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Abstract 

Background: Production of β–lactamases by enterobacteriacea, especially Klebsiella 

pneumoniae, is one of the emerging health problems in the world. The purpose of this study 

was to assess the frequency of blaCTX-M15 gene in K. pneumoniae isolates and determine the 

molecular diversity of CTXM producing isolates. 

Methods: In this descriptive cross-sectional study, 100 K. pneumoniae strains were tested for 

susceptibility to cephalosporins category by using disk diffusion method and the prevalence 

of blaCTX-M-1, blaCTX-M-2, blaCTX-M-9 and blaCTX-M-15 genes in these isolates were determined by 

PCR method. Eventually, a number of isolates were sequenced and typed using single locus 

sequence typing (SLST) of blaCTX-M group1 gene. The phylogenetic relatedness of all CTX-M 

producing isolates was determined using enterobacterial repetitive intergenic consensus-PCR 

(ERIC-PCR).  

Results: The rates of resistance to cephalosporins category were in the following order: 

cefepime (57%), ceftazidime (54%), cefotaxime (36%), cefoxitine (32%), and ceftriaxone 

(31%). Of all 100 K. pneumoniae isolates, 31 were harboring CTX-M genes, and the blaCTX-

M-15 (77.5%) was the most common of the genes investigated. The results of SLST showed 

that all of the sequenced isolates were divided into two groups. ERIC-PCR method 

represented ten different genotypes in CTX-M positive isolates.  

Conclusion: The results of this study showed that one of the most important reasons for 

resistance to cephalosporins is the presence of blaCTX-M genes. In addition, there was a high 

genetic variation among blaCTX-M genes positive isolates. 
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Introduction 

Klebsiella pneumoniae is one of the opportunistic 

pathogens which is associated with both hospital and 

community infections. This bacterium causes many diseases 

including septicemia, bacteremia, arteritis, meningitis, urinary 

tract and soft tissue infections in people with weakened 

immune systems (1). β-Lactamases are major drugs in the 

treatment of K. pneumoniae infection. These antibiotics inhibit 

bacterial cell wall synthesis by binding covalently to penicillin 

binding proteins (PBPs) in the cytoplasmic membrane. 

However, over the past 10 years, extended spectrum beta-

lactamase (ESBL)-producing K. pneumoniae have 
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increasingly been reported worldwide, and beta-lactam drugs 

gradually lose their effectiveness (2). 

One of the reasons for resistance to beta-lactams in 

enterobacteriacea is the outbreak of extended-spectrum β-

lactamase producers. Beta-lactamase enzymes, by destroying 

the β-lactam ring, inhibit the effect of β-lactam antibiotics on 

the bacterial cell wall (3). Based on function, β-lactamase 

enzymes are classified into four groups or four main classes 

including A, B, C, and D Ambler. The TEM, SHV and CTX-

M-type beta-lactamases are placed in class A Ambler. CTX-M 

β-lactamases have little genetic linkage with TEM and SHV 

beta-lactamases types, but are very similar to the chromosomal 

AmpC enzyme (4). The CTX-M-type beta-lactamases based 

on their amino acid are divided into five main groups that 

include CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9 and 

CTX-M-25 (4,5).  

The prevalence of CTX-M is increasing in all continents; 

however, the abundance of these genes in the three geographic 

regions of South Africa, Eastern Europe and South America is 

very high (6). In sum, the high prevalence of CTX-M in India 

and China shows that these genes are the most abundant beta-

lactamase genes in the world (7). In particular, a rapid increase 

of CTX-M-15, which belongs to the CTX-M-1 group has been 

widely reported, and CTX-M-15 is now the most common 

ESBL in many parts of the world (6). 

The increased prevalence of extended-spectrum β-

lactamase gene in K. pneumoniae is a serious global health 

issue for healthcare professionals and the importance of the 

disease makes new demands on researchers to perform ESBL 

typing. In fact, typing of ESBL isolates is necessary to prevent 

and control infections caused by these bacteria. Several 

phenotypic and genotypic methods are available for this 

purpose. However, PCR-based methods such as enterobacterial 

repetitive intergenic consensus-PCR (ERIC-PCR) and single 

locus sequence typing (SLST) are simple, rapid, cheap and 

useful techniques for epidemiological investigations of 

enterobacteriaceae (8). 

The present study was conducted to investigate the 

distribution of b-lactamase genes (bla CTX-M) and genotyping 

based on the sequence of bla CTX-M genes and intergenic 

consensus in clinical isolates of K. pneumoniae, Tehran, Iran. 

 

Material and Methods 

Sample collection and bacterial isolation 

This descriptive cross-sectional study was conducted 

during May 2016 to April 2017. In this study, 100 urinary 

isolates of K. pneumoniae were collected from Milad hospital 

and identified using standard microbiological techniques. In the 

flowing, DNA of all isolates was extracted by the boiling 

method and stored at -20 °Ċ prior to PCR assay (9).  

 

Antimicrobial susceptibility testing 

The antibiotic susceptibility test was carried out by agar 

disk diffusion method, according to the guidelines of the 

National Committee for Clinical Laboratory Standards (CLSI) 

(2017), using 5 antibiotics from cephalosporins category 

including: ceftriaxone (30 μg), cefotaxime (30 μg), cefoxitin 

(30 μg), cefepime (30 μg) and ceftazidime (30 μg) (10). 

 

Detection of blaCTX-M genes 

At first, all 100 K. pneumoniae isolates were assessed  for 

the detection of bla CTX-M gene and then positive isolates were 

subjected to identify blaCTX-M -1, blaCTX-M - 2 , blaCTX-M -9 and bla 

CTX-M-15 genes by specific primers (Table 1). The PCR reaction 

was carried out in a final volume of 25 μl containing 12.5 μl of 
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mastermix (Amplicon, Denmark), 10 pmol of each primer, 450 

ng of extracted DNA and 9 μl of deionized water. The PCR 

amplification was performed under the following conditions: 

initial denaturation at 94°C for 7 min followed by denaturation 

at 95°C for 50 sec, annealing at 55°C for 50 sec and extension 

at 72°C for 1:20 min (35 cycles) and a final extension at 72°C 

for 12 min. Then, the amplified products were visualized with 

UV light after electrophoresis on 1% agarose gel containing 

DNA Safe Stain Dye (3 μl in 100 ml) (Cinaclone, Iran).  

 

Table 1. Primers used to detect blaCTX-M genes 

Target gene Sequence 5′- 3′ Product size (bp) Reference 

blaCTX-M 
ATGTGCAGCACCAGTAAAGTGATGGC 

TGGGTAAAGTAAGTGACCAGAATCAGCGG 
593 (11) 

blaCTX-M-1 
GGTTAAAAAATCACTGCGTC 

TTGGTGACGATTTTAGCCGC 
863 (12) 

blaCTX-M-2 
ATGATGACTCAGAGCATTCG 
TGGGTTACGATTTTCGCCGC 

865 (12) 

blaCTX-M -9 
ATGGTGACAAAGAGAGTGCA 

CCCTTCGGCGATGATTCTC 
869 (12) 

blaCTX-M-15 
CACACGTGGAATTTAGGGACT 
GCCGTCTAAGGCGATAAACA 

996 (13) 

 

ERIC-PCR 

ERIC-PCR typing was performed using the primer ERIC-

1 (5-AAGTAAGTGACTGGGG TGAGCG-3). This has been 

previously reported by Wasfi et al. (14). The ERIC-PCR 

reaction (20 μl) contained 12.5 μl of Master Mix 2x (Amplicon, 

Denmark), 300 ng of template DNA, 10 pmol of primer and 9.5 

μl distilled water. The amplification was carried out using a 

similar PCR program to that of the bla CTX-M genes, except for 

an annealing temperature of 37 °C.  

 

Analysis of ERIC-PCR data 

For this purpose, the results of the ERIC-PCR 

electrophoresis were scored 1 and 0 (the presence of band = 1, 

the absence of band = 0), and then the data were entered into 

the NTSYS-PC software (version 2.1, USA). First, Jaccard's 

coefficient was calculated among the isolates, then the 

clustering of isolates and construction of a dendrogram was 

performed using unweighted pair group method with 

arithmetic averages (UPGMA) (15).  

 

Power of discrimination 

Numerical index of the discriminatory ability of ERIC-

PCR method was calculated by applying Simpson’s Index of 

Diversity equation which is given as follows: 

 D =
1

N(N−1)
∑ nj(nj − 1)s
j=1  

N = Total number of isolates  

 S = Total number of types 

Nj = The number of strains belonging to the jth type (16). 
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SLST typing 

Twelve isolates were selected for sequencing the bla CTX-M 

group-1 gene.  This gene was amplified using primers described 

above in a volume of 100 μl. Sequences were determined with 

an ABI 3730XL DNA Analyzer by BIONEER Company in 

Korea. The nucleotide sequences were analyzed using the 

DNASTAR's Lasergene sequence analysis software (Version 

14.1), and dendrogram was designed using the Mega software 

(Version 6.0) by comparing the sequences recorded in the 

NCBI database. 

 

Statistical analysis 

The results were compared by Spearman correlation test 

and Chi square test using SPSS software (Version 19.0), and 

P<0.05 was considered statistically significant. 

 

Results 

Antimicrobial susceptibility test 

Antimicrobial susceptibility of 100 K. pneumoniae isolates 

against 5 agents from cephalosporin category was performed 

by disk diffusion test and results showed that the percentage of 

resistance to cefepime, ceftazidime, cefotaxime, cefoxitin and 

ceftriaxone was 57%, 54%, 36%, 32% and 31%, respectively. 

 

Detection of blaCTX-M genes 

In the current study, the amplification results of beta-

lactamase genes demonstrated that out of the 100 isolates, 31 

strains (31%) were positive for blaCTX-M gene. Of all 31 isolates, 

87%, 77.5%, 25.8% and 16.1% of isolates were harboring  

blaCTX-M-1, blaCTX-M-15, bla CTX-M-9 and blaCTX-M-2 genes, 

respectively. In addition, the simultaneous presence of blaCTX-

M-1/ blaCTX-M-2 and blaCTX-M-1/ blaCTX-M-9 was detected in five and 

six isolates, respectively. Figure 1 represents the electrophoretic 

patterns of the blaCTXM genes.  

 

 

 

Figure 1. PCR amplification of blaCTX-M genes. Lane 1-4 positive results for blaCTXM-1 (a), blaCTX-M-2 (b), blaCTX-M-9 (c) and blaCTX-M-15 (d) genes, Lane 5 

100bp DNA size marker. 

 

 



Journal of Kerman University of Medical Sciences 2019, Vol. 26, Issue 5 

343 

Our findings indicated that resistance to cephalosporins 

category among blaCTX-M positive isolates was higher than 

negative isolates (p<0.05). The results also showed that 

resistance to ceftriaxone, cefotaxime and cefoxitin was 

significantly correlated with the presence of blaCTX-M genes. 

As shown in Table 2, most of the CTXM positive isolates 

belonged to phenotypic group a. This group harbored CTX-M-

1 as predominate gene group followed by CTX-M-9. CTX-M-

15 was found to be the most frequent gene in CTXM group 1.  

 

Table 2. Phenotypic and genotypic characteristics of urinary isolates of K. pneumoniae 

Phenotypic group No. of isolates 

(31) 

Antibiotics No. of CTX-M genes positive isolates 
ERIC-PCR cluster 

  

 CRO CTX FOX FEP CAZ CTX-M-1 CTX-M-2 CTX-M-9 CTX-M-15  

            

a 17 R R R R R 16 1 4 15 I-VI, X 

b 7 R R R S/I S/I 6 1 3 6 I, II, V,VII, VIII 

c 3 R R R R S/I 3 2 1 2 VI, VIII 

d 1 R S S I R 1 0 0 0 VI 

e 1 S S S I R 0 1 0 0 IX 

f 1 S I S R I 1 0 0 1 VI 

g 1 S S S R S 0 0 0 0 IX 

CAZ, ceftazidime; CTX, cefotaxime; FEP, cefepime; FOX, cefoxitin; CRO, ceftriaxone, Susceptibility results were interpreted according to the CLSI criteria: R, resistant; I, 

intermediate; S, susceptible. 

 

ERIC-PCR 

Of the total 31 isolates subjected to ERIC-PCR method, 31 

PCR patterns were observed. In total, 5–12 bands were 

generated by ERIC primer with molecular weight ranging from 

100< to >3000 bp (Figure 2). The generated dendrogram 

showed that all of the isolates were clustered into ten groups  

(I–X). In addition, the discriminatory index of this method 

involving 31 strains was 0.9921 (Figure 3). 
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Figure 2. Example of ERIC-PCR patterns among blaCTX-M positive K. pneumoniae isolates. L: 100 and 250 bp DNA ladder, lane C- (Negative 

control), lane 1-10:  tested isolates. 

 

 

Figure 3. Dendrogram of 31 CTX-M positive strains based on ERIC-PCR. (ERIC-PCR cluster I-X). 
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SLST typing 

The consensus sequences of each isolate were obtained 

using DNAstar software, and the dendrogram was drawn using 

Mega software. In Figure 4, 12 isolates of K. pneumoniae, 

which are related to this study, are labeled with solid circles. As 

it is shown, our isolates were divided into two groups, 

indicating that the two groups of the genes are predominant in 

Milad Hospital, Tehran. 

 

    

Figure 4. Dendrogram of 12 isolates of K. pneumoniae carrying beta-lactamase genes based on bla CTX-M group1 gene sequence 

 

Discussion  

Multiple drug resistance and ESBL-producing 

enterobacteriaceae have significantly increased in recent years, 

and are now an emerging problem worldwide (2). The 

production of CTX-M β-lactamases is an important 

mechanism of resistance to cephalosporins category in K. 

pneumonia isolates (17). The surveillances of phenotypic and 

genotypic antibiotic resistance in enterobacteriaceae can 

provide useful information regarding their epidemiology (8). 

In this study, the antimicrobial susceptibility of 100 K. 

pneumoniae isolates against 5 agents from cephalosporins 

categories was determined. The highest rates of resistance were 

reported for cefepime and ceftazidime. Therefore, these drugs 

may not be as effective as first-line agents in treating infections 

caused by K. pneumoniae. On the other hand, resistance to 

other cephalosporins was also a matter of consideration, which 

is a serious warning to the ineffectiveness of this antibiotic in 

recent years. This finding is largely in accordance with the 
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findings reported by other studies (7,18). In a study from Egypt 

in 2013, more than 63% of K. pneumonia isolates were resistant 

to cefoxitin and ceftriaxone. The results obtained were higher 

in comparison to our findings (19). There are many reasons for 

the variability of bacterial drug resistance among the studies. 

The access to medical care, population demographics and illicit 

drug use are some of the variables explaining such differences 

(20). 

The production of CTX-M β-lactamases causes resistance 

to a range of beta-lactam antibiotics including cephalosporins. 

In this study, 31% of isolates carried blaCTX-M genes which 

indicate the increasing prevalence of this β-lactamase type. In 

this case, a high prevalence and broad geographic distribution 

of CTXM- producing enterobacteriacea have been reported in 

UK, France, India, Cambodia, Qatar, Russia  and Canada, that 

has become the most prevalent ESBL-type world-wide (21). In 

a study from Sari, Ahanjan et al. showed that 45%  of K. 

pneumoniae isolates harbored the bla CTX-M gene (22). Maleki 

et al. reported that 24% of clinical isolates of K. pneumoniae 

from Al-Zahra Hospital, Isfahan, were positive for blaCTX-M 

gene (23). In another study conducted by Torshizi et al., in 

Hajar hospital in Shahrekord, it was shown that 4% of K. 

pneumoniae isolates carried the blaCTX-M gene (24). It seems 

that the annual rate of infection with blaCTX-M positive of K. 

pneumoniae has been on a rise in different regions of Iran, and 

this could be due to the convenient transfer of these genes by 

carrier plasmids (25). 

The use of rapid and accurate methods in typing of K. 

pneumoniae isolates is essential to investigate the genetic 

diversity and delineate geographical distribution among 

enterobacteriacea. In this study, PCR-based methods such as 

SLST typing and ERIC-PCR were used for typing of K. 

pneumoniae isolates. In SLST typing, the PCR products of 

blaCTX-M group1 gene were sequenced and by using the Mega 

software, the genetic relationship of the isolates was compared 

with sequences recorded in the NCBI database. The results 

showed that our isolates are located in two groups. This 

indicates that the two groups will be compromised by 

environmental conditions and spread to the community. On the 

other hand, most of the isolates in the dendrogram were strains 

identified from neighboring countries (such as Turkey and 

Russia). This shows the probability of a specific type of 

outbreak in the region. 

In the ERIC-PCR method, based on the generated 

dendrogram, all the CTXM producing isolates were grouped 

into ten clusters (I - X) at 90% similarity. This shows that the 

genetic differences among K. pneumoniae isolates were 

enough to be clustered separately. However, majority of 

isolates belonged to groups II and VI which were identified as 

outbreak isolates. This finding is in line with the reports by Seifi 

et al. and Chmielewski et al. (26,27).  

 In the dendrogram of ERIC-PCR, most of the isolates were 

closely related to each other (coefficient 50 %<). However, six 

isolates (No. 6, 82, 74, 77, 89, 96) were exceptionally distinct 

and had a different ERIC-PCR profile. Hence, these isolates are 

considered as the emerging strains, which emphasize the need 

to control their prevalence (28). 

 

Conclusion 

Monitoring of blaCTX-M genes in this study showed that the 

prevalence of these genes were high among clinical isolates of 

K. pneumoniae. It should also be noted that due to the easy 

transfer of these genes via plasmid, the probability of their 

spread in the future is possible. On the other hand, due to the 

high resistance to cefepime and ceftazidime, the use of these 



Journal of Kerman University of Medical Sciences 2019, Vol. 26, Issue 5 

347 

drugs in the treatment of K. pneumoniae infections is not 

recommended. Moreover, results of ERIC-PCR method 

demonstrated the presence of genetic variation among blaCTX-M 

positive isolates and help the differentiation of outbreak isolates 

from sporadic cases. 

 

 

Acknowledgment 

This study was part of a Master's thesis and was supported 

by Islamic Azad University, Islamshahr Branch.   

Conflicts of interest 

The authors declare no conflict of interest. 

References 

1. Li B, Zhao Y, Liu C, Chen Z, Zhou D. Molecular 

pathogenesis of Klebsiella pneumoniae. Future 

Microbiol 2014; 9(9):1071-81. 

2. McDanel J, Schweizer M, Crabb V, Nelson R, 

Samore M, Khader K, et al. Incidence of extended-

spectrum β-lactamase (ESBL)-producing 

Escherichia coli and Klebsiella infections in the 

United States: a systematic literature review. Infect 

Control Hosp Epidemiol 2017; 38(10):1209-15. 

3. Pitout JD, Laupland KB. Extended-spectrum β-

lactamase-producing Enterobacteriaceae: an 

emerging public-health concern. Lancet Infect Dis 

2008; 8(3):159-66. 

4. Paterson DL, Bonomo RA. Extended-spectrum β-

lactamases: a clinical update. Clin Microbiol Rev 

2005; 18(4):657-86. 

5. Cantón R, González-Alba JM, Galán JC. CTX-M 

enzymes: origin and diffusion. Front Microbiol 

2012; 3:110. 

6. Tansarli GS, Poulikakos P, Kapaskelis A, Falagas 

ME. Proportion of extended-spectrum β-lactamase 

(ESBL)-producing isolates among 

Enterobacteriaceae in Africa: evaluation of the 

evidence—systematic review. J Antimicrob 

Chemother 2014; 69(5):1177-84. 

7. Liang C, Xing B, Yang X, Fu Y, Feng Y, Zhang Y. 

Molecular epidemiology of aminoglycosides 

resistance on Klebsiella pneumoniae in a hospital 

in China. Int J Clin Exp Med 2015; 8(1):1381-5. 

8. Hakimi Alni R, Ghobadi N, Najafi Asl M, Sharifi A. 

Genotyping of Escherichia coli isolated from 

human and water samples using ERIC-PCR method 

in Hamadan city. Journal of Birjand University of 

Medical Sciences 2018; 25(4): 297-306. [In 

Persian]. 

9. Ribeiro Junior JC, Tamanini R, Soares BF, de 

Oliveira AM, de Godoi Silva F, da Silva FF, et al. 

Efficiency of boiling and four other methods for 

genomic DNA extraction of deteriorating spore-

forming bacteria from milk. Semina: Ciências 

Agrárias, Londrina 2016; 37(5):3069-78. 

10. Clinical and Laboratory Standards Institute. 

Performance Standards for Antimicrobial 

Susceptibility Testing, Twenty-Third 

Informational Supplement. USA: CLSI; 2015. 

11. Monstein HJ, Ostholm-Balkhed A, Nilsson MV, Nilsson 

M, Dornbusch K, Nilsson LE. Multiplex PCR 

amplification assay for the detection of blaSHV, 

blaTEM and blaCTX-M genes in 

Enterobacteriaceae. APMIS 2007; 115(12):1400-8. 

12. Guessennd N, Bremont S, Gbonon V, Kacou-

Ndouba A, Ekaza E, Lambert T, et al. Qnr-type 

quinolone resistance in extended-spectrum beta-

lactamase producing enterobacteria in Abidjan, 

Ivory Coast. Pathol Biol (Paris) 2008; 56(7-8):439-

46. 

13. Muzaheed, Doi Y, Adams-Haduch JM, Endimiani 

A, Sidjabat HE, Gaddad SM, et al. High prevalence 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Monstein%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostholm-Balkhed%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsson%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dornbusch%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsson%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=18184411
https://www.ncbi.nlm.nih.gov/pubmed/18184411


High Prevalence of CTXM-15 in K. Pneumoniae … Ahmadkhan Beygi, et al 

348 

of CTX-M-15-producing Klebsiella pneumoniae 

among inpatients and outpatients with urinary tract 

infection in Southern India. J Antimicrob 

Chemother 2008; 61(6):1393-4. 

14. Wasfi R, Elkhatib WF, Ashour HM. Molecular 

typing and virulence analysis of multidrug resistant 

Klebsiella pneumoniae clinical isolates recovered 

from Egyptian hospitals. Sci Rep 2016; 6:38929. 

15. Alni RH, Mohammadzadeh A, Mahmoodi P, 

Alikhani MY. RAPD-PCR analysis of 

Staphylococcus aureus strains isolated from 

different sources. Comp Clin Path 2017; 26(4):823-

30. 

16. Hunter PR, Gaston MA. Numerical index of the 

discriminatory ability of typing systems: an 

application of Simpson's index of diversity. J Clin 

Microbiol 1988; 26(11):2465-6. 

17. Pfeifer Y, Cullik A, Witte W. Resistance to 

cephalosporins and carbapenems in Gram-negative 

bacterial pathogens. Int J Med Microbiol 2010; 

300(6):371-9. 

18. Amin A, Ghumro PB, Hussain S, Hameed A. 

Prevalence of antibiotic resistance among clinical 

isolates of Klebsiella pneumoniae isolated from a 

Tertiary Care Hospital in Pakistan. Malaysian 

Journal of Microbiology 2009; 5(2):81-6. 

19. Ahmed OI, El-Hady SA, Ahmed TM, Ahmed IZ. 

Detection of bla SHV and bla CTX-M genes in 

ESBL producing Klebsiella pneumoniae isolated 

from Egyptian patients with suspected nosocomial 

infections. Egyptian Journal of Medical Human 

Genetics 2013; 14(3):277-83. 

20. Croft AC, D'Antoni AV, Terzulli SL. Update on the 

antibacterial resistance crisis. Med Sci Monit 2007; 

13(6):RA103-18. 

21. Nakhaei Moghaddam M, Zolfaghari MR, Tavakoli‐

Hoseini N. CTX-M-15 Type β-lactamases from 

clinical isolates of Escherichia coli by polymerase 

Chain reaction and DNA sequencing. Zahedan J 

Res Med Sci 2017; 19(3):e5814. 

22. Ahanjan M, Naderi F, Solimanii A. Prevalence of 

beta-lactamases genes and antibiotic resistance 

pattern of Klebsiella pneumoniae isolated from 

teaching hospitals, Sari, Iran, 2014. Journal of 

Mazandaran University of Medical Sciences 2017; 

27(149):79-87. [In Persian]. 

23. Maleki N, Tahanasab Z, Mobasherizadeh S, Rezaei 

A, Faghri J. Prevalence of CTX-M and TEM β-

lactamases in Klebsiella pneumoniae isolates from 

patients with urinary tract Infection, Al-Zahra 

Hospital, Isfahan, Iran. Adv Biomed Res 2018; 

7:10. 

24. Torshizi R, Zamanzad B, Mokhtareyan K, Karimi 

A. Determination of CTX-M genes in 

enterobacteriaceae producing extended-spectrum 

beta-lactamase using PCR method. Journal of 

Shahrekord University of Medical Sciences 

2011;13(3):9-17. [In Persian]. 

25. Fair RJ, Tor Y. Antibiotics and bacterial resistance 

in the 21st century. Perspect Medicin Chem 2014; 

6:25-64. 

26. Seifi K, Kazemian H, Heidari H, Rezagholizadeh 

F, Saee Y, Shirvani F, et al. Evaluation of biofilm 

formation among Klebsiella pneumoniae isolates 

and molecular characterization by ERIC-PCR. 

Jundishapur J Microbiol 2016; 9(1):e30682. 

27. Chmielewski R, Wieliczko A, Kuczkowski M, 

Mazurkiewicz M, Ugorski M. Comparison of ITS 

Profiling, REP‐and ERIC‐PCR of Salmonella 

enteritidis isolates from Poland. J Vet Med B Infect 

Dis Vet Public Health 2002; 49(4):163-8. 

28. Knetsch CW, Lawley TD, Hensgens MP, Corver J, 

Wilcox MW, Kuijper EJ. Current application and 

future perspectives of molecular typing methods to 

study Clostridium difficile infections. Euro Surveill 

2013; 18(4):20381. 

 

 


