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Summary

The aim of the study was to evaluate genetic relatedness and antimicrobial susceptibility of
extended-spectrum beta-lactamase-producingE. coli strains isolated from patients hospitalized
in the University Hospital in Bydgoszcz (Poland).

The study included 33 extended-spectrum beta-lactamase-producing E. coli strains isolated
from 31 patients. The chromosomal DNA was extracted from the strains and separated by
pulsed-field gel electrophoresis. Antimicrobial susceptibility testing was performed by the
agar dilution method and carried out according to the European Committee on Antimicrobial
Susceptibility Testing recommendations.

According to the pulsed-field gel electrophoresis results, 32 distinct pulsotypes were revealed.
Based on Molecular Analyst Fingerprinting software analysis, the studied isolates were divi-
ded into four subgroups: 6 (18.2%) isolates showing similarity greater than 90% (group A); 19
(57.6%) showing 80-90% similarity (group B); 7 (21.2%) showing 70-79% similarity (group C); and
one isolate with less than 70% similarity (group D). Among E. coli isolates showing similarity
greater than 90%, four antimicrobial patterns were noted. Among the isolates showing 80-90%
similarity, 18 antimicrobial patterns were observed. E. coli isolates showing 70-79% similarity
presented 6 antimicrobial patterns.

Our results show a high degree of genetic diversity of extended-spectrum beta-lactamase-
-producing E. coli isolates. However, based on a similarity of 280%, almost 75% of E. coli isolates
were clonally related. Although it is difficult to identify definitive transmission events based
on the recovery of indistinguishable pulsed-field gel electrophoresis types alone, we specu-
late that extended-spectrum beta-lactamase-producing E. coli strains may have disseminated
throughout the hospital.

escherichia coli - extended spectrum beta-lactamases - genetic relatedness - pulsed-field gel
electrophoresis - antimicrobial susceptibility
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INTRODUCTION

Escherichia coli is a Gram-negative rod, the dominant
component of the physiological microflora of humans’
and animals’ digestive tract. In addition to the commen-
sal E. coli strains, there are pathogenic strains within
a species, responsible for diarrhea, enteritis (intestinal
pathogenic E. coli, IPEC) and extra-intestinal infections
such as wound infections, urinary tract infections, neo-
natal meningitis, bacteremia and sepsis (extra-intestinal
pathogenic E. coli, EXPEC) [4].

The most important issue, from the clinical and epi-
demiological point of view, is the resistance of E. coli
to beta-lactams. It is most often associated with beta-
lactamases synthesis, including extended-spectrum
beta-lactamases (ESBLs). Strains that produce ESBLs are
widely disseminated, especially in a hospital environ-
ment, where they may even cause an endemic. They are
responsible for therapeutic failure, especially with the
use of beta-lactam antibiotics, and are often associated
with increased morbidity, mortality and health care-
associated costs [10,11].

Phenotypic and genetic analysis of the strains provides
information on their virulence, antibiotic resistance, ori-
gin and clonal similarity. Typing of the strains is particu-
larly indispensable in an epidemiological investigation,
as it allows determination of the focus of the infection
and the way it spreads. Genetic methods enable evalu-
ation of the relatedness of the strains and the epidemi-
ological investigation. Pulsed-field gel electrophoresis
(PFGE) for example has been considered as the ‘gold
standard’ among molecular typing methods for a vari-
ety of clinically important bacteria, including E. coli [9].

The aim of the study was to evaluate genetic related-
ness and antimicrobial susceptibility of ESBL-positive E.
coli strains isolated from patients hospitalized in Dr. A.
Jurasz University Hospital No. 1 in Bydgoszcz (Poland).

MateriAL AND METHODS

The study included 33 ESBL-positive E. coli strains iso-
lated from 31 patients at the Department of Clinical

Microbiology of Dr. A. Jurasz University Hospital No. 1
in Bydgoszcz (Poland) between 2011 and 2013 (January
2011 to January 2013). The origin of the E. coli strains
(clinical samples and clinical units) is shown in Fig. 1.

Isolation of the bacteria was performed using rou-
tine methods at the clinical microbiology laboratory.
The isolates were identified with the VITEK2 GN col-
orimetric cards that were read out with the VITEK2
Compact automated system (bioMérieux). Antimicro-
bial susceptibility testing was performed by the agar
dilution method and carried out according to the Euro-
pean Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) recommendations (version 3.1 2013) [7].
For every strain, the ESBL synthesis was determined by
means of a double-disk synergy test (with amoxicillin/
clavulanic acid, cefotaxime, ceftazidime and cefepime)
and the EUCAST method. E. coli ATCC 25922 and Kleb-
siella pneumoniae ATCC 700603 were used as the refer-
ence strains.

The molecular typing was performed by PFGE. Analy-
sis of genomic profiles was adapted from the previously
published procedure [6]. The isolated chromosomal DNA
was digested for 20 h with Xbal enzyme in Tango Buf-
fer (Fermentas) at a final concentration of 50 U/ml. The
electrophoresis conditions were as follows: pulse time
ranging from 2 s to 35 s, run time 20 h, gradient 6 V/cm,
temperature 14°C. As a reference chromosomal DNA pat-
tern, the Lambda Ladder standard (Bio-Rad) was used.
PFGE was performed with the CHEF Mapper (BioRad).
The results were analyzed using the Molecular Analyst
Fingerprinting (MAF) software (Dice coefficient, posi-
tion tolerance 1.5%) (Bio-Rad). Strains indicating 100%
genetic profile similarity were considered identical.

Resutrs

Among the analyzed E. coli strains, 29 different antimi-
crobial patterns were noted. All the analyzed strains
were susceptible to imipenem and meropenem, 29
(87.9%) strains were susceptible to tigecycline, 28
(84.8%) to nitrofurantoin, 23 (69.7%) to ertapenem, 21
(63.6%) to piperacillin with tazobactam and netilmi-
cin, 19 (57.6%) to gentamicin, and 17 (51.5%) to ami-
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(4 8 %2 19 PFGE type ATB type* Source Department/Clinic Date of collection
716 B y Urine Department of Transplantation and General Surgery 11.2012
54 B h Urine of Neurosurgery, and Pediatric 03.2011
673 A b Pus Department of General and Vascular Surgery 09.2012
— 693 A b Blood Department of Anesthesiology and Intensive Care 09.2012
670 B t Urine Department of Transplantation and General Surgery 09.2012
—l: 748 B al Pleural fluid Department of Liver Surgery and General Surgery 012013
753 B cl Urine Department of Pediatrics, Hematology and Oncology 01.2013
—(E 616 B s Catheterized urine Department of Anesthesiology and Intensive Care 07.2012
— 698 B d Wound swab Department of General and Vascular Surgery 102012
e +138 C a Wound swab Department of Liver Surgery and General Surgery 08.2011
[ 710 B w Rectal swab Clinic of Anesthesiology and Intensive Care for Children 102012
593 A r Broncho-alveolar lavage Department of Anesthesiology and Intensive Care 07.2012
108 A k Wound swab Department of General and Vascular Surgery 062011
56 c j Wound swab Department of Liver Surgery and General Surgery 04.2011
752 c bl Urine Department of Cardiology and Internal Medicine 01.2013
692 B v Urine Department of Pediatrics, Hematology and Oncology 10.2012
714 B X Broncho-alveolar lavage Department of Anesthesiology and Intensive Care 10.2012
747 B z Urine Transplantation Clinic 01.2013
17 B f Nasal swab Clinic of Anesthesiology and Intensive Care for Children 012011
—: 115 B 1 Pus Department of Transplantation and General Surgery 07.2011
— 687 A c Wound swab Department of Anesthesiology and Intensive Care 10.2012
713 A c Peritoneal swab Department of Anesthesiology and Intensive Care 102012
159 B o Tracheotomy hole swab Otolaryngology Clinic 09.2011
167 B q Bronchial secretions Department of Rehabilitation 10.2011
694 B d Rectal swab Department of Liver Surgery and General Surgery 09.2012
161 B p Urine Department of Geriatrics 09.2011
55 c i Peritoneal fluid Department of Anesthesiology and Intensive Care 042011
158 C n ‘Wound swab Department of Transplantation and General Surgery 09.2011
683 B u Urine Department of Geriatrics 10.2012
127 B m Catheterized urine Department of Nephrology, Hypertension and Internal Discases 08.2011
14 D e Wound swab Department of Cardiology and Internal Medicine 01.2011
40 C g Bedsore Department of Neurology 03.2011
42 c a Wound swab Department of Transplantation and General Surgery 03.2011
*ATB type — antimicrobial type

Fig. 1. Genetic relatedness, antimicrobial patterns and the origin of ESBL-positive £. coli isolates (n=33)

kacin and tobramycin. Thirty-one (93.9%) strains were
non-susceptible to cefotaxime, 29 (87.9%) to amoxicil-
lin with clavulanic acid and ticarcillin with clavulanic
acid, 23 (69.7%) to trimethoprim/sulfamethoxazole and
ceftazidime, 18 (54.5%) to cefepime and 17 (51.5%) to
ciprofloxacin. All the E. coli strains showed resistance
to ampicillin, piperacillin, ticarcillin and cefuroxime.
The results of antimicrobial susceptibility testing are
presented in Table 1.

The results of PFGE and MAF analysis are presented in
Fig. 2. According to the PFGE results, 32 distinct pulso-
types were revealed. Based on MAF analysis, the stud-
ied isolates were divided into four subgroups: 6 (18.2%)
isolates showing similarity greater than 90% (group A -
isolates: 108, 593, 673, 687, 693, 713); 19 (57.6%) showing
80-90% similarity (group B - isolates: 17, 54, 115, 127, 159,
161, 167, 616, 670, 683, 692, 694, 698, 710, 714, 716, 747,
748, 753); 7 (21.2%) showing 70-79% similarity (group
C - isolates: 40, 42, 55, 56, 138, 158, 752) and one with
less than 70% similarity (group D - isolate: 14). The iso-
lates collected from cases of colonization (17, 694, 710)
belonged to group B. The results of typing E. coli strains
by phenotypic and genetic methods are shown in Table
1, Fig. 1 and 2. Among E. coli isolates showing similar-
ity greater than 90%, four antimicrobial patterns were
noted. Among the analyzed isolates showing 80-90%

similarity, 18 antimicrobial patterns were detected. E.
coli isolates showing 70-79% similarity presented 6 anti-
microbial patterns.

Discussion

The prevalence of ESBLs-positive strains among clinical
isolates, including E. coli, has increased significantly [5].
ESBL-producing E. coli strains are an increasing cause of
healthcare-associated infection, where they may even
cause an endemic. Therefore, in the present study, ESBL-
positive E. coli strains were subjected to a phenotypic
(analysis of susceptibility patterns) as well as a genotypic
typing method (PFGE). Comparison of the genetic pro-
files with the results of the drug resistance evaluation of
the analyzed strains showed the variability of antimicro-
bial profiles among isolates with high genetic similarity.
It may be explained by the differences in the composi-
tion and structure of extra-chromosomal mobile genetic
elements, such as plasmids and integrons, containing for
example resistance genes. Since genetic material of E. coli
is constantly rearranged, for example through mutation
(e.g. deletions, insertions), specific genetic profiles are
a variable value in a given environment (e.g. a hospital).

In studies by Burke et al. [2] and Peirano et al. [8], closely
related ESBL-positive E. coli isolates had different anti-
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- o
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= o

LL — Lambda Ladder Standard, 616-694, 14-108 — strain numbers

Fig. 2. PFGE fingerprinting of Xbal — digested DNA from ESBL-positive £. coli
isolates (n=33)

microbial profiles. In our study, 32 unique PFGE patterns
were noted among 33 E. coli isolates. ESBL-positive E. coli
isolates were collected in the time range of 24 months. It
shows a high degree of genetic diversity of the isolates
studied in our work. However, based on a similarity of =
80%, almost 75% of E. coli isolates were clonally related.

Brolund et al. [1] in their study obtained a smaller
degree of heterogeneity of the ESBL-positive strains.
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