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n INTRODUCTION

One of the most common mechanisms used for 
developing resistance to antibacterial agents 

by bacteria is inactivation or alteration of the drug 
by synthesized enzymes. The best example of this 
is the hydrolysis of beta-lactam antibiotics by 
beta-lactamase enzymes [1]. Although beta-lacta-
mases are produced by gram-positive, gram-neg-
ative and anaerobic bacteria, the synthesis of beta-
lactamase is the most important mechanism in the 
beta-lactam resistance of gram-negative bacteria, 
particularly members of Enterobacteriaceae [2]. Ex-
tended-spectrum beta-lactamases (ESBL) are the 
most important group among the beta-lactamase 
enzymes. ESBL-producing bacteria hydrolyse 
penicillins, first-, second-, and third-generation 
cephalosporins. Carbapenems, cephamycin and 
beta-lactamase inhibitors are resistant to these en-
zymes [1].
Recently extended-spectrum, plasmid origin 
ESBL such as CTX-M, PER, VEB, TOHO which 
are not very similar to TEM and SHV enzymes 
were identified [1]. 
Despite the limited spread of CTX-M-producing 
isolates in the world in the 1990s, this situation 
has changed in the last decade. Recent epidemio-
logical studies indicate the increasing presence of 
the enzyme CTX-M among ESBL-producing bac-
teria [3-5].

CTX-M enzymes are classified into five groups [4]. 

The first group (CTX-M-1) contains CTX-M-1, -3, 
-10, -12, -15, FEC-1, -22, -23, -28, -29, -30 enzymes, 
the second group (CTX-M-2) contains CTX-M-2, 
-4, -4L, -5, -6, -7, -20, TOHO-1 enzymes, the third 
contains (CTX-M-8); CTX-M-8, the fourth (CTX-
M-9) contains CTX-M-9, -13, -14, -16, -17, -19, -21, 
-27, TOHO-2, -24 enzymes, and the fifth group 
(CTX-M-25) contains CTX-M-25, -26 enzymes.
In this study, we aimed to investigate the presence 
of ESBL synthesis by the disk diffusion screen-
ing test, combined disk confirmation test and the 
automated system and to determine blaCTX-M 
genes in Escherichia coli strains isolated from clini-
cal specimens.

n MATERIALS AND METHODS

Bacterial strains
One hundred E. coli strains which were deter-
mined to produce ESBL by using the Vitek 2 au-
tomated system (bioMérieux, France) and 50 E. 
coli strains not producing ESBL were included in 
the study. These strains were isolated from clini-
cal samples which were sent to the Bacteriology 
laboratory of Mustafa Kemal University Hospital 
between January 2009 and December 2010 and 
stored at -70°C.

Antibiotic susceptibility testing 
The strains’ antimicrobial susceptibility was in-
vestigated by the Vitek 2 automated system. The 
susceptibilities of the isolates to antibiotics except 
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tigecycline were interpreted according to CLSI 
criteria [6]. As the MIC interpretive standard for 
tigecycline was not included in the CLSI criteria, 
susceptibility to tigecycline was evaluated accord-
ing to the criteria reported by the Food and Drug 
Administration. Susceptibility to cefotaxime, az-
treonam, and cefpodoxime was determined by 
measuring the zones of the disks used for the 
ESBL screening test and evaluated according to 
CLSI criteria [6].

Disk diffusion ESBL screening test
Bacterial suspensions were adjusted to 0.5 McFar-
land turbidity and spread evenly in all directions 
on Mueller Hinton Agar (MHA) plates. Following 
drying of the surface of the medium, cefpodox-
ime (10 μg), aztreonam (30 μg), ceftazidime (30 
μg), cefotaxime (30 μg) disks (Oxoid, UK) were 
placed on MHA 30 mm from the centre of the disk 
to the centre of another disk. MHA plates were 
incubated for 16-18 hours at 37°C. Cefpodoxime 
zone ≤17 mm, aztreonam zone ≤27 mm, ceftazi-
dime zone ≤22 mm, cefotaxime zone ≤27 mm 
were considered ESBL positive strains according 
to CLSI criteria [6].

Combined disk ESBL confirmation test 
Bacterial suspensions were adjusted to 0.5 McFar-
land turbidity and spread evenly in all directions 
on MHA, two plates per strain. Ceftazidime (30 
μg), and ceftazidime/clavulanic acid (30/10 μg) 
disks (Bioanalyse, Turkey) were placed onto the 
first Petri plate and cefotaxime (30 μg), cefotaxi-
me/clavulanic acid (30/10 μg) (Bioanalyse, Tur-
key) disks were placed onto the second Petri plate 
and were then incubated for 16-18 hours at 37°C 
[9]. An increase in the zone diameter of ≥5 mm for 
either antimicrobial agent tested in combination 
with clavulanic acid over that when tested alone 

was confirmed as ESBL-positive strains according 
to CLSI criteria [6].

Determination of the blaCTX-M genes by PCR 
DNA isolation was performed according to the 
phenol/chloroform method [7]. The amplification 
of blaCTX-M genes was performed using the prim-
ers and method reported by Pitout et al. [8]. The 
primers used were shown in Table 1. PCR ampli-
fication was carried out in a total volume of 25 
μl reaction mixture, being performed as follows: 
the reaction mixture consisted of 5 μl Taq buffer 
(10X) (Fermantas, USA), 4 μl MgCl2 (25 mM) (Fer-
mantas, USA), 0.5 μl dNTP (10 mM) (Fermantas, 
USA), 1 μl (25 pmol) of each primer, 0.2 μl Taq 
polymerase (5 U/μl) (Fermantas, USA) and 2 μl 
DNA and brought up to a 25 μl final volume with 
distilled water. The amplification process was 
started with an initial denaturation step (94°C, 5 
min). PCR reaction consisted of 30 cycles of am-
plification. Amplification consisted of denatur-
ation at 94°C for 30 s, annealing at 55°C for 30 s 
and DNA chain extension at 72°C for 30 s. A final 
extension cycle was performed at 72°C for 10 min.
The PCR products were analysed in a 2% (w/v) 
agarose gel in 1X Tris Borate EDTA (TBE) (Wisent, 
Canada). Ethidium bromide-stained DNA ampli-
cons were visualised using a gel imaging system 
(Wealtec, Dolphin-View, NV, USA). To determine 
the expected bp lengths, DNA markers with de-
fined molecular weights in the range 100–2000 
were used.

Statistical analysis
Data were analysed using Statistical Package for 
Social Sciences version 13.0 (SSPS Inc, Chicago, 
USA). Comparison for categorical variables was 
calculated using the chi-square test. A P-value 
0.05 was considered statistically significant.

Table 1 - Primer sequences used in the study.

Target* Primer 5’-sequence-3’ Product Length (bp)
CTX-M group I CTXM1-F3 CTXM1-R2 GAC GAT GTC ACT GGC TGA GC

AGC CG C CGA CGC TAA TAC A
499

CTX-M group II TOHO1-2F TOHO1-1R GCG ACC TGG TTA ACT ACA ATC C
CGG TAG TAT TGC CCT TAA GCC

351

CTX-M group III CTXM825R CTXM825F CGC TTT GCC ATG TGC AGC ACC
GCT CAG TAC GAT CGA GCC

307

CTX-M group IV CTXM914F CTXM914R GCT GGA GAA AAG CAG CGG AG
GTA AGC TGA CGC AAC GTC TG

474

*Group I; CTX-M-1, -3, -10, -12, -15, -22, -23, -28, -29, and-30. Group II; CTX-M-2, -4, -5, -6, -7, and-20 and TOHO-1. Group III; CTX-M-8. Group IV; 
CTX-M-9, -13, -14, -16, -17,-19, -21, -24, -27 and TOHO-2.
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n Results

All strains (100%) were found to be susceptible to 
tigecycline, 99.3% of strains were found to be sus-
ceptible to imipenem and meropenem, and 98% 
of strains were found to be susceptible to ertape-
nem. The highest resistance rates were found to 
ampicillin (88%), cefazolin (70.7%), levofloxacin 
(70%), cefuroxime (69.3%), ceftriaxone (68%) and 
trimethoprim/sulfamethoxazole. 
MIC50 and MIC90 values were detected according 
to the strains’ MIC results which were determined 
by an automated system for 17 antibiotics. Piper-
acillin/tazobactam, cefuroxime, ceftazidime, 
cefoxitin, cefepime, imipenem, meropenem, er-
tapenem, amikacin, gentamicin, and tigecycline 
were the antibiotics which remained susceptible 
according to the MIC50 values. Imipenem, me-
ropenem, ertapenem, amikacin and tigecycline 
were the antibiotics which remained susceptible 
according to the MIC90 values.
While 57 (38%) strains were determined not to syn-
thesize ESBL, 93 (62%) strains were found to do so 
with use of the disk diffusion ESBL screening test 
(DDST). With the combined disk ESBL confirma-
tion test with cefotaxime, cefotaxime/clavulanic 
acid disks (CDCT-CTX/CTC) and with the com-
bined disk ESBL confirmation test with ceftazi-
dime, ceftazidime/clavulanic acid disks (CDCT-
CAZ/CZC), 103 (68.7%) and 80 (53.3%) strains 
respectively were found to be ESBL-positive.
With both the automated system and DDST, 84 
(56%) strains were detected to be ESBL-positive, 
and 84 (56%) strains were detected to be ESBL-
positive with both CDCT-CTX/CTC and the au-
tomated system. With CDCT-CAZ/CZC, DDST 
and the automated system, 70 (46.7%) strains were 
detected to be ESBL-positive. Thus 41 strains were 
found to be ESBL-negative with the automated 
system and DDST. In all, 125 (83.3%) strains gave 
the same results (negative or positive) with the 
automated system and DDST while 125 (83.3%) 
strains gave the same results with the automated 
system and CDCT-CTX/CTC. Further, 110 (73.3%) 
strains also gave the same results with the auto-
mated system and CDCT-CAZ/CZC (Table 2).
With both CDCT-CAZ/CZC and CDCT-CTX/
CTC, 79 (52.7%) strains were determined to be 
ESBL-positive and 56 (37.3%) strains were deter-
mined to be ESBL-negative, so 135 (90%) strains 
were found to give the same results. The same 

results were found with both DDST and CDCT-
CTX/CTC for 138 (92%) strains (92 ESBL-positive, 
46 ESBL-negative). Similarly, the same results 
were found with both DDST and CDCT-CAZ/
CZC for 133 (88.7%) strains (77 ESBL-positive, 56 
ESBL-negative).
Antimicrobial susceptibility was evaluated ac-
cording to the presence of ESBL. The strains 
which were detected to be ESBL-positive with 
DDST, CDCT-CAZ/CZC and the automated sys-
tem, were found to be more resistant to ampicillin, 
amoxicillin/clavulanic acid, piperacillin/tazo-
bactam, cefazolin, cefuroxime, ceftazidime, ceftri-
axone, cefepime, amikacin, gentamicin, levofloxa-
cin, trimethoprim/sulfamethoxazole, cefotaxime, 
aztreonam, and cefpodoxime than ESBL-negative 
strains (p<0.05).
A total of 101 (67.3%) strains were determined to 
carry blaCTX-M genes by the PCR method. Among 
these strains, 29 (19.3%), 14 (9.3%), 6 (4%) and 
1 (0.7%) strains were determined to carry only 
group I, group IV, group III and group II blaCTX-M 
genes, respectively. The others were found to car-
ry at least two groups of blaCTX-M genes. In all, 69 
(46%), 58 (38.7%), 30 (20%) and 11 (7.3%) strains 
were determined to carry group I, group IV, 
group II, and group III blaCTX-M genes, respectively 
(Table 3). A significant relation between carrying 
blaCTX-M genes and having ESBL (determined 
through the automated system, DDST and CDCT-
CTX/CTC) was found (p<0.05) (Table 4).
The blaCTX-M groups detected by the PCR method 
were compared with the antimicrobial suscepti-

Table 2 - The comparison of phenotypic methods for 
ESBL..

ESBL test and evaluation

The presence 
of ESBL (automated 

system****)
Total P

Negative 
n. 

(%)

Positive 
n. 

(%)
DDST* Neg. 41 (27) 16 (10.6) 57 0.000

Pos. 9 (6) 84 (56) 93
CDCT-CTX/
CTC**

Neg. 41 (27) 16 (10.6) 57 0.000
Pos. 9 (6) 84 (56) 93

CDCT-CAZ/
CZC***

Neg. 40 (26.6) 30 (20) 70 0.000
Pos. 10 (6.6) 70 (46.6) 80

*DDST: disk diffusion ESBL screening test. **CDCT-CTX/CTC: Com-
bined disk ESBL confirmation test with cefotaxime, cefotaxime/cla-
vulanic acid disks. ***CDCT-CAZ/CZC: Combined disk ESBL con-
firmation test with ceftazidime, ceftazidime/clavulanic acid disks. 
****Automated system: Vitek 2 Compact (bioMérieux, France).
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bility of the strains. Strains carrying group I blaCTX-

M genes were found to be more resistant to am-
picillin, amoxicillin/clavulanic acid, cefuroxime, 
ceftriaxone, cefotaxime, aztreonam and cefpodox-
ime (p<0.05). No significant relation was found 
between these strains and their susceptibilities 
to the other antimicrobials (p>0.05). Further, no 
significant relation was found between the strains 
carrying group II and group III blaCTX-M genes and 
their susceptibilities (p>0.05). The strains carrying 
Group IV blaCTX-M were found to be more resistant 
to ampicillin, cefuroxime, ceftriaxone, cefotaxime 
and cefpodoxime (p<0.05).

n DISCUSSION

Members of the Enterobacteriaceae have become the 
most important agents of community and hospi-
tal-acquired infections. Beta-lactams are the main 
option for treating infections caused by these mi-
cro-organisms. Resistance to beta-lactams is de-
veloped mainly by synthesis of ESBL. This type of 
resistance is quite common among the Enterobac-
teriaceae [2]. In Turkey, as elsewhere worldwide, 
ESBL-producing strains appear to be spreading. 
The ESBL rate of E. coli strains were reported as 
21% from Turkey [9]. ESBL rates were reported 
between 11.3 and 28% in international multi-cen-
tre surveillance studies [10, 11]. Tenover et al. re-
ported 21 ESBL-positive strains determined with 
the broth microdilution method among 131 E. coli 
strains [12]. They also reported that 18 of these 
21 strains were ESBL-positive with CDCT-CTX/
CTC and CDCT-CAZ/CZC. In the same study, 
in the evaluation of all methods, only 16% of 131 
strains were reported to be ESBL-positive.
In our study, the results of the automated sys-
tem, DDST and CDCT were compatible with each 
other, whereas the results of the automated sys-
tem and CDCT-CTX/CTC were found to be the 
most compatible. The same results were obtained 
in 125 (83.3%) strains with the automated system, 
DDST and CDCT-CTX/CTC. Further, the same 
results were obtained in 110 (73.3%) strains with 
the automated system and CDCT-CAZ/CZC.
In a study conducted in Brazil, 67% of 107 strains (E. 
coli, K. pneumoniae and K. oxytoca) were detected to 
have ESBL by the double disk confirmatory test and 
54% of them were found to have ESBL by E test [13]. 
They also reported that the results of verification of 
ESBL production by the combined disk ESBL confir-
mation test vary according to the substrate (CTX or 
CAZ), and screening methods have been reported 
to be unstable in comparison with the performance 
of the combined disk ESBL confirmation test. In our 
study the results of CDCT-CAZ/CZC and CDCT-
CTX/CTC were found to be consistent (p<0.05). The 
same results were obtained in 135 (90%) strains with 
CDCT-CAZ/CZC and CDCT-CTX/CTC.
Although the PCR method seems to be the gold 
standard in our study, we were unable to calculate 
sensitivity and specificity of tests as we investigat-
ed the presence of only the blaCTX-M gene by the PCR 
method. The absence of this gene does not entail 
the absence of the genes encoding other ESBLs.

Table 4 - Presence of blaCTX-M genes and results of phe-
notypic methods for ESBL.

Tests and evaluation

The presence of 
blaCTX-M gene

Total P
Negative

n (%)
Positive 
n. (%)

The presence 
of ESBL 
(Automated 
system*)

Neg. 23 (15.3) 27 (18) 50 0.014
Pos. 26 (17.3) 74 (49.3) 100

DDST** Neg. 25 (16.6) 32 (21.3) 57 0.022
Pos. 24 (16) 69 (46) 93

CDCT-CTX/
CTC***

Neg. 25 (16.6) 32 (21.3) 57 0.022
Pos. 24 (16) 69 (46) 93

CDCT- CAZ/
CZC****

Neg. 27 (18) 43 (28.6) 70 0.149
Pos. 22 (14.69 58 (38.69 80

*Automated system: Vitek 2 Compact (bioMérieux, France). **DDST: 
disk diffusion ESBL screening test. ***CDCT-CTX/CTC: Combined 
disk ESBL confirmation test with cefotaxime, cefotaxime/clavulanic 
acid disks. ****CDCT-CAZ/CZC:Combined disk ESBL confirmation 
test with ceftazidime, ceftazidime/clavulanic acid disks.

Table 3 - Presence and distrubution of blaCTX-M genes

Presence and groups of blaCTX-M genes Number 
of strains n. 

(%)
Negative 49 (32.7)
Positive Group I 29 (19.3)

Group I+IV 18 (12)
Group I+Group II+Group IV 15 (10)
Group IV 14 (9.3)
Group II+Gorup IV 7 (4.7)
Group III 6 (4)
Group I+Group II 6 (4)
Group III+Group IV 3 (2)
Group II 1 (0.7)
Group I+Group III 1 (0.7)
Group II+Group III+ Group IV 1 (0.7)

TOTAL 150 (100)
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The CTX-M type beta-lactamases first detected 
by Matsumoto et al. in 1986 have been observed 
to spread rapidly worldwide since 1995 [14, 4]. 
Today, CTX-M-type beta-lactamases appear dis-
tributed over a broad geographical area including 
Latin America, the Far East, Europe, the Middle 
East, North America and Africa.
In Turkey, CTX-M (CTX-M-3) type beta-lactamase 
was first detected by Acikgoz et al. in a Shigella son-
nei isolate which was resistant to cefotaxime and az-
treonam [15]. That same year, CTX-M-15 was found 
in K. pneumoniae by Lartigue et al. and Bahar et al. 
determined the CTX-M-3 enzyme in cefotaxime, az-
treonam, cefepime-resistant S. enterica serovar Vir-
chow [16, 17]. In Turkey, in the HITIT study includ-
ing six different centres, Gur et al. investigated ESBL 
production in 1196 Gram-negative nosocomial bac-
teria with E test, and 26% of 457 E. coli strains were 
detected to produce ESBL [18]. The most frequently 
(71.4%) detected enzyme was determined as CTX-
M. The most common types of these enzymes were 
determined as CTX-M-15 (69.4%), CTX-M-3 (28.6%) 
and CTX-M-1 (2%). In the HITIT 2 surveillance 
study conducted in Turkey in 2007 Gur et al. report-
ed that 42% of 438 E. coli strains were ESBL-positive 
[19]. The CTX-M was found to be the most common 
enzyme type, and the prevalence of CTX-M in E. coli 
strains was found to be 96.2%. According to these 
HITIT studies, the rate of CTX-M was observed to 
increase over the years. In our study the rate of CTX-
M was found lower than these studies. The fact that 
100 ESBL-positive strains and 50 ESBL-negative 
strains were included in the study instead of all E. 
coli strains which were isolated in the study period, 
may have led to this result.
Although the data about prevalence and distribu-
tion of CTX-M-type enzymes in our country were 
limited, several studies have reported an increase 
in recent years. Celik et al. determined that 11 of 
the 30 E. coli strains which caused community-
acquired urinary tract infections produced ESBL 
and 36.7% of them carried blaCTX-M genes [20]. They 
also determined that seven of these 11 strains car-
ried blaCTX-M-15, three carried blaCTX-M-3 and one car-
ried blaCTX-M-1. Gonullu et al. reported that 86.8% 
of ESBL-producing E. coli strains were carrying 
blaCTX-M-1 and reported a high incidence of blaCTX-

M-15 [21]. Yumuk et al. reported that 76% of the 
strains were carrying blaCTX-M in their 2004-2005 
study of E. coli strains which caused communi-
ty-acquired urinary tract infections [9]. In an-

other study from southern Turkey, Guran et al. 
reported that 46 (14.8%) of ESBL-positive E. coli 
isolates were shown to be carrying blaCTX-M genes, 
of which 30 (9.6%) were found to be blaCTX-M-15 pro-
ducers, while the remaining 16 (5.1%) were blaCTX-

M-14 producers [22]. The former, blaCTX-M-15, was also 
most frequently detected in our study as in other 
studies reported from Turkey. In our study, in 
line with other studies in Turkey, Group I blaCTX-M 
genes were found to be the most common group, 
followed by Group IV blaCTX-M genes.
As a rule, ESBL-producing Enterobacteriaceae mem-
bers are resistant to all cephalosporins and broad 
spectrum penicillins (monobactam, aztreonam) 
[23]. In our study, carbapenems were found to be 
the most common antibiotics to which the strains 
were susceptible. The strains which were detected 
to produce ESBL with the Vitek 2 automated sys-
tem, DDST, CDDT-CAZ/CZC and CDDT-CTX/
CTC were found to be more resistant to ampicil-
lin, amoxicillin/clavulanic acid, piperacillin/
tazobactam, cefazolin, cefuroxime, ceftazidime, 
ceftriaxone, cefepime, amikacin, gentamicin, le-
vofloxacin, trimethoprim/sulfamethoxazole, ce-
fotaxime, aztreonam and cefpodoxime. It was also 
determined that the presence of ESBL did not affect 
the resistance of the strains to cefoxitin, imipenem, 
meropenem and ertapenem. The antibiotic options 
are limited in the treatment of infections caused by 
ESBL-producing bacteria [24]. Even if they seem to 
be susceptible to cephalosporins in vitro, treatment 
with these antibiotics is impossible [25]. ESBL-pro-
ducing strains tend to show a high resistance to the 
other antibiotics such as fluoroquinolones and ami-
noglycosides [26-28]. If the bacteria are susceptible 
to fluoroquinolones in vitro, fluoroquinolones may 
be useful in treating moderate to severe infections. 
Fluoroquinolones are as effective as carbapenems 
in treating infections from ESBL-producing bacte-
ria [29]. However, in our study, ESBL-producing 
bacteria were found to be more resistant to fluoro-
quinolones and aminoglycosides.
Carbapenems are antibiotics of choice in the 
treatment of serious infections caused by ESBL-
producing bacteria [23]. In our study in the bacte-
ria which were found to produce ESBL with four 
methods, the presence of ESBL was determined 
not to affect the resistance to the carbapenems. 
Cephamycins (cefoxitin, cefotetan) are stable 
against hydrolytic activity of ESBL [23]. In our 
study, status of resistance to cefoxitin was unaf-
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fected by the presence of ESBL. However, during 
the treatment of ESBL-producing organisms, de-
crease in expression of the outer membrane pro-
tein can cause resistance to cephamycin [30]. Pro-
duction of AmpC type beta-lactamases also leads 
to the development of resistance to cephamycin. 
For this reason, cephamycin is not the first choice 
for the treatment of ESBL-producing bacteria.
Beta-lactam/beta-lactamase inhibitor combina-
tions often remain active against ESBL-producing 
bacteria but other resistance mechanisms may lead 
to the development of resistance to these antibiot-
ics. In our study, although the presence of ESBL 
appeared to have a statistically significant impact 
on resistance to amoxicillin/clavulanic acid, piper-
acillin/tazobactam, other resistance mechanisms 
are thought to be responsible for this resistance.
CTX-M enzymes usually provide high-level resis-
tance to aminopenicillin (ampicillin or amoxicil-
lin), carboxypenicillin (carbenicillin or ticarcillin), 
ureidopenicillin (piperacillin) and narrow-spec-
trum cephalosporins (cephalothin, cephaloridine, 
cefuroxime). In our study, strains carrying group 
I blaCTX-M genes were found to be more resistant to 
ampicillin, amoxicillin/clavulanic acid, cefurox-
ime, ceftriaxone, cefepime, cefotaxime, aztreonam 
and cefpodoxime. As reported by Bonnett, in our 
study we found that the susceptibility of strains 
to cefoxitin and carbapenem was not changed 
with the presence of blaCTX-M [4]. Many of the CTX-
M enzymes provide high-level resistance to the 
oxyimino cephalosporins such as cefotaxime and 
ceftriaxone and provide different levels of resis-
tance to cefepime and cefpirome. MIC levels of az-
treonam are also high. Similarly, in our study the 
significant relationship was found between the 
presence of group I and group IV blaCTX-M genes 

and the resistance to cefotaxime and ceftriaxone 
(p<0.05). Resistance to aztreonam was detected to 
be increased by the presence of group I blaCTX-M.
Resistance level to beta-lactam-inhibitor combi-
nation depends on the amount of enzyme pro-
duced. MICs of amoxicillin/clavulanic acid and 
ticarcillin/clavulanic acid are variable. In many, 
sensitivity or low-level resistance is observed. In 
our study a significant relationship was found be-
tween the presence of group I blaCTX-M and resis-
tance to amoxicillin/clavulanic acid (p<0.05).
As a result, in the studies conducted in our coun-
try and in our study, E. coli strains were detected to 
carry blaCTX-M genes and group I blaCTX-M genes were 
most commonly found. This demonstrates that 
blaCTX-M genes have spread rapidly in Turkey. There-
fore, surveillance of CTX-M beta-lactamase produc-
tion is important. Investigation of genes in group 
I blaCTX-M which was found most commonly would 
be necessary for following up. As the presence of 
a gene does not mean that it will be expressed, this 
gene may not prove to produce ESBL. The presence 
of CTX-M beta-lactamase can be misdiagnosed by 
phenotypic methods: carrying only blaCTX-M genes 
does not mean that it will carry the other genes 
which are responsible for the synthesis of ESBL. A 
bacterium carrying blaCTX-M genes can spread from 
patient to patient via the hands of hospital staff and 
the instruments used. Therefore, it is important to 
follow bacteria carrying blaCTX-M genes.

This work was funded by Mustafa Kemal Univer-
sity Scientific Research Projects (BAP1001 Y 0104). 
The authors have no financial conflicts of interest.
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The aim of this study was to determine the ESBL with 
phenotypic tests and investigate the blaCTX-M genes with 
the PCR method in Escherichia coli strains. The presence 
of ESBL in E. coli strains was determined with the Vitek 
2 automated system. ESBL-positive 100 and ESBL-neg-
ative 50 E. coli strains were included in the study. The 
ESBL disk diffusion screening test (DDST) and the com-
bined disk confirmation tests (CDCT) were performed 
on these strains and the results of these tests were com-
pared with each other. blaCTX-M genes were investigated 

SUMMARY

with the PCR method. The results of CDCT-CAZ/CZC 
and CDCT-CTX/CTC were found to be consistent in 
90% of strains. Those of the automated system, DDST 
and CDCT-CAZ/CZC were compatible with each other 
in 83.3% of strains. Also the results of the automated 
system and CDCT-CTX/CTC were found to be com-
patible in 83.3% of strains. Based on PCR, blaCTX-M genes 
were found in 67.3% of 150 strains. According to the or-
der of frequency, 46%, 38.7%, 20%, 7.3% of strains were 
determined to carry groups I, IV, II and III, respectively. 
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Questo studio è stato condotto al fine di determinare la pre-
senza di ESBL con test fenotipici e dei geni blaCTX-M con meto-
do PCR in ceppi di Escherichia coli. La presenza di ESBL in 
E. coli è stata determinata con sistema automatizzato Vitek 
2. Nello studio sono stati inclusi 150 ceppi di E. coli, di cui 
100 ESBL-positivi e 50 ESBL-negativi. Su tutti i ceppi sono 
stati eseguiti il test di screening mediante diffusione con di-
schetto (DDST) e i test di conferma con dischetto combinato 
(CDCT); è stato quindi effettuato un confronto tra i risultati 
ottenuti. La presenza del gene blaCTX-M è stata accertata con 

RIASSUNTO

metodo PCR. I risultati dei test CDCT-CAZ/CZC e CDCT-
CTX/CTC sono stati concordanti nel 90% dei ceppi; quelli 
del sistema automatizzato, del DDST e del CDCT-CAZ/
CZC sono risultati sovrapponibili nell’83,3% dei ceppi. Allo 
stesso modo, sono risultati sovrapponibili nell’83,3% dei 
ceppi anche i risultati del sistema automatizzato e del CDCT-
CTX/CTC. Sulla base della PCR, il gene blaCTX-M è stato 
rilevato nel 67,3% dei 150 ceppi. In ordine decrescente 
di frequenza, i gruppi I, IV, II e III sono stati riscontrati 
nel 46%, 38,7%, 20% e 7,3% dei ceppi. 
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