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f
Abstract A

Background: The increasing emergence of antimicrobial resistance among gram negative bacteria especially
Enterobacteriaceae has become a global problem. Klebsiella pneumoniae is an opportunistic pathogen, which
recently due to causing broad spectrum of disease and antibiotic resistance has been lionized. Efflux pumps are one
of the antibiotic resistance mechanisms, which were introduced in this bacteria. Therefore, the aims of this Study
were detection of oqxA, ogxB, acrA and acrB genes, evaluation of expression level of oqxA and acrA genes and
determination of antibiotic resistance patterns among Klebsiella pneumoniae isolated at Tehran hospitals.
Materials and Methods: In this descriptive study 83 Klebsiella pneumoniae were collected from patients attending
to three hospitals in Tehran. Antibiotic susceptibility test was performed by disk diffusion method. The presence of
0qxA, ogxB, acr4 and acrB resistance genes was detected by PCR. The CCCP was used as efflux pump inhibitor and
the oqxA, acrA genes expression level was analyzed by using real-time PCR.

Results: The most of strains showed to have OgxAB (96%) and AcrAB (97%) pumps. The use of efflux pump inhibitor
showed different results for ciprofloxacin MIC. Real-time PCR assay showed higher expression level of OgxAB (2.3
folds) and AcrAB (4 folds) pumps in resistant strains.

Conclusion: The existence of antibiotic resistance genes, increasing of Klebsiella pneumoniae strains, which become
resistant to common antibiotics and nosocomial infections, highlights the need for particular detection, prevention
and control of spread of resistant bacteria.
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1. ATP-binding cassette (ABC) Super family

2.The major facilitator super family (MFS)

3.The multidrug and toxic compound extrusion (MATE)
4.The Small multidrug resistance (SMR) family

5.The resistance-nodulation-division(RND) superfamily

6.The drug metabolite transpoter (DMT) superfamily

SALEY 6 T80 o 160 um

.‘./ S0
S,


http://pejouhesh.sbmu.ac.ir/article-1-1521-en.html

OSen g (59,95 dloo / YO

ownloaded from pejouhesh.sbmu.ac.ir on 2026-02-15 ]

el e LA LEY N0 o £

[

Real Time PCR > i ool (sl youlys .Y Jgio
ogqxA-F PCRGGCAAGAGCCCAAAAACGCAGG
ogx4-R GGGGCGTCATTTGGTG
RPOB-F AACGTCGTATCTCCGCACTC

RPOB-R CGATACGGCGTCTCAAGGAA
acr4-F ATTAACCCTGACGCCCTGCT
acr4d-R TGCGCTTTTACCTGCACACC
rrsE-F TTGACGTTACCCGCAGAAGAA
rsE-R GCTTGCACCTCCGTATTACC

A plosl (ATCCT00603) a3 g6 sshnndS 35kl 450 by ey lio

osls g, U

Gl s Julos spss v.22 (ojll jl58le 5 3l ookl b ord (g)glaen (slaodls

050 3 g 45 ekl ((pSibe whoyd ( Jlgl) Lhnog el I laedls Jloo

o s Eseil G 3l esd (uyp layite o bl (bl

P<uc 0 Jlis] pdaw j> (g jblize bli)l e gl Chi-square g 4oyl

Gl 045wy

[adly

S g T Canglie (558U g s STl (gLl

Ao 51 e pSL (10)0¥0) YA 0 dgial llows 5l ad 50 5uhidST 3550 AY

et yliajlow j1 68l (Ao dVO/Y) VY ¢ Sl oyl jlog 4 0aiSasslye

oslenr ied plol sl 4 oniiSaralpo hless 51 68 (10,372/A)

(V) Vel sladiges J| 3y90 (% £VE) Y gl AY S jlas

(%Y/5) Y als 5l 3y00 (%¥/A) ¥ (o) 3l 3)50 (%5) O (53 dgas jl 3)50

Obe Jlowad gilubs glie plo 1350 (AFIA) ¥ g oS5 593 5l 3590

55398 (WYVY) Y8 (5 (%8 /1) YO edy0 (% ¥0) Y2 oS asnlye (5 lows

Obiwslows 13 6y hlows 513590 (%FA/A) DA g5 asuiels 550 (%6V/5) ¥

polaol vi 3550 (%V/Y) F g uil sl & 0ALS danlpe 3)50 (%YV/ADA 4 B39

Olost J b gl aigosiMhuls’ (Sisu 3l ol o @l ) Jyio
ol (%)

OF(%50) £(%VYIY) YY (%YV/A) RN E
BY(%SAIY) #(%VYIY) Yo(%YE/N) | ool ol panm
00(%FF/Y) £(%VYIY) YY(%Y#/0) CpelnS gl 65
DO(%S5IY) A(%R/5) Y (%YF/) Oplalis
FY(%DV/A) O(%%) YO(%EYIY) CSsal
FY(%05/Y) A%A/5) YA(%YY/Y) omnlol g5
sEAVAID) | A(%) /) A(%R/5) OleblS
SA(%AY) ¥(%¥/A) VW (%IY/Y) e S5
V¥ (%V5/R) £(%YIY) £Y(%V0/4) oy ogi ol
Y3 (%A0/0) 0(%) Y(%A/0) (oS B gins
S0(%YAIY) Y(%A/¥) W (%IY/Y) o2 i
£5(%YA/D) F(%VIY) V(%Y pbg,s5l
YA(%Y¥0/A) Y(%A/Y) YA(%Y0/A) o]
Y (%V¥IY) ¥(%Y¥/A) WY(%Y +/0) GRS
W) [ va@evy/a) £5(%00/¥) SSiielg s
VF(%V5/4) - FA(%AY/Y) CyinndS

oy gel doc olSiwd b g ond (gjual S5y Wlogp pordsl b e g 15
g oy gl L <8 45) ladder100bp SaS™ L oy iS5 lalad 031031 450
(g o,5) Bioneer 8 i & Jlgi sl (slp Indigas w1 yastio g
sy NCBI > Blast g FinchT.V l38le 5 I oaliiwl b guls g 5aib ooliaw 8
ladiges g ATCC Voo5oY asgnsdandS wyp ol ,o 005 Wb
L ool Cute S sy oyl jlow 1 slaal

aslllae Oﬂl 9 o oalael d""’)":‘.‘){.

ogxA-F GGCAAGAGCCAAAACGCAGG

ogxA-R GGGGCGTCATTTGGTG
0gxB-F CGAAGAAAGACCTCCCACCC
ogxB-R CGCCGCCAATGAGATACA

AcrA-F ATTAACCCTGACGCCCTGCT
AcrA-R TGCGCTTTTACCTGCACACC
AcrB-F CGTCTCCATCAGCGACATTAAC
AcrB-R GAACCGTATTCCCAACGCGA

:CCCP g,

Minimum inhibitory concentration (MIC) L  Sx)bjb clale [l
sl pie g 9 > Sl Bolidg See (b9l oalitl byl gl
A D () (0B aey 028 e lgiedy CCCP S 5 5l b cdale
oS 989 i 4 Canglia Sl > ActAB 3 OgxdB (glyls (cladygu > o
Sg Yopg/mL bSals > CCCP ol cbale al cuns 4 Goyb opb
o Sl gl ol Glé 3 g CCCP jga )3 pmaslS gl yonns MIC dusslio
OmluS sl & (ol des g polie (ladigw ) (B ey B
oaad s CCCP yas aslsl jl uw MIC (gl Y-VF ials ui plodl
lgegdge JI (V) 390 Gl gligpupms @ Cunglio dlom] ) oy (i85
Cute JyiS lgieds PAOT ligimg 3l oligegdgw g ATCC27853 | g 3l
8y i ol e 55 oyt melSalippes 6 bkl 5
Aba cpl dr90 «Sigm 51 286 5 YouginL CCCP (gl> ol 53 sy
S8 68 Ay gl xles CCCP jl clale pl &S 5y

‘Real-time PCR g, o]

gl o hug ead dopl asse s edS Glwge 5| RNA
gl (lp) 255 s luw ¢S 1) RNA RNX-plus solution

" Jhss! slo DNA (m)é S y5) DNase w3l 3l oolisl b (cdms als yo
Fow oS S8 @ ol e S Bl wWidgy odd 2l iel RNA ol per 4
a3lw cDNA oL gl sRNA ;I (TaKaRa cat. PRO37Q) CDNA
cDNA ¢S Real- time PCR (gl yosl p covoliais ol olpy o 51 o
A5 plgl RT-PCReannealing culie (slod ()] Cawd & glp g oAb jiiw
odd o3> lis 0gxd, acrd i glp ol edliiwl glapely ¥ Jsds 5
S pi caS l oolatul b yidgySie Yoz )3 Real time PCR g .l
3 e eV i pbil 5 &yeody ogi 0,8 Genet bio CAT. NO: Q9210
S Depe water jl yilg Sus zy Prime Qmaster mix (2x) with syber green
3 g ySae S Reverse joulys il yidg SiecSy Forward yeolys 5l il 9,5e
Corbet ol%iwd )d ,a53y90 (sladalad iS5 CDNA | 1iJg,Sie Y g Rox dye
S5 g (452 V) Al G gl oS ol o3 A0 adgl ygmlygilis aoliy b
9 4l Vo gl ol S ol doyd OV gl Yo gl oS Sl 4oy A0 Jolis
A5 pbol ad o Fe g agl Ar (gl ol S ol dx o VY

ol o5 slacrd 3 Gl o (YY) PROB jbals o5 5l (YY) ogxd (5 1y
oo b ool gl gl Bua 5 Gl e b awolie sl rrSE
o3zl Rest l3dlp i 5l dbogaye (sloyldgas ooy 5 (55 Ol liwe demlore 2
e g i l38le 5 L (critical threshold cycle) CT &S & yguo (s el
PMRNA o oo 65505151 b b olise 5067 05 dulome Gan 45 oo

4/. by b
SirJ



http://pejouhesh.sbmu.ac.ir/article-1-1521-en.html

Y5 [ aigogy SuslS slodgisl (S (5l Cooglie )y

[|>ownoaded from pegjouhesh.sbmu.ac.ir on 2026-02-15 ]

eyl 515 s 4y 10 )3 FAIY Canglio a8 5l asllao gyl (YY) is,8 IS
@ b 039 0gxB g 0gxd slacyi )b dygw Joyd AFaS) 4 0l LS )
05 b a3 sa sdS cladlgpl 5l aoyd AV piomes 5yl cillas Yuan
polie a3 38 5 S (laaygn plos 23 Kan 5 3135 adllas ) idg, acrd
ol adlllas aes b &S (VP )aing Lo 1y acrd 5 PCR )5 sl gldg psuo 4
o] Kialon

3o a3 Wlgi g (Siga sl Cooglie ¢ aBlge )3 15 41iS oS jglailon
looriiS lgs &S 03,8 ot plbadlhs Si6 4 bl > (gl
BB 9 (9 gy sl 32l jl Cnglio (55U s &) B (83 sy
23 iy 369 LT &Sl ()2 (dlz ol bt (VF) sz oSiis 51 (08
o3zl CCCP oS g jl et b asly Cnglio Jole Wlg5 co a3 90 guDndS
Sy el CCCP il adllas )3 g (b)) (80 oy cudlad U i
A CyaanlnS 989y 4y s g 31 Ao 0¥+ 13 (60l VP U 93 ol
Caoglio Sl 3 Wl o ey (pl 3929 &S 2> 1) sl ol olgi 0 g
@ polie lage I dopfe Ll sl 4wl (38 opelaSslg &
5515 L5 CCCP 1 oslitsl 5 s MIC 13 1y _inlS gead sl sl pos
Ol wcal 0355 350 oy yle 1> CCCP & €85 4t ol oo Jl ol 5
ey Jlis )3 oS oo 3)Shes &5 35 4255 (pi Olyior |y Al
Ol 2929 el cpl Jke laisds g Ml polaid] sl Seo caliso 28
PABN  (Phe-Arg-B-naphtylamine) Jio (6,55 0aiS,lee 5l odlawl a5
OmolaS 5lg e 42 polio (sladig 421y sl oldg o ol 092 (Sae
bl ] poluS ol g poaw MIC )3 6y 457 (gl gus g5 Lol L(VF) 313 5 5
d)i.{-) u""?L“" LSL“WK“’ 5 JL&:}I FU T PO 1593 Q_ﬂ Lge _\3|53L;o (R
@ Cuaglio 9 035" Jao (8 lacay Sl 558 45 315 3929 ey (nl >
Sy DNA B (5595 )3 (pgrslign Moo (VF)a95 el |y (ol 5l
bl |y ol glég e & Coglio o5 qr (392 L3 LIV Sl yeg32le295 w051 5
(Y0) 48 o

lsisds CCCP 1 oslitl j1 Ly & 33,8 (3l (18) LishlSem oI55,
a5 98 NS (glady g 1 0o 2FY/D I MIC (g0l o Y-YY il 0diiS o
adllas oy (Gl Wlgi o &S(18) 2035 oanlite S oldg panns 4 poli
aor jl b SSgn I MIC LzalS (s plp V=15 ials aoydFe) wisl ol
5l )55 elbadlle 5 CCCP 01 lg 51 03litiol ) (g «cpmolenS sl pomm
O)Ken 4 Aathitan (YY), Ken 5 Hasdemir (Y5):)l,Sen o Abdi alex
ool 04 )58 35 (Y4) ), Kan g Rana 4 (YA)

sl (39 MDR L AcrAB: Ogx4B (|l (il 38l o bls)l aoyp slp
Soj ol e 9 20 (i 4250 D lS g b i 29)] Canglie
Sign sl b jasuie Real-time-PCR g, &o,b il acrd ¢ ogxd
eSOl sy <0l sl jsSelS ginel scslpog S Jolis o olitl
4 g b oy ol 5 ellilge plSlgie g Jud (slagygagllin
s b (Sg0 5l 0,8 dw 4y a5 3945 0 3l oy gw 4 MDR oSG
9 (40)¥2/0) MDR 05,5 55 4 a3 58 s S (sladlgial (YO)ASL ol
CywlaS ol3g o 4 palie (gladiges JS 5100 paad (Ao )3V +/0) non-MDR
YY gas 00 cpl 1.0l gl |y MDR Cuigid dgil (Ao )dA5/0) 0O
MIC ;> splp Y=VF ialS (CCCP 04iiS )lho joui> 0 Ayl (1o 2FV/A)
cpolaS gldg yos 4y palie diges (o) dOV/F) Y 0D Ui 1)yl glbg poniw
MIC (6 plp Y-F inls (CCCP jgian )5 Jg ebislss ol |, MDR Cuigid
sy 1y

5 Michelle .5,8 ,IS31 1y cuos 5l MDR (clacuigis > Real-Time-PCR
315 plosl MDR 43 5 550eedS (sladlil g, & (glasllin 5 23l Son
Aogrgb (F)3)5 )15 ) g cnl 13 AcTAB oy ol 2ol
SSsa Sl (B 5 glsinS )5 Caglin (59 (83 ooy posiane
gy ol 8l cod ond ol (slacSign il 181 (oglie (555U )50

aiges he 5|l ol V o)lod Jgd> )3 (Siigm 5 cuoglio oS 09,
9 OS99 ppaluS ool iy sloyslginS 906 &) Canglie &S 49 Y
opl 5o oad ool g, Sees Jolge ples dy cinly LS 1) peoluS gldg o
g pylie o (kS 32) aolllae

& g pylie yidy b Sgn il jl oM aw 4 diged FF iged AY
MDR  (Multi drug resistant) 5j> (1o 2VA/Q) diged £ (pl oS
dygu (20 )2A5/0) B ¢ puolS gldg yuoms ) pylie dygm OV 1500 abaib
(10 04) ¥ (psluS g gy & (ol o 45w b I 5 25 MDR
3l lis MDR Cuigid 590

wacrB, acrA, oqxB, ogxA dl.sb‘)j PCR )" Jols @w

Sldgw jlao )8 oS o i aolaid] b yesly 5l ooliiwl LPCR i,
2oV izmen WNdgy 0gxB 5 ogxd oy chly as s gudS
4 polie (sladygw dad Xdg acrB g acrd by ol sddlis ladgw
Sy30 40 32 (eolaSlisg 3 e g cimuluS ) Loy gl
390 93 ) 3> pylie ladygw (pl picred Ndg 0gxB g 0gxA sl syl
ol Ui e |y acrB g acrd de>g 4k

:CCCP S

4 palie cladyg 3 (1B Guoy G5 ()81 (el 05 S oS lailen
2 b li g pbul CCCP j9a pie g 00> )3 MIC (sl glog o
wd 93 4 OmwluS g & plus o g polie (sladiges A duylis
2,55 i ] MIC ,COCP ygan 3 a5 ola ol Jol diwd 35 s
05,5 ;3 .0l L CCCP jauas (3 |y MIC (gl Y-VF ialS pgd dtand
ol 3 (285 oy By Jlainl CCCP g 3 MIC yialS” s & y51
P bdygw cpl Aby 0yl 329 joShe (sladygw jd puluS gldg yw 4 Caoglio
cdale cpl o 0uiS)lee a5 dg cdlas oyl a5 YO pg/mL CCCP (gol> culs
D) (295w Sl Dl

gl YA ¢ poluc dod dig05 (b g GuwlS g &) polie wiges OV |
(10)0F+) diges YO Lol 3l Lis MIC yui5 CCCP jgul> (3 (o )35+)
Sl gl VY Lials

‘Real-time PCR & [

d529 B (sdn ypi> 5 L Sign 51 4 Coglie ()] & sl il
b9 9,98 4 Canglio > acrd g ogxd o) GRS lp )b
ol adllas 5> .05 edlaiwl Real-time PCR gy 5l pmols gl s 0594y
5 ol des o VY CpwlaS olig s 4 pylie ladlgpl 5l Ao PAIY
bdiges L a8 &S jghailen gy ulus poluS g o 4 do Y/
LS olbdlgpl Jol dtwd \Nad puoud diwd 93 & puoluS oldg yuw 4 polio
gl a5 Wdgy sbadlg bl pgd diwd Lol il MIC )3 (6 yuss 0AlS g
b aw (¢l Real-time PCR gols .ok ol |y MIC j» ials 0uis e
Sl gy ool L 1) 0aiiSlpe jouis 53 ol gldg oo MIC 3 puis oS
3kl g0 & S 0gxd 5l 0 VIV g acrd ol gplp e G131 )
wdd S5 sdgnl fly Glise mizmen g ATCCT00603 a3 5o gSrundS
5l a8 2ylnbil dygw MIC Sl & dogs b g (o sladiged I siia
4 e il gladise 1 2t ol 53 qey ol Ol osien 5 09 90
ol 2 OpelaSslg w4 Cunglis (f r (B ) By rle gl e
uatuio (sl ol gy 4y Caaglie )3 Cany (pl (EB(VY Jolits onliiio dyguo
Db 00

o

(Opaloghy ok il SSge sl 4y Copslucs iy O LS B
dor | odysSas Cogie 43 b L5 il 5 JSuisllS
o ) FEIY o ) DFMY s sl o8] gyl 5189 565 ¢ cyunsliasS gl pupiw
20058 35 |y el gl o 4y Cungliie (YY) il e o Yuan 3gy duo 550
2oV e gn 5 hedS & polie sladiges )3 1,008 g0gxd Sl ypi> 9

SALEY 6 T80 o 160 um

.‘./ S0
S,


http://pejouhesh.sbmu.ac.ir/article-1-1521-en.html

OSen g (559,95 dloo [ ¥V

ownloaded from pejouhesh.sbmu.ac.ir on 2026-02-15 ]

el e LA LEY N0 o £

[

Sro g GYsb gloj e 3 3 g adlhae pilie izl (e
b9y g doosiiS o Sl odlatl ojg el > (e & VL laeiy 1o
oS oo 2L 2l dgmg b Lol Ll 48 S )13 v g5 3500 ylo)d 3 pg
SoilS” oolaiwl (gl el (LS ojlas jl @i Sy b L S
oialS g9y bosiS e 15l Sl & o i)l 4 dsgr b wlonts ol
4 900 dagl b bagye slaadllae )b 292 laSse 5T MIC
xSy @l ol Bl g Cuglie sla)] Al Grives o0
Syae JialS )b jl Wlgiee whe cnl 6958 bwglie a4
b e 9 S Sl aisej 3 ity slaadllls g Jglto slaSige 5]

29 Jolbs bSsn Sl gl 4 gy (sloodiis e jl ool

e
1. Hadzi¢ S, Custovi¢ A, Smajlovi¢ J, Ahmetagié S. Digtribution of nosocomial
infections caused by Klebsiella pneumoniae ESBL strain. J Environ Occup Sci
2012; 1 (3): 141-146

2. Ko WC, Paterson DL, Sagnimeni AJ, et al. Community-acquired Klebsiella
pneumoniae bacteremia: global differences in clinical patterns. Emerg Infect
2002; (8): 160-6.

3. Doyle D, Peirano G, Lascols C, Lloyd T, Church DL, Pitout JD. Laboratory
detection of Enterobacteriaceae that produce carbapenemases..J Clin Microbiol.
2012; 50(12):3877-80.

4. Podschun R, Ullmann U. Klebsiella spp. as nosocomial pathogens:
epidemiology, taxonomy, typing methods, and pathogenicity factors. Clin
Microbiol Rev 1998; 11 (4): 589-603.

S-Pefia C, Pujol M, Ardanuy C. et al. Epidemiology and successful control of
a large outbreak due to Klebsiella pneumoniae producing extended-spectrum
beta-lactamases. Antimicrob Agents Chemother 1998; (42): 53-8.

6. Mc Murry, Petrucci RE, Levy SB. Active efflux of tetracyclin encoded by
four genetically different tetracycline resistance determinants in E. coli. Proc
Natt Acad Sci USA 1980; (77): 3974-3977

7. Ball PR, Shales SW, Chopra I. Plasmid-mediated tetracycline resistance in
E. coli involves increased efflux of antibiotic. Biochem Biophys Res commun
1980; (93): 74-81

8-Pool K. Efflux pumps as anyimicrobiol resistance mechanisms. Ann Med
2007; (39): 162-176

9. Soto SM. Role of efflux pumps in the antibiotic resistance of bacteria
embedded in a biofilm. Virulence. 2013; 4 (3): 223-229 doi: 10. 4161/ viru.
23724

10. Fritsche TR, Castanheira M, Miller GH, Armstrong ES. Detection of
methyltransferases conferring high-level resistanceto aminoglycosides in
Enterobacteriaceae from Europe,North America, and Latin America. Antimicrob
Agents Chemother 2008; 52 (5): 1843-1845 doi: 10. 1128/AAC. 01477-07

11. Andres P, Lucero C, Soler-Bistué A, Guerriero L, Albornoz E, Tran T, et al.
Differential distribution of plasmid-mediated quinolone resistance

genes in clinical Enterobacteria with unusual phenotypes of

quinolone susceptibility from Argentina. Antimicrob Agents Chemother

|y MDR 5 loyggisS 56 4 Canglio oy bl Jlais] dltus o) 15395
byl gl cul s (F2)605 32528 ok laopglgtsS 5l (g cama o LS
)f‘ wl.m&.:wubl )] 09; u;l LY l.lbd)..fl.: u.h.u Palj.n dl)) 695 @l}ﬁ:l
@ladiges el i IaoigdgiS 968 | J5 iSSgn ol plo b 2y
o i) 4y il camy ol 33 Uy odsiaS 5l 5 odlizl Lo 4y &S
Ol G 330300 LS 1y MDR aigid o g 35 0 W y)5iaS 918 0 plie

(F'+)a5L MDR (gl guo
S Gy Jo slanie g glop 4 pslio clag Sl Jlpl 4 g L
slaplep & liws pod Wibpe albcigie iz ol ) bajgas
ol o)l e b e b Ssn il cols b e ol yx

2013;57 (6): 24672475 doi: 10. 1128/AAC. 01615-12

12- Hashemi A, Fallah F, Taherpour A, Goudarzi H, Erfanimanesh S, Taki E.
Evaluation of Genetic Pattern and Determination of ogx4 Gene Expression
Levels among Clinical Isolates of Klebsiella Pneumoniae Strains. ] Mazandaran
univ Med sci 2014; 24 (119): 48-61

13. Swick MC, Morgan-Linnell S, Carlson K, Zechiedrich L. Expression of
Multidrug Efflux Pump Genes acr4B-tolC, mdfA, and norE in Escherichia coli
Clinical Isolates as a Function of Fluoroquinolone and Multidrug Resistance.
Antimicrob Agents Chemother 2011; 55 (2): 921-924

14. Veleba M, Higgins PG, Gonzalez G. et al. Characterization of RarA, a novel
AraC family multidrug resistance regulator in Klebsiella pneumoniae.
Antimicrob Agents Chemother 2012; (56): 4450-8

15. Bialek-Davenet S, Lavigne JP, Guyot K, Mayer N, Tournebize R,

Brisse S, et al. Differential contribution of AcrAB and Ogx4B efflux pumps
to multidrug resistance and virulence in Klebsiella pneumoniae. Antimicrob
Chemother 2014; doi: 10. 1093/jac/dku340

16. Pakzad I, Karin MZ, Taherikalani M, Boustanshenas M, Lari AR.
Contribution of AcrAB efflux pump to ciprofloxacin resistance in Klebsiella
pneumoniae isolated from burn patients. GMS Hygiene and Infection Control
2013; 8 (2).

17. Bialek-Davenet S, Lavigne JP, Guyot K, Mayer N, Tournebize R, Brisse
S. et al. Efflux pumps AcrAB and OgxA4B and porins OmpK35 and Ompk36:
relationship, regulation and impact on multidrug resistance and virulence in
Klebsiella pneumonia. Antimicrob. Agents Chemother 2010; (54): 4373-8

18. Sumithra T G, Chaturvedi V K, Cherian S, Krishnan B, Jacob SS. Efflux
pump inhibitors for antibacterial therapy. JIVA 2012; 10 (1): 69-75

19. Rana T, Singh S, Kaur N, pathania K, Farooq U. A Review on Efflux Pump
Inhibitors of Medically Important Bacteria from Plant Sources. Int. J. Pharm.
Sci 2014; 26 (2): 101-111

20. Levy SB. Factors impacting on the problem of antibiotic resistance.
Antimicrob chemother 2002; (49): 25-30

21. Rodriguez Martinez JM, Diaz de Alba P, Biriales A. et al. Contribution of
OgxAB efflux pumps to quinolone resistance in ESBL Klebsiella pneumoniae.
Antimicrob chemother 2013; 68 (1): 68-73

22. Ruzin A, Immerman FW, Bradford PA. Real- Time PCR and statistical
analyses of acr4B and ramA expression in clinical issolates of Klebsiella

pneumoniae. Antimicrob agents and chemother 2008; 52 (9): 3430-3432

4/. by b
SirJ



http://pejouhesh.sbmu.ac.ir/article-1-1521-en.html

YA [ aggogy SouslS slodgisl (S (51 Cooglie )y

[|>ownoaded from pegjouhesh.sbmu.ac.ir on 2026-02-15 ]

23.Yuan J, Xu X, Guo Q, Zhao X, Ye X, Guo Y, et al. . Prevalence of the ogx4AB
gene complex in Klebsiella pneumoniae and Escherichia coli clinical isolates.
Antimicrob Chemother doi: 10. 1093/jac/dks086

24. Zhong X, Xu H, Chen D, Zhou H, Hu X,Cheng G.

First Emergence of acr4AB and ogxAB Mediated Tigecycline Resistance in
Clinical

Isolates of Klebsiella pneumoniae Pre-Dating the Use of Tigecycline in a
Chinese

Hospital. PLOSONE 2014; 9 (12): e115185. doi: 10. 1371/journal. pone.

25. Falagas M E, Koletsi PK. Bliziotis IA. The diversity of

definitions of multidrug-resistant (MDR) and pandrug-resistant (PDR)
Acinetobacter baumannii and Pseudomonas aeruginosa. J. Med. Microbiol
2006; (55): 1619-1629

26. Abdi A, Mohammadi M, Agha Alaei Y. Bactericidal activity of various

antibiotics against biofilmproducing Pseudomonas aeruginosa. Int J Antimicrob

Agents 2006; (27): 196-200

27. Hasdemir UO, Chevalier J, Nordmann P, Pageés JM. Detection and
prevalence of active drug efflux mechanism in various multidrug resistant
Klebsiella pneumoniae strains from Turkey. J Clin Microbiol. 2004; 42 (6):
2701-6.

28. Aathithan S, French GL. Prevalence and role of efflux pump activity in
ciprofloxacin resistance in clinical isolates of Klebsiella pneumoniae. Eur J Clin
Microbiol Infect 2011; 30 (6): 745-52

29. Rana T, Kaur N, Farooq U, Khan A, Sngh S. Efflux as an arising cause of
drug resistance in Punjab- India. IIBPAS 2015; 4 (9): 5967-5979

30. Swick MC, Morgan-Linnel SK, Carlson KM, Zechiedrich L. Expression of
Multidrug Efflux Pump Genes acr4B-tolC, mdfA, and norE in Escherichia coli
Clinical Isolates as a Function of Fluoroquinolone and Multidrug Resistance.

Antimicrob agents and chemother 2011; 921-924, doi: 10. 1128/AAC. 00996-10

SALEY 6 T80 o 160 um



http://pejouhesh.sbmu.ac.ir/article-1-1521-en.html
http://www.tcpdf.org

