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Bacterial antimicrobial resistance mediated by the production of extended-spectrum β-lactamases (ESBLs) is considered a major 
threat for treatment of Salmonella and Shigella infections. This study aimed to investigate antibiotic resistance patterns of Sal-
monella and Shigella spp. and presence of CTX-M from three teaching hospitals in Iran. In the present study, 58 clinical Shigella 
and 91 Salmonella isolates were recovered between 2009 and 2013 from 3 teaching hospitals in Iran. After culture and antimicrobial 
susceptibility testing, ESBL-positive isolates were subjected to further investigations. These included polymerase chain reaction 
(PCR) amplification and DNA sequencing of blaCTX-M-15 encoding plasmid. In both genera, high sensitivity to gentamicin and ami-
kacin, but high resistance to ampicillin, tetracycline, and trimethoprim–sulfamethoxazole, was found. Molecular investigation 
showed that 31.8% isolates of Salmonella spp. and 34.48% isolates of Shigella spp. were CTX-M positive and all of them were also 
positive for ISEcpI. Protein translation, comparing with reference sequences, showed that all CTX-M isolates belong to CTX-M-15. 
The present study suggests that the resistance of ESBLs-producing Salmonella and Shigella spp. in Iran hospitals is very serious. 
Therefore, strategies to minimize the spread of ESBL-producing isolates should be implemented.
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Introduction

Emergence of extended-spectrum-β-lactamases (ESBLs) 
in Enterobacteriaceae family, especially in Salmonella 
and Shigella spp., is a global major health threat, affecting 
both developed and developing countries [1, 2]. Although 
ESBLs-producing strains of Salmonella and Shigella spp. 
were relatively rare during the last decades compared to 
other enteric species [3, 4], increasing numbers of these 
organisms are known to be resistant to various antibiotics.

Several ESBLs have been reported in this genus. Al-
though most ESBLs are derivatives of TEM and SHV 
β-lactamase families, Salmonella and Shigella spp. have 

also the capability to express CTX-M family, which have 
emerged worldwide [5, 6]. Among them, the CTX-M type 
β-lactamases are a growing family that comprises at least 
40 enzymes [7]. These enzymes are characterized by se-
lective hydrolysis of ceftriaxone and cefotaxime and even 
more distinctly of ceftazidime, although some CTX-M 
types, such as CTX-M-15, may actually hydrolyze ceftazi-
dime [5, 8].

A dramatic increase in the number of CTX-M pro-
ducing variants has been reported since 1995, especially 
among enterobacterial isolates of hospitalized patients. 
Plasmid-mediated CTX-M-15 ESBL was fi rst reported 
in Klebsiella pneumoniae, Escherichia coli, and human 
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isolates of Enterobacter aerogenes from India [9] and in 
Japan [3]. Since then, CTX-M-15 has been identifi ed in 
Enterobacteriaceae isolates from various countries across 
the world, including the United Kingdom, Bulgaria, Can-
ada, Russia, Poland, Turkey, and France [10]. Most of the 
research in this area has been conducted in industrialized 
countries, where organisms such as E. coli and Klebsiella 
spp. are the most common cause of urinary tract infec-
tions [11–13]. Surveys performed in different countries 
revealed that, once a CTX-M β-lactamase penetrates in a 
specifi c geographic area, it becomes prevalent with dis-
placement or super-imposition over TEM and SHV ESBL 
variants.

Relatively little is known about the distribution of such 
genes in organisms found in developing or countries un-
dergoing an economic transition, where the circulating 
pathogens may differ [14]. According to the studies that 
were carried out in Iran, the prevalence of ESBL produc-
ing Salmonella was lower than in neighboring countries 
[15], while the prevalence of ESBL-producing Shigella 
isolates is higher than detection rates observed in many 
other countries [16, 17]. In this study, we aimed to inves-
tigate antibiotic resistance patterns of Salmonella and Shi-
gella spp. and presence of CTX-M as responsible gene of 
β-lactamase from three teaching hospitals in Iran between 
2009 and 2013.

Materials and methods

Study design

In this cross-sectional study that was conducted between 
March 2009 and September 2013, a total of 58 clinical Shi-
gella spp. isolates and 91 clinical isolates of Salmonella 
were collected from three teaching hospitals in Iran (all 
isolates were derived from stool samples of inpatients). 
Two of the hospitals were a general and one a pediatric 
hospital. This study was approved by the ethical com-
mittee of regional Medical Research of Tabriz University 
of Medical Science and all patients provided written in-
formed consent for this research. Identifi cation of isolates 
as Salmonella spp. and Shigella spp. was done by using 
conventional standard biochemical tests, including plating 
in MacConkey agar, Salmonella–Shigella agar (Merck, 
Darmstadt, Germany), triple sugar iron agar, urea agar, 
SIM medium, and IMViC (indole, methyl red, Voges-
Proskauer, and citrate) tests [18]. Serotyping by polyva-
lent and monovalent antisera was done according to the 
manufacturer’s instructions (Baharafshan, Iran; MAST 
Diagnostics, UK and Denkafeiken, Japan).

Antimicrobial susceptibility testing was done by Kir-
by-Bauer disc diffusion methodology according to Clini-
cal and Laboratory Standards Institute (CLSI) guidelines 
[19]. Antibiogram was done for tetracycline (TET: 30 
μg), ampicillin (AMP: 10 μg), gentamicin (GEN: 10 μg), 
amikacin (AMK: 30 μg), chloramphenicol (CHL: 30 μg), 
ceftizoxime (ZOX: 30 μg), trimethoprim–sulfamethoxa-

zole (SXT: 25 μg), and cefotaxime (CTX: 30 μg) antibiot-
ics (Mast, Merseyside, United Kingdom).

To confi rm ESBL production, those strains that were 
identifi ed as ceftriaxone-resistant were further subjected 
to the combination disc method [20, 21]. In this method, a 
set of discs including cefotaxime (CTX) (30 mg), ceftazi-
dime (CAZ) (30 mg), and both antimicrobials combined 
with clavulanic acid (CLA) (10 mg) were placed onto agar 
plates. In ESBL-producing strains, increase in the zone 
diameters of combined antimicrobials was 5 mm greater 
than single antibiotics [22].

DNA extraction

DNA extraction was done according to tissue buffer boil-
ing method. First, 20 μl of tissue buffer (0.25% SDS + 
0.05 M NaOH) was mixed with a single colony of bacterial 
isolate and the mixture was incubated for 10 min in 95 °C. 
Then, the mixture was centrifuged for 1 min with 13,000g, 
and fi nally, 180 μl of Milli-Q water was added [23, 24].

Polymerase chain reaction (PCR)

Multiplex PCR was used for serotyping of isolates to 
identify Salmonella enterica serovars Typhimurium (S. ty-
phimurium) and Enteritidis (S. enteritidis) as described 
previously [25]. In the case of S. enteritidis, amplifi cation 
was carried out in a Techne TC-512 thermocycler (Eppen-
dorf, Hamburg, Germany) as follows: 35 cycles of 30 s 
for denaturation at 94 °C, 90 s for annealing at 56 °C, and 
30 s for primer extension at 72 °C, followed by a termi-
nal extension at 72 °C for 10 min. Target genes for S. ty-
phimurium were amplifi ed using the same thermocycler, as 
follows: 30 cycles of denaturation at 95 °C for 1 min, an-
nealing at 65 °C for 1 min, and primer extension at 72 °C 
for 30 s, followed by 7 min at 72 °C for terminal extension. 
PCR was done by CINNAGEN Master Mix (SinaClon, 
Tehran, Iran), which was performed with oligonucleotide 
primers as detailed in a recent study [26]. Initial denatur-
ation at 95 °C for 5 min was used for both amplifi cations. 
Electrophoresis of PCR products was performed on 1.2% 
agarose gel for S. typhimurium and S. enteritidis isolates. 
The gel staining was performed in ethidium bromide for 
15 min and visualized in gel document system (Bio-Rad, 
Hercules, United States of America). E. coli CTX-M stan-
dard strains were provided for quality control from Tarbiat 
Modares University, Tehran, Iran.

PCR and DNA sequencing were performed for the de-
tection of CTX-M-15 gene in all ampicillin-resistant iso-
lates with previously described oligonucleotide primers 
[27]. All amplicon sequences were compared with those in 
the GenBank nucleotide database (www.ncbi.nlm.nih.gov/
blast/), and all CTX-M-positive isolates were sequenced 
with blasting sequences in PubMed and Lahey Clinic 
databases (http://www.lahey.org/Studies). PCR mapping 
experiments using combinations of the ISEcp1 forward 
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primers and the blaCTX-M-1 group or blaCTX-M-9 group re-
verse primers were performed to detect the fl anking re-
gions of blaCTX-M-1-group and blaCTX-M-9-group genes.

Sequencing

Sequencing of PCR products of CTX-M was done by 
Takapozist Company-Iran (on behalf of Bioneer, Daejeon, 
South Korea). All sequencing results were interpreted by 
LaserGene Software (DNASTAR, Madison) including Se-
qMan, MegAlign, and EditSeq Softwares.

Ethics statement

This research was approved by the ethical committee of re-
gional Medical Research of Tabriz University of Medical 
Science and all patients provided written informed consent 
for this study.

Results

In total, 91 Salmonella spp. and 58 Shigella spp. were 
isolated from stool of patients referred to three teaching 
hospitals. Patients’ age ranged from 3 to 70 years. Of 58 
Shigella isolates, 45 (77.6%) isolates were S. sonnei, 7 
(12%) were S. fl exneri, and 6 (10.3%) were S. dysenteriae. 
In Salmonella spp., 73 (80.2%) were Salmonella enterica 
(S. enterica) serovar enteritidis, 10 (11%) were S. enterica 
serovar typhimurium, and eight (8.8%) belonged to other 
serotypes. Almost all isolates were resistant to at least three 
classes of antimicrobial agents. S. sonnei isolates were the 
most resistant ones. Rate of resistance in Shigella spp. and 
Salmonella spp. isolates is shown in Table 1. Molecular 
investigation demonstrated the presence of CTX-M in 
29 (31.8%) isolates of Salmonella spp. and 20 (34.48%) 

isolates of Shigella spp. Moreover, all CTX-M-positive 
isolates were positive for ISEcpI. Protein translation com-
paring with reference sequences (CTX-M-15 AY044436) 
showed that all CTX-M isolates belong to CTX-M 15.

Discussion

Though ESBLs might be produced by several members of 
the Enterobacteriaceae family, the present study focused 
on the prevalence of ESBL-producing clinical Salmonella 
spp. and Shigella spp. isolates. This study also described 
the presence of Salmonella and Shigella blaCTX-M-produc-
ing isolates in three teaching hospitals in Iran. In Salmo-
nella spp., more than 60% of isolates were susceptible 
to gentamicin, amikacin, ceftizoxime, and cefotaxime. 
Conversely, more than 60% of the strains were resistant 
to other antibiotics, which was signifi cantly higher than in 
a study carried out by Hamidian et al. in 2009 [28]. In the 
case of Shigella spp., more than 75% of isolates were sus-
ceptible to gentamicin and amikacin, while more than 85% 
of isolates were resistant to tetracycline, ampicillin, and 
trimethoprim–sulfamethoxazole. This resistance rate was 
relatively higher than in a study conducted by Tajbakhsh 
et al. in 2012 [29], but it is in agreement with those report-
ed in another study showing the same trends of resistance 
[30]. This antimicrobial fi nding points towards a very 
serious epidemiological situation. In the present study, 
CTX-M ESBLs have been found in 29 (31.8%) isolates 
of Salmonella spp. and 20 (34.48%) isolates of Shigella 
spp., whereas sequencing results showed that all CTX-M 
isolates belong to CTX-M 15. The understanding of the 
various reports worldwide is that CTX-M-15 is the most 
important type, posing a threat to human health [31].

The fi rst characterization of ESBL-producing S. enteri-
ca harboring blaCTX-M-15 from Iran was described in 2009 
[28]. This study reports the fi rst known description of ESBL 
producers (harboring blaCTX-M-15), in which two of three 

Table 1. Rate of antibiotic resistance in Shigella and Salmonella spp. isolates

Salmonella spp. Shigella spp.

Antibiotic(s)
tested

Sensitive Resistant Sensitive Resistant

No. (%) No. (%) No. (%) No. (%)

TET  9 (8.9) 82 (91.1)  3 (5.2) 55 (94.8)
AMP 13 (14.29) 78 (85.71)  2 (3.8) 56 (96.2)
GEN 71 (78.03) 20 (21.97) 48 (82.76) 10 (17.24)
AMK 76 (72.53) 25 (27.47) 44 (75.78) 14 (24.13)
CHL 35 (38.5) 56 (61.5) 29 (50) 29 (50)
ZOX 56 (61.54) 35 (38.46) 34 (58.7) 24 (41.3)
SXT  6 (6.6) 85 (93.4)  8 (13.8) 50 (86.2)
CTX 56 (61.54) 35 (38.46) 34 (58.7) 24 (41.3)

AMK: amikacin (30 μg), AMP: ampicillin (10 μg), CHL: chloramphenicol (30 μg), CTX: 
cefotaxime (30 μg), GEN: gentamicin (10 μg), SXT: trimethoprim–sulfamethoxazole (25 μg), 
TET: Tetracycline (30 μg), ZOX: ceftizoxime (30 μg)
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isolates harbored both blaCTX-M-15 and blaTEM gene, while 
the third one carried only blaCTX-M-15 gene. Because of data 
from the mentioned study, two thirds of isolates harbored 
both blaCTX-M-15 and blaTEM genes, while one third carried 
only blaCTX-M-15. The emergence of blaCTX-M-15- positive 
S. sonnei and S. fl exneri may compromise the treatment of 
shigellosis, which was fi rstly reported from Iran in 2010 
[29]. A study in 2013 by Ranjbar et al. described that 7.3% 
of all Shigella isolates were ESBL positive. Notably, this 
rate was higher than those reported from many other coun-
tries [16].

The distribution of blaCTX-M genes in other genera of 
Enterobacteriaceae in Iran seems to be different than Sal-
monella and Shigella spp. In 2008, Mehrgan and Rahbar 
[32] reported that around 11% of E. coli isolated in a ter-
tiary care hospital in Tehran were phenotypic CTX-M-
producer. This prevalence in Enterobacteriaceae exclud-
ing Salmonellae has been corroborated by the fi ndings 
of Ramazanzadeh et al. [33], who found an incidence of 
31.7% of blaCTX-M-1-type genes. In another study, Peerayeh 
et al. [34] detected 36.0% ESBL-positive K. pneumoniae, 
in which the blaCTX-M-15 was dominant (62.5%). Relatively 
similar distributions of blaCTX-M-15 have been identifi ed in 
adjacent countries, such as Lebanon, Kuwait, United Ara-
bic Emirate, and Turkey [34–36].

In conclusion, the presence of CTX-M-producing Sal-
monella and Shigella species is signifi cant challenge to in-
fection control management in Iran hospitals and exposure 
by such isolates may lead to further spread of antimicro-
bial drug resistance. It demonstrates further that the on-
going fl ow of ESBL-producing bacteria between different 
regions, including their constant supply from high-preva-
lence areas, makes the control of their wide spread enor-
mously diffi cult. Continuous surveillance and monitoring 
of this entity are needed, because the co-dissemination of 
multiple drug-resistant genes with Salmonella and Shigel-
la spp. may become a serious therapeutic problem. Fur-
thermore, this study is important for strict antibiotic policy 
implementation in hospitals to estimate the effect of higher 
drug resistance in bacteria and to take steps in reducing 
such resistance.

Funding sources

This study was supported by Drug Applied Research Cen-
ter, Tabriz University of Medical Sciences, Tabriz, Iran.

Conflict of interest

The authors declare no confl ict of interest.

Acknowledgements

The authors thank Dr. H. Na vidinia and M. Momenian for 
their review of article and all staff of Microbiology Lab 
(Drug Applied Research Center) for their collaboration 

and help. Also the authors thank Mr. Nikmaram in Imam 
Reza Hospital-Tabriz for his help on sample collection.

References

1. Bialvaei AZ, Kafil HS, A sgharzadeh M, Yousef Memar M, 
Yousefi M: Current methods for the identification of carbap-
enemases. J Chemother 28, 1–19 (2016)

2. Weill FX, Perrier-Gros-Claude JD, Demartin M, Coignard 
S, Grimont PA: Characterization of extended-spectrum 
beta-lactamase (CTX-M-15)-producing strains of Salmo-
nella enterica isolated in France and Senegal. FEMS Micro-
biol Lett 238, 353–358 (2004)

3. Kim S, Kim J, Kang Y, Park Y, Lee B: Occurrence of ex-
tended-spectrum β-lactamases in members of the genus 
 Shigella in the Republic of Korea. J. Clin Microbiol 42, 
5264–5269 (2004)

4. Moubareck C, Doucet-Populaire F, Hamze M, Daoud Z, 
Weill F-X First extended-spectrum-β-lactamase (CTX-
M-15)-producing Salmonella enterica serotype Typhimu-
rium isolate identified in Lebanon. Antimicrob Agents 
Chemother 49, 864–865 (2005)

5. Nguyen NT, Ha V, Tran NV, Stabler R, Pham DT, et al.: The 
sudden dominance of blaCTX-M harbouring plasmids in Shi-
gella spp. circulating in Southern Vietnam. PLoS Negl Trop 
Dis 4, e702 (2010)

6. Tzouvelekis LS, Tzelepi E, Tassios PT, Legakis NJ: CTX-M-
type beta-lactamases: an emerging group of extended-spec-
trum enzymes. Int J Antimicrob Agents 14, 137–142 (2000)

7. Garza-Gonzalez E, Mendoza Ibarra SI, Llaca-Diaz JM, 
Gonzalez GM: Molecular characterization and antimicro-
bial susceptibility of extended-spectrum beta-lactamase-
producing Enterobacteriaceae isolates at a tertiary-care 
 centre in Monterrey, Mexico. J Med Microbiol 60, 84–90 
(2011)

8. Karim A, Poirel L, Nagarajan S, Nordmann P: Plasmid- 
mediated extended-spectrum beta-lactamase (CTX-M-3 
like) from India and gene association with insertion se-
quence ISEcp1. FEMS Microbiol Lett 201, 237–241 (2001)

9. Bonnet R: Growing group of extended-spectrum β-lacta-
mases: the CTX-M enzymes. Antimicrob Agents Chem-
other 48, 1–14 (2004)

10. Heffernan HM, Woodhouse RE, Pope CE, Blackmore TK: 
Prevalence and types of extended-spectrum beta-lactamases 
among urinary Escherichia coli and Klebsiella spp. in New 
Zealand. Int J Antimicrob Agents 34, 544–549 (2009)

11. Valverde A, Coque TM, Garcia-San Miguel L, Baquero F, 
Canton R: Complex molecular epidemiology of extended-
spectrum beta-lactamases in Klebsiella pneumoniae: a long-
term perspective from a single institution in Madrid. J Anti-
microb Chemother 61, 64–72 (2008)

12. Kiratisin P, Apisarnthanarak A, Laesripa C, Saifon P: Mo-
lecular characterization and epidemiology of extended-
spectrum beta-lactamase-producing Escherichia coli and 
Klebsiella pneumoniae isolates causing health care-asso-
ciated infection in Thailand, where the CTX-M family is 
 endemic. Antimicrob Agents Chemother 52, 2818–2824 
(2008)

13. Bialvaei AZ, Samadi Kafil H: Colistin, mechanisms and 
prevalence of resistance. Curr Med Res Opin 31, 707–721 
(2015)

14. Ranjbar R, Giammanco GM, Aleo A, Plano MRA, Naghoni 
A, et al.: Characterization of the first extended-spectrum 



CTX-M-15 in Salmonella and Shigella

European Journal of Microbiology and Immunology

137

β-lactamase-producing nontyphoidal Salmonella strains 
isolated in Tehran, Iran. Foodborne Pathog Dis 7, 91–95 
(2010)

15. Ranjbar R, Ghazi FM, Farshad S, Giammanco GM, Aleo 
A, et al.: The occurrence of extended-spectrum β-lacta-
mase producing Shigella spp. in Tehran, Iran. IJM 5, 108 
(2013)

16. Akhi MT, Bialvaei A, Ghotaslou R, Asgharzadeh M, Naghili 
B, Pirzadeh T, et al.: Faecal carriage of ESBL and plasmid-
mediated AmpC β-lactamase genes in Klebsiella spp. and 
Shigella spp. isolated from inpatient and outpatient carriers 
in Tabriz, Iran. Int J Fund Appl Sci 8, 16–29 (2016)

17. Kelly MT, Brenner DJ, Farmer III JJ (1985): Enterobacte-
riaceae. In: E.H. Lennette, A. Balows, W. Hausler, Jr. and 
H.J. Shadomy, eds., American Society for Microbiology, 
Washington, DC

18. Clinical and Laboratory Standards Institute (2012). M100-
S22. Performance standards for antimicrobial susceptibility 
testing: 22nd informational supplement. CLSI, Wayne, PA

19. Jarlier V, Nicolas MH, Fournier G, Philippon A: Extended 
broad-spectrum beta-lactamases conferring transferable re-
sistance to newer beta-lactam agents in Enterobacteriaceae: 
hospital prevalence and susceptibility patterns. Rev Infect 
Dis 10, 867–878 (1988)

20. Thomson KS, Sanders CC: Detection of extended-spectrum 
beta-lactamases in members of the family Enterobacte-
riaceae: comparison of the double-disk and three-dimen-
sional tests. Antimicrob Agents Chemother 36, 1877–1882 
(1992)

21. al Naiemi N, Duim B, Bart A A: CTX-M extended-spectrum 
beta-lactamase in Pseudomonas aeruginosa and Steno-
trophomonas maltophilia. J Med Microbiol 55, 1607–1608 
(2006)

22. Asgharzadeh M, Kafil HS, Khakpour M: Comparison of 
mycobacterial interspersed repetitive unit-variable number 
tandem repeat and IS6110-RFLP methods in identifying epi-
demiological links in patients with tuberculosis in North-
west of Iran. Ann Microbiol 58, 333–339 (2008)

23. Asgharzadeh M, Kafil HS, Ebrahimzadeh ME, Bohlouli A: 
Mannose-binding lectin gene and promoter polymorphism 
and susceptibility to renal dysfunction in systemic lupus ery-
thematosus. J Biol Sci 7, 801–805 (2007)

24. Mirzaie S, Hassanzadeh M, Ashrafi I: Identification and 
characterization of Salmonella isolates from captured house 
sparrows. Turk J Vet Anim Sci 34, 181–186 (2010)

25. Bialvaei AZ, Kafil HS, Asgharzadeh M, Aghazadeh M, 
Yousefi M: CTX-M extended-spectrum beta-lactamase-
producing Klebsiella spp., Salmonella spp., Shigella spp. and 
Escherichia coli isolates in Iranian hospitals. Braz J Micro-
biol 47, 706–711 (2016)

26. Yu Y, Ji S, Chen Y, Zhou W, Wei Z, et al.: Resistance of 
strains producing extended-spectrum β-lactamases and gen-
otype distribution in China. J Infect 54, 53–57 (2007)

27. Hamidian M, Tajbakhsh M, Walther-Rasmussen J, Zali MR: 
Emergence of extended-spectrum beta-lactamases in clini-
cal isolates of Salmonella enterica in Tehran, Iran. Jpn J In-
fect Dis 62, 368–371 (2009)

28. Tajbakhsh M, Garcia Migura L, Rahbar M, Svendsen CA, 
Mohammadzadeh M, et al.: Antimicrobial-resistant Shigella 
infections from Iran: an overlooked problem? J Antimicrob 
Chemother 67, 1128–1133 (2012)

29. Rezaee MA, Abdinia B, Abri R, Kafil HS: Comparison of 
the antibiotic resistance patterns among Shigella species iso-
lated from pediatric hospital between 1995–1999 and 2009–
2013 in North-West of Iran. J Anal Res Clin Med, 2, 118–122 
(2014)

30. George E, Sankar S, Jesudasan M, Sudandiradoss C, Nanda-
gopal B: Molecular characterization of CTX-M-type ex-
tended-spectrum beta-lactamase-producing E. coli isolated 
from humans and the environment. Indian J Med Microbiol 
33, 73 (2015)

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

32. Ramazanzadeh R, Chitsaz M, Bahmani N: Prevalence and 
antimicrobial susceptibility of extended-spectrum beta-lac-
tamase-producing bacteria in intensive care units of San-
andaj General Hospitals (Kurdistan, Iran). Chemotherapy 
55, 287–292 (2009)

33. Peerayeh SN, Rostami E, Siadat SD, Derakhshan S: High 
rate of aminoglycoside resistance in CTX-M-15 producing 
Klebsiella pneumoniae isolates in Tehran, Iran. Lab Med 45, 
231–237 (2014)

34. Gonullu N, Aktas Z, Kayacan CB, Salcioglu M, Carattoli A, 
et al.: Dissemination of CTX-M-15 β-lactamase genes car-
ried on Inc FI and FII plasmids among clinical isolates of 
Escherichia coli in a University Hospital in Istanbul, Tur-
key. J Clin Microbiol 46, 1110–1112 (2008)

35. Matar GM, Kattar MM, Khairallah MT, Abi-Rached R, 
Mokhbat J: Detection of plasmid-encoded bla-CTX-M-15 
and bla-TEM-1 genes in a Lebanese Salmonella isolate that 
produces extended-spectrum beta-lactamase. Ann Trop 
Med Parasitol 102, 651–653 (2008)

36. Rotimi VO, Jamal W, Pal T, Sovenned A, Albert MJ: Emer-
gence of CTX-M-15 type extended-spectrum beta-lacta-
mase-producing Salmonella spp. in Kuwait and the United 
Arab Emirates. J Med Microbiol 57, 881–886 (2008)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


