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ATCC American Type Culture Collection
bp Base pair/base pairs
CFU Colony forming unit
CLSI Clinical and Laboratory Standards Institute
ddH20 Distillate deionised water
DNA Deoxyribonucleic acid
dNTP deoxynucleotide triphosphate
EtBr Ethidium Bromide
EDTA Ethylenediaminetetraacetic acid
ESBL Extended-spectrum-R-lactamase
EUCAST European Committee for Antimicrobial Susceptibility Testing
Fw Forward
HGT Horizontal Gene Transfer
IR Inverted repeat
MIC Minimum inhibitory concentration
NCCLS National Committee For Clinical Laboratory Standards
ORF Open reading frame
PCR Polymerase chain reaction
PMQR Plasmid Mediated Quinolone Resistance
QepA quinolone efflux pump
Qnr Quinolone Resistance
QRDR Quinolone Resistance Determining Region
Rev Reverse
TAE Tris Acetate EDTA buffer
VGT Vertical Gene Transfer
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“It is not difficult to make
microbes resistant to penicillin in
the laboratory by exposing them
to concentrations not sufficient
to kill them, and the same thing
has occasionally happened in the
body... and by exposing his
microbes to non-lethal quantities
of the drug makes them

resistant”

(Fleming, Nobel Lecture 1945)
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Complex topoisomerases-DNA

T r— Fluoroquinolones

Complex fluoroquinolones-topoisomerases-DNA
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:Materials and Methods é&ad) glkag dlga .5

Extended-Spectrum Beta- ESBL  <layV daicdaagin cl¥ie Ao duhall oda cujal
A e Jpmnl 2y o o280 cdaslall cJuldl) dmalall (s ilie mje (e 4y3ee ¢ Lactamase
cya e gl micro vials ials (bl e A sine <Vl cul€y ([82] Al Al (e N3l
. °C 80— 8 a3 8 porous beads 4l

Al Bilsaadl e Ay malls 435050 Al (0 Ao 24 5 4 laall 4K,8Y) (e dlie 99 Glinll Craa

(15 J=3) dabadl)

A L) LAY 5 gl Alld) e JSI A giall el 2 ¢ (15)J<a)
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:method
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WP e Sa 5 «(European committee for antimicrobial susceptibility testing,)
[102] Gasindl dall 4 i oA aliall 585 48 )a
Basna 5aSh (g ugoaall (goeall aliall Laiall el e Aludu juzmad o HLoa V) o3a fae aaing
Ji 4l Copmgs (V) hid) 5S5) Jafpla MIC 3aa5 DA (e golainsi ¢ casiall Glaall (e
+Badase (pas By ey A8 Clpdaxiall cagipald) saill hady 3 (goaall alall (e 585
Al 5 Ayl Huladl sgze cua (MIC Break points) uuboS sl g jauell adasl) Jalds soas 5 S8
Dbl i dagll A sl & Wle Cayey IS g3y ( Clinical and Laboratory Standards Institute) CLSI
[103] National Committee For Clinical Laboratory Standards (NCCLS) (sl il
pubuall augia 5l Jof3Sed < MIC K13 Resistant (R)  aslie casiall gsill of yiimy 3
-Je/3Sel > MIC \S) 13 Sensitive (S)usbus 5f Jof3Ss2 = MIC Intermediate(l)
“1/16 (e Jlaall iager Jllyy Ailad) bl s (ggingd Gl g el 585 Jlae Sla) 5 LS
E. coliATCC 5 K. pneumoniae ATCC 700603 duma yall ¥ slaie) &3 WS ¢ Jppla 256
(1 Gale) sl alisl 25922
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8. Bl gi—
cro Llsie Taghe )30 danss gsiny o amy ccilim o) il g g5 oy G bl el i of o
e ALy pailly aihall mlawd) Jaf (g Barae Sl G5 piall sl
g bl el e 1L A cataadl Gomnsall (e 20ma (s Bala3 Byl (e dae) ) JalugY ) uaa
.15 min sad 4455 121C° A e autoclave szl sball 8 Gld) el gy
Gkl 8 S & 50-55 € mbe 4 Aao e Sin bl el 3y (g5 GBlal gymaily
ALEHLY e Japs Aandsy GLlY) ket ] Gaal sy o cp ) Jansy by i Gl i cAdina (g0

Jsa 5 el (e daussl V3 allsy :(Criterion) aS,s — Nutrient Agar (N.A) gl Hed) o
Oe oS 220 sai g ol dgygpun 20 Al (LA aad AadA ¢ alySall Adls ) 4phke
o ke sle i ) Bsaand) (50 23 g ALl Jasl) ppimad 4 ¢ Ak dsal) cluld)

e)a¥ il by 1 USASigma 48,8 gia (e Mueller—Hinton broth giua jJlee 3 @
kil el (e il aaly U ymasal) (e 22 G Adlials ymay capnaill iyl el Ll
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liquid vial (il Jué JSi (Je 100/3ke 200) %0.2 CppleS sl yas Jslaa

Stock ) Jslae (e el Jafdla 1024 38580 53 cppaluSlag puand) Jlma (10 Jal 335
saailly Gl Jolaall (e e 512 Filials el (waadll 56 i) %0.2 55 solution
dasll dabye Pla e liae 30 dlaad Jslaall 138 iy ¢ (538 Jlse @y da 1 (S
Jafi<e 256 Sl LY Yyums

%1.175)  aspldl a5 Jslas o do 0.05 Zalaly yumsy :McFarland 0.5 ¢oke Jsbae

Jolaall &t gual) BB (5% o ans % 1 Sl mes sl (g0 de 9.95 ) (pan/s
J)LA\ jas;.lv c‘)'.'myb 625 LQJ)L AA}A &Bc}‘)g-ﬁ 0.1 9 0.08 O oD hﬁ)lnj\ a.J.g_j J...a;.d\
.(&mﬂ s s Cada) 2SIl A8yl §y))a Asy

@sbdt laall (& dsagiye Agan 25as 8 58l e dapall oay 0.5 McFarland s
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1x10° CFU/MI el 385 mocass (G5t lse e Je 9.9 L il (3lae
sdaadial) 33gaY)-
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g0 Glee JS lgiaa s a5 (ALab Tech) Laminar Flow Clean Bench | g3 saa

MJ\L\ eLL.\&A uv ‘5953\9 Cl.\m.u 339 Mg Lﬁd}ﬁt— ‘_;\‘JA ‘)Qﬁ ald GAJB);J\ u.u.uaﬂ“j
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32 96 Microplate (s« i sl Guwaill Lali L]
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(12
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Aasiad 4N 3 slal) Ak 5aal
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el MIC lésSe Jofcle 4 3850 il syaally 48] JofgSe 8 3Kl cild yaal) cplS Sla
o oY) S b clanl) pen 058 o Jliad) s o) ey cJof3Se 8 5Ss alall
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ahaxdl ) chaall QS 4 s Jla 5l espal)l sall 2y aga aae die Al sale) 1
Ll gal
(¥ Al G (Dl8e)  Aagiyall Aalill mialy s seds (pe KB Cuny Aaidl) 3o )8
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caaal) 48 layiae 65 oall @Y el duulia Ll Lalall microplate daacall @ (16) Jal

dagliall i) ga Ay 2.5

sallall £ 158 el — Caagll by sall asioa Jelis — asiald) Ball padlati) ey

ragiyall LAl (adaiu 1.2
daadiival) 3gdl —
Nutrient Agar (N.A) adl el vy o
iyl Laslsad) andy Jaad) £ U afihall &30 (5)50alls saxe)l Luria broth e Lauy e
2l sl e JS paBlanuY
:plasmid extraction Kit claeidlll jadaiu) cuS o
QIAprep Spin Miniprep Kit< Qiagen« US
:genome extraction Kit asuall padaiul cuS o
GeneJET Genomic DNA Purification Kit, Thermo Scientifi

Laadiadl 3yeay) —

.5

A

c

:0.2/1.5/2 ml Gyean) bl Lalk 488y A

(himac CT5RE tabletop centrifuge; HITACHI« Japan).
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:Plasmid extraction awde)l oaddia .1.1.2.5
daynicle 24 sad Lualall laay 5 cdiall sdad) e oy e Ley)salel afihal) layis
sl A gy cadne tOOtHPICK i dse alatinly 8,08 53y a Syaninne da] 23 ((37C°) 3)ha
§hall Aajal 2hae 5 o82a Luria Broth medium (LB) 5o Jilu Jass (1-5 ml) 522 500mI - oy
Jslae e elal @l ) (Jof3Sel00 S5 (4 dbuall gsaall slall) GallisndY) 4l CGiliass 55 CO
ol (-4 CO) syl Aay 8 Lagiaag dile sl & g snse 50 mg/ml 3855 stock solution s

(plaanuy)

Lusl o5 3l ae GG (37C°) Byha Ao Aol 16-12 sadd de gy sall canlil cpma Glld ey
LS Sl e Jgeanll glaal saill aipleslll jshall b a aflall o Jsand sy (a) )30

& s EDE 3 (6800 X g) 8000 rpm (eSS Y Aasll) Al Ji & o Gluadll (e AiSes
.bacterial lysate diasiall DA e Jsasll (15-25C°) 48l 3)la dayo

oadlai] o ading (a5 cam Bl padlatiuly palad) sl 850l Clagdail) Gk gl (8 S
A8l 5 il Jsbaall Joaxt o cdsl Jillaas afihall da - ans (bl (e 3aee] pladinly bl sl
& basasall ) 3 LSl dpie ] e paliaad) ey 4l 83l Ael) maal] Ly V) (g58 e
-l Sl gy Al Joladll elution  adie) &5 ey Jillas axy 3l Jolaall Jug & )

:Genome extraction aghall paMaiul .2.1.2.5

ph ( wedl S LS) Ll 54l y) sl Lall padlanny 3hsae i (e at)ly
) Al Gl el e s Ll el Gl ST e e Sl saee YU Al
Bl oo e Lo iy Ay cun il il e el 35330 0 13EE GLDIA e Joanl

el CDlae gl o) Gl Al el N alana) Al oda alln Y LS ([104] Dlaie
106 ,105] PCR delis Laiis o) ¢Sy lls Joiadlly asd s )5ISIS

Sl o gasinll Ball Jos o5 5 ey Apasiadl 5 Dlall e Jseanl) Gl sl (s g )
S8l Gilgaagis 5 yulea 385 GeneJET Genomic DNA Purification Kit, cuSl) dgyyhay 4l
Jlartaaly aleall slally (D21 e ol adings (3 Galall) Giye pals S5t 53 Anlass Al

L) o)) ) (e (385 @l e (sss Baec
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tfasall

e sl o Gane IS CiSall Al sgae ) (Rl At V) angl) Jlall Joladl) dila) @
.2ml

.RNase A J aila) 3yl e RNA J 3 o

-wash buffers syasdl Jusll Jdlas aladinly Colpdl) e (alasll o

.Elution Buffer _=Damu¥) cliy  alasiuly Ll gany Jasiyall o)) caladi oLl o

:Checking Eluted DNA (aldieal) Uyl ¢pe 38ail .3.1.2.5

Jslae e JSe 2 e Vanie 2oy daliinall Al (0 JS610 sty aliisal) Bl Adlas (g Gl

S LT e dad) Jrea Jiend) deadieadl cloading dye Juesill dasa

gl Guyi sl e de 50 (3 55V g & 0.35 day %0.7 385 55V Adla juaas

S5 el Jansl) A0 J 30580 &gy pladill AU e Ll sanadi 2y (50X TAE buffer) )

Aagyn Arua Jelaall Ciliay & (3 Jslaall muany JalS JS0 el sy s el G <1 X

B Y Pl s b5,V s 60 CO sladll yha meaait Ladic Jo/gSeb S50 a sy

o dnall el aay Jaas (TAE buffer 1X el jaés &l s cleld K508 aae lecal ¢ 50

10000-250 o 4xkid Jlskl 7l 52 5 1Kb DNA ladder badl alu diayi ) ddlal 2kg) U

Aadl Jasad) 358 e 2S5 5l dualiiadl clidl caila ) bp

& Aaasally Lall die Ll Al ()bl 05S5 Cumy L2t s2ay ) Pl s S (Hlud) diags

ey el sas a3l 2any 5 8 V/EM (sl 3 (358 Gudagy <Ll Aly) Lindl) Cansy Jilaal Caplal)

s b saall el 58 Cunns Hhall Aand e g SloeSl LN Y Dol Gasa ddasd

(9 Gl il (338 Al licmns 350 Jle] Slen pasinn L)) Slbba LYy cPla
ciagl) ) gall anduzli 2.2.5

:Molecular biology grades dsyiall Ladsnll dals ol
<5 «((molecular biology grade) syl Laslsul) Jlae b Jlenive M Lanad sane Ll canans
.nuclease sl G seal] Alall layin¥) cuyds 5 lgasiaty Aaiiall 4,00 s

:(PCR-water) PCR ¢ -
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b Jelil aaa JLSYs csaiaal  fsalall Jad Lys i day ¢ Gagaall Coddl LIS e JA s le sas
. PCR J 4l
(Nuclease free water< PCR grade; Fermentas« Lithuania)
:Primers sl —
Forward Al tsalss Guen f cliyse puadd  f5als aladiud 2). A8 agisad) ) sall Canny aans
SSED aladind of 3 ¢(0.1-1 pM)  sa psalll JB) S50 aey (REVEISE ApSe {salsy ueds
Loalsl) Al 0 A oy Aadipall SN o LS ¢ il milgy AN Lgie iy oalsall diaddil
.primer dimer
(Custom Primers; VBC-Biotech« Austria).
:Nucleotides cilasngl<s -
fayl) Ax)Y) ol e gie A5 (A Te Ce G) laislSill mja (o HiSI plaiind cany
52(50-200 UM) (50 diSan daaS 8 aladiind Camy 4 Y 5)LEY1 aats egsldia Candy a0 J<
el il e Uadl (pe QN Clas sl S0
(dNTP Mix¢ 10 mM; Fermentas« Lithuania)
:Tag DNA polymerase Lol g ayyl -
Mainty chediaall dakadll Y Colag <ol Adlialy aghy Cus L)l Caeliad Aglaal gy el a3V 5
a3 aalgll byl 8 Jhaii¥l ey 5« PCR Y Jelis 8 clysall sae e &iliad) e sl dpaS
o o ) e en iy Jully dids 40 Jss 94 CO sha A (B bl mi Y deaill yeall
303 Y Shsadsd) anil (e Aadtipe 305 aladin) o .denaturation  Juad) dlajye dsyse JS
«Truestart polymerase apil alasial & a5 ¢ Oladall agil  d eladl 5 iyl il i Jlaia
dlee il dae gilly daulial) a3l aasind (sailiill Taq polymerase ﬁ;ﬁ o Ll Jans eﬁ)’j 'y
Juia)  (aly e dipall s dapy 8 PCR 1 Jels fay ¥ a1 13 sl xie adf ) ¢l

LA gl il Jas
(TrueStart™ Tag DNA Polymerase« 200 u (5 u/ul); Fermentas« Lithuania)

:Magnesium chloride asjieddl 3 -
a1 13 zlisy Cua Tag DNA polymerase ey apil ara 532 Mg'? aspinadl Halsé aali

g WS (gpadll Alaill 1.2-1.3 MM s gl asipal) pe aldl asaginall 3l e 5855 (S

34




Balpl) Canedth Ly cJe il 5 S 3 Galiadl ) (5058 sl 3l (e Aumiaiiall S0 o ) 4l
Jlinl 25 LS bl e osill e Ll gn a5 sl Sl Ay i ) Wyl s
dagaal) Gl e 3 Shaadsd) sl 8 eUaal e 2y 5 cprimer dimer gsalsdl 45l J<s
Ll JS
(magnesium chloride solution 25mM:« PCR grade; Fermentas« Lithuania).
:PCR Buffer PCRJ Jeliy jolall Bl —
S5 aslind) 2518 5100 MM 50855 e L) HlS aaa Gy o gsmn ¢85 525
codoail Jolaad dipme Limsen day o Liliall g)5 jin 98 5 (PH=8 4iiages 4a)35 <500 MM
(PCR Buffer 10X; PCR grade« Fermentas« Lithuania)
D gl Ll
PCR I Jel@ (Uil LAl e Al 3805 sl sy 5 )l padaind) e galil) Jolaall sa
gl gl selal 535 o (S Axdipe S0 aladid oY Jelis J11-1000 NG Jalay Ley
sdariioiall 33gaY)
:PCR- 1l Jel& ¢y Thermal Cycler sale (o)l Hsx Slea—
(MasterCycler® Thermal Cycler; Eppendorf mastercycler ,Germany)
: PCR- 11 Jel&i ¢]aY gradient £ xie (g)ha s Sl
(TaKaRa Gradient PCR« Japan)

.J% 1000 <200:100:20¢10 Zéhisa alaaly (8-Channel Pipettes)isls i dnlal cilale—

(1.5 Ml aaay anlifs <0.2 Ml asay PCR ) dabida alaaly Ciysany) canlil—
(Eppendorf tubes; Eppendorf< Germany)

J<1000 20010062010 dibide alaaly 1a5ilee dg)5 Koo ilale (u55)—

Go il anay Sl (Y ¢ Aeasiad) 5 )Sad) lalal Al e Laja 5iliall gyl alasial &
e 8 slcame cuil€ gy ll o LS il ol cllaeY GilS yimy PCR I syl b (e 100l

.( Eppendorf Tips; Eppendorfc Germany)
Autovortex; STUART scientific,UK :Vortex 4als,)
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:(PCR) Polymerase chain reaction  tulwd) jhadsd) Jelds .1.2.2.5

ol sl (8 Lo J) e Jualas Caie Lty e 3328 4938 Kary Mullis alladl <) 1983 aladl
s A SHIGN) e 13 G5 o PCR ) @ibsalsd) lulucl) Je bl mllaias dleall o3a e L]

s ealall i b bt el bl ST e V) a5 el Ll plo 8 Lis 55
AL Glele PIA 350 )Ll uej\oﬂtkéé_@c_mz

&35 (DNA Polymerase el sl <l il aal Jaulgiy Gyl el e (sluYL PCR 1 466 adiad

ralla,

-

05 gentiin (g2l paad) Ll sk adde ey S Jagg s Template Audud) 3,80 DNA i~
bl (e “):\.\S Jaxe

g Kl ALY iV leaiig "3 adsall e Al 0 de sens el tPrimer gab-
sl Oligonucleotide <lag Sl Q8 oy Usdl (g ypeal Jagyd alasind Je PCR I Jelis adiag
Gl Creny dapdial gl Ll b Boaae ddhaie B o I LG as8 Primer ol
S gualaly (il Canny Byall i) amy polymerase Shadsd) il sk o cgsaldl ilasiplSs
Alde e by & sy o(C ysimndl s G olgdls T Opadill e A cia¥1) Bl 8 35551 Q) zl53)
e reverse primer  oSall tald) pen AT goaly ail 2 L lgasdal 2ty ) Lal ) AL dllae
Ohadlsdl il asiys forward primer L1 tsald) en o3 UV (ool alacai) dgad Al dgal)
dlaall ) S Cun (Lol e daa Caieliiae Jagyd JSE ) (0% Lee suaal) AL 2400 polymerase
ol S Aanlill Bad) ddayil sae 30y ) o Lee Aplaad) ey baas tolgy alaails Jaypill 1 e
Jea 2 PCR Jeléic hal oy o feudll o adlasae ) U 0 s (e Jall ade sl (S Sua
Ligee Unye pady lgie IS dha @ilayy 3 Guka Sy 44 thermocycler o hall Hsadl vy (ala
L107] 488 4y ol il

tdalye ¢ 8 PCR J Jela 2y

(90-100 (2 )as Byha clajal Jelitll myje cpdd & cua : Denaturating gewai) dda s
Opaliiall Lol ek e sagapall 455¥) Gund) o Ating sugl Jadgyl) el ells 5 4885 1-2 334 C9)
Ldelill jala DNA il Ll gy el
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Lo 3 dlade e AL Sl L) cliall) alecail e &3 :ANnealing cpatill of slail¥) Als e
e S Ty o) lead) Ao e i Bla Aapn () pyhall dan it Gl 5 clgapdal )
L8l Aada 5ad 45-65 CO Jladll (e
Cun A Lol Al ) 5ad) lag K8 aum g 25 2 Extension Adaiuy) gl slaiey) dls e
o) <ihisy (Taq polymerase apil Jeal dauliall da,all a5 72 CO yhall days dlsyall oda & Gl
Taq polymerase apd Jal ced Ghpadsd) sl Jee A juy dedimall dadail) Jolal T dls yall o8
.1000 bp oy 2 Jska J<I saals dahs Ayl 038 (g iy Lahasind €Y1 031 iy (o3
Bl At VI Alaye antiy ARl (5 AY) Jalall Agilie Al e o saasall il sall dae Algd ey
aaall Cag IS s JLeS) Glana Lgia (iapally 3380 510 (e Jshal 85l 3k final extension
Gilayd G Lansd dagpuad) gl e oW el il 5538 (358 38 53 dadll (pe JSEA) il
D) 3y)yal)
Can3y53 20730 e Wl 255 lsall (e dsane a3 ey aduaall U 1) e 3 a3l g
S5 POR Iz <l 4 L 21y Alsje 6 Jelaill Jany Gum o Jeliill 4y o 535asall L)l 408
20l Audliag el oK Dlgind Can JalS ad 5 JalS IS0 apoal) Caigy & add) )l
Jeléi Gl (2) dsaadl o [108] Plateau jhain Y dla e dajall o3a ediy lialdl adiill
. Logae deriindl 38530, PCR
((scsaldl ol Byl Aayn e Ji ) A3l 5l Aays 3 PCR ) Jelis cilis€a 7 oy Lodie takaadla
I 8 any L sl o3 Che L o8 ¢ ol (yamy JSUTs B e Cilyalyy (Y dagi o) Sadll (pad

[109] 4536 PCR gilss U< ) 4,05« PCR

PCRJ Jelés ciligat (2) Jsaa

A ) | desdied) Gaal) [ S

Sudlas £l ) i S} auca _
0.2-2 units Taq polymerase(5U/pl)

.sxn3 DNA

N cofactor il sl
P ) e 0.5-5 mM Mgcl, 25mM

- Jbsadd sl

g lhay (bl s Ayliay e
Wy 0.2 mM dNTPs 10mM
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Sadsdll aiil Jas pay (e ans fw primer 20 uM

) ) 0.1-1 uM .
. dadiaal) dakadl) saatig rev primer 20 uM
Al Jaad ualia Sy (aals
Laganll daja dua (e hpmanigd) 1x Taq buffer(10X)

Al 3l

. dda daa gl aadidal Ajall Ciagl) 10pg-1 pg Template DNA

sl Jee 10 MM 50 MM Ly Tris Hel 5 o galigll & 561K (e made 3815 e 1X s
ari ddee JS 8 b aals oLl Uil 1idasdla
:Solution preparation Jallaal) juaad

:Primers ;salgal)
asall Sl Canny Aiial) Linslndl 3 aatiusddl SLISHN e A oLl Aladids sadaall ool Ja
¢ PM 100 (gstecs ANy pmol/pl 100 S5 toalsal) (e Jslaa il (o) gall 488)5al) ilaalatl) 4 g
(20 C9) sy dnpn b lehains 5 IM20 3855 dee Jslae o Jpandl 36 350 3003

Gyl o axdid) o W) gk Aseud Bl :free nuclease water LiSsoll e A ¢l
Gleking 2 ml G Caysan) il el g 5 oladly elsel) s Alal) e sasaall LIS
(=20 C°) )b da
:Procedure Jaxd) 43,
Al Gl ppen s ) ddlia) gAY Jeadl 3hlie (¢ PCR I Jelss juaas dilie Jie &
&l a5 are Glaal Jeliil) eha) U8 aagad) slall (8 PCR I Jeliny dalall Caysany) canly
Slalall Ll e Lays dyilia 5 daine cilaale gy aladind & WS eJe @l ujas LIS el il
8 Adliae ¢ Unal gl CilS ey aadail) 36 (e 1 N1 G 81 aanay gl (Y bl e gy Sl
. PCRJ Jels
six (FACO)  mha das o dadlay Caysai il 3yae dala o lgaags danall g 3sall )3
Caysaiy) sl 1) gy 5 Saall dalall pladiay (3) Jsaall 5580l colaall Caipal coany Msall jguas
cdsaad) 8 3ylsl) dudecl) Cusa 0.2 M Are
:Used primers dasiiwal) salsad .1.1.2.2.5

{(3) Usia 197,96 ,65 ,16] dummye <V lia (e gl pant
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i) dolee 6 deadivaal) toalsall 1 (3) Jsan

482

516

469

596

428

TTGCGATGCTCTATGAGTGGCTA

CTCGAATGCCTGGCGTGTTT

ATTTCTCACGCCAGGATTTG
GATCGGCAAAGGTTAGGTCA

GATCGTGAAAGCCAGAAAGG
ACGATGCCTGGTAGTTGTCC

AACTGCTTGAGCCCGTAGAT
GTCTACGCCATGGACCTCAC

GCAAGTTCATTGAACAGGGT
TCTAAACCGTCGAGTTCGGCG

aac(6')-1b fw
aac(6')-1b rev

gnrA fw
gnrA rev

gnrB fw
gnrB rev

gepA fw
gepA rev

gnrS fw
gnrS rev

:Amounts and concentrations J:sSiall § alwsd) .2.1.2.2.5

dSeSO Jelall L}_ﬂ.@_\l\ ?Mj\ T dusy PCR ) Jelad (4) Jsasll @ 'S.JJ\)S\ A gall Crandnil

(Master Mix w3l z3all)

PCR ) Jeliil 4l sl 38055 cilogdl ¢ (4) Jsaa

- 36.8 Nuclease-free water
1X 5 PCR buffer
1.5 mM 3 Mgcl2
0.2 mM 1 dNTPs
0.6 pM 1.5 Forward primer
0.6 pM 1.5 Reverse primer
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ng/ul 10-100 1 DNA template

1U 0.2 Taq polymerase

e 4wy pSae IS0 sl Gl ccaysm) Csay BRI ghasll e 5)sSaal) Ll il
G G eohaall e Aaaaiall oyl O3 5 Cam il Caygany) canlily Lals 35 Saa
- Gle 2o el s Adalal haad) i el

: PCR J) Jelii hag & .3.1.2.2.5

L) aaag ¢ (5 Jsan) 323as dag i (385 mastercycler Eppendorf Jlea aladiuly sl Jelés 2
c el Pl Layaaatl (il Baad Ay 5 Seall Aliiall 8 CaygaiY ) Canlil wags Jelil)

.97 .96 ,65] PCR 1 Jelitk hay adUl ag 3 ¢ (5) Jsas

EESE
ool | pball A el B\ Bhall da
bl
94 C° 45S
7 min 72 C° 53 C° 45 S 2 min 95 C° gnrA, gnrB, gnrS
72 C° 1 min
94 C° 45 S
7 min 72 C° 55 C° 45 S 5 min 95 C° gepA, aac(6')-1b
72 C° 1 min

s dlae aladid el il Jelés W ity ¢ Gradient PCR Jelds gyl .1.3.1.2.2.5
Lea s AY) delitl) Jag o maan s pa Baama Bl Aayd e Yo il skl 3 )lall oy e
- Bl Hihall paas e ac by

O ool annealing  cpabill Jlaw ecas QA GEPA  (Sihse o S e Jelall 13a Gl 25
L& 385 TaKaRa Gradient PCR - 4 dpala 53 (g3ha o Jlea e cdysia 4y 58-48

- (6) Jsax doass
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gepA, gnrA isal Gradient PCR glin ¢ (6) Jsas

(A sie An )5l sl e Gl sall axe
JsY) skl 94 2.00min 1
Fensadl 94 0:45sec
il 48-58 1:00min 30
Alsuy) 72 1:00min
Gl ghall 72 7:00min 1
Conservation 4 0 1

:Agarose gel electrophoresis js ¥ Aol o Al odal .2.2.2.5
tOMayl) dga @
eha¥ bl S5 sy 1% S5 55Vl S s o tAgarose gel sl S -
DY) e alasiuly Bl o alaal aead  SlseSI N
(TopVision agarose™; Fermentas« Lithuania).
Gllae il 5)5 0a s 5 :Ethidium bromide solution EtBr asadfisy) aegn Jolaa =
.10 mg/ml &3S 53 LAl
(Ethidium Bromide 10 mg/ml; Vivantis biomedical< Malaysia)
LS g eV Adla ypmatl (g5 oli; Tris—acetate EDTA Gyub-cilisd — i o5
Gl Gasa (8 Slpesll Hlall JBL JolaaS aadiny
[40 mM Tris HCI (pH 8.3), 2 mM acetate and 1 mM EDTA]
(TAE 50X; Fermentas« Lithuania).
Ll g sl A anaiu) g o) adad skl b jedl (g)5 5l :DNA Ladder DNA b -
(50-1000bp) «ilayysi GeneRuler™; 50bp DNA Ladder; Fermentas J,Y!

(10-300bp) «ilsa X GeneRuler™; Ultra Low Range; Fermentas ~4l
(250-10000bp) «ilsy)si GeneRuler™; 1Kb DNA Ladder; Fermentas <l
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10 mM cldl s mea — s el - 6X DNA Loading Dye Jaesill dava
cyan i<l Jsib <0.03% bromophenol blue  Jsudgas ) (33 (PH=7.6 Lases dajy
P Gasa b PCR I gl Jeatl adics &3jlesole a5 ¢60% s pmule s <0.03% xiline

LSS
(6X DNA Loading Dye; Fermentas« Lithuania).
s dasiciaal) 33gaY)

@) 5oV i o SloeSl eyl ehay @8 e pas
(PS 9009 TX; APELEX, France) : ilyeSl (Dol ¢l ddaisang il

« (NiseUV; DAIHAN SCIENTIFIC CO: dpuind) (358 dxil 7 lumay 3530 Jlela) lea il
.Korea)

2001002010  4abiia Jlasly (8-Channel Pipettes) duld 5 4ol clale v
1000 J<.

(1.5 Ml aasy iy <0.2 Ml asay PCR ) dabida alaaly Caysany) canlil v
(Eppendorf tubes; Eppendorf« Germany)
I s daadl puly Bai o lgalatiind Ss Blall dslun g Aag s Ao Ay AL yeSl GOl ey
SSaall ey o Snd b ()5 ae e caliiy Gligall (Mla) Ja)  aaall s RNA 35 DNA
& Wil P (e gs5ill anall Cliia (e Cigpee 8 aaa a1l el AleSI (Olall aladii
Lad lla RNA 5 DNA (553l praend) cliia of Loy - Aiial) aDlully o5 aaall 4y jee ciliyia
ol e sl kil ) dadl sae Sales of oS Cuny QL) slat) (8 a0 aad Al
Gligall ol Ml damis o Leas LY bl 45a sale Sy sliiae 50 dall caalyy ¢SS0
dabise i Jusd 2y @iy 5V Glipall ge dladly Jall Jsh e g pul JS0 dlati 5yl
PO LN FIAY
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s dand) A8y yha

Cua (IX TAE el ae (120v,45 min) %15 Hole¥ il to Al (Pl Al (528
Leadindl cloading dye Joesill dasa Jslae (0 802 g 4aie 30 PCR ) =il 0 dSe10 Jag
Gligia Lgiakd ) Ailad) g5 (o WiSay Laa culisl] sl plae )y Ald) LT e Al Jpead Jagusi]

L))

éu\ Ec‘\)gj M\ MA‘).A

Laiad Cpla e Jgeasas pnaill DaalSs 30 dunadiy (358 2nlY Jall Glanad wly (Dlajl) 330 o6 2y
Jpg STIFF Zapay Alpha mini photoreader zaliy alhaiiul ) gall

BtsCl g WLid¥) a3l e aac(6')-1b-cr heill yaai .3.2.5

i iy e Coilly mlly oy Ul (g e Ll endonuclease  dalal g Usidy) culal
Lal) i€ (i bpe) Ailz))  Alid) CDlelE b lpariinl Lo o)) =l U8 0 g UsiBY) eyl
A ) clapl) el Canais 1 cadlall COIST U8 (e puagd) of ¢ Uil daglie ST Ay agiyall
wigeen g pe Alidl 5 den o g EY) o L)l O ALl b Lpamny o AT Cile senae
@35 e palindromic  haliie (3l cld g Aiiall Gla) b Laaiad <Y1 56 Jaatl) el

J110] Lall Jiia Jayy 8 Tan 50e 55 oda yiads ASulad llgs e Jguaall

@ (17 JS2) GGATGNN s Sl Juliss ey 525 (BSEGI) BISCI g UsiBY) ol alasiiad
Ol s Julual) 13a elbiey S cr variant il haall Wi c@ac(6')-1b  <iliyse (e agadall Jaail

el Y s Lanngs oo Ll ¢ gmlall ot (g gl ey (e ) AAC(B')-ID 4554l apuings
. [96] /-cr/ Lalall Laaill (ye

5'...6GATGNNI...3
3'...CCTACINN ...5

BtsCl g Wiy a3l Capell el 1 (17) J<a
(N=G,A TorC)
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s dand) A8y yha

23 (7 Jsaa) Tl 3)sSaall Loy, (385 @AC(6')-10 45y sal) il Ala ¥ il e Jpaanll 2y
o) G e anlia pnings Jass et s (8 Jsaa) aprU Axiiadl) ASH8 Ciladad 3y <l Sl
& ¢ ynd) Jalall o =B e ayss Yy mdail m5l e IS ol o papall a2yl 34l dca gaal
20 524 80 C Y 5yhad) gy a3 dandis alys cile s 4 52a 55°C 3l Gayn b 2n Lagh (puinad) o

- 3ydhall 328 s il Aealall liall Ja i kil (8 (had) saddl Slea i da8a

armngill Joldi e)aY dariiod) agaall s (7) Jsan

daliad) 52l (J4) anal
ol b sl 10
LS e s o le 18
10X ol 2

& LY oyl 1(10u/pl)

:Statistical analysis (Alasy) Juladl) .3.5

«(SPSS Inc. Chicago Statistical Package for the Social Sciences Ailasy) zalizl) aaii)
P dad codiels ¢ adll LliY) Goh ge @il Jdad 28 Gua cclilad) dilasd /19/ lasl) USA)
.0.05 e Jil culS 13) dslias) daal il
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:Results giliil) .6
Antimicrobial susceptibility ¢pulaSsligmadl  agiall (uwadl) LA &5l 1.6
:(Phenotype 4 aUall Lalill (pe dagliall yaa) test
all cdaly sisn — lse s o yadll Ayl Lasiall Ciad) agipadl Guatll A1 eha) &
(18 JS3 8 Jsan) JofiSa (256 in 1/16 ) e catial diliza MIC o8

] dailsall MIC adiy dagipnll <¥3al ¢ (8) Jsaa

ﬁ:ﬁj"‘n Je/ge MIC %Y Had) 43 gall i) Y all 2ae
1/16 14.63 18
1/8 1.62 2
e 1/4 4.87 5
MIC<1 1/2 2.43 3
1 0.81 1

el gl MIC oy dasiadl ci¥5all g sial) ) :(18) J<al

45

4 9.75 12
8 1.62 2
. 16 4.06 5
s 32 9.75 12
- 64 20.32 25
128 18.69 23
256 1.62 2
r 25
20.32
- 20
14.63
R )
9.75 9.75 4 gial)
- 10 Q\J}aﬂ
%
-5
152 . 1.62 081 i3 1.62
. ; 0
256 a1 16\
MIC ug/m|




(12)9.75%

{30)24.39%

R
cisnbuall Aangie 1 cdaglie 1 RipaluSslis pund) olad duagiall ¥l iaslialls dplea) o
:-\.ul.m;.:s

:(19) L&)
B O 1aad0 (9 Jsaa)  Gmsaall e sil) DS die b€l jandl olad Apuliall 3 455lie ¢ la) e
(20 JS3) (%64.64) 1S 8 e 5 clS (%70.83) Ayl dic G il

Csagionll e il IS lually Zagliall el ¢ (9) Jsoa

A1l A,8) A sl & sanal)

R Zaslic (64.64%) | 64 (70.83%) 17 81
S dulaa (26.26%) | 26 (16.66%) 4 30
| ol dhusia | (9.09%) | 9 | (12.5%) 3 12
& sanall 100% 99 100% 24 123

- 80.00%

70.83%

64.64% - 70.00%

- 60.00%

- 50.00%

B K. pneumoniae - 40.00%

E. coli 26.26% L 30.00%

12.50% 16-66%. 20.00%

9.09%
. l 10.00%
T T T - 0.00%
I R S

) AUy g ) A1 e (i gl g ] el Fpmlasa) i 1 (20) JSa
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(Genotype dagliall i) gall haalll aak) cliglybstl dagliall cullyga L) duln 2.6
[ 883l Jelal) Ly i 335 eppindorf mastercycler — (g)ha jsae daulss Gl sall apdiial

500bp

250bp

PMQR ) ge andosai il : (21) JSa
L: GeneRuler 1 kb DNA Ladder; 1: gnrS (428bp); 2: qnrB (469bp); 3: aac(6)-1b(482bp); 4: qnrA(516
bp); 5:qepA(596bp); 6: negative control

il 5 (aac(6)-1b 93 « gnrS 20 « gnrB 30 ) PMQR @) se s2a) llici iYie 103 Lual i
(22) JsagepA s gnrA se ol ba g WS ((79.7%) bl <Y aac(6°)-1b

79.7
r 80

- 70
- 60
- 50
- a0

- 30

24.4
16.3
- 20
~— ~—

qepA aac(6’)-1b qnrs qnrB qnrA

A i)y 3 PMQR iy pal i siall cansl : (22) 0
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gnreliyss .1.2.6

Jaai c¥je 8 cuilS Liw «123/42 ( qnrSsl qniBs) qniA ) gnr b jsa dlici ) el ase gl
(10 Js2a) y5e e S

Laagial Al Gam @retiyee g5 (10)dsas

)54l 451l A8y, A5l Aanldl) Yl ¢ sane
qnr 27/99(27.27%) 15/24(62.50%) 42/123(34.14%)
qnrA 0/99 0/24 0/123
qnrB 18/99(18.18%) 12/24(50%) 30/123(24.39%)
qnrS 11/99(11.11%) 9/24(37.5%) 20/123(16.26%)
62.50% [ 7000%
- 60.00%
- 50.00%
- 40.00%
manr 27.27% - 30.00%
- 20.00%
- 10.00%
: - 0.00%
k. pneumoinae E. coli

gl el e GArase g5l Asiall il (23) JSal

CNje o lee (62.5%) sl Aladll ciie b LT lanl gnr iyl dpgiall caall gad
(23 J3) (%27.27) daslaal 48,8y
NS e il YV & gl a @B o Dl (s paall (e sill e Call Gl £ 65 4 i dic

QA B yge Lt Baasl (i 8 (25 JSE) Losas ) G s T (24 JSE) e yaall e il
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50%

- 0.5
- 0.45
37.50%
- 04
- 0.35
- 0.3
qnrB
. - 0.25
mgnrS 18.10%
- 0.2
11.10% - 0.15
- 0.1
\ - 0.05
Y T 0
E. coli K. pneumoniae
Ong el e gill Gaa (GNFS ¢ qniB) lijsa g5 1 (24)JSS
2439%
- 0.25
16.26 % - 0.2
- 0.15
B F e
oY adi - 0.1
faesi
- 0.05
0
h N
T T T 0
qnrs qnrB gnrA

Laginll CN5ll i (GNFS (QnIBe QNIA) lijse g3+ (25) <&
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qaac(6')-10 &) sa caaa aac(6')-1b-cr _dUal) Jaeg)) La) A .2.2.6

98 Laxe dldly dpnlag¥) sl =il Cimad « PCR el Gy e aac(6)-1b 450 apu an
Q272 Giwin) Ofiedad il Al @il ¢ aac(6)-1b-cr il Ll yaail g Ual il Y de
Lai)l e oed (5 Ua) gas aie) Bams deia Jaad U Ll ¢ wild type Al yies (Gsled 753 210

(26 Js3) [65] 458l duhall caua @llag aac(6)-1b-cr sl

S aac(6)-lo-cr Laad) aasi : (26) JSs

L: GeneRuler Ultra Low range(10-300bp); 1: 8l lawi mutant ; 2: aula lass wild

Wl o(11 dsan) cViadl Jeae & 75.6% Aty aac(6)-1b-cr silall &5)sall L | i) <yl
colaall Celal LS ((98/93) 94.89% Ay il 3 gac(6)-1b sl dulay Y1 Glial) e
(27 JS8) Ayl Apen) G adle 8 Laa ST UK A5l 4855 Gan llall Jaagll el L)
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aac(6')-1b « aac(6')-Ib-cr uliysal dlalall dsagisall ci¥iall 2 (11) Jsaal

Topdl | AR RS | G N bl | Y el g pene

aac(6')-Ib 80/99(80.8%) |  18/24(75%) | 98/123(79.6%)
aac(6')-lb-cr | 78/99(78.78%) | 15/24(62.5%) | 93/123(75.6%)

80.80%

- 50%
- 40%

78.78% 2504 - 90%
- 30%
- 20%
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Ol cpe i) G @aac(6')-1b-cr il Laaills @ac(6')-1b 45 5e 5530 Ay siall qaasil) 1 (27) S

A sl B A8V e G hliul ST aac(6)-1b-Cr yse S 2 gr Gy e piSall e

(28) S A5 Alpul€l (0 Lgin

63.4 62.5 -
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K. pneumoniae - 30
12.2 L 20
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aac(6')-Ib-cr% aqnro%

Ol e il e @NIr 5 @aC(6)—Ib—Cr (i sal) HLERY 4 i) ) @ (28) JS

51




Ll byl admisale) & ccNViall (e QNPA S QBPA s (00 IS il il e ELL
S c(? djd;) @Ji} PCR (e GAUJ.I B4 u:mh]\ _)}.L: & 'B_)\);J\ Q\;JJ %) tu‘} Jlas e\h:‘“l-‘
O sall (ls Cle m Lae Aol 3

4 ,aUa) Laglially PMOR <) ga JLES (o dBMad) A2 3.6

I Ailany) A duhy Cad el gyl Lagliall san e PMQR . Cull ) ge 4l gane 3pa1)
CMIC oy Lie Tane il KN Jaail) pa Clly sl @l 6558 Lags

(P=0.02) adslas)imal <) dDle 25ms Jadll Lli)¥) delae aladinly JSlasy) sl laf S
Bpsall ey 38 LAy paa]) SV Gaa aac(6)-1D-Cr 25)5e g558 Gms Sl s sl Aaslia G
Yl e L) ae d3)lae %81.48 4wy (4 < MIC)  Aajliall <3all aca aac(6)-1b-cr
(12 Js2a) %66.6 2y (1 > MIC) dulnl)

Zaslially Auboadl CNV3al) gaen pacn PMQR Aasliall clfiyse g5 1 (12) Json

ALEY haall
- Nl ase () =l haillGenotype n(%)
Phenotype (n)
qnrB gnrS gnr aac(6')-1b-cr
Resistant (81) E. coil (64) 21 14 30 66
K.pneumoniae (17)
Intermediate(12) E. coil (9) 2 3 4 7
K.pneumoniae (3)
Sensitive(30) E. coil (26) 7 3 8 20

K.pneumoniae (4)

total 30 20 42 93

ipaal 53 0K Al auluSli ol Al S Auluad) elou cV3N S e QN7 Ciyse g5 W
(12 Js3a) %37 dausy (4 < MIC) dasladl Yl
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Cyse £555 (b @ Dbyse pe AAC(6)-10-CT &)50 £555 Com A Ay a2 5 AT Dali (g
Ay WL e Ajie ¢ @AC(6)-I0-Cr e Auslall 3l am %33.33 (31/93) e grr
Ll e Ay gac(6)-Ib—cr biyse e dgsla sl OV Gea % 28.57 (10/35) dfiles
(0.91 = P) Lilas)
43laa) MIC ad caa PMQR @l gal Alalal) cfial) £33 . 4.6
e ((@ac(6')-Ib-cr 5 gnr ) PMQR @b sal dlaladl ciad) (sl sli g ull MIC o cacyss
(13 ) Jsas Aasliay dulun o o Jo/3$e 256 (A 1/16 o ddlisa MIC ad 32c

Il saals PMQR )54l dlalall <30 MIC a2 (( 13)Js2a

JefgSa MIC n (%)

5y gal) Nl 2 1/16 - 1/2 1- 4 8-32  64-256
qnrB 30 6(20) 5(16.6) 6(20) 13(43.3)
qnrs 20 2(10) 5(25) 1(5) 12(60)
gnr 42 7(16.6) 8(19) 6(14.2) 21(50)
gnrB+gnrs 8 1(12.5) 2(25) 1(12.5) 4(50)
aac(6")-1b-cr 93 19(20.4)  16(17.2) 16(17.2)  42(45.1)
qnr+ aac(6')-1b-cr 32 4(12.5) 6(18.7) 5(15.6)  17(53.1)
qnrB+ aac(6)-1b-cr 23 3(13) 4(17.3) 521.7)  11(47.8)
qnrS+ aac(6')-1b-cr 15 1(6.6) 3(20) 1(6.6) 10(66.6)
qnrB-+qnrS+ aac(6')-1b-cr 6 0(0) 1(16.6) 1(16.6)  4(66.6)

el L slaall By sAlly (JofeSe 256 = 64 G sl MIC o 53) Jlad) o (14) Jsand) G LS
Jead Al &Yiall 30 50% amy Cus  PMQR ) g0 (00 3508 3 iy ansbaS sl g yuall (g il
caac(6')-1b-cr b sd delall a2l (0 45.1% ) Bl gnrdsyse
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Eose Jaad c¥ie 8 aai Cun PMQR g5 (e &y50 0o ST Jaad ) il Gans dgag oy
6 S alal gnrt aac(6)-1b-cr e DS Jaai (%26.01) e 32 5 ¢ (%6.5) gqnrB+ gnrS
(%4.8) gnrB+gnrS+ aac(6')-1b-Crass <¥je

tall Gaa gnr @l g @il 5.6

Okl 5 bl aeiilee gP e e A Baagia Aie 81 apag (10 Joaan) ALl il il
platinlyy Lagipall cWie)l Glpua o (QNF) @l)sall @l e gaill Slede JS lgie i 43
- (5 Js2s) PCR ) Jelil Zalud) Jag i s

Wisde sl a)ie 43 Clina e garatijse &5 1 (14)dse

(AL Jaalll
? <Yl ase () =l haillGenotype Nn(%)
Phenotype (n)
gnrb qnrS gnr
Resistant (30) E. coil (25) 10 10 18
K.pneumoniae (5) 2 3 4
Intermediate(5) E. coil (4) 1 0 1
K.pneumoniae (1) 1 1 1
Sensitive(8) E. coil (7) 5 2 5
K.pneumoniae (1) 0 0 0

total 19 16 29

Lbis %18.6 Lo o(Anislsd 483500 36 5 4ysh) Al 7) 43 3l e G (14) Jsaadl o Coaiiss
Sliyga g5 Jsandl o WS ¢(30/43) daslie %69.7 5 ¢ (5/43) iasliall dhansia % 11.6 5 (8/43)
viey . Nl (gJe (29/43) 67.4% «(16/43) %37.2 (19/43) %44.1 ey gnr, qnrS, gnrB
Tasliad IS0 haaill pa (raall o dsenall) grr Cullysa £ 555 C olaad) LY Ay
(P =0.05 ) Lilas) dala A8all cuilS sl sla gyl
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(A8l LT

(sl sball Ca)) adsal) 5 CSpall len ity (Db eplo gl Shall aslie)) s o (S
il ol o il galingiy ([111] Lagidl slall Jhas caslia)l oS15 (alis) cCargll Ay
ASh (ali) dagll Ay ) Jadi sl o Apene il lijse e W Bl @kl JS
¢ Qnreangd oSHal lea) e Jalii lls PMQR wadud) e Ugens cliyse b o ) o(a)

.(2aC(6")-1b-Cr Lapil sl Jiei 5 gEpA s)sall oSl (alis)

Gl o) S i Al Gl daglia (& draall il 4 oAl sl sall e a2l e
o Aagliall cullyse ags Juin Cua (Vertical Gene Transfer) VOT L sasee S5 dasliall Jas
Cianal 5 Glgall 3s0a Cslad Aagliall Ul of V) (ol Y oo ciaalill gadal U Y 4al
Ao slial) <l gal oyl LI (e Jgasy A (HGT @Y1 L) ge Jysase ) 2apdd) o Alsene
112] 5asls dads Aaglia llyge bae g5 ) Adlia) bl duagiyad) ¢ 1531

daglial) Cigan b laysd 3ty e DU e Algend) Cliyodl) Gl e gyatll Ganill e Cangll (IS 1)
. phenotype (gl laaill (10

A AW Lalil e CaluS g8 g ) daglia .1.7

4 < MIC altics ) ¥l Jiais (123/81)%65.85 (a5l s yuanall dagliall cilfjal) A iy
Glagil Aatiie Gaagipad) ciall o Sliels dllad) Gl @l e Jpeanl) seiia) e uls ¢ Jafpsa
%64.2 Zl¥) Auahall ge daglh ) A b ol Jaad pallall hladall e 4350l ie 5 ([82]ESBL
Wi [115] 75% asbay) 5 [114] %78.6 4S5l duhall b Zagliall dpus b s Jaals L ¢ [113]
(29)Jsi [117] %42.9 dgaldlly [116] %60.3 iyl Giind)all (e JS 2ic cuil€s (2aidl) il
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ol i) sl e gl g Ayl clalial

PMQR ) ga jLii) 2.7
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Sl Al (qnr, aac6)-lb—cr, gepA) PMQR  aa Dl e dlgens iliys0 bS] 38 Gpaa
Ll 3 PMQR clfiysal 5l L) e oSay [4] Aol dosliall cila ) desliall 3
JEE Cua 2l gl g dliaal £ 15V On LI e Jew 20 o Asana Waasas ) Alla)
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Integrons <ibys x5 Transposones Vi)l e Gene Cassette iy dailyd <& dadiag
Loe ¢ Agdlysll salall (pe dibide (8L & clabiall daslial) b sall (ge desana Jpey i e 3yl <l
L31] Lppall culabiall (g ddbide o3l Aaglia afihall Jua

gnr &l ea LS L 1.2.7
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by LS ¢ [120] dnlw) 2l b 5% ([98] amsll duhall & 1% dall cualy 5 ([119] dslid
IS5 [114] 4S5 Auhall (& %6.3 ) a3 callall 0 (AT Ldhan Ghalia 3 el s
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- 25
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AT R
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Aladl Jgn dilise il 3 gra sl dysid) ol : (30) ISl
e it g sl o Al Sl el ¢ ALK 5 sl K80 e e o By salls sl Audal) cles®
bl Y
dnlg)) A bLm.LI\ STl a8 ¢ gyl Cesasiall e il G @ dagliall D) sa g 58 abial)
Ayl e 38053 1385 «%27.27 (99/27) An el 4,5 Y) B ade o Lw %62.5 (24/15) s
5 %4 (47]2) & gnr cb)se GLIES) &5 e 485 V) Al s L[121] Lpisalls ([97] AS55aY)
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LS %5.3 Al duball b e S el e AlnanlSly 15,80 e %20 (106/21)
) A€l % 16,2 Jiliae 25l 58l

Dl SSY1 & gqnrB s se o (qrrA, qnrB, qnrS') qnr ciysa (e Jalail £ Ly il Cyelal
ApluY) cluball 8 LS %16.3 (123/20) gnrS &5 Ll %24.4 (123/30) aY) Bl o
5 [65] (gnrB = 4.7%, qnrS$=0.8%) 4ys8) 4wl ¢ [115]  (gnrB=0.5%, qnrS=0%)
LSl Al 8 A See ol o 2a (53] Bga e 2 [97] (9rB=4.5%, qnrS=0%) iS3eY)
[121] (gnrB=2.2%, qnrS=2.5%) iswall Lol 8 4y, « [122](gnrB=0%, qnrS=1.6%)
(31J5)

CO—2sas Laliiyl ey ESBL w-;‘y il eV e @B Ajed 5kl L) s Sa
Gluhall e dael) A 500 WS el sy e ‘djeu ESBL i)y gnrB &li) 4 presence
ESBL cilayn ¥ daiidll Wje (jaa @S Cllyse 3alsi (e aiyllig il 4ali (e ¢ [123 ,48 ,4]
sac cylal ua ¢ [125,124] ESBL cilagisV dlals 52 (65a] oDl e Agena (455 38 L3l V)
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98 ,65]  Axlullly A€l ¢y sSI Al ae 3 13ag WY3e (a Basase st CailSE QA &)se Ll
e OS s ¢ [97] 10.4% 48al Al 3 hlam) V) grrA &)sal) el el i Jiadly [119
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e A siyall el o) Ayl Aubal) aand o) edai Al il RHEY) e e e SN il cilas®
i) e ilide Il oGSl il ¢ A€ 5 g5l A (e e e bl Al Cuaca « ESBL
gepA ) ga jLaL) L2.2.7
Lpsall o2 yiiad agee [117 ,16] cluhyall 8 LS dgpad) cl¥ie)) (e GEPA ijse il Jaadls
[127 ,43] Sal 5 oL b Al S5 Y1 e cWie o bye JsY Biaa i€ 388 faa 500
il 5 ([65] Angdad) A€pd Y Gara dpsiall L)€ s Al AT Glas) W« 2007 e
ol sy Sl
:aac(6")-1b-cr varient _élall haeg)l jlias .3.2.7
Yl axe il 388 @nr G sa @58 Aty WYe Geda (%75.6) ddle A gyilall oda i
%50 iy 8 gya) Aalle luha pa ciyg Lo 13) 8508 dpill 038 215 123/93 45 sall 03] dyslay)
&b %9.9 5 ¢ [16] sl 3 %52.2 5 [96] ASpal Ay & %20.9 5 [117] dpuulé 2y b
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- Al 5 A8l A8 e e (e B suly il Al

gl ) 85 138 Jiayg % 94.7 iy 4 (aac(6')-1b / aac(6')-Ib-cr ) Asall cualy M
& e e el A a5 @ac(6')-1b &)sall e @AC(6')-1b-Cr ilall Jaai)) Jead Al <3l
ayslls [121] (57.8%) duwalls ([96] (%27.9) aSya¥ly ([117] (77.8%) duunldl) byl
(34)Jsi .[65] (23.8%)
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(%56.7%31.9 )ashdll 455 Y) e iUl Jaaid) Ao o4 Caals (A Lppgudly 2800 Y) Ayl
s Aall Luhall e aling 5« [16] ([96] uiifill e 250 Abunlg)) xie (%28.5 % 16) Jile
Al vie Lie 483000 %48.8 Auglydll ApaY)  xie JA Legd sl &) el il A calS
C[121] %78.9 a5y

) se pe AgL) A3y 5all £ 55 (o ANl Ay G Bj0S Aty @AC(6')-1D-Cr &y5e 35n5 spudily
b WS e JS8 Wbl e Tl e Y s Lee Libaa) Rala e 38 o cuss cqr
aac(6')-lb—cr Cliyee p0 duinall Luhall Cuag A (e (&l e ([96] Ay Ayl
J121] Adad) cN3al) aa %6 Jilie @rrcaliyge e glall c¥iall aa %55.2 4

daiie OYie (ann leeist) Ausyaall CN3al) & @AC(6)-Ib—Cr jsal Sl LN 3 of oS
(ESBLs @ac(6))-lb—cr ) lgans g Al cllysall Lasis Caim ([89 ,45 ,16 ,4] ESBL <oy
Cpaliall DUST A8 idia daglia ) sedal Biludl LLEY) (505 5 ASall Jeuw 2als 2B e Jaais

L128] dadlall chhLAY (e Jliy Laa (b sansllinuad) 5 cligl53SH)
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OmeabiasS 918 9 uncad) A ALY daglig)lg aac(6')-1b-cr Jaail) ¢y Bl 3.7

ay Cpds ¢ OpebaS sl s sunll Luduall lai s 28G(6)-1b—Cr &)sall 25ag daysi ) AR sy
Lasliall Cagang Lysall Gl dsmg G Jagsi Ailima) Lpaal N ADle 25ay il BLEYI Jelas
e daawiy sl s n g @AC(6)-1b-r &eadl ) o AR 238 Ladi Sars ¢Sl g )
1961 Jsipihul) ddla e el g 5l Al Jelis e Bllad)) 5 e e Ll Coaala i s
el paa AAC(6)-1D-CF &ijge g i Cum Alaly) Auball B LS (Al ciluls aa Bl
lyse al gead ) Vi ae GanbaS gl sl el ) dasliall il o ([129] Lah daslia) 50l
[65] 4y QN Ayl & (gnr 5\ aac(6)-Ib—cr ¢)s) PMQR

CmaliaS 518 g pacd) Ao jaUSY dagliglly grr il ga (p ABDRY) 4.7

ol LY dales paa3 e Guagiall cpe il Gaa @B (qnrS D )ga LI £ 55 Ay s
) P culS i dgpalls J) dasliall ae <l sall @l sgay o dayss Ailan) dnaal dgag aae Laagly
il e oyl all 21(0.49 , 0.14

aslially duluall cVia) Gaum ulysall Gl il aii Al cluhasie g A8l dagll 3yl
Lnva il Gigaad g all by Ay judiy ¢ [132,131,130 ,120 ,116 ,16] ppuluSsla 5yl
o Raslial) dsay aadi (Say Ml ([4] ( PArC ) IV Shsagiabasill 5l (YA ) Shusl sl b Adls)
A al)ge B Arua chih J5 e dalaall 48l) Al agag @nr Gl ea (pe AN A jaal) Yl
[5] PMQR )50 255 aa ol ) 835800 Jaxd parC 4 gyrA

Goplall daslidd) g 2D o @ S se s om BV Gla) Dhis oAl dea e
el (an Clorua Gada Glipsall el e (gyaill 5 28 g aall ¥iell Gada CpuluSolag puull
3295 (29/43) 67.44% dswy gnr Glijse Cachsi 3 .G Slhse e LDl iy Al duagiall
CRary cAagliall ugan A el Al Hon e Juy Lae dppallall Aoglial | ae daudl) 038 dayyi A8dle
Oea | integration zlexl Gigas G grnall aa b geda g 2Bl e Gl gal) Gl Qe jands
Y GanluSla g punall duliall Zaagipall EV3all lé atay ([133 ,131] <¥iall ey paldll aual)
a5 lly sl Y il LI e Cagladl s L g e e Lgilsial pae 5y sl

lysall odn sa b gyal Ay ¢ puluSslis ) e e S Gzt Jla 8 @lihall Gigaal
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e cbil R 8 aalud e 8 4 Jr oomalaSlig pudl 5 B Ge adhall Llea o i@l B
45 ,41] desladly o @l e 308

gl el gal g5l il 5.7

( gnr )axd) ) Gles 301 ae ((aac(6)-lb-cr ) Aesliall ApaiVI AN ilean o Sadl o
L e ale Gileal sae MIC 28 3la)) 451a) e <[61] Appppudl Lalil (e Aals aglia ) Ysum
[96] san g Qnrdiysa cuilS 4l

33 Jaall e & aac(6)-10-Cr &jse gsad SN CN3a) e %451 o Adlall Al el N
Ofsall NS agag e %5301 il A8 Rasill Cuniiyly «Jof5Sa (256 64 ) MIC iaglial
liyge B (goat S Wil (e %0666 (ols el « Y 321l s & gnrt aac(6)-1b-cr

Gigan Al ) e e ¢35 J88)  Aasliall amad haail) (e & (gnrB+qnrS+ aac(6')-1b-cr )

[34] aslaal salyy Jallys by gl sy 50
el ggiall dpnall B cld (35 JSa) Al Al Cayelal 3 ¢ @Nr Ese e o b Giay Y
A 656 LE0 a5z pe ) el bee ST sl g Eijse gsas A5 (%50) desliall s
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ATCC® Number: 25922

Organism:
Designations:
Isolation:
Depositor:
History:

Biosafety Level:

Shipped:
Growth
Conditions:

Permits/Forms:

Cross
References:

Applications:

Escherichia coli (Migula) Castellani and Chalmers

FDA strain Seattle 1946 [DSM 1103, NCIB 12210]

clinical isolate

FDA

ATCC <-- FDA <-- F Schoenknecht

1

freeze-dried

ATCC medium18: Trypticase soy agar

Temperature: 37°C

Atmosphere: Aerobic

In addition to the MTA mentioned above, other ATCC and/or regulatory
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC material is ultimately responsible for obtaining the permits.
Please click here for information regarding the specific requirements for
shipment to your location.

Nucleotide (GenBank) : AF038431 Escherichia coli DNA gyrase A (gyrA)
gene, partial cds.

Nucleotide (GenBank) : AX110212 Sequence 945 from Patent W00123604.
Nucleotide (GenBank) : AX110242 Sequence 975 from Patent W00123604.
Nucleotide (GenBank) : AX111547 Sequence 2280 from Patent WO0123604.
Nucleotide (GenBank) : X80724 E. coli (ATCC 25922) gene for 16S rRNA.

Control Culture [92260] [92376] [92377]

control strain [21528] [21531] [92352]

evaluation of Mueller-Hinton agar [21524] [21585]

media testing [21529] [92345] [92390] [92429] [92819] [92844] [92845]
quality control [92216]

quality control strain [92099] [92126] [92135] [92137] [92146] [92147]
[92150] [92153] [92159] [92160] [92163]

susceptibility disc testing [21523] [92224] [92354] [92355]
susceptibility disc testing cephalexin [45872]

susceptibility disc testing cephaloglycin [45872]

Food testing

susceptibility disc testing cephaloridine cephalomycin [21533] [45872]
susceptibility disc testing cephalothin [45872]

susceptibility disc testing chloramphenicol [58588]

susceptibility disc testing colistin colimycin [58588]

susceptibility disc testing gentamicins gentamicin [58588]
susceptibility disc testing kanamycin [58588]

susceptibility disc testing nalidixic acid [58588]
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http://www.atcc.org/CulturesandProducts/TechnicalSupport/BiosafetyLevels/tabid/660/Default.aspx
http://www.atcc.org/Attachments/2980.pdf
http://www.atcc.org/ProductUsePolicy/MaterialTransferAgreement/tabid/613/Default.aspx
http://www.atcc.org/CulturesandProducts/HowtoOrder/SpecialForms/tabid/696/Default.aspx
http://www.atcc.org/CulturesandProducts/HowtoOrder/SpecialForms/tabid/696/Default.aspx
http://www.atcc.org/PermitsForms/tabid/733/Default.aspx?ATCCNum=25922
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AF038431
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AX110212
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AX110242
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AX111547
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=X80724
http://www.atcc.org/SearchCatalogs/Linkin?id=25922
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92260
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92376
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92377
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21528
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21531
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92352
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21524
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21585
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21529
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92345
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92390
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92429
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92819
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92844
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92845
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92216
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92099
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92126
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92135
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92137
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92146
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92147
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92150
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92153
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92159
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92160
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92163
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21523
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92224
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92354
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92355
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#45872
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#45872
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21533
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#45872
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#45872
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588

susceptibility disc testing neomycin [58588]

susceptibility disc testing tetracycline [58588]

susceptibility testing [21525] [21527] [21533] [90283] [92353] [92422]
[92423] [92424] [92425] [92788]

testing [92374]

MIC (ug/ml): Ampicillin 2-8; Amoxicillin-clavulanate 0.5; Aztreonam 0.06-0.25;
Cefotaxime 0.03-0.12; Cefpodoxime 0.25-1; Ceftazidime 0.06-0.5

Ceftriaxone 0.03-0.12; Cefoxitin 2-8; Chloramphenicol 2-8; Ciprofloxacin 0.004-
0.015; Gentamicin 0.25-1;Tetracycline 0.5-2.

quality control strain for Abbott, API, Autobac, BBL, bioMerieux Vitek,
Biosynth, Difco, IDS, Micro-Media, MicroScan [Reg TM], Roche Diagnostics,
and Sensititre products

Related Also available as SafeTsource™: ATCC 25922NA
Products: Purified DNA: ATCC 25922D-5
Bacteria

ATCC® Number:700603™ | |

Organism:

Designations:
Isolation:
Depositor:
History:

Shipped:
Growth
Conditions:

Permits/Forms:

Cross
References:

Comments:

Applications:

Klebsiella pneumoniae subsp. pneumoniae (Schroeter) Trevisan deposited as
Klebsiella pneumoniae (Schroeter) Trevisan

K6 [CCUG 45421, LMG 20218, MCV37]

Urine from hospitalized patient, Richmond, VA, 1994

JM Swenson

ATCC <<--JM Swenson<<--M.J. Ferraro <<-- G. Jacoby <<-- H. Dalton
Biosafety Level: 2

freeze-dried

ATCC medium3: Nutrient agar or nutrient broth

Temperature: 37°C
Atmosphere: Aerobic

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location.

Nucleotide (GenBank) : AX111170 Sequence 1903 from Patent W00123604.
Nucleotide (GenBank) : AF132290 Klebsiella pneumoniae plasmid-encoded
extended-spectrum beta-lactamase (bla SHV-18) gene, complete cds.

MIC (ug/ml): Ampicillin >64; Amoxicillin-clavulanate 8; Aztreonam 64;
Aztreonam-clavulanate <=0.25; Cefotaxime 8; Cefotaxime-clavulanate <=0.25;
Cefpodoxime 16; Cefpodoxime-clavulanate 1; Ceftazidime 32

MIC (ug/ml): Ceftazidime-clavulanate 1; Ceftriaxone 16; Ceftriaxone-clavulanate
<=0.25; Cefepime 1; Cefoxitin 32; Chloramphenicol >32; Ciprofloxacin 0.5;
Gentamicin 8

MIC (ug/ml): Imipenem <=1; Piperacillin >128; Piperacillin-tazobactam 16;
Tetracycline 16; Tobramycin 4; Trimethoprim-sulfamethoxazole 2

Produces beta-lactamase SHV-18

Quiality control strain

Resistant to ampicillin

Resistant to aztreonam

Resistant to cefoxitin
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http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#58588
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21525
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21527
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#21533
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#90283
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92353
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92422
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92423
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92424
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92425
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92788
http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.aspx#92374
http://www.atcc.org/SearchCatalogs/Linkin?id=25922D-5
http://www.atcc.org/CulturesandProducts/TechnicalSupport/BiosafetyLevels/tabid/660/Default.aspx
http://www.atcc.org/Attachments/3623.pdf
http://www.atcc.org/ProductUsePolicy/MaterialTransferAgreement/tabid/613/Default.aspx
http://www.atcc.org/CulturesandProducts/HowtoOrder/SpecialForms/tabid/696/Default.aspx
http://www.atcc.org/PermitsForms/tabid/733/Default.aspx?ATCCNum=700603
http://www.atcc.org/PermitsForms/tabid/733/Default.aspx?ATCCNum=700603
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AX111170
http://www.ncbi.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AF132290

Resistant to cefpodoxime

Resistant to ceftazidime

Resistant to chloramphenicol

Resistant to piperacillin

Resistant to tetracycline

Sensitive to amoxicillin-clavulanate

Respiratory research

Sensitive to cefepime

Intermediate resistance for cefotaxime

Sensitive to ciprofloxacin

Sensitive to imipenem

Sensitive to piperacillin-tazobactam

Intermediate resistance for Tobramycin

Sensitive to trimethoprim-sulfamethoxazole
Susceptibility disc testing

Susceptibility testing

Intermediate resistance to ceftriaxone and gentamicin
Control for extended-spectrum beta-lactamase production

Related Purified DNA: ATCC 700603D-5
Products:

Plasmid DNA Extraction Protocol (sl Uall padiiu) JeSsign (2) Gl
Sl e S A sl)) L3V e i) Ball (Dl Jisis p Jealis Galal) 138 paniay
Ariiad) 4S8 U8 (e D)5l sl 85150
.(QIAprep® Spin Miniprep Kit« Qiagen< USA) .
rensl) Gligla
¢l P1(20 ml) &, (2ml) aea il «QIAprep Mini Spin Colums (adaiuyl saec
sl 32s (EB(15 ml) s1&5 PE(2x6 ml) <55 (PB(30 ml) +&5 <N3(30 ml)s &5 <P2(20 ml)
.J% 20 LyseBlue skl Jslsall <RNase A

llaall yaans
O lays «(2-8 C%) 3l Aayy b Laid 5 2 3a PL e gl ) RNase A apil Ciliay :P1 g ligli-1

&) skl Jslaall 0o JSe20 il Gun) alasin) U8 G0 1 ) LyseBlue ¢stal) Jolaall Caliay
(s850 e 20 m
yha Aoy Laday &5 i) U8 (96-100%) Sy Jselid) alainly o5l yas &5y :PEsBgll -2

LY JlSal aa 2l

75



http://www.atcc.org/SearchCatalogs/Linkin?id=700603D-5

JI ECN L T2
QlAprep Spin Procedure

Pelleted bacteria & PL slgll (he JSe 250 alasiuly agiall Llu)ll Ja3 @
e sl ) Ja

Gl Joladll s P2 Bl e JSe 250 Ciliay w
Resuspend Qslal Jslaall Canzal Jla 8. 6 4 (e V)
IIT::iruli:e &) sl Glad) o Jeaiy P1 ol ) LyseBlue
@Y

Gl Jsladll ey N3 sl (e S 350 lay
Bind da b o g Gl JSid e 6 Y 4 00 sl
e DY) s LyseBlue  opslall Jslaall 48l
s (@)Y Gslll BT J 5 s aldl Jsladd)
sl e gl Jladl)

Ll 15000 rpm - a5 336y (10) sadd Jslaall Jéiy =

Wash

o ) G Al Al b ) U L) S
.QIAprep saci

Elute
o W B oy Al (30-60) sad diwdl Jin

- Jadial)
PB il (e (0.5 ml) slasiuly QIAPrep saeel Juss =
o bl Bl ey cdgl (30-60) sadd Al Ji

. Jadinal)

ﬂ4ﬂ$4m4ﬁm~+ﬂ~—

Pure plasmid DNA sy (0.75 ml) Jasivl QIAprep sael Ju slxy =
- il e bl L) ey 4l (30-60) sad Al Ji 5 KPE
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BJAQT ‘_"Jc UAAAAS\ Lad) ‘_“JG dya;ﬂ} ‘(15 ml) iy k_ﬁgjad t_u.ui ‘5.‘;\ QIApI’ep EJAQT Jay m
«QIApPrep ssee Ciuaite & U (e Ji el 5f (BB ¢liy (e JSe 50 iy QIAprep

SA88) Baal Jaiy @lld dmy g d3da saal Sy A

bl Al afhall gl I padaind JsSsis (3) ke

250 axal 50 axal 58al
5x1.2 ml 1.2 ml Proteinase K e—D-ﬂ e Jslaa
5x1 ml 1mil RNase A Jslas
55 ml 11 ml Digestion Solution acalelsas
2x60 ml 24 ml Lysis Solution Jss Jslsae
40 ml 10 ml (Wash Buffer 1)l Juall 3S e ¢ &5
40 ml 10 ml (Wash Buffer 1) 1l Juall <50 £ 184
150 ml 30 ml PH <10mMTris-Cl) Elution Buffer =il ¢,
(0.5 mM EDTA9.0
250 50 cead) gl J0 de gmsally agiall La 3 4,85 e
250 50 Collection Tubes gesll canlil
%ﬁ Collect sample GeneJET sl st
.' Lyse SV sl JsSsig ol aa Jid,
&2 10 min 32 5000%g Ay e Juil) 2y 5 (mi
a Bind - Sl Bl e palasl)
v, Digestion Solution acagll Jelse (0 J6180  Adlsf 21y =
e 7 ol s Proteinase K apdl dstas (o JS 20 & (s
oilat lacal daldly 51 vortex gz lasll aladiul 5 il
%ﬁ Wash x 2 ol
7
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i gl Pl ples alasinly Sf AV gl Gzl g0 56°C Bha A e Al s o1y @
(30 min ) zias L) Leagiyad) LAY Jass

420 2 10 Min s2al masall (pans &5 dalayll zhess (RNase A Jslse (30 JSe 20 dils) o3y m
ECPRIS

15 sa0; zlagl S laje e 5 Al ) Lysis Solution Jslae e JSe 200 dilsf iy
s oilatie iy o Jpeasl) s min

Auald) phaiul i &5 %50 Jyili) (e IS 400 Adl) iy

GeneJET Genomic DNA Purification Sl jalall (aMasi¥) agee ) mapall Jio o o
6000%g dcyw Lo 1 min sadd Jefill 2y caeally pald AT sl Jals g gumsally Column
GenelET ki) dsee auiags Jiiall modall o gsladl sl (e paliill Sy Gl aey
2ml aasy AT e Gisal 3 Genomic DNA Purification

Jufiil) iy G5 o agll JsilY) Adla) 2ay) Wash Buffer | Jusll Jslae (0 JSe 500 48la) 2y
asac Bile) iy aaadl sl 8 g snsall Joladd) Jl basys (8000Xg Aeyw e 1 mMin sad
gl sl L ey

asee (4l Jsilidy) d8l) aey Lia) Wash Buffer 11 Juadl Jslse (o JSe 500 4ila) o3y
-(£12000 xQ) padll deyudl Je 3 MiN saal i) 8y 5 ¢ padlanny)

sale) i aandl sl £ 18] Wi 4y aDATAN) Casail 8 e Jslae b QIS 1Y) 1 gLl
sl depud) e 1 min saal s Juds

dire Jt gl 1) (adAta) dpee Jiiy Jial) Jolaall e gslall meall Copnil (e (alitll 2y

=AY asee olie lany ) Elution Buffer j=dlaiu¥) ey e JSe 200 ddla) L
Sl 5 Aajall sls dapd (3 2 MIN 3aad Gumall S5 5 ¢ agisall La ) Jad clldg cuslly (alal)
.8000%g dcyu e 1 min sadd

:45a

oo JSe 200 ddlaaly (DA el sshad sale) (Sad) e B 3 e alicf 2500 ) Jsaaslle
.Elution Buffer Jsss

o AL A€ e 4Dl 58 Ly I &Y ST 0SS S50 DNA e Jgeanll Loyl 13 @
.J% 50-100 Y Elution Buffer (=dasuyl elis ana Bl lavie 2 daaghyall WA
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ehal Gl 5 e sae limll LAl deaill igan cuiad Gangy Ly Plad) dapy il o
Hladan 4 Lty ydlie laasant o 38 5% o Al B lsay adlainY)
(70 C°) i (-20C")

Wash Buffer Il s Wash Buffer | Jusll Jdladl (%96-100) S50 3 Jsility) Gileay ©
ssaall e Adle auas Jy) Adlia) ey clagd Jaid V) alasia¥) die elldy 50l
Lagg)) Jsliy) Adlia) 5 a8 oy 5L Juad) Jillae e dy5lal

3sas a2e g XBI sy Digestion Solution i Lysis Solution 1 Jlae aladin) i o
& & (37 C°) Jsbaall &y & L sill o38 Ja sale) i asas Jla 8y Legd dale ilauss
I U (25 C7) laase Libayys

e Wl ellyg Wash Buffer | 5 Lysis Solution  ae Jalxill xie cuhléd) ¢ luiyl gy ©
Llaagall (e

Lslladll 332y ddlaay) Jsdl v

Gualdll ugg s cliale i
Vortex dala, i
-(%96-100) Jsby) i
Ald v
Ml 1.5 asay Jais il v
56 C° N Ji phal Aeaa siha milia sl zlay (Sl plea s dalsy Vi
23aals 3ye alasin D clla Lvii

i e Jsanl) ) a5 Elution Buffer (o Saauyl s o sysaall asasd) of ) 3LV jaas
Spilie aliivaddl By I aladind Canyg cGadBi) dgae o paldill Cngy WS L Galiiall by Iy 410
(20 C°) xic adais

ol

Lagad 2y ol 45 T Ll 433l 3)la dapy 3 Legils e RNase A 5 Proteinase K 11 Jslae Lalay

Gl Sl a3 g 4l a8 (20 C°) b A e onpdl s of sy calslaal) 8 sa (Sl

.(15-25 C°) 45l syl dayn e cull 6529
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Ligled)) 4y ay) e (4) G@alal

o 6")-1b G i
Aplldy | MIC | s qnr aac(6')-1b aaC(cr) egﬁ:mc
Lo gliall
Atcc
25922 1/32 S
1 64 R gnrS | aac(6)-Ib

5 | 64 | R | | | aac(®)-b axc@)lber| | |
|
_7 -128 -_--_—--
|

10 2 | aac(6")-1b | aac(6")-Ib-cr
11 2 | aac(6')-1b | aac(6’)-Ib-cr

14 4 R aac(6")-1b | aac(6")-Ib-cr
15 64 R aac(6")-1b | aac(6")-Ib-cr
16 1/4 S

17 1/2 S aac(6")-1b | aac(6")-Ib-cr
18 64 R aac(6")-1b | aac(6")-1b-cr
19 1/4 S aac(6")-1b | aac(6")-Ib-cr
20 128 R aac(6")-1b | aac(6')-lb-cr
21 16 R aac(6")-1b | aac(6’)-Ib-cr
22 128 R aac(6")-1b | aac(6")-Ib-cr
23 128 R aac(6")-1b | aac(6")-Ib-cr
24 1/16 S aac(6")-1b | aac(6")-Ib-cr

26 2 | aac(6")-1b | aac(6")-Ib-cr
27 64 R gnrS | aac(6")-1b | aac(6)-Ib-cr
28 1/16 S aac(6")-1b | aac(6")-Ib-cr
29 4 R gnrS | aac(6")-lb | aac(6)-Ib-cr
30 32 R aac(6")-1b | aac(6")-Ib-cr
31 32 R aac(6")-1b | aac(6")-Ib-cr
32 1/4 S gnrB aac(6")-1b | aac(6")-Ib-cr
33 32 R gnrB | gnrS | aac(6)-Ib | aac(6)-1b-cr
34 128 R gnrB

35 64 R aac(6")-1b | aac(6")-Ib-cr
36 16 R aac(6")-1b | aac(6")-Ib-cr
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X

38 64 gnrB
39 256 qnrB aac(6")-1b | aac(6")-Ib-cr

)

41 64 R gnrB | gnrS | aac(6)-Ib | aac(6)-1b-cr
42 1/16 S gnrS | aac(6)-Ib | aac(6")-lb-cr
43 32 R gnrB aac(6")-1b | aac(6")-Ib-cr
44 1/16 S

55 1/16 S

56 1/16 S aac(6")-1b | aac(6")-Ib-cr
57 4 R aac(6")-1b | aac(6")-Ib-cr
58 1/16 S gnrB aac(6")-1b | aac(6")-Ib-cr

|
60 | 128 | R | | quS| aac(6)-Ib | aac@®)dbcr| | |
|
62 | 128 | R | | | aac(®)-Ib aac@)lber| | |
65 | 116 S | | | aac(®)-b aac@)dber| | |

72 2 | gnrB aac(6")-1b | aac(6")-Ib-cr
73 aac(6')-1b | aac(6’)-Ib-cr
74 |18 | R | | [ac(®)b aac(@)locr| | anrs

75 128 R

76 64 R gnrB aac(6")-1b | aac(6")-Ib-cr

77 4 R

78 1/4 S

79 64 R gnrB aac(6")-1b | aac(6")-Ib-cr

80 2 | gnrS
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82 128 R gnrS | aac(6)-Ib | aac(6")-lb-cr

83 1/16 S aac(6")-1b | aac(6")-Ib-cr
116 | S

86 64 R gnrB aac(6")-1b | aac(6")-Ib-cr

87 4 R

88 128 R gnrS | aac(6)-Ib | aac(6’)-1b-cr

92 32 R gnrB aac(6")-1b | aac(6’)-Ib-cr
93 1/4 S gnrB aac(6")-1b | aac(6")-Ib-cr
94 1/8 S qnrB

98 128 R gnrS | aac(6)-Ib | aac(6")-lb-cr

Tt Abeuslg) e (5) gake

Laadlf .
Al 8 MIC | Asal qnr aac(6')-lb aac(6)-lb- | Genomic
Lagia cr gnr
Atcc700603 | 1/4 S
1 1/16 S gnrB gnrS aac(6")-1b
2 16 S qnrB aac(6")-1b | aac(6")-Ib-cr
3 128 R gnrS aac(6")-1b | aac(6")-lb-cr
4 256 R aac(6")-1b | aac(6)-lb-cr - gnrS
5 128 R aac(6)-Ib | aac(6")-Ib-cr | gnrB -
6 64 R gnrS
7 64 R aac(6")-1b | aac(6")-lb-cr
8 2 | qnrB qnrS aac(6")-1b
9 32 R qnrB aac(6")-1b
10 1/16 S aac(6")-1b | aac(6")-lb-cr - -
11 4 R qnrB aac(6")-1b | aac(6")-Ib-cr
12 128 R aac(6")-1b | aac(6")-Ib-cr
13 1/8 S qnrB
14 2 | gnrS aac(6")-1b | aac(6")-Ib-cr
15 2 | gnrB | gnrS
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16 32 R qnrB aac(6")-1b | aac(6")-lb-cr
17 64 R gnrB gnrsS aac(6")-1b | aac(6")-lb-cr
18 4 R aac(6")-1b - -
19 64 R gnrB gnrsS aac(6")-1b | aac(6")-lb-cr
20 128 R gnrB gnrsS aac(6")-1b | aac(6)-1b-cr
21 32 R - qnrS
22 16 R gnrB | gnrS
23 1 S gnrB gnrsS aac(6)-1b | aac(6)-1b-cr
24 128 R qnrB aac(6")-1b | aac(6)-lb-cr
s paldiny Gaad Al el ) galol) ol pady ¢ Adasdle®
(5ol aieai &5 (6) (alal
T
OD | dpaal m % GC
Gene Sequence 5-3 . 100 A
PR ) Cra il giang))
iy guall pmol/ul co GC
gnA—fw | ATTTCTCACGCCAGGATTTG (20) 10.1 480 55.3 45%
(20)
rev
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gnB-fw | GTACGTGAAAGCCAGAAAGG 5.7 232 57.3 50%
(20)
qnrB- ACGATGCCTGGTAGTTGTCC 9.2 440 50.4 55%
rev (20)
gnrS—fw | GCAAGTTCATTGAACAGGGT 3.3 359 55.3 45%
(20)
qnrS- TCTAAACCGTCGAGTTCGGCG 5.0 294 61.8 57.1%
rev (21)
Aac(6)- TTGCGATGCTCTATGAGTGGCT 9.9 401 60.6 47.8%
lo—fw A (23)
Aac(6)- CTCGAATGCCTGGCGTGTTT 3.6 424 50.4 55%
Ib-rev (20)
gepA-fw | AACTGCTTGAGCCCGTAGAT 3.3 379 57.3 50%
(20)
gepA- GTCTACGCCATGGACCTCAC 8.4 409 61.4 60%
(20)
rev
dilaay) gtll) (7) Gl
Correlations
aac(6')-Ib-
MIC qnr agnrS gnrB cr
.208(*) .010 -.006 014 1.000 | Correlation Coefficient  aac(6’ Spearman's rho
.021 915 .945 878 .| sig. (2-tailed) )-lb-cr
123 123 123 123 123 | N
.063 .789(**) .160 1.000 .014 | Correlation Coefficient  gnB
492 .000 077 : 878 | Sig. (2-tailed)
123 123 123 123 123 | N
132 .612(**) 1.000 160 -.006 | Correlation Coefficient  qnrS
146 .000 ) 077 .945 | Sig. (2-tailed)
123 123 123 123 123 | N
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152 1.
.094
123
1.000

123

000 612(%) 789(**)

. .000 .000
123 123 123
152 132 .063
.094 146 492
123 123 123

.010
.915 | Sig. (2-tailed)
123 | N
.208(*)
.021 | Sig. (2-tailed)
123 | N

Correlation Coefficient

Correlation Coefficient

qnr

MIC

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Correlations

gnr qnrs qgnrB MIC
.297 .268 -.074 1.000 | Correlation Coefficient ~ MIC Spearman's rho
.053 .082 .636 .| Sig. (2-tailed)
43 43 43 43| N
.618(**) -.104 1.000 -.074 | Correlation Coefficient  qnrB
.000 .508 . 636 | Sig. (2-tailed)
43 43 43 43| N
.535(**) 1.000 -.104 268 | Correlation Coefficient  gnrs
.000 . 508 .082 | Sig. (2-tailed)
43 43 43 43| N
1.000 .535(**) .618(*%) 297 | Correlation Coefficient  gnr
: .000 .000 .053 | Sig. (2-tailed)
43 43 43 43| N

*%

Correlation is significant at the 0.01 level (2-tailed).
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Abstract

Clinical isolates of fluoroquinolone-resistant Enterobacteriaceae are emerging
worldwide. The traditional resistance mechanism is the accumulation of
mutations in the chromosome coding for the target molecules of fluoroquinolone
. Recently, several plasmid-mediated quinolone resistance (PMQR) genes
conferring low levels of quinolone resistance have been discovered. In this
condition, bacterial cells have increased mutation frequency, making it easier the
selection of higher-level fluoroquinolone resistance.

Our aims were to survey for plasmid-mediated quinolone resistance
determinants in a collection of Enterobacteriaceae clinical isolates originating
from Aleppo University Hospitals, and to characterize both the resistant isolates
and the PMQR determinants ..

Altogether, 123 ESBL-producing Enterobacteriaceae clinical isolates were
collected: 99 Escherichia coli, 24 Klebsiella pneumoniae. MIC values were
determined by microdilution for ciprofloxacin. five PMQR genes [gnrA, gnrB,
gnrS, aac(6')-1b-cr , and qepA] were screened by simplex PCR, of 123 isolates
103 were positives [42 gnr and 93 aac(6’)-lIb-cr]. aac(6’)-1b-cr was the most
common PMQR gene. None of the isolates carried gqnrA or gepA.A high
correlation of the aac(6)-1b-cr variant with phenotypic ciprofloxacin resistance
was found.

Keywords: PMQR; gnr; aac(6")-1b-cr; qepA; ESBL.

98




summary

1. Introduction

Quinolones and fluoroquinolones are broad-spectrum antimicrobial agents
extensively used in both human and veterinary medicine, and therefore found as
residues in the environment . This widespread use has been associated with
increased level of quinolone resistance, particularly in the last 10 years .
Bacterial resistance to quinolone is commenly resulted from chromosomal
mutation, However, several recent studies revealed that such resistance could
also be mediated by plasmid-carried genes (PMQR) : (i) Qnr proteins, which
protect the quinolone targets; (ii) Aac(6’)- Ib-cr enzyme, which acetylates not
only aminoglycosides but also ciprofloxacin and norfloxacin; and (iii) QepA, a
plasmid-encoded efflux pump.

The first plasmid-mediated quinolone resistance gene was named “qnr’ in 1998.
This gene encodes a 218 amino-acid protein Qnr (later named QnrA), a member
of the pentapeptide-repeat family. More recently, four other proteins (QnrB and
QnrS, QnrC and QnrD) have been identified in several enterobacterial species .
These proteins interact with quinolones, the topoisomerases, and DNA, thus
limiting the binding of the quinolones to their targets . By itself the gnr gene
confers resistance to quinolones at a low level. But, they facilitate the
acquisition of high-level resistance among initially susceptible strains .

In 2005, a second plasmid-mediated mechanism, which independently
contributes to quinolone resistance by modification of the antibiotic molecule,
was described , this protein, Aac (6')-Ib-cr, is a variant of the 6’acetyl
transferase, which is known to modify the chemical structure of
aminoglycosides, and presents an enlarged enzymatic spectrum toward
ciprofloxacin and norfloxacin .

The last PMQR mechanism is mediated by QepA, which encodes an efflux
pump belonging to the major facilitator subfamily, involved in pumping
fluoroquinolones out of bacterial cells .

Recently, PMQR determinants have been identified worldwide with varying
prevalence rates, in addition, their presence is associated with resistance to other
antimicrobial agents, particularly to -lactams .

In Aleppo, there is no previous study concerning the incidence of ciprofloxacin
resistance and its association with PMQR genes, therefore, the aim of the current
study is to determine the prevalence of plasmid-mediated quinolone resistance
genes in a collection of ESBL producing isolates of E. coli & K. pneumonia in
Aleppo, Syria.

2.Methods
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2.1. Bacterial isolates. A total of 123 non-duplicate ESBL-producing isolates
(99 E. coli and 24 K. pneumoniae) were obtained from three university hospitals
offering tertiary medical care in Aleppo city between October 2010 and June
2011. These isolates were stored in micro vials (Microbank™) at - 80°C.
Antimicrobial susceptibility test: A broth microdilution method was carried
out to determine the minimum inhibitory concentration (MIC), in accordance
with the Clinical and Laboratory Standards Institute (CLSI; formerly NCCLYS)
guidelines .

Each bacterial suspension was adjusted to the turbidity of a 1
McFarland standard which contains approximately 1.5 x 10° cfu/mL and
diluted in broth to give a final organism density 5x10°cfu/well, and inoculated
onto micro plates containing the test drug at various concentrations, and
each plate was incubated for 18 h at (35-37)C. Reference strains (E. coli
ATCC 25922 and K. pneumoniae ATCC 700603) were included in each run as
controls. MIC breakpoints used for susceptibility and resistance to ciprofloxacin
were (<1, >4) ug/mL respectively.

Screening procedures: Plasmids were extracted using QIAprep Miniprep Kit,
following the manufacturer's recommendations (Qiagen). Screening for gnrA,
gnrB, gnrS, aac(6')-Ib, and gepA was performed by simplex polymerase chain
reactions (PCRs) with specific primers and PCR conditions as previously
described .

Negative controls (without DNA template) were included in each run.
Amplification products were identified by their sizes after electrophoresis on
1.5% agarose gels at 130 V for 25 min and staining with ethidium bromide.

For aac(6')-1b, all PCR products positive for aac(6')-1b were further analyzed by
digestion with BtsCl (Thermo scientific) to identify aac(6’)-1b-cr, which lacks
the BtsCl restriction site present in the wild-type gene . The wild-type aac(6')-1b
PCR product yielded 210-bp and 272-bp fragments after restriction . The
extraction method was performed using the QIA prep Miniprep Kit (Qiagen).
3.Results

Phenotypic confirmatory method: The MIC of ciprofloxacin ranged from
1/16 to 256 pg/mL. we found that 65.81% of our isolates were resistant to
ciprofloxacin. MICs of the antimicrobial agents for the isolates are shown in
Table 1.
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Table 1. MIC distribution of Ciprofloxacin of E. coli & K. pneumonia isolates.

MIC pg/mL Number of isolates %
1/16 18 14.63
1/8 2 1.62
Sensitive isolates 1/4 6 4.87
1/2 3 2.43
1 1 0.81
Intermediate isolates 2 12 9.75
4 12 9.75
8 2 1.62
16 5 4.06
Resistant isolates 32 12 9.75
64 25 20.32
128 23 18.69
256 2 1.62

MIC, minimum inhibitory concentration
Prevalence of PMQR genes : Overall, 123 isolates were included in this study.
Only 34.14% (42/123) were confirmed to have at least one of the three gnr
genes. The prevalence of each PMQR gene is shown in (Table

2)
Table 2. Prevalence of five PMQR determinants
Species Total no. of isolates (%) No. of isolates positive for (%)
gnrA  gnrB qnrS aac(6°)-1b aac(6)-lb-cr gepA
E. coli 99 (80.5) 0 18(18.1) 11(11.1) 80(80.8) 78(78.78) 0
K. pneumoinae 24 (19.5) 0 12(50)  9(37.5) 18(75) 15(62.5) 0
Total 123 0 30(24.4) 20(16.3) 98(79.7) 93(75.6) 0

In total, qnr genes were detected most frequently in K .pneumoniae
62.5%(15/24), followed by E.coli 27.27%(27/99). Both gnrB & qnrS were
significantly more prevalent among K. pneumoniae than among E. coli, aac(6’)-
Ib-cr was the most prevalent PMQR gene among our isolates 75.6% (93/123),
and aac(6")-1b-cr accounted for 94% (93/98) of the aac(6')-1b genes detected, as
well as, we noticed the absence of both gnrA & gepA.

The distribution of PMQR determinants among our isolates and their

corresponding MICs are shown in table 3
Table 3. MIC values of our PMQR positive isolates

MIC ug/mL(%)

GENES ISOLATES(N) 1/16-1/2 1-4 8-32 64-256
qnrB E. coil (18) 4(22.2) 2(11.1)  3(16.6) 9(50)
K. pneumoniae (12)  2(16.6) 3(25) 3(25) 4(33.3)
qnrS E. coil (11) 1(9) 2(18.1)  1(9) 7(63.6)
K. pneumoniae (9) 1(11.1) 3(33.3) 0 5(55.5)
aac(6")-1b-cr E. coil (78) 18(23) 13(16.6) 14(17.9) 33(42.3)
K. pneumoniae (15)  1(6.6) 3(20) 2(13.3) 9(60)
qnrB+ gnrS E. coil(2) 0 0 1(50) 1(50)
K. pneumoniae (6) 1(16.6) 2(333) 0 3(50)
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gnrB+ aac(6')-1b-cr  E. coil (15) 3(20) 2(13.3)  3(20) 7(46.6)
K. pneumoniae (8) 0 2(25) 2(25) 4(50)

gnrS+ aac(6')-1b-cr  E. coil (9) 1(11.1) 1(11.1)  1(11.1) 6(66.6)
K. pneumoniae (6) 0 2(33.3) 0 4(66.6)

qnrB+qnrS+ E. coil (2) 0 0 1(50) 1(50)

aac(6')-1b-cr K. pneumoniae (4) 0 1(25) 0 3(75)

Detection of genomic qnr

43 isolates was randomly chosen for gnr detection on the genome by using the
same PCR conditions mentioned above.

Table 4. distribution of gnr among the genome of 43 isolates

n Genotype n(%
Phenotype (n) ") type n(%)

gnrb gnrS gnr
Resistant (30) E. coil (25) 10 10 18
K.pneumoniae (5) 2 3 4
Intermediate(5) E. coil (4) 1 0 1
K.pneumoniae (1) 1 1 1
Sensitive(8) E. coil (7) 5 2 5
K.pneumoniae (1) 0 0 0

total 19 16 29

Overall, 18.6% (8/43) were sensitive, 11.6%(5/43) intermediate and 69.7% were
resistant .

The prevalence of gnrB was (44.1) %19/43, gnrS 37.2% (16/43), and there was a

significant relationship between gnr distribution on the genome and the
prevalence of phynotypic ciprofloxacin resistance.

4.Discussion
It has been more than 30 years since the fluoroquinolones were introduced into

Syria. A Syrian study suggested that the resistance rate against ciprofloxacin
reached 39.1%, with upward trends in the use of fluoroquinolones in community

102




and hospital settings .In the present study, (65.81%) of our ESBL-producing
isolates recovered at Aleppo University Hospitals were detected as resistant to
ciprofloxacin, therefor we investigated the prevalence of PMQR determinants,
and analyzed their association with phenotypic ciprofloxacin resistance.

Previous studies reported that gnr was rare , but in this work we found that the
prevalence of gnr genes in our study was higher (34.14%) than other studies.
Although the prevalence of each PMQR gene responsible for resistance varied
by species, gnr genes were more prevalent among K. pneumoniae. (62.50%,
15/24) than among E. coli (27.27%, 27/99), as previously described in other
studies conducted in France, the United States, Spain, and China. The most
frequent gnr gene was gnrB (24.4%), as in other studies, and we noticed the
absence of gqnrA gene as noted in studies .

Notably, there was no statistically significant association between gnr and
ciprofloxacin resistance, also, gnr genes were common among ciprofloxacin-
sensitive/intermediate isolates(12/42) 28.5%, as well as, in resistant isolates
(30/81)37%. Our findings agree with other reports demonstrating that gnr alone
did not ensure resistance to fluoroquinolones; however, its presence may
facilitate the selection of additional chromosomally mechanisms such as
changes of DNA gyrase (gyrA) and/or topoisomerase IV (parC) genes, and the
presence of gnr does not necessarily lead to MICs above CLSI breakpoints for
resistance to ciprofloxacin . Furthermore, using ciprofloxacin breakpoints as
marker for detection may underestimate the prevalence of qgnr genes, which
raises the concern of hidden spread of those genes, and infections caused by gnr-
positive isolates might subsequently be treated by quinolones, therefore,
enhancing the selection of resistant mutants, and increasing the risk of
therapeutic failure.

On the other hand, there was an association between ciprofloxacin resistance
and genomic gnr distribution within 43 isolates; however, these genes might be
integrated into our genomes.

Results of this study revealed the absence of gepA gene among the studied
strains. The gepA efflux pump, first described in 2007 in two E. coli clinical
isolates from Japan and Belgium has already been detected in France with a
new variant gepA2 . However, this new PMQR mechanism is still very rare,
except in China where two recent studies underlined the predominance of gqepA
gene in enterobacterial strains isolated from foodproducing animals

The most surprising finding of our study was the wide penetration of the
aac(6')-1b-cr allele with a higher prevalence (75.6% ) than gnr genes(43.14%).
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Noteworthy, aac(6’)-Ib-cr accounted for 94% (93/98) of the aac(6')-1b genes
detected.

This high proportion of aac(6’)-1b-cr/aac(6')-lb was also reported in other
studies . This high percentage probably reflects a longtime emergence and still
ongoing dissemination of underdetected aac(6’)-Ib-cr, and its presence as part of
an integron cassette suggests that it could be widely mobile among plasmids.

Whereas the gnr genes predominated in K. pneumoniae, aac(6')-1b-cr was the
most prevalent gene in E. coli (78/99, 63.4%) than in K. pneumonia. (15/24,
12.20%). These differences are in accord with previous observations. The reason
for these differences is not yet understood, since it is known that some plasmids
can carry both aac(6')-1b-cr and gnrA genes .

In order to investigate the contribution of aac(6’)-Ib-cr gene to ciprofloxacin
resistance, we analyzed the relationship between aac(6’)-1b-cr and resistance to
ciprofloxacin. However, our resistant isolates were significantly more frequently
aac(6')-1b-cr —positive(66/81) 81.48% than were sensitive/intermediate isolates
(27/142) 64.28%, thus, aac(6')-Ib-cr determinant was significantly associated
with phenotypic ciprofloxacin resistance.

There was no relationship between the presence of gnrA, -B, or —S genes and
aac(6')-1b-cr, gnr genes were present in (33.33%) 31/93 aac(6')-1b-cr-positive
strains compared to (28.57%) 10 / 35 aac(6')-1b-cr-negative strains, indicating
that the gnr genes and aac(6')-lb-cr can circulate independently. This result is
consistent with previous result , and in contrast with another result reported from
China where the prevalence of the aac(6’)-Ib-cr variant among E. coli and K.
pneumoniae isolates was 55.2% among gnr-positive isolates but only 6% among
gnr negative isolates.

In conclusion, our study showed that the prevalence of plasmid-mediated gnr
and aac(6')-lb-cr resistance genes was high among syrian clinical ESBL-
producing isolates of E. coli and K. pneumonia, and more associations should be
studied in the future. The distribution of aac(6’)-1b-cr variant, however differed
among species, it was detected most often in E. coli isolates, and least often in
K. pneumonia isolates, a relative prevalence that is the reverse of that for qnr
genes. Furthermore, gnr genes were more prevalent in K. pneumoinae than E.
coli, gnrB was more frequent than gnrA or gnrS, and the prevalence of
ciprofloxacin resistance in our isolates was associated with the prevalence of
aac(6')-Ib-cr variant.
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Finally, it seems likely that the increasing use of fluoroquinolones within the last
10 years created the opportunity for the emergence of ciprofloxacin-resistant
clinical isolates with PMQR determinants. Further regional epidemiological data
on antimicrobial resistance throughout Syria will be required to promote
appropriate antimicrobial therapy, and effective infection control, and using
antibiotics that are not substrates for aac(6’)-lb-cr might reduce selection
pressures for this variant but not for the gnr genes.
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