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A total of 94 clinical isolates were collected from Gazi University Hospital, Turkey. Presence of ESBL 
positivity was detected using the double disk synergy test (DDST). ESBL isolates were further typed for 

the blaTEM, blaSHV, blaCTX-M and blaOXA using designed primers. ESBLs were found in 65 (69.14%) isolates 
using DDST. Plasmid DNAs of potentially ESBL positive strains were isolated. About 7.69% of the ESBL  
positive isolates did not harbour plasmid DNA. According to the PCR technique, only 2 additional 
isolates were found to be ESBL producers. blaTEM was the commonest genotype (73.43%), followed by 
blaSHV (21.87%) and blaCTX-M (17.18%), either alone or in combination. ESBL positive strains of 
Klebsiella pneumoniae, Escherichia coli, Acinetobacter baumannii and Pseudomonas aeruginosa are 
increasingly found in hospital isolates. Because these strains become resistant to available antibiotics 
and they can pass the gene to other clinical strains, the quick detection of these strains in clinical 
laboratories is very important. 
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INTRODUCTION 

 
Extended-spectrum -lactamases (ESBLs) were first des-
cribed in the 1980s and they have been detected in 
Klebsiella species, and later in Escherichia coli, Pseudo-
monas aeruginosa and Serratia marcescens and other 

gram- negative bacilli (Kiratin et al., 2008; Cheng et al., 
2008; Morris et al., 2003). ESBLs are also able to 
hydrolyze 3 and 4 generation cephalosporins and mono-
bactams. ESBL producing strains are inhibited by - 
lactamase inhibitors (clavulanic acid, sulbactam and 
tazobactam) (Bradford, 2001; Pitout et al., 2007; Giraud-
Morin and Fosse, 2003). ESBLs are a group of enzymes 
encoded by genes described predominantly on plasmid 
that are common among Enterobacteriaceae (Poole, 
2004). ESBL are an increasingly important cause of 
transferable multidrug resistance in gram-negative bac-  
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teria throughout the world. These bacteria have spread 
rapidly and have become a serious threat to human 
health worldwide (Giraud-Morin and Fosse, 2003; Poole, 
2004; Gupta, 2007).  

ESBLs are undergoing continuous mutation, causing 
the development of new enzymes showing expanded 
substrate profiles. At present, there are more than 300 
different ESBL variants, and these have been clustered 
into nine different structural and evolutionary families 
based on amino acid sequence. TEM and sulphydryl 
variable SHV were the major types. However, CTX-M 
type is more common in some countries (Paterson et al., 
2003). Determination of TEM and SHV genes by mole-
cular techniques in ESBL producing bacteria and their 
pattern of antimicrobial resistance can supply useful data 
about their epidemiology and risk factors associated with 
these infections (Jain and Mondal, 2008). The aim of this 
study was to isolate and identify the types of extended-
spectrum beta- lactamases (ESBL) produced by E. coli, 
A. baumannii and Klebsiella spp. (K. pneumoniae, K. oxy- 



  
 
 

 
Table 1. Oligonucleotide primers used for detection of beta-lactamase genes.  

 

Primers 
 

(°C) 
 

Nucleotide Sequences (5’-3’) 
 References  

Expected amplicon size (bp)  

   (GenBank no)  
 

        
 

SHV-F 60  CGCCTGTGTATTATCTCCCT  
EF125011 293  

SHV-R 62 
 

CGAGTAGTCCACCAGATCCT 
 

 

     
 

TEM-F 60  TTTCGTGTCGCCCTTATTCC  
AB282997 403  

TEM-R 62 
 

ATCGTTGTCAGAAGTAAGTTGG 
 

 

     
 

CTX-M-F 60  CGCTGTTGTTAGGAAGTGTG  
DQ303459 569  

CTX-M-R 62 
 

GGCTGGGTGAAGTAAGTGAC 
 

 

     
 

OXA-F 64  ATGGCGATTACTGGATAGATGG  
L07945 701  

OXA-R  62 
 

AGTCTTGGTCTTGGTTGTGAG 
 

 

     
 

 

 

toca, K. terrigena and K. ornithinolytica) isolated from 

various specimens (urine, blood, sputum, wound, absces-

ses, catheter, peritoneum and cerebrospinal fluid) of 

patients hospitalized in different units of Gazi University 

Medical Faculty Hospital, Turkey. 
 

 
MATERIALS AND METHODS 

 
Bacterial isolates and detection of ESBL 

 
Ninety-three clinical isolates of E. coli , A. baumannii , K. pneumo-
niae, K. oxytoca, K. terrigena and K. ornithinolytica from various 
clinical specimens (urine, blood, sputum, wound, abscesses, 
catheter, peritoneum and cerebrospinal fluid) were obtained in 2006  
- 2007 and identified with API ID 32E (Bio Mérieux, Marcy l’Etoile, 
France). E. coli, A. baumannii and Klebsiella isolates were 
screened for ESBL production by DDST using ceftazidime (30 g), 
cefotaxime (30 g), ceftriaxone (30 g) and cefpodoxime (10 g) 
antibiotic on Mueller–Hinton agar as recommended by the Clinical 
and Laboratory Standards Institute (CLSI guideline 2009). ESBL 
production was confirmed by disk potentiation test using ceftazi-
dime (30 g) and cefotaxime (30 g) antibiotic disks with and without 
clavunalic acid (10 g) and by DDST (Koneman et al., 1997; Jarlier 
et al., 1988; Philippon et al., 1989). 

 

Plasmid and chromosomal DNA analysis 
 

Plasmid DNA was isolated from clinical isolates using the alkaline 
lysis method (Stürenburg and Mack, 2003). All clinical isolates were 
grown for 12 h on nutrient agar plates. A loopful of cells from a 
single colony was transferred to 0.1 ml of H2O, and the mixture was 
boiled for 10 min to lyse the cells. The resulting cell lysate was 
centrifuged briefly (10 s at 10,000 rpm), and 15 µl of the 
supernatant was used as the DNA sample for the PCR reaction 
(Sambrook and Russel, 2001). 

 

Detection of ESBL types by PCR 
 

Primer design 
 

The specific oligonucleotide primers were designed according to 
TEM, SHV, CTX-M-type and OXA -lactamase DNA sequences 
deposited in the GenBank nucleotide sequence database with the 
accession numbers AB282997, EF125011, DQ303459 and L07945 
(Table 1). Multiple nucleotide sequence alignments were performed 
with the CLC Workbench program. Coding sequences were detect- 

 

 
ed with the Artemis program and primers were designed with the 

Perl Primer program. 

 

Amplification of the ESBL genes 
 
ESBL producing isolates were amplified using bla TEM/SHVCTX -M, OXA 
specific primers listed in Table 1. Amplification reactions were 
carried out under the following conditions: initial denaturation at 
94°C for 3 m, followed by 35 cycle of denaturation at 94°C for 45 s, 
annealing at 60°C for TEM, SHV and CTX-M and at 62°C for OXA 
for 30 s and extension at 72°C for 1 min, and a final extension at 
72°C for 3 min. A molecular marker (Fermentase SM0241 effective 
size range: 80 to 1000 kb) was used to assess PCR product size. 
 

 

RESULTS AND DISCUSSION 

 

During an 8-month period, a total of 94 clinical specimens 
from Gazi University Hospital were identified, 50 as E. 
coli, followed by A. baumannii (n = 19), K. pneumoniae (n  
= 17), K. oxytoca (n = 4), K. terrigena (n = 2) and K. 
ornithinolytica (n = 2). Sixty-five of the 94 isolates were 
confirmed as potentially ESBL producers using 
ceftazidime/clavulanate and cefotaxime/clavulanate disks 
(Table 2). Occurrence of ESBL in isolates was as follows: 
42 (84%) of 50 E. coli, 1 (5.26%) of 19 A. baumannii, 15 
(88.23%) of 17 K. pneumoniae, 4 (100%) of 4 K. oxytoca, 
2 (100%) of 2 K. terrigena, and 1 (50%) of 2 K. 
ornithinolytica (Table 2). Of the 65 isolates, 48 (73.84%) 
were from urine, 5 (7.69%) from blood, 4 (6.15%) from 
sputum, 1 (1.53%) from a wound, 1 (1.53%) from an 
abscess, 2 (3.07%) from catheters, 2 (3.07%) from 
peritoneums and 1 (1.53%) from cerebrospinal fluid 
(CSF).  

The plasmid DNAs were isolated from 58 isolates 

(90.76%) of potentially ESBL positive E. coli, A. baumannii, 

Klebsiella spp., potentially ESBL positive E. coli, A. 

baumannii and Klebsiella species that harboured plasmid 

varying from 1 to 10 (Figure 1 a, b and c). Five of the ESBL 

positive E. coli and 2 of the K. pneumoniae isolates had no 

plasmid DNA. All ESBL-producing isolat-es were screened 

by PCR using blaTEM, blaSHV, blaCTX-M and blaOXA specific 

primers (Figure 2). Some of the TEM, SHV, and CTX-M 

PCR products were subsequently se- 



 
 
 

 
Table 2. According to clinical material, distribution of ESBL positive isolates using disk diffusion (P*: Peritoneum, CSF*:  
cerebrospinal fluid).  

 
 Positive for ESBL 

Urine Blood Sputum Wound P* Catheter CSF* Abscess Total  

 by DDST / Source  

          
 

 E. coli 34 2 2 1 - 2 - 1 42 
 

 K. pneumoniae 8 2 2 - 2 - 1 - 15 
 

 K. oxytoca 4 - - - - - - - 4 
 

 K. terrigena 1 1 - - - - - - 2 
 

 K. ornithinolytica 1 - - - - - - - 1 
 

 A. baumanniii - - 1 - - - - - 1 
 

 Total 48 5 5 1 2 2 1 1 65 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

a b c 
 
Figure 1. Plasmid profiles of some Klebsiella (a), E. coli (b) and A. baumannii (c) isolates. M.  -pUC mix.  
 
 
 
 
 
 
 
 
 
 
 
 

 

a b 
 
Figure 2. PCR products of blaSHV (a: lines 1-4; b: lines 1, 4,5), blaTEM (a: Lines 5-7) and blaCTX-M (b: Lines 2, 3, 6,). M: 1000 bp DNA ladder. 
 

 

sequenced and compared with DNA GenBank sequences 
using BLAST search. ESBLs were found in 65 isolates 
(68.14%): 44 E. coli and 21 Klebsiella isolates. Some of 
the isolates harboured two or more ESBL genes. 
However, the A. baumannii isolate had none of the ESBL 
genes.  

TEM type ESBLs were found in 72.72% of E. coli, 
73.33% of K. pneumoniae, 25% of K. oxytoca and 100% 
of K. terrigena and K. ornithinolytica isolates (Table 3). 

None of the isolates had blaOXA genes. Eighteen (19.2%) 

 
 

 
out of 65 isolates carried more than one type of - lactamase 

genes, with nine isolates harbouring blaTEM and blaSHV 

genes and nine isolates harbouring blaTEM and  
blaCTX-M genes. No isolates with blaTEM, blaSHV, and bla CTX-M 

genes together were detected. BlaTEM genes were the  
most common ESBLs detected in E. coli (72.72%).  

In recent years, the problem of gradually increasing 

resistance to antibiotics has threatened the entire world. 

Production of beta-lactamase, which hydrolyses and 

inactivates beta-lactam antibiotics, has been one of the 



  
 
 

 
Table 3. Distribution of ESBL positive isolates including blaTEM, blaSHV and blaCTX-M genes by PCR. Total ESBL 

positive isolates number 64.  
 

 ESBL positive isolates / ESBL types TEM SHV CTX-M 

 E. coli   (n = 44) 32 4 10 

 K. pneumoniae   (n = 15) 11 8 1 

 K. terrigena (n = 2) 2 - - 

 K. ornithinolytica (n = 1) 1 1  

 K. oxytoca (n = 2) 1 1 - 
 

 

most important resistance mechanisms of many bacterial 
species, mainly in the family Enterobacteriace (Akcam et 
al., 2004). Resistance to extended-spectrum -lactams 
among gram-negative pathogens is increasingly associa-
ted with ESBLs (Kimura et al., 2007). ESBL positive 
enterobacterial species are becoming widespread 
throughout the world (Timko, 2004).  

In Turkey, several studies have revealed that the 
distribution of ESBLs has been observed in different 
rates. Bülüç et al. (2003) found that ESBL frequencies 
were 48% for K. pneumoniae, 40% for K. oxytoca and 
14% for E. coli isolates. However, Delialioglu et al. (2005) 
stated that ESBL frequencies of K. pneumoniae, K. 
oxytoca and E. coli isolates were 29.7, 4.2 and 18.3%, 
respectively. The prevalence of confirmed ESBL- positive 
isolates in the USA, Europe, Latin America, the Middle 
East and Asia/Pacific was 3, 5, 10 and 13% for E. coli 
and 17, 7, 11, 14, 20 and 18% for Klebsiella spp. 
(Paterson et al., 2005). ESBL production in Acinetobacter 
strains in India was 28% (Sinha et al., 2007).  

In this study, ESBL positive isolates were detected by 
DDST and PCR. Sixty- five isolates were positive in the 
disk diffusion test and 67 isolates were positive using 
PCR. The fact that only two additional isolates were 
ESBL positive proves that the disk diffusion test is quite 
accurate. One of the positive isolates with DDST had no 
ESBL with PCR; these isolates may have different ESBL 
types than the ESBL tested in this study. TEM type 
ESBLs were found in 72.72% of E. coli, 73.33% of K. 
pneumoniae, 25% of K. oxytoca and 100% of K. terrigena 
and K. ornithinolytica isolates. ESBLs are mostly encoded 
by large plasmids (up to 100 kb or even more) that are 
transferable from strain to strain and between bacterial 
species (Jarlier et al., 1988). However, in different 
studies, different ESBL plasmid sizes have been 
detected; one study in South Africa proved that plasmid 
sizes of 25 isolates of K. pneumoniae varied from 5 to 
186 kb in size (Essack et al., 2001). In another study, 48 
E. coli isolates were investigated and it was found that 
the size of plasmid DNA varied from 95 to 120 kb for 
CTX-M type ESBL and from 60 to 160 kb for SHV type 
ESBL (Velasco et al., 2007). In our study, we found that 
ESBL positive E. coli, A. baumannii and Klebsiella 
species harboured plasmid DNA from 1 to 10 of size 1 kb 
to 19 kb. The other finding was that ESBL positive iso-
lates showed plasmid DNA more often than ESBL 

 

 

negative isolates. This may be considered evidence that 
most ESBL isolates depended on plasmids. These finding 
support the result of relation between the number of 
plasmids harbored by an isolate resistance to antibiotic. 
However, there were seven ESBL positive isolates with 
no plasmid, showing that some of the ESBL genes were 
coded potentially by chromosomal DNA.  

TEM and SHV beta lactamases are mainly found in E. 
coli and Klebsiella pneumoniae, but can occur in other 
members of the family Enterobacteriaceae and in 
nonenteric organisms, such as Acinetobacter species 
(Turner, 2005). In Turkey, SHV-2 (K. pneumoniae, E. coli) 
, SHV-5 (K. pneumoniae,Enterobacter aerogenes and 
Enterobacter cloacae), SHV-12 (K. Pneumoniae and  
E. coli), OXA-16 (Pseudomonas aeruginosa), PER-1 
(Acinetobacter baumannii and P. aeruginosa), CTX-M-2, 
CTX-M-15 and TEM-1 (K. pneumoniae) type ESBLs were 
reported (Gupta, 2007; Velasco et al., 2007).  

In summary, from a total of 94 isolates, we found 50% 
(n = 47), 14.89% (n = 14) and 11.70% (n = 11) ESBL 
rates for TEM, SHV and CTX-M type beta lactamases, 
respectively. There were no strains harboring OXA type 
beta lactamase. TEM and CTX-M type ESBL were 
observed in 72.72 and 22.72% of E. coli isolates, 
respectively. SHV type ESBL was frequently found in K. 
pneumoniae (53.3%) isolates. ESBL positive strains of K. 
pneumoniae, E. coli, A. baumannii and P. aeruginosa are 
increasingly found in hospital isolates. These strains are 
usually multi-drug resistant. Because these strains 
become resistant to available antibiotics and they can 
pass the gene to other clinical strains, the quick detection 
of these strains in microbiology laboratories is very 
important. Molecular typing would determine which types 
of ESBL are present in each isolate. Molecular detection 
and identification of beta lactamases would be essential 
for a reliable epidemiological investigation of antimicrobial 
resistance. Antimicrobial therapy has played an important 
role in the treatment of human bacterial infections, but the 
drug resistance that has emerged in the treatment of 
bacterial infections due to ESBL enzymes degrades all 
beta lactam antibiotics and thus bacteria become multi-
drug resistant (Gupta, 2007). These enzymes can be 
chromosomal or plasmid mediated. The gene code for 
the enzymes may be carried on integrons. Integrons help 
in the dissemination of antimicrobial drug resistance in 
health care settings (Gupta, 2007). Therefore, ESBL pro- 



 
 
 

 

producing organisms should be identified quickly so that 

appropriate antibiotic usage and infection control 

measures can be implemented. 
 
 

ACKNOWLEDGMENTS 

 

This study was supported by Gazi University Department 

of Scientific Research Projects (project no: 05/2007-39). 
The authors wish to thank Dr. Doruk Engin, Department 

of Microbiology, Medical Faculty, University of Gazi. 
 

 
REFERENCES 
 
Akcam FZ, Gönen I, Kaya O, Yaylı G (2004). The determination of 

susceptibility of beta-lactam antibiotics and extended spectrum beta-
lactamase production in enterobactericeae which responsible from 
nosocomial infections. Med. J. Sdu. 11: 6-9.  

Bülüç M, Gürol Y, Bal Ç (2003). Rates of Extended Spectrum Beta 
Lactamases: 2000-2002. Turk. Microbiol. Soc. 33: 31-34.  

Bradford PA (2001) Extended-spectrum beta-lactamases in the 21st 
century: characterization epidemiology, and detection of this 
important resistance threat. Clin. Microbiol. Rev.14: 933-951. 

Cheng J, Ye Y, Wang YY, Hui L, Xu L, Jia-bin L (2008). Phenotypic and 
molecular characterization of 5 novel CTX-M enzymes carried by 
Klebsiella pneumoniae and Escherichia coli. Acta Pharmacol. Sin. 29: 
217-225.  

Delialio lu N, Öcal ND, Emekda G (2005). Rates of Extended-spectrum 
Beta-lactamases in Escherichia coli and Klebsiella Species Isolated 
from Various Clinical Specimens. Ankem. 19: 84-87. 

Essack SY, Hall LMC, Pillay DG, McFadyen ML, Livermore DM (2001). 
Complexity and Diversity of Klebsiella pneumoniae Strains with 

Extended-Spectrum -Lactamases Isolated in 1994 and 1996 at a 
Teaching Hospital in Durban, South Africa. Antimicrob. Agents 
Chemother. 45: 88-95.  

Giraud-Morin C, Fosse TA (2003). Seven-year survey of Klebsiella 
pneumoniae producing TEM-24 extended-spectrum -lactamase in 
Nice University Hospital (1994–2000). J. Hosp. Infect. 54: 25-31. 

Gupta V (2007). An update on newer -lactamases, Indian J. Med.  
Res. 126: 417-427.  

Jain A, Mondal R (2008). TEM & SHV genes in extended spectrum - 
lactamase producing Klebsiella species & their antimicrobial 
resistance pattern, Indian J. Med. Res. 128: 759-764, 

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

Kimura S, Ishii Y, Tateda K, Yamaguchi K (2007). Predictive analysis of 
ceftazidime hydrolysis in CTX- M-type -lactamase family members 
with a mutational substitution at position 167. Int. J. Antimicrob. 
Agents. 29: 326-331.  

Kiratisin P, Apisarnthanarak A, Laesripa C, Saifon P (2008). Molecular 
Characterization and Epidemiology of Extended-Spectrum- - 
Lactamase-Producing Escherichia coli and Klebsiellapneumoniae 
Isolates Causing Health Care-Associated Infection in Thailand, 
Where the CTX-M Family Is Endemic. Antimicrob. Agents 
Chemother., 52: 2818-2824. 

 
 
 
 

 
Koneman EW, Allen SD, Janda WM, Dowell VR, Sommers HM (1997). 

In Color Atlas and Textbook of Diagnostic Microbiology.2
nd

 edition, 
New York, pp. 171-252.  

Morris D, O’Hare C, Glennon M, Maher M, Corbett-Feeney G, Cormican 
M (2003). Extended-Spectrum -Lactamases in Ireland, Including a 
Novel Enzyme, TEM-102. Antimicrob. Agents Chemother. 47: 2572-
2578.  

Paterson DL, Hujer KM, Hujer AM, Yeiser B, Bonomo MD, Rice LB, 
Bonomo RA, (2003). The International Klebsiella Study Group 
Extended-Spectrum -Lactamases in Klebsiella pneumoniae 
Bloodstream Isolates from Seven Countries: Dominance and 
Widespread Prevalence of SHV- and CTX-M- Type -Lactamases. 
Antimicrob. Agents Chemother. 47: 3554-3560. 

Paterson DL, Rossi F, Baquero F, Hsueh PR, Woods GL, 
Satishchandran V, Snyder TA, Harvey CM, Teppler H, DiNubile MJ, 
Chow JW (2005). In vitro susceptibilities of aerobic and facultative 
Gram-negative bacilli isolated from patients with intra-abdominal 
infections worldwide: the 2003 Study for Monitoring Antimicrobial 
Resistance Trends (SMART). J. Antimicrob. Chemother. 55: 965-973. 

Philippon A, Labia R, Jacoby G (1989). Extended-spectrum beta-
lactamases. Antimicrob. Agents Chemother. 33: 1131-1136.  

Pitout JDD, Hamilton N, Church DL, Nordmann P, Poirel L (2007). 
Development and clinical validation of a molecular diagnostic assay 
to detect CTX-M-type -lactamases in Enterobacteriaceae. Clin. 
Microbiol. Infect. 13: 291-297. 

Poole K (2004). Resistance to -Lactam antibiotics. Cell. Mol. Life Sci. 
61: 2200-2223.  

Sambrook J, Russel DW (2001). Extraction and purification of plasmid; 
screening of bacterial colonies by hybridization.. In: Molecular 
Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press: 
New York, USA, 1: 31-1.80.  

Sinha M, Srinivasa H, Macaden R (2007). Antibiotic resistance profile & 
extended spectrum beta-lactamase (ESBL) production in 
Acinetobacter species. Indian J. Med. Res. 126: 63-67. 

Stürenburg E, Mack D (2003). Extended-spectrum b-lactamases: 
implications for the clinical microbiology laboratory, therapy and 
infection control. J. Infect. 47: 273-295. 

Timko J (2004). Changes of antimicrobial resistance and extended-
spectrum beta-lactamase production in Klebsiella spp. Strains. J. 
Infect. Chemother. 10: 212-215. 

Turner PJ (2005). Extended-Spectrum Beta-Lactamases. Clin. Infect.  
Dis. 41: 273-275.  

Velasco C, Romeroa L, Martinez JMR, Rodríguez-Baño J, Pascual A 
(2007). Analysis of plasmids encoding extended-spectrum beta-

lactamases (ESBLs) from Escherichia coli isolated from non-
hospitalised patients in Sevile. Int. J. Antimicrob. Agents. 29: 89-92. 


