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Pseudomonas aeruginosa L"fJuL%"amaianﬂaﬁn'fluanwmaam‘sﬁm%a‘l,u
Tsmeunafimutssasiimsldendugadwmaesdslunisinu Jaguiinenumswuds
P. geruginosa Tineemanewin (multidrug resistance) 1ndy Jeiildindawilunns
Snwuasiidnsmsdeing 'Lums?xwm%ﬁlé’wmaaummb‘uaamﬁmqa‘iwﬁaL%a P.
aeruginosa 911U 50 lolaian wudwﬁadau‘tmyjﬁmsﬁvasiam ceftazidime, imipenem,
ciprofloxacin, gentamicin e amikacin iowndumoevanseiielude P, cerusinosa
ffmuuu class 1 integron 39vn1snsImvmBy int/l #1ed% PCR wuindesuiu 41 lole
@nliNauINAY int/l §MTUNIIMIITE0U gene cassettes ludau variable regions A28735
PCR ua sequencing wunizuluuvad gene cassettes Aumnsnei 7 JULUY Tneguuuy
71 3 wunndia 25 Telaan Asfivrauledie wu integron lduannin 1 gULLUU‘luL%aiaImam
e wazdinswudulvdu class 1 integron @8 smrl-like Fensaosdluinnuadends
fiu SMRL e Stenotrophomonas maltophilia B3 98.94 % wanantuly class 1
integron AsluunaUTEIes 7 kb Smun1sdnidesiiund cene cassettes Saundneadeiu
srwenluilie P, aeruginosa uenldanlsmenuiadsse udasseiunsasumals
insertion sequence 370 151999 1u 1510-like d3usULUUTBITURDEITINU WAL FULUY
MshegvendelinudiiusAy wanvinnswuiuiesvaleriauy class 1 integron 1Uu

tadenilandAgnvihliiAanshessinuatnvaneviinluie P, aeruginosa




1. Unu1 (Introduction)

Tuthgtuiifianunisainnsiiealsafnidesequinuieinlan wasiiddaydluniniuf

0
L=l = 1

Aoderielsarnaquanifliaidgmiddynnfedymnisheedslfifugdulnefinan
nsfidedinsiannishesesuinluegiaue Snsusuisoelagisnseineg Wefiazadn

visanUssivsnmuasewiugadn msdseienaiatuemnsssuriveadetiug vioeaiia

w
=l

meldnnunaduveinisldeasugadn (selective pressure) dwsuanunisalidenalsaine

gnludszmalvnetunuraslidewuniiBenaealTdinnshiosmuuvatsedn (multicrug

12
ol ol &l -

resistance, MDR) uarualddnormnaiia vihlvdagtunulseinmefidnwllldifuduiuty
508 WeuuaiisuRss wluligddymsmsunnduazansisagy Faluursiinuguuse
WauFuduraunnnisunsnsrangveadonos Ssdaailvanldiielunsineassna
QRELRERAY

& al al 7 d & ol el i as &

\WBUUATNISY Pseudomonas aeruginosa \Wulieuuaiiizeguviau unsuau do1luide

[ o as - & < | W oa

mdlemauazluamgddnuamiiadelulsmeuia SennsadeliAnlsaldlunnssuy
vass1emy feieglulsimeuiaszdinisiinde P, aeruginosa ldieuagsuuse lnsfieasd

nmsiudnuegluinvsefiinnuiu muesesiiownnd viiawrsawienela Audiianisin

'
a v s o

Wehalaudduaeiifiunadnay ualvlvil mshindeiion fieiifigiduiusudesanngeeny

u

wislafuennagifuiu nishaide P, aeruginosa Tulsmenualutlgmiiwuvegly Intensive

9

Care Unit (ICU) tile491n ICU Huiismvesfieiitionnssuususziinulasionisinids /h
WiAsnshndeunsndeuluftaslulsmennags mssnwlsainide 2. ceruginosa tufosld
EJ'ﬂ,uﬂdmﬁaaﬂqméﬂ":’mmwmmﬁﬂi’mﬁ’u’[,umﬁnmvﬁu beta-lactams, aminoglycosides
uaz quinolones “1a% aegelsfnuita P, aeruginosa Anululsmenunaiduiofizesiosdy

@dwvaneaila (MDR P. aeruginosa) vhilinassnwiladlsing Tutlagtueiaslddnwnistinide

w o
& as

MDR P. aeruginosa Hlslnntin vilvithelidnsinsnieas doyannaudiihseTadenosdiu

qa‘?j'wmwwﬁ (National Antimicrobial Resistance Surveillance Center Thailand: NARST)

.
- o

nImeIMansnsunng seydn e P aeruginosa Imshengedu ldesiiniaidisy s
p83lna%n
nMsneeludawuaiiuoraiatuldlag (1). WUsTINTF (natural %38 intrinsic

resistance) WuranAuanTRventenegudiilauavansaaienenlgiwaiugn Sediuuy




weunsARefireutuiueudmiuReNguRiedIM Wag (2). INATUAEVEY (acquired

i &, a v = ol -y [ 0 o ]
resistance) 1uxaInMsasuwladlasiainvieaiiveveseanievansidows wu
msnangwug viseldsudusisenainnieuen e MDR P. aeruginosa finalnlumsiiegvany
nalnvisluluy intrinsic kg acquired resistance NIATUANNITUNINTLAIEUDUTD MDR P,
aeruginosa Wlsswenunayhlaenniliasndudosndinnuatuu mobile genetic element v
Tinnuaunsalumshseunsaseaneludutedus 16157 arwiludududiesnluie MOR P
aeruginosa WALNISANEYIONELADYN 8 1AV UDINUAITINSNSZ8vRED MDR P,

aeruginosa IAABITY LAYEINEHAIWBASINITNEANLETD MDR P. geruginosa anadls

¢ e
ol

nsAnwlulszimmanizeinimuaiinisaluagmiunvaude P. aeruginosa Tinose
B1nEN cephalosporin Juil 3 (20-35%) uag &1 imipenem (15%) T ICU Tnegiaiaviilaifinns
Waswwaslugiad a.a.1989-1997 ﬁm%’umsﬁamﬂ@ flucroquinolone (ciprofloxacin wag
ofloxacin) uiishsimsieniastuaind 4% lula.s. 1989 feuszang 15% lula.1997
yisluwazuen ICU Tutlagtufiennguaarherasmsinlsefindefiinanide P, aeruginosa
fioengu carbapenems daflqnsnideléFmlumaliinslditamnn Suhldneiiide o
aeruginosa ﬁﬁammmﬁﬁuqﬁu Tneldfinssenunsnuids P, aeruginosa ﬁﬁa&iamnﬁu
carbapenem 21% 20 ICU Tudsuinmansgawdng Tugaell a.e. 1998-2002 wazsounlud ..
2003 AlgiRsAuDY 24.3% (NNIS, 2004) dmsulutast] a.m. 2006-2007 Anuinsheen
carbapenem ‘UENL‘?;EJ P. aeruginosa Lﬁwﬁuvﬂu 25%

dwdumsinuilutsundlne TasnsAinwmsiadelulsmeruiadssalussnined
7.71.1983-1986 WUAMMYNIINMTARLTES P. aeruginosa T3 22-31% Tneilududunisves
A1sHRLToY A (Danchavijitr and Waitayapiches, 1988) Aesnlafinsinwnisindsly ICU
Y04lseneUnaaInTal A3s1y uazsusud Tl A.a.1991-1992 Wunan 4 \dou wuiims
faudie P. aeruginosa \udusiuans Ae 22% sasmsindounsuausiaus Tull A.7.1998-1999
Aldfinmsssauismnugnuasnsinide P, aeruginosa Tdududuvisie 27% Tulsmeuaa
wnasnsal (Jayanetra et al.,1994) dwdumssenugiimsainsiesvends P.
aeruginosa FsmsAnwvadlsmeutalsansaentull A.A.1997 wu MDR P. aeruginosa i

15-38% (UaT wawAniz, 2547) WarAINNITENUTDIAUGENTETUTDRADL P TUYATNLVIY R

Tuge¥ A.f. 2000-2005 WUIWTe P. aeruginosa Wuwenuafisenelsainusnilududivaes




(11-129%) wazlul A.f. 2006-2008 Agnseemiwusnilugudiuany (10-119%) (NARST,
2009)
nmsEnwailvende P. ceruginosa sesdnuaTnluvaneUsemAs LTI SEINA

1
at = 2/ <A =l

ve wuniluunldunishosvanssiafiuTy  waviin1sAee luseAuaednaig Wl uATISe?

v

v
L% - a

wwglhdsudAnnsaoelunendaiy 919finNINNsNaEwus (mutation) #3aLinan
FoldSudunonn %qmawammnL%@Jﬁ?i@';’amagﬁaul,l,é"a lnensEUIUNIS horizontal gene
transfer L{’iaamnﬁuﬁamwmwﬁmﬁﬂwuae@u genetic elements fianunsadouiild usifiny
UosReduiptmandinvsaenunsily cene cassette ﬁaq‘uu class 1 integron Way integron
finnuaguu plasmid #38 transposon FovhldaunsafegnBunssundaudiluly vilsAems
dnevonduiesunaniluswuniiSeadddinien s asalidiufls @ integron dnidudn
Hedenieiddudmiunsunsnsyanevesduies vhlvennsaiiazanonontumosldogs
520157

Integrons gnAunulut am. 1995 Tne Hall uaz Collis wusnnludsuuaiiGeunsuay
iy nosocomial pathogen Fanulsvialan 34 integrons oy genetic elements i
AN URRLAYAR 810150 recruit WagTINEIUYEY gene cassettes WnlUuvsAludLYeY
operon Wwelanaln site-specific recombination (Hall and Collis, 1995) 198 integron o
WUBLUY transposon 1138 conjugative plasmid %dﬁﬂﬁ?ﬁ@LLUﬂﬁL‘%H%gﬁjﬁaﬂﬁﬁﬂufqa%W
aunsounsnszeliieuasinsundnsyaigegiendeeane lutlaguudannsauts integrons
sanlailiu 8 class (Whittle and Salyers, 2002) TagLUsNUAINLANGNYEIFIULUATDS
integrase gene agldlurinveneuls integrase Tivhefiuvatusiay class fe lagiane
class 1,2, 3 WA deeiu gene cassettes fifinshasionn (antibiotic resistance)

TudhureuuafiBeiideliinansindolusuiuineenuiuiifeadestiunmsioslu
ﬂfimaa beta-lactam asﬂu gene cassette ﬁ%umﬂag’lu class 1 integron &4 class 1
integron 5u1ﬁgn‘mmud’mu’ﬁuLwﬂ‘ﬁL‘%ULm'mawmaﬁﬁ'aﬁizﬂauﬁw Acinetobacter,
Aeromonas, Alcaligenes, Burkholderia, Campylobacter, Citrobacter, Enterobacter,
Escherichia, Klebsiella, Pseudomonas, Salmonella, Serratia, Shigella way Vibrio a7

. @ W & <l . v
class 2 integron uuuﬂazwuaq'[.u Tn7 family ¥4 transposons 1nef class 2 integron 19l

J 1 ﬂ: s [}
nsnulule Acinetobacter, Shigella wa Salmonella @3u gene cassette iNNULIBUBYY




1w class 2 integron 1D aadAl, dffAl uae sat dwsu class 3 integron Yaldimssenuy
miwu'lw'ga P. aeruginosa, Serratia marcescens, Achromobacter xylosoxidans,
Pseudomonas putida wae Klebsiella pneumoniae fusnlsndiiu (Fluit and Schmitz,
2004) aehalsfinne intecron fiflumumsnaluEsanisaeenldud class 1 inteeron &
Usgnaudediusineg el (aaw 1)
1. 5'conserved sequence (5-CS) %dﬁﬁLLwﬂ@ﬁ%ﬂwnaum"’w intl1, attachment site
(att/1), promoter &4 intll gene agvivithfwlasvald@uoulel integrase Tnuiouleiiiay
HushnseiuliiAnmssansiulnivesdundsainiiinsaonuninyes gene cassettes @y
attll Sursiminfiiu recognition site dwsuiawlesl integrase sdundauavidonsa
d7UUBY gene cassettes WIAUAIUYDY integron d14SU promoter T promoters ﬁa‘qﬁlu 5!
CS w84 integron 738 Yiwafindnefuddu natural expression vector dmsu avaneluns
WHADBNURY gene cassette Miaoaunsnidaluly intearon
2. Gene cassettes ﬁamzimaaﬁuﬁu’aaﬂmamﬂwmﬁuéﬁﬁﬂ%Lﬂuﬁuﬁlﬂﬂ promoter
wIofinufiu promoter fidh udafinzaudie attachment site (attC) %i5e 59-base
element (59-be) Faagvimidlunsendiiuniaves integrase lusewiteiiin
recombination uanannilugauiigeenuguTes core site (GTTRRRY) ka invert core site
(TTRRRY) ¢ (Recchia and Hall, 1995) f0819909 gene cassette Lakn
2.1 beta-lactam resistance gene cassettes 9¥AIUALNMSESaUlY beta-
lactamase ﬁﬂﬁﬁuam beta-lactams (Rowe-Magnus & Mazel, 2002)
2.2 aminoglycoside resistance gene cassettes wusluseaned 21 98n (Row-
Magnus & Mazel, 1999,) @ulug) gene cassette ﬁ%a@umju aad gene
(aminoglycoside adenyltransferase family) liiesiann streptomycin Way
spectinomycin (Mazel et al. 2000)
3. 3'conserved sequence (3-CS) Tnahluudrumisifesiduassduiinese
quaternary ammonium compound (gacEAl), sulphonamide (sull, sulfamethoxazole
resistant gene) wazilauns open reading frame (ORF) ﬁﬁumuwwﬁaﬂﬂiﬁasﬁ‘uﬁﬂﬁiw‘]

wUATISETT integron aganvzlinnuaunsefinginunnisieswinugadunateeilaliogn

sa57 wavfraslianuisanieventuissvanilud@l@ddartunionuaralddla sady



oo aa adala & - oo a v v =i A
wuafi3edl integron illBuendaululgmitddlunisldodugainldlueuan (Flut

and Schmitz, 2004)

5' conserved segment 3' conserved segment
P1 P2 P P
i P g qacEAT sull P orfs
N/ ~ i
1 Il
< i
. 4 \%
intl1 pim attc

/ \\
" .\
O

gene-cassette

AW 1 wanelAseasIsunedIuYes class 1 integron laedl P1 Ae promoter d1%5U
N13UUasAYDY gene cassettes, P2 @9 promoter ffiaosdesinagla

V91U, P Avpromoter &3V gacEA gene wae sull gene

(Fluit and Schmitz, 2004)

dmunsinwdufvenie1Teeiu integron Tuusswalvneg T Ss1eeunis@nwlu

12
L2 as

dninvdueenineatesiu class 1 integron lui¥e Escherichia coli Mngnsuaviideansi

q
v A
<] ]

63.5% wanidoanludernesanein (Phongpaichit et al., 2007) N13AN®ILULAD
Salmonella enterica wenlaann Inuaranslulssmelne wududeenfiieadosiu class 1
integron tu SunumdAglunsunsnsensiee (aing was wiiiigy, 2551) du
msﬁnmﬁuﬁaaﬂuﬂuwuﬁuﬁaaﬂuﬂfiu beta-lactam (blayes.; WA blagxa1o) HaE rifampicin
(arr-2) Fududmumdavns class 1 integron 'lua“‘ga P. @eruginosa Way Enterobacteriaceae
wardurpmeniianunsaaevesluduuaiiieduald Girlich et al, 2001) msdnwily

s 1 ﬂv o d&’ < "y "
mamaqﬂmsmmﬂuﬁwu class 1 integron 91ALF8 E. coli npevangaun (Phongpaichit et




al., 2008) uenaniITelAsIeuNIRTINNUBUTNRADET imipenem U class 1 integron Tu
\@o P. geruginosa (blae.;) Teaansamevenludauuaiisedulawuiu (Boonkerd et al,

2009)

2. InqUsraeAvadlasen1side (Objective)

WiadnwwtinvesguaesTuu class 1 integron luila MDR P. aeruginosa

3. 5208U25998 (Materials and Methods)

3.1 nausee1enldlunisidy (Bacterial isolates)

Wwanldlunseinenlaun 1We P. aeruginosa I1use ey 50 loleian Faudowmant
\Ju clinical isolates AilsvinmsAinwnaumiilinduidenssevatsviin (MDR A,
aeruginosa) S3YN ceftazidime wag imipenem

3.2 mavagauANiaeefugalinlagds Disk diffusion test

Disk diffusion test udsnsfldluntsnaaeuanulanesn lunssisnunaauisn
venlsindesiauladeslusedule Tnedeadsluovsidsade Difco LB Broth, Miller (Luria-
Bertani) (Becton,Dickinson and Company., Sparks, MD 21152, USA) Urlupaneimuisiseu
200 s0U/ANT 9Vl 37 eerniwalda nduldliud AR UnrndeuduadUludon
Al duroadawinfu McFarland standard No. 0.5 W&vinms swab 13e7isasnsvadeu
UUﬁl’lummiLgadL“ga Difco™ Mueller-Hinton agar (Becton, Dickinson and Company., Sparks,
MD 21152, USA) ud2vinn5314 antibiotic disk (Oxiod Ltd., Basingstoke, Hampshire, UK) 111Uy
ﬁqquﬁ 37 asrnwal@ed \Wua 24 41l srumansvedeulaentsinuunnves clear zone
MniwiluFeudsufunasgufitmudld LS, 2007) Fwenusoudanald 3 szdude R

(resistant), | (intermediated) wag S (susceptible)

3.3 M37152au1 class 1 integron (Detection of class 1 integron) 1ng3s PCR
dwsunidetiaglais colony PCR laeinseu template ¢eAs boiling method

P | & -l ' P . v o
1189910 integron Tuusiaz class Tuazliauusnsnefitoulal integrase MITUANTATIAM




class 1 integron Hazandi specific primer fianansadudu int! 1§ (M5 1) luufAsewesms
i1 PCR Usenaume template,10 uM forward primer, 10 pM reverse primer, 5 uM dNTPs,
1.5 uM MgCl,, Tag polymerase, 10X amplification buffer wag sterile deionized water
USUU3a95593 50 pl anmsfimunzanlunisyin PCR drudunisnsia intf A 94 °C 5 1wl
1 58y, 94 °C 45 Ju17 (denaturing), 48 °C 45 3unfi (annealing), 72 °C 5 w¥l (extension)
F1u7u 30 59U Uag 72 °C 10Ul 1 58U NERNIIANUSINAILET YAsI9RanS
amplification &% Agarose Gel Electrophoresis 3nnusi PCR product Aldunyialsh

U3GVId uagymMsmawiuiua vaminnsudduiualal danieseasuiuaildtudau

wafilisnga melusunsifiasizaniaules htto/Amw.ncbinlm.nih.cov

3.4 MmwsIIvabiuiegfiaguu class 1 integron 10g3% PCR

Feilvinauansde intf axdanasiamiuiioguu class 1 integron Tagldf specific
primer #ignunsaduiu 5'-CS (forward primer) Wag 3'-CS (reverse primer) (m974 1) Tu
Ujhzenwesnsyin PCR duasmiloufivildseylilude 3.2 ussifiunatlutunau extension
< al ¢ o W I3 ¢ o @

\u 5 il wazieuleel Tag polymerase fildazifutoulesidmsu Long PCR product
fragment Liasan Buleguu class 1 integron tudnazivansBu Fsawviile PCR product

YPRYVINTINENS amplification #8735 Agarose Gel Electrophoresis 91ntiutin PCR

I
L= -] ]

product filsnvhliusans imsmidiuua uasiiasisinamiiouduiilasyylilude 3.3

M50 1 wans Primer Alglunismsaam class 1 integron

Primers  Sequences Expected PCR products (bp.) References

Intl1 F 5'GCA TCC TCG GTT TTC TGG3’ 457 Shibata et al.,2003
Int1 R 5'GGT GTG GCG GGC TTC GTG3’

5'CS 5’GGC ATC CAA GCA GCA AG3’ Variable Lévesque et al., 1995
3'CS 5'AAG CAG ACT TGA CCT GA3’




4. Han1svaaaazaiusiena (Results and Discussions)
4.1 msfinwanulavauis . aeruginosa dognd1ugaTn

mssnwlsafadefiinenide P aeruginosa 5ue€1u1way’LLé’qaﬁ’nw'L%'mwawumu
sy FvilidoiRansieemaneriianienty Feiimnusiluiiesdosdnmmnihveis
soedrgatmmani Famsinwanilhwanderorduaain 941435 Disk diffusion test e
fldmaaeu s third generation cephalosporins (ceftazidime), imipenem, ciprofloxacin,
uaﬂmﬂﬁué’qﬁﬂ'@'u aminoglycosides (gentamicin, amikacin) 8ndne iilovhn1sinuuinees

inhibition zone uanhlUeuBuiuNIns§INTeY CLSI (CLSI, 2007) Feazansaulanald

2
as = -

3 5¥AUAD Wallpnuliwies (S: susceptible) wollmulideeseaunans (1 intermediate)
waeiln1fiee (R: resistant) Han1sAnwkanlAlum1979 2 wul@einnshaneen

ceftazidime waz ciprofloxacin AmBuferay 88 (44/50) uay 90 (45/50) Uen At uITodIL

2
s

Tueidaiimshosionn imipenem fl3oeas 62 % (31/50) dwsusngu aminoglycosides tiu
wudndenesionn gentamicin way amikacin £14 80 % (40/50) way 56 % (28/50) AN& s
mnwamsﬁﬂmmmh‘uaamﬁwuaﬁ%wsﬁmﬂ‘g@ P. aeruginosa wuindadnilngiing
rodeenfildifusndenlunsinwilsainde A aeruginosa ﬁ'ﬁdﬁmﬂa;u fluoroguinolone,
aminoglycoside kaz beta-lactam $7uviaen carbapenem ﬁaaﬂqw‘élﬁﬂ’!ﬁwmﬂL,Laxﬁad’lﬁ
fignlutlegtu i P. aeruginosa Rdwimuiiedioysenuarieelfine Seiaonndeiy
MenuETUNMSaEUsTIALaluUSEmA (3asnsAe carbapenem wagnaueBuiily
Snwlsaiaie P aeruginosa lEANNMSANYYBE MYSTIC program Brazil ¥ a.¢. 2003 &4
Humsfinualy 20 Tsmerunavesusi@a wuide P. aeruginosa wnnitgaaniderelsalu
Tssngunauaslisnsinisaessen meropenem 64 % Wiy ceftazidime 55.8 % (Kiffer et al.,
2005) lulifienfuniin1591891U84 Canadian National Intensive Care Unit wuituanainite
P. aeruginosa axiin1siesioen meropenem LLﬁ@é’&%@@f@Eﬂﬂ?ju cephalosporin i"uﬁ' 3 Ay 4
A ceftriaxone wax cefepime it 30 % wag 10.2 % MUAI6U (Zhanel et al., 2008) luil
A.A. 2006 AfinsAnwimsiihssSaderelsalulsmevanngudnisunmdvesamnizonim
WU 10.7 % waw 6.4 % mau%a P. aeruginosa finsheen impenem L&Y meropenem
LAY (Rhomberg et al., 2007) uonantudadimsseunsaeen imipenem Tude P,

aeruginosa luszwind a.a. 2005-2008 NTsaneUIAAUINTWING Malaya UssinAunalde




- 2 at e‘j Vel - L -:Itu o v
(Khosravi et al., 2010) 8nde dmsululsemalnetulalimsfinudUieninwisluneddae

Angreadlsamerunaasaruaduns Tured a.d. 2000-2002 Awulgywnisheen imipenem

988 P. aeruginosa &3 30.9 % (Thongpiyapoom et al., 2004) sioxlgiinissesuan

[ ] v v
e

audiihseintefaeuien® (NARST) famshisenuaside P. aeruginosa wuintugasla.a.
2000-2005 3aisns1n1sassiasn imipenem (12.8-15.4 %), meropenem (8.5-15.5 %),
ceftazidime (24.6-26.2 %), amikacin (17.9-23.6 %) waz MDR %aiaumsﬁam amikacin,
ciprofloxacin uag ceftazidime (33-44.6 %) \Wusiu (Dejsirilert et al., 2009) AvanNAN1sANWN
Tusinfiengsndt 15 Tsnwmegluvediiaeingrlulsmenunagimasnsel Wl a.a. 2005 A
wuﬂzgmmsﬁawuam%a P. aeruginosa 1me MDR P. aeruginosa wusnnusuduansde 55
% &1 MDR P. geruginosa ‘bﬁgwuﬂﬁﬁﬁmiﬁwaﬁaa’mfju carbapenem ¢3¢ (Sritippayawan et
al,, 2009) uenantilull a.a. 2005-2006 TiTinsTerUIINUALNENTNINTTY TmeUna

YDURAY IIWULID MDR P. geruginosa 1 10.53 % (16381 way wiving, 2007)




AT 2 LERINANISVAGEUATNLIVBNUTD P. ceruginosa RagRuaTH 1nedF Disk

diffusion test

Anulireesinulatn
Isolate Isolation specimens
date CAZ  IPM CN AK CIP

PA4-458 7/11/2550 pus R I R R R
PA4-489 7/11/2550 sputum R [ R & R
PA546 8/11/2550 sputum R R R | R
PA850 13/11/2550 sputum R R R R R
PABE4 13/11/2550 sputum R [ R | R
PAS35 14/11/2550 sputum R I R R R
PA974 ©14/11/2550 sputum R I R S R
PAST5 14/11/2550 sputum R R R S R
PA1058 15/11/2550 urine R 1 R S R
PA1360 19/11/2550 sputum R \ R R R
PA1630 19/11/2550 sputum R I R R R
PALTT5 25/11/2550 sputum R S R ] R
PA952 12/12/2550 . R | R R R
PAS53 15/12/2550 - R I R S R
PA1691 23/12/2550 sputum R R R | R
PA2413 29/12/2550 sputum R R R R R
PA2259 30/12/2550 sputum R 6 R R R
PAKSO 7/01/2551 bleced R R R R R
PA321 7/01/2551 sputum S l S S S
PA2149 27/01/2551 sputum R R R R R
PA2290 29/01/2551 sputum R R S S S
PA195 2/02/2551 sputum R I R R R
PA248 3/02/2551 fluid R S R R R
PA304 4/02/2551 sputum S R S S R
PA923 12/02/2551 sputum R R R S R
PA931 12/02/2551 pus R R R S R




A5 2 (79)

erwlaiendmugaiv
Isolate Isolation specimens
date CAZ PM CN AK cp

PA948 12/02/2551 sputum R R R R R
PA966E 12/02/2551 sputum R R R R R
PA1266 15/02/2551 sputum R R R R R
PA1304 16/02/2551 sputum R I R R R
PA1625 20/02/2551 sputum S R S S S
PA1632 20/02/2551 sputum R R R R R
PA2169 27/02/2551 sputum R | R R R
PA2201 27/02/2551 sputum S R S S R
PA2354 29/02/2551 - R R S S 3
PA36 1/03/2551 sputum S R S 3 R
PA128 2/03/2551 pus R R R R R
PA181 3/03/2551 sputum R ! R S R
PA982 12/03/2551 pus R R R R R
PA1110 15/03/2551 sputum R R R R R
PA1154 15/03/2551 pus R S R R R
PA1361 17/03/2551 sputum R R R R R
PA1410 19/03/2551 sputum R R R R R
PA1868 23/03/2551 sputum R R R R R
PAGO 1/04/2551 wound R R R R R
PA2TT 3/048/2551 burn R R R R R
PA329 4/04/2551 pus 5 R S S |
PA392 5/04/2551 sputum R R R R R
PA398 5/04/2551 pus R R S S S
PA460 6/04/2551 - R R [ S R

waewmn S:susceptible, I: intermediate, R: resistant

Abbreviations: CAZ (Ceftazidime), IPM (Imipenem), CN (Gentamicin), AK (Amikacin), CIP

(Ciprofloxacin)

- Luiifeya
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4.2 N15m523% class 1 integron 1ag35 PCR
Jagtuinutigmindeiinsaesdugadnmansnundonty lnaRaanmsd
genetic element ¥llanilefiGendn integron FunsnszeannlumiuuaiiGounsuay Tng
integron anunsnarauBuReswiasegldindewioty viliazendenisairaeuleunvinae
endruRaiwvasmuumieniy warnsastefudosmanseialunienqfufieldiesn
de uarBudeenluie P, aeruginosa fnavasaumsnly class 1 integron lagldnaln site-
specific recombination % class 1 integron 95Us¥NaUMIY conserved segment 2 @1 A
5'conserved segment (5°CS) uag 3'conserved segment (3CS) wanntudafiduaes
variable region 8g5¥1ine 5°CS wag 3'CS Julu gene cassette ﬁﬁﬂfjmaqﬁuﬁaawﬁ@ﬁmq
fdunsnwniddainge P, aeruginosa 50 Telean fuenldRngUagayhnisasiam class 1
integron Tnswafla PCR Tnsludunouusnassinisiiusauauty intl 354 primer 5L
AuBu intil e intLF-int1R primer naUsINgITi@as vy 41 lolaan Winavandu int1F-
int1R lAlA PAG-458, PAG-489, PA546, PABS0, PABSA, PAS35, PA974, PASTS, PA105SS,
PA136Q, PA1630, PALTT5, PA952, PA953, PA1691, PA2413, PA2259, Pak9o, PA2149,
PAZ290, PA195, PA248, PA923, PA931, PA948, PA966, PA1266, PA1304, PA1632, PA2169,
PA181, PA982, PA1110, PA1154, PA1361, PA1410, PA1868, PAKO, PA277, PA392 way
PA460 fin13msaanu PCR product ddlsivwisiilndiiesiu PCR product 484 intf1 fs wu1n
Usyanns 457 bp (0w 2) dednders 41 lelsantienasiiy intl Faduduiimuuy class 1
integronsiieg18we inti1 PCR product Feldgnirluvhmsmarduiinealalndudatun
Wnswving Usingirlinanumilieutudu int/l winfu 100 % identity (WaRIfanIw 3) wanein

LOANNUNEY int/l




bl TR T S e——

AN 2 UaERTRIavaY PCR product AmsRvUSaieuevesdy intl
(unadseinn 457 bp) T P aeruginosa uslelaian vu 1 % agarose gel
11 0.5x TBE buffer Lane M: 100 bp ladder marker (Fermentas); Lane 1-9:
PAB50, PA277, PA935, PA4-486, PA2169, PA2259, PA60, PA2149 way PA9T74

AINGIAU
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10 20 30 40 50

e PYTTI Y o0 U U U DU R SRR | S
Intl gene [CTACCTCTCACTAGTGAGGGGCGGCAGCGCATCAAGCGGTGAGCGCACTC

Stop codon

60 70 80 90 100

B I [P IO (VRN IO VRN IS N I

Intl gene CGGCACCGCCAACTTTCAGCACATGCGTGTAAATCATCGTCGTAGAGACG
110 120 130 140 150

Y AR (RN (PR (VRN [P (PSRN (DR I I

Intl gene TCGGAATGGCCGAGCAGATCCTGCACGGTTCGAATGTCGTAACCGCTGCG

IntlR

160 170 180 1% 200

A T NN o e

Intl gene  GAGCAAGGCCGTCGCGAACGAGTGGCGGAGGETETCCEGTGTGGCGGGCT
T CETERT g gl | SN | S S | ) - GGTBTBECGGGCT
‘ 2710 220 230 240 250
\ 1= N
Intl ‘gene —TCGTGATGCCTGCTTGTTCTACGGCACGTT TCAAGACECECTGARAGRTC
PA884-Intl TCGTGATGCCTGCTTGTTCTACGGCACGETTTGARGGCECGCTCAAAGETE
260 270 280 290 300
T T ve | X T N

Intl gene - TGGTCATACATGTGATGGCGACGCACGACACCGCTCCGTGGATCGETCGA
PAB84-Intl TGGTCATACATGTGATGGCGACGCACGACACCGCTCCGTGGATCGGTCGA
310 320 330 340 350

S WU T | | |\ U I . [

Intl gene ATGCGTGTGCTGCGCAAAAACCCAGAACCACGGCCAGGAATGCCCGGEEE
PAB84-Intl ATGCGTGTGCTGCGCAAAAACCCAGAACCACGGCCAGGAATGCCCGGEGE
360 370 380 390 400

g L W S VR S W DA W~ e, (R P

Intl gene GCEGATACTTCCGCTCAAGGGCGTCGGGAAGCGCAACGCCGETECGECCE
PAB84-Intl GCGGATACTTCCGCTCAAGGGCGTCGGGAAGCGCARCGCCECTGCGECCT
410 420 430 440 450

T B I R N (= 4 e o N

Intl gene TCGGCCTGETCCTTCAGCCACCATGCCCGTGCACGCGACAGCTCCTCGCS
PA884-Intl TCGGCCTGGTCCTTCAGCCACCATGCCCGTGCACGCGACAGCTGCTCGCS
460 470 480 490 500

LA, T | e A

Intl gene  CAGGCTGGGTGCCAAGCTCTCGGGTAACATCAACGCCCGATCCTTGGAGE
PAB84-Intl CAGGCTGGGTGCCRAGCTCTCGGGTAACATCAAGGCCCCATCCTTGGAGE
510 520 530 540 550

T —— o P (R (PR I

Intl gene CCTTGCCCTCCCGCACGATGATCGTGCCGTGATCGAAATCCAGATCCTTG
PA884-Intl CCTTGCCCTCCCGCACGATGATCGTGCCGTGATCGARATCCAGATCCTTG
560 570 580 590 600

A T IR AR ISR IV ISR IS IV I

Intl gene ACCCGCAGTTGCAAACCCTCACTGATCCGCATGCCCGTTCCATACAGAAG
PA884-Intl ACCCGCAGTTGCAAACCCTCACTGATCCGCATGCCCGTTCCATACAGAAG

IntlF

A 3 uaasmslssuiisudrduiedlelvaves intll gene Tuie P. aeruginosa PABSA

14
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4.3 nsasravBudesiiaguu class 1 integron Tng3% PCR
Tnuamsveassihiuuandiidiuingas P. aeruginosa 41 Telwan T8y intrt Fady
anwvRWILYBd class 1 integron FuhFahdowaniuiiessineiauarsuiuees gene
cassette Viagjuu class 1 integron taewadia PCR 8414 In5'CS-In3°CS primer fismeiuday
94 5°CS Uay 3'CS waUsIngwy PCR product 194 class 1 integron fifaunauansey 7
un AedvwAUsyUNn 700 bp, 1300 bp, 1400 bp, 2000 bp, 2600 bp, 3000 bp waz 7000
bp (1w 4) uenantudmuinluideuislelaandeny class 1 inteeron 11nndn 1 wia (N5
3) iy class 1 integron il 2 vuwegludslsluanfuaiu Faulude 5 loluan 1Hud
PAL154, PA1775, PA2259, PA9T4 unz PA9S3 uawdiaw class 1 integron #iiife 3 vunmeglu
elolmaniiaiu Inowulude 5 lolaian Téun PAL691, PAKOO, PASTS, PA1266 uay PALSI
FadtFannsafiazutsguiuuass class 1 integron fnuluidari a1 lolwian 14 7 suuuy
(A1579 3) ﬁagﬂuwﬁ 1,3, 5,6 Way 7 avwu class 1 integron S1uaw 1 w0 ludslelvian
Weaiy Asdlvwindszanu 700 bp, 1300 bp, 2000 bp, 3000 bp kag 7000 bp audsy Ty
sUWULT 4 aewudndl 2 wilaves class 1 integron meludalalaanifieniu Aomuausyana
1400 bp uaz 2600 bp ﬁm%’ugmmuﬁ 2 wuandl class 1 integron i 3 ‘Uﬁﬂag"i,m%@laimam
WenAU AaaunnusEanad 700 bp, 1400 bp tay 2600 bp gﬁaﬁmsmﬁagﬂawwaq class 1
integron Fnumnnitanfide sUuuuT 3 Tasnuannds 25 leletananvionun 41 Telatan Anidiu

60.97 %




2N 4 kaAIvUIAYRY PCR product Ue4 class 1 integron W 7 gULLMUﬁWU‘LUL‘%@
P. aeruginosa Uu 1.0 % agarose gel lu 0.5x TBE buffer
Lane M: 100 bp ladder marker (Fermentas); Lane 1-7: PA931, PA1266, PA546,
PA1154, PA1110, PA277 Uaz PA966 musndiu

16
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ATN 3 uaAsgULUUYen class 1 integron Minsaawuluie P. aeruginosa Miwenlavngtay

Integron no. isolates Approximate size of integron (bp)
types of isolates
1 2 PAS22,PAS3] 700
2 5 PA1691, PAK90, PAST5 700, 1400, 2600
PA1266, PA181
3 25 PA4-458, PAG-48S, PAS46, 1300
PA8B50, PAB84, PA935,
¢ PA1058, PA1360, PA1630,
PA952, PA2413, PA2149,
PA195, PA248, PA948,
PA1304, PA1632, PA2169,
PAS82, PA1361, PA1410, PASO,
PA1868, PA392, PA460
4 ) PA1154, PA1T775, PA2259, 1400, 2600
PA974, PAS53
> 2 PA1110, PA2290 2000
6 1 PAZTT 3000
% 1 PAS66 7000

dmiumsfinwnaiuiianilelndvas gene casettes Uu class 1 integron Taeldimafia

sequencing wanhdwuiadlalvanlaunias st nausangin PCR product Miflvuasnafuf

LY 7
= as

wnuBuReeiiunndaiuig Tag gene casettes U class 1 integron AWUTIAA 1, 2, 3

wag 7 gene (1w 5) lnedisrwazidundail

4.3.1 class 1 integron fiflvurnuszana 700 bp iy integron E‘ULL‘U‘Uﬁ 1 uay 2

(A 5a) Wellasigvinalsuiinadlalndudfinuindiies 1 8ufe aadB 7 encode woulas

aminoglycoside adenylyltransferase (AAD(2"")) Foiliidenesios gentamicin iag

i P & ! & . -
kanamycin lngguLuUas gene cassettes Mwuiiineiiswnuimulude P, ceruginosa
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wenlfangiheriduusumausi@a (Fonseca et al., 2006), §1m3 (Ratkai et al., 2008) uay
B157u (Shahcheraghi et al., 2010) (Jusu

4.3.2 class 1 integron ffluunauszana 1300 bp wulu integron gmwuﬁ 3 1B
sluvufen diedesmidduihedlolndudmunsdniFesfnans cene cassettes &9 aadAs-
orfD (AN 5b) %1 aadA6 2y encode Laulasl aminoglycoside adenylyltransferase
(ANT(G3™)-1) vl Tofesiaen streptomycin 108 JULUUMITAETE9FI1999 cene cassettes e
fis18uMINUUY class 1 integron 7iluan 1300 bp Mude P. aeruginosa 15 Telwaniiuen
loangUaeludsemeRuluseningd a.a. 2003-2005 (Gu et al., 2007) wazl A.A. 2007 Ay
Tude P aeruginosa ‘ﬁLLEJm]’mQ’U’JFﬂuﬂixmﬂﬁ%i’m (Shahcheraghi et al., 2010) 1Jufiy

4.3.3 class 1 integron AfmunaUsyann 1400 bp wuly integron E‘ULL‘U‘U‘ﬁ 2 uaz 4
fuiidwuianalelndiinseiudmuinaedu aacA7 usindinisinBeesuuy duplicate
(aacAT- aacAT) (aw 50) Ineduiias encode tovley aminoglycoside acetyltransferase .
(AAC(6")-1b) ﬁﬂﬁﬁaﬁ@m‘igaﬁiaaﬂuﬂﬁu aminoglycoside L4 amikacin wag tobramicin
108 aacA7 dmanuuY integron fiunsnialu MDR plasmid pBWH301 Tnewulude
Enterobacter spp. szm'wLﬁmmnma'ax‘uwmaamsﬁaaﬂuisﬁwmmaﬁﬂismmaquwm CR
aacAT aﬁfiuﬁuﬁuﬁuﬁ’mﬁa aacA7-catB3-aadB-oxa2-orfD (Hopkins et al., 1991 Lay
Bunny et al., 1995) uaﬂmﬂﬁuﬁawu aacAT TUL‘T;EJ Pseudomonas putida strain Ppl iy
Tudsuwnelysenag s‘&"awudwﬁmﬁm‘%mﬁaa@ﬁmﬁ’uﬁuﬁuﬁa aacA7-blayya-aacCl-aacAd Uu
class 1 integron 938 (Santos et al., 2010)

4.3.4 class 1 integron fifiuausyang 2000 bp Wuly integron gULLUUﬁ 5 1le
ApTwviEuIna o lnakdmun1sIRISueives gene cassettes Ao blaP1b-aadAZ (AW
5d) &3 blaP1b 9% encode taulwil PSE-1/CARB-2 beta-lactamase Tnevilidanasiosn
carbenicillin (Quinteira et al., 2005) wax aadA2 fi encode dwiuteulayd aminoglycoside
adenylyltransferase (ANT(3")Ib) vlsfiioRasiaen streptomycin (Bito and Susani, 1994) 14
firenudeuiinaeny bloP1b-aadA2 lude Morganella morganii (Rojas et al., 2006)

6.3.5 class 1 integron fiflvunausesna 2600 bp wulu integron SULUUT 2 uag 4

Welmsgvanduiadlelnaudmunsinidasiives sene cassettes fia aac(3)-Ic-(smri-

like)-cmlA5 (nw 5e) Taeft aac(3)-Ic 9 encode 1oules] aminoelycoside acetyltransferase
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(AAC(3)-I0) uaevinliidomana gentamicin (Riccio et al., 2003) &MU smr 92 encode
multidrug resistance protein (SMR family) Gwilifi¥afose toxic compounds vatewiin
suvkedugadnngy aminoglycoside (Li et al., 2003) Fsrouiifasny smr fogun
inteeron #ae@e smri Tuide Stenotrophomonas mattophitia $vwu 6 lelewan Fauanly
1nhei Kaohsiung Medical University Hospital 1 .61 2002 (Chang et al., 2004)
dwivdsiiaulaie smr finvlumsineniideuludnwdwuiedlelndudmuindiau
AdeAdfu smrl §v 98.74 % laefidsuiandlolvddnsfudios 4 saumisluduiide ¢ A
(FIUIUST 40), C =T (FUmus? 255), G =T (Funtadt 261) uag C =T (Fuvadi 303)
diodinsgiiessiunsnasilunuinfimundondaiu SMRT fe 98.94 % Tnsfinsmozilufintg
Wasuwlasdies 1 sundavindufenseesdlusiuwmisit 14 Wasuan Valine (Val,V) =+
soleucine (lle,l) KaAIFINTH 6 B9 smri-like Tyl limednundeudiowSouiisufiuiusay
ﬂimaxﬁiuﬁﬁa@u GenBank #1115 cmlA5 fi encode chloramphenicol resistance protein
Fan513898m aac(3-ic-cmiAs fnelistenunsnuluie P aeruginosa MW UNa
uyIngnaelugsi (Ozgumus et al., 2007)

4.3.6 class 1 integron MivwAYsEIN 3000 bp wuly inteeron sULUUT 6 e
AATERERUTInale MALEIMUNSIAIS8eFIuee gene cassettes A aadB-cmlAl-aadAls
(2w 50 g aadB fivnlddenas eentamicin waz kanamycin #1430 cmlAl uwas aadAls
fvlidedesos chloramphenicol uag streptomycin auddu Saaefimssenunauiis
NINWU @adA 15 Tulsunalaniuinnunisdnse s iuedy catB3-blasxs o-aadAls Ul class
1 integron Twia P aeruginosa (Yan et al., 2006)

4.3.7 class 1 integron AfvunaUsyana: 7000 bp vl integron EULLUUﬁ i ﬁ':u
wulude 1 lelwian Ao PAYS6 Wiathumduiiedlelndudanuidinisdndeshaes gene
cassettes A9 tnpA is10-ike-DlQves.2-aadB-arr-(2)-cmlA5-blagya 1g-aadAl (W 5¢) UTHIEY
upstream fouRaUMIsI8a blayes., gene cassette WUBY tnpA Levnnsisuiiauddu
haflalndudrusingindimnumilou 100 % identity U tnpA sipue (GenBank accession
no. AY536743) 1ag 1S10-like 1Ty insertion sequence fidunumidy transposable element

< ¢ a v ") al -l o q w P 9
%avg encode Laulel transposase Ngnlddmiunisindoufivazyildaunsafinzunsnludh

target molecule ¢ (Chandler and Mahillon, 2002) %83 NFUNLITB tNPA 50,4 TTIEWU
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U blayes, B0 ESBL wdanie dwiuludsandlnanedsioauunneuiiin dhwu 151999
BEUINN upstream noulwUNUB blaye (Girlich et al., 2002) ypnanAty promoter
Y4 1S1999 é’q'ﬁamﬁumﬂmmaanmm blaVEB_l'LuL%a P. aeruginosa 8nmt (Aubert et al.,
2003) Tun1sANEENUI t1PA 100 TLED P. aeruginosa AANAG1EARINU 151999 f
99% identity Tnaihndlolndsieiuies 2 suvineludiy Aodeusin A -G lusumied
910 wazifeunin A —C Tusuwieil 1235 efinssfunnssienuaes Mahillon way
Chandler ¥ a.a. 1998 #eiuFeoradululéan thpA smpme v Tdu promoter 1
MSUAAIDBNYBS blayes, Wit PASGS 14

F MU blayes., W Foiinnsassiae ceftazidime Iué’msﬂﬁqa 108 blayes.s ﬁag’
YU class 1 integron ﬁ'maﬁ‘mamumswﬂm%a P. aeruginosa 2 loleian *?i@%m ceftazidime

34 Awsnlanguaeveslsenerunadisnt (Girlich et al., 2002) T4 blayes , Tnululolaan

[ 14

[
<l =l <l 1

PA966 Tniimshasaen ceftazidime WANII blaye., Hunumlunisviiliidefosasn

ceftazidime wonINUWEMUEY aadB, ar-2 way cmlAS vnlTeRasesn gentamicin,

¥
<l ]

rifampin waz chloramphenicol MUERU SANINUTY blagys 1o BV TaRDA B-lactam Bu
Sndhe wariu aadAl fivhlyiTerosiesn streptomycin FeguuuunsdniSesiaues cene
cassettes ﬁwuﬁ Ao tNPA is10-1ike-bl0Oves2-aadB-arr-(2)-cmIA5-blagy 1-aadAl §A3
pdnemdsiuinelinsneuteunthiudaluide A, cerusinosa fuenldaingihones
Iseneu1afsss Inefinisdnisusinues gene cassettes wloufiy wisetunsaiumieves
insertion sequence MU&suan ENPA s10.1ke MW TNPA 1009 WY (Girlich et al., 2002)
wandliifiudnusan upstream flaufissumily veb-2 cassette Sunananiisinoznuiy

151999 uardsanursanulmiu 1S10-like dnme
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In5'CS In3'CS In5'CS In3'C8
—> <« —> <
N __N
[ [y | | [em ) |
534 b p_l/ l 279 bp.
L 700bp. — ! 1300 bp. _—i
In5'CS  Pa1266F1 In3'Cs
_  — e
N N
I | 2acAT > |aacA7'. > I
459 bp, V' 459 bp. V/
p————— 1400bp. ——
(d)
In5‘Cs In3'CS
—_— <—
— - R
| [serto (psevicare2)>  [leadh2 F |
: 867 bp. 792 bp. |
| 2000 bp. —
(e)
In§'CS Pa1154F1 Pa1154R1 In3'CS
— — — <
N N J N
L aae(3)-lc > | smr[-like> LcmiA5 > ]
471bp. V 318 bp. ¥ 1250 bp. V
|
| 2600 bp. —]
(f) - :
In5'CS Pa277F1 Pa277R1 In3'CS
—_— — < <
N ! o N
| |sece >  [hemiat] > EZEN
’d V
534 bp. 1260 bp. 791 bp.
| 3000 bp. {
(¢)
In5'CS Pa966F1  VEB-F aadBF Pag66R2 Pa1154R1 Pag66R1 In3'CS
—_ — — — <— < B <—
. . N \
@p&ml | bievee-2 ) ) ) [eacar
1251 bp. 900 bp. LAY bp._V 543 bp. L 1260 bp.V 801 bp. LA bp.
— 7000 bp. )

P 1 , -Jd 1 ar a‘
AW 5 UAMNFULUUYBY gene cassettes Miaguu class 1 integron islwunasinariu Tngd

—>  Aa¥iAvN99D9 primer WAy ApdiAnauBd gene 910 start codon Ud

stop codon
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smrl (AF406792) MGWIYLILAGVFEVGWPVGLKMAQTPETRWSGIGVAVAFMTVSGFLLWLA
smr=PA1154 i ieeaiieans B o i RS E U D e h o e & e T -
60 70 80 90 100
(o (A ISP [ (O
smrl (AF406792) QROIPIGTAYAVWTGIGAAGTFFVGVLYYGDPTSFFRYMGVALIIAGVIT
= 14 = ' N
snrl (AF406792) LKLAH*
sr-PAT 154 pibe, 1. .. .. *

- M¥ 6 wamInsiUisuiisuddunsnoziluves SMRI-like 9148 P, geruginosa PA1154
iU SMR1 ﬂ?{wulw,ﬂ?;a Stenotrophomonas maltophilia
\Teevang . Aesumiinsnasdlufimilouiy
UInaiusndm Ao suvdenseesiilures SMR1-like 990138 P, aeruginosa

PA1154 79910 SMR1 fiwuluide Stenotrophomonas maltophilia

Mnxan1sfinwEuioulu class 1 integron luiievienun 41 lalewan awnsoasy
JUuvuRsudissinuuasgUluuNshoyvente Awuandlunisie 4 uandiidiuinguuuures
Bupioeninulay JULLUN1SRRE1venTatinudLS U Mudumshesmateviialude P,

aeruginosa Fiomiulyldiifinandudeendivuilugduniavss class 1 integron
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3N 4 uassanuduiusyesdusieeiwulue P. aeruginosa MugULUUNSHBEYRUYD

Budioen o sULUUNSHDEN

Integron type 1 (700 bp)

-700 bp: aadB (CN) PA923 CN'
PA931 CN'

Integron type 2 (700 bp,1400 bp, 2600 bp)

-700 bp: aadB (CN') PA1691 cN'

-1400 bp: aacAT-aacAT (AK) PAK90 CN', AK'

-2600 bp: aac(3)-lc-(smri-like)-cmlA5 (CN'; C¥) PAS75 CN'
PA1266 CN', AK
PA181 CN'

Integron type 3 (1300 bp)
-1300 bp: aadA6-orfD (S™¥)

PA4-458, PA4-489,

PA546, PA8S0,
PA884, PA935,
PA1058, PA1360,
PA1630, PA952,
PA2413, PA2149,
PA195, PA248,
PA948, PA1304,
PA1632, PA2169,
PA982, PA1361
PA1410, PA460,

PAGO, PA392, PA18,$8

(1 U9931n
Tailavinnns
NAFDUAU

Streptomycin)
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fumaen % sUnuuMsh9e
Integron type 4 (1400 bp, 2600 bp)
-1400 bp: aacAT-aacAT (AK) PA1154 N, AK
-2600 bp: aac(3)-lc-(smri-like)-cmlA5 (CN', C*) PAL775 CN'
PA2259 CN', AK
PA9T4 CN'
PA953 CN'
Integron type 5 (2000 bp)
-2000 bp: blaP1b-aadA2 (Cb™, S™) PA1110-

PA398 }(Lﬁmmﬂlﬂlﬁﬁﬁms
NAADUNUEN

Carbenicillin Lag

Streptomtcin)
Integron type 6 (3000 bp)
-3000 bp: aadB-crmilAl-aadA1s (CN, C*, §™%) PA2TT7 CN'
Integron type 7 (7000 bp)
~7000 bp: tNPA s10.ike-blavesz-aadB-arr-(2)- PA966 caz’, cN,
cmlA5-blaoya1e-aadAl TIC, PRL

(caz', CN', RIF* TIC', PRL", C™* S™%)

vianewe Ao resistant , * flo gadugadndilildvihnismageuluaidel

Abbreviations: AK (Amikacin), C (Chloramphenicol), CAZ (Ceftazidime),

Cb (Carbenicillin), CN (Gentamicin), PRL (Piperacillin), RIF (Rifampin),

TIC (Ticarcillin), S (Streptomycin)



5 fC
A
2
WAL &
{555

M3IANYINISNBLI0UTB P, aeruginosa 31uu 50 lalaian Auenldanguieves
Tsonenunalu Ssrfafuadan femsinwmmihveadessendugainaias Tngs Disk
diffusion test wuindoduluafinsaerosrfldluntsnaasuis 5 wdaldur ceftazidime
imipenem, ciprofloxacin, eentamicin k&g amikacin) LLamﬁa’i%%aei’auﬂlwiy:ﬁmiau‘awiam
vansruufiiusyavs anlunsdnwilutiogiu desnnnshsevanevinlude P
qeruginosa \aanEuRpeFsdruluaiiinnuuy class 1 inteeron 3395339 class 1 integron
Tneld primer SumedUEy int/t wuindesuau 41 Tolaaslsinavani it/ dadiy
SnunmanIzuad class 1 integron MU NTDIMETHINIATIZIM gene cassette ﬁag"uu
class 1 integron HaUsIARIWY PCR product 484 class 1 integron Aiflyunaumnsi1siy 7
YU Aadlvwinuszunas 700 bp, 1300 bp, 1400 bp, 2000 bp, 2600 bp, 3000 bp waz 7000
bp uaﬂmmfuETaaﬂmmﬁﬂ::LLﬁquLLU‘Uﬂuaa class 1 integron finulwer 41 lolaan 16 7
stuuudniiy WieRansaunfisguuuutes class 1 integron fimusnniigaiae guuuud 3 (@ 1
integron filaunm PCR product Usganas 1300 bp) Tnenuangie 25 leleian Aaduseuas
60.97

dwmdunisAnmannuianilolnaves gene casettes Uu class 1 integron wuiilay
dulnpuarssnuiulunguues aad gene (aadB, aadAl, aadA2, aadA6 wag aadAl5) way
N§Y aac gene (aacA7 way aac(3)-Ic) 9% encode Loules! aminoglycoside
adenylyltransferase waw aminoelycoside acetyltransferase MudU Feasnlfidonase
gNax aminoglycoside uaﬂmnﬁgué'qﬁm‘im’mwuﬁﬂumju beta-lactamase l9lin blaP1b,
blayeg., Wae blagxa-1o Fvinlidononasn carbenicillin, ceftazidime uwazengu beta-lactam
3nde uasnduihadlainsiniSesihvesduuu class 1 integron fillvuiaUsyan 7000 bp
finuluidie PA96E 1 ﬁ‘gﬂLLUUﬁﬂﬁ’l‘c’JﬂﬁQﬁumnﬁU class 1 integron finulwde P aeruginosa
fusnldangisvedsmennarialul am 1999 Tnsmsdndesivesduiinuluidio PAIGS
A tNPA s10.ke-blayes.-aadB-arr(2)-cmlA5-blaoys.1-aadAl Faumnenetuiinulude £
aeruginosa 'ﬁ'u,aﬂlﬁﬂﬂnéﬂqawaﬂiawmuwaﬁ%sqmﬁamﬁﬁmmﬂwm insertion sequence 7
WEEUAIN tNPA 1010 WU tNPA 51999 Wit ﬁw%’uﬁuﬁamﬁﬁwau‘laﬁnﬁﬁwﬁqﬁa smr finy

ala < ) -7 o - ¥ ol
Uu class 1 integron flvuaUszann 2600 bp Wevrludnwaduiiandlevaudinuing



26

AUANEARSU smrl T4 98.74% diotinseitesedunsaasiilunuiiiruadieadeiu
SMR1 s 98.94% TaefinsaesdlufinsBsuudasiies 1 sumaviniufensaesilusumis
#i 14 Wabuan Valine (Valv) = Isoleucine (lle,) 1 smri-like Fnuiilairefnwuanneudie
L‘U‘%'EJUL‘ﬁauﬁ'uﬁuuasﬂsmasﬁiuﬁﬁeg'm GenBank

Slefnuniuieeilu class 1 inteeron luderavun 41 lolsan wansliiuiguuuy
yasfudiofinulasgUiuunsise e defimnuduiusiy Tasmshee maesialude A
aeruginosa nnnmsTiteaiouleisanuvhansen Tnedudifmunnsadraoulas
widntdumianuuy class 1 integron FaanansoavauduitesnviiannagliuniSosiafy vld
aspnnsenmsahteulsfivhanseiugadnvasvuundonsu fefubumaeniioguy class
1 integron Jufudniedunilsfigndadmiunsunsnszarevesduiionn v‘fﬂﬁﬁaﬁamﬁ’mqa

TWAAWVUIUNT DU AULALY N IFEIUNsaNAEaenand ufe1 L datnesIosa 8N 8



27

ONE1591994

aa - ] @ oW a 3 a  w < ae AL a ¢
wadl Srlnf, yuan aunsusy, 5Tty PSeviasugned, nduduns wwuglefdng uas wisuiing a1ena.
a & a - ' a & & & - v a & '
(2547). \sadndienusingTulwivadlsefneniusingiudn 2 (wih 75). auaulsainivauisUsumelne.

nsanwY : ledadin Wudivde.

L a @ i a o ) ar o A X
Sefing waudu wazwsiiy Wanlanm. (2551). MsasImLasAnwdnvusnaiugnssuvesdunosluie

=l v ‘ ) < = v
galuadfiwealfnlivaransludssvelng : $189338 2551 PNAINTAINVNINE1RY

waes andl wae wiiwg Ardu. (2007). Tsadiaigelulsaneura Tuununnuisisnsslsmeunavauwau,

WDULAUITATS, 31, 143-55.

Aubert D, Naas T & Nordmann P. (2003). 1S1999 increases expression of the extended-spectrum [3»

lactamase VEB-1 in Pseudomonas aeruginosa. J Bacteriol, 185, 5314-9.

Bito A and Susani M. (1994). Revised analysis of aadAZ2 gene of plasmid pSa. Antimicrob. Agents
Chemother, 38, 1172-5.

Boeonkerd N, Pibalpakdi P, Tiloklurs M, Niumsup PR. (2009). Class 1 integron containing metallo beta-
lactamase gene bla (IMP-1) in carbapenem-resistant Pseudomenas aeruginosa in Thailand. J Infect
Chemother. 15(4):257-61.

Bunny KL, Hall RM & Stokes HW. (1995). New mobile gene cassettes containing an aminoglycoside
resistance gene, aacA7, and a chloramphenicol resistance gene, catB3, in an integron in pBWH301.

Antimicrob Agent Chemother, 39, 686-93.

Chandler M and Mahillon J. (2002). Insertion sequences revisited. In Craig NL, Craigie R, Gellert M &
Lambowitz AM (ed.), Mobile DNA Il (p. 305-366) ASM Press, Washington: D.C.

Chang LL, Chen HF, Chang CY, Lee TM and Wu WJ. (2004). Contribution of integrons, and SmeABC
and SmeDEF efflux pumps to multidrug resistance in clinical isolates of Stenotrophomenas
maltophilia. J Antimicrob Chemother. 53, 518-21.

Clinical and Laboratery Standards Institute. {2007). Performance standards for antimicrobial

susceptibility testing; seventeenth informational supplement. M100-517.



28

Danchavijitr S and Waitayapiches S. (1988). Prevalence of nosocomial infection in Siriraj Hospital. J
Med Assoc Thai. 71(Suppl 3), 5-10.

Dejsirilert S ,Suankratay C, Trakulsomboon S, Thongmali O, Sawanpanyalert P, Aswapokee N, et al.
(20009). National Antimicrobial Resistance Surveillance, Thailand (NARST) data among clinical isclates

of Pseudomonas aeruginosa in Thailand from 2000 to 2005. J Med Assoc Thai. 92, 68-75.

Fluit AC and Schmitz FJ. (2004). Resistance integrons and super-integrens. Clin Microbicl Infect. 10,
272-288.

Fonseca EL, Vieira VW and Vicente ACP. (2006). Diversity of integron arrangements and occurrence of
new gene cassettes in clinical isolates of Pseudomonas aeruginesa from Brazil. GenBank accession

no. DQ139277. Unpublished.

Girlich D, Poirel L, Leelaporn A, Karim A, Tribuddharat C, Fennewald M, Nordmann P. (2001).
Molecular epidemiology of the integron-located VEB-1 extended-spectrum beta-lactamase in

nosocomial enterobacterial isolates in Bangkok, Thailand. J Clin Micrebiol. 39(1):175-82.

Girlich D, Naas T, Leelaporn A, Poirel L, Fennewald M and Nordmann P. (2002). Nosocomial spread
of the integron-located veb-1-like cassette encoding an extended-spectrum beta-lactamase in

Pseudomonas aeruginosa in Thailand. Clin Infect Dis. 34, 603-11.

Gu B, Tong M, Zhao W, Liu G, Ning M, Pan S, et al. (2007). Prevalence ancd characterization of class |
integrons among Pseudomonas aeruginosa and Acinetobacter baumannii isolates from patients in

Nanjing, China. J Clin Microbiol. 45, 241-3,

Hall RM and Cellis CM. (1995). Mobile gene cassettes and integrons: capture and spread of genes by

site-speciiic recombination. Mol Microbiol. 15, 593-600,

Hopkins JD, Flores A, del Pilar Pla M, Lester S & O’Brien TF. (1991). Nosocomial spread of an
amikacin resistance gene on both a mobilized, nonconjugative plasmid and a conjugative plasmid.

Antimicrob. Agents Chemother. 35, 1605-11.



29

Jayanetra P, Lulitanond A, Leelarasamee A, Janyapoon K, Chongthaloeng A, Naweewitpadung K.
(1994). A study of antimicrobial resistance among gram-negative bacteria in patients hospitalized in
the ICU of university hospitals. J Infect Dis Antimicrob Agent. 11, 9-11.

Khosravi Y, Tay ST & Vadivelu J. (2010). Metallo beta-lactamase-producing imipenem-resistant
Pseudomonas aeruginosa clinical isolates in a university teaching hospital in Malaysia: detection of

IMP-7 and first identification of IMP-4, VIM-2, and VIM-11. Diagn Microbicl Infect Dis. 67, 294-66.

Kiffer C, Hsiung A, Oplustil C, Sampaio J, Sakagami £, Turner P, et al. (2005). Antimicrobial
susceptibility of Gram-negative bacteria in Brazilian hospitals: The MYSTIC Program Brazil 2003. Braz
J Infect Dis. 9, 216-24.

Lévesque C, Piché L, Larose C, Roy PH. (1995). PCR mapping cof integrons reveals several novel

combinations of resistance genes. Antimicrob Agents Chemother. 39(1): 185-91.

Li XZ, Poole K. and Nikaido H. (2003). Contributions of MexAB-OprM and an EmrE homolog to
intrinsic resistance of Pseudomonas aeruginosa to aminoglycosides and dyes. Antimicrob Agent

Chemother. 47, 27-33,

Mahillon J and Chandler M. (1998). Insertion seguences. Micrebiol Mol Biol Rev. 62, 725-74.

Mazel D, Dychinco B, Webb VA, Davies J. (2000). Antibiotic resistance in the ECCR collection:

integrons and identificaticn of a novel aad gene. Antimicrob Agents Chemother. 44(6).1568-74.

National Nosocomial Infection Surveillance System. (2004). National Nesocomial Infection
Surveillance (NNIS) system report, data summary from January 1992 through June 2004, issued
October 2004. Am J Infect Control, 32, 470-85.

National Antimicrobial Resistance Surveillance Center, Thailand. Percent susceptibility. Retrieved

June 1, 2009, from http://narst.dmsc.moph.go.th/.

Ozgumus OB, Caylan R, Tosun |, Sandalli C, Aydin K & Koksal I. (2007). Molecular epidemiology of
clinical Pseudomonas aeruginosa isolates carrying IMP-1 metallo beta-lactamase gene in a

university hospital in Turkey. Microb Drug Resist. 13, 191-8.



30

Phongpaichit S, Liamthong S, Mathew AG, Chethanond U. (2007). Prevalence of class 1 integrons in

commensal Escherichia coli from pigs and pig farmers in Thailand. J Food Prot. 70 (2): 292-9.

Phongpaichit S, Wuttananupan K, Samasanti W. (2008). Class 1 integrons and multidrug resistance
amone Escherichia coli isolates from human stools. Southeast Asian J Trop Med Public Health. 39

(2): 279-87.

Quinteira S, Sousa J.C and Peixe L. (2005). Characterization of In100, a new integron carrying a
metallo-beta-lactamase and a carbenicillinase, from Pseudomonas aeruginosa. . Antimicrob Agents

Chemcther. 49, 451-3.

Ratkai C, Quinterira S, Grosso F, Nagy E and Peixe L. (2008). Characterization of class | integrons from
Pseudormonas aeruginosa clinical isclates from Hungary. GenBank accession no. EU746497.

Unpublished.

Recchia GD and Hall RM. (1995). Gene cassettes: a new class of mobile element. Microbiol, 141,
3015-3027.

Rhomberg PR, Deshpande LM, Kirby JT and Jones RN. (2007). Activity of meropenem as serine
carbapenemase sevolve in US Medical Centers: monitoring report from the MYSTIC Program (2006).
Diagn Microbiol Infect Dis. 59. 425-32.

Riccio ML, Docquier JD, Dell’Amico E, Luzzaro F, Amicosante G and Rossolini GM. (2003). Novel 3-N-
aminoglycoside acetyltransferase gene, aac(3)-lc, from a Pseudomonas aeruginosa integron.

Antimicrob Agents Chemother. 47, 1746-8.

Rojas L, Vinuesa T, Tubau F, Truchero C, Benz R and Vinas M. (2006). Integron presence in a

multiresistant Morganella morganii isolate. Int J Antimicrob Agents. 27, 505-12.

Rowe-Magnus DA and Mazel D. (1999). Resistance gene capture. Curr Opin Microbiol. 2(5): 483-8.

Rowe-Magnus DA and Mazel D. (2002).The role of integrons in antibiotic resistance gene capture. Int
J Med Microbiol. 292(2):115-25.

Santos C, Caetano T, Ferreira S and Mendo S. (2010). Tn5090-like class 1 integron carrying blayy in
a Pseudomonas putida strain from Portugal. Clin Microbiol Infect. 16, 1558-61.



3

Shahcheraghi F, Badmasti F and Nikbin V. (2010). Molecular characterization of class 1 integrons in
MDR Pseudomonas aeruginosa isolated from clinical settings in Iran, Tehran. FEMS Immuno Med
Microbiol. 58, 421-5.

Shibata N, Doi Y, Yamane K, Yagi T, Kurokawa H, Shibayama K, Kato H, Kai K, Arakawa Y. (2003). PCR
typing of genetic determinants for metallo-beta-lactamases and integrases carried by gram-negative

bacteria isolated in Japan, with focus on the class 3 integron. J Clin Microbiol. 41(12): 5407-13.

Sritippayawan S, Sri-singh K, Prapphal N, Samransamruajkit R and Deerojanawong J. (2008).
Multidrug-resistant hospital-associated infections in a pediatric intensive care unit: a cross-sectional

survey in a Thai university hospital. Int J Infect Dis. 13, 506-12.

Thongpiyapoom S, Narong MN, Suwalak N, Jamulitrat S, Intaraksa P, Boonrat J, et al. (2004). Device-
associated infections and patterns of antimicrobial resistance in 2 medical-surgical intensive care

unit in a university hospital in Thailand. J Med Assoc Thai. 87, 819-24.

Whittle G and Salyers AA. (2002). Bacterial transposons-an increasingly diverse group of elements. In
Streips UN & Yasbin RE (eds.), Modern microbial genetics 2" ed,, p.404). New York: Wiley-Liss

Yan H, Shi L, Yamasaki S, Li X, Cao Y, Li L, et al. (2007). A plasmidic class 1 integron from five
Pseudomonas aeruginosa clinical strains harbored aacA4 and nonsense-mutated cmlAl gene

cassettes. J Health Sci. 53, 750-5.

Zhanel GG, DeCorby M, Laing N, Weshnoweski B, Vashisht R, Tailor F, et al. (2008). Antimicrobial-
resistant pathogens in intensive care units in Canada: results of the Canadian National Intensive

Care Unit (CAN-ICU) study, 2005-2006. Antimicrob Agents Chemother. 52, 1430-7.



