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Objective(s): blaCTX-M and blaPER are two genes that encode class A extended-spectrum β-
lactamases (ESBLs) and can be responsible for therapeutic problems. This study was carried out 
to evaluate the molecular properties of these genes in clinical isolates of Enterobacteriaceae by 
polymerase chain reaction (PCR), restriction digestion and sequencing. 
Materials and Methods: During six months, starting from January 2012, one hundred clinical 
isolates of Enterobacteriaceae were collected from urinary samples. The ESBL-producing isolates 
were detected by phenotypic confirmation test. After plasmid extraction, blaPER and blaCTX-M genes 
were detected using PCR by specific primers. The blaCTX-M PCR products were digested with Taq1, 
and two of the blaCTX-M genes were sequenced. 
Results: Phenotypic tests showed that 27 (27%) isolates were ESBL producers with the highest 
frequency for Klebsiella pneumoniae (47.4%) and Escherichia coli (17.9%). Twenty six (26%) of 
Enterobacteriaceae isolates harbored the blaCTX-M gene, and none of them had blaPER. The 
restriction analysis of PCR products showed that all blaCTX-M amplified products had the same 
patterns. Both sequenced bacteria were CTX-M-15 type ESBL carriers.   
Conclusion: The results of this study showed the blaCTX-M-15 gene in Enterobacteriaceae isolates for 
the first time in Mashhad, Iran. High degrees of associated resistance to co-trimoxazole and 
gentamicin were found in ESBL producers. Therefore, an integrated and regular management of 
antibiotic prescription need to be trained in our society. 
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Introduction 
Resistance to β-lactam antibiotics dates back to 

the first years of discovery of resistance to the first 
antibiotic, penicillin. The first β-lactamase was 
observed in Escherichia coli bacteria which 
hydrolyzed penicillin (1). The emergence of 
resistance to β-lactam antibiotics is related to beta-
lactamases coding by plasmids which are rapidly 
spread from strain to strain among most clinical 
isolates (2). Until now, over 200 different types of 
extended-spectrum β-lactamase (ESBL) have been 
identified worldwide, the majority of which are 
found in Enterobacteriaceae family (3). Most ESBLs 
are derivatives of TEM (Temoneira) or/and SHV 
(sulphydryl variable) enzymes (4, 5). In recent years, 
a new family of plasmid-mediated ESBLs, called CTX-
M (cefotaxime-hydrolyzing β-lactamase), has been 

 

arisen that preferentially hydrolyzed cefotaxime (3). 
CTX-M was reported in 1989 for the first time in 
Germany (6) and is often found in E. coli                         
and Klebsiella pneumoniae as well as in other 
Enterobacteriaceae (3). PER-1 (Pseudomonas 
extended-resistant) was first detected in 
Pseudomonas aeruginosa (7) and later in Salmonella 
enterica and Acinetobacter isolates. PER-2, which 
shows 86% homology to PER-1, has been reported in 
S. enterica, E. coli, K. pneumoniae, Proteus mirabilis, 
and Vibrio cholera O1 El Tor (8, 9). Currently, 
microbial resistance through ESBL has been 
recognized globally and now ESBLs are a problem 
throughout the world (3). Although some studies 
have been carried out to detect ESBL-producing 
bacteria in Mashhad (10, 11), there are not enough 
data on molecular properties of blaCTX-M and blaPER
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Table 1. PCR conditions for amplifying blaCTX-M and blaPER genes by polymerase chain reaction 
 

Stage  Temperature (˚C) Time No. cycle 
Hot start  94 5 min 1 
 Denaturation 94 30 sec 

35 Cycle Annealing 55 (blaCTX-M), 48 (blaPER) 30 sec 
 Extension 72 30 sec (blaCTX-M), 60 sec (blaPER) 
Final extension  72 3 min (blaCTX-M), 5 min (blaPER) 1 

 
genes among Enterobacteriaceae bacteria in this 
area. Therefore, the present study was undertaken in 
two teaching hospitals of Mashhad University to 
determine genetic properties of ESBL-producing 
Enterobacteriaceae isolates related to blaCTX-M and 
blaPER genes.  

 

Materials and Methods 
Bacterial isolates and antibiotic susceptibility 
testing 

During six months, from January to June 2012, 
100 Enterobacteriaceae were collected from urinary 
samples of inpatients and outpatients referred to 
Qaem Hospital and 17-Shahrivar Hospital 
Laboratories in Mashhad. All isolates were identified 
by differential biochemical standard tests. Antibiotic 
susceptibility testing was applied by disk diffusion 
method for ampicillin (AP, 10 µg), cephalothin (KF, 
30 µg), nalidixic acid (NA, 30 µg), gentamicin (Gm, 10 
µg), amikacin (AK, 30 µg), cefotaxime (CTX, 30 µg), 
ceftazidime (CAZ, 30 µg), nitrofurantoin (NI, 300 µg), 
co-trimoxazole (TS, 25 µg), and imipenem (IMI, 10 
µg) disks (MAST, UK) on Mueller-Hinton agar 
(Microbiology, Germany) according to Clinical and 
Laboratory Standards Institute (CLSI) guidelines 
(12).  
 
Phenotypic ESBL detection 

Screening for ESBL producers was carried out by 
double disk approximation test and ESBL 
confirmative test according to CLSI standards. 
Double disk approximation test was employed by 
augmentin (20 + 10 µg), cefotaxime and ceftazidime 
disks, and ESBL confirmation test was tried out by 
ceftazidime/clavulanate (10 + 30 µg) combination 
disk and ceftazidime (13, 14). A positive test defined 
as 5 mm increase in zone diameter in comparison 
to a disk without clavulanic acid (13, 14). Genus and 
species of ESBL-producing bacteria were confirmed 
by Microgen kit and Microgen identification system 
software (Microgen Bioproducts GNA- ID UK).  
 
PCR amplification of blaCTX-M and blaPER genes 

Pure bacteria was inoculated in Lauria Bertani 
broth (Biomark, India) containing 100 µg/ml 
ampicillin (Sigma, Germany) and incubated at 37C, 
shaking 185 rpm for 16-18 hr. Plasmid extraction 
was done by Perfect Prep-Spin Mini Kit-5 Prime-USA 
according to procedure instructions. A volume of 5 µl 
of extracted plasmid (contained 18-20 ng/µl of DNA) 
was used to perform PCR. Identification of blaCTX-M 

gene was conducted with a pair of primer CTX-MU1 

(5- ATG TGC ACC AGT AAR GT-3) and CTX-MU2 (5-
TGG GTR AAR TAR GTS ACC AGA-3) which amplified a 
593 bp fragment (15). The specific primers which 
were used for amplification of blaPER were PER-
forward (5-AATTTGGGCTTAGGGCAGAA-3) and PER-
reverse (5-ATGAATGTCATTATAAAAGC-3) to amplify 
a 924 bp fragment (16). PCR was performed in 30 µl 
mixture of 3 µl 10X buffer, 1 µl of 10 mM MgCl2, 0.25 
µl of 5 U/µl Taq DNA polymerase (Fermentas-
Lituania), 0.5 µl of 10 mM of each deoxynucleaotide 
triphosphate, 1 µl of 10 µM of each primer and 5 µl of 
plasmid extracts in a thermal cycler (Kyratec- 
Korea). The amplification was performed according 
to conditions which are shown in Table 1.  

Pseudo. aeroginosa containing blaPER, and E. coli 
containing blaCTX-M received from Pasteur Institute, 
Iran, were used as positive controls. The PCR 
products were evaluated after electrophoresis on 1% 
gel and staining with ethidium bromide. A 100 bp 
ladder standard (Fermentas, Lithuania) was used as 
molecular weight ladder. 
 
Restriction analysis of PCR products and 
confirmation of the amplified products  

Following PCR, the blaCTX-M PCR products were 
digested with Taq1 (Fermentas, Lithuania) for 3 hr at 
65°C. PCR products were extracted with Agarose Gel 
Extract Mini Kit-50 Prep (5 Prime, USA) according to 
procedure guidelines. For restriction enzyme 
digestion, 6 µl of each PCR products were mixed with 
25 µl buffer, 1 µl distilled water and 2 µl Taq1 
restriction enzyme. The restriction enzyme was 
selected by using CLC Main workbench 5 software. 
 
DNA sequencing analysis 

The PCR products of two samples that showed 
the highest multi-resistance to tested antibiotics 
were sequenced on both strands by using CTX-MU-1 
and CTX-MU-2 primers with an ABI 3730 XL 
automated DNA sequencer (Macrogen, Korea). The 
nucleotide sequences were analyzed using the 
Sequencher sequence software alignment (Version 
4.10.1) and were compared to the identified β-
lactamase: CTX-M-15 gene from K. pneumoniae 
plasmid pMRC151 in the GenBank nucleotide 
database under accession no. AY995205 available on 
the Internet at the National Center of Biotechnology 
Information website (http://www.ncbi.nlm.nih.gov). 
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Table 2. Antibiotic susceptibility of isolated Enterobacteriaceae 
family bacteria to various antibiotics 
 

Antibiotics Susceptible Intermediate Resistance 
Ampicillin 12 30 58 
Cefotaxime 29 43 28 
Cephalothin 45 9 46 
Ceftazidime 48 38 14 
Co-trimoxazole 54 2 44 
Nalidixic acid 58 7 35 
Gentamicin 75 12 13 
Amikacin 93 7 0 
Nitrofurantoin 96 2 2 
Imipenem 100 0 0 

 
Statistical analysis 

Statistical analysis was carried out by using 
Statistica software. Chi-square test was used for 
determination of significance of association. The P-
value ≤ 0.05 was considered significant. 
 

Results 
One hundred bacterial isolates of the 

Enterobacteriaceae family were detected from 
urinary samples of patients. There were 67 E. coli, 19 
K. pneumoniae, 5 K. oxytoca, 5 Enterobacter cloacae, 2 
Proteus mirabilis, 1 Pro. vulgaris, and 1 Citrobacter 
diversus. Among them, E. coli was the most common 
isolated microorganism followed by K. pneumoniae. 

Fifty seven urinary samples were from 
inpatients and 43 samples were from outpatients. 
Table 2 shows the results of disc diffusion 
susceptibility test for isolated bacteria. As Table 2 
indicates, there is high prevalence of resistance and 
intermediate to ampicillin (88%) and cefotaxime 
(71%). Moreover, the most susceptibility was for 
imipenem (100%) and nitrofurantoin (96%) among 
the tested antibiotics. 

Compared to K. pneumoniae, a higher percentage 
of E. coli isolates were resistant to nalidixic acid 
(81.8% vs. 9.1%), co-trimoxazole (6.1% vs. 33.4%),

 
 
Figure 1. PCR products of CTX-M type extended-spectrum             
β-lactamases producing isolates on 1% agarose gel (Pos: positive 
control, Neg: negative control, M: marker 100 bp) 
 

cefotaxime (75% vs. 25%) and cephalothin (6.2% vs. 
26.1%); while resistance to ceftazidime was higher 
in K. pneumoniae in comparison to E. coli (60% vs. 
40%).  

The antimicrobial susceptibility results of 
inpatients and outpatients are shown in Table 3. 
Antimicrobial resistance among hospitalized patients 
was higher than that of outpatients. 

ESBL production was observed in 27% of 
isolated bacteria by phenotypic confirmatory test. 
Twelve (27.9%) of 43 isolated bacteria from 
inpatients and 15 (26.3%) of 57 bacteria from 
outpatients were ESBL-producing. Among isolated 
Enterobacteriaceae, the frequency of ESBL 
production for K. pneumoniae and E. coli was 47.4% 
and 17.9%, respectively. A high percentage of ESBL 
producers were resistant to co-trimoxazole, 
gentamicin and nalidixic acid (Table 4). Resistance to 
gentamicin and co-trimoxazole was associated with 
ESBL production (P-value < 0.01).  

Among seven bacteria with multi-resistance to 
gentamicin, co-trimoxazole and nalidixic acid, 5 
(71.4%) were ESBL producers, 4 were K. 
pneumoniae, and three were E. coli.   

In the present study, 26 isolates harbored the 
blaCTX-M gene and none of them contained blaPER. 
Figure 1 shows PCR products on 1% agarose gel. 

The restriction enzyme digestion analysis 
 

Table 3. Antimicrobial susceptibility test results of clinical isolates of inpatients and outpatients (S: susceptible, R: resistant) 

 

Table 4. Antimicrobial susceptibilities of clinical isolated bacteria 
 

* P-value < 0.01 

Antibiotics Outpatients (n=57) No. (%) 
                   S                                       R 

Inpatients (n=43) No. (%) 
S                         R 

Co-trimoxazole 34 (59.6) 22 (38.5) 21 (46.6) 21 (46.6) 

Nalidixic acid 41 (71.9) 13 (22.8) 17 (39.6) 22 (51.3) 
Nitrofurantoin 56 (98.3) 0 40 (93.1)            2 (4.6) 

Amikacin 51 (89.5) 0 42 (97.6)                0 
Gentamicin 48 (84.2) 5 (8.7) 27 (62.8)           8 (18.6) 

Ceftazidime 29 (50.8) 3 (5.4) 19 (44.3)           11 (25.5) 
Ampicillin 4 (7.1) 22 (47.3) 8 (18.6)             31 (72.1) 

Cefotaxime 28 (49.1) 10 (17.6) 1 (2.3)               18 (41.9) 
Cephalothin 29 (50.8) 21 (36.8) 16 (37.2)           25 (58.2) 

Imipenem 57 (100) 0 43 (100)                 0 

Antibiotics Outpatients (n=57) No. (%) 
                   S                                       R 

Inpatients (n=43) No. (%) 
                 S                                            R 

Co-trimoxazole 9 (33.3) 18 (66.7) 45 (61.7) 26 (35.6) 
Nalidixic acid 14 (51.8) 11 (40.8) 44 (60.2) 44 (60.2)           
Nitrofurantoin 27 (100) 0 69 (94.6) 69 (94.6)             
Amikacin 27 (100) 0 66 (90.4) 66 (90.4)                
Gentamicin 17 (62.9) 8 (29.7)* 58 (79.4) 58 (79.4)             
Imipenem 27 (100) 0 73 (100) 73 (100) 
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Figure 2. Digestion pattern of the blaCTX-M amplified products on 
1% agarose gel (M: marker, Pos: positive control) 
 

showed that all of the blaCTX-M amplified products had 
similar patterns (Figure 2). According to the sequence 
presented in NCBI website, after enzyme excision by 
TaqI on blaCTX-M, products would be 270 and 323 kbp 
being located nearly in one area on the gel.    

As shown in Figure 3, sequencing of the PCR 
products for two tested isolates revealed one 
variation in the β-lactamase blaCTX-M gene from one 
isolate at position 421 (c.421 A>G; p.K76K). This 
mutation is silent due to coding the same amino acid 
as lysine. The sequence of the other isolate was 
similar to the compared strain (blaCTX-M-15 gene from 
K. pneumoniae with accession no. AY995205).  

 

Discussion 
Identification of common etiologic organisms of 

nosocomial pathogens and their pattern of antibiotic 
resistance is of great importance for controlling the 
diseases and reducing the costs. Since the members of 
Enterobacteriaceae are the main factors of nosocomial 
and community-acquired infections, establishing a new 
strategy in diagnosis and treatment of ESBL-producing 
bacteria is essential. ESBL-carrying Enterobacteriaceae 
is an increasing problem in the urinary tract infections 
throughout the world. The prevalence of ESBL-
producing bacteria differs greatly worldwide and 
mainly depends on the extensive use of -lactam 
antibiotics in the communities (17-19). 

The occurrence of ESBL producers in urinary 
isolates of Enterobacteriaceae in our study was found 
to be 27% and the percentage of ESBL-producing 
strains among isolates of E. coli and K. pneumoniae 
was 17.9% and 47.4%, respectively. The resistance 
of bacteria isolated from hospitalized patients, 
particularly for β-lactam antibiotics, was higher than 
that of outpatients probably representing a more 
rapid transfer of antimicrobial resistance genes 
among hospitalized patients.  

Our findings suggest that CTX-M type β-
lactamases are widespread in the studied community 
(96.3%). We found higher prevalence of CTX-M type 
β-lactamase than that reported in many developed 
countries such as Spain and France (17). 

The occurrence and distribution of ESBL varies 
among different species and countries. It 
demonstrates important geographical differences in 
Europe, ranging from a percentage below one 
(Estonia) to 41% (Romania) for E. coli, and from 0%

 
Figure 3.  The homozygous A to G transition substitution at 
position 421, leading to a silent mutation at codon 76 in β-
lactamase CTX-M-15 gene 
 

(Iceland) to 91% (Romania) for K. pneumoniae (17). In 
Poland, the proportion of ESBL producers in hospitals 
(11.1%) varies in different species from 2.5% for E. coli 
to 40.4% for K. pneumoniae and 70.8% for Serratia 
marcescens, the two latter having a higher prevalence 
due to outbreak situations (17).  

CTX-M-15 is frequently detected in Entero-
bacteriaceae in several countries like the UK, Turkey, 
Spain, Norway, Italy, Portugal (17), Korea (20), and 
India (21). Possibly similar to other societies,                  
the prevalence of CTX-M-15-producing type of 
Enterobacteriaceae is increasing in our society. Since its 
first description in 2001, CTX-M-15 has been identified 
in multiple locations in Asia and Europe (22).  

This study documented the emergence of CTX-M-
15-producing Enterobacteria for the first time in 
Mashhad, Iran. CTX-M-15 differs from CTX-M-3 by an 
Asp-240    Gly substitution that increases activity 
against ceftazidime (23). Moreover, our results showed 
that none of the isolated Enterobacteriaceae carried 
blaPER gene, which is similar to what has been reported 
for E. coli isolates by Shahcheraghi et al from Tehran, 
Iran (16). Much higher (49.25%) prevalence of blaPER 

gene has been reported among ESBL-producing strains 
of Pseudo aeroginosa isolated from burn patients (24). 
The blaPER-1 gene has been detected mainly in glucose-
nonfermenting Gram-negative bacilli, such as Pseudo 
aeruginosa (25) and Alcaligenes faecalis (26); however, 
it has been recently found in Enterobacteriaceae and 
Aeromonas media as well (29-31). This gene has been 
lately reported for the first time from K. pneumoniae. 
The authors are of the opinion that there is                                
a possi-bility of further dissemination of blaPER-1                           
gene in Enterobacteriaceae (30). Our study also showed 
that a higher percentage of ESBL-positive isolates           
were resistant to gentamicin and nalidixic acid. Co-
resistance to gentamicin and ciprofloxacin has been 
reported in India (31), and to aminoglycosides and 
fluoroquinolones in Uruguay (32) and Portugal (33). 
 

 

Conclusion 
This is the first report of blaCTX-M-15 gene in                   

E. coli isolates from Mashhad hospitals. From the 
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results of the present study it may be concluded that 
CTX-M-producing Enterobacteriaceae and perhaps 
the CTX-M-15 type of ESBL producers are increasing 
in our community. Control on the antimicrobial 
prescription as well as an integrated and regular 
management of antibiotic healing need to be 
practiced in our society. 
 

Acknowledgement 
This work was partly supported by the Research 

Deputy of Islamic Azad University- Mashhad Branch 
and carried out in the Department of Biology, Faculty 
of Basic Sciences, Islamic Azad University Mashhad 
Branch, Iran. 

 

Conflict of Interests   
All authors declare that they have no conflicts of 

interest. 
 

References 
1.  Abraham EP, Chain E. An enzyme from bacteria able 
to destroy penicillin. Nature 1940; 146:837. 
2. Rupp ME, Fey PD. Extended spectrum beta-
lactamase ESBL-producing Enterobacteriaceae: 
considerations for diagnosis, prevention and drug 
treatment. Drugs 2003; 63:353-365. 
3.  Bradford PA. Extended-spectrum β-lactamases in 
the 21st century: characterization, epidemiology, and 
detection of this important resistance threat. Clin 
Microbiol Rev 2001; 14: 933–951. 
4. Bush K, Jacoby GA, Medeiros AA. A functional 
classification scheme for β-lactamases and its 
correlation with molecular structure. Antimicrob 
Agents Chemother 1995; 39:1211–1233. 
5. Jacoby GA, Medeiros AA. More extended-spectrum 
β-lactamases. Antimicrob Agents Chemother 1991; 
35:1697–1704. 
6. Rasmussen JW, Hoiby N. Cefotaximases (CTX-M-
ases), an expanding family of extended-spectrum β -
lactamases. Can J Microbiol 2004; 50:137-165. 
7. Nordmann P, Ronco E, Naas T, Duport C, Michel-
Briand Y, Labia R.  Characterization of a novel 
extended-spectrum β-lactamase from Pseudomonas 
aeruginosa. Antimicrob Agents Chemother 1993; 
37:962-969. 
8. Bauernfeind A, Stemplinger I, Jungwirth R, 
Mangold P, Amann S, Akalin E, et al. Characterization 
of beta-lactamase gene blaPER-2, which encodes an 
extended-spectrum class A beta-lactamase. 
Antimicrob Agents Chemother 1996; 40:616-620. 
9. Petroni A, Corso A, Melano R, Cacace ML, Bru AM, 
Rossi A, et al. Plasmidic extended-spectrum beta-
lactamases in Vibrio cholerae O1 El Tor isolates in 
Argentina. Antimicrob Agents Chemother 2002; 
46:1462-1468. 
10. Riyahi Zaniani F, Meshkat Z, Naderi Nasab M, 
Khaje-Karamadini M, Ghazvini K, Rezaee A, et al. The 
prevalence of TEM and SHV genes among extended-
spectrum beta-lactamases producing Escherichia 
coli and Klebsiella pneumonia. Iran J Basic Med Sci 
2012; 15:654-660. 
11. Nakhaei Moghaddam M, Forghanifard MM, 
Moshrefi S. Prevalence and molecular 

characterization of plasmid-mediated extended-
spectrum β-lactamase genes (blaTEM, blaCTX, and blaSHV 
genes) among urinary E. coli clinical isolates in 
Mashhad, Iran. Iran J Basic Med Sci 2012; 15:833-
839.  
12. Clinical and Laboratory Standards 
Institute. Performance standards for antimicrobial 
susceptibility testing, 12th informational supplement. 
M100-S12, Clinical and Laboratory Standards 
Institute, Wayne, PA: 2002.      
13. M'Zali FH, Chanawong A, Kerr G, Birkenhead D, 
Hawkey PM. Detection of extended- spectrum beta-
lactamases in members of the family 
Enterobacteriaceae: comparison of the MAST DD test, 
the double disk and the E test ESBL. Antimicrob 
Agents Chemother 2000; 45:881-885. 
14. Clinical and Laboratory Standards 
Institute. Performance standards for antimicrobial 
disk susceptibility test. 7th ed. Approved standards, 
CLSI Document M2-A7, Vol. 20. Wayne PA: 2000.       
15. Pagani L, Dell' Amico E, Migliavacca R, D'Andrea 
MM, Giacobone E, Amicosante G, et al. Multiple CTX-
M-type extended-spectrum beta-lactamases in 
nosocomial isolates of Enterobacteriaceae from a 
hospital in northern Italy. J Clin Microbiol 2003; 
41:4264-4269. 
16. Shahcheraghi F, Nasiri S, Noveiri H. The survey of 
genes encoding beta-lactamases, in Escherichia coli 
resistant to beta-lactam and non-beta-lactam 
antibiotics. Iran J Basic Med Sci 2010; 13:230-237. 
17. Coque TM, Baquero FB, Canton R. Increasing 
prevalence of ESBL-producing Enterobacteriaceae in 
Europe. Euro Surveill 2008; 13.  
18. Livemore DM. -lactamases in laboratory and 
clinical resistance. Clin Microbiol Rev 1995; 8:557-584. 
19. Canton R, Novais A, Valverde A, Machado E, Peixe 
L, Baquero F, et al. Prevalence and spread                          
of extended-spectrum beta-lactamase-producing 
Enterobacteriaceae in Europe. Clin Microbiol 
Infect 2008; 14:144-153. 
20. Song W, Lee H, Lee K, Jeong SH, Bae IK, Kim JS,           
et al. CTX-M-14 and CTX-M-15 enzymes are the 
dominant type of extended-spectrum β-lactamase in 
clinical isolates of Escherichia coli from Korea. J Med 
Microbiol 2009; 58:261-266. 
21. Haque SF, Ali SZ, Tp M, Khan AU. Prevalence of 
plasmid mediated bla(TEM-1) and bla(CTX-M-15) 
type extended spectrum beta-lactamases in patients 
with sepsis. Asian Pac J Trop Med 2012; 5:98–102. 
22. Gangoue-Pieboji J, Miriagou V, Vourli S, Tzelepi 

E, Ngassam P, Tzouvelekis LS. Emergence of CTX-M-15-
producing enterobacteria in Cameroon and character
ization of a blaCTX-M-15-carrrying element. 
Antimicrob Agents Chemother 2005; 49: 441-443. 
23. Poirel L, Gniadkowski M, Nordmann P.  
Biochemical analysis of the ceftazidime-hydrolyzing 
extended-spectrum-β-lactamase CTX-M-15 and of its 
structurally related β-lactamase CTX-M-3. J 
Antimicrob Chemother 2002; 50: 1031-1034. 
24. Mirsalehian A, Feizabadi M, Nakhjavani 
FA, Jabalameli F, Goli H, Kalantari N. Detection of 
VEB-1, OXA-10 and PER-1 genotypes in extended-
spectrum beta-lactamase-producing Pseudomonas 
aeruginosa strains isolated from burn patients. 
Burns 2010; 36: 70-74.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rupp%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fey%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/12558458
http://www.ncbi.nlm.nih.gov/pubmed?term=D'Andrea%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=12958255
http://www.ncbi.nlm.nih.gov/pubmed?term=D'Andrea%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=12958255
http://www.ncbi.nlm.nih.gov/pubmed?term=Giacobone%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12958255
http://www.ncbi.nlm.nih.gov/pubmed?term=Amicosante%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12958255
http://www.ncbi.nlm.nih.gov/pubmed?term=Cant%C3%B3n%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed?term=Novais%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed?term=Valverde%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed?term=Machado%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed?term=Peixe%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed?term=Peixe%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed?term=Baquero%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18154538
http://www.ncbi.nlm.nih.gov/pubmed/18154538
http://www.ncbi.nlm.nih.gov/pubmed/18154538
http://www.sciencedirect.com/science/journal/19957645/5/2
http://www.ncbi.nlm.nih.gov/pubmed?term=Gangoue-Pieboji%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed?term=Miriagou%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed?term=Vourli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed?term=Tzelepi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed?term=Tzelepi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed?term=Ngassam%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed?term=Tzouvelekis%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=15616331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emergence+of+CTX-M-15-Producing+Enterobacteria+in+Cameroon+and+Characterization+of+a+blaCTX-M-15-Carrying+Element
http://www.ncbi.nlm.nih.gov/pubmed?term=Mirsalehian%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed?term=Feizabadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakhjavani%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakhjavani%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed?term=Jabalameli%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed?term=Goli%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed?term=Kalantari%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19524369
http://www.ncbi.nlm.nih.gov/pubmed/19524369


 Nakhaei Moghaddam et al            CTX-M and PER ESBLs in enterobacteriaceae 
 

 Iran J Basic Med Sci, Vol. 17, No. 5, May 2014   

 

383 

25. Nordmann P, Ronco E, Naas T, Duport C, Michel-
Briand Y, Labia R. Characterization of a novel 
extended-spectrum β-lactamase from P. 
aeruginosa. Antimicrob. Agents Chemother 
1993; 37:962-969. 
26. Pereira M, Perilli M, Mantengoli E, Luzzaro 
F, Toniolo A, Rossolini GM, et al. PER-1 extended-
spectrum β-lactamase production in an Alcaligenes 
faecalis clinical isolate resistant to expanded-
spectrum cephalosporins and monobactams from a 
hospital in Northern Italy. Microb Drug Resist 
2000; 6:85-90.  
27. Mnif B, Ktari S, Chaari A, Medhioub F,  Rhimi F, 
Bouaziz M, et al. 2012: Nosocomial dissemination 
of Providencia stuartii isolates carrying blaOXA-48, 
blaPER-1, blaCMY-4 and qnrA6 in a Tunisian hospital.  J 
Antimicrob Chemother 2013; 68:329-332. 
28. Pagani L, Migliavacca R, Pallecchi L, Matti C, 
Giacobone E, Amicosante G, et al. Emerging extended-
spectrum β-lactamases in Proteus mirabilis. J Clin 
Microbiol 2002; 40:1549-1552.   
9. Picão RC, Poirel L, Demarta A, Silva CS, Corvaglia 
AR, Petrini O, Nordmann P. Plasmid-mediated 

quinolone resistance in Aeromonas allosaccharophila 
recovered from a Swiss lake. J Antimicrob 
Chemother 2008; 62:948-950. 
30. Lee  K,  Cho B, Jeong SH, Kim J, Jang  SJ, Bae  K. 
Interspecies dissemination of the bla gene encoding 
PER-1 extended-spectrum β-lactamase. Antimicrob 
Agents Chemother 2011; 55:1305–1307. 
31. Umadevi S, Kandhakumari G, Joseph NM, Kumar 
S, Easow JM, Stephen S, et al. Prevalence and 
antimicrobial susceptibility pattern of ESBL 
producing Gram negative bacilli. JCDR J Clin Diagn 
Res 2011; 5:236-239.  
32. Garcia-Fulgueiras V, Bado I, Mota MI, Robino L, 
Cordeiro NF, Varela A, et al. Extended-spectrum beta-
lactamases and plasmid-mediated quinolone 
resistance in enterobacterial clinical isolates in the 
pediatric hospital of Uruguay. J Antimicrob 
Chemother 2011; 66:1725-1729.  
33. Mendonca N, Leitaco J, Manageiro V, Ferreira E, 
Canica M. Spread of ESBL CTX-M 
producing E. coli clinical isolates in community and 
nosocomial environments in Portugal. Antimicrob 
Agents Chemother 2007; 51:1946-1155. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Nordmann%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8517722
http://www.ncbi.nlm.nih.gov/pubmed?term=Ronco%20E%5BAuthor%5D&cauthor=true&cauthor_uid=8517722
http://www.ncbi.nlm.nih.gov/pubmed?term=Naas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8517722
http://www.ncbi.nlm.nih.gov/pubmed?term=Duport%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8517722
http://www.ncbi.nlm.nih.gov/pubmed?term=Michel-Briand%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8517722
http://www.ncbi.nlm.nih.gov/pubmed?term=Michel-Briand%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8517722
http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10868812
http://www.ncbi.nlm.nih.gov/pubmed?term=Perilli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10868812
http://www.ncbi.nlm.nih.gov/pubmed?term=Mantengoli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10868812
http://www.ncbi.nlm.nih.gov/pubmed?term=Luzzaro%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10868812
http://www.ncbi.nlm.nih.gov/pubmed?term=Luzzaro%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10868812
http://www.ncbi.nlm.nih.gov/pubmed?term=Toniolo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10868812
http://jac.oxfordjournals.org/search?author1=Faouzia+Rhimi&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Pic%C3%A3o%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Poirel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Demarta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Silva%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Corvaglia%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Corvaglia%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Petrini%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed?term=Nordmann%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18772162
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20B%5Bauth%5D

