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Abstract
Background & Aim: The aim of this study was the detection of OqxAB efflux pumps, OmpK35 and OmpK36 porins
among extended-spectrum-β-lactamase-producing Klebsiella pneumoniae isolates from Iran.
Materials and Methods: This study was conducted with 83 K. pneumoniae isolates from two hospitals in Tehran, Iran.
Antibiotic susceptibility tests were performed by Kirby-Bauer disc diffusion and Broth Microdilution methods according
to CLSI guidelines. The OqxAB , blaTEM, blaSHV and blaCTX-M genes were detected by PCR and sequencing methods.The outer membrane porins OmpK35 and OmpK36 were analyzed by SDS-PAGE, PCR and sequencing methods.
Results: Among the 83 K. pneumoniae strains, 48 (57.5%) were ESBL positive. The existence of blaTEM, blaSHV and
blaCTX-M was detected in 24 (50%), 30 (62.5%) and 28 (58.33%) ESBL-producing isolates respectively. The prevalence of both oqxA and oqxB detected in K. pneumoniae was high: 50 (60.2%) and 50 (60.2%), respectively. OmpK35
was detected in 30 (62.5%) while OmpK36 was found in 35 (72.91%) out of 48 ESBL-producing isolates. In this study,
fosfomycin and tigecycline were more active than other antibiotics.
Conclusions: The prevalence of beta-lactamase-producing K. pneumoniae detected in this study is of great concern and
highlights the need of infection control measures including antibacterial management and prompt identification of betalactamase-producing isolates. Hippokratia 2013; 17 (4): 355-358.
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Introduction
Multidrug resistance in bacteria is a significant issue in the treatment of infectious diseases1. Extended
spectrum beta-lactamases (ESBLs) are a rapidly evolving group of β-lactamase enzymes produced by bacteria.
These enzymes have the ability to hydrolyze aztreonam
and cephalosporins but are inhibited by beta-lactamase
inhibitors such as clavulanic acid. ESBLs are often located on plasmids and many of them derived from mutations in SHV (Sulphydryl variable) and TEM (Temoneira) genes determined by amino acid substitutions
around the active site. Apart from SHV and TEM ESBL
types, K. pneumoniae isolates may additionally produce
CTX-M (Cefotaximase-Munchen) enzymes. CTX-M
β-lactamases are more active against ceftriaxone and cefotaxime than against ceftazidime, even though point mutations can increase their activity against ceftazidime as
well2. Rapid and adequate ESBL detection is crucial for
infection control measures and for the choice of appropriate antibacterial therapy. In 1998, plasmid-mediated
quinolone resistance (PMQR) was detected. The qnrA,
qnrB, qnrC, qnrD, and qnrS genes have been identified
as major groups of qnr. Two additional PMQR determi-

nants, AAC(6′)-Ib-Cr and quinolone extrusion by OqxA
or OqxB have been detected3 as well as other non-specific
mechanisms including decreased intracellular antibiotic
accumulation by up-regulation of efflux pumps and decreased permeability related to porin loss4. OqxAB is
one of the first plasmid-borne efflux pumps of the RND
family. It is encoded by the OqxA and OqxB genes, located on a 52 kb conjugative plasmid, designated pOLA52,
and confers resistance to multiple agents, including fluoroquinolones such as nalidixic acid, norfloxacin and ciprofloxacin, as well as biocides such as chlorhexidine and
triclosan5. Furthermore, these pumps confer resistance to
ethidium bromide and chloramphenicol6,7. K. pneumoniae produces two major porins, OmpK35 and OmpK36.
However, most ESBL-expressing K. pneumoniae clinical
isolates produce only the OmpK36 porin7. OmpK35 and
OmpK36 provide a channel that allows a wide range of
antibiotics to penetrate into the periplasmic space7. The
aim of this study was to analyse the presence of OqxAB efflux pumps, OmpK35 and OmpK36 porins among
extended-spectrum β-lactamase (ESBL)-producing K.
pneumoniae strains.
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Materials and Methods
From October 2011 to May 2012, 83 non-duplicate nonconsecutive K. pneumoniae that were isolated from males
27 (32.53%), females 14 (16.86%) and infants 42 (50.60%)
were collected from hospitalized patients in Mofid Children and Taleghani Hospitals, Tehran, Iran. The susceptibility to 19 antibiotics was measured by disk diffusion and
broth microdilution methods and an ESBL production test
was performed according to the guidelines provided by the
CLSI8. Plasmids were prepared by Plasmid Mini Extraction Kit (Bioneer Company, Korea). The genes Ompk35,
Ompk36, blaTEM, blaSHV and blaCTX-M were detected
by PCR and Sequencing using described primers9-11. The
primers used for OqxA and OqxB were as follows: OqxA-F
(5’-GGCAACAGCCAAAACGCAGG-3’) and oqxA-R
(5’-GGGGCGGTCACTTTGGTGAA-3’) for OqxA; and
OqxB-F (5’-ATGCACTTCCCGATCTCGAC-3’) and
OqxB-R (5’– TGGCGATATCTTCCACGCTC-3 ‘) for
OqxB. Amplification was carried out with the following
thermal cycling conditions: 5 min at 94°C and 36 cycles of
amplification consisting of 1 min at 94°C, 1 min at 60°C,
and 1 min at 72°C, with 5 min at 72°C for the final extension. DNA fragments were analysed by electrophoresis in
a 1% agarose gel at 95 V for 45 min in 1X TBE containing
ethidium bromide. K. pneumoniae ATCC700603 was used
as the control strain. Outer-membrane proteins (OMPs)
were analysed by SDS-PAGE using standard methods.
Briefly, isolates were grown in Mueller-Hinton broth, sonicated and centrifuged. Cell membranes were obtained following centrifugation at 12,000 g, and extracted with 2 %
sodium N-lauroyl sarcosinate. SDS-PAGE was performed
with a 11% acrylamide gel, which was then stained with
Coomassie blue10.

Results
Antimicrobial drug–resistance patterns of 83 K. pneumoniae isolates are shown in Table 1 and Table 2. The
Combination Disk Diffusion Test (CDDT) was applied
for the phenotypic detection of ESBLs in 83 K. pneumoniae isolates using ceftazidime and cefotaxime alone and
in combination with clavulanic acid. Forty eight (57.5%)
isolates were positive for ESBL production. Outer Membrane Porin, OmpK35, was detected in 30 (62.5%) out of
48 ESBL-producing isolates while OmpK36 was found in
35 (72.91%) out of 48 ESBL-producing bacteria. In addition, 29 (60.4%) out of 48 ESBL-producing isolates had
OmpK36 and OmpK35, simultaneously. The existence
of blaTEM, blaSHV and blaCTX-M was detected in 24
(50%), 30 (62.5%) and 28 (58.33%) ESBL-producing
isolates, respectively and coexistence of resistance genes
was also observed (Table 3). The prevalence of both
oqxA and oqxB detected in K. pneumoniae was high: 50
(60.2%) and 50 (60.2%), respectively.
Discussion
K. pneumoniae has become rapidly the most common
ESBL producing bacteria, making its eradication difficult from high risk departments (burn units, ICUs and
NICUs)12. The lowest rates of resistance in isolates were
observed for fosfomycin 3 (3.6%), tigecycline 5 (6.02%),
amikacin 12 (14.4%), ertapenem 21 (25.3%), doripenem
20 (24%), meropenem 20 (24%), imipenem 20 (24%) and
piperacillin/tazobactam 22 (26.5%). The highest rates
of resistance were observed for ampicillin 65 (78.3%),
cefpodoxime 57 (68.6%), piperacillin 50 (60.2%), cefotaxime 50 (60.2%), aztreonam 49 (59%), ceftriaxone
49 (59%), ceftazidime 46 (55.4%) and ciprofloxacin 46

Table 1: Antimicrobial susceptibility testing results of 83 isolates of K. pneumoniae collected from Mofid Children and Taleghani Hospitals, Tehran, Iran.
Antibiotic
Aztreonam (10 μg)
Meropenem (10 μg)
Gentamicin (10 µg)
Ciprofloxacin (30 μg)
Amikacin (30 µg)
Ceftazidime (30 µg)
Imipenem (10 μg)
Cefotaxime (30 µg)
Cefepime (FEP, 30 μg)
Tetracycline (TE,10 μg)
Ampicillin (AMP,10 μg)
Piperacillin (PIP,100 μg)
Ceftriaxone (CRO,30 μg)
Cefpodoxime (CPD,30μg)
Tigecycline (TGC,15μg)
Doripenem (DOR,10 μg)
Ertapenem (ETP, 10 μg)
Piperacillin/Tazobactam (PTZ,100/10μg)
Fosfomycin/Trometamol (FOT, 200 μg)

Resistant
No (%)
49 (59%)
20 (24%)
29 (35%)
46 (55.5%)
12 (14.4%)
46 (55.4%)
20 (24%)
50 (60.2)
30 (36.15%)
33 (39.7%)
65 (78.3%)
50 (60.2%)
49 (59%)
57 (68.6%)
5 (6.02%)
20 (24%)
21 (25.3%)
22 (26.5%)
3 (3.6%)

Intermediate
No (%)
3 (3.6%)
2 (2.4%)
3 (3.6%)
4 (4.8%)
4 (4.8%)
3 (3.6%)
2 (2.4%)
2 (2.4%)
9 (10.8%)
3 (3.6%)
2 (2.4%)
0 (0.0%)
2 (2.4%)
3 (3.6%)
25 (30.1%)
1 (1.2%)
2 (2.4%)
5 (6.02%)
12 (14.4%)

Sensitive
No (%)
31 (37.3%)
61 (73.5%)
51 (61.5%)
33 (39.7%)
67 (80.7%)
34 (41%)
61 (73.5%)
31 (37.3%)
44 (53.05%)
57 (68.6%)
16 (19.2%)
33 (39.7%)
32 (38.5%)
23 (27.7%)
53 (63.8%)
62 (74.6%)
57 (68.6%)
56 (67.4%)
68 (82%)
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Table 2: Microbiological activities of various antimicrobial
agents against 83 K. pneumoniae isolates.
Antibiotics
Meropenem
Imipenem
Ceftazidime
Ceftriaxone
Cefepime
cefotaxime
Piperacillin/
Tazobactam
Ampicillin

Range
0.25-256
0.25-256
1->256
0.5->256
0.5->256
0.5->256
0.25-256
2->256

MIC(µg/ml)
MIC50
1
1
64
16
16
16
4
256

MIC90
32
16
>256
>256
>256
>256
128
>256

Table3: Co-exitisting resistance genes in K. pneumoniae
collected from Mofid Children and Taleghani Hospitals,
Tehran, Iran.
Coexisting resistance genes
blaCTX-M
blaTEM
blaSHV
blaCTX-M and blaTEM
blaTEM and blaSHV
blaCTX-M and blaSHV
blaCTX-M, blaTEM and blaSHV

No (%)
28 (58.33%)
24 (50%)
30 (62.5%)
8 (16.66%)
10 (20.8%)
16 (33.33%)
20 (41.66%)

(55.5%). So, the best coverage against the study isolates
was obtained with fosfomycin and tigecycline. Of the 83
K. pneumoniae, the prevalence of ESBL was 48 (57.5%).
Forty-six ESBL-positive isolates were resistant to cefotaxime and ceftazidime, simultaneously. The high rate of
ESBL prevalence in Iran and its widespread dissemination
is causing concern. In our study, the existence of blaTEM,
blaSHV and blaCTX-M was detected in 24 (50%), 30
(62.5%) and 28 (58.33%) ESBL-producing isolates, respectively. This is worrisome especially in Iran where the
ESBL prevalence is very high. Efflux pump systems are
an extremely important cause of multi-drug resistance13.
The genes oqxA and oqxB are common in an operon and
they encode OqxAB14. A surprisingly high prevalence, 50
(60.2%) of oqxAB was detected in K. pneumoniae isolates, significantly higher than previously reported for
Denmark, Sweden (1.8%), and South Korea (0.4%) and
fewer than China (75%)6,14 . Plasmid-borne multidrug efflux pumps encoding both resistance to antimicrobials
and disinfectants could cause serious problems as not
only usage of antimicrobials but also of compounds used
in everyday living could select for plasmids encoding
resistance to important antimicrobials for human treatment6. ESBL-producing K. pneumoniae carrying plasmid-mediated OqxAB efflux pumps, can be a reservoir
for the spread of these genes. Susceptibility to quinolones
is reduced when this pump is highly expressed6. The efficacy of the RND-type multi-efflux pumps in Enterobacteriaceae is dependent on the presence of an outer membrane protein (OMP)5. The termination of translation by
nonsense mutations, the disruption of the gene by inser-
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tion sequences, and the down-regulation of transcription
by mutations occurring within the promoter may cause
altered porin expression15. In our study, we assessed the
presence of two major porins, OmpK35 and OmpK36.
OmpK35 was detected in 30 (62.5%) of 48 ESBL-producing isolates while ompK36 was found in 35 (72.91%)
out of 48 ESBL-producing bacteria. Ertapenem may be
particularly affected by the concomitant loss of OmpK35
and OmpK36. Five ertapenem resistant strains did not express the OmpK35 protein but expressed OmpK36. Nine
carbapenem resistant strains did not express either the
OmpK35 or the OmpK36 porin. Loss of this porin may
be one of the factors contributing to antibacterial resistance in ESBL-producing K. pneumoniae and may favour
the selection of additional mechanisms of resistance. In
conclusion, the prevalence of the OqxAB efflux pumps
is high in ESBL-producing K. pneumoniae in Iran and
represents a potential reservoir for its spread.
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