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ABSTRACT 

A total of 275 clinical isolates of Klebsiella pneumoniae were collected from three general 

hospitals in Duhok, Erbil, and Sulymania, during the period September 2010 to June 2011. The 

Minimum Inhibitory Concentration (MIC) of these isolates was measured using the Gram-

negative susceptibility card (GNC) of Phoenix system. Only 187 ESBL producing K. pneumoniae 

isolates were detected by this system. These isolates were confirmed as 100% ESBLs producers 

by the Double Disk Synergy Test (DDST). All 187 K. pneumoniae isolates were 100% resistant to 

ampicillin, cefazolin, cefepime, ceftriaxone, cefotaxime, cefuroxime, ceftazidime, and aztreonam. 

These isolates showed different percentages of resistance 81.8%, 68.5%, 65.8%, 52.4%, 

50.3%, 34.2%, 25.2%, and 12.3% towards, ampicillin/sulbactam, gentamicin, trimethoprime-

sulfamethoxazole, ciprofloxacin, piperacillin-tazobactam, amikacin, amoxicillin-clavulanate, and 

levofloxacin respectively.  Molecular characterization by PCR was employed using specific 

primers for three different ESBLs (TEM, SHV, and CTX-M). Results obtained revealed that 

SHV-type ESBLs were the most common ESBL occurring in 87% of the isolates with phenotypic 

evidence of ESBLs production. While those for TEM-type and CTX-M-type were 60% and 58% 

respectively.   
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INTRODUCTION 

ince the first report in Germany in 

1983 (Knothe et al., 1983), the 

emergence of extended-spectrum β-lactamase 

(ESBL)-producing Klebsiella pneumoniae and 

Escherichia coli has become a serious problem 

in hospitalized patients worldwide (Hawser et 

al., 2009; Livermore et al., 2007; Paterson & 

Bonomo, 2005). 

According to Ambler’s classification, ESBLs 

belong to the class A β-lactamases, which 

possess an active-site serine residue essential for 

the inactivation of β-lactam antimicrobial drugs 

(Ambler, 1980). The term ‘extended spectrum β-

lactamase’ was originally applied to describe the 

TEM (came from the patient’s name, 

Temoniera) and SHV (sulphydryl variable) 

variants that can hydrolyse 

oxyiminocephalosporins (Paterson & Bonomo, 

2005). The ‘extended spectrum’ activity is 

defined in terms of hydrolyzing oxyimino-

cephalosporins or aztreonam at more than 10% 

of the activity of hydrolysing benzylpenicillin. 

Generally, ESBLs confer resistance to all 

penicillins, first-to-fourth generation 

cephalosporins and monobactams, but not to 

cephamycins or carbapenems (Bush and Jacoby 

1995, Rupp 2003). However, like many other 

class A β-lactamases, ESBLs are inactivated by 

the β-lactamase inhibitors, such as clavulanate 

(Bradford, 2001). 

Most of the genes encoding ESBLs are 

plasmid-borne and are often located on the 

transposons and integrons, facilitating their 

mobilization with other resistance determinants. 

Thus the genes encoding ESBLs may be easily 

transferred between bacteria (Eckert et al., 

2006). 

The most prevalent ESBLs are included in 

three groups: TEM, SHV and CTX-M 

(cefotaximase). The TEM enzyme was first 

discovered in E. coli in Greece (Jacoby 1997). 

The SHV enzymes were named after the thiol 

variable active site and are commonly associated 

with K. pneumoniae (Livermore 1995). A CTX-

M-type ESBL is a plamid encoded ESBL related 

to the chromosomal β-lactamase of Kluyvera 

ascorbata (Humeniuk et al., 2002). This enzyme 

was characterized by a better hydrolyzation of 

cefuroxime, cefotaxime and cefepime than that 

of ceftazidime (Bernard et al., 1992).  CTX-M-

type of ESBLs has spread rapidly and is now 

regarded as the most dominant types of ESBLs 
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in many countries (Livermore et al., 2007; Lee 

et al., 2009).  

Materials and Methods 

Bacterial Isolation 

Two hundred and seventy five clinical 

isolates of K. pneumoniae were collected from 

various clinical specimens (urine, blood, sputum, 

and wound) from September 2010 to June 2011 

from three general hospitals (Duhok, Erbil, 

Sulymania) Kurdistan region/Iraq. All these 

isolates were characterized using different 

conventional bacteriological and biochemical 

methods (Bagley et al., 1981; Monnet and 

Freney, 1994). 

Antimicrobial Susceptibility and ESBLs Test 

Using the Phoenix System 

The antimicrobial susceptibility and the 

ability to produce ESBLs of all 275 isolates were 

tested by the Phoenix system (Beckton 

Dickinson Diagnostic Systems, USA) using 

Gram-negative susceptibility card (GNS). 

Double Disk Synergy Test (DDST) 

All ESBL producing isolates were tested by 

Double Disk Synergy Test  (DDST) with disks 

containing cefotaxime (30 µg), ceftazidime (30 

µg), and ceftriaxone (30 µg) were placed 25 mm 

(centre to centre) from an Amoxicillin-

clavulanic acid disk ( 30 and 10 μg, 

respectively), incubated at 35°C over night. 

Detection of ESBL Genes by Polymerase 

Chain Reaction  

Genomic DNA was extracted from 100 K. 

pneumoniae ESBLs-positive isolates using DNA 

extraction kit (Genaid, Korea). The ESBLs 

genes TEM, SHV, CTX-M were detected using 

specific pair of primers for each gene 

(EUROFINS, mwg, operon, Germany). 

Polymerase chain reactions (PCR) were 

employed as indicated Table.3, and the resulting 

PCR products were electrophoresed using 1.5% 

agarose gel. 

Results and Discussion 

Antimicrobial Susceptibility Test 

Results from Table (1) showed that all 187 K. 

pneumoniae isolates were 100% resistant to 

ampicillin, cefazolin, cefepime, ceftriaxone, 

cefotaxime, cefuroxime, ceftazidime, and 

aztreonam. These isolates showed different 

percentages of resistance 81.8%, 68.5%, 65.8%, 

52.4%, 50.3%, 34.2%, 25.2%, and 12.3% 

towards, ampicillin/sulbactam, gentamicin, 

trimethoprime-sulfamethoxazole, ciprofloxacin, 

piperacillin-tazobactam, amikacin, amoxicillin-

clavulanate, and levofloxacin respectively. K. 

pneumoniae isolates harboring ESBLs are 

significantly more frequently found to be 

resistant to antibiotic than non-producing 

isolates (Mohammad et al., 2009; Dechen et al., 

2009).
Table 1. Antibiotic susceptibility of ESBL-producing K. pneumoniae clinical isolates using    Phoenix system.  

Antibiotic Resistant Isolates Sensitive Isolates 

No. Percentage%  No. Percentage% 

Amikacin 64 34.22 123 65.8 

Gentamicin 128 68.5 59 31.5 

Ertapenem   187 100 

Imipenem   187 100 

Meropenem   187 100 

Cefazolin  187 100   

Cefuroxime  187 100   

Cefoxitin  27 14.4 160 85.6 

Ceftazidime  187 100   

Ceftriaxone  187 100   

Cefepime  187 100   

Cefotaxime 187 100   

Aztreonam   187 100   

Amoxycilin/clavulanic 47 25.2  140 74.8 

Ampicillin-Sulbactam   153  81.8 34  18.2 

Piperacillin-Tazobactam  94 50.3 93 49.7 

Trimethoprim-Sulfamethoxazole 64 65.8 36 34.2 

Ampicillin 187 100   

Ciprofloxacin  98 52.4 89 47.6 

Levofloxacin 23 12.3 164 87.3 
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Double Disk Synergy Test (DDST) 

All 175 isolates showed positive results by 

the DDST (Fig.1) which indicates that all these 

isolates were putative ESBLs producers. These 

results were 100% the same as that obtained by 

Phoenix System (Lee et al., 2008). The disk 

synergy test is regarded as the most effective for 

detecting ESBL-producing strains (Dechen et 

al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure( 1). Double Disk Synergy Test (DDST) 

Center: Clavulanic acid disk; around: 3rd generation 

cephalosporins (cefotaxime, ceftazidime and ceftriaxone). 

 

Detection of blaTEM, blaSHV, and blaCTX-

M Genes by PCR 

Only 100 isolates identified as ESBL-

producers which were tested for the presence of 

genes coding for the TEM, SHV, and CTX-M, 

using PCR employing primers that are specific 

for each gene. Results shown in Table (2) and 

Fig (2) revealed that 60 isolates harbored TEM-

type enzymes, 87 isolates harbored SHV-type 

enzymes and 58 isolates harbored CTX-M type 

enzymes.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2). Detection of PCR amplified products of 

blaTEM, blaSHV and blaCTX-M genes using 1.5% 

agarose gel electrophoresis. 

Lane 1-4 blaSHV 

lane 5-8 blaCTX-M,  

lane 9-12 blaTEM  

M: marker 

 

 
Table( 2). Detection of ESBL genes in Klebsiella 

pneumoniae clinical isolates by PCR using specific 

primers. 

ESBLs gene type No. of 

isolates 

TEM only 2 

SHV only 26 

CTX-M only 4 

TEM+SHV 14 

TEM+CTX-M 7 

SHV+CTX-M 10 

TEM+SHV+CTX-M 37 

Total 100 

 

 

 

 

 

Table(3). Primers used for detection of ESBLs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primer Primer sequences PCR Cycles 

TEM/F 

TEM/R 

5′- ATAAAATTCTTGAAGAAGACGAAA -3′ 

5′- GACAGTTACCAATGCTTAATC -3′ 

1cycle of 5 min at 94°C:30 cycles of (30 

sec at 94°C, 1 min 30 sec at 45°C, 1 min 

at 72°C); cycle of 10 min at 72°C    

SHV/F 

SHV/R 

5′- TCGTTATGCGTTATATTCGCC -3′     

5′- GGTTAGCGTTGCCAGTGCT -3′ 

1cycle of 5 min at 94°C:30 cycles of (30 

sec at 94°C, 30 sec at 48°C, 1 min at 

72°C); cycle of 10 min at 72°C   

CTX- M/F 

CTX-M/R 

5′- CGCTTTGCGATGTGCAG -3′ 

5′- ACCGCGATATCGTTGGT 3′ 

1cycle of 5 min at 94°C:30 cycles of (30 

sec at 94°C, 1 min at 58°C, 1 min at 

72°C); cycle of 10 min at 72°C    
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      To our knowledge this study is the first to be 

conducted not only in Kurdistan region but in all 

Iraq to give a snapshot on the molecular 

characterization of ESBLs. A major finding was 

that SHV-Type ESBLs were by far the most 

dominant (Table.2). Recent study in Korean 

hospitals has also confirmed the persistence of 

isolates producing SHV-type (Kim et al., 2006).  

     Recent European studies on 

Enterobacteriaceae have also confirmed the 

persistence of strains producing TEM and SHV, 

and the increasing prevalence of strains 

producing CTX-M (Rupp et al., 2003). The 

prevalence of ESBL productions revealed a 

significant geographical differences, ranging 

from 0% (Iceland) to less than 1% (Estonia) to 

41% for E. coli (Romania) and 91% (Romania) 

for K. pneumonia (Coque et al., 2008). The 

ESBL production is much less frequent in 

Europe than in Latin America and Asia, and they 

are even less frequent in the Pacific than in 

North America (Coque et al., 2008). 

      The CTX-M gene predominates in Europe, 

while in other countries, the ESBL genes are 

more diverse (Livermore et al., 2007). In the 

United Kingdom, a recent dramatic increase of 

the ESBL producing strains was observed both 

in hospitals and in the community, and this 

increase is attributed to CTX-M (Coque et al., 

2008). In Norway and Portugal, the CTX-M is 

the ESBL enzyme most frequently found in E. 

coli (Tofteland et al., 2007; Machado et al., 

2007). In Italy, the prevalence of E. coli 

producers of ESBL has also increased with a 

predominance of TEM , SHV and the emergence 

of CTX-M (Carattoli et al., 2008). Other studies 

also reported the type of ESBL produced by 

these strains and some showed the presence of 

TEM, SHV and the dramatic emergence of 

CTX-M (Daoud et al., 2003; Matar et al., 

2007and Kanj et al., 2008). 
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Klebsiella pneumoniae 
 

Klebsiella pneumoniae
.

MICPhoenix
 .

(DDST
 ampicillin, cefazolin, cefepime, 

ceftriaxone, cefotaxime, cefuroxime, ceftazidime,  aztreonam
 81.8%,  25.2%, 34.2%, 50.3%,  52.4%,    65.8%,   68.5%,  12.3%  

gentamicin , ampicillin/sulbactam, trimethoprime-sulfamethoxazole, 
ciprofloxacin amoxicillin-clavulanate,amikacin, piperacillin-tazobactam,  
levofloxacin

http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=18594169
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=18594169
http://www.ncbi.nlm.nih.gov/pubmed?term=Hong%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=18594169
http://www.ncbi.nlm.nih.gov/pubmed?term=Huh%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18594169
http://www.ncbi.nlm.nih.gov/pubmed?term=Chae%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=18594169
http://www.ncbi.nlm.nih.gov/pubmed?term=Chae%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=18594169
http://www.ncbi.nlm.nih.gov/pubmed/18594169
http://www.ncbi.nlm.nih.gov/pubmed/18594169


Journal of University of Zakho (JUOZ), Vol.1, (A) No.1, Pp 158-163, 2013             

 

 163 

(TEM, SHV,CTX-M)
SHV

TEMCTX-M
        
 

 

 

 سيفةتة بةكترلوجييةكان  و طةرديليةكانى  ئةنزيمى بيَتا  لاكتيمةيزى  شةبةنطة فراوةكانى بةكترياى
Klebsiella pneumoniae  ردستانى عيراق جياكةرةوة لة نةخوشخانةكانى هةريَمى كو. 

 ثوختة
لة نةخوشخانة سةرةكييةكانى هةر (   Klebsiella pneumoniae) بةكتريايى جورى   ) 572 (توانيم

تا   5122سليَمانى لةماوةى نيوان مانطى  ئةيلولى ,هةوليَر ,دهوك ,سىَ ثاريَزطايى هةريَمى كوردستان 
مان خويَندةوة بو ئةم بةكتريا (  MIC )ريَذةى ضرى نزمترين راطر. جيابكةمةوة  5125حوزةيرانى 

كةبة هوى كارتى هةستيارى بو بةكتريا طرام نةطةتيفةكان (  Phoenix) جياكةرةوانة بةبةكارهينانى ئاميَرى 
(GNC)  بةكتريا  بةرهةم هيَنةرى ئةنزيمى  بيَتا  ( 287) كار دةكات , لةهةموو بةكتريا جياكةرةوان تةنها

لةم ئةنجامة  دلنيا بوون بةهووى % (  211)بوون ,   ) Broad spectrum)ان  لاكتيمةيزى  شةبةنطة فراو
)  بةكتيريا ( 287) هةموو ئةو , Double Disk Synergy Test تاقيكردنةوةى ثةثكة دووانة ثيَشطيرةكان

Klebsiella pneumoniae   ) رزستن بوون بوَ  ئةم ئةنتى بايوتيكانة % ( 211)جياكةرةوة  لة: 
 (ampicillin ,cefazolin ,cefepime ,ceftriaxone, aztreonam ,cefotaxime 

,cefturoxime , ceftazidime   ) 
 :بةلام ريَذةى رزستنى جياواز يان هةبوو  

 بةرامبةر    %12.3و ,68.5%   ,65.8%    ,52.4%  ,50.3% ,34.2% ,25.2%   ,81.8%

   gentamicin , ampicillin/sulbactam , trimethoprime-sulfamethoxazole,  
ciprofloxacin    amoxicillin-clavulanate,amikacin, piperacillin-tazobactam,  و 

levofloxacin  
 . يةك بةدووايةك  

توانيمان سيفةتة طةرديلةكانيان ئةم بةكتريا جياكةرةوانة بخويَنينةوة بةبةكارهيَنانى ئاميَرى كارليَكردنى 
جوَرة  specific primersبشت بةستن بة دستثيَكة تايبةتييةكانى (   PCR) ن زنجيرة ضةند ضارةكا

 (   TEM   ,   SHV  ,  CTX-M) جياوازةكانى  ئةنزيمى بيَتا  لاكتيمةيزى  شةبةنطة  فراوةكانى  
%( 87)لة كوتاييا بوَ مان دةركةوت كة زوَربةى ئةنزيمى بيَتا  لاكتيمةيزى  شةبةنطة  فراوةكان و بةريَذةى  

بةلام جوَرى   phenotypic evidence ئةمةش بةهوى  سيفةتة دايكينييةكان  (  SHV)  لة جوَرى 
(TEM )و جوَرى % ( 01) لة  (CTX-M  ) بوون %( 28) لة. 


