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UNANED

fin133189MunU Escherichia coli ia¥aveulasl extended-spectrum beta-
lactamases (ESBLs) uagioerlundal fluoroquinolone Tulssmenunavaneuvisialan agsls
fonuluvsemdlnedeyamanidatn lnenmzogddduitionddutuiiinnedndon
11961 nsdnwiadidlddnwlufvanfnusfadadonsuasusfedeminmdes
(lymphoma) anlsangnuiaasvatuniuns Tnegiheazgnuusesnidu 2 nguongudilallésy
puaznauiiléFuen cprofloxacin Ssusnidie £ coli I 100 waz 149 leleian auddy
nsanueshesUiTuzuandiisuinge £ coli Hoenlungu fluoroquinolone (Hoen
ciprofloxacin) wusnnfignvislugthenauitlaildsuuazldsuen dprofloxacin wan1sinwds
wanslidiuinnisleduen cprofloxacin anusawilenildiAnnisaesiosn ciprofloxacin &
pgeiitedAy Tun1s@nwin15a319 class A beta-lactamases (ESBLs) uag class C beta-
lactamases (AmpC) WU £ coli 15.0% uay 1.0% #wenainguaenguillsilszuen
ciprofloxacin @u1saasiseulesd ESBLs waz AmpC lamuaidu wag £ coli 13.4% uay
1.3% Aiwonanguaenguillésuen ciprofloxacin adaeulssi ESBLs uaz AmpC muadu
usnINTRansAnwuandliiuinnslesuen cprofloxacin luildnientldAnnisadis
woulssl ESBLs nan1amsavndufimugunisadaeulss £SBLs ludeiuenldandtassisans
nau wansliAuiwuBy blacryy mnﬁqm T81aME blacryuy.is NaNSANTEuUUNANETAT
ﬁﬂﬁﬁaﬁiaaﬂumjm fluoroquinolone tAWAEW gnrA, gnrB, gnrS Wag gepA Lanslmiuin
WusUWUU gnrA + gnrS mnﬁqm NISANBIALRUIVOIEU gnrA wag B blacryy WU 2
Bueguunanadnfeannsndenenlgiloduy uarannsfnwarefuifibuedeimaia
enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) waz pulsed-field gel
electrophoresis (PFGE) wuinwaila PFGE §Uszan3nmgandn 3 ERICPCR 1fasainans
fumifueldinnsfnwdemaia PRGE awnsavenldindediusnldangiaedu
clone LR8I

ﬁﬂﬁﬂﬁwu: Escherichia coli, ESBLs, r;ziﬂwﬁﬂ, leukemia, lymphoma, ciprofloxacin
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ABSTRACT

Extended-spectrum beta-lactamase (ESBL)-producing and fluoroquinolone
resistant Escherichia coli has been reported in many hospitals worldwide. However,
this information in Thailand is still limited especially in immunocompromised hosts
with neutropenia. In this study, E. coli isolated from pediatric patients with leukemia
and lymphoma in Songklanagarind hospital was investigated. These patients were
divided into 2 groups, the not receiving ciprofloxacin group and the receiving
ciprofloxacin group. One hundred and 149 isolates were obtained from the not
receiving ciprofloxacin group and the receiving ciprofloxacin group respectively.
Antibiotic susceptibility tests revealed that E. coli was resistant to fluorquinolone
(ciprofloxacin resistance), mostly detected in both groups. Moreover, the results
indicated that receiving ciprofloxacin significantly induced the ciprofloxacin resistance
in E. coli. The results of class A beta-lactamases (ESBLs) and class C beta-lactamase
(AmpC) revealed that 15.0% and 1.0% of E. coli isolated from the not receiving
ciprofloxacin group produced ESBLs and AmpC respectively. Thirteen point four
percent and 1.3% of E. coli obtained from the receiving ciprofloxacin group produced
ESBLs and AmpC respectively. In addition, this study indicated that receiving
ciprofloxacin did not increase the number of ESBL- producing E. coli. The study of
ESBL genes in E. coli isolated from both groups displayed that most ESBL-producing
isolates harbored blacryy, especially blacry1s. Plasmid-mediated fluoroquinolone
resistance genes including gnrA, gnrB, gnrS and gepA were investigated in
ciprofloxacin resistant strains. The data showed that most strains carried the
combination of gnrA and gnrS. Both gnrA and blacryy were located on plasmids
which can be horizontal transferred to other species. DNA fingerprint analysis
revealed that pulsed-field gel electrophoresis (PFGE) was more effective than
enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) because it provided

the clearer DNA patterns.
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Heydnwaluazeo
PLA. = ASERNFNIY
% = Percentage
°C = Degree Celsius
Mg = Microgram
ml = Milliliter
ul = Microliter
um = Micrometer
UM = Micromolar
E. coli = Escherichia coli
CFU/¢ = Colony forming unit per gram
ESC = Extended-spectrum cephalosporins
ESBLs = Extended-spectrum beta-lactamases
PCR = Polymerase chain reaction
SHV = Sulfhydryl variable
CTX-M = Cefotaximase
TEM = Temoniera (patient’s name)
MIC = Minimum inhibitory concentration
Min = Minute
Sec = Second
ATCC = American type culture Collection
ERIC-PCR = Enterobacterial repetitive intergenic
consensus PCR
PFGE = Pulsed-field gel electrophoresis

ST = Sequence type
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AYNEIALAZ IR TRy

msﬁamﬂﬁ%wz%’mLﬂu{]ﬁymé’wﬁ@yﬁ"ﬂaﬂ Fainannnsldenufaugiilal
WNEANTININ TN LAEN 19NN wAs (Danishta et al,, 2010) uananiuddegnldlunis
Hostunsinutie (prophylaxis) Insiamzitefifigiduius wu flhouzss msgithomeni
whadoldienidasund navadisiliAsmafiviunestefosuanssia (multidrug
resistant bacteria) wazdsvilidesinnwsllsmenuradunaiu nudeeldansveen
a9 wagdeilimsdnundumald Tudefosufinuamani £ coli \udoddnydenierivil
Aen1siadelugtasugiSeiildsunivatn (Vigl et al, 2010)E coli finos1vatsviia
(multidrug resistant £. coli) @aulugjazasraoulesl ESBLs (Levy and Marshall, 2004) 31n
msfnwlulssmaiaiBonudn 11.1% veule £ coli usnaniesiadenvesiteiiinng
dadonvduazdlindsanldsunivitaamnsaadiaeles ESBLs 16 (Baskaran et al.,
2007) ol fiasraioulssl ESBLs aRvslungu cephalosporins $uft 3 iasainiewlss]
annsaviaselunguilld (Orawz and Bonomo, 2010) nisheslunguiiiinainnisiide
suwanafinfifBuiinauaunisairaeulusl ESBLs (Kumarasamy et al,, 2010) toula! ESBLs
anunsautseanidu 3 naulva 1A SHY, TEM uag CTX-M Fagnaruaunisaiislaediu blagy,
blargy Wae blacy mudidy ludaguildfinismenunuioules ESBLs 1nnd1 100
subtypes (http://www.lahey.org/studies/, accessed July 16, 2015) Favoulesl ESBLs wiln
CTX-M lpgianig CTX-M-15 ﬁm‘i‘iwa’mi’lwuﬂaﬂﬁqm (Rogers et al., 2011)

21nnsAnwnisadiseulest ESBLs Tule Enterobacteriaceae valannun
Usenelusesuaus nu Enterobacteriaceae  Mia3aioulusl ESBLs 41uam 30.5% lung
Svteaiiien (Paltansing et al., 2013) uenanifiin1ssewin e £ coli fiadatoulasl ESBLs
LfJua’lLﬁﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂmiamL%aslurﬁﬂwmL%ﬂ (Bucaneve et al., 2005; Freifeld et al., 2011)
Tueileinismenuniswude £ coli fiadraoulest ESBLs fias IWurluussmadude (79.0%)
31 (55.0%) uazlng (50.8%) Tudemarinonngieiiinisfndolurosies (Hawser et al.,
2009) dmsulszmalnewuin 31.0% vesde £ coli fsusnldangUaslulsmeuiadiay
annsaadraeulesl ESBLs 1 (Pongpech et al., 2008) uenanilulsinenuiansuasunsny
gufnsaiveade £ coli iadraioulusl ESBLs d1uau 29.0% lufiheiifianshadelunsvua
@en (Anunnatsiri et al., 2012)

gnlungu fluoroquinolone laln ciprofloxacin Jugsnilafidnsldtuedng
unsnans Tulsanenuiaasvaruasuniiinislien cprofloxacin iletestumsidnldlugieing
WungiSa (Laoprasopwattana et al., 2013) %ﬂﬂ’]‘iLﬁ'wﬁumENmﬂ%ﬂumjmﬁmﬂﬁﬂﬁﬁﬂmi
foennan Tnelunalnnsieslungs fluoroquinolone WannnsnaeiusuesBuiinauny



v '

nsas1aeulesl DNA gyrase ag topoisomerase IV UananUddls1euINAna1nnsie

al

165U8u gnrA, gnB, gnrS, aac(6’)1b way gepA dududuiinuuunaaiinveudefines
(Dalhoff, 2012) Taesialuide £. coli sinfoenlunga fluoroquinolone Aoutngs Tuswidninuiy
55.0% wau¥e £ coli fusnldangiaeiininudlugudunmdsnsquasanizaini (US
medical centers) AoEn fluoroquinolone Wag trimethoprim-sulfamethoxazole (Johnson et
al,, 2010) wenanimuidie £ coli ineen ciprofloxacin g4l 98.0% Tufthediiadeluszuy
ymadudaanarlu 8 Ussimavesylsy (Cagnacc et al,, 2008) luoiBs wui1 41.0% veuie £
coli Fawsnndieiiiadelussuunnfutaanslulsemaduiiediosn cprofloxacin
(Kuntaman et al, 2005) dwmsululszmalnedoyaiiendu e £ coli inesnlungy
fluoroquinolone HABUT19IAR faudineeiisrenunisnuide £ coli inoen ciprofloxacin Tu
AULArdR (Hanson et al., 2003; Thongpiyapoom et al., 2004; Polwichai et al., 2009)

Feulunsfnwafaiifel nguarasdiflednundnuazmstiosu fiugluio
E. coli fuenlsmniiniiiduuziSalulsmeuiaasmaiuniuns



NOUUATUANNTS

1. Escherichia coli

E. coli unuaiiFeuszdniu (normal flora) inuldussagludldnuuay
dnidongu wududrununnluganssussanm 10%-10° CFU/ e £ coli dndlugjazlainelsn
Tuau wiffido £ coli vaneiusineliAnlsalussuumauemsuarszuuduvassianiold
ilunusardnd Tnednlnamuindimsudowvendeaslusmsuasiag

1.1 dnuauzsUsauageaIsIne)
Junuaiideniuau yUuvs dneglu Family Enterobacteriaceae fivun 1.1-
1.5 x 2.0-6.0 um dn3ssiuduwadifinriewady asaaslaisluansifloondiauuas
lufloendiau (facultative anaerobe) inAoudilng peritrichous flagella liassalas au1se
wiglalutiagumadll 1040 ssmwalea gamniifimnzaniunisaiey fe 35-37 8N
wadua adugnmaivesdiidonsu Aanandunsamaiiannsadaldeyil 7-7.5 Aruiua
¥dase (water activity) AU 0.96

gih'?i 1430 E. coli
http://www.bangkokhealth.com/index.php/health/health-system/infectious/ (accessed
September 20, 2012)

1.2 aunIuIsIUvRYe

Domain : Bacteria

Kingdom : Eubacteria

Phylum : Proteobacteria

Class : Gammaproteobacteria
Order : Enterobacteriales
Family : Enterobacteriaceae
Genus : Escherichia

Species : E. coli



1.3 AuauURveLauRlal

WOUALIUYEA . coli lagvianeviln A

1.3.1 Somatic antigen (O-antigen) {ua1sUszneu lipopolysaccharide Nnuag
Tuturesntused Sanauinuauiouds 121 ssmiwadoa nunsnseuLaruoanased

1.3.2 Capsule antigen (K-antigen) Wua15Usenau polysaccharide sy
seviuiwad (WU capsule, fimbria ffuiuuaiouazagu O-antigen ¥inlidelsiarunsnine
naufluneudtsu O If sniunisviians Kantigen Wdudsulasnseiudl 100 ssrnwaioa uiu
2.5 4l videdl 121 esrwaldea unu 2 Falug

1.3.3 Flagella antigen (H-antigen) 1Jugiuvas flagella Usznousielusiud
Funin flagellin  gnvitanefigamadl 100 esrwaldea aoiusiliindeulm agliny H-
antigen

Antigen O, K uag H fnmandinisnisnimuazniiduiuineriunnsisiu

Fafulunisduun uaznisuen serotype vaudorziuogfurinvesuauiaumand Wy £ col
O157:H7, 06:K15:H16, O142:H6, 029:H7/30/32 wag 0128:H7/12/21 \Jusu

1.4 aauaudRnuguail

E. coli figpuaniimisdaaiiiivarnvans fuiuiedouldnuautiiidundnly
MS$IUNED E. coli pana1niBafaauluied Enterobacteriaceae 3101mnstasndeftenld
1A MacConkey agar (MCA) dnwauzlalatives £, coli Uu MacConkey agar (MCA) Fudu
differential medium ﬁﬁﬁjuwj (lactose fermenter) LLaxLﬁaLWWLgﬂwu Eosin methylene blue
agar (EMB) Fa.lu selectve medium aglilalafiddmfidnuazasiounaiiiimifisenia
metallic sheen nan15MAABY IMVIC test \Ju + + - - M50 - + - - FIUANA199IN Enterobacter
sp. uaz Klebsiella sp. aslwuadu - - + + dwmsvomsidsadedldlunssuundeluad
Enterobacteriaceae iasuiiufiesldnnanifinisuiiminafiusnistureadolasanizoeng

'
a

891U1m1a lactose UBNIMNTTIANNTOATIANWYS £ coli LaseiTnaluana Fsldlnsiuei

[ [

Sz lUduAdueduwuy Uouini et al, 2007)



M15197 1 AauanUAama¥aiiveade £ coli (Forbes et al., 2002)

N1INAHU Na
Lactose fermentation +
Indole production +
Methyl red +

Voges-Proskauer -

Citrate utilization -

Motility test +
Lysine decarboxylase test +
TS AA,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 =1ingas, G = Liifin gas
A/A = acid slant / acid butt

1.5 E coli aneiugnalsa

fanoiusdviliiAnlsngaanszdns Suunld 5 nqu &l

1.5.1 Enterotoxigenic E. coli (ETEC) ’mSﬁuﬁﬁﬁﬂﬁlﬁ@mﬂﬂiﬁ@ﬁ'ﬁ?ﬂﬂﬂu
dunalusnadu (traveler's diarrhea) a¥13ansiviinuannudeu (heatstable toxin, ST) wazhl
NuUAN5U (heat-labile toxin, LT) FeflanutRndeansiwreadie Vibrio cholerae (cholera
toxin) lsaenmsilufivann ETEC BuannisuilaremnsiifiuuafiSeniidiauseanm 10°- 10"
CFU/g U wuafiFeanunsawasguiindrunuludl@dn wiaududuansiveonun vilviiae
Ano1n3viesine diwgarsswmanuihadeldsude v cholerae wienisgunsstionndn
ganszdinlifidentu emsviesirandunamainansivedaihdennudeunsedulviduans
adenylate cyclase nuifeanld Fudunaldilans cAMP  (cyclic 35 - adenosine
monophosphate) wiutu vihlsivewnamdteenuanalumuivenms duasfviinuay



%fauﬂszéjuiﬁﬁmwél’a cGMP (cyclic guanosine monophosphate) diuduludedlen vilvie
Msggduresnanazdianinslanivessnnie

1.5.2  Enteropathogenic £. coli (EPEC) Ismnmﬂmm%awwuﬁummm
wuadu 2 ndu Ao ameugfia¥reansivusuudldidnnouuwilnine nsiesdeadiefiu
aﬁmmfﬂsﬂLLavmaﬂ’uéﬁﬁﬂﬁlﬁﬂmﬂﬂiﬂé’ﬁﬂiﬁﬂﬁﬂiﬂﬂi&iﬁﬂwsa%’wmiﬁw azsgluanldlng
LLﬁ‘“LLV]iﬂWﬂU@Eﬂu epithelial cell vosanld aﬂwmvmmia“mlm wudu Uinfsuwe Uanies
aamsvmuaumﬂmmn mmsu flornsvimi e Immumﬂmmaa%uLaasn'mmﬂwmama
wiazdeTinannsunih

1.5.3 Enterohemorrhagic E. coli (EHEC) Lsna'mawuﬁqﬁmumumaammaam
innianeusaug aunsnaiansivllyharewadidadenunidailiinenislnnngls T
fUneraeengaziinnnzidensenite Wesnniniadongnvaneyilsidedinld e1nnslaevialy
wiAnganszivesats grasuduyniden vanties To1nsdin Snwarernisvesndely
qiiﬂﬁlﬁﬂmm%aﬂduﬁ 138177 Haemolytic-uraemic syndrome (HUS)

1.5.4  Enteroinvasive E. coli (EIEC) Weaeusuiinuantfanadiead

q
(9

mucosal (Bewdlonyfinlugldfidmiendadunspnduwasudsas) Snvazoinisiiinainide
nauiife Yandaluries dreidurh vanws Guld degannsztesidnuunduynidennsizwad
gnviane fiernsednelsndadiiinannide Shigella dysenteriae

1.5.5 Enteroaggregative E.coli (EaggEQ) Lﬂuawmaﬁﬁw fyraelsngannseTasiy
winuuBusnluisiiudivesion

1.6 msnelsaluau

uennnarieliinlsafusEuumMaRuemsud Senslhinlsaindelusyuy
maiutiaani (urinary tract infection, UTI) @4 £ coli LTJummmaﬂsﬂﬁmﬁyamﬁLﬁui‘]aanz
finuvesiian nszmnzdaanzdniau (cystitis) nsaelndniay (pyelitis) 51Lﬂumm‘%amaqﬂmm
ignszuaiden 1indu septicemia uazerameld Woydesviesdniau sniAnainanldngg
dlosannnsuanvesldfssniay ?z'iam’wﬁﬁﬂwus'mﬁ’mﬁaﬂL%a%ﬁmﬁuq fflugld nssnau
maaqaﬁwﬁ (acute cholecystitis) eviuauassnau Snwuluinnisn nmsshiauvesuna (wound
Infection) wu unanda wrabnlvsl dhdouain Wudu Jansniau (pneumonitis) e1atinann
M3d1dn wazinaznndinisinde WillfieTezaeluu su nssniavlutesiestios (pelvic
inflammation disease) fnazilunauiainnisdnavlulnssungn AsAndelunsruaiden
(septicemia) vibigUeinn e denuazidedinld nshndelunszuaidenerafinannisinide
Tuedeay maff]LLaaaﬂammﬂs%LaLaaﬂ

aendaninuide £ coli idadullymddymemsunndiosanisng
m‘aﬁaﬂ%ﬁﬂ%ﬂﬂmawwmﬂqm beta-lactams @ eaznanoulesl extended-spectrum beta-
lactamases (ESBLs) (Rogers et al.,, 2011) uaﬂmﬂf’!/WU’iﬂL%a E. coli g@ﬁia carbapenems
ity Fadusngudenvosenngu beta-lactams (Nagaraj et al., 2012)



2. ¥1Nqu beta-lactams
2.1 m3dnduun wiulu 6 ngumulassasisvasen (Pfeifer et al, 2010)

Penicillins Cephalosporins
i i
R e € e N R e € e N 5
X
g COOH o R
H
Manaobactams Carbapenems
o R
A = =——HH A S=—R
Nt
o
L] c=a0
=) \EOJH I
OH
R=side-chain

3UM 2 laseasnevesengy beta-lactams

2.1.1 penams 16un penicilin §aduansiidl beta-lactam ring 1Julassasia
Wumu aaﬂqwﬁiﬂaauaamsaswmmmaa Ineduiu penicillin-binding-protein (PBP) %tin 1-3
vililiiAn transpeptidation 39laifin5a519 peptidoglycan nsliitin autolysis vilwaduan

2.1.2 caphems léuA cephalosporins ﬁqméiﬂé’usﬁzﬁmia%’wmﬂmjaa‘suﬁm
PBP1-3 Faglunduiiutseaniu 4 u (generations) muaanuniislunisoengrdfuniuuan
waznsuaukazaunusaeuleyl betalactamases 81748u cephalosporins ‘:;'uﬁl 1 laun
cephalothin, cefazolin  laladunuaitsonsuvinuazavursviia walinunetouley
cephalosporinase  81748u cephalosporins juﬁ 2 loun cefuroxime HUszENSAINANII
cephalosporins ‘:;'uﬁl 1 Ao nusotoulyil cephalosporinase ﬁﬂiﬁﬁﬂﬁi@@ﬂg%éﬁUﬁ?@ﬂ%ﬂJﬁU
LTy 6 cephalosporins ‘:;'uﬁl 3 oA cefpodoxime, ceftriaxone fUsz@nsainalalaniu
wuAlTENSuaULazNSNUIN WAy cephalosporins juﬁ 4 laun cefepime ﬁqm%samqm
wuaiisensuauninsniaznusioioulyl cephalosporinase 16

2.1.3 cephamycins lauA 7-alpha-methoxy cephalosporins (U cefoxitin)

2.1.4 monobactams L‘U'u aztreonam LJuenlungu beta-lactams ﬁaaﬂqwé
EJ‘UENﬂfl'iﬂ'ﬁ']\TNUQL‘Uaam@ﬂﬂilla‘UV]ﬁﬂLWNV] PBP3 ‘V]'{L‘WLSUaaEJWEJTJLLa“@]"IEJIu‘Wﬁﬂ Iﬂﬂﬂqﬂauu‘ﬂu
AON1SYINA18A1Y beta-lactamases msmm aztreonam mawﬂuma Klebsiella oxytoca 7
a1119083519 K1 beta-lactamases Luvianwenld

2.1.5 penems L% faropenem

2.1.6 carbapenems LU imipenem LLay meropenem Juansiidl beta-
lactam ring Tioongrsni1elnsenifanusafuriiuntsvaddiuuenvesunaiisensuau Iiiuas
nusietoulal beta-lactamases v extended-spectrum beta-lactamases (ESBLs)



2.2 nalnmsoengns
fudinsadne peptidoslycan ufudiuusznevvesiuraduuaie Tnodu
iU penicillin binding proteins (PBPs) virlwlsianunsnasrsioulel transpeptidase dewalitnis
@319 peptidoglycan ngavedn
2.3 nalnmsaesn
nalnvdnvosnisiosilundgy beta-lactams fiviane 33013 Ly ad1seules
¥a1ee1 nsannisidien Wudu Tnenalavdniinanideadrsoulesd svhaneen (drug
inactivation) Ao beta-lactamases Ineraulaaifivivans ring ya3e7lungy beta-lactams ¥ilwien
ianusavengrsvaneewuaiield

R A
|lactamass
_.—’-
] e N—
(a3 L]
aH H
RA=gicie-chain

sUN 3 Msynnuveseulesl beta-lactamases

v

2.4 ouley beta-lactamases
WURUEISU amino acid wag substrate 1atdu 4 classes A class A, B, C

waz D enzyme (Pfeifer et al., 2010) wwulwsl beta-lactamases class A, C wag D W serine
beta-lactamases @71 class B 11 metallo beta-lactamases (Paterson and Bonomo, 2005)

2.4.1 class A beta-lactamases : penicillinase Wag cephalosporinase L4u
extended spectrum beta-lactamases (ESBLs) 13U SHV, TEM, CTX-M, PER tag GES Wusu
wouleal ESBLs LfJuLaulezjﬁﬁmmsaﬁﬂﬁLwﬂ‘ﬁL?ﬂ?ﬁyaﬁiasnﬂfcju penicillins, cephalosporins §ufl
1,2 uay 3 uay aztreonam (usilsloste cephamycins #39 carbapenems) lagn1s hydrolysis
EJ’]ﬂﬁ%’JUBLMﬁ”lﬁ LLazQﬂﬁugﬂiéﬁ% beta-lactamase inhibitors 13U clavulanic acid

2.4.2 class B beta-lactamases : metallo beta-lactamase Usgnausieitoulesl
carbapenemases L1 VIM wag IMP-type cabapenemase

2.4.3 class C beta-lactamases : chromosomal cephalosporinase @115
| . vy w o ¥ o
govaanueilungu 3 cephalosporins 1¢ walignéudalae clavulanic acid

2.4.4 class D beta-lactamases : oxacillinase Wanannil class D enzyme §4il
AeuandRdu plasmid cephalosporinase 1w OXA, CMY, DHA, MOX , FOX uag ACC



3. Enn'sjm fluoroquinolone (Bryskier and Chantot, 1995; Bhanot et al., 2001)
Fluoroguinolone Wugnufdrurlungy quinolones dsldinannisdansizsi
yaiadl s1vdinusnlunguiife nalidixic acid penguisudaudonfuaulduinniinuuan 14
Snnmshadolumadulaansuazgaaisyins :nn1sinide Shigella sonnei ilesannnisld
quinolones fuksnnuilefesilddne n1sgeduliATainsdanasgnsiassaiisiiugiunes
quinolones LﬁaiﬁﬁqwéﬁmﬁawﬂﬁL%‘aié’mamaumﬂ%uua ﬁmﬁmaumam‘ﬁuImam'i@m
fluorine (F) aaiﬂiuam‘[maasmﬂmaa quinolones Lwaiwqmﬁiumimmaﬂ’mmu Iur e
n3uausULie 991 Pseudomonas aeruginosa wastdnduuan Judenansiildlunguiiin
fluoroquinolone
3.1 msdeutsngumuveuluslumsoongys (Naber, 2001)
class | : fluoroquinolone WuuvuAltlugusuusemu ffeuddddnlunis
Snwilseintolumaiutiaanizldun norfloxacin was pefloxacin
class Il : fluoroquinolone ﬁﬁsﬁaﬁﬂ%’mamqmL%@ié’ﬁgﬂumaLﬁuﬂamwuaz
I‘iﬂam%aww systemic EdJ‘I‘L!“] 1AL enoxacin, fleroxacin, ofloxacin, lomefloxacin,
ciprofloxacin
class lll : fluoroquinolone Aif%ousld msudensuuInuasde atypical

oA levofloxacin wag sparfloxacin

class IV : fluoroquinolone ATOUAGNWBANTUUIN 1D atypical kawlie

anaerobe A gatifloxacin, moxifloxacin, gemifloxacin

gﬂﬁ 4 1A5985719984980 ciprofloxacin (Ball, 2000)

3.2 ﬂaiﬂmsaaﬂqwé (Wang et al., 2009; Al-Agamy et al., 2012)
glungu fluoroquinolone fiqudsindenundise (bactericidal) Tnsaglusuda
Ul DNA gyrase (topoisomerase II) e topoisomerase IV vouluaiiise touleal DNA
gyrase (topoisomerase I) Usenoumenuiegee 4 nilg (tetrameric enzyme) loun GyrA wag
GyrB 98198% 2 KUY %ﬂmmmmiﬁwmﬂm@u gyrA wag oyrB Loulwal topoisomerase 1V
Uszneusenieges & wiae (tetrameric enzyme) ldn ParC was ParE 98198y 2 1wl &4
uaunsvulaeBu parC uay part wulesidessiadifsatestumaniyuasmaiivduiy
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YoIUUATISY (Drlica and Zhao, 1997) lunsguiunssnansinosuesitdute (DNA replication)
oulwl DNA gyrase (topoisomerase II) niotoulyyl topoisomerase IV syfinthiigieaans
\ndenddulouinauvile replication fork 1lasanmsnaneindeaguesiduiessnainiuyily
drunietuluamdundsiuvy eule topoisomerase IV azinthitdamiduoaislnaends
wiile replication fork Wielanunsaraendeiiniusenlduazas dousodrdefiulmisnady
uananiteuls] DNA gyrase (topoisomerase Il) et fidandsmiue vililasiulsuves
wuafiSevaiuauannsnussadlusaduesuuaizeld Weslunduioanquidedmalmifnnis
fudansatafidue vilvuuadiSeliamsaiusiuulduazmeludian
gnlungu fluoroquinolone wiagdadl affinity Aiatoulasiudagsislaivingu vinli
M39Aven1aEs DNA laiindu wazidedinsnaneiusyesduiimuaunsaiaeuluiialah
wisvidesaessliviiy doufinarilidoResesuraziunnmiu
3.3 nalnnisiesn
3.3.1 nanmsnateiuguesduthmnevosorfieguulasluloulaiun oA,
oyrB, parC Wwag park %QﬁﬂﬁLﬁﬂﬂ’]ié@ﬂﬂUi%ﬁU@ﬁ A5180unuI8Y oA AaNINateRug
1NN BU gyrB wavdu parC Wian1snaneiuguInndi 8u parE (Gomez et al., 2004; Frank et
al., 2011) dmSUNINaERUTAUEITUYIA (spontaneous mutation) dAadulddesunn (Zhao
et al., 1997)
3.3.2 Aannisannisinidnvesenvierfiunisdusiesnuenaad 1wy n1sas
multidrug efflux pumps ﬁﬂﬁmlajmmsaaaﬂqméiﬁ (Hooper, 1999; Al-Agamy et al., 2012)
333 Lﬁmaﬁﬂﬁugaawﬁasguuwawaﬁm 18un gnr, aac(6’-b-cr wag gepA @il
mmé’ﬂﬁ'@maﬂﬁﬁﬂLﬁaamﬂmmmmsmmﬁuﬁaa1LL‘UU horizontal {nunenataiialea naln
mserasngu fluoroquinolone iina1nnsaneneananasin gnéunuafausnlua.a. 1998
Tuide Klebsiella pneumoniae finoroe ciprofloxacin - 1aglAina1nnN15a18N8ANATANA
pMG252 Fafuduiineliin multidrug resistance (Martinez-Martinez et al., 1998)
3331 gnr uBudesniloguunanaiin nanlusiu Onr Ssdintid
Uoafuieulayl DNA gyrase (topoisomerase 1) wag topoisomerase IV 31nN153UU8I81NAY
fluoroquinolone (Cattoir and Nordmann, 2009)
333.1.1 gnrA gndunuasausnlude £ coli Weadinsld Ussamaiu
(Wang et al., 2003)
3.3.3.1.2 gnB QﬂﬁUWUﬂ%ﬂLLiﬂhL%@ Klebsiella pneumoniae i
wenldnnUsemeduie Faldsunsaeslumioududiu gnra Wiy 41% wasdddunsnesd
Tuuslaunudu gnrS winiu 39% (Jacoby et al., 2006)
3.3.3.1.3 gnrC QﬂﬁuWUﬂgﬁLLiﬂim‘%@ Proteus mirabilis (Wang et
al., 2009)



11

3.3.3.1.4 gnrS Qﬂﬁuwm%usﬂim%@ Shigella flexneri 2b (Hata et
al., 2005)
3.3.3.1.5 gnrD QﬂﬁUWUﬂ%\‘iLLiﬂim%a Salmonella enterica
(Cavaco et al., 2009)
3332 aac(6’)b-cr  wanlUsAudnduteulesl aminoglycoside

acetyltransferase  lneini1luildsuulasnyesiluves piperazin  ring  vo38INgY
fluoroquinolone @wwalAIUEIN15AVB981 ciprofloxacin anas (Robicsek et al., 2006)

3333 gepA gNAUNUATILINLWTED £ coli WAnlUSAY QepA @3
WNevesnunsTugneenuanad (efflux pump) lileansgauvetenngluag (Yamane et al.,
2007)

4 NINTLAYVAUYDAREN
4.1 nInseevasvenesfiasiaeulesl ESBLs
Tutlagdueuleyd ESBLs WWudamlunissnundiaelulsanervianilan ns

psrmmAgnuedefiaiaioules ESBLs wenldluaddindnuuandislulundazsene
los anudl wu Tuswinldmuanugnueside £ coli fiadraiulssd ESBLs Iéfaus 33-20%
quiiﬂwuqﬁammj‘uaﬂm‘ifﬁam ceftazidime sUENLGT’I{EJ K. pneumoniae 91U 20% wag 42%
fusnlFnguaglu non-ICU uag ICU maddiu (Winokur et al,, 2001) uanaininudnels

ESBL vfim TEM-10 dndisnenunisasianululsemanauglsuvingy uaulssinaluo@enuii

a

luusswmeduligifinisalvesido £ coli Nasraoulesd ESBLs aglugag 13-15% luwe K

3

pneumoniae ﬁqﬁaﬂﬁiajajﬂﬁﬂ 60% (Dhillon and Clark, 2011) dwsuusewmealnednisanulu
15INEIUIATITUANENS WUIY 26% VBIHUINANWIANTIINUEUY blac 26% wavlinudy
blagy (Kiratisin et al, 2007) @195Ul5aNEIUIAVBULNUIEATIINY blagy Dudrulng

(Chanawong et al., 2007) 89U blacro1s ubuiifinnssieausilan (Nicolas-Chanoine et al.,

1%

2008) wazludszmalneilinsranuduriaiiie Fanuluduaelulsanerviasssumans
(Apisarnthanarak et al., 2007)

4.2 msmzmmwﬁaﬁﬁamaaﬁ'm fluoroquinolone
fin1ssnesrwiilanfenisnude £ coli finesosingy fluoroquinolone
(Corkill et al., 2005; Jonas et al., 2005; Mammeri et al., 2005) 4518914 1SHTIINVE U gnrA
Tudlo £ coli inesaen ciprofloxacin 7.7% luiloadesldvasUszmeaiu (Wang et al., 2003)
uananilluvszimalnenuide £ coli irerennga fluoroquinolone 38.3% luwaun ICU
(Thongpiyapoom et al., 2004) ushlsserviaasvauasunsanlvanuide Acenitobacter

baumannii ﬁaaﬁiaﬂﬂum@ fluoroquinolone (Hortiwakul et al., 2012)
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nQUsTaenA

A = Y] & aa & . a % s A & &
WeAnwmdnwasnishesujtiusluie £ coli Muanladananiiluusissly
1SaNEUBAVANUATUNS



13

NANIINA|aN

Mnnsanwgthadniduzss $1uiu 84 518 wenidufiiouzsadaiien
117 (leukemia) 64 318 wazithoug Saraaniundos (lymphoma) 20 18 Tunsmaasilléuys
fUe18u 2 nqude nguil 1 llé¥usn ciprofloxacin (42 518) ngudl 2 1#¥uen ciprofloxacin
(a2 518) Tunguilléi$uen cprofloxacin wisgasaanidundud 1 e £ coli fuenldangtag
Aeul#isuen ciprofloxacin (R1) ngufl 2 1o E. coli Awenldanguaevdsléfuen ciprofloxacin
Hunan 1 §Uanik R2) wagndudl 3 W £ coli uenldanngiaendalduen ciprofloxacin Ly
nan 2 & (R3) suddiu (5197l 2)

AN5199 2 WARINUIURE LTI UN TN

ke $1uaudle . coli (lalaian)
lailaSuen ciprofloxacin 100
R1 55
1asuen ciprofloxacin R2 59
R3 35
33 249
RL = 0 £ coli fusnlsnngtasnauld¥uen ciprofloxacin
R2 = e £ coli fuenldnngtaendsléd¥uen ciprofloxacin iuan 1 &Uas
R3 = e £ coli fuenldnngtaendsld¥uen ciprofloxacin iuian 2 &Unm

1. anulasieeUfviuzveside E coli

Tums@nunanuhsesuiiuzvende £ coli lenufTuesium 9 vin 49
arunsauvssanidu 5 nqu liun fluoroquinolone (ciprofloxacin), ESC; extended-spectrum
cephalosporins (ceftazidime wag cefotaxime), aminoglycosides (amikacin Lag gentamicin),
beta-lactam plus beta-lactamase inhibitors (sulperazone; cefoperazone+sulbactam) Wag
g195indue (cefoxitin, imipenem waz meropenem) MAmsAnvUINge E coli ??amimaq’u
fluoroquinolone  (ciprofloxacin) uﬂﬂﬁ"c’jﬂ IﬂEJ‘W‘UMﬂﬁqmﬁ’jﬂuﬁiﬂaﬂﬂdumﬁﬁ‘gum
ciprofloxacin (24.0%) LLazﬂa:umﬁ%JUEn ciprofloxacin (67.8%) Tun153tAs1giHan1eais (o-
value) aziUFsuLiisuluguaonguitlailésuen ciprofloxacin - wazgUaengunouldsuen
ciprofloxacin (R1) ey 91nnsAnwmuitluduasisassnduiiiie £ coli finesosnfnag
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"y
|

wansnsduegaluidedidy sniululgenfesesnlungy ESC  (extended-spectrum

o o

cephalosporins) WuadAuLANAIAUeE 1 TEd1 ALY (0=0.011) I1NNITIATILANANIADA
serhadeiiuenldanszes R1, R2 war R3 veslhonguitlésuen ciprofloxacin nuinde £
coli fiwanléann 3 szsz%aﬁaﬁiasﬂuﬂéu fluoroquinolone (p=0.000), aminoglycosides
(p=0.010) waz fluoroquinolone + aminolglycosides (p=0.002) HAMULANFIIAUDYIIE]
tudhdny Faandlisuilufthonauitlésue ciprofloxacin Sruveadeiiuenldnouanlisy
g1 (RL) flnuumnssiudensoudloutudefivenlsmdanlasue R2, R3) wenaniue £
coli ﬁgamﬂa;u beta-lactam plus beta-lactamase inhibitors m’sawuiuﬁgﬂ’wﬂdumﬁﬁ%m
ciprofloxacin Wi (2.09%)

ogslsfmulunsfnuasediide £ coli fuesnldangtasnaudlldsue
ciprofloxacin $1uau 66 lelwian (66.0%) waznguiilésuen ciprofloxacin $117u 45 lelwian
(30.2%) lifeenits 9 wladilivaaey uaniluiiaulainide £ coli nnleleaniiuenldain
fUrevnnaulaifosn imipenem uaz meropenem

Multidrug resistant E. coli wnedslelmaniinesn 3 mju%uiﬂ (Magiorakos
et al,, 2011) 9MAN15ANINY multidrug resistant £. coli $1ury 6 lolaanlugtronguitlsils
Fu® ciprofloxacin é’m%’ﬂu@’ﬂmaduﬁiﬁ%’um ciprofloxacin WU multidrug resistant E. coli
$1uau 3 lolwan Scludefiunlalusvey R2 way R3 S1unu 1 waw 2 Toloian muddu (s
1 3)

AsAnwaseiildnsamar minimum inhibitory concentration (MIC) #98
ciprofloxacin wag ceftazidime Wu31A1 MIC #98 ciprofloxacin wag ceftazidime Twde E
coli MusnlFanfihenguitlsiléiguen ciprofloxacin aglutag 0.004 - >32 uag 0.032 - >256
ug/mL muddy Tnedaanuidudusigaiianinsasudinisasgueade £ coli finaaauld
50% (MICs) 71981 ciprofloxacin tag ceftazidime W1AU 0.016 tag 0.125 pg/mL MmuaIny
é’m%"ummmLﬁmﬁuﬁﬂqﬂﬁmmmﬁué’jﬁﬂmﬁmmﬁ?@ E. coli finaaauld 90% (MICoy) o8
ciprofloxacin way ceftazidime HAWYNAY >32 Wag 32 pg/mL MIUaIdu Lagal MIC sioen
ciprofloxacin waw ceftazidime luide £, coli ﬁLLSﬂiﬁmﬂﬂﬂ’wﬂﬁjmmﬁ%m ciprofloxacin Tu
o £ coli mnnauiitanfiléisuen ciprofloxacin ogflurag 0.003 - >32 wag 0.047 - 64 pg/mL
pua1au laadia1 MICs, Aae ciprofloxacin ag ceftazidime WAy >32 wag 0.19 pg/mL
AINAIAU @1115UAT MICy, Mo ciprofloxacin hay ceftazidime vnAU >32 Wwag 8 ug/mlL
AUAITU (1157391 4)



a & & .
M990 3 N19ABYVDILYD E. coli
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E. coli wenanguae

Resistance Til@suen 1#5uen ciprofloxacin (n=149) )
ohenotype ciprofloxacin R1 R2 R3 p-value
(n=100), n=>55, n=59, n=35,
(%) (%) (%) (%)
One drug group resistance
1. Fluoroquinolone® 24 (24.0) 9(164)  57(96.6) 35(1000)  0.000
2. ESC™ 11 (11.0) 0 2(3.4) 1(2.9) 0.402
3. Aminoglycosides’ 13 (13.0) 2(36)  13(220) 8(229) 0010
4. Beta-lactam plus 2(2.0) 0 0 0 -
beta-lactamase
inhibitors”
5. Any of above 3 (3.0) 2(3.6) 2(3.4) 4(11.4) 0.191
More than one drug group resistance
1. Fluoroquinolone 0 0 0 129 0.194
+ ESC
2. Fluoroquinolone+ 3(3.0) 0 12(20.3)  6(17.1) 0.002°
aminolglycosides
3. ESC + 1(1.0) 0 0 0 -
aminolglycosides
4. Multidrug 6 (6.0) 0 1(1.7) 2(5.7) 0.166
resistance

(foen 23 nay)

= Fluoroquinolone (AoeM ciprofloxacin), ESC; extended-spectrum cephalosporins (?;jam

ceftazidime wag/138 cefotaxime), aminoglycosides (A@w" amikacin WaL/%38 gentamicin),

beta-lactam plus beta-lactamase inhibitors (A®e1 sulperazone) Wag any of above; &1vA

DU (Roe cefoxitin)

b a ° & L a v DX | Ay vo
= ArsziaInduIuuesdie £ coli Mwenl@annsses R1, R2 uay R3 vosdthenguinliiuen

ciprofloxacin

“= §1uvendio £ coli fwenldannihenguitldliiuen ciprofloxacin uazdUaenguneulssu
81 ciprofloxacin (R1) dAuwans1siueg19tedfgy (p=0.011)

= p<0.05 upnaNsoelduaAy
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A19199 4 A1 MICs sioen ciprofloxacin taz ceftazidime U9 £. coli

E. coli wananguae

lail@Suen ciprofloxacin 1a3ue ciprofloxacin
Antibiotic (n=100) (n=149)

MIC range MICs, MICqq MIC range MICs, MICq,
(ug/mL) (ug/mL)  (ug/mL) (ug/mL) (ug/mL)  (ug/mL)

Ciprofloxacin 0.004 - >32 0.016 >32 0.003 - >32 >32 >32

Ceftazidime 0.032 - >256 0.125 32 0.047 - 64 0.19 8

2. mMsasranmnsas1aaulesl beta-lactamases

Tumsfnwadsiinsamuide £ coli adaoules class A beta-lactamases
(non-ESBLs) 1nnilga dewuluguenguithildsunazlaiuen ciprofloxacin windu 45 (45.0%)
uag 80 (53.7%) lolwian muddiu nnmsiiaszsinaneada InowIeuieuludthenguilaile
$uen ciprofloxacin wagdthenguneuld¥uen ciprofloxacin (R1) wuinlugiheassnguiide
E. coli fia¥ranulasl beta-lactamases wfinfneqfuandnsfusgnsliffodfny uazainnis
Anseinannsadfseninadefivenldainszey R, R2 uaw R3 weathonguitlléfue
ciprofloxacin wuinlugthengulasuen ciprofloxacin W8 E. colilusey R2 7ia¥19 non-ESBLs
fennuiinansegaitfodifey (p=0.000) WewSeuiauiuide £ coli iusnlaluszes R1
uenNiATIINUEe £ coli a¥1siaulusl class A beta-lactamases (ESBLs) Tug{taenauiilallé
Suuarldsue ciprofloxacin Wi 15 (15.0%) wae 20 (13.4%) lelaway smuddu uagnulde
E. coli fia¥raeules class C beta-lactamases (AmpC) Tugtrenduitlsildsusuarlasuen
ciprofloxacin Winfu 1 (1.0%) uae 2 (1.3%) lelaian muadrsu Suduiivravlaindide £ col
$ruau 1 lelowan Awenldngtaenguitlaild¥uen ciprofloxacin ansnsaadiaiaioules] class A
(ESBLs) wag class C (AmpC) beta-lactamases (A51991 5)
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M13199 5 nguvedeules beta-lactamases Ainsaanuluiie £. coli

E. coli wenanguae

1@5uen ciprofloxacin

lailasuen
(n=149) b
Beta-lactamases  ciprofloxacin p-value
R1 R2 R3
(n=100),
n=>55, n=>59, n=35,
(%)
(%) (%) (%)
a5 17 42 21 «
non- ESBLs 0.000
(45.0) (30.9) (71.2) (60.0)
Class A
15 5 11 q
ESBLs 0.302
(15.0) (9.1) (18.6) (11.4)
1° 1 1 0
Class C AmpC 0.731
(1.0) (1.8) (1.7)

* = Telwaniiasreiaoulysl AmpC uas ESBLs

b a ° & LA 9 v | A Yo
= AATIRNTUILVBLT E. coli Tuenliainszes R1, R2 wag R3 vaaUlenguillasu

g1 ciprofloxacin

)

= p<0.05 uana19eEitedAgy

3. MIaTIandunaIuaNNsaiaeulesl ESBLs (blas.y, blare Waz blacrw)
wazdu ampC

e £ coli ianunsnasaoules] ESBLs inAnwBuiinuaumsadisieuly
lAWABY blagyy, blara, wWag blacy 11878 multiplex PCR nTAh amplicon 7il#lunsaam
Sduihadlelnd mnmsinsgiaduinalelndnuiuiaiuaumsaiiaoules ESBLs 4 du
(blaspy 12, blaremso-like, blacry1a $8% blacry.1s) ﬁuﬁwumﬂﬁqmﬁa blacris Tnenulude
fuenlsannguionauiilaildzuuasléFuen cprofloxacin Wushu 7 waz 11 lelwian suddy
§uﬁmsmwusaaaauﬂué’ﬂwmjuﬁiﬁé’%’u 81 ciprofloxacin @8 blacry-1a, blasiy-12+ blare 20-
like, blagy.1, AT blamyse-like Tnenuluide £ coli 9w 4, 2, 1 uaz 1 lelian audisu
dmdvduiinsanusesasnlude £ coli fuenldangihenguillé$uen ciprofloxacin fe
Blacrinia Wa% blareyao-like Inenwuidusiuau 8 way 1 lolsian audsu (3197 6)

Wufithaulatn fnsesanunssauiuaestu blag. o+ blarms-like Tuiie
E. coli fusnanfinenguiilafléi$ue ciprofloxacin vaisiirtulsimumssmtuesdulalude
E. coli fwonangthenguitld3uen ciprofloxacin

nnsiATIEvinaniada lagIsuidsulufUaonguinlalafuen
ciprofloxacin wazffthengunould¥uen ciprofloxacin (R1) nudiluitaevisansnguiide £ coli
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Afiguasaeuled ESBLs viinieqfiunnsetuegndlifitedfny wararnnisiesevinanain
seiadiefiuenldainszey R1, R2 uay R3 vesiihenguillisue ciprofloxacin wudumnsing
fusgsliifidedAmLupeaiu

1159529981 ampC wiedudunisadiseules class C beta-lactamases
(AmpQ) #ewmnada PCR wazth amplicon Aldluamamasuiandlelnduazinsesd nuinide
E. coli nnleluaniiadnaoules AmpC fi8u ampC

A15199 6 Lans subtype v03 E. coli Nadrsioulwal ESBLs

E. coli #ia8qwoulesl ESBLs

Lildsuen  1@Suen ciprofloxacin (n=20)

ESBLs related gene  ciprofloxacin R1 R2 R3 p—valuea
(n=15), n=>5, n=11, n=4,
(%) (%) (%) (%)
blasyy.12 1(6.7) 0 0 0 -
blare.a0-like 1(6.7) 1 (20.0) 0 0 0.206
blacrx-1a 4 (26.7) 3(60.00 4(364) 1(25.0) 0.530
blacryx1s 7 (46.7) 1(20.0) 7(63.6) 3(75.0) 0.178
blagy.12+ blateyoo-like 2 (13.3) 0 0 0 -

a

= AATILAINTILIUYBUYR £. coli Muenlaainsser R1, R2 wag R3 vasthengunlasu

g1 ciprofloxacin

a A a v ) & aa 1 .
4. msaTamBuninedesiunisheeuiiiuglungu fluoroquinolone (gnrA,
gnrB, gnrS wag gepA)

Tunisdnwiafadldvinisnsaniduiiivadesiunisieslungy
fluoroquinolone T8uAu gnra, gnrB, gnrS way gepA sBumaniiduiuresfinuuunaiain
Tunsasiamdumaniazyhnmsanuiluide £ coli finoen ciprofloxacin Tnewvaduide £ coli
fusnlFnguronduitlilésuen ciprofloxacin $1uau 24 leleian wazido £ coli fuenldan
furenguitléd¥uen ciprofloxacin $1uau 101 lelwian 9nmsfnwmuBuiiieadostunisies
Tungu fluoroquinolone JUWUY gnrA + gnrS annfigavisludithenguitlaildfusuagldsuen
ciprofloxacin (151991 7)

Tunquiftaenguitlésuen ciprofloxacin wuidle £, coli $1uau 1 lolewan Ay
2y 4 Bu Fadudeuonldaindiaenguitlésuen ciprofloxacin Tuszey R2 uenainiilal
aansnnsranudu gniB Tudle £ coli Awenldanduaenguitlilésuen ciprofloxacin (11574
7)
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Tumsfinwasatasivnaladio Tude £ coli AuenlFangiionguilailézuen
ciprofloxacin wusUwuuiiiBusiugsanue 3 Bu vnedide £ coli fusnldnddaenduilldzuen
ciprofloxacin wudndlBusnfugsgadis 4 Bu (319l 7)

1NN153ATIERan1eadd lnewTeuiesulugvaenguiluldfuen
ciprofloxacin wagffthengunould¥uen ciprofloxacin (R1) nudiluitaevisananguiide £ coli
fiftBuiiieadaatunisiioslungy fluoroquinolone Tuusazuuuiinsranufiunnsnefuoglaid

TodAny waraNNITIATIsinanainseninagenwenlaainszes R, R2 way R3 vaeguae

'
1 a

naunlasuen ciprofloxacin WuwanAeiueElilidud Aty LR aiY

q
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%

A1519% 7 Plasmid-mediated fluoroquinolone resistance genes Ans1anululde E coli e

g1 ciprofloxacin

E. coli wenanguae
. 1#5uen ciprofloxacin (n=101)
Fluoroquinolone Til@suen a
resistance genes ciprofloxacin R1 R2 R3 prvalue
(n=24), (%) n=9, n=57, n=35,
(%) (%) (%)
1. asaalinudu 0 0 0 1(29) 0.386
2. A59NU 1 8y 6 (25.0) 1(11.1) | 5(8.8) 3 (8.6) 0.970
gnrA 2 1 3 2
gnrS 4 0 1 0
gepA 0 0 1 1
3. ATIANU 2 BUY 14 (58.3) 3(33.3) | 39(68.4) | 23(65.7) 0.122
gnrA + gnrS 12 3 33 20
gnrA + gepA 2 0 3 3
gnrS + gepA 0 0 3 0
4. ASIINU 3 8U 4(16.7) 5(55.6) | 12(21.1) | 8(22.9) 0.079
gnrA + gnrS + gepA
5. ANV 4 Bu 0 0 1(1.8) 0 0.677
gnrA + gnrB + gnrS + gepA

? = Arsieiannduiurendie £ coli fuanldainszez R1, R2 uaz R3 vesirenguiilasuen

ciprofloxacin
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5. sunisvasguiinedesiunisheenlungy fluoroquinolone wasdu ESBLs

iWetiarAnwanuausalunisansleudurest Sdldidentu gnrA waziu
blacra Faduirunuvesduiliieatostunisiosnlungs fluoroquinolone wagdu ESBLs
puddu nsdnwafadldinsinulude £ coli fiusnaingae 3 au annguillduen
ciprofloxacin (P019, PO53 uaz P072) §ilide £ coli fiuenldnsusia 3 szey (R1, R2 uay R3)
Tnerthetia 3 aulussey R1 Welifiosn ciprofloxacin uazliadateules] ESBLs wiiefiuenls
Mngaevis 3 au Tusrey R2 ua R3 fioen ciprofloxacin d1nfunisadaeulest ESBLs lugtae
PO19 waw POT2 wuilela siouleslliluses R3 damriag PO53 wuldedtadiseulusl ESBLs
Tuseee R2 way R3 (151971 8)

Wefnw318u gnrA warBu blacyy aguunatain Jsvinsananalalingin
T8 E. coli warldnwanafinidu DNA template ensramusiaasdiomaiia PCR uonainiiu
favinsamavndu traA lude £ coli ngudinan 398 troA Wuuiinauqunisadis pillus 7
fianusndulunisanenenduresiunmaalindaenszuauns conjugation

Mnnsfnwnuinge £ colivia 9 Telmaniuenl@giae 3 Audtu gnra Hui
ihdunailuszer R1 Fafuideitladesn ciprofloxacin fanunsnasranudu gnA 18 (Ui 5A
lane 1, 4 uag 7) WSUdU blacyy ATanuamzludeiiadsoules ESBLs Iavini (‘gﬂﬁ 5B
lane 3, 5, 6 WAE 9) WALAINNTATIIMBY traA nuinde E. coli s 9 lelwanidu traA (U
50) WaneIdeIvaiaunsaneneniy gnrA kag blac iﬂzjl,%a?iuﬂmawamﬁmlé’ LL§
Msfnwlaianunsavenlaingy qnrA, blacnas %ag traA sguunaladiafeniu Jelaaiunse
vonleiIn1sAeen ciprofloxacin waznisadineuled ESBLs azaenealundeniu Seansi

AsAnYIAD LY
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= v & ,
AN379Y 8 AUANYUEVBILTB £ coli

v W, P mMshaseen asasseulad
snanNUY +¥® E. coli
v ciprofloxacin ESBLs
R1 - -
019 R2 + -
R3 + +
R1 - -
053 R2 + +
R3 + +
R1 - -
072 R2 + -
R3 + +
E. coli ATCC 25922 - -
+ = ATIANY, - = ATIaliny
(A) (B)
———————————qnrA (580 bp) bla_ (593 bp)————

CTX-M

1 2 3 4 5 6 7T 8 9 10negl1 2 3 4 5 6 7 8 9 10 neg

(@)

M 1 2 3 4 5 6 7 8 9 10 neg

— traA 876 bp

600
500
400

300

200

100

JUN 5 Buitnsranuluide £ coli

(A) B gnrA, B) blacyu Hay (C) 8u traA
lane 1,2 wa 3 = We £, coli 9n R1, R2 wa R3 muaiu vaagUae PO19,
lane 4, 5 waw 6 = 10 £ coli 910 R1, R2 kay R3 sudéiy vaUa8 P053,
lane 7, 8 waz 9 = W E. coli 9n R1, R2 wa R3 muaiu vaagUae POT2 Uay
lane 10 = E. coli ATCC 25922
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6. NISANWIANUSUNUSVRNYD E coli Ine35 ERIC-PCR was PFGE

TunsAnwiadaildviinisfnwarefuididuieveafiaonguitldsuen
ciprofloxacin Tagnuinainida £ coli inenldsiuan 149 leleian Wones ciprofloxacin
$ruau 101 Telwian uarluswaudadraoules ESBLs Srudheduau 18 lolsian Fuhnisden
Weunandie 3 au (P19, PO53 waw PO72) (M3afl 8) MnthnunAnwanefissifiuiede
3 ERIC-PCR Wisuiiluiuds PFGE a1nnsfinwanefiuninidwelaeds ERIC-PCR wuin ang
fnsimdueluszes R2 waz R3 vesiithe PO19 fanumileuiu 88% (3U7 6A) wazlunsniia
o8 PFGE fanuimilouvosaisfinsifiduie 100% (3Ul 68) wansindofiusnlfiiu clone
Wiy wazdu clone fisnannidodinuluszey R1 vestasaudndrniiosainuares ERIC-
PCR waz PFGE Trinatfu 20% uag 25% puandiu (Uil 6)

Tugihe P053 91038 ERIC-PCR nun e £ coli fusnléluszes R2 uaw R3
aeuvimueiaumiloutu 929% (3UT 6A) LazaInis PFGE anefissimduedinumiloudy
100% (307 6B) FsfifumstusuindeiuonlFangtaedu clone ey waziu clone fisns
nndeiinuluszey R1 vesftheaudindiiiosnnniaros ERICPCR uay PFGE Tnaidu 55%
Lag 50% muaFU (U7 6)

dm3uias PO72 mudnanefinsidduioluszes R1, R2 way R3 fildain
N5AN®1A2875 ERIC-PCR way PFGE dadnumilaunu 65% (R1 uag R2), 50% (R3) Lag 40%
(R1 uag R2), 18% (R3) nuaiu Ganansliifiuindeiuenldfudasis clone fu uonaini
msfnuluadsiiuandiifuin 33 PFGE fiuszanBnmgenin3 ERIC-PCR (3Uil 6)
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Marker (bp)

1000 —
500 —
100 —

(B)

[y

10

i

™
%
o

9

Marker (kb)

%‘

630.5 =
2425 —
8.5 =

Ul 6 mefifiSuovede £ coli fusnangthedléue ciprofloxacin
(A) #573lped5 ERIC-PCR, (B) n51alagds PFGE
1,2 uay 3 = @0 £ coli 910 R1, R2 uay R3 muddu vasiae P19,
4,5 wag 6 = 110 £ coli 97 R1, R2 wag R3 mua iy vasfftlae PO53,
7,8 WA 9 = W0 £ coli 99 R1, R2 wag R3 mud iy vasftlae PO72 uay
10 = E. coli ATCC 2592
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N15IATIZHNANISNAAD S

a

Tutlysuiifimsldsufiaue fusgrsunsnans ialunguszasdvosnistesiu
(prophylaxis) wagn135ne (treatment) vonvdsnaliinniswamnventenesls 811uﬂéu
ﬂuoroqumotone ey beta Lactams :i,maﬂumﬂsﬁumssﬂmmsmmmwﬂmsaﬂsua‘u Fanui
waummamaaaﬂaumwmu ﬂumﬁhsmL%mmmuamﬁmmwm (National Antimicrobial
Resistant Surveillance Thailand, NARST) swmumiwuma E. coli VlLLEJﬂiﬂ%ﬂﬁﬁﬂﬂ%@ﬂ
AUe Failsnsnseen ampicillin, ceftriaxone, ceftazidime, gentamicin tag ciprofloxacin
Wintuan 79.3% \Hu 85.3%, 12.7% LU 28.5%, 10.7% 1{u15.2%, 25% (Hu 32.9% uag
45.1% Ju 51% mwdu lugae 6 U (A.A. 2000-2005) wenanidesenuInsaoe
ciprofloxacin fiayuduiusiunisldenlungs fluoroquionolone agnaiitiudfty (Polwichai et
al., 2009)

1nNsAnwINIshesnUfiiusreade £ coli fiwenldain rectal swabs vo4
faeinusselasundva wuilufthenguitlildsuuaglésuen ciprofloxacin nguenide
E. coli #iounnitanlsiun fluoroguinolone (24.0% wag 67.8% mud1su) wageniide £ coli Ao
ﬁaaﬁqmiuﬂﬂ’wﬂﬁjumﬂﬁ% ciprofloxacin Aipgnlunga beta-lactam plus beta-lactamase
inhibitors ~ (2.0%) LLaziuﬂﬂaﬂﬂﬁjmﬁiﬁ‘?UW ciprofloxacin =~ A® extended-spectrum
cephalosporins (2.0%) (1131991 3) wonanidanuings £ coli nnlolwandanalasiosn
imipenem Wag meropenerm #9e11i 2 yilaugilungs carbapenems dldlunsinunisin
\Wofiasaveulesl ESBLs

AsAnulunfeinude £ coli finoemarswia (multidrug resistant £. coli)
FausnangUaenguiililfSusuazlafuen cprofloxacin AU 6.0% (6/100) way 2.0%
(3/149) muddu WewmaniardswalfiAatigmlumsdnwmnnlfidesanfedesmansngud
Talun1ssne

N9 INT5as e uleL beta-lactamases #1835 combination disk
wudlugUnonguiildlésuen ciprofloxacin fide £ coli iadraoulesi ESBLs $1uau 15 Lol
o Fenuiniiiies 10 Telaanwindu fineen ceftazidime (CAZ) waz cefotaxime (CTX) & 1 e
Twiandifies) cefrazidime (CAZ) iisavdiaiien wagdn 4 leleian lufesnlungu
cephalosporins juﬁ 3 fldvaaeuias (initial screening test) d’auiu@lﬂwﬂfcjumﬁ%m
ciprofloxacin ilife . coli fiadrateulasl ESBLs $uau 20 lelwian wuiniiios 1 lolowan
Wiy fifen ceftazidime (CAZ) uag cefotaxime (CTX) 3n 19 lolwan hifoslungy
cephalosporins 'ajuﬁ 3 fldmegeuias anwan meassiuandiidiuin @e £ coli $1uay 4
uay 19 Telwiandananoiansioslungu cephalosporins Juil 3 wiaduiiliildeglunsn
afsil W cefpodoxime faulumsnuadiolulunsnsamnisadiaeuled ESBLs faeds
combination disk A759LLKALEN cefpodoxime ey cefpodoxime/clavulanic acid 131l
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Tunsnsrandng waze199gldi58us e Wy 35 double disk iieldnsiamnisadiaeules]
ESBLs lwide E. coli Hlsinalsiannndoetu initial screening test

INNANIATIIEUTIRETosfUNsassteules ESBLs (blasuy, blarey, wag)
blacra W Tuftrenguitldlafuuagldiuen ciprofloxacin #529MUBY blacu 1InTian
Tneian blacnus Jaduduiinuaunisadaeulssd cTx-M-15 Taseulssiifinisssauny
Twds £ coli sequence type (ST) 131 sTiaLfJumsﬁuﬁjﬁﬁmsszmmﬁ"ﬂaﬂ (Rogers et al., 2011)
Tutsswalnefseaunuioules CTX-M-15 Welunga Enterobacteriaceae flugnainasdensna
A9 lulsIneIUIAAIUATUNS UM INe1SuvaULAL (Chanawong et al., 2007)

woulesl ESBLs ¥l CTX-M anu1sadala 6 ngumuavilowrasdifunsnes
1l (@mino  acid sequence similarity) Ao CTX-M-1, -2, -8, -9, -25 and -45 lineages
(Rossolini et al., 2008) luns@nwassiinsranunisadraeuled CTXM-14 wag CTX-M-15 Tu
e £ coli Bawenanginenguitlildfuuazldsuen ciprofloxacin da CTX-M-14 dnogflu CTX-
M-9 lineage oy CTX-M- 15 Wasﬂfu CTX M-1 lineage

uenNITmRnude £ coli ABufinuaunsa aeulesl ESBLs 1nnd 1
gu ﬂEJEJ‘L! blasy 15 + blaTey so-like IuLma%aLLSﬂQWﬂﬂaumﬂaaﬂawiuimum ciprofloxacin nou
wihiln1s@nwives Kiratisin et al (2008) wui1 11.5% veude E coli msmmﬂmha
Tsameunadinvnaslsmenuiasssumans Souiaruqumsairseulesl ESBLs annnda 1 fu
uenanilumsnmadsiinud S1uauBuiiniuaunisadrseules ESBLs luduiussu MIC
19981 ceftazidime nanAelallgvils MIC vase1gsty

NNIRTIIMINsas1aeuled AmpC #1838 combination disk (phenotypic
confirmatory test) Wuiwiuﬂﬂaaﬂa;uﬁiﬁiﬁ%m ciprofloxacin fidoneen cefoxitin $1uau 3 1o
Twtam (initial screening test) anansaadnaoules AmpC lédwau 1 Telean wazludUiongud
65uen ciprofloxacin Slanesn cefoxitin $1uau 8 loleian (initial screening test) @113
afraules AmpC 1wy 2 Telwian Felolaaniinesn cefoxitin usldanunsaadraoulesd
AmpC iﬁmmﬁmaLﬁﬂmﬂmsﬂmsﬁuﬁ:ﬁnm promoter ¥838u ampC Fuflonsiandu
ampC ludie £ coli sauau 8 lolean Mldanunsaadraoulesd AmpC I usitesn cefoxitin
wumnleleaniidu ampC o E coli ldazadraeules] AmpC lusziusng iesanni
weak promoter usdlegninieatinssilungy beta-lactams Inglawizen cefoxitin (strong
inducer) agviliAnmInanseanuasBuld uenani promoter Aifinsnaneugardsnaliide
E. coli asraoulasl AmpC Tuusuaunnle (overexpression) waztiouadld (Polsfuss et al.,
2011) é’aﬁ?umsﬁﬂmmsﬂmaﬁuﬁ:mm promoter §1833n15 sequencing wiaBuduisiaiig
$du Tunsfnwsellenvagldnisnsamnisasiseules AmpC 358 wu 35 AmpC disk
test (Black et al., 2005) mudiuly uenaniienaasiinalndudivinliidenesesn cefoitin G
lalldnsasraeuled AmpC

snfiseaunanude £ coli anansaadrsviaieulssl ESBLs uaghesilungs
fluoroquinolone (Pasom et al., 2013; Winissorn et al., 2013)114ﬂ’13ﬁﬂ19”|ﬂ%&§WUL%@ E. coli
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fifoen ciprofloxacin Saufunisadiaeulesd ESBLs uag S1uau 7.0% (7/100) Tugthengud
lailasuen ciprofloxacin wagduiu 12.1% (18/149)1‘14;14’1]’38?1&3"%171'15%8’1 ciprofloxacin 33lud
A.A. 2003 fls189uMINTIANUTD £, coli Bawenangtelulsmenuiaamaiuaiuns fad
vl ESBLs uazioen ciprofloxacin 414U 47.0% (Ingviya et al., 2003)

n1sfAnwinpeilungu  fluoroquinolone fiaaudAgiieaninerlungu
fluoroquinolone 1 ciprofloxacin Wueniifenlélunissnulsaindelulsimetuia wasdsdl
ﬂ'rﬂsi’faﬂuﬂa'uﬁiuﬁﬂ’aw%%qﬁiﬁ%hmﬁﬂwﬁ’mﬁw Laoprasopwattana et al (2013) 1951841171
1 ciprofloxacin 'm:msaaﬂmsmﬂisi’ﬂumhstmnLﬂuisﬂu%smmaamnlﬂ Tuusgwnalnenwu
e E. coli mamﬂau fluoroquinolone 12U 38.3% Tuunun ICU maa‘[aawmmaawm
uASUNS (Thongpiyapoom et al., 2004) Iumiﬂﬂmmwwm% E. coli fineen ciprofloxacin
Tugfhenguitlailesuuarldiue ciprofloxacin Wiy 24.0% (24/100) uag 67.8% (101/149)
sy dadle £ coli Muenldlugihendslésuen ciprofloxacin unan 1 uay 2 &Unnii (R2,
R3) fisauideiinesesn ciprofloxacin Aumnssegaditfoddydewssuiieuiuideniuenld
rould¥uen ciprofloxacin (R1) wansinnslésuen ciprofloxacin annsawmileatliinnisae
81 ciprofloxacin 1§

msgammju fluoroquinolone Lﬂumammﬂmsﬂmaﬁuﬁ:mm%u DNA gyrase
wa topoisomerase IV wenanifeiistssuinfinarnnsideldsusu gn, gni, gnrs uaz
gepA Fuduguiinuuunanadin (Dalholf, 2012) Wedu gnr (gnrA, gniB, gnrS) wanlUsfiu Qnr
finthiitostueulusl DNA gyrase (topoisomerase I1) wae topoisomerase IV 91nn155UT 0481
ﬂa;:u fluoroquinolone (Cattoir and Nordmann, 2009; Jacoby et al., 2009) wazdu qepA Han
Wsfiu QepA FuAsdasiunstueesnuenaad (efflux pump) Wieanseduvessnieluwad
(Perichon et al, 2007; Fabrega et al, 2009) faudenineniellldrose SRRGH
fluoroquinolone Mnffumadisiuegdefarannslidoogluanizideolunduild o
E. coli fienn ciprofloxacin fiusnldarniihenduitldsuen ciprofloxacin & 101 Teloiav uay
87 lelaian fA1 MIC seen ciprofloxacin = 32 pg/mL (E-test) nsiiidie E. coli aaulngyiian
MIC sieen ciprofloxacin figee1aiinainmsnaneiuslunanesiuniwesdufiniugunisaiis
toulesl DNA gyrase Wag topoisomerase IV é’qﬁ?umsﬁﬂmé’wé’uﬁ’mﬁiaiwﬁsumﬁuﬁmu@umi
aSraeuledivanisedinnunials

uananilumsinuafsinuinide £ coli fusnldanguasnguitlésuen
ciprofloxacin 911 1 lelgian Famoen ciprofloxacin winsaalainudui 4 via (gnrA, gnrB,
gnrs waz gepA) muuﬂaiﬂmsmamiuiaimamumamﬂmﬂmsﬂmswmﬁuawwﬂmmwu
1asWlan (gyrA, gyrB, parC Wag park) mummmauiwavﬂﬂmmaiﬂiﬂamsm’aa‘maummu
semaiia PCR uaziingiaduiinedlolns ilogsumisnsnaneiug

fnsmenunuide £ coli fusnandaazvosfihelsmeuianiuaiuns
Fafavouudu f8uilieatestumsiioslundu fluoroquinolone 11nndn 1 Bu (Pasom et al.,
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2013) Tunsdnwassinsanuide £ coli AlBuiiiendasfunisieslungy fluoroquinolone
wnnin 1 Bu Fenuislugthenguitlaildsuuasldfuen ciprofloxacin lesanBuimaniogun
wanafin sanunsonienenduioslugidedusld

AndswuINUBY gnr asﬁmﬁuﬁu?ﬁmuu sull-type integron 8u gnrA
war gnrB fnazunIniing integron %QLTJULLMNL%U@U@%S’]@J’JSUG} YonaNHaY gnr dnnuly
wuaiiFenanansaairaeules] ESBLs ¢ (Guan et al, 2013)

Tunsdnunasalduandsidiuingy qnrA wazdu blacry dYUUNA1ATA WANTS
flaguendrBusis 2 eguumanafinfierdiu azdesinisfnusioly uenanidmuidedilifiosn
ciprofloxacin waiiBu gnr og uandliliuingu gnr Favimiinfidestuoules! DNA gyrase wax
topoisomerase IV 31011153 U¥8381nq3 fluoroquinolone Lilgidsadedlunsienasn
ciprofloxacin Wesegnadien Bu gnr e1asvimihisuitldlinistestueuledsangn weo1s
dAnnnslesunanafiafifidu gnr W

Mnmsfnwanuduiusvende £ coli Awenldanguaonguiilifuen
ciprofloxacin Inggainatefisni DNA veaidelagld3s ERIC-PCR was PFGE wuth Weilenldly
svug R1 909fU28 PO19 uay PO53 faneRuvifibuesnsanide fenldlussey R2 uay R3
Bululdideuenldluszey R1 vesftheds 2 au Fdlidfenn ciprofloxacin ndsanldsue,
ciprofloxacin Wilidemaniine daudeiinesn ciprofloxacin avindesenuauiissves R2 was
R3 Faman1sAnudeds PRGE Tdkandliifiuin anefusimduwelussey R2 wag R3 vaaftaes
2 au Senumiioutu 100% Sauandfifiuinduide clone ey dmsuidofiusnldandiae
P072 Tuszee R1, R2 waw R3 anefinsimibuevondodanuuansistunin Ssanunsovenldn
Huidosns clone fu

nsfnnedsiifunsenuadiusnvesgifimsninstesufiauzvente £

[V
N <

coli Muenlsangiremnuzisslulssmenviagwaiuniums nanisdnuilupSsiiduuumeddy
dmsuunmdsianisidenenutiuglunissne uenaniasiinisfnwdawudliuvenishesn
waznalnlunisheeisiely



10.

11.

29

agunan1innass

wun13ABeINgy fluoroquinolone lule £ coli fwenldaingUrenguitlalaiuen
ciprofloxacin 24.0% (24/100) wagluwenuenlaanngUrengunlasuen ciprofloxacin
67.8% (101/149)

n3kAsue ciprofloxacin a@snsawmdeailiiinn1saeen ciprofloxacin 1

wumsairsieulesl ESBLs luide £ coli Musnldanniuaonguiilaildiuen ciprofloxacin
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Abstract

The incidence of the Extended-spectrum beta-lactamase (ESBL)-producing and
fluoroquinolone resistant Escherichia coli has been reported in many hospitals worldwide.
However, this information in Thailand is still unclear especially in immunocompromised hosts
with neutropenia. In this study, 100 E. coli isolates obtained from pediatric patients with
leukemia and lymphoma from Songklanagarind Hospital were investigated. Using combination
disk technique, 15 isolates of E. coli produced class A beta-lactamases (ESBLs) and 1 isolate
produced both class A (ESBLs) and class C (AmpC) beta-lactamases. blactx-m, blarem and
blasyy were identified in 11, 1 and 1 isolates respectively whereas the combination of blatgy and
blasyy was detected in 2 isolates. The most ESBL genes identified were blactx-m-15. Most of the
isolates (24 isolates) were resistant to ciprofloxacin. Six, 14 and 4 of those isolates harbored 1, 2
and 3 plasmid-mediated fluoroquinolone resistance genes respectively. gnrA and gnrS were co-
present mostly in fluoroquinolone resistant E. coli. Of the interest, 7 of 15 (46.7%) ESBL
producers were also resistant to ciprofloxacin.

Keywords: Escherichia coli, ESBLs, pediatric patients, leukemia, lymphoma, ciprofloxacin
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Introduction

Antibiotic resistance has become a significant problem worldwide due to inappropriate
uses of antimicrobial treatment in clinical and agriculture. In addition, it has been used for
prophylaxis especially in some immunocompromised hosts such as cancer patients [1] leading to
increased multidrug resistant bacteria, prolonged hospitalization, costly medication and failure
treatment. Among antibiotic resistant organisms, E. coli is one of the most causative agents
detected in neutropenia patients receiving chemotherapy [2]. Multidrug resistant E. coli was
detected especially with extended-spectrum beta-lactamases (ESBLS) [3]. In Malaysia,
investigation of febrile neutropenia patients after chemotherapy revealed that 11.1 % of E. coli
and Klebsiella spp. isolated from blood culture were ESBL producers [1]. Most ESBL-producing
bacteria have been reported with the resistance to broad-spectrum antibiotics including
penicillins, narrow- and extended-spectrum cephalosporins and monobactam [4]. These bacteria
generally acquire plasmids containing genes encoding for ESBL enzymes. ESBLs can be
categorized into 3 major groups, SHV, TEM and CTX-M encoded by blaspy, blarem and blacTx-
m respectively. To date, more than hundred ESBLs have been reported (URL.:
http://www.lahey.org/studies/). The CTX-M has been predominant ESBLs especially CTX-M-15
[5].

ESBLs are widely detected among Enterobacteriaceae. ESBL-producing E. coli was a
major cause of infections in cancer patients [6]. Specimens from intra-abdominal infections
obtained from Asia/Pacific, Latin America, North America, Europe and Africa/Middle East were
investigated for ESBL-producing E. coli. Thirty-four point nine percent, 21.6%, 4.8%, 8% and
12.1% of ESBL-producing E. coli have been detected respectively [7]. In addition, out of 34.9%
of ESBL-producing E. coli in Asia/Pacific, ESBL-positive E. coli was highly detected in India

(79%) followed by China (55%) and Thailand (50.8%) [8]. Moreover, the report from Siriraj
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Hospital, Bangkok, Thailand showed that 37 out of 120 clinical isolates (31%) were confirmed as
ESBL producers [9].

E. coli resisting to fluoroquinolone has been reported due to the intensive uses of this
antibiotic in medical treatments [10]. In the United States, 55% of ST131 E. coli from patients
hospitalized in many US medical centers were resistant to both fluoroquinolone and
trimethoprim-sulfamethoxazole [11]. Investigation of 148 E. coli with low susceptibility to
ciprofloxacin obtained from 8 European countries revealed that 122 (82.4%) of those isolates
were resistant to two or more additional antibiotics [12]. In Asia, the study program surveillance
from Indonesia to investigate antibiotic resistance in E. coli isolated from patients and healthy
household members revealed that the prevalence of fluoroquinolone resistance was 8% [13]. In
Thailand, information of fluroguinolone resistant E. coli is still limited, although ciprofloxacin
resistant E. coli has been demonstrated in some samples obtained from human and animals [14-
16]. Therefore, the aims of this study were to determine incidence of ESBL-producing E. coli and
fluoroquinolone resistant E. coli isolated from pediatric patients with cancer in Songklanagarind

Hospital.
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Materials and methods

Patients and bacterial isolation

A total of 100 E. coli isolates were obtained from rectal swabs from 42 pediatric patients
aged 3 months - 18 years old with leukemia and lymphoma who were hospitalized at
Songklanagarind Hospital located in Songkhla province, southern Thailand during April 2007 -
March 2009. The patients received either the induction or consolidation phase of chemotherapy.
Patients with signs of fever or infections were excluded from the study. The isolates were
identified as E. coli by biochemical tests. The study was approved by the Ethics Committee of the

faculty of medicine, Prince of Songkla University, where the hospital is associated.

Antimicrobial susceptibility investigation

Antimicrobial susceptibility of all isolates to ciprofloxacin (CIP), cefoxitin (FOX),
sulperazone (SUL,; cefoperazone+sulbactam), imipenem (IMI), meropenem (MEM), amikacin
(AMK), gentamicin (GEN) (BBL, USA) ceftazidime (CAZ) and cefotaxime (CTX) (Oxoid, UK)
was evaluated using disk diffusion method on Muller-Hinton agar according to the clinical and
laboratory standards institute criteria [17]. Minimal inhibitory concentrations (MICs) of
ciprofloxacin and ceftazidime were determined by E-test (AB Biodisk, Sweden). E. coli ATCC

25922 was used as a reference strain.

All isolates were investigated for ESBL production by the combination disk method.
Isolates which showed the difference of inhibition zone > 5 mm between ceftazidime and
cefotaxime with/without clavulanic acid were considered as ESBL producers [17]. Ability to

produce AmpC was detected by the cefoxitin-cloxacillin disk diffusion test. The isolates that
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exhibited the difference of inhibition zone > 4 mm between cefoxitin with/without cloxacillin

were considered as AmpC producers [18].

Antibiotic resistance genotyping

In order to analyze antibiotic resistance genotypes, crude DNA extract was obtained by
boiling method. Briefly, one colony of isolates was suspended in 100 pl of deionized water and
boiled at 100°C for 10 min. Then 2 ul of the suspension were used as DNA template for PCR.

To classify ESBL genes, multiplex PCR was performed using blaspy , blatem and blacrx-
m primers [19] and PCR targeted to ampC (class C beta-lactamases detection) was established
[20]. Plasmid-mediated fluoroquinolone resistance genes (qnrA, gnrB, gnrS and gepA) were
determined by PCR technique [21-22]. The PCR products were analyzed by gel electrophoresis
followed by staining with ethidium bromide.

Confirmation of resistance genes was performed by DNA sequencing. Nucleotide
sequences were analyzed using the BLAST online service (URL:

http://blast.ncbi.nlm.nih.gov/Blast).
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Results
Antimicrobial susceptibility test

All 9 antibiotics used in this study were categorized into 6 groups including
fluoroquinolone (ciprofloxacin), extended-spectrum cephalosporins (ceftazidime and
cefotaxime), cephamycins (cefoxitin), carbapenems (imipenem and meropenem), beta-lactam
plus beta-lactamase inhibitors (sulperazone) and aminoglycosides (amikacin and gentamicin)
[23]. Fluoroquinolone and 3 generation cephalosporins are common antibiotics used to treat E.
coli. Using disk diffusion assay, 66 isolates of E. coli were susceptible to all antibiotics and 34
isolates were resistant to at least one antibiotic group. Nine antibiotic resistance patterns were
demonstrated (Table 1). Most of the isolates (15 isolates) were in the pattern 1 (ciprofloxacin
resistance), whereas 1 and 5 isolates were classified as ceftazidime and gentamicin resistance
respectively (pattern 2 and 3). Two to five antibiotic resistances were detected in the pattern 4 to
9. According to these antibiogram patterns, pattern 8 was composed of 3 antibiotic resistance
groups including fluoroquinolone (CIP), extended-spectrum cephalosporins (CAZ/ CTX) and
aminoglycosides (GEN/ AMK) whereas 4 antibiotic resistance groups including fluoroquinolone
(CIP), extended-spectrum cephalosporins (CAZ/ CTX), cephamycins (FOX) and beta-lactam
plus beta-lactamase inhibitors (SUL) were organized in the pattern 9. Thus, 6 isolates of E. coli in
those patterns were classified as multidrug resistant strains. It is of interest that all E. coli isolates
were still susceptible to imipenem and meropenem.

It has been demonstrated that most of bacterial resistance to 3" generation cephalosporins
(ceftazidime or cefotaxime) associated with ESBL-producing bacteria [4]. Thus, in this work, 11
isolates of E. coli may be the ESBL producers (Table 1).

In the current study, MIC ranges for ciprofloxacin and ceftazidime were 0.004 to >32

pg/mL and 0.032 to >256 pg/mL respectively. MICsso and MICsgq of ciprofloxacin and
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ceftazidime were investigated in all E. coli isolates. MICss, of ciprofloxacin and ceftazidime
were 0.016 pg/mL and 0.125 pg/mL respectively whereas MICsg, of ciproflaxaic and ceftazidime
were >32 pg/mL and 32 pg/mL respectively.
Determination of beta-lactamase-producing E. coli

Combination disk technique was performed to investigate beta-lactamases production in
all 100 E. coli isolates. The result indicated that 60 isolates were able to produce beta-lactamases
(Table 2). These included 11 E. coli isolates that resisted to ceftazidime or ceftazidime and
cefotaxime (data not shown). Only 2 classes of beta-lactamases were identified, class A and class
C. The enzymes from 45 and 15 isolates were classified in the class A non-ESBL and ESBL beta-
lactamases respectively. One isolate produced not only ESBLs but also the class C beta-
lactamases (AmpC positive) (Table 2). This isolate resisted ceftazidime, cefotaxime and
cefoxitin.
Confirmation of beta-lactamases genes

Using PCR to confirm the presence of ESBL genes, all 45 non-ESBL producing beta-
lactamase- isolates were positive for blatgm gene, producing TEM-type beta-lactamase. One, 1
and 11 ESBL-producing isolates carried blatem, blasyy and blactx-m genes respectively. Thus
these isolates produced TEM, SHV and CTX-M-type ESBLSs respectively (Table 3). Two isolates
were positive for both blatem and blasyy producing both TEM and SHV-types ESBLSs.
Confirmation of class C beta-lactamase revealed that 1 isolate was positive for ampC.
Interestingly, 2 cefoxitin resistant isolates (Table 1-pattern 9) were negative for AmpC detection
but they were positive for ampC gene.

In this study, all positive amplicons in ESBL genes were sequenced for subtype

determination (Table 3). Nucleotide sequences analysis demonstrated that blactx-m-15 was mostly
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detected (7 isolates), followed by blactx-m-14 (4 isolates), blarem-20-like (1 isolate) and blagyy-12 (1
isolate) respectively. Combination of blatgm-20-like and blaspy.12 was identified in 2 isolates.
Plasmid-mediated fluoroquinolone resistance genes

All 24 E. coli isolates that were resistant to ciprofloxacin were determined for plasmid-
mediated fluoroquinolone resistance genes including gnrA, gnrB, gnrS and gepA. Six, 14 and 4
isolates harbored 1, 2 and 3 resistance genes respectively (Table 4). The gnrA and gnrS genes
were detected in 20 of 24 isolates (83.3%) whereas qepA were detected in 6 isolates.
Combination of two drug resistance genes, gnrA + gnrS and gnrA + gepA, were observed in 12
and 2 isolates respectively. Four E. coli isolates harbored 3 different genes including qnrA + gnrS

+ (epA (Table 4). gnrB gene was not detected in all ciprofloxacin resistant E. coli.
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Discussion

Antibiotics have been used intensively as therapeutic and prophylaxis agents leading to
development of multidrug resistant bacteria. Beta-lactams and fluoroquinolone have played
prominent therapeutic roles in Gram negative bacterial infection and most of clinical bacterial
isolates are resistant to these agents. National Antimicrobial Resistant Surveillance Thailand
(NARST) reported the increase of ciprofloxacin resistance in E. coli isolated from catheterized
urine samples from 45.1% to 51% during 2000 and 2005 [16]. In the present study, investigation
of antibiotic resistance in E. coli was performed in pediatric patients with neutropenia. These
immunocompromised patients were susceptible to this commensal bacterium. In addition,
multidrug resistant E. coli has been demonstrated mostly in immunocompromise hosts [24].

In this work, ciprofloxacin was antibiotic that most of the E. coli isolates (24%) exhibited
resistance and amikacin was the lowest drug resistance detection (1%). None of the isolates
resisted to imipenem and meropenem. Hence, these antibiotics can be used in the treatment of
ESBL-producing E. coli.

In the present study, 15 E. coli isolates were positive for ESBL genes. One isolate was
resistant to ceftazidime whereas 10 isolate were resistant to both ceftazidime and cefotaxime
(Table 1). The remaining 4 isolates were susceptible to ceftazidime and cefotaxime but they were
classified as ESBL-producing E. coli by the combination disc method. In addition, these 4
isolates harbored ESBL genes. Association of these isolates with other 3 generation
cephalosporins such as cefpodoxime was not detected in this work. Eleven, 2, 1 and 1 ESBL-
producing isolates carried blactx-m, blatem + blaspy, blarem and blasyy genes respectively. CTX-
M enzymes encoded by blactx-m have become the predominant ESBLs worldwide [25]. In
Thailand, 89% of 82 CTX-M ESBL-producing Enterobacteriaceae isolates from stool specimens

of healthy volunteers in a rural area of Kanchanaburi, Thailand were E. coli [26]. CTX-M-9,
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CTX-M-14 and CTX-M-15-producing Enterobacteriaceae isolates were first reported in Thailand
from various clinical specimens in Srinagarind Hospital, Khon Kaen University [27]. CTX-M
enzymes can be divided into 6 lineages based on amino acid sequences including CTX-M-1, -2, -
8, -9, -25 and -45 lineages [28]. We found that 7 and 4 isolates produced CTX-M-15 and CTX-
M-14 respectively which were classified into CTX-M-1 and CTX-M-9 lineages respectively.
Combinations of two or more ESBL genes have been reported in many E. coli isolates from
Siriraj Hospital and Thammasart Hospital, Thailand [29]. We detected 2 isolates with
combination of ESBL genes (blatgm-20-like + blasyy-12). However, the combination of those
ESBL genes did not correlate to the MICs reported in this study (data not shown).

In this work 7 of 15 (46.7%) ESBL-producing E. coli resisted to ciprofloxacin which
correlated to the study in 2003 that 47% of ESBL-producing E. coli isolates obtained from
patients in Songklanagarind Hospital were resistant to ciprofloxacin [30]. Two cefoxitin resistant
isolates (Table 1-pattern 9) could not produce AmpC enzyme, although they possessed ampC
gene. An ampC promoter has been reported to be important for ampC expression. Mutation in
this promoter decreases AmpC production and causes antibiotic susceptibility [31]. Thus,
analysis of the promoter from those 2 isolates will clarify this.

Fluoroquinolone resistant bacteria have been demonstrated in many hospitals. Incidence
of fluoroquinolone resistance in E. coli obtained from ICU of Songklanagarind Hospital in
Thailand was 38.3% [15]. Mechanisms of fluoroquinolone resistance are resulted from mutations
of target genes including gyrA, gyrB, parC and parE which located on bacterial chromosome.
However, plasmid-associated genes such as gnrA, gnrB, gnrS and gepA have been also
demonstrated to associate with fluoroquinolone resistance [32]. In this work, incidence of
fluoroguinolone resistance was detected in 24% of E. coli isolates and all those isolates were

associated with plasmid-mediated genes (Table 4). Combinations of more than one resistance
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genes were detected in 18 of 24 isolates (75%) (Table 4). In Jamaica, combination of qnrA, gnrB
and gnrS was detected in 2% of bacteria belonging to Enterobacteriaceae [33]. In our study, the
quantity of plasmid-mediated fluoroquinolone resistance genes was not associated with the MICs
of ciprofloxacin.

In the present study, 6 isolates were classified as multidrug resistant E. coli (Table 1).
Four isolates were resistant to fluoroquinolone, extended-spectrum cephalosporins and
aminoglycosides. This antibiotic resistance pattern was similar to the report of Tsukamoto et al.
[34]. The remaining 2 isolates were resistant to four antibiotic groups including fluoroguinolone,
extended-spectrum cephalosporins, cephamycins and beta-lactam plus beta-lactamase inhibitors.
This is the first time to report this four-combination antibiotic resistance in Thailand. Thus, for
public health concern, further investigation on the sources of those 2 isolates is urgently needed
to control the spread of these resistant bacteria.

In conclusion, this is the first report on the incidence of multidrug resistant E. coli isolated
from pediatric patients in a Songklanagarind Hospital. The obtained results will be useful to
conduct an effective therapy for those immunocompromised patients. In addition, further

investigation on new drugs replacing those resistant antibiotics should be established.
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Table

Table 1 Antibiogram patterns of E. coli isolates

Pattern Antibiogram patterns No. OInE-zcloé'o;SO'ate
1 CIP 15
2 |caz 1
3 GEN 5
4 | cAz+CcTX >
5 CIP+GEN 3
6 CAZ+CTX+FOX 1
7 CAZ+CTX+AMK+GEN 1
8 CIP+CAZ+CTX+GEN 4
9 CIP+CAZ+CTX+FOX+SUL 2

CIP = ciprofloxacin, CAZ = ceftazidime, CTX = cefotaxime, FOX = cefoxitin,
SUL = sulperazone, AMK = amikacin, GEN =gentamicin



Table 2 Phenotypes of beta-lactamase-producing E. coli

Beta-lactamases No. of E. coli
(n = 100)
non-ESBLs 45
Class A
ESBLs 15
ClassC | AmpC 18

% = E. coli co-produces AmpC and ESBLs



Table 3 Genotypes of ESBLSs detected in E. coli

Beta-lactamase phenotypes

Beta-lactamase genotypes (no. of isolates)

(no. of isolates) gene subtype
blatem (1) blatem-20-like (1)
blasny (1) blasmv-12 (1)
ESBLs (15) blarew + blasy (2) blarewoo-like + blagry-12 (2)
blactx-m-14 (4)
blacrxm (11) blacrx-m-15 (7)
AmpC (1% ampC (1) -

= E. coli co-produces AmpC and ESBLs




Table 4 Plasmid-mediated fluoroquinolone resistance genes detected in ciprofloxacin resistant E.

coli
No. of E. coli isolates

No. of detected genes (n = 24) (%)
1. 1gene
gnrA 2(8.3)
gnrS 4 (16.7)
2. 2 genes
gnrA + gnrS 12 (50.0)
gnrA + gepA 2(8.3)
3. 3 genes
gnrA + gnrS + gepA 4 (16.7)




