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A b s t r a c t: The aim of this study was to determine the prevalence of ESBL-pro-
ducing Escherichia coli and Klebsiella pneumoniae as well as genes encoding ESBLs. 

Material and methods: A total of 1207 non-repeat isolates of E. coli and K. 
pneumoniae were obtained from urine, tracheal aspirate, wound swab and blood from 
patients hospitalized at the University Clinics in Skopje. ESBL set and E-test were used 
for phenotypic detection of ESBL-production. Multiplex PCR was used to identify genes 
for different types of ESBLs in 100 ESBL positive strains (E. coli-52 and K. Pneumo-
niae-48), randomly selected. 

Results: Out of 804 E. coli isolates and 403 K. pneumoniae isolates, 126 (15.7%) 
and 125 (31%) isolates were ESBL producers, respectively. The prevalence of ESBL-
positive strains of E. coli in surgery clinics (42 out of total of 211–19.9%) and K. Pneu-
moniae (61 out of a total of 161–37.9%) was higher compared to those in the clinics of inter-
nal medicine (84 out of 593–14.2%) and (64 out of 242–26.4%), respectively. Only 87 of 
ESBL positive isolates could be typed for one or more genes. Among the isolates of E. coli 
and K. pneumoniae harbouring a single ESBL gene (39%), blaSHV, blaTEM and blaCTX-M were 
present in 19.5%, 16% and 3.4% strains, respectively. Two or more genes for ESBL were 
present in 61% of ESBL isolates; blaTEM + blaSHV being the most common combination.  

Conclusion: The majority of strains harboured two or more ESBL genes and 
the most common phenotypes were TEM, SHV and CTX-M. Identification of the genes 
is necessary for the surveillance of their transmission in hospitals.  
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Introduction 
 

Extended-spectrum beta-lactamases (ESBLs) were first described in the 
1980s in Klebsiella species and later they have been detected in E. coli and 
other genera of the Enterobacteriaceae family. ESBLs are the rapidly evolving 
group of β-lactamase enzymes which have the ability to hydrolyze all cephalo-
sporins and monobactams, but are inhibited by β-lactamase inhibitors, such as 
clavulanic acid [1].  

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. TEM (Temoniera) and SHV (sulphy-
dryl variable) were the major types. However, CTX-M type (predominantly 
hydrolyze cefotaxime) is increasingly becoming important [2]. Variants derived 
from TEM and SHV enzymes and CTX-M-ESBLs (derived from other sources) 
are defined as "classical ESBLs". Various β-lactamases conferring wider resi-
stance than their parent types but not meeting the definition for group 2be; e.g., 
OXA-types (OXA-ESBLs) and mutant AmpC-types (plasmid-borne AmpC-like 
enzymes, such as DHA), with increased activity against oxyimino-cephalospo-
rins and with resistance to oxacillin and cefoxitin, respectively, were "ESBLs of 
growing importance" [3].  

ESBL are an important cause of transferable multidrug resistance in 
gram-negative bacteria throughout the world. These bacteria have spread rapidly 
and have become a serious threat to human health worldwide. Determination of 
ESBL genes by molecular techniques in ESBL producing bacteria and their 
pattern of antimicrobial resistance can supply useful data about their epidemio-
logy and risk factors associated with these infections [1, 4, 5]. 

In Macedonia, few studies have been undertaken to determine the 
prevalence of ESBL-producing E. coli and Klebsiella pneumoniae [6, 7, 8]. 
However, β-lactamases were not molecularly characterized in these studies. 
Therefore, the present study was carried out to determine the prevalence of 
ESBL positive strains of E. coli and Klebsiella pneumoniae in the University 
Clinics in Skopje as well as genes for the TEM, SHV, CTX-M, OXA and DHA 
types of ESBL enzymes. 
 
 

Material and methods 
 

Bacterial isolates 

A total of 1207 consecutive non-repeat isolates of E. coli and Klebsiella 
pneumoniae (K. pneumoniae) were obtained from different clinical specimens 
such as urine, tracheal aspirate, wound swab, blood, etc. over a one-year period 
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from patients hospitalized at the Surgery and Internal Medicine University 
Clinics (UC) in Skopje. The isolates were identified on the basis of conventio-
nal microbiological procedures.  
 

Antimicrobial susceptibility testing 

Susceptibility of all isolates was determined by the disk diffusion 
method on Mueller-Hinton agar (Oxoid, UK) following the zone size criteria as 
recommended by the Clinical and Laboratory Standards Institute (CLSI). The 
antibiotic (concentrations in μg) tested included cefixime (5), ceftriaxone (30), 
amoxicillin-clavulanic acid (20/10), piperacillin (100), piperacillin/tazobactam 
(100/10), gentamicin (10), ofloxacin (10), ciprofloxacin (5), co-trimoxazole 
(1.25/23.75), amikacin (30), imipenem (10), cefepime (30), meropenem (10). 

 
ESBL screening and confirmation by phenotypic methods 

The isolates showing resistance to one or more 3rd generation cephalo-
sporins were tested for ESBL production by the double disk diffusion test 
(DDDT) using three pairs of cephalosporins and their combinations with clavu-
lanic acid (ESBL set, Mast Diagnostic). ESBL set contains 3 paired sets of 
cephalosporins (ceftazidime-CAZ; cefotaxime-CTX and cefpodoxime-CPD) and 
cephalosporins with clavulanic acid-CA (CAZ + CA; CTX + CA and CPD + CA). 
The inoculum and incubation conditions were the same as for standard disk 
diffusion recommendations. A > 5 mm increase in zone diameter for either anti-
microbial agent tested in combination with clavulanic acid versus its zone when 
tested alone was designated as ESBL positive. 
 

ESBL E-test 

All the isolates positive by ESBL set were further confirmed by the 
ESBL E-test method (BioMerieux) using strips impregnated with a gradient of 
different concentrations (0.5–32 μg/ml) of CAZ on one side and on other side 
different concentration of CAZ (0.064–4 μg/ml) along with a fixed concentra-
tion of clavulanic acid (4 μg/ml). The other strip was with gradient of concen-
tration (0.25–16 μg/ml) of CTX at one side and at the other side different 
concentration of CTX (0.016–1 μg/ml) with a fixed concentration of clavulanic 
acid (4 μg/ml). The presence of ESBL was confirmed by the appearance of a 
phantom zone or when CAZ MIC and CTX MIC are reduced > 3 log2 dilutions 
in the presence of clavulanic acid as per manufacturer guidelines. 

K. pneumoniae ATCC 700603 was used as a positive control (presence 
of blaSHV gene) and Escherichia coli ATCC 25922 was used as a negative 
control (obtained from American Type Culture Collection, USA), for both phe-
notypic methods and for multiplex PCR. 
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Multiplex PCR for TEM, SHV, CTX-M, OXA and DHA genes 

A total of 100 ESBL positive strains (E. coli-52 and K. pneumoniae-48) 
were randomly selected to detect the presence of genes. 

Genomic DNA was prepared from overnight cultures grown on Brain-
Heart Infusion Broth (Oxoid, UK) with agitation at 250 rpm at 37 degrees. After 
centrifugation of 2 ml broth at 14 000 rpm for 10 min, 100 μl distilled water 
was added to the pellet. After suspension of the pellet, centrifugation was repea-
ted at 14 000 rpm for 5 min. 100 μl distilled water was added to resuspend the 
pellet. After boiling for 10 min, Eppendorfs were placed on the ice. The upper 
layer was used as crude DNA.  

Suitable primers for two multiplex PCR reactions each targeting dif-
ferent regions were designed. The first multiplex assay (named Set I) was desig-
ned to detect TEM, SHV, CTX-M IV group and OXA β-lactamase encoding 
genes, and the second assay (named Set II) was designed to detect CTX-M I 
group, CTX-M II group and DHA encoding genes. 
 
Table 1 
 

Primers contained in Set I and Set II assays 

 Assay  Primers Primer sequence  5’      3’ Size (bp) 
 
 Set I 
 
 
 

 CTX-M IV F 
 CTX-M IV F 
 TEM F 
 TEM R 
 OXA F 
 OXA R 
 SHV F 
 SHV R 

 GACAAAGAGAGTGCAACGGATG 
 TCAGTGCGATCCAGACGAAA 
 AGTGCTGCCATAACCATGAGTG 
 CTGACTCCCCGTCGTGTAGATA 
 ATTATCTACAGCAGCGCCAGTG 
 TGCATCCACGTCTTTGGTG 
 GATGAACGCTTTCCCATGATG 
 CGCTGTTATCGCTCATGGTAA 

501 
 

431 
 

296 
 

214 

 
 Set II 
 
 
 
 

 
 CTX-M I F  
 CTX-M I R 
 CTX-M II F 
 CTX-M II R 
 DHA F 
 DHA R 

 
 TCCAGAATAAGGAATCCCATGG 
 TGCTTTACCCAGCGGTCAGAT 
 ACCGCCGATAATTCGCAGAT 
 GATATCGTTGGTGGTGCCATAA 
 GTGGTGGACAGCACCATTAAA 
 CCTGCGGTATAGGTAGCCAGAT 

 
621 

 
588 

 
314 

 
Both PCR reactions were performed under identical conditions. 
Amplification reactions were performed in a 25 μl volume containing 

2.5 μl of 10X PCR reaction buffer with a MgCl2 (15 mM), 0.5 μl (200 μM) 
deoxynucleoside triphosphates mix (dNTPs, 10 mM), 1 μl (each) primers (10 
pm/μl) with 0,5 μl (5 U/μl) Taq DNA polymerase. Five microlitres of the tem-
plate DNA preparation was added to the reaction mixture.  
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Both assays used identical cycling conditions. Reactions were perfor-
med in a DNA thermal cycler under the following conditions: denaturation at 
94oC for 5 min followed by 30 cycles at 94oC for 1 min, 61oC for 1 min and 
72oC for 1 min and a final extension of 72oC for 5 min. After PCR amplifica-
tion, 10 μl of each reaction was separated by electrophoresis in 1.5% agarose 
gel. Both assay products were electrophoreseed for 1 hour at 100 V in 0,5 × 
TBE buffer. DNA was stained with ethidium bromide (1 μg/ml) and the gels 
were imaged under UV light. PCR amplicon size was calculated by comparison 
to molecular weight size marker (1000 bp DNA ladder). All of the Set I and 
SET II assays produced single or multiplexed products of the predicted sizes. 
Methods have been described previously [4, 5, 9, 10, 11]. 
 
 

Statistical analysis 
 
A chi-square test was used to compare the prevalence of ESBL-produ-

cing strains between isolates from hospitalized patients in Surgery Clinics and 
those from Clinics of Internal Medicine. The difference between proportions 
was used to evaluate the difference between the strains harbouring single ESBL 
genes and those with two or more ESBL genes. P-value less than 0.05 was con-
sidered to be statistically significant (p < 0.05). 
 
 

Results 
 
Out of 804 E. coli isolates and 403 K. pneumoniae isolates, 126 (15.7%) 

and 125 (31%) isolates were ESBL producers, respectively.  
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Figure 1 – ESBL – positive strains out of a total number of E. coli  

and Klebsiella pneumoniae 
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In this study, the same number of ESBL positive isolates was detected 
by both phenotypic methods (DDST and E test).  
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Figure 2 and 3 –  Prevalence of ESBL-positive E. coli 
 and K. pneumoniae in the University Clinics 

 
The prevalence of ESBL-positive strains of E. coli and K. pneumoniae 

in Surgery Clinics (42 out of a total of 211–19.9%) and (61 out of total of 161–
37.9%) was higher compared to that in the Internal Medicine Clinics (84 out of 
593–14.2%) and (64 out of 242–26.4%), respectively. This difference was not 
statistically significant (p > 0.05).  

ESBL-positive K. pneumoniae strains were more prevalent in Surgery 
Clinics compared to ESBL-positive E. coli strains. This difference was statisti-
cally significant (p = 0.000), whereas in Internal medicine Clinics the difference 
in prevalence of ESBL-positive K. pneumoniae and E. coli strains was not sta-
tistically significant (p = 0.065). 

Amplification profiles of each primer set for the Set I and Set II multi-
plex assays are shown on the following figures.  

     
Figure 4 – Multiplex PCR-Set I: M (mole-
cular marker); E1-E6 E. coli, ET – negative 

control; K1-K4 K. pneumoniae; KT – positive 
control E1- TEM (431 bp); E2-OXA (296 bp); 

E3, E4-TEM, OXA; E5, E6-TEM;    
K1-TEM, OXA, SHV (214 bp); 

Figure 5 – Multiplex PCR-Set II: M 
(molecular marker); E1-E6  E. coli, ET – ne-

gative control); K1-K4 K. pneumoniae;  
KT – positive control 

E1-CTX-M II (588 bp); E2-CTX-M II, DHA 
(314 bp); E3-E6- CTX-M II; K1-K4 
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Both multiplex assays were performed on the same isolates (6 E. coli 
isolates and E. coli negative control; 4 K. pneumoniae isolates and K. Pneumo-
niae positive control). Therefore, the total number and types of ESBL enzymes 
can be seen in both figures (Fig 4 and Fig 5). For example, E1 isolate has two 
enzymes: TEM (431 bp) seen in Fig 4 and CTX-M-II (588 bp) seen in Fig. 5.  
 
Table 2 
 
Extended spectrum β-lactamase (ESBL) genotypes in E. coli and K. pneumoniae strains 

Positive by PCR for ESBL genes  Number amplified  
 E. coli K. pneumoniae Total 
 (n = 46) (n = 41) N = 87 (%) 

     
 A. Single ESBL gene 17 17 34 (39%) 
 blaTEM only 11 3 14 (16%) 
 blaSHV only 4 13 17 (19,5%) 
 blaCTX-M only 2 1 3 (3.4%) 
       
 B. Two or more ESBL genes 29 24 53 (61%) 
 blaTEM + blaSHV 8 6 14 (16%) 
 blaTEM + blaCTX-M 6 3 9 (10.3%) 
 blaSHV + blaCTX-M 0 2 2 (2.3%) 
 blaOXA + blaCTX-M 7 2 9 (10.3%) 
 blaTEM + blaSHV + blaCTX-M 3 2 5 (5.7%) 
 blaTEM + blaOXA + blaCTX-M 4 2 6 (6.9%) 
 blaOXA + blaCTX-M +  blaDHA 1 0 1 (1.1%) 
 blaTEM + blaSHV + blaOXA + blaCTX-M 0 7 7 (8%) 

       
Not determined by PCR 6 7 13 (14.9%) 

 
Genomic DNA isolated from 100 phenotypic confirmed ESBL-produ-

cing organisms (E. coli-52 and K. pneumoniae-48) were subjected to PCR using 
7 pairs of primers. Only 87% of ESBL positive isolates could be typed for one 
or more genes. Among the isolates harbouring single ESBL gene (39%), blaSHV, 
blaTEM and blaCTX-M were present in 19.5%, 16% and 3.4% strains of E. coli and 
K. pneumoniae, respectively. There were no strains harbouring a single OXA and 
DHA type beta-lactamase. The equal number of strains of E. coli and K. Pneu-
moniae had a single ESBL gene, although TEM and SHV types of ESBL were 
frequently found in E. coli (11/17) and K. pneumoniae (13/17), respectively.  

Two or more genes for ESBL were present in 53 (61%) of the 87 ESBL 
typeable isolates, blaTEM + blaSHV being the most common combination (16%), 
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followed by blaTEM + blaCTX-M and blaOXA + blaCTX-M (10.3% each). Eight strains 
of E. coli and 4 strains of K. pneumoniae harbour 3 genes for ESBL. The most 
common combination was blaTEM + blaOXA + blaCTX-M (6.9%). Only 7 strains of 
K. pneumoniae (8%) and none of E. coli harbour 4 genes for ESBL blaTEM + 
blaSHV + blaOXA + blaCTX-M.. There is a difference between strains harbouring 
two or more genes (61%) compared to those with a single ESBL gene (39%). 
This difference is statistically significant (p = 0.024). 

There were 13 strains (14.9%) tested positive for ESBL using pheno-
typic tests, but negative with PCR. The negative amplification in these isolates 
may be due to other ESBL genes, which could not be detected by these parti-
cular Set I and Set II.  
 
Table 3 
 

Genes detected in isolates either alone or in various combinations 

  E. coli Klebsiella Total 
 blaTEM 32 23 55 
 blaSHV 15 30 45 
 blaOXA 12 11 23 
 blaCTX-M-I 16 8 24 
 blaCTX-M-II 23 19 42 
 blaCTX-M-IV 0 0 0 
 blaDHA 1 0 1 

 
Overall, blaTEM was present in 63.3% (55/87) and blaSHV in 52% (45/87) 

isolates either alone or in combinations. OXA and DHA type beta-lactamases 
were present in combination with other enzymes. BlaOXA was present in 26.4% 
(23/87) isolates only in combination with other genes. BlaDHA was present in 
only one strain of E. coli in combination with two other genes. Multiplex PCR 
was designed to detect three different genes encoding CTX-M enzymes (blaCTX-

M-IV 621 bp – detected with Set I) and the second assay (Set II) was designed to 
detect blaCTX-M-I and blaCTX-M-II. BlaCTX-M-I was always co-present with blaCTX-M-II 
in 27.6% (24/87) isolates, while blaCTX-M-II was present in 18 strains without 
blaCTX-M-I. Overall, blaCTX-M-II was present in 48% (42/87) isolates, either alone 
or in combinations. There were no strains harbouring blaCTX-M-IV. 
 
 

Discussion 
 

In recent years, the problem of 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 most important resistance 
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mechanisms of many bacterial species, mainly in the Enterobacteriaceae family. 
Resistance to an extended spectrum beta-lactams among gram-negative patho-
gens is increasingly associated with ESBLs.  

The correct detection of ESBL producing microorganisms is a chal-
lenge for the laboratories, requiring not only phenotypic tests, but also geno-
typic tests for all genes associated with beta-lactamase production. K. Pneumo-
niae and E. coli are the most prevalent among ESBL-producing microorga-
nisms, confirming international multicentric studies [1, 5, 12, 13].  

The use of three distinct substrates in the combined disk tests increased 
the sensitivity of the test and cefotaxime and cefpodoxime performed the best. 
Tofteland et al. [14] recommended the use of cefpodoxime alone or a combi-
nation of cefotaxime and ceftazidime as preferred substrates for ESBL dete-
ction. We also performed an E test to detect the presence of ESBL and MIC to 
two cephalosporins. All ESBL isolates had MIC > 8 μg/ml to cefotaxime and 
more than 90% had MIC > 2 to ceftazidime; the majority had a high level of 
resistance to both drugs. 

The SENTRY Antimicrobial Surveillance Program showed that ESBL-pro-
ducing K. pneumoniae isolates were more prevalent in Latin America (45.5%), 
followed by the Western Pacific region (24.6%), Europe (22.6%), the United 
States (7.6%) and Canada (4.9%) [15]. In Asia the prevalence of ESBL-pro-
ducing K. pneumoniae and E. coli vary from 5% in Japan to 20–50% in other 
countries. In Europe, the prevalence of these organisms varies from country to 
country (3% in Sweden to 34% in Portugal) [16, 17, 18]. In this study only data 
from hospitalized patients in the University Clinics in Skopje have been shown. 
Although E. coli strains were more frequently isolated than K. pneumoniae 
strains, the production of ESBLs was more often present in K. pneumoniae. In 
our study, the prevalence of ESBL-producing E. coli and K. pneumoniae had 
means of 15.7% and 31% respectively.  

The prevalence of ESBL-producing bacteria was increasing every year 
especially in tertiary hospitals. The major risk factors are long term exposure to 
antibiotics, prolonged ICU stay, nursing home residency, severe illness, instru-
mentation or catheterization, length of hospitalization (more than 48 hours of 
hospitalization), etc. [19]. In our study, there was a difference (although not sta-
tistically significant) in the prevalence of ESBL-producing E. coli and K. Pneu-
moniae in surgical clinics compared to the one in clinics of internal medicine. 
ESBL-positive K. pneumoniae strains were more prevalent in surgery clinics 
compared to ESBL-positive E. coli strains. This difference was statistically 
significant. 

Using specific primers for TEM, SHV, CTX-M, OXA and DHA only 
87 (87%) of 100 ESBL positive isolates could be typed for one or more genes. 
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The negative amplification in the remaining isolates may be due to the presence 
of other ESBL genes, which we did not explore further.  

In the present study, 39% and 61% of 87 ESBL typeable isolates har-
bour a single ESBL gene and two or more genes for ESBL, respectively. TEM 
and SHV types of ESBL were frequently found in E. coli (11/17) and K. Pneu-
moniae (13/17), respectively. BlaSHV and blaTEM were also co-present with other 
genes. Overall, blaTEM was present in 57.3% (51/87), predominantly in E. coli 
(32/51) and blaSHV in 49.4% (44/87), predominantly in K. pneumoniae (29/44) 
isolates, either alone or in combinations. 

BlaCTX-M-I was always co-present with blaCTX-M-II in 27.6% (24/87) iso-
lates, while blaCTX-M-II was present in 17 strains without blaCTX-M-I. Overall, 
blaCTX-M-II was present in 47% (41/87) isolates, either alone or in combinations.  

In other studies, two or more ESBL genes were present in 57.3% type-
able isolates. The blaCTX-M was the most common and was present either alone 
or in combination with other ESBL types (13). Pournaras et al. reported an 87% 
prevalence of CTX-M enzyme among ESBL producers in a tertiary care hospital 
in Greece [20]. In a multi-centric study from Russia, CTX-M gene was reported 
in 35.9% of E. coli and 34.9% of K. pneumoniae ESBL strains [21]. In a 
nationwide survey in Italy, CTX-M producing strains were reported with remar-
kably variable rates among the centres (1.2–49.5% of the ESBL producers) [22]. 

Another study summarized 50%, 14.9% and 11.7% ESBL rates for 
TEM, SHV and CTX-M type beta lactamases, respectively. TEM and CTX-M 
type ESBL were observed in 72.7 and 22.7% of E. coli isolates, respectively. 
SHV type ESBL was frequently found in K. pneumoniae (53%) isolates [1].  

To conclude, phenotypic methods are only screening methods for dete-
ction of ESBLs in a routine laboratory. The prevalence of ESBL-producing E. 
coli and K. pneumoniae had means of 15.7% and 31%, respectively. The pre-
valence of ESBL-producing E. coli and K. pneumoniae in surgical clinics was 
higher compared to that in clinics of internal medicine.  

The genotypic methods help us to confirm the genes responsible for 
ESBL production. The majority of our strains harboured two or more ESBL 
genes and the most common phenotypes were TEM, SHV and CTX-M. We used 
a multiplex PCR for the detection of blaTEM, blaSHV, blaCTX-M, blaOXA, and blaDHA 
genes in ESBL-producing E. coli and K. pneumoniae. This method provided an 
efficient, rapid differentiation of ESBLs. The correct identification of the genes 
involved in ESBL-mediated resistance is necessary for the surveillance and 
epidemiological studies of their transmission in hospitals. Appropriate antibiotic 
policy and infection control measures in hospital settings are crucial to 
overcome the problems associated with infections by ESBL-producing strains. 
 



 Prevalence and molecular characterization... 139 

Prilozi, Odd. biol. med. nauki, XXXII/2 (2011), 129–141 

R E F E R E N C E S  
 

1. Bali EB, Acik L, Sultan N. Phenotypic and molecular characterization of 
SHV, TEM, CTX-M and extended-spectrum β-lactamase produced by Escherichia coli, 
Acinetobacter baumanii and Klebsiella isolates in a Turkish hospital. Afr. J. Microbiol. 
Res. 2010; 4(8): 650–654. 

2. Lal K, Kapil A, Das BK, Sood S. Occurrence of TEM & SHV gene in exten-
ded spectrum β-lactamases (ESBLs) producing Klebsiella sp. Isolated from tertiary care 
hospital. Indian J Med Res. 2007; 125: 173–178. 

3. Lee JH, Bae IK, Hee Lee S. New definitions of extended-spectrum beta-
lactamase conferring worldwide emerging antibiotic resistance. Med Res Rev. 2010 (Epub 
ahead of print). 

4. Al-Agamy MHM, Shibl AM, Tawfik AF. Prevalence and molecular chara-
cterization of extended-spectrum β-lactamase-producing Klebsiella pneumoniae in Riy-
adh, Saudi Arabia. Ann Saudi Med. 2009; 29(4): 253–257. 

5. Oliveira CF, Salla A, Lara VM, Rieger A, Horta JA, Alves SH. Prevalence 
of extended-spectrum beta-lactamases-producing microorganisms in nosocomial pati-
ents and molecular characterization of the SHV type isolates. Brasilian J Microb. 2010; 
41: 278–282. 

6. Kaftandzieva A, Kotevska V, Jankoska G, Panovski N. Detection and sus-
ceptibility of ESBL-producing Enterobacteriaceae isolated in children with lower respi-
ratory tract infection. Acta morphol. 2009; 6(1): 81–86. 

7. Kaftandzieva A, Kotevska V, Jankoska G, Kjurcik-Trajkovska B, Cekovska 
Z, Petrovska M. Extended-spectrum beta-lactamase-producing E. coli and Klebsiella 
pneumoniae in children at University pediatric clinic in Skopje. MJMS. 2009; 2(1): 36–41. 

8. Kaftandzieva A, Kotevska V, Cekovska Z, Jankoska G, Kjurcik-Trajkovska 
B, Petrovska M. Prevalence and spread of extended-spectrum beta-lactamase-producing 
E. coli and Klebsiella pneumoniae at University Clinics in Skopje. Acta morphol. 2009; 
6(2): 66–71. 

9. Kim J, Jeon S, Lee B, Park M, Lee H, Lee J, Kim S. Rapid detection of 
extended spectrum β-lactamase (ESBL) for Enterobacteriaceae by use of a multiplex 
PCR-based method. Infection and Chemotherapy. 2009; 41(3): 181–184. 

10. Colom K, Perez J, Alonso R, Fernandez-Aranguiz A, Larino E, Cisterna R. 
Simple and reliable multiplex PCR assay for detection of blaTEM, blaSHV and blaOXA-1 
genes in Enterobacteriaceae. FEMS Microbiology Letters. 2003; 223: 147–151. 

11. Jemima SA, Vergese S. Multiplex PCR for blaTEM & blaSHV in the extended 
spectrum beta lactamase (ESBL) producing Gram-negative isolates. Indian J Med Res. 
2008; 128: 313–317. 

12. Luzzaro F, Mezzatesta M, Mugnaioli C, Perilli M, Stefani S, Amicosante 
G, Rossolini GM. Trends in production of extended-spectrum β-lactamases among 
Enterobacteria of medical interest: report of the second Italian Nationwide survey. J 
Clin Microbiol. 2006; 44(5): 1659–1664. 

13. Goyal A, Prasad KN, Prasad A, Gupta S, Ghoshal U, Ayyagari A. Exten-
ded spectrum β-lactamases in Escherichia coli & Klebsiella pneumoniae & associated 
risk factors. Indian J Med Res. 2009; 129: 695–700. 



140 Kaftandzieva A, et al. 

Contributions, Sec. Biol. Med. Sci., XXXII/2 (2011), 129–141 

14. Tofteland S, Haldorsen B, Dahl KH, Simonsen GS, Steinbakk M, Walsh 
TR, Sundsfjord A. Norwegian ESBL Study Group. Effects of phenotype and genotype 
on methods for detection of extended-spectrum-β-lactamase-producing clinical isolates 
of Escherichia coli and Klebsiella pneumoniae in Norway. J Clin Microbiol. 2007; 
45(1): 199–205. 

15. Coque TM, Baquero F, Canton R. Eurosurveillance 2008 Vol 13 Issue 47. 
16. Winokur PL, Canton R, Casellas JM, Legakis N. Variations in the preva-

lence of strains expressing an extended-spectrum β–lactamase phenotype and characte-
rization of isolates from Europe, the Americas, and the Western Pacific Region. Clin 
Infect Dis. 2001; 32 (Suppl 2): S94–103. 

17. Babini GS, Livermore DM. Antimicrobial resistance amongst Klebsiella 
spp. Collected from intensive care units in Southern and Western Europe in 1997–1998. 
J Antimicrob Chemother. 2000; 45: 183–189. 

18. Canton R, Novais A, Valverde A, Machado E, Peixe L, Baquero F, Coque 
TM. Prevalence and spread of extended-spectrum β–lactamase-producing Enterobacte-
riaceae in Europe. Clin Microbiol Infect. 2008; 14 (Suppl. 1): 144–153. 

19. Waiwarawooth J, Jutiworakul K, Joraka W. The prevalence and suscepti-
bility patterns of ESBL-producing Klebsiella pneumoniae and Escherichia coli in 
Chonburi hospital. J Infect Dis Antimicrob Agents. 2006; 23(2): 57–65. 

20. Pournaras S, Ikonomidis A, Kristo I, Tsakris A, Maniatis AN. CTX-M 
enzymes are the most common extended-spectrum β-lactamases among Escherichia coli 
in a tertiary Greek hospital. J Antimicrob Chemother. 2004; 54: 574–5. 

21. Edelstein M, Pimkin M, Palagin I, Edelstein I, Stratshounski L. Prevalence 
and molecular epidemiology of CTX-M extended-spectrum β-lactamase-producing Esche-
richia coli and Klebsiella pneumoniae in Russian hospitals. Antimicrob Agents Chemo-
ther. 2003; 47: 3724–32. 

22. Mugnaioli C, Luzzaro F, De Luca F, Brigante G, Perilli M, Amicosante G, 
et al. CTX-M type extended-spectrum β-lactamases in Italy: molecular epidemiology of 
an emerging countrywide problem. Antimicrob Agents Chemother. 2006; 50: 2700–6. 

 
 

Ре з име 
 

PREVALENCA I MOLEKULARNI KARAKTERISTIKI  
NA ESCHERICHIA COLI I KLEBSIELLA PNEUMONIAE  

[TO PRODUCIRAAT BETA LAKTAMAZI  
SO PRO[IREN SPEKTAR (ESBLs) 

 
Kaftanxieva A., Trajkovska-Doki} E., Panovski N. 

 
Institut za mikrobiologija i parazitologija, Medicinski fakultet, 

Univerzitet „Sv. Kiril i Metodij“, Skopje, R. Makedonija 
 
 

A p s t r a k t: Cel na studijata e da se odredi prevalencata na E. coli i 
K. pneumoniae koi produciraat ESBL, kako i genite {to gi kodiraat ovie enzimi.  
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Materijal i metodi: Vkupno 1 207 soevi na E. coli i K. pneumoniae 
(Kp) bea izolirani od urina, trahealen aspirat, rana, krv od pacienti hospi-
talizirani vo Univerzitetskite kliniki vo Skopje. Osetlivosta kon anti-
mikrobni agensi be{e odredena so disk difuzionen metod, a ESBL setot i 
E-testot bea primeneti za fenotipska detekcija na produkcijata na ESBL. 
Za identifikacija na genite za razli~ni tipovi na ESBL be{e primenet 
Multipleх PCR (polimerazнa veri`na reakcija) kaj vkupno 100 soevi koi pro-
duciraat ESBL (E. coli-52 i Kp-48), selektirani po slu~aen izbor. 

Rezultati: Od 804 izolati na E. coli, 126 (15,7%) produciraa ESBL, 
a od 403 izolati na Kp, 125 (31%) produciraa ESBL. Prevalencata na ESBL-
pozitivnite soevi na E. coli (42 od vkupno 211‡19,9%) i na Kp (61 od vkupno 
161‡37,9%) od hirur{kite kliniki be{e povisoka sporedena so prevalen-
cata na klinikite po interna medicina (84 od vkupno 593‡14,2% soevi na E. 
coli i 64 od vkupno 242‡26,4% soevi na Kp). 

Kaj 87 ESBL-pozitivni soevi bea detektirani eden ili pove}e 
geni. Od soevite kaj koi be{e detektiran po eden gen (39%), blaSHV genot 
be{e detektiran kaj 19,5%, blaTEM kaj 16% i blaCTX-M kaj 3,4% od soevite. Dva 
i pove}e geni bea detektirani kaj 61% od ESBL-pozitivnite izolati. Kom-
binacijata na blaSHV i blaTEM be{e naj~esta.  

Zaklu~ok: Pove}eto soevi vklu~eni vo studijata sodr`ea dva i 
pove}e geni i naj~esti bea TEM, SHV i CTX-M tipovite na ESBL. Identi-
fikacija na genite koi kodiraat sinteza na ESBL e neophodna za sledeweto 
na nivnata transmisija vo bolni~ka sredina. 
 
Klu~ni zborovi: ESBL, Escherichia coli, Klebsiella pneumoniae, prevalenca, Mul-
tiplex PCR. 
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