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Distribution of extended spectrum beta-lactamase
(ESBL) genes among Acinetobacter baumannii isolated

from burn infections

Abstract

In this study, extended spectrum beta-lactamase (ESBL) genes among Acinetobacter
baumannii isolated from hospitalized patients with burn infections were evaluated. From
December 2016 to March 2017, sixty-five isolates (72.2%) of A. baumannii were obtained
from 90 burn samples of patients which were hospitalized in two hospitals in Baghdad, Iraq.
The identification of A. baumannii strains was conducted by API 20NE and the presence
of bla,, ., gene. Kirby-Bauer disc diffusion method was used for antibiotic susceptibility
test. The frequency of ESBL producers was evaluated by double disk synergy test (DDST)
and prevalence of bla,, , blag,., bla ., , genes were assayed by PCR. The results revealed
that bla ., ., gene was found in all A. baumannii isolates as a species-specific gene. Of
sixty-five isolates, 40 (61.53%) A. baumannii were ESBL producers according to DDST.
High rates of resistance to cefotaxime, ceftazidime, piperacillin, and cefepime antibiotics
were detected among ESBL producing A. baumannii isolates. The rate of resistance to other
antibiotics was as the follows: 29(72.5%) to meropenem, 32(80%) to imipenem, 30 (75%)
to piperacillin/tazobactam, 26 (65%) to ampicillin/sulbactam. The prevalence of bla, .,
bla ., \» blag,,, genes among ESBL producing 4. baumannii isolates was 30 (75%), 18
(45%) and 11 (27.5%) respectively. Our results demonstrated the role of bla,,, gene in
the resistance of beta-lactam antibiotics in the local strains of burn infections. The high
rate of resistance in ESBL producing 4. baumannii strains detected in this study highlights

the necessity for the quick detection of ESBL isolates and the antimicrobial management,
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particularly in burn units.
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Introduction

Acinetobacter baumannii is an important cause of nosocomial
infections and a leading cause of mortality and morbidity among
hospitalized patients and has been associated with a wide variety of
diseases in the intensive care units (ICU). Widespread dissemination of
A. baumannii infections, which are resistant to beta-lactams antibiotics
particularly to the 3™ generation of cephalosporins and carbapenems,
has become a globally significant problem.? These extended-spectrum
B-lactamases (ESBLs) are enzymes, plasmid mediated and produced
by gram negative bacilli that mediate a resistance to penicillins,
cephalosporins, and monobactams.> These ESBLs are commonly
recognized in Enterobacteriaceae, Pseudomonas aeruginosa, and A.
baumannii and are found worldwide.* Extended-spectrum B-lactamases
(ESBLs) of A. baumannii are encoded by TEM-type, SHV-type and
CTX-M-type genes which are subjected to phenotypical resistance
to penicillins and 3™ generation cephalosporins. These enzymes are
mostly plsmid mediated_and most are parts of the TEM and SHV
families.>® Different microorganisms are related to contaminations
in hospital environments, but the main pathogens include oxacillin-
resistant  Staphylococcus aureus (ORSA), vancomycin-resistant
Enterococcus sp. (VRE), extended-spectrum Dbeta-lactamases
(ESBL), and carbapenem-resistant Acinetobacter baumannii.>” A.
baumannii is able to survive on human skin, equipment, and objects in
different sections, especially burn centers and ICUs for a long time.?
The major problem of concern with A. baumannii is the choice of
suitable antibiotic for treatment, especially in nosocomial infections.’
The aim of this study was to investigate the detection and distribution
of ESBLs encoding genes and its drug resistance against carbapenems

and cephalosporins among A. baumannii strains isolated from patients
with burn infections.

Materials and methods
Sampling and isolation of bacteria

The study was initiated in December 2016 by collecting 90
samples from burn infections of burn units in 2 hospitals of Baghdad
City in Iraq. The samples were collected by sterile swabs which used
moistened with Trypticase Soy Broth (TSB) medium. [Based on
what type of test characterization and identification of isolates were
performed?] Immediately after the collection, they were again stored
in the medium and incubated at 37°C for 24 hours. After the growth
in TSB, the samples were cultured on Blood agar and MacConkey
agar incubated at 37°C for 24 hours. The identification of the isolates
was accomplished by API 20NE and confirmed by tracking the bla
5,-like carbapenemase gene, which is intrinsic to this species, using
single PCR."

Antibiotic susceptibility testing

The susceptibility of 4. baumannii isolates to carbapenems and
cephalosporins (Mast, UK) was tested by Kirby-Bauer disk-diffusion
method. The antibiogram procedure was performed as the manufacturer
which manufacture constructed. In brief, 1.5*%10% CFU/ml of bacterial
suspension, equivalent to McFarland Turbidity Standard No. 0.5,
was transferred on Muller-Hinton agar medium (Merck, Germany)
and antibiogram disks containing: cefipime (FEP:30pg), cefotaxime
(CTX:30pg), ceftazidime (CAZ:30pg), imipenem (IPM:10pg),
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meropenem (MEM: 10pg), piperacillin/tazobactam (PTZ: 100/10ug)
and ampicillin/sulbactam (10/10pg) were placed on the medium.
Then, the media were incubated for 18 hours at 37°C. The results
were interpreted according to the Clinical and Laboratory Standards
Institute (CLSI) recommendations.'! A control strain of Pseudomonas
aeruginosa ATCC 27853 was used for quality control of susceptibility
testing.

Phenotypic identification of ESBL producing isolates

Phenotypic identification of ESBL producing isolates have been
carried out using disk potentiating test and confirmed by DDST
screening method. Antibiogram disks containing CAZ (30png), CTX
(30png), ceftazidime (30pg) + clavulanic acid (10pg) and cefotaxime
(30pg) + clavulanic (10pg) were used. Pairs of disks (ceftazidime
with ceftazidime/clavulanic acid and cefotaxime with cefotaxime/
clavulanic) were placed on Muller-Hinton agar medium with 20 mm
space between them. According to the CLSI criteria and manufacturer

Table | Primers used for PCR amplification of the ESBL genes
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instruction, an increase in zone diameter of >5 mm in the presence of
clavulanic acid indicated the presence of ESBL in the test organism.
Klebsiella pneumoniae ATCC700603 was used as a positive control
for ESBL production.'!

Amplification of ESBL genes

The specific primers including CTX-M, SHV and TEM (Table
1) were used for PCR amplification of the genes. The PCR mixture
contained the DNA template, the forward/reverse primers, and the
master mix (Promega, USA). Amplification was carried out with
the thermal cycling conditions according to the relevant studies and
mentioned in Table 1. The PCR amplification was conducted in the
thermal cycler device (Applied Biosystems, USA). Agarose gel
electrophoresis of the amplified PCR products with 100bp size marker
(Promega, USA) were carried out in a 2% agarose gel for 2h at 80V
and stained with ethidium bromide. The PCR product bands were then
checked under UV irradiation.

:;::r Primer sequence (5" to 3°) Annealing temp. (°C)  Product size (bp) Reference
F:ATGAGTATTCAACATTTCCG

TEM 53 931 12
R: CCAATGCTTAATCAGTGAGC
F:AAGATCCACTATCGCCACAG

SHV 60 231 13
R:ATTGAGTTCCGTTTCCCAGCGG
F: CGATGTGCAGTACCAGTAA

CTX-M 60 585 1

R:TTAGTGACCAGAATAAGCGG

Results and discussion

In the current study 65 A. baumannii (72.2 %) were isolated out
of 90 samples which collected from patients with burn infections in
2 hospitals of Baghdad City in Iraq. The isolates of 4. baumannii
were identified by using API 20NE system (bioMérieux) and the
identification was confirmed by PCR amplification of the specific gene
bla,, ., (Figure 1). A. baumannii isolates were identified by molecular
detection of the carbapenemase gene bla,,, ., in all 75 isolates, which
then used to identify 4. baumannii-mediated infections. Many previous
studies indicated to the identification of 4. baumannii at the species
level by PCR detection of bla,, . -like genes [10, 15]. This study
revealed that A. baumannii was one of the most important sources of
nosocomial infections in ICUs and the prevalence of this species in
ICU equipment in four hospitals in Baghdad city was 22.05%. ICUs
are one of the units that have the highest occurrence rates of infections
and the prevalence of infection is two to five times higher in ICUs
than in the general inpatient population.'®!” Acinetobacter spp. are
more frequently colonized on inanimate objects and hands of staff
in the ICU than Pseudomonas spp and Staphylococcus aureus."® The
study conducted by Mehraban et al.'® revealed the high frequency of
genus Acinetobacter among Gram negative bacteria isolated from
environmental surfaces of ICUs of four hospitals located in the city
of Qom, Iran."” In another study in an adult ICU tertiary care Hospital
in Riyadh, Saudi Arabia, 4. baumannii was recognized as the most
frequently isolated bacteria.® Multidrug resistant A. baumannii is

the most common cause of nosocomial infection in burn patients in
Iran.?! Acinetobacter spp. can survive dry conditions for long periods,
thus 4. baumannii is frequently isolated from medical equipment and
the contamination of hospital equipment caused by Acinetobacter
outbreaks in the hospital environment is prevalent.> Phenotypic
detection of ESBL producing isolates of 4. baumannii have been
carried out using DDST screening method (Figure 2). From total of
65 isolates, 40 (61.53%) A. baumannii isolates were identified to be
produced by ESBL enzymes. Susceptibility of 40 ESBL producing
A. baumannii isolates to 8 of beta-lactam an antibiotic was evaluated
by the Kirby-Bauer disk diffusion method (Table 2).The results
showed high resistance to all antibiotics used in this study. Ninety-
five percent, 92.5 %, 92.5 % and 90 % out of 40 A. baumannii isolates
were resistant to Cefotaxime, Ceftazidime, Cefepime, and Piperacillin
respectively. Also high resistance to Imipenem and moderate resistance
to Meropenem, Piperacillin/tazobactam, and Ampicillin/sulbactam.
Multidrug-resistant (MDR) A. baumannii became prevalent in many
hospitals all over the world and has been recognized as one of the
most important nosocomial pathogens especially in burn units.” Our
results showed high resistance of 4. baumannii isolates to beta-lactam
antibiotics such as penicillins, cephalosporins, and carbapenems used
in the susceptibility test. Production of carbapenem-hydrolyzing
beta-lactamases is one of the significant mechanisms of carbapenem
resistance. The extended-spectrum beta-lactamases, ESBLs, play an
important role in resistance against third-generation cephalosporins
such as cefotaxime, ceftazidime, and cefepime.’ Specific primers
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were used to detect ESBL genes by PCR assay. Of all 40 4.
baumannii isolates, 30 (75%), 18 (45%) and 11 (27.5%) isolates
have been confirmed to harbor the bla ., bla.,. . and blag,, genes,
respectively. It was obvious that bla_,,, genes were the most frequent
ESBL types among A. baumannii strains in burn infections. PCR
products of ESBL genes were analyzed by gel electrophoresis to
detect the prevalence of these genes (Figures 3-5). In this study, the
prevalence of ESBLs encoding genes among A. baumannii isolates
has been investigated showing a high frequency of bla,,, genes
among the isolates (75%). ESBL positive strains of 4. baumannii and
P. aeruginosa are increasingly found in hospital isolates. These strains
revealed resistant to available antibiotics and these genes can transfer
to other clinical strains. Molecular detection would determine which
types of ESBL are present in each isolate and the identification of beta-
lactamases would be essential for an epidemiological investigation
of antimicrobial resistance.”” Ting et al.** investigated the drug
resistance genes in 7 strains of Imipenem- resistant 4. baumannii
including TEM, SHV, CTX-M, DHA, CIT, IMP, VIM, KPC, OXA-

Table 2 The antibiotic resistance patterns of A. baumannii
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23, the results found TEM (100%) and OXA-23 (100%) genes among
the isolates, but the other genes such as SHV, CTX-M, DHA, CIT,
IMP, VIM, KPC could not be detected.”® The present findings was
in contrast to the results of Khalilzadegan et al.”> who detected that
the frequencies of bla,,, and bla ., genes were 3.2% and 19.4%,
respectively, while the level of resistance to various antibiotics was
in the range of 69.4% to 100%.% Another research reported that 40%
of the isolates carried bla,,,, and 12.8% carried bla,,, > The study
of Odewale et al. in Ladoke Akintola University teaching hospital,
Osogba, Nigeria, detected that 72.7% of patients in the ICU were
most infected with A. baumannii and the isolates showed 90.9%
resistance to both Ceftriaxone and Ceftazidime. The PCR results
showed that bla,,, , and bla ., . genes were positive in some isolates,
while blag,, was not detected in any of the isolates. ESBL genes are
plasmid-borne and are easily transmitted from one strain to another;
this explains why these bacteria have firmly established themselves as
MDR nosocomial pathogens whose infections no longer respond to

treatment by commonly used antibiotics.'*

Antibiotic Number of sensitive (%) Number of intermediate (%) Number of resistant (%)
Cefipime 3(7.5) 0 (0.0 37(92.5)

Cefotaxime 1 (2.5) 1 (2.5) 38(95)

Ceftazidime 1 (2.5) 2 (5) 37(92.5)

Imipenem 6 (15) 2 (5) 32(80)

Meropenem 7 (6.6) 4 (10) 29(72.5)
Piperacillin/tazobactam 7 (17.5) 3 (7.5) 30(75)
Ampicillin/sulbactam 10 (25) 4 (10) 26(65)

Piperacillin 2 (5) 2 (5) 36(90)

el N N N ¥ X N N
blaOXAS51 ; 353 pb

Figure | Electrophoresis of the amplified products of bla,,, (353bp) genes

by PCR in a 2% agarose gel. Lane 2-1 |: positive result of gene detection in A.

baumannii isolates; Lane |2: negative result for A. Iwoffii, Lane |:negative control
(PCR product without the DNA template); Lane M:100bp DNA ladder.

Figure 2 Double-disk synergy test for extended spectrum beta-lactamases
in A. baumannii, A (positive result), B (negative result). AMC — Amoxycillin +
Clavulanate, CTX-Cefotaxime, FEP—Cefepime (A clear extension of the edge
(Synergy) of the FEP inhibition zone towards the disc containing clavulanate).
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blaTEM (931 bp)

Figure 3 Electrophoresis of the amplified products of bla,,, (931bp) genes
by a PCR in a 2 % agarose gel. Lane |-4: positive result of gene detection in A.
baumannii isolates; Lane C: negative control (PCR product without the DNA
template); Lane M: 100bp DNA ladder.

BlaCTX-M (385bp)

Figure 4 Electrophoresis of the amplified products of bla ,, , (585bp) genes
by a PCR in a 2 % agarose gel. Lane 5 and 10: positive result of gene detection
in A. baumannii isolates; Lane I: negative control (PCR product without the
DNA template); Lane M: 100bp DNA ladder.

—
blaSHV (231 bp)

Figure 5 Electrophoresis of the amplified products of blay,, (231bp) genes
by a PCR in a 2 % agarose gel. Lane 2-4: positive result of gene detection in A.
baumannii isolates; Lane C: negative control (PCR product without the DNA
template); Lane M: 100bp DNA ladder
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Conclusion

The presence of A. baumannii in ICU increases the risk of
transmission to patients leading to nosocomial infections. The
prevention of the nosocomial infections needs the quick detection of
the sources of contamination, especially on the equipment. Detection
of ESBL genes by PCR is known as an effective and sensitive method
for epidemiological analysis and tracing MDR A.baumannii. ESBL
producing bacteria should be identified quickly so that appropriate
antibiotic usage can be conducted.

Acknowledgements

My Institute’s (Institute of Genetic Engineering and Biotechnology
for Postgraduate Studies) representative is fully aware of this
submission.

Conflict of interest

The author declares there is no conflict of interest.

References

1. Shahcheraghi F, Abbasalipour M, Feizabadi MM, et al. Isolation and
genetic characterization of metallo-betalactamase and carbapenemase
producing strains of Acinetobacter baumannii from patients at Tehran
hospitals. fran J Microbiol. 2011;3(2):68-74.

2. Pfeifer Y, Cullik A, Witte W. Resistance to cephalosporins and
carbapenems in Gram-negative bacterial pathogenes. Int J Med
Microbiol. 2010;300(6):371-379.

3. Rawat D, Nair D. Extende spectrum beta-lactamases in Gram negative
bacteria. J Glob Infect Dis. 2010;2(3):263-274.

4. Fluit AC, Visser MR, Schmitz FJ. Molecular detection of antimicrobial
resistance. Clin Microb Rev. 2001;14(4):836-871.

5. Mehrgan H, Rahbar M. Prevalence of extended-spectrum beta lactamase-
producing Escherichia coli in a tertiary care hospital in Tehran, Iran. /nt
J Antimicrob Agents. 2008;31(2):147-151.

6. Jeon JH, Hong MK, Lee JH, et al. Structure of ADC-68, a novel
carbapenem-hydrolyzing class C extended spectrum B-lactamase isolated
from Acinetobacter baumannii. Acta Crystallogr D Biol Crystallogr.
2014;70(Pt 11):2924-2936.

7. Tajeddin E, Rashidan M, Razaghi M, et al. The role of the intensive care
unit environment and health-care workers in the transmission of bacteria
associated with hospital acquired infections. J Infect Public Health.
2016;9(1):13-23.

8. Chiu CH, Lee HY, Tseng LY, et al. Mechanisms of resistance to
ciprofloxacin, ampicillin/sulbactam and imipenem in Acinetobacter
baumannii clinical isolates in Taiwan. Int J Antimicrob Agents.
2012;35(4):382-386.

9. Kempf M, Rolain JM. Emergence of resistance to carbapenems in
Acinetobacter baumannii in Europe: Clinical impact and therapeutic
options. Int J Antimicrob Agents. 2012;39(2):105-114.

10. Turton JF, Woodford N, Glover J, et al. Identification of Acinetobacter
baumannii by detection of the bla,,,, ; - like carbapenemase gene intrinsic
to this species. J Clin Microbiol. 2006;44(8):2974-2976.

11. Clinical and Laboratory Standards Institute (CLSI) (2012) Performance
standards for antimicrobial susceptibility testing. Twenty-second
informational supplement. Tech Rep M100- S22; Fort Wayne, USA.
2012:1-230.

12. Safari M, Sasan A, Nejad M, et al. Prevalence of ESBL and MBL

Citation: Ghaima KK. Distribution of extended spectrum beta-lactamase (ESBL) genes among Acinetobacter baumannii isolated from burn infections. MOJ Cell

Sci Rep. 2018;5(2):42-46.DOI: 10.15406/mojcsr.2018.05.001 12


https://doi.org/10.15406/mojcsr.2018.05.00112
https://www.ncbi.nlm.nih.gov/pubmed/22347585
https://www.ncbi.nlm.nih.gov/pubmed/22347585
https://www.ncbi.nlm.nih.gov/pubmed/22347585
https://www.ncbi.nlm.nih.gov/pubmed/22347585
https://www.ncbi.nlm.nih.gov/pubmed/20537585
https://www.ncbi.nlm.nih.gov/pubmed/20537585
https://www.ncbi.nlm.nih.gov/pubmed/20537585
https://www.ncbi.nlm.nih.gov/pubmed/20927289
https://www.ncbi.nlm.nih.gov/pubmed/20927289
https://www.ncbi.nlm.nih.gov/pubmed/11585788
https://www.ncbi.nlm.nih.gov/pubmed/11585788
https://www.ncbi.nlm.nih.gov/pubmed/18060745
https://www.ncbi.nlm.nih.gov/pubmed/18060745
https://www.ncbi.nlm.nih.gov/pubmed/18060745
https://www.ncbi.nlm.nih.gov/pubmed/25372683
https://www.ncbi.nlm.nih.gov/pubmed/25372683
https://www.ncbi.nlm.nih.gov/pubmed/25372683
https://www.ncbi.nlm.nih.gov/pubmed/25372683
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/20138741
https://www.ncbi.nlm.nih.gov/pubmed/20138741
https://www.ncbi.nlm.nih.gov/pubmed/20138741
https://www.ncbi.nlm.nih.gov/pubmed/20138741
https://www.ncbi.nlm.nih.gov/pubmed/22113193
https://www.ncbi.nlm.nih.gov/pubmed/22113193
https://www.ncbi.nlm.nih.gov/pubmed/22113193
https://www.ncbi.nlm.nih.gov/pubmed/16891520/
https://www.ncbi.nlm.nih.gov/pubmed/16891520/
https://www.ncbi.nlm.nih.gov/pubmed/16891520/
https://www.ncbi.nlm.nih.gov/pubmed/26150748/

Distribution of extended spectrum beta-lactamase (ESBL) genes among Acinetobacter

isolated from burn infections

encoding genes in Acinetobacter baumannii strains isolated from patients
of intensive care units (ICU). Saudi J Biol Sci. 2015;22(4):424-429.

. Bokaeian M, Zahedani SS, Bajgiran MS, et al. Frequency of PER, VEB,

SHV, TEM and CTX-M Genes in Resistant Strains of Pseudomonas
aeruginosa Producing Extended Spectrum B-Lactamases. Jundishapur J
Microbiol. 2014;8(1):e13783.

. Odewale G, Adefioye OJ, Ojo J, et al. Multidrug Resistance of

Acinetobacter baumannii in Lodake Akintola University teaching
hospital, Osogba, Nigeria. EurJ Microbiol Immunol (Bp).2016;6(3):238—
243.

. Vincent JL, Bihari DJ, Suter PM. The prevalence of nosocomial infection

in intensive care units in Europe. Results of the European Prevalence of
Infection in Intensive Care (EPIC) Study. EPIC International Advisory
Committee. JAMA. 1995;274(8):639-644.

. Meric M, Willke A, Caglayan C. Intensive care unit-acquired infections:

incidence, risk factors and associated mortality in a Turkish university
hospital. Jpn J Infect Dis. 2005;58(5):297-302.

. Lee K, Yong D, Jeong SH, et al. Multidrug-resistant Acinetobacter

spp.: increasingly problematic nosocomial pathogens. Yonsei Med J.
2011;52(6):879-891.

. Mehraban F, Rostami MN, Douraghi M, et al. Prevalence of environmental

gram-negative bacilli in the intensive care units of hospitals from the city
of Qom. Infection Epidemiology and Medicine. 2016;2(2):5-7.

. Kamolvit W, Sidjabat HE, Paterson DL. Molecular epidemiology and

mechanisms of carbapenem resistance of Acinetobacter spp in Asia and
Oceania. Microb Drug Resist. 2015;21(4):424-434.

20.

21.

22.

23.

24.

25.

26.

Copyright:

baumannii 46
©2018 Ghaima

Azimi L, Talebi M, Pourshafie MR, et al. Characterization of
carbapenemase in extensively drug resistance Acinetobacter baumannii
in a burn care center in Iran. /nt J Mol Cell Med. 2015;4(1):46-53.

Jung J, Park W. Acinetobacter species as model microorganisms in
environmental microbiology: current state and perspectives. Appl
Microbiol Biotechnol. 2015;99(6):2533-2548.

Abbo A, Navon-Venezia S, Hammer-Muntz O, Krichali T, Siegman-Igra
Y, Carmeli Y. Multidrug-resistant Acinetobacter baumannii. Emerg Infect
Dis. 2005;11:22-29.

Poirel L, Nordmann P. Carbapenem resistance in Acinetobacter
baumannii: mechanisms and epidemiology. Clin Microbiol Infect.
2006;12(9):826-836.

Ting C, Jun A, Shun Z. Detection of the common resistance genes in
Gram-negative bacteria using gene chip technology. Indian J Med
Microbiol. 2013;31(2):142—-147.

Khalilzadegan S, Sade M, Godarzi H, et al. Beta-lactamase encoded genes
bla_ and bla,_ among acinetobacter baumannii species isolated from
medical devices of intensive care units in tehran hospitals. Jundishapur J
Microbiol. 2016;9(5):¢14990.

Hujer KM, Hujer AM, Hulten EA, et al. Analysis of antibiotic
resistance genes in multidrug-resistant Acinetobacter sp. isolates from
military and civilian patients treated at the Walter Reed Army Medical
Center. Antimicrob Agents Chemother. 2006;50(12):4114-423.

Citation: Ghaima KK. Distribution of extended spectrum beta-lactamase (ESBL) genes among Acinetobacter baumannii isolated from burn infections. MOJ Cell
Sci Rep. 2018;5(2):42—46. DOI: 10.15406/mojcsr.2018.05.001 12


https://doi.org/10.15406/mojcsr.2018.05.00112
https://www.ncbi.nlm.nih.gov/pubmed/26150748/
https://www.ncbi.nlm.nih.gov/pubmed/26150748/
https://www.ncbi.nlm.nih.gov/pubmed/25789123/
https://www.ncbi.nlm.nih.gov/pubmed/25789123/
https://www.ncbi.nlm.nih.gov/pubmed/25789123/
https://www.ncbi.nlm.nih.gov/pubmed/25789123/
https://www.ncbi.nlm.nih.gov/pubmed/27766173/
https://www.ncbi.nlm.nih.gov/pubmed/27766173/
https://www.ncbi.nlm.nih.gov/pubmed/27766173/
https://www.ncbi.nlm.nih.gov/pubmed/27766173/
https://www.ncbi.nlm.nih.gov/pubmed/7637145
https://www.ncbi.nlm.nih.gov/pubmed/7637145
https://www.ncbi.nlm.nih.gov/pubmed/7637145
https://www.ncbi.nlm.nih.gov/pubmed/7637145
https://www.ncbi.nlm.nih.gov/pubmed/16249625
https://www.ncbi.nlm.nih.gov/pubmed/16249625
https://www.ncbi.nlm.nih.gov/pubmed/16249625
https://www.ncbi.nlm.nih.gov/pubmed/22028150
https://www.ncbi.nlm.nih.gov/pubmed/22028150
https://www.ncbi.nlm.nih.gov/pubmed/22028150
http://iem.modares.ac.ir/article-4-1955-en.html
http://iem.modares.ac.ir/article-4-1955-en.html
http://iem.modares.ac.ir/article-4-1955-en.html
https://www.ncbi.nlm.nih.gov/pubmed/25714653
https://www.ncbi.nlm.nih.gov/pubmed/25714653
https://www.ncbi.nlm.nih.gov/pubmed/25714653
https://www.ncbi.nlm.nih.gov/pubmed/25815282/
https://www.ncbi.nlm.nih.gov/pubmed/25815282/
https://www.ncbi.nlm.nih.gov/pubmed/25815282/
https://www.ncbi.nlm.nih.gov/pubmed/25693672
https://www.ncbi.nlm.nih.gov/pubmed/25693672
https://www.ncbi.nlm.nih.gov/pubmed/25693672
https://www.ncbi.nlm.nih.gov/pubmed/16882287
https://www.ncbi.nlm.nih.gov/pubmed/16882287
https://www.ncbi.nlm.nih.gov/pubmed/16882287
https://www.ncbi.nlm.nih.gov/pubmed/23867670
https://www.ncbi.nlm.nih.gov/pubmed/23867670
https://www.ncbi.nlm.nih.gov/pubmed/23867670
https://www.ncbi.nlm.nih.gov/pubmed/27540447
https://www.ncbi.nlm.nih.gov/pubmed/27540447
https://www.ncbi.nlm.nih.gov/pubmed/27540447
https://www.ncbi.nlm.nih.gov/pubmed/27540447
https://www.ncbi.nlm.nih.gov/pubmed/17000742
https://www.ncbi.nlm.nih.gov/pubmed/17000742
https://www.ncbi.nlm.nih.gov/pubmed/17000742
https://www.ncbi.nlm.nih.gov/pubmed/17000742

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods  
	Sampling and isolation of bacteria 
	Antibiotic susceptibility testing 
	Phenotypic identiﬁcation of ESBL producing isolates 
	Ampliﬁcation of ESBL genes 

	Results and discussion 
	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1
	Figure 2 
	Figure 3
	Figure 4 
	Figure 5
	Table 1
	Table 2

