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(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 cefo-
taxime 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, re-
spectively. 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 iso-
lates, 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 ef-
flux 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 treat-
ment6. ESBL-producing K. pneumoniae carrying plas-
mid-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 ef-
ficacy of the RND-type multi-efflux pumps in Enterobac-
teriaceae is dependent on the presence of an outer mem-
brane protein (OMP)5. The termination of translation by 
nonsense mutations, the disruption of the gene by inser-

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-pro-
ducing 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 ex-
press 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 resis-
tance 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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Table 2: Microbiological activities of various antimicrobial 
agents against 83 K. pneumoniae isolates.

Antibiotics
MIC(µg/ml)

Range MIC50 MIC90

Meropenem 0.25-256 1 32
Imipenem 0.25-256 1 16
Ceftazidime 1->256 64 >256
Ceftriaxone 0.5->256 16 >256
Cefepime 0.5->256 16 >256
cefotaxime 0.5->256 16 >256
Piperacillin/
Tazobactam

0.25-256 4 128

Ampicillin 2->256 256 >256

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

Coexisting resistance genes No (%)
blaCTX-M 28 (58.33%)
blaTEM 24 (50%)
blaSHV 30 (62.5%)
blaCTX-M and blaTEM 8 (16.66%)
blaTEM and blaSHV 10 (20.8%)
blaCTX-M and blaSHV 16 (33.33%)
blaCTX-M, blaTEM and blaSHV 20 (41.66%)




