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Abstract
Objective  Escherichia coli ST131 is a pandemic clone associated with multidrug resistance, starting with beta-lactamase 
production and fluoroquinolone resistance in the first place, leading to significant systemic infections. Clones that develop 
due to the frequency of antimicrobial resistance and the rate of spread in our country are important issues that need to be 
investigated. This study aims to investigate the incidence of ST131which is a “high-risk pandemic clone E. coli” in ESBL-
producing and non-ESBL-producing strains, as well as their biofilm-forming abilities and antibiotic resistance rates.
Materials and methods  A total of 86 E. coli isolates were used in the study. Bacterial identifications were performed by 
conventional and automated methods. The double disc synergy method was used to demonstrate the presence of ESBL. 
Molecular studies in all E. coli strains were performed by real-time PCR method.
Findings: 86 strains were studied, of which 83.72% were urine, 6.98% were wound, 4.65% were blood, and 2.33% were 
tracheal aspirate and sputum. 79.07% of these strains were ESBL-positive. 58.1% of the strains were female, whereas 41.9% 
were male patients, and the average age was 46.2. Out of 86 strains, 38.72% were ST131 positive, the H30 subclone was 
detected in 27.27% of them, and the H30-Rx subclone was detected in all of the H30 subclone positive strains. The pres-
ence of the ESBL resistance gene was detected at the rate of TEM 41.86%, SHV 37.21%, CTX-M 36.04%, and OXA 4.65%. 
Most commonly SHV gene (54.54%) was seen in ST131 clone-positive samples. Finally, while it was found that 48.83% 
of the strains formed biofilm by any method, biofilm formation was detected in 69.7% of the samples that were positive for 
the ST131 clone.
Result  Our study can reveal the dramatic prevalence of the ESBL-producing E. coli strains along with the high-risk ST131 
clone, the dominance of the H30Rx subclone of this risky clone, as well as the importance of the influence of resistance 
mechanisms along with resistance and biofilm.
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Introduction

Escherichia coli has an important place in a hospital and 
community-acquired infections. The most common reason 
for being a microorganism that is the causative agent of 
infection is that it is a typical flora element, as well as the 
virulence factors it holds and the resistance it has devel-
oped to the used antibiotics. E. coli ST131 usually exits in 
the digestive tract of mammals. However, its pathogenicity 
is generally defined as extra-intestinal pathogenic since E. 
coli (ExPEC) can progress into the bloodstream with the 
intermediation of the urinary tract [1]. This pathogen was 
first detected in 2008 and has appeared on three continents 
simultaneously [2]. E. coli ST131 belongs to group B2 as 
a phylogroup, and most clinical strains have the O25b: H4 
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serotype [3]. It is known that group B2 carries much more 
virulence factors [4].

In recent years, E. coli ST131 has been identified as a 
“high-risk pandemic clone” in the spread of antibiotic resist-
ance worldwide and has become an important target for 
global surveillance studies [5, 6]. Conducted studies have 
revealed that the ST131 clone shows resistance to multi-
ple drugs, mainly CTX-M and ESBL production, as well 
as quinolone resistance, thereby complicating the treatment 
response. Especially in our country, where fluoroquinolone 
group antibiotics are often used in empirical antibiotic 
therapy, we observe reports of increasingly high ESBL and 
antibiotic resistance rates in E. coli strains [7, 8]. Studies 
reveal that ESBL-producing E. coli strains are often associ-
ated with the CTX-M type enzyme [9, 10]. Furthermore, 
ESBL production is more frequently seen mainly for CTX-M 
in E. coli strains [11], whereas information about the sur-
veillance of the ST131 clone is quite limited [12–14]. How-
ever, in recent studies, it has been reported that in addition 
to CTX-M enzymes, TEM and SHV-type ESBLs have also 
been observed in many countries [15].

Biofilm production of E. coli is an important virulence 
factor contributing to antimicrobial resistance to the action 
of antibiotics. Biofilm production by ST131 may protect 
bacteria from exposure to high levels of antibiotics and thus 
promote the development of resistance at low-level expo-
sures. Few studies have investigated the biofilm production 
of E. coli ST131 isolates. These studies have reported high 
rates of biofilm production by ST131 strains [16–18]. They 
reported that this clone exhibits a specific O25b molecular 
subtype and produces biofilms, making it highly virulent, 
although it lacks the classic extraintestinal pathogenicity 
islands and afa/dra gene [16]. Similarly, the prevalence of 
biofilm production was significantly higher among ST131 
isolates than among non-ST131 isolates, and a significant 
prevalence was also reported, being lowest in fecal isolates, 
higher in cystitis isolates, and highest in pyelonephritis iso-
lates [17]. Some of these studies have reported contrasting 
findings with no specifically identified factor promoting 
ST131 biofilm. Studies in the literature suggest that Type 
1 fimbriae expression is a critical determinant for biofilm 
formation by ST131 strains and that adhesion inhibition 
of Fim H has significant effects on biofilm formation [19]. 
This study aims to diagnose E. coli strains by phenotypic 
methods, compare their antimicrobial resistance profiles 
and biofilm formation characteristics with the detection or 
non-detection of clones of E. coli ST131 (O25pabBspe and 
trpA2) /H30 clone (fimH30)/subclone, and assess risk factors 
for ST131 carriage.

Materials and methods

Ethical approval

The study was approved in the Atatürk University Clinical 
Research Ethics Committee session dated 15/04/2021 with 
the decision no B.30.2.ATA.0.01.00/06/181. Ataturk Uni-
versity Scientific Research Projects received support with 
the project with no TKP-2021-9841.

Bacterial isolates and antibiotic susceptibilities

In our study, 86 E. coli isolates, 72 urinary and 14 non-
urinary, isolated in the Microbiology Laboratory of Atatürk 
University Training and Research Hospital between April 
2019 and December 2019 were used. Isolates resistant to 
at least three antibiotic groups (especially quinolones and 
cephalosporins) were selected for the study. Out of the 14 
isolates, 6 were obtained from a wound, 4 from blood, 2 
from tracheal aspirate, and 2 from sputum samples. In addi-
tion to conventional methods, BD Phoenix™ automatic AST 
system (Becton Dickinson, USA) was used to identify bac-
teria. Antibiotic susceptibility tests were performed using 
“European Committee on Antimicrobial Susceptibility Test-
ing” (EUCAST) criteria with the BD Phoenix™ automatic 
AST system (Becton Dickinson, USA) or Kirby-Bauer disk 
diffusion method [20]. For this purpose, amikacin (AK) 
(30 µg), ampicillin-sulbactam (SAM) (10 µg), my ceftazi-
dime (30 µg), ertapenem (ETP) (10 µg), gentamicin (CN) 
(10 µg), Cefixime (CFM) (5 µg) imipenem (IPM) (10 µg), 
meropenem (MEM) (10  µg), piperacillin-tazobactam I 
(TPZ) (110 µg), cefepime (FEB) (30 µg), ceftriaxone (CRO) 
(30 µg), cefotaxime (CTX) (30 µg), cefuroxime (CXM) 
(10 µg), ciprofloxacin (CIP) (5 µg), trimethoprim & sulfa-
metokzasol (SXT) (25 µg) (Bioanalyse, Ankara, Turkey) 
antibiotic discs were used. The double disc synergy method 
was used to show the presence of ESBL [21]. The isolates 
were stored in a broth medium with 16% glucose at – 20 °C 
until molecular tests were performed.

Determination of biofilm forming capacities

The strains were removed from − 20 °C before being taken 
to the study. Nutrient agar (NA) was cultured and kept in the 
incubator at 37 ± 2 °C for 18 ± 2 h, and colonies obtained 
from fresh cultures were included in the study.

In the Congo red agar (CRA) method, Congo Red Agar 
was cultured for the bacteria produced in NA to form bio-
film. Petris was incubated at 37 °C for 24 h. As shown in 
Fig. 1, after incubation, the formation of black colonies 
of bacteria in Petris was evaluated as positive, and the 



5951Molecular Biology Reports (2023) 50:5949–5956	

1 3

formation of red-pink colonies was evaluated as negative 
[22].

In the quantitative glass tube testing method, the sin-
gle colony was produced on NA medium, cultured on 
Luria–Bertani (LB) broth medium, and left for incubation 
at 37 °C for 18–24 h at a speed of 160 rpm. After incubation, 
in an LB medium containing 1% glucose, it was inoculated 
to be at 0.5 McFarland standard turbidity (108 CFU/ml). 
After inoculation, from this medium, 100 µl was taken and 
transferred to an LB broth medium containing 1% glucose. 
After the transfer, the glass tubes were incubated at 37 °C 
at 160 rpm for 18–24 h. After incubation, the media were 
poured, and the tubes were washed with 2 ml sterile Phos-
phate Buffered Saline (PBS), and this process was repeated 
three times. Then, 2 ml of 1% crystal violet was transferred 
to the tubes and allowed to stain at room temperature for 
20 min. After staining, the dye was removed by washing 
crystal violet three times with sterile PBS. The tubes were 
dried by turning them upside down on blotting paper. An 
80:20 ethanol–acetic acid solution was added to the dried 
tubes and left for 10 min to dissolve the formed crystal violet 
ring. 1 ml of this dissolved dye was read in the spectropho-
tometer at OD540 nm, and biofilm formation (strong–weak) 
levels were detected. Biofilm formation in the tube and 
absorbance measurement were performed after staining with 
crystal violet [23].

In the quantitative microdilution plaque test method, after 
following the same steps that were applied in the quantita-
tive glass tube test method to reach 0.5 McFarland standard 
turbidity setting, 20 µl of this medium and 180 µl of LB con-
taining 1% glucose were placed in flat-bottomed microplate 

wells (1/100 dilution). Three wells were used for each bacte-
rial and control strain. It was incubated at 37 °C at 160 rpm 
for 18–24 h. After incubation, the media were poured, and 
the microplates were washed gently with 200 µl sterile PBS, 
and this process was repeated three times. After then, 2 ml 
of 1% crystal violet was transferred to the microplates and 
allowed to stain at room temperature for 20 min. After stain-
ing, the dye was removed by washing crystal violet three 
times with 200 µl sterile PBS. The microplates were dried by 
turning them upside down on blotting paper. An 80:20 eth-
anol-acetic acid solution was added to the dried microplates 
and left for 10 min to dissolve the formed crystal violet 
ring. Biofilm formation (strong–weak) levels were detected 
by making microplates read at OD540nm on a multi-plate 
reader [24]. The level of forming biofilm of E. coli strains 
was calculated and evaluated using the following formula 
determined by Nasr et al. [25, 26].

DNA isolation

Genomic DNA was obtained by the boiling DNA method. 
The bacterial suspension produced during overnight incuba-
tion at 37 °C in 3 ml LB medium was centrifuged. The pellet 
was dissolved in 1000 ml of sterile water and centrifuged by 
vortexing again. After this process was repeated three times, 
it was vortexed in 300 ml of apyrogenic water and boiled for 
10 min. Then it was centrifuged at 13,000 rpm for 10 min. 
Supernatants were used as molds in PCR tests [27].

Determination of ESBL genes by PCR

Using E. coli strain polymerase chain reaction (PCR), 
blaTEM, blaSHV, blaCTX-M1, and blaOXA genes were screened. 
The primers used for these genes are given in Table 1 [28]. 
PCR reaction components were prepared in a total volume 
of 25 µl (Table 2). PCR was performed under the reaction 
conditions specified in the references.

Determination of ST131 clone and subclones 
by molecular method

The first detection of O25pabBspe and trpA2 was examined 
to determine the presence of ST131 clones in isolated E. coli 
strains [29, 30]. First, a master mix was prepared to contain 
10 × Reaction Buffer, dNTP mix (10 mm), MgCl2 (25 mM), 
(10 pmol) of each primer, (1 U) of Taq polymerase, 2 µl of 
mold DNA, 14.7 µl of distilled water components so that the 
total volume of the PCR is 25 µl.

The samples where the presence of O25pabBspe and 
trpA2 were observed were examined for the detection of 
the H30 subclone [20]. First, a master mix was prepared 
to contain 10× Reaction Buffer, dNTP mix (10  mm), 
MgCl2 (25 mM), (10 pmol) of each primer, (1 U) of Taq 

Fig. 1   Congo red agar E. coli biofilm formation. R resistance, S sus-
ceptibility; *Amikak (EC) (30  µg), ampicillin-sulbactam (SAM) 
(10 µg), Ceftazidime (30 µg), Ertapenem (ETP) (10 µg), Gentamicin 
(CN) (10  µg), Cefixime (CFM) (5  µg) Imipenem (IPM) (10  µg), 
Meropenem (MEM) (10  µg), the piperasilli-tazobactam I (TPZ) 
(110 µg), Cefepime (FEB) (30 µg), Ceftriaxone (CRO) (30 µg), Cefo-
taxime (CTX) (30  µg), Cefuroxime(CXM) (10  µg), Ciprofloxacin 
(CIP) (5 µg), Trimethoprim and sulfametokzasol (SXT) (25 µg)
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polymerase, 2 µl of mold DNA, 16.3 µl of distilled water 
components so that the total volume of the PCR is 25 µl. 
The samples where the presence of the H30 subclone was 
determined were examined for the presence of H30-Rx 
[29]. They were prepared the same way as the master mix 
quantities prepared for the H30 gene.

All PCR findings were analyzed on 1.5% agarose pre-
pared with 5 µl Safe DNA gel and then examined under 
UV light.

Statistical analysis

In the statistical analysis of the data, the SPSS 15.0 pro-
gram was used. The chi-square test was used to statisti-
cally evaluate the correlation between antibiotic resistance 
rates of isolates belonging and not belonging to the ST131 
clone, and p < 0.05 was considered statistically significant.

Results

Out of 86 E. coli strains included in the study, 36 (41.9%) 
were isolated from male, and 50 (58.1%) were isolated 
from female patients. The ages of the patients were as 
follows respectively 10 of the patients were 0–5 years old, 
11 of the patients were 6–15 years old, 4 of the patients 
were 16–29 years old, 27 of the patients were 30–59 years 
old; 34 of patients were were > 60 years old. 48 isolates 
(55.8%) were isolated from patients followed up in the Pol-
yclinics, 30 (34.9%) isolates were isolated from patients 
followed up in departments, and 8 (9.3%) were from 
patients followed up in intensive care wards.

The antibiotic susceptibilities of E. coli strains were 
evaluated by disc diffusion test, and the presence of ESBL 
was evaluated by double disc synergy test (DST) in the 
same Petri. These results determined the resistance rates 

Table 1   Primers for the studied 
gene regions

Gene Primers Product (bp) References

blaCTX-M F-5′-ATG​TGC​AGY​ACC​AGT​AAR​GT -3’ 593 [40]
R-5′-TGG​GTR​AAR​TAR​GTSACC​AGA​ -3’

blaTEM F-5′-ATG​AGT​ATT​CAA​CAT​TTC​CG -3’ 867 [41]
R-5′-CTG​ACA​GTT​ACC​AAT​GCT​TA -3’

blaOXA F-5′-ACA​CAA​TAC​ATA​TCA​ACT​TCGC -3’ 885
R-5′-AGT​GTG​TTT​AGA​ATG​GTG​ATC -3’

blaSHV F-5′-CTT​TAT​CGG​CCC​TCA​CTC​AA -3’ 237 [42]
R-5′-AGG​TGC​TCA​TCA​TGG​GGA​AAG -3’

O25 pab B spe F-5′-TCC AGC​AGG​TGC​TGG​ATCGT -3’
R-5′-GCG​AAA​TTT​TTC​GCC​GTA​CTGT -3’

347 [35]

trpA2 F-5′-GCT​ACG​AAT​CCT​GTT​TGC​C -3’
R-5′-GCA​ACG​CGG​CCT​GGC​GGA​AG 3’

427

fim H30 F-21-5-CCG CCA ATG GTA CCG CTA TT-3
R-20-5-CAG CTT TAA TCG CCA CCC CA-3

354

H30-Rx F-5-GGT TGC GGT CTG GGC A-3
R-5-CAA TAT CCA GCA CGT TCC AGG TG-3

194

Table 2   Reaction components for PCR analyses

Component Quantity (25 µl 
for total volume) 
(µl)

10 × PCR buffer 2.5
dNTP miks (10 mm) 0.5
MgCl2 (25 mM) 1.5
Primer F (10 pmol) 0.25
Primer R (10 pmol) 0.25
Taq polimeraz (1 U) 0.1
H2O 18.9
DNA 1
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Fig. 2   E. coli antibiotic susceptibility of strains
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of E. coli strains developed against 15 different antibiotics 
(Fig. 2). 79.06% (n = 68) of the isolates were phenotypi-
cally determined as ESBL-positive.

Molecular results of ST131 clone and subclones in E. 
coli strains

Isolated E. coli strains were examined using multiplex PCR 
for the detection of O25pabBspe and trpA2 to determine 
the presence of the ST131 clone. It was determined that 
38.37% [33] of 86 strains were ST131 (O25pabBspe and 
trpA2) positive, 65.11% [56] were only trpA2 positive, and 
34.88% [30] were negative. 33 samples where O25pabBspe 
and trpA2 were present were examined for an H30 subclone, 
and an H30 subclone was detected in 27.27% [9] of them. In 

all E. coli strains where the H30 subclone was present, the 
H30-Rx subclone was also detected (Fig. 3).

ESBL was detected positive in 72.72% of the strains 
where ST131 was detected. It was determined that the iso-
lates belonging to the ST131 clone had resistance to all 
examined antimicrobials such as ciprofloxacin (81.81%), 
cefuroxime (78.78%), cefepime (75.75%), ceftriaxone 
(72.72%), cefotaxime, TMP-SMZ, and I piperacillin-tazo-
bactam (69.69%), cefixime (66.66%), ampicillin-sulbactam 
(63.63%) including carbapenems.

The results of ESBL resistance genes of E. coli strains

In all strains, TEM positivity was detected at a rate of 
41.86%, SHV positivity was 37.21%, CTX-M positivity 
was 36.04%, and OXA positivity was 4.65%. None of the 
resistance genes studied were found in 32.55% of the isolates 
(Fig. 4).

While no resistance gene was found in 9.09% (3/33) of the 
samples with positive ST131 clones, at least one resistance 
gene was detected in 90.91% (30/33). In 54.54% (18/33) of 
the samples of positive ST131 clones, the SHV gene was 
detected. In 6.06% (2/33) OXA gene was detected. In 48.48% 
(16/33) CTX-M gene was detected, and in 51.51% (17/33) 
TEM gene was detected. When the correlation of ST131 
clone and resistance genes was examined, a solid positive 
correlation was found with SHV (p < 0.005). It was deter-
mined that there was no statistically significant correlation 
between the ST131 clone and CTX-M, TEM, and OXA genes.Fig. 3   Gel images of the E. coli strains in ST 131 gene regions. M 

molecular marker (100–1500 bp), 10–20 E. coli strains 

Fig. 4   Gel images of the E. coli strains in ESBL resistance gene regions. M molecular weight standard (100–1500 bp). a Gel image of CTX-M 
(593 bp) gene, b Gel image of the SHV (237 bp) gene, c Gel image of TEM (867 bp) gene, d Gel image of OXA (885 bp) gene
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Results of biofilm forming capacities

Using the Congo Red Agar method, positivity was detected 
in 48.83% and 41.86% by glass tube test method, and all of 
them had mild severity, where positivity was detected by 
45.34% using micro-dilution plaque method, 76.92% of them 
had moderate, 15.38% had weak, and 7.69% had moderate 
severity of positivity.

While 69.7% of the positive samples for the ST131 clone 
were detected to form biofilm by any method, 30.3% did not 
form any biofilm. When the correlation between the ST131 
clone and biofilms was examined, a positive correlation 
with moderate severity was determined between the plate 
method and biofilm-positive strains and the ST131 clone 
(p < 0.05). It was determined that there was no statistically 
significant correlation between ST131 and biofilm tube, and 
CRA method and biofilm measurements (p > 0.05).

Discussion

By detecting the E. coli ST131 clone and comparing this 
clone with E. coli lineage, it is revealed that more virulence 
genes are carried and show multiple resistance to drugs and 
rapidly spread all over the world, and therefore constitutes a 
major problem for Global Public Health [31]. It is reported 
that the increase in the global spread of ESBLs is associated 
with better colonization of ST131 [32].

It is believed that the ST131 clone, contributes signifi-
cantly to the spread of antibiotic resistance in E. coli strains. 
In our country, it is reported that resistance rates to anti-
microbials among E. coli strains, especially quinolones, 
have been decelerating over the years [33, 34]. In our study, 
among ST131 isolates, ciprofloxacin, cefuroxime, cefepime, 
and cefotaxime resistance are high, and it was determined 
that they have resistance to antimicrobials, including 
carbapenems.

It was found that the E. coli ST131 clone was found in 
12.5–30% of isolates isolated from clinical samples, almost 
in half of the isolates producing ESBL, and about 80% of the 
isolates resistant to fluoroquinolone [35]. In the study con-
ducted by Yumuk et al. in 2008 for the first time in Turkey, 
one isolate in seventeen E. coli strains producing ESBL has 
been reported to be an ST131 clone [36]. In later studies, 
it has been reported that this rate is increasing more and 
more [12, 14, 37]. In our study, in which the isolates taken 
within one year in Erzurum were included, ESBL was found 
at a rate of 79.06%, and the presence of an ST131 clone 
(35.29%) was found at a relatively high level.

With the spread of the ST131 clone worldwide, it is 
known that it leads to various infections, including bacte-
remia and urinary tract infections of both community and 
hospital origin. A study by Çizmeci et al. in 2018 detected 

the presence of ST131 clones in 38% of 50 non-urinary 
isolates as a non-urinary infection agent [34]. Our study 
detected ESBL in 78.57% and ST131 in 42.86% of 14 non-
urinary clinical isolates (6 wounds, 2 aspirates, 4 blood, and 
2 sputum). Although within the scope of the study, more 
than half of the isolates (%55.8) are isolated from outpa-
tients in Community-Acquired Infections in our region gives 
an idea about the prevalence of ST131 clone, it cannot be 
made clear the distinction between community or hospital-
acquired infection can be seen as limitations of the study. 
However, the results constitute important preliminary data 
on the incidence of the ST131 clone in urine and non-urine 
E. coli infections in our region.

TEM and SHV derivatives from beta-lactamases have 
been determined as genes responsible for the spread of anti-
biotic resistance for E. coli ST131 in the mid-1990s [38]. 
Currently, the CTX-M type enzyme, isolated for the first 
time in Munich and significantly affecting cefotaxime, is 
responsible for antibiotic resistance [39]. In Our Country, 
studies on the analysis of resistance genes in E. coli ST 131 
strains are limited. In a study by Can et al. among the 59 
ESBL-positive isolates, 18 (31%) were found to belong to 
the ST131 clone [14]. In our study, the SHV gene was the 
highest in ST131 strains (54.54%).

Biofilm production by ST131 can protect bacteria from 
exposure to high levels of antibiotics and thus promote the 
development of resistance at low-level exposures. Very few 
studies investigate the biofilm production of E. coli ST131 
strains. A study conducted in France found that 2 ST131 
strains produced biofilm after 48 h [16]. In Australia, it was 
observed that 95.55% of 135 E. coli ST131 strains formed 
biofilm, and they reported that the ability of ST131 strains 
to form biofilm was significantly higher compared to non-
ST131 strains [17]. A study conducted in China found that 
70% of E. coli ST131 strains formed biofilm [18]. In our 
study, it was found that 69.7% of the samples that were posi-
tive for ST131 clone formed biofilm by any method, while 
30.3% did not form biofilm.

Our study conducted in the hospital reveals that ESBL-
producing E. coli strains in clinical isolates of the hospital 
indicate the dramatic prevalence of their isolate along with 
the high-risk ST131 clone, the dominance of the H30RX 
subclone of this risky clone, as well as the successful execu-
tion of resistance mechanisms together with the biofilm. Fur-
ther research of this high-risk pandemic clone in our country 
is necessary to prevent its spread, to determine whether it 
has acquired new resistance genes, to determine effective 
empirical antibiotic treatment options, and to develop new 
strategies for controlling antibiotic resistance. Rapid detec-
tion of E. coli ST131 presence which has become a signifi-
cant public health threat is very important for the implemen-
tation of effective targeted treatment, detection of ST131 
reservoirs, risk factors, and understanding of resistance 
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transmission pathways in terms of multidrug resistance and 
the global spread of this resistance.
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