic £. coli Ael¥iAnlsngaanszsasis
msfindelae £ coli 0157 istulnensuilaremsvie viensdudafuiiuiafiims
Juidloude £ coli 0157 fanuansalunisnelsags Uinunsindesanvedafiviili
Ainenms daifisaud 10'-10° CFU

E. coli 0157 annsanseglalundnfasidunaioisiion 9 weuiiiulily
Fosutuda (1nd1 20 °C) nusieAULKY n3R waznAnAasioIMsTunIA WU wnsBuua
warldnsen £, coli O157:H7 fiflegmusssnvifaninogsonlduiu 2 davilutin
(CFSPH, 2009)

1.10 Uadeneadaenunsnalsa (virulence factors)

1.10.1 Shiga toxins



Shiga toxin (Stx) #38 Verocytotoxin 1%4@14%58214&3&%5’15@%@ E.
coli lunsnanansiuShiea toxin fisneeuadausnlu Shicella dysenteriae (Neisser and
Shiga, 1903) 1ud 1903 wasfidesdradunienisi meﬁwﬁﬁﬂﬁﬁwaﬂiwum Vero
cell Tl 1977 Konowalchunk wazanizuanslyiifiudisnisudn Stx ananeiuguilsves £
coli Gﬁqmiﬁwﬁgm%ﬂdawﬁwﬁ'jﬂ Shiga-like toxin aghslsAmunisasaedn Shiga-like
toxin wag Verotoxin gnivdsudielsifu Shiga toxin Lileldssanudua

Shiga toxins Us¥nausae 2 subunits @ A subunit tag B subunit

A subunit & 32KDa protein FaUseneusie 28 KDa 189 Al subunit waz 4
KDa 84 A2 subunit & Al subunit i N-glycosidase finanuanunsalunisis alanine
$1uu 1 mbeeenann 28s ribosomnal RNA dwalunisdiudenisdanseilusiu udidoasld
A2 subunit FeinthiJuazmufiasdesloswes subunit Al fu B subunit fefu

B subunit & 35KDa protein YU pentamer Uszneumae 5 TsAui
willouru Faflowin 7 KDa n3dufusening Stx AU globotriaosylceramide  (Gb3) U
plasma membrane receptor @%3U Stx Yelun1sdnd1ves Stx g cytoplasm lag
endocytosis (g‘th?i 2) LAY Stx, way Stx, dadudhndlelnsiindeiulu A uaz B subunit
(Jackson et al., 1987) Uszand 55 wag 57% aua1nu

Auansolun1sndn Stxluag St vesaieiugidauonlaaziinig
mmaauiumﬁﬁ%ﬁamia@L%@’Luﬂdmaq EHEC Fsamanansalunisndn Stx1 wagStx2

finaggnnsIaaeulagds PCR lunsnsiaaeumiy stx, wavdu Stx, niielagianagiiauiuly

q

[

N13959988U Stxlhay  Stx2  FedmsuIBTn1snsiamgiauiuves Stxl uay Stx2 Aps
reversed passive latex agglutination (RPLA) (Karmali et al., 1983) &4n13318497UN1T
ATIAMBU stx AgnTenulagldisnig PCR uarlun1snsiaaeu Stx toxin azgnsieulag

19735 RPLA Tun1599739a8U Stx1 way Stx2



A cell with Gb3, Stx

Plasma receptor

membrane @

\ Stx internalization

@ Early endosome

\

Golgi apparatus

Endoplasmic reticulum

/

. Translocation of Stx1A

/" into cytosolic
compartment

Cleavage of 285 rRNA

gﬂ‘f/‘i 2 nalnnsvhanelwadlag Shiga toxins (AMLUASAN Jackson et al., 1987)

Tuanaldvesusenalne Q’]ﬂ‘ﬁ@ﬂﬂﬁﬁ@ﬂ%ﬁﬂﬁ (Sukhumungoon et al,,
2011; Sukhumungoon et al., 2011) uangliun e STEC/EHEC fuenldannilotaiu &
8u stx 0¢ wavdranunsoadasiiviifenduldluseAuasdnae (Sukhumungoon et al,,
2011) eghalsfiniy dmsudlsied O157:H7  wuranisvnaesiinssiudiu@e Wo EHEC
O157:H7 Finuvavun Tty stx uldanunsaadsansiivifn  fonduldias 395en £ coli
0157 @8WugAINaIIIN Stx2-negative strain (Koitabashi et al., 2006) 3MnN1SVAABIVOS

9

Koitabashi Wagaae (2006) WUl E. coli O157:H7 aewusiuenlaatniiledazyaialy



Uszinalnedigu stx, wAau15aas1e Stx2 laluUsunalseunn wiseldaiunsaasnalaias 91n
msimswiaduinedlelndves 0 Bu swdduslumesves stx Buluide £ coli 0157:H7
aneiiug Thai-12 Selfidufunuveade 0157:H7 My Stxe-negative strain nudh O Bu
Y94 stx-phage Tuaneiug Thai-12 danumiieuiu O Buvesiuamailedd 21 (Qy) 81 95
Wodidudt (3U 3) Tumansadin ©  Buves stephage  luanewug Thai-12 dufiaanw
WilauAy O Buued phage 933W (Qoss) ﬁumﬂaeﬂu E. coli O157:H7 anewug EDL933
Wi 52 Wesiudivinu (gUﬂ?i 3) Qyys NUINTUTUSAUTT anti-termination activity qﬁwz
2811 RNA polymerase H1UgAAUAANI5a3S MRNA (terminator) léavliinisadhs
Stx 161w Q,; WUIE anti-termination activity snviliinnsada Stx lddes wiolils
L8 N1SANWIVDY Koitabashi wazAuy (2006) @enAasinunIsANEIUDY Lejeune Lagaale
(2004) WU Qpss WaT Qs AoLdU markers 13U E. coli O157:H7 ﬁﬁmmgumﬂumi
felsa wagliguusdunisnalsanudsiu

uanainiunuin Wilsinesves stephage luanewus Thai-12 leran

6

deuiulslumesvesiuamesleda 933w wdmuin iansiasuuUawesualuaneiug
Thai-12 U 2 faadlelng Tnesumiansninnisidsuntasfisiunis -35 fnnswaeuain
wa C v A daudnsdunds ianisiudsundadindiusiumis -10 Tnefinnsiuasuainua G
Hu A Bslunidunuininnsunsndiunves Thymine s1wau 1 Sndlelndfisiuns

381N ribosome binding site AU start codon

2871 -1791 <1151 -1138  -650 -475 -378 +1 +960
| ™ g i stx,A
Thai-12 III!H!IIIIII!“"IDIM% %‘%M,—ﬁ—w
raf  LOO9T(mind) LOO9E{nint) g | Sixad
933W(sie-11) ||uu||1|n|u“ﬂ||+- L _;~ |
- > | e - >
Q7% | | Q0% 99%
| | 9 i
®21 | e



Uil 3 maSsuifisumnumiloures Q Buves £ coli O157:H7 anesiug EDL933 uax

Thai-12 dielsufuwuamesledia 21 (Fauwlasain Koitabashi et al., 2006)

nndeyadanarvilidelsdin nsil £ coli 0157:H7 7By stx, usilianmnsaaina se 1
T Hunsre 0 Bu dewaunsalumsiia antiterminator s Usznaufuluslumedves
stx-phace  tliianansavhonldidesmniinnsasudaweindlelnslusluslumes
wagsuuslnany ribosome binding site

et Sefimsvia PCR witeldimsandeunislilanunsnadne Stx 13enin Toxin-
non-producing (TNP) PCR Ingoanuuu oligonucleotide primers Fulaeldtnaalonsly
druves O Busdsuinaluslumesves £ coli O157:H7 aerius Thai-12 Faduaeiudd
liiansaains see Wanduduuuy (3Uf 4) UATen PCR Aldnnaeud 4 UjATende TNP-
A, TNP-B, TNP-C uag TNP-D &wansnaaeuluauiniia 4 ﬂﬁﬁ%mﬁadﬂﬁa E. coli O157

anenugnnaaeulianunsaaiie sexe 1o

stx_ A six_B
q qut Pstx2 2 2
Thai-12 ,—M ﬁ#
strain
-1688 -1138 -650 1 960 972 1241
——rrrr—— R
TNP-A TNP-D
TNP-BE
TNP-C

Ul 4 funis3lusmes stx-phage umsniioglu £ coli O157:H7 anesus Thai-12
primers 7l4lun1svi TNP-PCR awnsadnduls (faudasain Koitabashi et al., 2006)
1.10.2 Intimin

Intimin  Ai® outer membrane protein filéann eae gene azﬂu
pathogenicity island 158A71 locus of enterocyte effacement (LEE) §u§1(§1’%’umimnwu
Ty EPEC way EHECsvislu Citrobacter rodentium wa Hafnia alvei (Nataro and Kaper,
1998) luszezusnvesnininlaaiiu Intimin vesuuafifeazdilunininizinfuiboruead
Yougadlant1ulagazduiu 90 KDa MSIAILULeYes intimin receptor (Tir) (Hartland et
al, 1999) &3 intimin 2zduUiy epithelial cells uazazyinalslaseaitsvodbrush  border

microvilli 138111 attaching wag effacing (A/E) lesion (Frankel et al.,, 1998) UnfiLaauwsad



U uaglaill receptor @S intimin wi EHEC O157:H7 finsuansliiiuiniuaansa

insert Tir Lﬁﬁﬂf:j membrane Ya9aaLUULe

1.10.3 escV

Type IIl secretion system daL0u marker vosdadenoauguusily
wuATSELNINaU Usznauaislusiuegatioy 16 wia 19U escC  (outer  membrane
secretin), escN (cytoplasmic ATPase), escV (inner membrane protein) escV ﬁuuaﬂmﬂ
Dudunilsiiddailélunisusdns type Il secretion system ud luide EHEC wuin
Type Il secretion system é?\‘iagjuu locus of enterocyte effacement (LEE) pathogenicity
island wuAUsEa 35 Alalua (McDaniel and Kaper, 1997) @adu ngufusunnlugi
annsodwulusuafiSeriadus 1ne38 horizontal gene transfer Mdndefisnaaiunis

Wugu escV Huseaseluanagy EPEC way EHEC

1.11 n153fiadeneiasufjuAns (laboratory diagnosis)

A153993815ATUBNAYDINITNIIPALN UBNAINBIAYDINISNHTITNUKAIE

Y v

AB981AEN1IATIATUAYUIINTOIUJURN1TME fI19819d99573A8 99915 TIRLNULYD

9
A 1

PuuntugInseisiyniden uiievzmelaitadiosguansianie daunsiugaanseds

0]
Y ] a oA R a va P & & A ! 1 |
@53%@@@1%@%‘0733“@]781%1]6] 3Uaﬂﬁ@ﬂUaU@ﬂqiLW@LW’]%LSU@IWEJLTJW?!@ LLWWqﬂlﬂJaqﬂquﬂa\‘l

wa

o usnslaazdesldiwelilu Transport medium @u buffered saline n1swen@ed
il

[

N

=

d1Agy

miLLEJﬂL%@ﬁ]’]ﬂ’qf\]ﬁﬂizﬂ’liLW’]E@Q@’M’WL?;ENL‘?}’@ﬁuﬁ Wssgeenaneded
whateisumuiuly emnsdeadeilddmsuwenide £ coli andsdinsiandedildain
rectal swab @A MacConkey agar (MCA) Wag Eosin methylene blue agar (EMB) dnwouy
Talaflveaidle £ coli Uuans MCA aglilalaiidvumiilasainns ferment tnna lactose
vaueilalatiuueims EMB aglflaladdmfidnuararieauaminiiBenit metallic sheen

TunAssuikIUIIANILANA1ST8Y E. coli O157 /U £ coli Buq gnimun
ndveslalaiiuu sorbitol MacConkey agar (SMAC) W31z £, coli 0157 lsiaansaldl
sorbitol 1§ potassium tellerite uag cifiime ansaduasidly SMAC Feazludud

wuafiFedunld 1Foni1enms cefixime tellurite (CT)-SMAC



gﬂ‘f/‘i 5 A, We E coli O157:H7 Uuews sorbitol MacConkey agar lalatinau dasu
(laivsinynmna sorbitol) Yaulsey; B, e £. coli non-0157 Uu sorbitol MacConkey agar

lalatinay dvun mdnudrana sorbitol) veulsey

Taladives £ coli 0157 fituuuems SMAC 2¢liliid Tnwedendnnisiide
0157:H7 liagnunsaldimavesinea (sorbitol) I Seaglilinandmbuns vilwlaiing
Wasudvesdudiames wiievdnduamisalddiniavesineald Weiinnsnarnnisld
dnnaty ﬂsmﬁ?uwiﬂLﬂﬁauﬁmaaﬁuamLmaﬂﬁlﬂu%ﬂmw 91M5DnNUAAD CHROMagarO157
Fefimsimuniteusnauuansnees £ coli 0157 fuidle E. coli 3uq Tnwordendnnisiiin
wulwiurssiinvandeamnsnaatsats chromogens  fegluamnsudrlinananiiiy
oyn1Avesdfilsiarateni alalad wes £ coli 0157 aglifsasonmuy (mauve colony) was
fiveudum (5U 6)

ndnfiuenlelaiifiadoloug dilelaifadonmaaeuiionsiafuiude
Ingldisnaaeuniadaedl  (biochemical test) uagm@lsvivd lngldnisvinugasendu
LeuRveATidwINEse O wag H antigen MInIamansfivanansaldismesnyiugeansidy
fifo15 (PCR) w3eNBmaBuyluinendudlasn (ELISA) uiensmaaeuiiuluisadinizides
(cell cytotoxic assay) lmeldigaaiinls (Vero cell) vsawwaadan (Hela cell)  n15m579
wianiloralvinaliaonndesiuldtng Inewuinde 0157 fBufimuaunisadasfiy St
wilaianansnadns Stx2 18 (Koitabashi et al., 2006) uana il EHEC aneiug 0157 7

<

11150 bR sorbitol waabilaladdvun Netanulawiuiu

Y



3U#1 6 CHROM agar O157 dwmfumsfauenauuani1sveae £ coli 0157 alvlaladld
dvendvuy (ASewmangnendu) dnwuaiisesiaugaslilaladdnuansseenluniegn

gudalilaiiaiey

N13M5331M Shiga toxin nFeedlnensilaganduyluine Jagduilyn
13’1mmﬁ’fmﬂﬁﬂmaﬁmﬂiu‘iwmﬁmﬁw’tuﬁammm LU enzyme immunoassay (EIA), latex
agslutination, reversed passive latex agglutination Wududs reverse passive latex
agglutibation (RPLA) findnnnslagld Stx antibody Madouida latex 13 uwihuFAzendu
Stx Tugoeng dlufegaiingaaaeud st oy UFASTiAnTuRe asianstuiussving
Stx antibody fiu Stx ﬁagﬂuéfﬁa&ha Annsinmznguilusnaug (attice structure) Fu \ileva
Ui lingamgivioadunan 20 9alug %Lﬁumnmzﬂfcjmmﬂﬁﬁ%mﬁL’f]ui'wLmﬁy’uLszﬁ
fiunau microtiter plate funguzuda’d (v) anmnsaueaniuldmenial widiludiegdlid
Stx azliAnUfATe uaziiia latex Madeuse antibody fie Stx azmnaslunsyandafuify

wguivageu (U7 7)

1.12 753w (treatment)
lsafina1nte £ coli inuldveeiignfe 15A9997152399 AIUNITIN¥IR

rosldendilusengndneitio £ coli Tnenss 1wy ampicillin kag kanamycin WANUIWANEIY

Inegjazilidio £ coli flofasn ampicillin - Lag kanamycin  sL¥oLnanlaginnting

a

~
= = 1 a A ' v & o A ' .
Wisulaiouuvasvesdunssfiamisanienealilimidenslsadidus wwu Shigella,

=

Salmonella S3uv18 E. coli %ﬁﬂauﬁﬁaiiﬂﬁ"w (Tauxe et al., 1989)



HaiIn Heanl

i Stx 15651 stx

b

JUN 7 mszneunsmnaeuted RPLA nauan (Positive) dnansawiunisinezngsiduy

JumnuazHaay (Negative) aziiudin latex anaslunszgndiuiiumgy

otslsfinin nsldeufuzusialunisinunerafiuanuidssiensidedinvesiiele
wuelungudidinaste DNA vesde silundumani Tuvians DNA vesde Waldaifnnis
gouusl DNA (DNA repair) fazidunisnszulid stx phage ﬁl,msﬂéf’aaeﬂu DNA 18379 4iin
mafiusuaunty dwaliiuifudlunisads st wndsiu fUieazionisudasuagd
SnsnadeTingsdumunn mnnsfnelunylagldenngy quinolone wuihignsnisme
Fiuanndu (Zhang, 2000) Inewunfinsndsuas Shiga toxin 11T wazdumaifingng
Fodlunisiin HUS 9nmsdnwimuinlugtas HUS Tunguiilédfusujiausiinetnts HUS
unninguithedlildsueuiigealsinunuinfiaednanieinisguusannou
1§5uUn1ssnwnan (Carter et al, 1987) usdaudsfiunisAneives Takeda wavAmy F9lé
Anwteyadoundslunissruinlngfiilos Sakai Ussimadiiu el a.a. 1996 wuingiaed
175U nssnwnay fosfomycin nelu 3 Juwsnvedlsalinnnzunsndounaziin HUS tog
ﬂdﬁﬂﬁjuﬁié’%’umi%’ﬂmﬁ%m’h (Tilden et al, 1996) andoyadiesiu aziulain
fosfornycin llléBueniifinasie DNA Tnense Faeralinadinlunssne us quinolone i
nalndudsnismaneindeauaznissiansiaiesuas DNA veuide Tadunalnenssio DNA 3

Tnauglunssnw asdulunisidenldeujTiusdedndu wazdeudeonsflidwmalifiin

ASHALIIUIUYBILUANBS L oRNAN Bl UARUBILUATIS 8 99 U0 NANTISSNYILAG

1.13 msﬂaaﬁ’uuazmuqm (prevention and control)

lsARn@e £ coli O157:H7 d@nulugudiinainnissulsemuiioT nie

[

HandugIantenUsaldan Tnsanivilouavsefundndamuulanlilaniunisnia
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211 3NNANedRIfIna1fesUsEnaua s IignIdenon AITLASENRIMITANETTT

Uaendy lifinnsusduiuseninaingfuivonmsugsgnuas asiisuazaunsalvinnsmnass

uukaznaldnIshtlangnmaeslsduay allennasmdindudadiidanidininia &

o o Yy v 2 v
guaudenalunslaviesdin {Wusu

doudl 2 Uropathogenic Escherichia coli
2.1 E. coli finalsaluszuumaiiuilaanie Uropathogenic E. coli (UPEC)

nsrelsAlunutuuenanazelsafussuumaiuemsudaded £ coli e
fusduqlsinelsaluszuumaiueimns wiazannsouaninuaansalunisnelsalsiileat
TuoSenzauuonssUUTNUALEMS E. coli wianili3endn extraintestinal pathogenic £. coli
(EXPEC) misriolsa wu neliAndevuauesdniavluinusniin (Neonatal meningitis E.
coli; NMEC) ndenisindiolussuumaiutlaanis(UTI - Urinary Tract Infections) Ine
wuAfideliesinzintundwesnsamnedaansdwiliae nssmnedaanysnau (cystitis)
nyeladniau (pyelitis) LLasL%yaawa]zqﬂmm%wémsLLaLﬁamﬁmﬂu septicemia 91981410
Twle

Extraintestinal pathogenic £. coli (EXPEC) #® o E coli firelsauen
ssuumMaAtemswazdld msindetidrdalee £ coli ﬂzj:u‘f‘: lAuA uropathogenic E. coli
(UPEC) misiaudiolusruumadiuaanvamisaialdandevarssia uinuiinsinige
duluginin 80% 1Anan E coli ﬂalﬂmsfiaiimamﬁqgﬂﬁ 2 fe E coli @ulwgiinag
Judlownanssuumaduemadodhgssuumaduiaanndornnisinfisadidoyrls
Aanssausatiuadne biofilm B3end1 intracellular bacterial communities (BCs) il
wuafiFelu IBC onunuenwadfaranunsndngieadtusedluresszuumaduliaansuay

= d‘ 1 a dy % M Yo %
2198lNULEsIRaN1SAnLavaslna lilAsUN1TSNE

2.2 Uaawnalsavas UPEC
2.2.1 P fimbriae (pap)

v A

nszuIUNsdAyNgalunisnelsaves uropathogens ABTUABUNITINILAN
Aulwaa uroepithelium JadenanisinizinfdnAgae P fimbriae lnsfiunumlunisnelsa
Uy ascending UTI wag pyelonephritis 1um‘g‘w§ (Leffer and Svanborg-Eden, 1981; Plos

et al, 1995; Vaisanen et al., 1981) 91nANSANWINUI P fimbriae mmimﬁmmi



colonization Tuaau tubular epithelium I (Bien et al.,, 2012) P fimbriae §auanIunUmd
dinyfiaelugaedgnanela Tasiamizegnada fnswudn acute allograft injury Sutinain
UPEC Fafinsuanseenvaslusiu P fimbriae luduuas upper UTI

2.2.2 Afa adhesion (afa)

Padunisdensiniziniidddnuiiafe Afa adhesion dudunisluaundn
¥99 Afa family Afa adhesion @31911910 afa gene 1NNNSANYINUIT UPEC Fafinns
wansoonveslsiu Afa adhesion Sauausalunistenisindouuuisesmdenenisin
otld (Le Bouguénec, 2005) anmsAnwideuvtiiuandifiuin UPEC aunsayngn

waa uroepithelium 16 Tagld AfaD wag Afak adhesins LWOWANIALINITNTIVIUVDITEUY

niiAuiuwazeUTue meauvnilonsaunsaeiuignsiianisinliegiuaznisnelsawuy

Y 9

[
A o

15839789 UPEC 1@ (Dhakal et al., 2008)

2.2.3 a-haemolysin (hlyA)

Tudruvesladunslspuiin secreted virulence factor 984 uropathogens
tu hiyA gene Feazadralusiu a-haemolysin drisdasiunsiienisindelussuy
maiutlaane Wy pyelonephritis Johnson, 1991) HlyA vhutiiiiiu pore-forming toxin
Fevaduaunuas RTX toxin family Tngansfiwriniiiniswuldegraunsuanglunuaiide
wnsuau flaunsanelsald annsAnwineuntininuit a mududuvesaisiving
anunsatnunlilAn apoptosis 983 neutrophils, T lymphocyte way lwaalala 39iliina
N13aaNuan (exfoliation) S ENC RG] uroepithelium (Jonas et al., 1993; Russo et al., 2005;
Chen et al., 2006) Bslunintiu o ansiwAudutuas Seanunsaduavaliinniswan
aanevondadonundldtnae dwalidoannsaiumeiundadodientonsunnaaisves
waaluszuugiauiuld UJohnson, 1991) Ussuad 50% 1990131 AA01NST 1 HaUYD
pyelonephritis ina1n HlyA (Bien et al., 2012) Tnelamzegnedade £ coli fianunsonan
HyA  1¢ duaunsashldiinseslsnanisiila dudueinisiinen complication

(Jakobsson et al., 1994)

2.3 msnes1UfTauzvaats uropathogens

o uropathogens finuainn1saneluUsimesnegii ﬁﬂ’ﬁ?’{amﬂﬁ%auz
nanevila uavilavete1Ufrusiinuldvesannaionisdnuiindedinishest laun
tetracycline W& cotrimoxazole Tuns@nud Popular Diagnostic Centre Tutszinavs

AameAlul A.A. 2006 WU1 W uropathogenic £. coli Wipagena tetracycline 11n91gn



Tneildnsnsaes doud 74 89 84% (Lina et al, 2007) dawludszmauaunsiunn 910
nsAnwlulszivaAluLsauaus den Heijer Wazaniy (2010) 578971471 uropathogenic E. coli
finsie cotrimoxazole Tudndau 16%

vaurfiviinvesenufjTusiifinisrestosfianfe nitrofurantoin  Tngain
nsdnelulseimausonaudlud a.e. 2009 wuide £ coli faviua 489 Telianiitun
asa9deuiiy 1ase nitrofurantoin Viavue (den  Heijer et al, 2010) nsAnwiiliinag
donndesiuuTes den Heijer uaganz (2010) wanmIsAnwinishesUffuzves
Mohajeri  wagAdy (2014) Tngvhnisfnende  extended spectrum-beta lactamase
(ESBL)-producing E. coli fluenlsangihousnvedlsanenunalulsemeduniiu sevinaiou
AU A.A. 2012 Sufeu nuauS A.e. 2013 nud Wede nitrofurantoin Liies 4.19%
feluninduannsrenuves Liu wazame (2011) fidnw ESBL-producing E. coli & Taipei
Medical University hospital 5$%313iaunsng1ay A.¢. 2008 fufousuiiau a.e. 2009 la
wanslifiudn 79.1% ves ESBL-producing E. coli tilasie nitrofurantoin 8née nalnnis
p8NgM3veY nitrofurantoin  Buiimnududou Tnsieulel nitroreductase  azLUAsy
nitrofurantoin LﬂuaﬂiaaﬂqméﬁLﬂu electrophile miﬁﬁ]ﬂﬂaaﬂméﬁu ribosomal protein
muﬁamﬂmaqﬂmﬁumﬁdu DNA 139 RNA wifinannmsinendiiiusnwuinge £ coli a
lasie nitrofurantoin wagenufTrugsinillueniilélunssnu non-complicated cystitis
agslona agnglsimiu nsld nitrofurantoin lun1ssnwndedliendiuiu 4 doses Aodu uay
nadrafvweseneUleidlnunutauiy (Amabile-Cueras and Arredondo-Garcia,
2011)



WEN13INA8BY

dauil 1 nsmsavaey EHEC/STEC TugUneviassne uaznisvu3unas EHEC/STEC a7n
Fragailadn
1.1 NMSKENLAZIWUNLYS EHEC way STEC ngUae

INN1TUENITe EHEC uay STEC andiheviassasiildumnanlsmeiuna
malgiuazlsmervnalanil ludiuslounaiau wa. 2555 uilaufsuluwey w.a. 2557
s 18 1ieu Tnglda1ms sorbitol MacConkey agar (SMAC) ansnsausniieldsnuiy
1,022 lolaan 90 592 fedna lalaladdvundiuau 712 leladl uaglalaladlaid d1uu
310 Teladl (51991 2) Talaffilaida (colorless colony) Wudunulunisasianiide £ coli
0157 flosan E. coli 0157 ldansavsiniana sorbitol ¢ 3sllaladiilalfid @aulaladld

g Wudwnuluniswide £ coli Blsvieddug

M13199 2 Fuuleluavnuenlaan rectal swabs vasteflasuinnlsmeIua

malnguaslsmeruiatnandlugisnnounainy w.e. 2555 WRwFBULWIEY W.A. 2557

lsangnuna wulelaanialaiidvuy  Twulelaanialailiid
YU SMAC YU SMAC
Tsaneuraninbung) 518 310
lsaneuratnmiil 194 -
3 712 310

1.2 M3snsraaeudunslsavaadialng™s polymerase chain reaction (PCR)

TumsAnund vn1snsiaaouBu stx, stx, uas ece 1aga3 PCR Tngld
primers A91zsTuFINE1 (11313 S1) ARanIIMsIaaey linududsnan luynalels
v uandliiudn Lififihesessemelaludas 18 ieufinsaasuiinnaeiesiinainide
lungu STEC wag EHEC



1.3 msnsaedeudlsied 0157 veudefuenldlneds polymerase chain reaction
(PCR)

dmsunmsnsnaeudlaied 0157 du Jennlolwangnamaaeudlsved
98193179 1ne33 PCR (Maurer et al.,, 1999) Tagldf primers fisunnzsiodiu (fbO157 fou
ntuidedlinauinlagds PR uda luvinistudunalaeids agslutination Tneld
Loufvedisuzsedlsiod 0157 anwamsanymudi Sidesiuau 1 Telsen Alvuauan

=

siofu 0157 1ne 5 PCR Tdeaneiiugiiin PSU120

1.4 N13ASAEBUIUAVDY Q gene 1A8T5 polymerase chain reaction (PCR)

¥
A

INKANITATIVAUIU Q 2 wile NTs1891uIausaltduduladiaig

@ a

& o = & A o & Ao ~ = o
JUUSIVDIUTD Ao Qpss Faludu Q Adnwulu@eiiinnusunsegs wavdu Q,; Fududuiidn

wulu £ coli 0157 angwugilisunss wuin £ coli 0157 anesiug PSU120 laififunsaes

[

¥ilnog (1151991 3) wandliiiiuin lufuuemeslena stx Nddgunsnegluilunves PSU120

1.5 N13NIIVTDUATUNUINITUNINVDS prophage

yhnsasadeuBuiisisenuin Wudumisiuuamesledraldlunisunsn
Fundwau 5 dunds Mdadlanuauysaifegviseld ¥3ein1sunIndIves prophage win
’S'uﬂaeum%ahj nsasiaaeuiileeds PCR  Taeld primers  fisiwizdwsuBuiideanis
py2adeu (M58 S1) lunsdifuiinsaaeulifiiuamesledhaunsneg nmsduiulives
U381 PCR 9ztinlanuunfivazlinandn PCR oannls undduladiuawmesloniawnsn
o¢] alalanunsalinandn PCR onuldiasanduvisiiviinisiusiuau DNA du fuune

aaa

TnglAuni1uazen PCR azalun1sdnisa 91nwan1smaaesnuldn We £ coli 0157 @y

Wug PSU120 1y 88w 22577, yecE waz wrbA NIdeaallan1muni diugu sbcB uaz yehV

S o a a Y a;'
1u &I prophages wfindusunsngulutegvaa (M13199 3)

1.6 MsnsavdaUn1IAadasUfauslands disk diffusion method
yhnssaaeunsnoresUfTuslude £ coli 0157 anewug PSU120
TneldenufFruznumasguves CLSI $1uam 11 wila #ail ampicillin (10 pg), ceftazidime
(30 pg), cephalothin (30 pg), chloramphenicol (30 pg), erythromycin (15 pg),
gentamicin (10 pg), kanamycin (30 pg), methicillin (5 pg), streptomycin (10 pg),



tetracycline (30 pg) uag vancomycin (30 pg) AMNHANITNARBINUIN L PSU120 1Tuite
pvemaeviia (multi-drug resistant strain) Weos9nAeeUTIugeg1atien 3 Ny (M5
73)  lagnwuideaiuisanesesn cephalothin,  erythromycin, methicillin =~ wag

vancomycin



A9l 3 Snwaized £ coli 0157 aneius PSU120

Strain Source of Virulence genes 0157/non-0157 Q933/0Q Insertion site aAntibiogram
. pattern
sample stx,  stx, eae escV hlyA occupied
PSU120 48 year-old male - - - + - b+/— -/- sbcB, yehV E, KF, MET, Va

aE, erythromycin; KF, cephalothin; MET, methicillin; Va, vancomycin.

b 1
+, ATIINY; -, ASIDANU



1.7 msmmmé’uﬁuémaﬁuqniimaaLéﬁaiﬂ8"3% pulsed-field gel electrophoresis
Tumsnasesil Idvhmaieudfisueuduiusnstusnssuveade £ coli

0157 aesitug PSU120 fulfe E. coli 0157:H7 aneiitug PSU2 Faduanetusaidalusied du

stx;, stx, way eae’ Fealuvioduuui Wulé’ﬁaﬂﬁqmiu E. coli 0157 Fuenldaniiot

s

Tuthmemssuiikiuan wenanidsldidle £ coli O157:H7 aneus EDL933 duduaneiiug
relsaguusafiuenldanguaslulssmaanigowinlul aa. 1982 eiTeuifivudnsie
L%jamaﬂ’ui EDL933 falusiedidu stx, , stx, waz eae’ 2nN15n519a0ulagds PFGE wuin
aeriug PSU120 fiauadneynaiugnssuiunguves PSU2 wag EDL933 fis 88.6% (U7 8)
Fstieindumundnevesardiuindlelndlusniiiigs uandiifiufemnudululei £ coli
0157 aneug PSU120 asdiarunisadesiuansiusimuldmluludotiesns PsU2 uay

wandbiiugennudululan Psu120 eraluaneiugnd stx wneu usiinnisgade stx

Tseninamsbaelunyue

PFGE Xbal

o
f==] [=:] L=
o [+ =

- +
PSU2  stxy stey eae

+ + +

EDL933 stxq stxg eae

PSU120 stx; stxg eae

a3
94
g5
95
a7

=] = - £
ol [a] L] =5}

g‘dﬁ 8 Dendrogram ldarnanefus DNA Tneds pulsed-field gelelectrophoresis U84 E.

coli 0157 angwug PSU120 iiguiuanesiug PSU2 funldainidets uazanesug EDL933

a' Y v v ] = 2
'VILLEJﬂVLﬂ‘D'm&JJ‘U'JEJV]@Q?'NLLUUﬂJ%IﬂLa@@

1.8 N159379MUSNIVaS EHEC uag STEC aniiiedadusziansngg 1ne3s most
probable number-polymerase chain reaction (MPN-PCR)

ymafuieg ety Lﬂfaifiamawfamau finedmnglunainan
LUR B.ALNEY 2.89U87 FINADULYIEU W.A. 2556 DINAIAN W.A. 2556 TIUIU 30 FIDE4
(flodarivfinay 10 feg1e) WATIIMIUEINAEIEAS MPN-PCR wuin USinauves STEC #if
Bu stx, way stx, luleNiiduvindu 16 uaz 27 MPN/n$a audnsy dau EHEC tiulal

ansanuleaniied ludvesllonyuaviilelifiutu wuldie STEC uay EHEC TuuSunai



Yosniniedifu 081915An10 WU EHEC 1 19819 annilelaludSunm 3 MPN/nSy

(13197 4) Mndayatinansbiiuiinisuuleures EHEC way STEC Tuidledulud3unaties

A1519% 4 USunas (MPN/n%a) weaide EHEC way STEC luiodnsiu

Type of meat Pathotype No. of positive MPN/g
sample m
Beef EHEC 0 <3 <3
stx,-habouring E. coli 7 <3 16
stx,-habouring E. coli 8 <3 27
Pork EHEC 0 <3 <3
stx,-habouring E. coli 6 <3 11
stx,-habouring E. coli 3 <3 15
Chicken EHEC 1 <3 3
stx,-habouring E. coli 3 3 9.3
stx,-habouring E. coli 1 <3 3

“min, A1 MPN fidesfigafinuluduiusaedsiilinauin; max, A1 MPN fisnniigadinulu

UIUFBL 1IN ARAUIN

Tunsasramusinadeanidedainusiuiu 30 dregrednadul linuded
finauandetiu 0157 18 (< 3 MPN/g) Haefiannsissuneuntnansany £ coli 0157 14
TuUSinafireudnann daiuitedudunalusefuniisinnisvageulneds MPN-PCR 1July
Tnegnéies uasifiofusuin £ coli 0157 lifimsvudevluidetilnsraaeulutiaaiting
uilonsieaeulneds MPN-PCR 93¢ 3avnisuenie £ coli 0157  law3s
immunomagnetic separation (IMS) Huiindauadedunisnsisaeudeliunm Tneviing
asavaeuolag it I 32 fethe nanmsnaassnuinly 31 faegrausn Fldnanly
MsiAUfegamaElutsUsEInal 4 Weundsannnnsyin MPN-PCR w@Saawutiu laiwu £, coli
0157 1o wansliifiudl nansns9v £ coli 0157 WeuSnalasds MPN-PCR filsnaidu
autiu Wazgniesuda egrslsfmu lutisUaeiiounatny w.e. 2556 wuiiausalsy

ASIANU £, coli 0157 19 lasanunsawsn £, coli O157 eanu1taaindliagraiadd



1 dreg1991wu 6 lelganivenivualisios1Ufidaue ceftriaxone  (30ug),
trimethoprim/sulfamethoxazole (1.25+23.75 pg), norfloxacin (10 pg), ciprofloxacin
(5 pg), ceftazidime (30 pg), imipenem (10 ug) (5797 5) MeTdenandiiudauiain

TAauLRgINY

M990 5 Toyaved £ coli 0157 41w 6 laleian uenlaandiegraiielugisane

\ABURNAIAY W.A. 2556

Strain Origin Date (month/yr) Virulence gene 0157/non-0157
stxy stx, eage
TP-30-1 ifleh AA1AN/2556 - + + +/-
TP-30-2  iileha AAALN/2556 - + + +/-
TP-30-3 iileha AAALN/2556 - + + +/-
TP-30-4  ifleh AA1AN/2556 - + + +/-
TP-30-5  Liloh AAAL/2556 - + + +/-
TP-30-6  iiloha AANAL/2556 - + + +/-

+, ATIANY; -, ASIDLUNU

daufl 2 Uropathogenic Escherichia coli
2.1 n1susnide UPEC

Ao UPEC lunns@nwndl 1ésuunainlsamenuiandszgiin luthaien
AUATUS WA 2556 Bafiou fueneu we. 2559 53 8 ey Swauiieay 113 lelaan (0
113 9619) Faduidoionu1ain midstream  urine  wiondUasiidaidelnedaanm
Aendeatunisldansaiuvietiaans (catheter urine) vasfihonnanesasineg Weldsums
Ueiinlu £ coli TaeABneTaad S1unuuarseasiBeavesdeiinenld fuandlunig

nsAnwdeyaainUTEYINg (5799 6)



2.2 NN5A5EBUTUNDIAR99 VD 9LTD
NSATIvEUBUAI BT eYINlAYIS PCR lagly primers N9 ungsiodutiue
UoYave3vAveIBUNNTIMAY primers UaAlUA1II197 ST AINNANITATIFABUNUIN @11150)

WUBU pap 193Nt UPEC d1uau 14 Telsian (12%) wudu afa 97uau 8 lelatan (7%)

(%
a v

warnuBu hlyA S1uau 16 Tolavan (14%) (151971 7) WedifBudelsrumanifivionun 27 o

Toian Inganvazansgvesdelalanslilunisei 9

2.3 ManTasauMshorasUfTauslngds disk diffusion method
yhmsnsamnisheseediiugludefiuenlsnnlolsan neldeufdue
7 %iln §9il ceftaxime (30 ug), ceftazidime (30 ug), cotrimoxazole (25 pg), imipenem
(10 pg), nitrofurantoin (300 pg), norfloxacin (10 pg) way tetracycline (30 pg) WaNT
I9EBUNUTY e UPEC fioen tetracycline annfiandiuau 85 lolwan (77%) uaziio

U a

cotrimoxazole 58909 76 lolwian (68%) diugdrugaliniideliuiniian fe

9

1Y
1 a

nitrofurantoin Taewuindesiuau 1 lelean (1%) wihiuiinesosriinil dau imipenem
Forauiins 5 lelatan (5%) (5197 8)

nsmsraaeuLdefianinsnadns ESBL vilesiIeuiileunisldsrdugadn
¥1n amoxicillin i amoxicillin nauivu clavulanic acid 1ag38 disk diffusion tagdingeii
214 clear zone ¥8981 amoxicillin+clavulanic acid 41nA31 clear zone W91 amoxicillin
Wiggeg1alfien unnduseindu 5 dadwwes fenlwnauinlunisasne ESBL wans

ATIREBUNUI W UPEC $1uau 52 lelwian (46%) annsaadia ESBL 1t (3U7 9)



M1319% 6 JeyaatiAUszyIns (demographic data) vesgUleAnae UPEC a1nlsanguna

Wsziiin Tutiafounuaius w.e. 2556 3 wWoudueieu w.a. 2556

Category Number of isolates (%)

Escherichia coli

(n =113)
Sex
Male 32 (28)
Female 81 (72)
Age
<15 15 (13)
16-30 6 (5)
31-45 4(4)
46-60 13 (12)
> 61 75 (66)
Hospital unit
Outpatient
OPD 6 (5)
ER 7(6)
Inpatient
Internal medicine 76 (67)
ICU 2(2)
Surgery 9(8)
Pediatric 13(12)
Specimen
Midstream urine 63 (56)

Catheter urine 50 (44)




a A A A ¥ [ 1 dy . a [
A15199 7 uiliNevesiunsnelsAvete £ coli ‘U’]ﬂIix‘]WEJ’]U'Wﬁ’Nﬁ%QLﬂG]

UTBNTNaUINFAREUNDLSA (%)

Bu pap afa hlyA
14 (12) 8 (7) 16 (14)

A13797 8 LUUUNUNISABREs U TIusvetie UPEC 91nlsinenu1aidesgyin

10

Bacterial Number of positive isolates/Total isolates (%)

species CTX CAZ SXT IPM F NOR TE
Escherichia 57/110  54/110  76/111  5/111  1/113  65/113  85/110
coli (52) (49) (68) (5) (1) (58) (77)

CTX, cefotaxime; CAZ, ceftazidime; SXT, cotrimoxazole; IPM, imipenem; F,

nitrofurantoin; NOR, norfloxacin; TE, tetracycline



M157199 9 BunelsALAZLUULAUNITABEIAILYaTNYEY UPEC 9 nlsanenu1addseiie

Strain *Source of Ward Virulence gene pattern bAn‘[ibiogram pattern
sample pap  afa  hiyA

PSU90 MU OPD + - + TE

PSU91 Ccu Medicine - + - CTX, CAZ, SXT, NOR, TE

PSU92 CuU Medicine - + - SXT, TE

PSU93 MU Pediatrics + - + SXT, TE

PSU94 cu OPD + - + s

PSU95 MU Medicine + - - SXT, TE

PSU96 Ccu Medicine + - + CTX, CAZ, NOR

PSU139 MU Medicine - - + CTX, CAZ, NOR, TE

pPsSU140 Ccu Medicine + - + NOR, TE

psu141 Ccu ER - - + CTX, CAZ, SXT, IPM, NOR, TE

psuU142 MU Medicine - + - CTX, CAZ, SXT, TE

psu143 Cu Medicine - - + CTX, CAZ, SXT, NOR, TE

psU144 MU Pediatrics - - + S

PSU145 cu Pediatrics - - + SXT, TE

pPsU146 CuU Pediatrics - + - CTX, SXT

psu147 MU Medicine - + - SXT

psU148 MU Medicine + - + CAZ, SXT, TE

pPSU149 MU Medicine + - + CTX, CAZ, SXT, NOR, TE

PSU150 MU Pediatrics + - - SXT

PSU151 MU Medicine + - + CTX, CAZ, NOR, TE

PSU152 Ccu Surgery - + - CTX, CAZ, SXT, NOR, TE

PSU153 MU Medicine + - - SXT, NOR, TE

PSU154 CuU Pediatrics + - + CTX, CAZ, TE

PSU155 MU Medicine + - + SXT

PSU156 Ccu Medicine - + - CTX, CAZ, SXT, NOR, TE

PSU157 MU Medicine - + - SXT, TE

PSU158 MU Pediatrics + - + SXT, TE

11

a!\/\U, midstream urine; CU, catheter urine. bCTX, cefotaxime; CAZ, ceftazidime; SXT,

cotrimoxazole; IPM, imipenem; F, nitrofurantoin; NOR, norfloxacin; TE, tetracycline. CS, Tmeensiu

RINWUANYIINTNAZDY
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BESBL
@ nea-E SBL

JUN 9 dadiuveude UPEC  7iashe ESBL lugUlendadelussuumadulaande a1n

Tsang1uagyin



ANSIATIZANANTTNAADY

NANSATIIADUN YD EHEC/STEC 910108714 rectal swabs  anngias
vinesslulsanenuiamalug waglsmeruiatnnid wanslmiuin ldasanudunelsa
stq, st wageae lunnlelowan uazaindeyanishinudunelsadinand Usenaudu
szezialunsnsndeudeifussezinaniu 1 9a3e wanslisiuin EHEC/STEC onalalld
Dudefifiunumadnlunsielsalunsiaemalnguardunadios Swmiadamil aan
sBeunIaTRaeunsiide EHEC/STEC lugliniaduvessumdlneti wuin Leelapom
uwazanz (20000 lATnnsmsiadeunide STEC  lutasl w.a. 2540 da 2541 Tuiae
nsawmauns Taglumvasosndsdu ansony STEC @lsedtlildngy 0157 ¥
a lolmian angftae 2 519 @Flsvisdidu 026:H, O111:H , 0125:H21 uag 0128:H2) it
wanlafoannsonsanu £ coli 0157 Mnudnyngeny 2 vau AlHdunguaiugy il
guamdauss Biflennsviessng egelsfinunisnsaany £ coli 0157 21n318971U9
Leelaporn uazanuziiu luldusnidionngiiiornisviossas ey Tunsfinud fanansousn
e E. coli 0157 Tdangtaeviossas (PSU120) Fsfiolddnumeaundousn uwiaslaifidy six
Anu

o PSU120 1 Faudfarlaifitu stx waz ece winuindeiitu escv Fufusuiidy
3AUsENaUT8Y Type Il secretion system (T35S) @ulutladunelsaitdrdnyannagnenis

1ay T35S 1 ﬁ'@agﬂud'aumaq Locus of Enterocyte Effacement (LEE) pathogenicity Island

v A

Fadunduuestunelsafiddyfifisenunisulu £ coli ndu EHEC uay EPEC Snviaitoans
tustl Wennasutoyanduly wutuenldinanithemenes 01y 48 U ldsunissnuily
Tssmguramalng Tuiufl 13 wouanau e, 2556 uazaindeyatsddh fraeedifionnis
fosiemell ansldnudenalselussuumafuoimseindugas uenan £ coli 0157

s

aeugl dau Judeladn nmsinngvieesslugUieseliiinen £ coli 0157 aeius

PSU120 tduaie waz escV thazdunumunsdilunisnelse
NTeyanountinves PSU120 alinudu stx Faladianunereunsivaeuliuile

Ihifiduriafiegase e stx Wuduveswuawmeslenanunsnidnluludlunves £ coli

=

WAy 8 @2 upstream  VOIBU stx  ArHAIUNTYAINTU O FHAINTINVLY late
antitermination activity vimtfideasuly RNA polymerase LAGOUTINIUYAAUAAYDY

32UIUNT transcription (terminator) vililAnn1saseansiiy Stx TaluuSuauin fadu



Tunsneassi dlinudu O e stx phages Tidday fonvvzaunsaaguledn Wil stx oy
934 NHaNINTIvaeUNsil Bu O liwuBusananalu £ coli 0157 aesiug PSU120 Fana
nsneaesil denndestiunisliny st flesandu O
U E coli anevtugwile annsafiuuameslonavarsviiaunsne wazn1sunsn

voswvameslerhatiy iludladendndivinliAnnsitaminsvende £ coli saudsnsnd
arwsuisslunsnelsrveadodnde nuavesnsnsnaeuBufiisecumsunInTes stx,
phage WUITISWIALS sbcB wae yehV & prophage 3ummma§ui %’a:gaﬁmiwu prophages
JuqunsnagluBuves £ coli PSU120 wansliiiufisnnuanansalunislasu viegapde stx,
ohage ¢ uazuandidiuiininuanunsalunislasusuameslontadugienasilnidediay
suusannialusuag

mndayadinlianunsonsiany EHEC/STEC Ihaslunisfnweds fanuaenndos
ffun1sfnwmes Kalnauwakul wagaay (2007) Aildnsraaeumitieanduasiessieiiiunis
ATIRLULSINENUIRAIAIUATUNSSENINGR U UEIEY WA, 2542 BasiBUnATAN W.A. 2543
91U 530 #9819 N liiinsnu STEC war EHEC 0157 Tudiuvesnislinu EHEC
0157 Tunmsveaesadaiiu o1aflawmaunilanan §ideléjmmaeulaladilifddiuoy
HIit1v898115 sorbitol MacConkey agar wazlalaildiseuvuy (mauve colony) fiuuy
Aamtiive99191s CHROMagar O157 e E. coli 0157 aeiiug PSU120 finuannnisfin
adell wudidnuaziiuandieann £ coli 0157 sl AearlAveslealaiiuuewns sorbitol
MacConkey agar ‘Jufwaw (ansaldhniavesneals) uarlidveslaladuueims
CHROMagar 0157 \Jufih Fawan1mmaaesi ssafuuuarudsuesansiidefinalilusey
usni1 msiladfinsnu £ coli 0157 9nsednaiheviessislulsemalneundeulas
fusuAfinisssunveadedlsediadusnlulssmaansgewuinilull we. 2525 daundd
aundulllenn We 0157 tu e1alidnwazveslalaiuueins sorbotol MacConkey agar
WudvanAduld  Famasaun dnidedauinnmejadluinsaseaeulaladidmne
dnsudlavied 0157 Suililaladdvumgnuosdaly Fadufnfensfneluadsd fifins
dadenidofiavihumaaeulunisfnuilnsounqui 2 diu Aedmdonidersludiuiidy
Talaffifdvmuazlalaifliffnsiaaoy

2518971703 Stackebrandt et al. (2002) fvundALARIEU83 DNA 71 70% Hu
Huilvonsulumsinsuunsesu species Tunsinunii anefiud DNA veude £ coli 0157

g1eug PSU120 1y wudndiaueaieadaiuiiie £ coli 0157 #wenlaainiiediauinis



88.6% Bednirfimuduiusmeiugnenilusedugeann egislsfinig o £ coli 0157 ane
tug PSU120 Hulaifiiy ste uay eae s Mndoyadinan fanudululdin We £ col
0157 anewug PSU120 enaziaedl stx wag eae wnnou usdleidlulussnevesuyududn
fUadpusegeinlvigadsduninaily a1nnsAinwives Bielaszewska wazaniy (2007) 1
wandlfifiudn EHEC 026 flusnldanganszveadnlunfiusnvdanniineinisiiossadus
faanunsonudu st Iy wivdanniuliuiu Wefuidonngrassrenfinauiuinnsa
3nas nduwudn EHEC 026 Hu dandsdu stx luud Tnenavesanadfisst DNA Aldannas
PFGE uandlifiuansfisnt DNA weadeiiiunfiusnuazedmdsiuiiansfissitoumiloudty
ynUsenns Belndnfu 91n9m3%ev0s Mellmann wazamiy (2008)  Alduansliiu
Usngnisaifiedreiu Taewuusingnisainislésu wazaydeiu s, lwdo £ col
O157:NM (non-motile)

nndeyadeuntiiiseauinandiifiuin ansousnide STEC  saufls EHEC
0157:H7 Ifusuiuinnaniiedns Tnglawizideth (Sukhumungoon et al, 2011a;
Sukhumungoon et al, 2011b; Sukhumungoon et al, 2013) LLasﬁ]’mi’Tmﬂaﬁum
EHEC/STEC anndiheludanud 1.7 Auandiiiudn We £ coli 0157 aneviug PSU120
Srvasneiugnasuiiuanseoaniunsaefisni DNA adneduidio 0157 fuenldanidotais
88.6% (3U7 8) Faflenandululdgei Weilonldanuywdiiy Winrnmssuusemuidednd
funteuwdodly eghslsfiniu lussesinainit 1 Yedeiilénaasum EHEC/STEC amn

egaiildanuywdtu linudediiu EHEC/STEC e slafiauneneuiazdisaanduly

' [
o [ % a (%

FILNAIVDILTONA1ADNATI LA8YTIN15A529a0 Ul ULTIUS U 1IN SN U B UTB Y

o

¥ i%
va o

EHEC/STEC Tuillodnd fidumsaunigiuenliin drfinisuulounes STEC luiladnilu

e

Uhinuifigene fenanduamsiegfisloniauazuiinavende idsumeuyudldinniu
auanansanelsaluiyusly Feldvinisnsiaaey wusina EHEC/STEC filudiouluiodnd
¥iasinen neidunismseaevludesiu annanisnsaseuninisuuitieuves EHEC/STEC
Tudednfuandiuindinsvudou EHEC wag STEC Tuidlednifismnsegluansine
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s8UIne4 £ coli 0157 Aonafiarunieatosiuggdnde uenani Fnistiunasilodnid
Lilfunesyuidudndedonisfivdmaliaedeludodnsldun eswnide £ coli 0157
Huideiiondveglugldvesdnt s1manla nsede uasdniifsndesdnan fudy sewdums
frusar \Woansavutouandldludsdunendednld

=

dsultie UPEC Tuns@nendl wuinliienenaen tetracycline Tusnsinuinfgnae

9

v o A

77% wazilionenn cotriumoxazole WuSufuT 2 Wity 68% msdnwil nuthaeaadesiu
nsfnwlungsann Ussmadinanna inuifinisie tetracycline Tudns 74-84% (Lina
et al., 2007) miauzymiﬁﬁmsahamﬂﬁ%auzﬁwmumﬂuﬂszLmﬁwé’ﬂﬁwmmdﬂ‘ff o du
aguileiivhlsiinishesvende UPEC Tutiinafigs iesanlutssmadiimunudrags
UseinAisasuaudnunIses cotimoxazole (g 16% ity

g1UfTrueaiin nitrofurantoin tudlagtunuidsdivszansamlunisinwinisie
We UPEC I8 Tudszimeiusaduausainnisineiues den Heijer wazaass (2010) wuin
Foiildangiaefiiailenuy uncomplicated  UTI slasta nitrofurantoin &4 100%
aonedosfulumsfnuiinuindornlsmenuiadsegindiomed 1% (1 Telean) Wby
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WATABIYE19IUIU 4 ASIRBTU (Amabile-Cueras and Arredondo-Garcia, 2011)
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Abstract. E. coli serotype O157 is well known to cause serious illnesses in humans.
However, there has been no case report to date of this serotype in Thailand. In this
study, we report for the first time E. coli O157 (designated as PSU120) isolated from
a stool sample among 228 diarrheal swab samples at Hat Yai Hospital, Songkhla
Province, Thailand. This PSU120 was identified as being stx-negative and lacked
eae but carried escV, a marker for the locus of enterocyte effacement. Of the five
reported integration sites frequently occupied by stx phages, the sbcB and yehV
loci were occupied, suggesting that PSU120 is active in horizontal genetic transfer.
Antimicrobial susceptibility assay revealed that E. coli O157 strain PSU120 was
resistant to cephalothin, erythromycin, methicillin and vancomycin. Using pulsed-
field gel-electrophoresis to compare the genetic relatedness of E. coli O157 strain
PSU120 to two other E. coli O157 strains, namely, the well-established EHEC strain
EDL933 and PSU2, a surrogate of E. coli O157:H7 whose genotype stx -, stx,", eae*
is frequently obtained from the environment in this area during the last decade,
revealed 88.6% in similarity. We suggest that PSU120 was originally stx* but lost
the gene after establishing infection.

Keywords: Escherichia coli O157, diarrhea, Shiga toxin, Thailand

INTRODUCTION

Shiga toxin-producing Escherichia coli
(STEC) is a food-borne pathogen, which is
frequently associated with food poisoning
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outbreaks in several countries around the
world (Michino et al, 1999; Dundas et al,
2001; Rangel et al, 2005). More than 40 se-
rotypes of STEC have been reported to be
involved with severe forms of the disease
in humans (Paton and Paton, 1996), includ-
ing hemorrhagic colitis (HC) (Riley et al,
1983) and hemolytic uremic syndrome
(HUS) (Karmali et al, 1983).

STEC is capable of producing Shiga
toxin 1 (Stx1), Shiga toxin 2 (Stx2) or
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both. Stx is the principal virulence factor
in STEC. It is internalized into eukary-
otic cells by binding to a cellular receptor
globotriaosylceramide (Gb3) (de Sablet
et al, 2008) and once Stx is present in the
cytoplasm, it exerts the elimination of
an adenine residue from 28S ribosomal
RNA, resulting in inhibition of cytoplas-
mic proteins biosynthesis and cell death
(Nataro and Kaper, 1998). The most im-
portant STEC serotype causing outbreaks
worldwide is O157:H7. Typical EHEC
O157:H7 carries one of the stx genes (stx,
and stx,) or both genes and eae (encoding
intimin which influences the establish-
ment of bacterial adherence to the intes-
tinal epithelial cells) (Gannon et al, 1993).
Besides the antigenic determinants in the
bacterial cell wall, the somatic O-antigen,
E. coli also possesses flagella which are
associated with the bacterial movement.
Flagella organelle is constituted by fla-
gella proteins which carry the antigenic
determinants for the H-antigens and are
used to be one of E. coli epidemiological
data. To date, atleast 53 H-antigen types in
E. colihave been documented (Wang et al,
2000) and with the epidemiological data
of E. coli 0157, H7 antigen was the most
frequently observed to be accompanied
with the somatic O157 antigen.

It has been demonstrated that the
genes coding for Stxs are found in lyso-
genic lambdoid bacteriophages (Schmidt,
2001). In stx, phage genome, stx, gene
is located downstream of Q gene which
codes for Q protein responsible for the
late antitermination activity. Strong anti-
termination activity is demonstrated by
the possession of Q, ., type, contributing to
the large amount of Stx production while
the possession of Q,, leads to the weak
antitermination activity and low amount
of Stx (LeJeune et al, 2004; Koitabashi et al,
2006). Thus, the presence of Q,,, type is

882

able to use as a virulence marker in E. coli
0O157:H7 (LeJeune et al, 2004).

Infection by enterohemorrhagic
Escherichia coli (EHEC) O157:H7 was first
reported in 1982 in the United States
(Karmali et al, 1983; Riley et al, 1983).
Many types of food have been described
as being etiologic agents of E. coli O157:H7
infection, including ground beef, raw
milk, unpasteurized apple cider, and
salad, which lead to sporadic cases and
outbreaks (Michino et al, 1999; Hilborn
et al, 2000; Dundas et al, 2001; Jay et al,
2004; Guh et al, 2010; Xiong et al, 2012).
However, infection by this pathogen has
rarely been reported from developing
countries.

We report, for the first time, the isola-
tion of E. coli O157 strain from stool of a di-
arrheal patient in southern Thailand and
the investigation of its principal virulence
genes including other important charac-
teristics, as well as its genomic properties
by pulsed-field gel-electrophoresis.

MATERIALS AND METHODS

Bacterial strains

A total of 560 E. coli isolates from
228 diarrheal rectal swabs were col-
lected from patients admitted to Hat Yai
Hospital, Songkhla Province and Pattani
Hospital, Pattani Province, Thailand from
October 2012 to September 2013. Swabs
were inoculated on Sorbitol MacConkey
agar to obtain isolated colonies. Both
sorbitol fermenters (SF) and sorbitol-non-
fermenters (SNF) were selected and kept
stock at -80°C for further investigations.
Further characterization of the positive
isolate on the extra differential medium,
CHROMagar 0157 (CHROMagar, Paris,
France) was carried out. The protocol was
approved by the Ethics Committee of the
Faculty of Medicine, Prince of Songkla
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University, Thailand (EC code 56-225-
19-2-3).
Detection of virulence genes

The principal virulence genes, stx,,
stx,, eae, escV [marker for type III secretion
system (T3SS) located in the locus of en-
terocyte effacement, LEE], and hlyA were
investigated by PCR using oligonucleotide
primers (Table 1). In brief, PCR amplifica-
tion was performed in a 25 ul reaction
mixture consisting of 0.08 mM dNTPs,
0.4 uM each primer pair, 3.0 mM MgCl,,
0.5 U GoTag DNA polymerase (Promega,
Madison, WI), 1X GoTag green buffer and
2.0 ul of DNA template. Thermal cycling
(conducted using T100™ Thermal cycler,
Bio-Rad, Hercules, CA) consisted of a pre-
heat step at 95°C for 3 minutes followed by
35 cycles of 94°C for 1 minute, annealing
temperature for each primer pair (Table
1) for 1 minute, and 72°C for 1 minute.
The amplicons were separated by 1.0%
agarose gel-electrophoresis, stained with
ethidium bromide and visualized using
UV-transilluminator system (Syngene,
Los Altos, LA).
Serotyping of E. coli O157 strain

E. coli O157 genotyping was per-
formed by PCR using O157-F and O157-R
oligonucleotide primers (Table 1) (Maurer
et al, 1999). PCR amplification was per-
formed in a 25 ul reaction mixture and
analyzed as described above. This was
confirmed by agglutination assay using
anti-O157 antibody (Denka Seiken, To-
kyo, Japan). The presence of fliCH7 was
investigated by PCR as described above
using the oligonucleotide primers shown
in Table 1.

Investigation of Q,,, and Q,,

PCR amplification of Q,., and Q,,
were performed using oligonucleotide
primer pair qEf-1/qEr-2, and qDf-1/qDr-
2, respectively (Koitabashi et al, 2006). E.
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coli O157:H7 strain EDL933 (O’Brien et al,
1983) and E. coli O157:H7 strain Thai-12
(Vuddhakul et al, 2000), were used as the
positive controls for detecting Q,,, and
Q,,, respectively. The amplification was
carried out in a total volume of 20 ul, com-
posed of 0.1 mM dNTPs, 2.5 mM MgCl,,
0.1 uM each primer pair, 1X GoTag DNA
polymerase buffer, and 0.5 U GoTag DNA
polymerase. Thermal cycling conditions
were as follows: 95°C for 2 minutes; 35
cycles of 94°C for 30 seconds, 55°C for Q,,,
or 51°C for Q,,, for 30 seconds, and 72°C
for 2 minutes; and a final step of 72°C for 5
minutes and standing at 10°C. Amplicons
were analyzed as described above.

PCR amplification of insertion locus

PCR was performed for amplifica-
tion of each insertion locus using specific
primers (Table 1). In brief, a single colony
of each strain was grown in 3 ml of Luria-
Bertani (LB) broth (Difco, Sparks, MD) for
18 hours at 37°C with shaking. One ml ali-
quot of culture was boiled for 10 minutes
and immediately immersed on ice for 5
minutes prior to centrifugation at 11,000g
for 5 minutes. The supernatant was used
as DNA template in subsequent PCR. This
was performed using GoTaq Flexi system
(Promega, Madison, WI). The amplicons
were analyzed as described above. If the
PCR exhibited no amplicon, it was attri-
buted to an insertion of a prophage, result-
ing in a fragment too large to be amplified
by PCR approach (Mellmann et al, 2008).

Antimicrobial susceptibility test

E. coli O157 was determined for anti-
microbial susceptibility by a disk diffusion
method (CLSI, 2013). Eleven antimicrobial
agents (Oxoid, Hamshire, UK) were used:
ampicillin (10 pg), ceftazidime (30 ug),
cephalothin (30 ug), chloramphenicol (30
ug), erythromycin (15 ug), gentamicin
(10 ug), kanamycin (30 ug), methicillin
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Table 1
Oligonucleotides used in the study.
Primer Sequence (5'to 3') Gene  Annealing Amplicon Reference
temperature size (bp)
EVT-1 CAACACTGGATGATCTCAG stx; 55 350 Sukhumungoon
EVT-2  CCCCCTCAACTGCTAATA etal, 2011
EVS-1  ATCAGTCGTCACTCACTGGT stx, 50 404 Sukhumungoon
EVS-2  CCAGTITATCTGACATTCTG etal, 2011
AE-19  CAGGTCGTCGTGTCTGCTAAA eae 55 1,087 Gannon
AE-20 TCAGCGTGGTTGGATCAACCT etal, 1993
0157-F  CGTGATGATGTTGAGTITG rfbO157 50 400 Maurer et al,
0157-R  AGATTGGTTGGCATTACTG 1999
FlicH7-F GCGCTGTCGAGTTCTATCGAGC fliCH7 57 625 Gannon
FlicH7-R CAACGGTGACTTTATCGCCATTCC etal, 1997
escV-F GGCTCTCTTCTTCTTTATGGCTG escV 45 534 Miiller et al,
escV-R  CCTTTTACAAACTTCATCGCC 2006
hlyA-F  AACAAGGATAAGCACTGTTCTGGCT hlyA 55 1,177 Yamamoto
hlyA-R  ACCATATAAGCGGTCATTCCCGTCA et al, 1995
QEf-1 ATGCGGATCCACACTGGCGATAAAGAAGGG Q. 55 567 Koitabashi
QEr-2  ATGCGGATCCTCGACTGCGTGGCAATGTAA et al, 2006
QDf-1  ATGCGGATCCAAATCTCACATTGATTCAGG Q, 51 561 Koitabashi
QDr-2  ATGCGGATCCATAGTGTTGCTCATTTGCTC et al, 2006
72577-F  AACCCCATTGATGCTCAGGCTC 72577 53 909 Koch et al, 2003
72577-R  TTCCCATTTTACACTTCCTCCG
sbcB1 CATGATCTGTTGCCACTCG sbcB 50 1,800 Ohnishi et al, 2002
sbcB2 AGGTCTGTCCGTTTCCACTC
EC10 GCCAGCGCCGAGCAGCACAATA yecE 60 400 DeGreve et al,
EC11 GGCAGGCAGTTGCAGCCAGTAT 2002
wrbAl  ATGGCTAAAGTTCTGGTG wrbA 47 600 Toth et al, 2003
wrbA2  CTCCTGTTGAAGATTAGC
Primer A AAGTGGCGTTGCTTTGTGAT yehV 50 340 Shaikh and Tarr,
Primer B AACAGATGTGTGGTGAGTGTCTG 2003

(5 ug), streptomycin (10 ug), tetracycline
(30 ug), and vancomycin (30 ug). Vanco-
mycin susceptibility was judged by the
criterion of CLSI (2007). Clear zone was
measured using a Vernier caliper. E. coli
ATCC 25922 was used as a control micro-
organism.

Pulsed-field gel electrophoresis

E. coli O157 genome was digested
with FastDigest Xbal restriction endonu-
clease (Thermo Scientific, Rockford, IL) at
37°C for 1 hour. The DNA fragments were

884

separated by 1.0% agarose gel-electro-
phoresis in 0.5X TBE buffer using CHEF
DR III system (Bio-rad, Hercules, CA) at
14°C. Electrophoresis was performed at 6
V/cm, field angle 120°. The initial and final
switch time was 2.2 and 54.2 seconds, re-
spectively. Overall run time was 19 hours.
After electrophoresis, the gel was stained
with ethidium bromide and recorded.
The 48.5 kb Lambda phage was used as a
molecular size standard marker. Dendro-
gram was constructed using unweighted
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Qo35/Qy Insertion site

0157/non-0157

Table 2
Characteristics of E. coli O157 strain PSU120.

Virulence gene

Source of
sample
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pattern

occupied

ene  escV  hlyA

stx,

stx,

E, KF, MET, Va

sbeB, yehV

+/-

48 year-old male

E, erythromycin; KF, cefalothin; MET, methicillin; Va, vancomycin.

pair-group method of arithmetic average
(UPGMA) (BioNumerics software version
7.0, Applied Maths, Sint-Martens-Latem,
Belgium).

RESULTS

Five hundred sixty E. coli isolates
were obtained including SF and SNEF,
from stool swabs of 228 diarrheal patients
who visited Hat Yai Hospital, Songkhla
Province, South Thailand. One isolate
(designated PSU120) was found to be E.
coli O157 and the investigation of fliCH7
showed that PSU120 carried H-antigen
other than H7 type. PSU120 was isolated
from a 48 year-old man on 17 May 2013,
and no other enteric pathogen was de-
tected by standard examinations from the
diarrheal sample of this patient, indicat-
ing the diarrhea resulted from infection
solely by PSU120. PSU120 was a SF isolate
and formed a blue colony on CHRO-
MagarO157 which reflected an atypical
characteristic. The isolate lacked stx,, stx,
eae and hlyA and was negative also for
the presence of Q,,; and Q,,, antitermina-
tors of stx phages, probably supporting
the absence of the stx genes (Table 2). A
marker for T3SS, escV, located in the LEE
was determined and displayed the pre-
sence of this gene. Of the 11 antimicrobial
agents tested, PSU120 strain was resistant
to cephalothin, erythromycin, methicil-
lin and vancomycin (Table 2). Five E. coli
0157 genetic loci which have frequently
been reported to be integrated by stx-
phages, were examined for the observa-
tion of stx-phage occupancy. The results
demonstrated that sbcB and yehV were
found to be occupied by prophages while
yecE, wrbA, and Z2577 were not (Table 2).

Comparison of genetic relatedness
among clinical, E. coli O157:H7 strain
EDL933 and PSU120, and environmental
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PFGE Xbal
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PSU120 stx; sty eae

Fig 1-Pulsed-field gel-electrophoresis -based dendrogram of E. coli O157 isolated from clinical and
environmental samples in southern Thailand. Genomes of E. coli O157 strains were digested
with Xbal and separated as described in Materials and Methods. The hierarchical clustering
was constructed using unweighted pair-group method of arithmetic average (UPGMA) and
BioNumerics software version 7.0 (Applied Maths, Belgium).

O157:H7 strain PSU2 by pulsed-field
gel-electrophoresis was performed. Den-
drogram constructed based upon the un-
weighted pair-group method of arithmetic
average using BioNumerics software ver-
sion 7.0 revealed that the environmental
E. coli O157:H7 strain PSU2 and EHEC
strain EDL933 showed similar DNA
fingerprints with their similarities being
97.6% by a pulsed-field gel-electropho-
retic analysis (Fig 1). These strains and
PSU120 relatively displayed the closely
relatedness (88.6% similarity). Thus, it
was suggested the high degree of similar-
ity among these O157 strains.

DISCUSSION

Despite that E. coli O157:H7 strain
PSU120 was the sole possible enteric
pathogen of the diarrheal patient, the ab-
sence of the principal virulence determi-
nants, stx, and stx,, makes understanding
of the role of PSU120 difficult. Prevalence
of stx* E. coli O157 in marketed beef in
the study area (Vuddhakul et al, 2000;
Sukhumungoon et al, 2011) and a similar
example in the United States suggest-
ing such strains may be descended from
EHEC O157 by the loss of the stx gene dur-
ing infection (Mellmann et al, 2008). E. coli
O157:H7 strain PSU2 with stx -stx,"-eae*
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genotype represents the most frequently
found environmental E. coli O157 strains
isolated in this area for a decade and the
well-established EHEC strain EDL933
(stx,*-stx,"-eae*) showed 97.6% similarity
in DNA profiles based on pulsed-field
gel-electrophoresis. These strains and
PSU120 displayed the closely relatedness
(88.6% similarity) (Fig 1). In addition, in
PSU120, sbcB and yehV were found to be
occupied by prophages, while yecE, wrbA,
and Z2577 were not, suggesting PSU120
is capable of horizontal genetic transfer.
Thus, we are tempted to speculate PSU120
was originally stx* but lost the gene after
establishing infection.

Vancomycin resistance in E. coli has
not been reported frequently. However,
E. coli O157 isolates collected from 200
children in Baghdad, Iraq, were shown
to be resistant to vancomycin as well as
erythromycin and polymyxin B (Shebib
et al, 2003). Osaili et al (2013) detected 40
O157:H7 isolates which were resistant
to vancomycin from slaughtered cattle
in Amman City, Jordan, with MIC more
than 512 ug/ml. Dissemination of vanco-
mycin resistance can be occurred through
horizontal gene transfer. In enterococci,
the most common resistance genotype is
vanA, which is harbored by the transpos-
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able element, Tn1546, allowing the spread
of vancomycin resistance to other bacteria
through integration of Tn1546-containing
vanA into conjugative plasmid (Woodford,
2001).

The very infrequent infection by E.
coli O157 is probably related to strong
acquired immunity to the O157 antigen,
for which cross-reacting antigen in other
bacterial species in the environment are
known (Vuddhakul et al, 2000; Voravuthi-
kunchai et al, 2005). In one study carried
out in the central part of Thailand in 1997
and 1998, an E. coli O157:H7 strain har-
boring stx, and stx, was isolated from a
stool specimen obtained from a healthy
two-year old child and exhibited no toxic-
ity to Vero cells (Leelaporn et al, 2003). A
large number of diarrheal specimens were
investigated by standard method and by
immunomagnetic beads specific to 0157
antigen in southern Thailand, but EHEC
0157 was not detected (Kalnauwakul et al,
2007). To further examine the hypothesis
that there is no patient infected by EHEC
0157 in Thailand, the study was carried
out in southern Thailand. It is generally
presumed that there is more possibility of
isolating EHEC O157 from clinical speci-
mens in northern than southern Thailand
because people in northern Thailand
consume traditional foods containing raw
meat (beef or buffalo), whereas the people
in southern Thailand are mostly Muslims
who thoroughly cook meat (beef and
goat). Nevertheless, E. coli O157 carrying
stx and eae are present at high frequen-
cies in beef sold in markets in southern
Thailand (Vuddhakul et al, 2000; Sukhu-
mungoon et al, 2011). It is not surprising
that we reported here for the first time
the isolation of an E. coli O157 strain from
stool of a patient with diarrhea admitted
to a hospital in Thailand. Although the
isolate was stx-negative, it carried im-
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portant pathogenicity marker gene, the
escV gene, a marker for Type III secretion
system. At any rate, we concluded that
this is the first report on human infection
by E. coli O157 in Thailand.
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Abstract. Urinary tract infection (UTI) is among the most common infections in
human. Escherichia coli and Klebsiella pneumoniae are common uropathogens found
to cause UTL. In this study, 113 E. coli and 52 K. pneumoniae isolates were collected
from three hospitals on Phuket Island, Thailand. The majority of E. coli and K.
pneumonige isolates were from elderly females. Antimicrobial susceptibility testing
demonstrated that most of E. coli isolates (77%) were resistant to tetracycline while
cotrimoxazole was ranked second (65%) and nitrofurantoin was the least resistant
(1%). K. pneumoniae isolates were also most resistant to tetracycline and cefotaxime
(65%). The presence of extended spectrum-beta lactamase (ESBL) producers
among E. coli isolates were 46% and 57% in K. pnewnoniae. Twenty-seven E. coli
isolates carried at least one of the common urovirulence genes (pap, afa, hlyA), the
majority isolated from patients in the internal medicine ward. One rare K. ozaenae
was isolated from a 45 year-old catheterized male patient from the orthopedics
surgery ward. This isolate demonstrated resistance to all antimicrobial agents
tested except imipenem. This study is the first of such kind conducted in southern
Thailand and should be useful in treating UTI patients in this area of Thailand.

Keywords: Escherichia coli, Klebsiella pneumoniae, Klebsiella ozaenae, ESBL, uro-
pathogen
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Escherichia coli is a normal microbiota
in the intestinal tract of humans and ani-
mals (Bien et al, 2012). Generally, E. coli
forms a mutual beneficial relationship
with its host, but certain strains of E. coli
have the characteristics diverged from
their mutual cohorts, becoming more
pathogenic. Pathogenic E. coli is classified
into pathotypes: enteropathogenic E. coli
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(EPEC), enteroaggregative E. coli (EAEC),
enterotoxigenic E. coli (ETEC), enteroin-
vasive E. coli (EIEC), and enterohemor-
rhagic E. coli (EHEC) (Nataro and Kaper,
1998). These pathotypes lead to diseases
in the intestinal tract, but extra-intestinal
E. coli (ExPEC), such as uropathogenic E.
coli (UPEC), which also resides in the gut
without causing symptoms, maintains an
ability to disseminate and colonize other
host organs (Wiles et al, 2008).

Urinary tract infection (UTI) caused
by E. coli is among the most common hu-
man infections (Kunin, 1987) and at least
10% to 20% of women experience UTI once
in their lives (Johnson and Stamm, 1989).
UTlI is classified into categories based on
the organs infected: cystitis (infection at
the bladder), pyelonephritis (infection at
the kidney), and bacteriuria (infection in

the urine) (Foxman, 2003). The most im- -

portant process of bacterial pathogenesis
is the adhesion of microorganisms to the

uroepithelial cells. P fimbriae (P-blood

group antigens-associated fimbriae) is
one of the surface virulence factors of
UPEC in humans, being involved in the
pathogenesis of ascending UTI and pye-
lonephritis (Leffer and Svanborg-Eden,
1981; Vaisanen et al, 1981; Plos et al, 1995).
P fimbriae is the major virulence factor
(Yamamoto et al, 1995) enhancing early
colonization of the tubular epithelium
(Bien et al, 2012) and in renal transplant
patients. In the upper UTI, acute allograft
injury is due to P fimbriae-expressing
UPEC (Rice et al, 2006).

Another surface virulence factor,
Afa adhesin, belongs to the family of Afa
proteins (Le Bouguénec et al, 1992). UPEC
expressing Afa adhesin (encoded by afa)
has the potential to establish chronic
or recurrent infection (Le Bouguénec,
2005). UPEC invades uroepithelial cells
by means of adhesins AfaD and AfaF,
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avoiding host immunosurveillance and
antibiotic treatment, thereby, is capable of
initiating a new round of relapse (Dhakal
et al, 2008). i

The most important secreted viru-
lence factor is a-hemolysin (Hlya, encod-
ed by hlyA), which is associated with up-
per UTI such as pyelonephritis (Johnson,
1991). HlyA acts as a pore-forming toxin
classified as a member of RTX (repeat in
toxin) toxin family. This type of toxin is
wide spread among gram-negative bacte-
rial pathogens, and at low concentrations
HlyA induces apoptosis of neutrophils,
T lymphocytes and renal cells, resulting
in exfoliation of uroepithelial cells (Jonas
et al, 1993; Russo et al, 2005; Chen et al,
2006). Furthermore, at high concentra-
tions the toxin causes lysis of erythro-
cytes and nucleated cells, promoting the
pathogens to cross the mucosal barriers,
leading to destruction of immune cells
(Johnson, 1991). Approximately 50% of
cases of pyelonephritis renal complication
are caused by HlyA (Bien et al, 2012). In
particular, HlyA-producing E. coli is able
to cause permanent renal scarring, a com-
mon consequent complication (Jakobsson
et al, 1994).

To the best of our knowledge, reports
of the prevalence of uropathogenic bacte-
ria, urovirulence factors and antimicrobial
resistant pattern are lacking in Phuket
Island, Thailand. Therefore, this study
gathered data regarding the prevalence
of uropathogenic bacteria, urovirulence
factors and antibiogram pattern of uro-
pathogens collected from patients in
Phuket Island.

MATERIALS AND METHODS

Bacterial strains -

A total of 166 uropathogenic bacteria-
were collected from wards throughout
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Vachira Phuket Hospital and from Talang
and Patong Hospitals in Phuket Province,
Thailand, between February and Sep-
tember, 2013. The strains were identified
using standard biochemical reactions, and
all strains were kept at -80°C for further
analysis. This study was approved by
the Ethics Committee of the Faculty of
Medicine, Prince of Songkla University,
Thailand (EC code: REC57-0136-19-2).

Antimicrobial susceptibility test

Antimicrobial susceptibilities of the
uropathogenic bacteria were performed
using the disk diffusion method (CLSI,
2012), employing seven antimicrobial
agents, namely, cefotaxime (30 ug),
ceftazidime (30 pg), cotrimoxazole (25
ug), imipenem (10 pg), nitrofurantoin
(300 pg), norfloxacin (10 pg), tetracycline
(30 ug) (Oxiod, Hampshire, UK). Produc-
tion of extended-spectrum B-lactamases
(ESBL) was also determined by the disk
diffusion method. A result of 25 mm in-
crease in a zone diameter for amoxicillin
in combination with clavulanic acid ver-
sus amoxicillin alone was considered an
ESBL-producer.

E. coli virulence genes determination
Bacteria were subcultured into 3 ml
of LB broth at 37°C with shaking. One ml
aliquot of culture broth was boiled for 10
minutes, placed on ice for 5 minutes and

centrifuged at 11,000g for 10 minutes.

DNA for PCR was from a 10-fold dilution
of the supernatant. For virulence genes
detection, two target genes for surface
virulence factors (pap and afa) and one
target gene for secreted virulence factor
(hlyA) of UPEC, were determined using
primers shown in Table 1. PCR was per-
formed in a 25 wl reaction mixture consist-
ing of 0.4 uM each primer pair, 0.1 mM
dNTPs, 1X GoTag DNA polymerase buffer,
0.5 U GoTag DNA polymerase (Promega,
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Madison, WI), and 2 ul of PCR template.
Amplification reaction was performed as
described previously (Le Bouguénecet al,
1992; Yamamoto et al, 1995). In brief, for
surface virulence factors investigation,
pap and afa, the thermal cycler (T100™
Thermal Cycler, Bio-rad, Hercules, CA)
conditions were as follows: 95°C for 3
minutes followed by 35 cycles of 94°C for
1 minute, 60°C for 40 seconds, and 72°C
for 1 minute. The reactions were finalized
at 72°C for 5 minutes. The condition for
hlyA was the same as for pap and afa except
the annealing temperature was 58°C and
the time for extension was 1.20 minutes.
Amplicons were analyzed by 1.0% agarose
gel-electrophoresis and visualized by
ethidium bromide staining.

RESULTS

Bacterial strains

The 166 uropathogenic bacteria col-
lected from three hospitals in Phuket
Province, Thailand, between February
and September, 2013, consisted of E. coli
(113 isolates), K. pneumoniae (52 isolates),
and K. ozaenae (1 isolate). Focusing on
the two main uropathogenic species, E.
coli and K. pneumoniae, the majority were
obtained from elderly females at the Inter-
nal Medicine Department, Vachira Phuket
Hospital (Table 2). The second most fre-
quent was from patients aged <15 years
old (13% E. coli and 11% K. pneumoniae). E.
coli infection in pediatric wards was 12%
while K. pneumonia infection was 13% in
surgery wards (Table 2).
Antimicrobial susceptibility

Employing disk diffusion test for 7
antimicrobial agents, the majority (77%)
of E. coli isolates were resistant to tetra-
cycline, followed by cotrimoxazole resis-
tance (68%) (Table 3). As regards K. pneu-
moniae isolates, resistance to tetracycline
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Table 1
Oligonucleotide primers used in this study.
Gene  Primer Sequence (5" to 3) Amplicon Reference
name size (bp)
pap pap3 GCAACAGCAACGCTGGTITGCATCAT 336 Yamamoto et al, 1995

papéd AGAGAGAGCCACTCTTATACGGACA

afa afal

GCTGGGCAGCAAACTGATAACTCTC 750

Le Bouguénec et al, 1992

afa2 CATCAAGCTGTTTGTTCGTCCGCCG

hlyA  hlyl

AACAAGGATAAGCACTGTTCTGGCT 1,177

Yamamoto et al, 1995

hly2 ACCATATAAGCGGTCATTCCCGTCA

and cefotaxime were the top two (65%),
with imipenem being the least resistant
antimicrobial agent tested (12%) (Table
3). Disc diffusion assays revealed that 52
of 133 (46%) and 30 of 52 (57%) of E. coli
and K. pneumoniae isolates, respectively,
were ESBL-producers (Fig 1).

Presence of E. coli virulence genes

Two surface virulence genes, P fim-
briae-encoding gene (pap) and adhesin-
encoding gene (afa), and one secreted
virulence gene encoding a-hemolysin
(hlyA), were investigated by PCR. Of the
E. coli isolates, 27 of 113 carried at least
one of these three virulence genes, with 11
(41%) isolates having both pap and hlyA,
followed by isolates harboring only afa
(Table 4). Neither E. coli isolates had the
presence of all three virulence genes, nor
the genotype pap’, afa*, hlyA*.

DISCUSSION

The development of UTI is depended
upon factors such as the patient’s ana-
tomical features, the integrity of host de-
fense mechanism, and the virulence of
the infecting organism (Nicolle, 2002).
In this present study, it was not surpris-
ing that elderly females constituted the
group with the highest infection rate as
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the female anatomy is more favorable for
uropathogenic infection than male (Jung
et al, 2012). Furthermore, the robustness of
host defense mechanisms against micro-
organisms in elderly people is impaired
owing to, for instance, the instability of
cytokines production and/or the impair-
ment of signaling pathways involved in
neutrophil recruitment to the bladder
(Bien et al, 2012). Although the majority
of the patients in this study were female,
about a quarter and one-third of E. coli
and K. pneumoniae infection, respectively,
were isolated from male. Based on con-
siderations of the human anatomy, we
hypothesized that the type of specimens
collected from male patients would be
from infected urine catheter rather than
midstream urine. This notion was borne
out by the presence of 32 of 50 isolates of
both E. coli and K. pneumoniae from male
patients being collected from urine cath-
eterized patients (data not shown).

Among the three subspecies of K.
pneumoniae, namely, subspecies pneu-
moniae, subspecies rhinoscleromatis and
subspecies ozaenae (Farmer and Kelly,
1991), the latter causes a chronic inflam-
matory disease of the upper respiratory
tract (Falkow and Mekalanos, 1990) and
is a causative agent of ozena, an atrophic’
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Table 2
Demographic data of patients infected by uropathogens from Phuket Island, Thailand.
Category Number of isolates (%)
Escherichia coli Klebsiella pneumoniae Klebsiella ozaenae
(n=113) (n=52) n=1)
Sex
Male 32(28) 18(35) 1-(100)
Female 81 (72) 34(65) - -
Age, years
<15 15(13) 6 (11) -
16-30 6 (5) 1(2) -
31-45 4(4) 2(4) 1 (100)
46-60 13(12) 5(10) -
=261 75 (66) 38(73) . -
Hospital unit
Outpatient
OPD 6(5) 5(10) -
ER 7(6) 24) -
Inpatient '
Internal medicine 76 (67) 32(61) -
ICU 2(2) 3(6) -
Surgery 9(8) 7(13) 1 (100)
Pediatric 13(12) | 3(6) -
Specimen
Midstream urine 63 (56) 28 (54) -
Catheter urine 50 (44) 24 (46) 1 (100)
Table 3
Antimicrobial resistance of uropathogenic bacteria.
Bacterial species Number of positive isolates/Total isolates (%)
CTX CAZ SXT PM F NOR TE
Escherichia coli 57/110 54/110  76/111 5/111 1/113 65/113 85/110
(52) (49) (68) (5) 1 (58) (77)
Klebsiella pneumoniae  34/52 32/52 32/51 6/52 14/51 19/51 32/49
(65) (62) (63) (12) @7) 37) (65)
Klebsiella ozaenae 11 11 11 0/1 11 1/1 1/1
(100) (100) (100) 0 (100) (100) (100)

CTX, cefotaxime; CAZ, ceftazidime; SXT, cotrimoxazole; IPM, imipenem; F, nitrofurantoin; NOR,
norfloxacin; TE, tetracycline. .

1094 Vol 45 No.5 September 2014

LK




VIRULENCE OF UROPATHOGENS FROM PATIENTS ON PHUKET IsLAND, THAILAND

B EssL
2 non-ESBL

54%

43%

Fig 1-Proportion of ESBL-producing uropatho-
gens among UTI patients, Phuket Island,
Thailand. A, proportion of ESBL and
non-ESBL E. coli isolates; B, proportidn
of ESBL and non-ESBL K. preumoniae
isolates.

thinitis marked by a thick mucopurulent
discharge, mucosal crusting and fetor
(Malowany et al, 1972). Although this
bacterial species is able to cause other
symptoms such as meningitis, abscesses,
otitis, and corneal ulcer, urinary tract in-
fection are infrequent. Only twelve cases
caused by K. ozaenae have been reported to
date, most of which occurring in old male
with immunocompromising conditions,
such as the presence of cancer, leprosy, or
diabetes mellitus (Kumar et al, 2013). In
the present study, one isolate of K. ozaenae
was obtained from a 45 year-old male
hospitalized in the orthopedics surgery
ward, obtained as the urine from catheter
on June, 2013. This is the first report of UTI
caused by K. ozaenae in southern Thailand.

The high rates of tetracycline and
cotrimoxazole resistance obtained in this
study have been reported in uropathogen-
ic E. coli isolated from patients at Dhaka,
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Bangladesh, with tetracycline resistance
of 74%-84% (Lina et al, 2007). However, in
the Netherlands, reported uropathogenic
E. coli resistant to cotrimoxazole was 16%
and resistance to norfloxacin was only 3%.
The high antibiotic prescription rates in
developing countries and the patient’s
former intensive antibiotic exposure
background, may explain in part for this
phenomenon.

E. coli isolates in this study were most
sensitive to nitrofurantoin, similar to a
previous report from The Netherlands
where the susceptibility to nitrofurantoin is
100% in urine samples from female patients
with uncomplicated UTI although the rate
of prescriptions for nitrofurantoin in 2004
and 2009 were 58% and 66%, respectively
(den Heijer et al, 2010). More importantly,
Liu et al (2011) reported that 79.1% of ESBL-
producing E. coli isolated from a hospital
in Taipei, Taiwan, were susceptible to ni-
trofurantoin. However, even if nitrofuran-
toin is still an effective antimicrobial agent
for non-complicated cystitis, its usage is
hindered by side effects and frequency of
usage doses per day (Amadbile-Cueras and
Arredondo-Garcia, 2011).

Although this study observed high
resistance of K. pneumoniae to tetracycline
and cotrimoxazole, only 27% of the bacte-
ria in Dhaka, Bangladesh are resistant to
tetracycline, but completely sensitive to
imipenem. Bacterial antibiotic resistant
characteristics are frequently found to be
conferred by plasmids and the presence
of antibiotic resistant plasmids among iso-
lates is varied and found to be transferred
in certain rates (Lina et al, 2007). Thus, the
number of resistant bacteria in different
countries can be diverged. In addition,
the low level of imipenem resistance is
not surprising because it is shown to be
very active against gram-negative bacteria’
(Franklin et al, 2002).
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Table 4

Virulence genes and antibiogram patterns of uropathogenic Escherichia coli.

Strain  Source of Ward Virulence gene pattern Antibiogram pattern
sample :
pap afa hiyA

PSU90 MU OPD + - + TE
PSU91 CU Medicine - + - CTX, CAZ, SXT, NOR, TE
PSU92 Cu Medicine - + - SXT, TE
PSU93 MU Pediatrics + - + SXT, TE
PSU9%4 Ccu OrD + - + S
PSU9 MU Medicine + - - SXT, TE
PSU96 Cu Medicine + - + CTX, CAZ, NOR
PSU139 MU Medicine - - + CTX, CAZ,NOR, TE
PSU140 CU Medicine + - + NOR, TE
PSU141 CU ER - - + CTX, CAZ, SXT, IPM, NOR, TE
PSU142 MU Medicine - - CTX, CAZ, SXT, TE
PSU143 CU Medicine - - + CTX, CAZ, SXT, NOR, TE
PSU14 MU Pediatrics - - + S
PsU145 CU Pediatrics - - + SXT, TE
PsU146 CU Pediatrics - + - CTX, SXT
PSU147 MU Medicine - + - SXT
PSU148 MU Medicine + - + CAZ, SXT, TE
PSU149 MU Medicine + - + CTX, CAZ, SXT, NOR, TE
PSU150 MU Pediatrics + - - SXT
PSU151 MU Medicine + - + CTX, CAZ,NOR, TE
PSU152 CU Surgery - + - CTX, CAZ, SXT, NOR, TE
PSU153 MU Medicine + - - SXT, NOR, TE
PSU154 CU Pediatrics + - + CTX, CAZ TE
PSU155 MU Medicine + - + SXT
PSU156  CU Medicine - + - CTX, CAZ, SXT, NOR, TE
PSU157 MU Medicine - + - SXT, TE
PSU158 MU Pediatrics - + SXT, TE

MU, midstream urine; CU, catheter urine. CTX, cefotaxime; CAZ, ceftazidime; SXT, cotrimoxazole;
IPM, imipenem; E nitrofurantoin; NOR, norfloxacin; TE, tetracycline. S, susceptible to all antimi-

crobial agents tested.

Owing to the scarcity of informa-
tion regarding uropathogenic prevalence
and its antibiogram pattern, the correct
therapeutic approach and the choice of
antimicrobial agents used tend to vary,
resulting in slow recuperation. This study,
thus, provided the antibiogram profile of
uropathogenic E. coli and K. pneumoniae
isolated from number of hospitals on
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Phuket Island, and provides informations
that would be useful for public health
organizations in Thailand.
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Abstract: Meats are apparently found to be the crucial vehicle for the transfer of Shiga toxin-producing E. coli
(STEC) to human. The existence of STEC including the enterohemorrhagic Escherichia coli (EHEC) in meats
was reported worldwide. However, the information in terms of quantity of STEC and EHEC were insufficient in
Thailand. In this study, the preliminary investigation of STEC and EHEC quantity in meats was carried out by
most probable number-polymerase chain reaction (MPN-PCR) method. In the screening process, a total of 30
(beef, pork and chicken) meat samples purchased from various fresh market in Hat-Yai city, were investigated.
The highest amount of STEC was found in beef samples as 27 MPN/g while the lowest amount of STEC was
found in chicken meat sample as 3 MPN/g. Only one chicken meat sample revealed the existence of EHEC as
3 MPN/g. No EHEC was found in beef and pork samples. The presence of E. coli O157 was also examined by
the isolation method using immunomagnetic separation specific to O157 serotype and it displayed the
consistent results to the MPN-PCR method. These results exhibited the baseline data on the STEC and EHEC
quantity in meats sold in Southern Thai area and may suggest the high prevalence of pathogenic E. coli

carrying virulence genes which may be resulted in pathogenesis to human.

Key words: EHEC - STEC - Retailed Meat - Thailand - Shiga Toxin

INTRODUCTION

Diarrheal disease plays a pivotal role as the public
health concern. Diarrheal disease accounts for 11 % of
child deaths worldwide. It kills more than malaria, measles
or even AIDS [1]. Amongst six different Escherichia coli
pathotypes, enterohemorrhagic E. coli (EHEC) displays
the most devastating effects to the host [2]. This resulted
in part from the main virulence factors of this pathotype,
Shiga toxins (Stx). Shiga toxin-producing E. coli (STEC)
carries stx;, and/or stx,. EHEC is a subset of STEC [3]
which carries an extra gene, eae coding for intimin
responsible for bacterial attachment [4].

To date, several food-borne outbreaks caused by
STEC have been recorded. In United States, as of

September 26, 20006, a total of 183 persons from 26 States
which infected by an outbreak E. coli O157:H7 strain,
were reported to Centers for Disease Control and
Prevention (CDC). Ninety-five persons (52%) were
hospitalized and 29 (16%) displayed hemolytic uremic
syndrome (HUS). One dead case was reported and the
fresh Spinach was reported to be a source of outbreak [5].
One study from Ethelberg et al. [6] reported the outbreak
of STEC 026:H11 isolated from organic fermented beef
sausage in Denmark in 2007. The bacteria carried stx, and
eae but not stx,. No cases of HUS reported.

In the central part of Thailand in 2003, the presence
of STEC infection was investigated at Bamrasnaradura
Infectious Diseases hospital. In that period, 119 non-
bloody and 92 bloody diarrheal patients were examined
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for STEC. Five STEC were detected from three patients.
They belonged to serotype O26:H", O111:H,, O128:H2,
0O125:H21 including one O157:H7 isolates from normal
control group [7].

Based upon our previous studies, that aimed to
investigate E. coli O157:H7 from beef, few STEC were also
observed [8,9]. However, the information in term of STEC
quantity is still deficient. This encouraged us to quantify
the amount of EHEC and STEC in retailed meat samples in
this area to gain the preliminary information that is useful
for further investigation of EHEC and STEC in the future.

MATERIALS AND METHODS

Sample Collection: In order to obtain the baseline data on
the EHEC and STEC quantity, a total of 62 samples
comprising three types of meats, beef (Most probable
number-polymerase chain reaction (MPN-PCR), n=10;
Immunomagnetic separation (IMS), n= 32), pork (MPN-
PCR; n=10), chicken (MPN-PCR; n=10), were purchased
from various local markets in Hat-Yai city, Songkhla,
Thailand between April 2013 and October 2013. The
samples were collected once a week to ensure that the
meats were from different batches. All purchased samples
were processed within 2 h.

Most Probable Number-Polymerase Chain Reaction
(MPN-PCR) Method: MPN-PCR was performed as
described by Chang et al. [10] with slight modifications.

Briefly, twenty five grams of meat were homogenized with
225 ml of tryptic soy broth (TSB). The liquid portion was
used to perform the three-tube MPN, 100 fold and 1,000
fold dilutions from the prepared stomacher fluids.

Table 1: Oligonucleotide primers used in this study

1 2 3 4 M
(g r———

|+—1.0kb

«— 0.5 kb
<«—0.3 kb

Fig. 1: PCR assay detecting 420 bp rfbO157, 350 bp stx,,
404 bp stx, and 1,087 bp eae genes. Lane 1, 2, 3
and 4, E. coli O157:H7 strain EDL933; lane M, 2-

log DNA ladder.

One milliliter from each dilution was transferred into
triplicate MPN tubes and incubated at 37°C for 24 h. One
milliliter of culture from the turbid tube was then subjected
to PCR template prepared by boiling method [11]. The
boiled bacterial culture were immersed on ice for 10 min
prior to be centrifuged at 11,000 x g for 5 min. Decimal
dilution of boiled supernatant was used as PCR template.
Four genes, stx,, stx,, eae and rfbO157, were investigated
for the detection of EHEC and STEC by simplex PCR
(GoTaq Flexi system, Promega) (Figure 1). The
oligonucleotide primers used in this study including the
condition for PCR were described in Table 1 and Table 2.
PCR amplification was carried out in 25 plreaction mixture
comprising 1X GoTagq Flexi green buffer, 3.0 mM MgCl,,

Primer Sequence (5’ to 3”) Target gene Amplicon size Reference
EVT-1 AATGGTGCTTGCGCTTGCTGC
EVT-2 GCCGCTTTATCCAACCTGGTA stx, 350 bp [8]
EVS-1 ATCAGTCGTCACTCACTGGT
EVS-2 CCAGTTATCTGACATTCTG Stx; 404 bp [8]
AE-19 CAGGTCGTCGTGTCTGCTAAA
AE-20 TCAGCGTGGTTGGATCAACCT eae 1,087 bp [24]
O157-F CGTGATGATGTTGAGTTG
0O157-R AGATTGGTTGGCATTACTG rfbO157 420 bp [25]
Table 2: PCR profiles for virulence genes amplification.

PCR conditions
Profile name Pre-heat Denaturation Annealing Extension Final extension
SIx) 95°C, 3 min 94°C, 1 min 55°C, 1 min 72°C, 50 sec 72°C, 5 min
Stx, 95°C, 3 min 94°C, 1 min 50°C, 1 min 72°C, 50 sec 72°C, 5 min
eae 95°C, 3 min 94°C, 1 min 55°C, 1 min 72°C, 1.15 min 72°C, 5 min
rfbO157 95°C, 3 min 94°C, 1 min 45°C, 1 min 72°C, 50 sec 72°C, 5 min
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0.1 mM dNTPs, 0.4 uM each primer pair, 0.5 unit of GoTag
DNA polymerase and 2 pl of DNA template. After 35
amplification cycles, the amplicons were observed by 1%
agarose gel electrophoresis and stained by ethidium
bromide. For amplification of stx,, stx,, eae and rfbO157
genes, E. coli O157:H7 strain EDL933 was used as a
positive control strain.

Isolation of E. coli O157:H7 from Meat Samples by
Immunomagnetic Separation (IMS) Technique: Fifty
grams of beef were homogenized with 450 ml of TSB. The
liquid portion was separated and incubated at 37°C for 6
h as a first enrichment step. Second enrichment process
was performed by transferring 1 ml from first enrichment
process into 10 ml of TSB and incubated at 42°C for 2 h
[12]. One milliliter of culture was treated with 20 pl of
immunomagnetic beads coated with antibody specific to
0157 antigen (Dynabeads, Oslo, Norway). After gentle
mixing, the beads were recovered through washing steps
using phosphate buffer saline pH 7.4 and spread on
CHROMagar 0157 (CHROMagar Microbiology, Paris,
France). The plates were incubated at 37°C for 18 h.
Mauve colonies were selected for virulence genes
examination as described above.

Antimicrobial Susceptibility Test: All E. coli strains were
determined for the antimicrobial susceptibility by disk
diffusion method [13]. The six common antimicrobial
agents used in this experiment were as followed:
ceftriaxone (30 pg), trimethoprim/sulfamethoxazole
(1.25+23.75 pg), norfloxacin (10 pg), ciprofloxacin (5 pg),
ceftazidime (30 pg) and imipenem (10 pg). Clear zone was
measured by Vernier caliper. Antimicrobial disks were
purchased from Oxoid (UK). E. coli ATCC 25922 was used
as a control strain.

Table 3: Quantity (MPN/g) of EHEC and STEC in retailed meats.

RESULTS AND DISCUSSION

The estimation of STEC in raw food samples
especially meats is important for the public health. Several
studies reported the virulence characteristics of STEC
isolated from raw food materials in many areas throughout
the world [14-17]. Moreover, certain reports described the
infections and outbreaks resulted from the consumption
of foods contaminated with many STEC serotypes
including serotype O157:H7 [6,14,17].

In this study, in order to quantify the amount of
EHEC and STEC in meat samples, MPN-PCR method was
performed. Although the presence of szx; and/or stx,
simultaneously with the presence of eae in the same
turbid tube, could not be interpreted directly that there
were any E. coli cells which carry these genes together,
in this study, it was attributed that the samples which
exhibited these genes pattern, were EHEC and the samples
that exhibited only stx, and/or stx, gene only without eae
gene were considered as STEC. In this investigation, the
results revealed that the highest amount of EHEC in meats
was 3 MPN/g, which appeared in one chicken meat
sample. No EHEC was found in beef and pork samples.
The highest quantity of STEC was found in beef samples
as 27 MPN/g (stx,-habouring E. coli) (Table 3). The
lowest amount of STEC was found in chicken meat sample
as 3 MPN/g (stx,-habouring E. coli) (Table 3).

Poultry has been shown to be a potential reservoir for
EHEC. In Turkey, 190 fresh chicken carcasses were
examined for E. coli O157:H7 and showed that 2 of 190
(1.05%) carried O157:H7. Those two isolates were capable
of producing Stx1 and Stx2 [18]. Additionally, one study
from Dipineto et al. [19] revealed that 26 of 720 (3.61%)
cloacal swab samples from layer hens farms in Italy,
carried EHEC serotype O157:H7. In the present study,

MPN/g
Type of meat Pathotype No. of positive sample *min max
Beef EHEC 0 <3 <3
stx;-habouring E. coli 7 <3 16
stx,-habouring E. coli 8 <3 27
Pork EHEC 0 <3 <3
stx;-habouring E. coli 6 <3 11
stx,-habouring E. coli 3 <3 15
Chicken EHEC 1 <3 3
stx;-habouring E. coli 3 3 9.3
stx,-habouring E. coli 1 <3 3

*Min, Minimum MPN value; Max, Maximum MPN value
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EHEC was observed in only one chicken meat sample (3
MPN/g) which was considered very low. The low quantity
of EHEC was also observed in Thailand in the past
decade. There was only 1 out of 107 (0.93%) chicken
samples, exhibited the possession of Stx [20]. Although
poultry has been clearly shown to be the natural reservoir
of EHEC in many areas of the world, poultry may not be
the potential reservoir of EHEC in Thailand.

Beef and beef products have been known to be
contaminated by STEC serotype O157:H7 and non-O157
with different contamination rates. Hussein [21] described
the global assessment of STEC on beef throughout the
past three decades. The prevalence rates of STEC non-
O157 in ground beef, sausage, various retail cuts and
whole carcasses were ranged from 2.4 to 30%, 17 to 49.2%,
11.4 t0 49.6% and 1.7 to 58%, respectively. In addition, the
corresponding prevalence rates of O157 serotype were
0.1 to 54.2%, 0.1 to 4.4%, 1.1 to 36.0% and 0.01 to 43.4%,
respectively. In the current study, the beef retail cuts were
examined as the surrogate reflecting the prevalence rate of
STEC in beef in this area. Seven of 10 (70%) and 8 of 10
(80%) beef samples were shown to carry stx, and stx,-
habouring E. coli, respectively, by MPN-PCR (Table 3).
The maximal amount of stx,-habouring E. coli was 16
MPN/g and the maximal amount of stx,-habouring E. coli
was 27 MPN/g. The similar trend of the results was
observed in porcine group as 11 MPN/g and 15 MPN/g
for stx, and stx,-habouring E. coli, respectively (Table 3).

In Thailand, early report from Suthienkul et al. [20]
described the presence of STEC in vegetables, meats,
cattle and farm animals. Beef samples also reflected the
most prevalence of STEC as 9% (8 of 93 samples).

Based upon the quantification of STEC and EHEC by
MPN-PCR in the current study, no E. coli O157:H7 was
found. The lack of O157:H7 in early 30 meat samples was
questioned whether there was no E. coli O157:H7 in those
meat samples or the sensitivity of MPN-PCR approach
was below the detection limit. Thus, additional 32 beef
samples were further investigated for E. coli O157:H7 by
IMS. Of 32 beef samples, E. coli O157:H7 was not found
in early 31 samples but E. coli O157:H7 isolates were
eventually found in the last sample (6 isolates) marketed
on late October 2013. All isolates represented the same stx
and eae genotypic pattern as shown in the former strains
isolated in this area in last decade [8,9,11,22]. In addition,
antimicrobial susceptibility test revealed that these six
isolates were 100% susceptible to all antimicrobial agents
tested. Estimation of the incidence of STEC carriage is
complicated. Fecal shedding may be transient and is
almost certainly affected by several factors including diet,
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stress, population density, geographical region and
season [23]. In 2008 and 2010, 24 E. coli O157:H7 were
isolated from 14 beef samples [8,9]. Contrary, the attempt
in 2012 and 2013 revealed that 13 E. coli O157:H7 were
isolated from only three beef samples. In this study, a
range of approximately six months was applied for
isolation and quantification of STEC including E. coli
O157. However, in this six months interval, only one
isolate from one beef sample was obtained. Thus, in this
study, we also observed the similar phenomenon as
Kudva et al. [23] and both MPN-PCR and IMS
approaches were considered to demonstrate the
corresponding results.

CONCLUSION

Retailed meat represents a risky source for EHEC and
STEC in Hat-Yai city, Songkhla, Thailand that threaten
human health through the food chain. Low hygienic
performance of the butchers and cookers may transfer
these types of bacteria to the consumers. Thus, the
campaign for good practice in cooking should be
announced to the public. Meanwhile, the high
surveillance frequency of EHEC and STEC in common
fresh meat types is encouraged to be performed to
prevent the outbreaks by these E. coli pathotypes in this
area.
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A519Ti S1 Oligonucleotide primers Flalunsfing

Primer’s Amplicon
Gene Sequences (523 References
name size (bp)

stx, EVT-1 CAACACTGGATGATCTCAG 349 Sukhumungoon
EVT-2 CCCCCTCAACTGCTAATA et al, 2011

stx, EVS-1 ATCAGTCGTCACTCACTGGT 404 Sukhumungoon
EVS-2 CCAGTTATCTGACATTCTG et al, 2011

eae AE-19 CAGGTCGTCGTGTCTGCTAAA 1,087 Sukhumungoon
AE-20 TCAGCGTGGTTGGATCAACCT et al, 2011

rfoO157  O157-F CGTGATGATGTTGAGTTG 400 Maurer et al.,
O157-R AGATTGGTTGGCATTACTG 1999

Qo33 gEf-1 ATGCGGATCCACACTGGCGATAAAGAAGGG 567 Koitabashi et
gEr-2 ATGCGGATCCTCGACTGCGTGGCAATGTAA al, 2006

Qy qDf-1 ATGCGGATCCAAATCTCACATTGATTCAGG 561 Koitabashi et
qDr-2 ATGCGGATCCATAGTGTTGCTCATTTGCTC al,, 2006

pap pap3 GCAACAGCAACGCTGGTTGCATCAT 336 Yamamoto et
papd AGAGAGAGCCACTCTTATACGGACA al, 1995

afa afal GCTGGGCAGCAAACTGATAACTCTC 750 Le Bouguénec
afa2 CATCAAGCTGTTTGTTCGTCCGCCG et al, 1992

hlyA hly1 AACAAGGATAAGCACTGTTCTGGCT 1,177 Yamamoto et
hly2 ACCATATAAGCGGTCATTCCCGTCA al, 1995

‘ YjaA.l TGAAGTGTCAGGAGACGCTG Clermont et al.,

- YiaA.2 ATG GAGAATGCGTTCCTCAAC 2 2000

TspE4.C2  TSPE4A.C2-F  AGTAATGTCGGGGCATTCAG Clermont et al,,
TSPE4A.C2-R TCGCGCCAACAAAGTATTACG 1z 2000

A ChuA.l GACGAACCAACGGTCAGGAT 270 Clermont et al,,
ChuA.2 TGCCGCCAGTACCAAAGACA 2000



https://www.facebook.com/jerome.lebouguenec.7

A1519% S1 (si0)

Primer’s Amplicon
Gene Sequences (5’2 3") References
name size (bp)
escV escV-F GGCTCTCTTCTTCTTTATGGCTG 534 Muller et al,
escV-R CCTTTTACAAACTTCATCGCC 2006
72577 Z2577-F AACCCCATTGATGCTCAGGCTC 909 Koch et al,
Z2577-R TTCCCATTTTACACTTCCTCCG 2003
sbcB sbcB1 CATGATCTGTTGCCACTCG 1,800 Ohnishi et al,
sbcB2 AGGTCTGTCCGTTTCCACTC 2002
yeckE EC10 GCCAGCGCCGAGCAGCACAATA 400 DeGreve et al,
EC11 GGCAGGCAGTTGCAGCCAGTAT 2002
wrbA wrbAl ATGGCTAAAGTTCTGGTG 600 Toth et al,
wrbA2 CTCCTGTTGAAGATTAGC 2003
yehV Primer A AAGTGGCGTTGCTTTGTGAT 340 Shaikh and Tarr,
Primer B AACAGATGTGTGGTGAGTGTCTG 2003




ATN1SNAFDINULAY
1. A1SASIIMBU stx; 1ne?d PCR

drunanvasuiseniineil

AUNAL Usuws (ul)
MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
EVT-1Primer (10 pM) 1.0
EVT-2Primer (10 uM) 1.0
GoTaqg DNA polymerase (0.5 unit) 0.1
GoTagq buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0

dnnzdmiul)nsen PCR

funou gaumngil (°0) taa(min) U
Hot start 95 3 1
Denature 94 1
Annealing 55 1 35
Extension 72 1

Final Extension 72




2. N1SATIAWBU stx, 1aE3S PCR

drunauvasUnseniing

RAGH Usuws (ul)
MgCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
EVS-1Primer (10 uM) 1.0
EVS-2Primer (10 uM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTagq buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0

dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 1
Annealing 50 1 35
Extension 72 1

Final Extension 72 5 1




3. N1SASIAVEU eae 19875 PCR

drunauvasUnseniiag

RVAGH Usums (ul)

MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
AE-19Primer (10 pM) 1.0
AE-20Primer (10 pM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTag buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0
dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 1
Annealing 55 1 35
Extension 72 1.15
Final Extension 72 5 1




4. N1SASANBU rfbO157 1neds PCR

drunauvasUnseniiag

RVAGH Usums (ul)

MgCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
O157-F Primer (10 uM) 1.0
O157-R Primer (10 uM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTag buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0
dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 40 sec
Annealing 50 30 sec 30
Extension 72 30 sec
Final Extension 72 5 1




5. N15ASAN8U escV 1neds PCR

drunauvasUneniiagl

RAGH Usums (ul)
MgCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
escV-F Primer (10 uM) 1.0
UM escV-R Primer (10 uM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTag buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0

dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 1
Annealing a5 1 35
Extension 72 1

Final Extension 72 5 1




6. N1IN5WBU hlyA Tagds PCR

drunauvasUneniiagl

RAGH Usums (ul)
MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
hlyA-F Primer (10 uM) 1.0
hlyA-R Primer (10 uM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTagq buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0

dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 1
Annealing 55 1 35
Extension 72 1

Final Extension 72 5 1




7. N1SASAANIBU Qoz5 LABAS PCR

drunauvasUnseniiagil

GRAGH Usuws (ul)

MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
QEf-1 Primer (10 uM) 1.0
QEr-2 Primer (10 pM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTag buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0
dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 2 1
Denature 94 30 sec
Annealing 55 30 sec 30
Extension 72 2
Final Extension 72 5 1




8. N1INTMBU Q,; 18?5 PCR

drunauvasUnseniiag

10

RAGH Usums (ul)

MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
QDf-1 Primer (10 pM) 1.0
QDr-2 Primer (10 uM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTag buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0
dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 2 1
Denature 94 30 sec
Annealing 51 30 sec 30
Extension 72 2
Final Extension 72 5 1




9. N15ASAAWBU pap 1AwdT PCR

drunauvasUneniiag

11

RAGH Usums (ul)

MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
pap3Primer (10 uM) 1.0
pap4Primer (10 pM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTagq buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0
dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 1
Annealing 60 40 sec 35
Extension 72 1
Final Extension 72 5 1




10. MSAIAMBU afa 1aeds PCR

drunauvasUneniingil

12

GRAGH Usums (pl)

MeCl, (25 mM) 3.0
dNTPs (2 mM) 1.0
afalPrimer (10 uM) 1.0
afa2Primer (10 uM) 1.0
GoTag DNA polymerase (0.5 unit) 0.1
GoTag buffer (5X) 5.0
Template DNA 2.0
Water 11.9
Total volume 25.0
dn1zdmiud)nsen PCR

funou gaungil (°0) K387(min) SRIRIEEIY
Hot start 95 3 1
Denature 94 1
Annealing 60 40 sec 35
Extension 72 1
Final Extension 72 5 1




A58 10 USas (MPN/n$) vealde EHEC uay STEC Tuiile, ilomy, 1leolA

stx; stx, 0157 eae
SunitewA | shednailet | 0.1 | 0.01 | 0.001 MPN/g | 0.1 | 0.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g
28-N.A.-56 1 1|1 0 74 | 0| 1 2 92 | 0| O 0 <3 0| O 0 <3
15-11.61.-56 2 0| 0 0 <3 1|1 0 74 | 0] O 0 <3 0| O 0 <3
3 0] 0 0 <3 0] 0 0 <3 0] O 0 <3 0] O 0 <3
4 0] O 1 3 0] O 2 6 0] O 0 <3 0] O 0 <3
5 0] 2 0 62 | 2| 1 0 15 0| 0 0 <3 0| O 0 <3
24-31.8.-56 6 0] 0 1 3 210 0 92 | 0| O 0 <3 0| O 0 <3
7 0] 0 0 <3 0] 0 1 3 0] 0 0 <3 0] 0 0 <3
8 110 0 36 | 0| 0 0 <3 0] O 0 <3 0] O 0 <3
9 0] 0 1 3 0] 0 1 3 0] 0 0 <3 0] 0 0 <3
10 11 3 0 16 2 |1 2 27 0| 0 0 <3 0| O 0 <3

stx; stx, 0157 eae
Tu/\hou/ éf’;@&imﬁ@%yj 0.1 [ 0.01|0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g
17-31.8.-56 11 0] 0 0 <3 0| O 0 <3 0| O 0 <3 0| O 0 <3
12 0| 0 0 <3 | 0| 1 0 3 0] 0 0 <3 0| O 0 <3
13 0] 0 0 <3 0| O 0 <3 0| O 0 <3 0| O 0 <3




stx; stx, 0157 eae
Tu/\hou/ ﬁ’JEJEJ'NL‘ﬁ’emyj 0.1]0.01|0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g
15-n.A.-56 14 1 0 0 3.6 2 1 0 15 0 0 0 <3 0 0 0 <3
15 0 0 0 <3 0 1 0 3 0 0 0 <3 0 0 0 <3
5-d.m.-56 16 1 0 2 11 0 0 0 <3 0 0 0 <3 0 0 0 <3
17 0 1 0 3 0 0 0 <3 0 0 0 <3 0 0 0 <3
18 0 0 1 3 0 0 0 <3 0 0 0 <3 0 0 0 <3
19 1 0 2 11 0 0 0 <3 0 0 0 <3 0 0 0 <3
20 0 1 0 3 0 0 0 <3 0 0 0 <3 0 0 0 <3
Stxg Stx, 0157 eae
T/ \hou/ ﬁ’saﬁmﬁalfi 0.1]0.01|0.001 | MPN/g | 0.1 | 0.01 | 0.001 0.1 10.01 | 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g
15-n.A.-56 21 0 0 0 <3 0 0 1 3 0 0 0 <3 0 0 0 <3
22 0 0 0 <3 0 0 0 <3 0 0 0 <3 0 0 0 <3
24 0 0 0 <3 0 0 0 <3 0 0 0 <3 0 0 0 <3
3-d.A.-56 25 0 2 1 9.3 0 0 0 <3 0 0 0 <3 0 0 0 <3
26 0 0 0 <3 0 0 0 <3 0 0 0 <3 0 0 0 <3
27 0 0 0 <3 0 0 0 <3 0 0 0 <3 0 0 0 <3




stx; stx, 0157 eae
SuniewA | sheghadeld | 0.1 | 0.01 | 0.001 MPN/g | 0.1 | 0.01 | 0.001 0.1]0.01 [ 0.001 | MPN/g | 0.1 | 0.01 | 0.001 | MPN/g
28 0| 0 1 3 0] 0 0 <3 0| O 0 <3 0| O 0 <3
29 0] 0 0 <3 0| O 0 <3 0| O 0 <3 0| O 0 <3
30 0| 0 1 3 0| 0 0 <3 0| O 0 <3 |0 1 0 3




