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Abstract: The beta-lactamases with extended spectrum of activity (ESBL)
are medically one of the most important group of enzymes. The presented
study provides identification and determination of the spectrum of
resistance against different and clinically used antimicrobial drugs in the
clinical isolates of Escherichia coli. These isolates had their origin in
different departments of the University Hospital L. Pasteur in Košice. The
second goal was the detection of beta-lactamase production with extendedspectrum effect (ESBL) and testing of AmpC-type cephalosporinases by
several phenotypic tests in clinical isolates. We used both the microdilution
method and the method with an active agent, respectively. Samples were
positively tested for ESBL with the use of the CLSI disk diffusion method.
PCRs were performed with a series of primers designed for the detection of
Ambler class A, B and C beta-lactamase genes. About 307 strains of E. coli
were investigated. The growth of E. coli resistance to selected antibiotics
was present in 83.25% of clinical isolates. There were identified 85 positive
isolates in the studied group and the prevalence of the ESBL positive strains
of E. coli reached 27.78%. An E. coli strain was isolated with mutations in
the promoter region of the AmpC chromosomal gene that is associated with
overproduction of the relevant enzyme. We describe a complex ESBL
epidemiology. The study revealed a high rate of ESBL-producing E. coli
isolates. The blaTEM and blaSHV enzymes dominated in ESBL-positive E. coli
isolates in the University Hospital L. Pasteur in Košice.
Keywords: E. coli, Antimicrobial Resistance, ESBL, Clinical Isolates,
Prevalence

Introduction
One of the most serious problems in medicine today
is bacterial infection, the role of which has increased
dramatically in recent years. The prevalence of
extended-spectrum beta-lactamase (ESBL-producing
Enterobacteriaceae) is increasing globally and
community-onset infections with ESBL-producing
Escherichia coli are a major clinical concern in many
countries (Laupland et al., 2008).
Many genera of gram-negative bacteria possess a
naturally occurring, chromosomally mediated βlactamase. These enzymes are thought to have evolved
from penicillin-binding Proteins, with which they show

some sequence homology. This development is likely
due to the selective pressure exerted by β-lactamproducing soil organisms found in the environment
(Ghuysen, 1991). The most common cause of resistance
to expanded-spectrum cephalosporins in E. coli is the
production of Extended-Spectrum β-Lactamases
(ESBLs) (Paterson, 2006). In the past decade, CTX-Mtype ESBLs have replaced TEM- and SHV-type ESBLs
in Europe, Canada, Asia (Apisarnthanarak et al., 2007),
South America (Bonnet, 2004) and North America
(Moland et al., 2003) as the most common ESBL type
in this species.
In addition, the expansion of the active site that allows
the increased activity against expanded-spectrum
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cephalosporins may also result in the increased
susceptibility of ESBLs to β-lactamase inhibitors
(Jacoby and Medeiros, 1991). ESBLs are not active against
cephamycins and most strains expressing ESBLs are
susceptible to cefoxitin and cefotetan. However, it has been
reported that ESBL-producing strains can become
resistant to cephamycins due to the loss of an outer
membrane porin protein (Martine´z-Martine´z et al., 1996).
The aim of the paper is to identify and determine the
spectrum of resistance against a variety of clinically used
antimicrobial pharmaceuticals for clinical isolates of the
genus E. coli from different departments of the University
L Pasteur Hospital in Košice, Slovakia and the detection
of β-lactamase production with extended range (ESBL)
and clinical isolates tested in multiple phenotype
Cephalosporinases types of ESBLs and genotype tests.

modified Double Disk Synergy Test (DDST) was carried
out combined with the method for the ESBL production
CLSI determination. Apart from that, the detection of
carbapenemases by the modified Hodge test was used.
The quantitative susceptibility Minimum Inhibitory
Concentration (MIC) of Enterobacteriaceae isolates was
determined antibiotic diagnostic The MIDITECH system
automated colorimetric test for antimicrobial
susceptibility testing. The principle of identification is
consistent with the standard microdilution method used
to identify antibiotic susceptibility (CLSI, 2006). The
test meets the quality requirements of the CLSI
standard (Clinical and Laboratory Standards Institute)
(CLSI, 2009b; 2011).

PCR Amplification and Sequencing
The detection of Extended Spectrum Beta-Lactamase
(ESBL) genes was carried out by PCR with specific
primers to detect blaCTX-M, blaSHV, blaTEM, AmpCCIT genes
(Howard et al., 2002). The following primers were used
in these reactions: for blaTEM, primers forward: TEM-A
(5´ CCCCGAAGAACGTTTTC ´3) and reverse: TEM-B
(5´ ATCAGCAATAAACCAGC ´3), fragment length is
516 bp.; for blaSHV, primers forward: SHV-A (5´
TCAGCGAAAAACACCTTG ´3) and reverse: SHV-B
(5´ TCCCGCAGATAAATCACCA ´3), fragment length
is 475 bp.; for blaCTX-M, primers forward: CTX-MU1
(5´TCCGAGTTGACTGCCGGGTTG 3´) and reverse:
CTX-MU2
(5´TTACAAACCGTYGGTGAC3´),
fragment length is 543 bp.; and for Ampc CIT. primers
forward: MF (5´ TGGCCAGAACTGACAGGCAAA ´3)
and reverse: MR (5´ TTTCTCCTGAACGTGGCTGGC
´3), fragment length is 462 bp.
E. coli strain (CNCTC-7374) was used as the control
strain in the detection of these genes. Genes coding
ESBL enzymes (CTX-M, SHV-type and TEM-type) were
studied by PCR and sequencing in all AMC-resistant E.
coli isolates with phenotypes consistent with ESBL
production on the basis of their resistance to the extendedspectrum cephalosporins whose activity was recovered in
the presence of clavulanate (Oteo et al., 2006).

Materials and Methods
In the years 2009-2012 strains of Escherichia coli
were isolated from clinical material (urine, swab from
the throat, swab from the wound, swab from decubitus, a
swab of the cervix, etc.), which were collected from at
various departments of the University L. Pasteur
Hospital in Košice.

Bacterial Isolates
A total of 307 samples of the strains were examined.
MALDI-TOF MS analysis was performed on a
Microflex MALDI Biotyper (Bruker Daltonik) according
to a standard sample preparation protocol of Bruker
Daltonik (Freiwald and Sauer, 2009). MALDI-TOF mass
spectra were subjected to numerical analysis (BioTyper
3.1 software, Bruker Daltonik).
ESBL production was detected in 85 (27.7%) E. coli
isolates recovered from 307 samples. Samples were
collected from the following departments: Department of
Internal Medicine 17 (5.5%), Department of Surgery 90
(29.6%), Department of Anaesthesiology and Intensive
Medicine 39 (12.7%), Department of Haematology and
Oncohaematology 22 (7.1%), Department of Urology 16
(5.2%) and other 123 (39.9%).
E. coli strains were confirmed by standard
biochemical methods ENTERO test 16 and ENTERORapid 24 (Lachema, Czech Republic).

Sequencing of TEM, SHV and CTX-M Genes
The PCR blaSHV, blaTEM and blaCTX-M products were
purified with the PCR SureClean Plus (Applied
Biosystems) and sequenced with a Genetic Analyzer
3600 (Life technologies). The nucleotide sequences,
deduced amino acid sequences and phylogenetic
relationships were analyzed by using the software
package (SeqScape v2.7 and MicroSeq v2.2).

Susceptibility Testing
The isolates were tested for antimicrobial
susceptibility using the disk diffusion method according
to the Clinical and Laboratory Standards Institute (CLSI)
guidelines (CLSI, 2009a).
In the case of all isolates with a Minimum Inhibitory
Concentration (MIC) in at least one test of the
3rd generation
Cephalosporins
(Cephotaxime,
Cephtasidime or Cephoperasone) of more than 1 mg L−1, a

Isolation and Separation of Plasmid DNA
Plasmid DNA was extracted from both donor and
transconjugants. A small-scale alkaline lysis method was
used as described by (Sambrook et al., 1982). Extracted
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Resistance of E. coli strains to Cephalosporins oscillates
in the long term and was 39.82% in 2009, 24.29% in
2010 and 23.73% in 2011. In 2012 the percentage
dropped to 21.28% while resistance to QuinoloneCiprophloxacin decreased fast and consistently. In 2009
there were 51,85% cases of E. coli strains resistant to
ciprofloxacin recorded, while in 2012 it was 34.35%.
Resistance of the E. coli strain to Gentamycin
compared to the resistance to Aztreonam in the course of
a four-year monitored period was four times lower.
Fluctuations were recorded in both cases. On the other
hand, the E coli strain was sensitive to carbapenems
(meropenem) in all cases.
In determining the production of ESBL by means of
the dual-disk diffusive test there were 85 positive
isolates identified in the tested set. Based on the results,
it is clear that the prevalence of the ESBL positive E.
coli strains reached 27.78%.
When comparing the occurrence of ESBL E. coli
positive strains across the genders, the results showed
1.29 times (OR = 1.29) higher risk of ESBL positive E.
coli strains occurrence in men compared to women. The
occurrence of ESBL positive E. coli strains based on a
statistical gender evaluation was insignificant at 95%
confidence level, (the statistical p<0.3682).
Tests to detect ESBL might be misleadingly positive
if the strain produces the narrow spectre β-lactamase
(TEM-1,2) simultaneously with the AmpC. In this case a
test on the AmpC with Tris-EDTA disk (Munier et al.,
2010) is done.
According to Bradford (2001) there is a common
occurrence of resistance against most of the β-lactamase
antibiotics related to the production of various types of
β-lactamase antibiotics with extended effect spectrum,
hydrolysing Penicillins, Cephalosporins of the first,
second and third generation as well as monobactams.
Out of a total number of 85 isolates with confirmed
ESBL production 60 (70.59%) E. coli clinical isolates
were evaluated as multi-drug resistant.
ESBL-producers’ sensitivity to Cephalosporins was
relatively low (24.71%). 93.33% of aminoglycoside
gentamicin also showed high efficiency. For all the
ESBL producers the sensitivity to Carbapenems
(meropenems) has been preserved (100%). These
substances belong to the last choice antibiotics and
therefore the incidence of antibiotic-resistant clinical
isolates against them remains low (Pages et al., 2005). In
the therapy of infections caused by ESBL producers
these substances are among the most effective medicines
(Nordmann and Poirel, 2002).
The most precise method used to determine the
cephalosporinases production of the AmpC type was the
double disk diffusion test which detected three (1.7%)
positive clinical isolates. Slightly increased results were
recorded also by the authors Sidjabat et al. (2009) who
identified 2.8% of the AmpC-producing isolates.

plasmids were electrophoresed for 2 h in a horizontal 0.8%
agarose gel with pH 8.0 TBE buffers (Plaziniski et al.,
1985). The gels were stained with ethidium bromide 0.5
µg mL−1 for 20 min. and bands were visualized by UV
transilluminator. Lambda DNA digested with Hind 111
and EcoRI was used as the DNA standard marker.

Statistical Evaluation
For statistical comparison of the results, statistical
methods of processing and evaluation of the results were
used to compare data processed into the tables and graph
(MS Excel 2010, IBM SPSS statistics 19).

Results and Discussion
Strains isolated from clinical material in the
University L Pasteur Hospital in Kosice were compared
in terms of susceptibility tests, results of phenotypic tests
and tests for detection of genes coding ESBL. In four
years 307 isolates of one of the E. coli species had been
isolated from precisely the same number of patients with
invasive infections. The largest part of the collected
material came from urine and wound swabs. 16.94% of
E. coli strains were collected from the 18-40 age group,
28.76% of the strains came from the 41-60 age group
and 54.49% of the E. coli positive samples came from
patients of 61 years of age and older.
The median age of patients infected with an ESBLproducing isolate was 59 years (range 18-89 years) and a
higher proportion of female patients (51.8%) was
infected with ESBL-producing E. coli (Table 1).
The nosocomial origin of the majority of monitored
bacteria discussed in this study is also supported by the
age spectrum of the patients. The incidence of infection
was recorded among adults (83.25%) of 41 years of age
and older. E. coli resistance to the selected antibiotic also
increased with age. The difference is evident even
between genders where there is higher antibiotic
resistance among women than men. Tendencies in
resistance to selected antimicrobials in the monitored
period (2009-2012) can be seen in Fig. 1.
The results shown in the Fig. 1 indicate that there is
no clear tendency that can be traced showing antibiotic
resistance deterioration of the E. coli strain within the
variety of sampling material used. Differences found in
resistance of E. coli strains to the antibiotics between the
years are more random in nature and are most likely
related to specific mass occurrences of certain E. coli
strains with a greater degree of resistance in the
particular years and seasons. It can be assumed that the
cause of these differences is the use of antibiotics in
various clinical circumstances.
Resistance to ampicillin was 59.23% on average each
monitored year. Gradual growth of E. coli strain
resistance to ampicillin was found in 2011 (63.29%)
followed by a slight decrease to 57.25% in 2012.
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Fig. 1. Trends in antibiotic resistance of different antibiotics in E. coli strains isolated during the period 2009-2012
Table 1. The incidence of ESBL-positive strains of E. coli in
the period 2009-2012
ESBL
--------------------------------------------------------Gender
Positive (n)
Negative (n)
All (n)
Men
41
93
134
Women
44
129
173
Together
85
222
307

in 85 positive isolates. These positive isolates were
subjected to the PCR method to detect the presence of
blaTEM, blaSHV, blaCTX-M and AmpCCIT genes coding βlactamase or a wide Spectral β-Lactamase (ESBL).
Of the β-lactamase coded by bla genes such as TEM,
SHV and CTX genes, 120 (39.1%) blaTEM E. coli genes
and 42 (13.7%) blaSHV genes were detected out of 307 Ecoli clinical isolates. About 24 (7.8%) blaCTX-M genes
were detected out of the total number of 307 clinical
isolates. From a group of β-lactamases, AmpC enzymes
hydrolysing β-lactam antibiotics 31 (10.1%) of AmpCCIT
genes have been confirmed among clinical isolates of E.
coli. Belgian authors Bogaerts et al. (2009), as
documented in their paper, found that out of a total
number of 83 AmpC positive clinical isolates of E. coli
an increased expression of AmpC gene encoded on
chromosome was observed in 72 cases. For the
remaining 11 E. coli isolates, in which the enzyme
overproduction had not been confirmed, the presence of
plasmid-encoded AmpC β-lactamases was detected.
In accord with the trend of β-lactamase ESBL gene
presence, an increase in blaTEM genes was recorded in
the 4-year monitored period. In 2009 8 strains, 29.63%,
with the blaTEM genes were recorded. An increase to 29
strains, 41.43%, was detected in 2010 and 40 E. coli
strains, 50.63%, in 2011. In 2012 the number of strains
with the blaTEM genes was 43, 32.82% of the total
number of 131 collected E. coli strains.
The tendency to increase with sporadic presence has
been recorded in E. coli strain blaSHV genes. The increase
in AmpCCIT genes in clinical isolates was moderate in the
4-year monitored period, but in 2010 there was a great
increase in comparison to the other years with 16
(22.86%) positive strains containing the AmpCCIT gene.
In 2012, no incidence was reported concerning AmpCCIT
genes in E. coli positive strains. AmpC gene expression
is constitutive in E. coli under normal specifications; the
β-lactamase is produced in very small quantities.

Only one sample produced ESBL and AmpC
simultaneously. According to Coudron et al. (2000)
AmpC type cephalosporinases make bacteria resistant
against a wide range of β-lactamase antibiotics including
Cefoxitin and other broad spectrum antibiotics including
cephalosporins, Aztreonam and combinations of βlactams with β-lactamase inhibitors.
By applying new EUCAST/CLSI limits when
interpreting the results of examination carbapenems
sensitivity, all producers of clinically significant
carbapenemases should be detected. Over the course of 4
years, the number of positive E. coli samples sensitive to
Carbapenem-Imipenem was, on average, 18.85% of the
total 307 samples. The highest number of positive E. coli
samples sensitive to Carbapenem-Imipenem was
recorded in 2011 (25.31%).
Within the monitored period, the number of E. coli
samples positive on the Carbapenem-Ertapenem was,
on average, was 10.65%, lower than in case of the
antibiotic Imipenem. In 2011 the highest sensitivity to
antibiotic Ertapenem as compared carbapenems
(18.99%) was recorded.
Ertapenem, the only representative of Carbapenems
yet registered in Slovakia, is ineffective against
Pseudomonas aeruginosa and the Enterococci
(Edwards et al., 2005).
The PCR method has identified the genes responsible
for the antibiotic resistance to β-lactam antibiotics.
During the monitored period we have proven at least 1
resistance gene out of 307 resistant E. coli strains tested
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In the course of the analysis of genes encoding βlactamase production in E. coli strains isolated from
individual sampling materials, it was found that blaTEM
gene was the most prominent in urine samples of 41
patients (41.84%) and wound swabs of 29 patients
(36.25%), of which the most frequently resistant E. coli
strains were isolated. The slightly higher representation
of the blaSHV gene was found in biological samples
from urine in 19 patients (19.39%) as well as in wound
swabs of 10 patients (12.8%). The overview of genes
encoding β-lactamase production in clinical samples
coming from different sampling material concerning E.
coli is given in Table 2.
The highest prevalence of blaTEM, blaSHV and
AmpCCIT genes was present in the samples taken from
patients with digestive system diseases or urethral
venereal diseases. The most resistant isolated E. coli
strains came from Surgical Clinic patients and the
patients in the Department of Internal Medicine, where
most of the patients require antibiotic treatment.
Therefore there is an increased risk of the occurrence and
development of antibiotic resistance.
The risk concerning the patients lying at the surgical
ward is higher in the age group of 61 years and over at
the value of 1.20 and a 95% level of confidence.
The statistical evaluation of the OR for the
presence of ESBL E. coli positive strains in the group
of men suffering from gastrointestinal disorders
compared to women was 0.73 (95% CI) and the
results based on the Fisher's test was not significant.
When assessing each Department, patients at Surgery
Department have 0.44 times higher risk of ESBL
positive E. coli strains than the patients at Internal
Department. Furthermore the results showed an
increase of the ESBL positive strains depending on

the gender at Surgery Department, where there is a
63% (0.48; 95% CI = OR) chance of men contracting
ESBL positive strains and a 55% (OR 95% CI = 0.39)
chance for women staying in the Surgery Department.
The level of risk in relation to the sampling material
has an increasing trend for women, which is two times
higher than the risk of ESBL positive E. coli strains in
the urine (OR = 2.489; 95% CI). Statistical analysis
confirmed the risk of ESBL positive strains occurrence
in the urine in females compared with the previous
sample material, which demonstrated a level of
significance of 95% (p<0.05). From the anatomical point
of view, women’s urine may be more contaminated due
to the surrounding flora, either rectal or vaginal.
Results showed differences not only between
genders, but also between different age groups. The level
of risk in relation to age and diagnosis shows the
tendency of increased risk of contraction with regards to
age-it is more prevalent in the age group of 18-40 yearold patients; the proportion of the risk of ESBL E. coli
positive strains is double in comparison to other age
groups (OR = 2.18; 95% CI). Comparison of the risk
tendency in relation to age in the course of the monitored
years is shown in Fig. 2.
Control of the spread of infectious diseases is probably
one of the main tasks of contemporary medicine.
It has been shown that there is an increase in
prevalence of drug resistance among E. coli isolates in
our region and majority of the antibiotic resistances were
due to the acquisition of plasmid-carrying antibioticresistance genes. Conjugal transfer of plasmids has
greatly contributed to the rapid spread of antibiotic
resistance among E. coli isolates. Restriction of use of
antibiotics may play a role in decreasing the emergence
of resistant bacterial strains.

Fig. 2. Examination of the trend of risk in relation to age in the monitored years
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Table 2. Incidence of genes encoding the formation of β-lactamases from various clinical specimens for E. coli ESBL, AmpC strains
in the period 2009-2012
Detected resistance genes
---------------------------------------------------------------------------------------------------------------Clinical material (n = 307)
blaTEM
blaSHV
blaCTX-M
AmpCCIT
Urine
41
19
6
11
Swab from the wound
29
10
3
7
Swab from cannula
3
1
0
3
Swab
23
7
6
6
Sputum
5
1
2
2
Swab from the throat
5
2
2
0
Other smear
14
2
5
2

The data are in absolute terms
Mária Nagyová: Participated in all experiments,
coordinated the data-analysis and coordinated the
mouse work.
Eva Dudriková and Erik Dorko: Designed the
research plan and organized the study and contribute to
the writing of the manuscript.
Leonard Siegfried: Participated in all experiments,
designed the research plan and organized the study,
coordinated the data-analysis and contribute to the
writing of the manuscript.

Conclusion
In the clinical isolates of Escherichia coli-producing
ESBL which were collected, a high prevalence of
resistance against the majority of tested antimicrobial
drugs was detected. The only antibiotics that were
effective against all tested isolates were carbapenem
and meropenem.
The results showed differences not only between the
sexes, but also between different age groups. Rate risk in
relation to age and diagnosis, pointing out its upward trend
with age, more pronounced in the age group 18-40 years,
the proportion of the risk of ESBL-positive E. coli strains is
double compared to other age groups (OR = 2.18 95% CI).
We can say that the resistance of Enterobacteriaceae
to β-lactams antibiotic is conditional to production of
Extended-Spectrum β-Lactamases (ESBLs) and is a
significant problem contemporary medicine. The major
reason is the possibility of treatment failure penicillins
and cephalosporins, including preparations with an
extended spectrum of action, in the case of infections
caused by bacteria with the production of those enzymes.
This leads not only to other infectious complications
and prolong the period of hospitalization, but also
represents a threat to life. The treatment of infection
caused by resistant bacteria strains increases the direct
and indirect costs of treatment several fold.
It is necessary early the detection of the present
mechanism of resistance and subsequent deployment of
adequate antibiotic therapy.
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