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Prevalence, characterization, and PFGE profiles of multidrug-resistant,
extended-spectrum B-lactamase-producing Escherichia coli strains in animal-
derived foods from public markets in eastern Turkey

T. Cebeci”

Department of Medical Services and Techniques, Espiye Vocational School, Giresun University, Giresun, Turkey

ABSTRACT: The prevalence of multidrug-resistant (MDR), extended-spectrum B-lactamase (ESBL)-producing
Escherichia coli (E. coli) has increased markedly in recent years, posing a major challenge for antimicrobial treat-
ment and raising concerns regarding the possible transfer of such bacteria through the food chain. The aim of this
research was to investigate the prevalence of ESBL-producing E. coli strains in milk, cheese, and meat samples and
to determine their virulence, pathotype, serotype, antibiotic resistance, and genetic relatedness. A total of 300 food
samples were purchased from public markets in different districts of Giresun city. ESBL-producing E. coli strains were
isolated from five of the samples (1.6%). B-lactamase-encoding genes of the CTX-M (20%), TEM (40%), and SHV
(20%) groups were detected singly or in combination. The ESBL-producing E. coli isolates were further analyzed for
the presence of virulence genes. The following virulence factor genes were detected: hly4 (20%), ehlyA (20%), iucD
(40%), iutA (60%), fimH (100%), kpsMTII (100%) and traT (100%). Enterohemorrhagic E. coli (EHEC) was found as
a predominant pathotype, with a frequency of 60%. No enteroinvasive E. coli (EIEC), enterotoxigenic E. coli (ETEC),
enteropathogenic E. coli (EPEC), diffuse adherent E. coli (DAEC), and enteroaggregative E. coli (EAggEC3) were
identified. Using polymerase chain reaction (PCR), genes encoding flicH7 and s#x2 were found in one (20%) and three
(60%) ESBL-producing E. coli isolates, respectively. In addition, genes encoding Shiga toxins were detected in three
(60%) of the five isolates, which encoded the O128 serotype. Antibiotic susceptibility tests of the positive isolates
showed resistance to cefuroxime, trimethoprim/sulfamethoxazole, cefazolin, streptomycin, ceftriaxone, tetracycline,
ampicillin, and trimethoprim. Most ESBL-producing E. coli isolates showed 80% MDR phenotype against at least four
classes of antibiotics. Specific PCR detection of antibiotic resistance genes showed the prevalence of the zetA gene
in most isolates (80%), followed by dfi4, gnr, aadA 1, and sull. Pulsed-field gel electrophoresis (PFGE) results show
that the isolates from different districts presented no clonal relatedness. This is the first report of the characteristics of
MDR ESBL-producing shigatoxigenic (STEC) E. coli in dairy and meat products in a local city in Turkey. Our findings
indicate that dairy and meat products could be reservoirs of MDR ESBL-producing STEC E. coli strains possessing
several virulence factors, which may be a cause of concern for human health.
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INTRODUCTION

icrobial resistance through extended-spectrum

B-lactamase (ESBL) was first reported in Eu-
rope and the United States in the early 1980s after
the introduction of third-generation cephalosporins in
clinical practice (Saravanan et al., 2018). In 2019, the
Centers for Disease Control and Prevention (CDC)
designated ESBL-producing Enterobacteriaceae as
pathogens that pose a serious threat to health (Frieden,
2013) and are responsible for infections worldwide,
posing a challenge to clinicians for infection control
(Rupp and Fey, 2003). Escherichia coli (E. coli) has
become increasingly resistant to f-lactam antibiotics
due to the production of ESBL (Kim et al., 2018).
ESBL-producing Enterobacterales, especially E. coli,
create a public health problem and present challeng-
es to the healthcare industry. These bacteria are used
extensively as key indicators for tracing the evolution
of MDR bacteria. Because of the limited treatment
options for these pathogens, they pose a serious threat
to human health and can presumably pass through the
food chain or by close contact to colonize human in-
testines (Carattoli et al., 2005; Ewbank et al., 2022).

Various genetic mechanisms result in antibiotic
resistance from natural or acquired processes (Ai-
buedefe Osagie, 2019). Extended-spectrum [-lac-
tamases (ESBLs) are generally encoded by genes
that are found on large plasmids and they also con-
vey genes related to resistance to other antimicrobial
agents. These agents include aminoglycosides, tri-
methoprim, sulphonamides, tetracyclines, and chlor-
amphenicol (Rawat and Nair, 2010). Due to increased
mutations in the ESBL gene, as well as the industrial
processing of animal-derived foods, infections have
emerged that have impacted human health (Zurfluh
etal., 2013).

Virulence characteristics and the possibility of
producing certain illnesses are linked to the phyloge-
netic categories of pathogens. E. coli strains are divid-
ed into three categories: commensal, intestinal patho-
genic (enteric or diarrheagenic), and extraintestinal
pathogenic (ExPEC). Pathogenic E. coli clones have
acquired particular virulence factors that enhance
their capacity to adapt to different habitats and cause
a wide variety of illnesses (Ombarak et al., 2016).

Among the E. coli groups isolated in foods and an-
imals, those producing Shiga toxin and the Shiga-like
verotoxin comprise the most important pathotype (De-
stro and Ribeiro, 2014). Resistant bacteria can carry
other virulence-related genes, and it should be noted

that strains producing Shiga toxin, found naturally in
ruminants and considered foodborne pathogens, have
been demonstrated as ESBL producers. This indicates
the possibility that the ESBL plasmid can be trans-
ferred from commensals to foodborne pathogenic
strains (Alegria et al., 2020). Ruminants are a major
source of STEC, which is transmitted mainly by con-
sumption of contaminated food, although it can also
be transmitted through direct or indirect contact with
contaminated people or animals (Valat et al., 2012).
Foods that present a high risk for transmission include
meat products such as minced meat, sausage, ham-
burger, and deli lunch meats, as well as dairy prod-
ucts. Serious foodborne outbreaks, most commonly
associated with the consumption of uncooked meat or
unpasteurized milk products, are often due to entero-
hemorrhagic serogroup O157 or other, non-O157 se-
rogroups such as 026, O111, 0103, and 0145 (Nagy
et al., 2015).

The presence of ESBL-producing E. coli (ES-
BL-EC) in dairy and meat products represents a
significant public health issue. There is a little data
with respect to the prevalence of ESBL-EC in Tur-
key. The aim of the study was to characterize ES-
BL-EC strains isolated from milk, cheese, and meat
samples. Species identification (via matrix-assisted
laser desorption/ionization time-of-flight mass spe-
ctrometry-MALDI-TOF MS) and genetic similarity
analysis (pulsed-field gel electrophoresis, PFGE) of
the isolates were performed. The ESBL-EC strains’
phenotype and genotype for antibiotic resistance, as
well as the pathotype and serotype of the isolated
ESBL- EC strains, were determined.

MATERIALS AND METHOD

From May 2018 to May 2020, a total of 300 food
samples of animal origin (100 samples of raw cow’s
milk, 100 samples of traditional tulum cheese, and
100 samples of ground beef) were randomly sampled
from various public bazaars and butchers in the coastal
districts of Giresun province. All samples were trans-
ported in an icebox to Espiye Vocational Laboratory,
Giresun University, under refrigeration and within 2
hours for conventional microbiological analysis.

Microbiological analysis

Ten milliliters of raw milk was mixed with 90 mL
of tryptic soy broth (TSB, Merck), and 25-gram sam-
ples of traditional tulum cheese and ground beef were
respectively added to 225 mL TSB. The samples were
mixed in a blender (Waring, New Hartford, Conn.)
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and then incubated at 37 °C for 16 hours with shak-
ing. Sample aliquots were streaked onto MacConkey
agar (Merck) and eosin methylene blue (EMB) agar
(Merck) plates, which were incubated at 37 °C for
18-24 h. The suspected isolates were biochemically
identified (Ombarak et al., 2016).

Matrix-assisted laser desorption ionization time-
of-flight confirmation of isolates

Bacterial isolates were identified by MALDI-TOF
MS (bioMérieux, France) according to the manufac-
turer’s recommendations (El Garch et al., 2018).

Phenotypic detection of ESBL production

ESBL-producing isolates were characterized phe-
notypically for ESBL production using the modified
double disc synergy test (mDDST), using a disc of
amoxicillin-clavulanate (20/10 pg) along with four
cephalosporins, 3GC-cefotaxime, ceftriaxone, and
4GC-cefepime, as recommended by the Clinical and
Laboratory Standards Institute (CLSI) performance
standards. ESBL presence was confirmed by the com-
bination disc test. CTX (30 pg), cefotaxime/clavulan-
ic acid (CTL, 30 png/10 pg), CAZ (30 pg) and ceftazi-
dime/clavulanic acid (CAL, 30 pug/10 pg) discs were
used for the phenotypic confirmatory test. For quality
control purposes, Klebsiella pneumoniae (K. pneu-
moniae) ATCC 700603 (positive control) and E. coli
ATCC 25922 (negative control) were utilized (CLSI,
2017; Bardon et al., 2013).

Antimicrobial susceptibility testing

To determine antibiotic resistance in the isolates;
amikacin (AK, 30 pg), ampicillin (AM, 10 pg), ce-
fazolin (CZ, 30 pg), ceftriaxone (CRO, 30 pg), ce-
furoxime (CXM, 30 pg), ciprofloxacin (CIP, 5 pg),
ertapenem (ETP, 10 pg), fosfomycin (FOS, 200 pg),
gentamicin (CN, 10 pg), imipenem (IPM, 10 ng),
levofloxacin (LEV, 5 pg), meropenem (MEM, 10 pg),
piperacillin/tazobactam (TPZ, 100/10 pg), polymixin
B (PB, 300 U), streptomycin (S, 10 pg), tetracycline
(TE, 30 ng), trimethoprim (TMP, 5 pg), and trimetho-
prim/sulfamethoxazole (SXT, 1.25/23.75 pg) antibiot-
ic discs were used. Antibiotic resistance of E. coli iso-
lates was investigated using the disc diffusion method
according to the rules of the CLSI. After incubation,
the diameters of the inhibition zones formed around
the discs were measured and evaluated according to
the zone table described in CLSI (CLSI, 2020). E. coli
ATCC 25922 was used as the control strain.

DNA isolation protocols

Templates for PCR were prepared by the boiling
method using the procedure described by Martinez-
Vazquez et al. (2018).

PCR detection of genes for antimicrobial resis-
tance and p-lactamase

In the present study, various PCR assays were used
for the detection of antibiotic resistance genes (AGRs)
and beta-lactamase genes of ESBL-EC isolates. All
isolates were tested for the presence of P-lactamase
(bla.y\p» blagy, ,» blag,, bla ), as well as the re-
sistance genes against streptomycin (aadAl), tetracy-
cline (tetd, tetB), trimethoprim (dfrA1), quinolones
(gnr), gentamicin (aac3-1V), sulfonamide (sull), am-
picillin (CITM), and chloramphenicol (catl, cmlA),
by PCR using specific primers as described by a pre-
vious study (Ranjbar et al., 2018), with some modifi-
cations (Table 1).

Genotypic characterization of virulence, patho-
type, and serotype genes

All ESBL isolates were screened for the presence
of virulence genes, which include a-hemolysin (2/y4),
specific uropathogenic protein (usp), autotransporter
toxin (sat), Yersinia siderophore receptor (fyuAd), sal-
mochelin (/roN), aerobactin receptor (iutAd), aerobac-
tin (iucD), type 1 fimbriae (fimH), necrotizing cytotox-
ic factor type 1 (cnf1), serum resistance (¢traT), group
IT capsule synthesis (kpsMTII), p fimbria (papGII),
enterohemolysin (eae); the pathotype genes intimin
(eae), type 1V bundle-forming pili (bfp), heat-labile
toxin 1 (Lf), heat-stable toxin (sz/]), regulatory protein
(virF), invasion plasmid antigen (ipaH), Dr adhesin
family protein (daaFE), aggregative adherence factor
IT (aafll), Shiga-like toxin genes (stx/, stxlc, stxld,
stx2, stx2a, stx2c, stx2d, stx2e, stx2f, stx2g), and the
serotype genes (0157, 045, 0103,026, 0111, 091,
0128, 0121, 0113, 045) by PCR using the primers list-
ed in Table 2 and Table 3. The methods of Su et al.
(2016) and Ranjbar et al. (2018) were modified for
genotyping the E. coli isolates.

Pulsed-field gel electrophoresis analysis

PFGE of Xbal (Takara Bio Inc., Shiga, Japan)-di-
gested genomic DNA samples of the five ESBL-EC
isolates was carried out in a CHEF DR-III electropho-
resis chamber (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) according to the instruction manual, and
band profile analyses were performed by the Public
Health Institution of Turkey (Ankara), as described
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Table 1. Oligonucleotide primers for antimicrobial resistance and [-lactamase genes
Antimicrobial . s 25 Fragment nealin
agent Target gene  Primer sequence (5°-3”) size (pb) ) e
. F: TAT CCA GCT AAG CGC GAACT
Streptomycin aadAl R: ATT TGC CGA CTA CCT TGG TC 177 56
. F: GGT TCA CTC GAA CGA CGT CA
Tetracycline tetA R: CTG TCC GAC AAG TTG CAT GA 878 36
. F: CCT CAG CTT CTC AAC GCG TG
Tetracycline tetB R: GCA CCT TGC TGA TGA CTC TT 815 53
. . F: GGA GTG CCA AAG GTG AAC AGC
Trimethoprim — dfrAl R: GAG GCG AAG TCT TGG GTA AAA AC 992 60
Quinol F: GGG TAT GGA TAT TAT TGA TAAAG 931 53
HINOTONes ant R: CTA ATC CGG CAG CAC TAT TTA
. F: CTT CAG GAT GGC AAG TTG GT
Gentamicin aac3-IV R: TCA TCT CGT TCT CCG CTC AT 688 36
. F: TTC GGC ATT CTG AAT CTC AC
Sulfonamide sull R: ATG ATC TAA CCC TCG GTC TC 584 >4
. AGT TGC TCA ATG TAC CTATAA CC
Chloramphenicol - catl TTG TAA TTC ATT AAG CAT TCT GCC 270 >
. CCG CCACGG TGT TGT TGT TAT C
Chloramphenicol  cmlA CAC CTT GCC TGC CCA TCA TTA G 188 61
R F: TGG CCA GAA CTG ACA GGC AAA
Ampicillin CITM R: TTT CTC CTG AAC GTG GCT GGC 407 59
F: TCCGCTCATGAGACAATAACC
B-lactamase genes blaTEM R: TTGGTCTGACAGTTACCAATGC 931 57
F: TCG CCT GTG TAT TAT CTC CC
B-lactamase genes blaSHV R: CGC AGA TAA ATC ACC ACA ATG 768 55
F: TCTTCCAGAATAAGGAATCCC
B-lactamase genes blaCTX-M R: CCGTTTCCGCTATTACAAAC 909 57
B-lactamase genes blaOXA-2 F: AAGAAACGCTACTCGCCTGC 478 57
& group R: CCACTCAACCCATCCTACCC
Table 2. Oligonucleotide primers for virulence factors and pathotype genes
Function of gene  Target . s 2 Fragment 7 .
PCR sets product gene Primer sequence (5’-3%) size (pb) 0 g
. . F: AACAA CGATA AGCAC TGTTC TGG
Multiplex I a-Hemolysin hly4 R: CCATA TAAGC GGTCA TTCCC G 1177 60
Yersinia
. F: GGCTT TATCC TCTGG CCTT
siderophore ud R GAAAA CCCAG TCATC GGTGG 878 60
receptor
. . F: CTCTG GTGGT GGAAG CC
Salmochelin iroN R: TGTCG GTACA GGCGG TTC 815 60
Sf ec;?}f . » F: GGAAA ATGGT CGCTC AGTGG 997 0
;rgfein OBemIe P R: CTGTA GTGAA TCTCA TCGTG TAGTC
Autotransporter at F: TCAGA AGCTC AGCGA ATCAT TG 931 60
toxin R: CATTA TCACC AGTAAAACGC ACC
. ) F: CACTC CGGTA CTCCA GTCA
Aerobactin receptor iutA R: CCTCC AACCA GATGT TCTTC G 688 60
. . F: CCGGA GAAGC CTGAA ATATATTCA
Aerobactin ueD R CCGGA TTGTC ATATG CAGAC C S84 60
Simplex Enterohemolysin  ehly F:CAATGC AGATGC AGATAC CG 432 52

R: CAGAGATGT CGT TGC AGC AG
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. . F: GTTTA TAATT CGAGA ACGGA TAAGC C
Multiplex IT Type 1 fimbriae fimH R: GTGCA TAATT TGCCG TTAAT CCC 494 60
rotizin
ijif)t‘(’;ic S e o s FTTCTT CTGTA CTTCC CCCAG 407 o
type 1 R: TGAGC GGCAT CTACT ATGAA GT
Group Il capsule ~ kpMTII F: CATCA GACGA TAAGC ATGAG CA 270 60
synthesis R: TGCGC ATTTG CTGAT ACTGT
. F: GGGCC CCCAA GTAACTC
P fimbria PapGIlL p. GGATG AGCGG GCCTT TG 188 60
Serum resistance traT F: CATAA CCACG GTTCA GCCAT € 328 60
R: TTGCA CTGGT CAGTT CCAC
Specific PCR Intimin caed F: ATTACTGAGATTAAGGCTGAT 482 53
sets for EPEC R: ATTTATTTGCAGCCCCCCAT
Type IV bundle- bof F: GGAAG TCAAA TTCAT GGGGG TAT 300 58
forming pili R: GGAAT CAGAC GCAGA CTGGT AGT
Specific PCR . . FGCACA CGGAG CTCCT CAGTC
ets for ETEC  Heatlabile toxin 1 Lt R: TCCTT CATCC TTTCA ATGGC TTT 218 36
. F: AAAGG AGAGC TTCGT CACAT TTT
Heat-stable toxin 1 st/ R: AATGT CCGTC TTGCG TTAGG AC 129 56
Specific PCR Regulatory protein  virF F: AGCTC AGGCA ATGAA ACTTT GAC 618 60
sets for EIEC R: TGGGC TTGAT ATTCC GATAA GTC
Invasion plasmid . F:CTCGG CACGT TTTAA TAGTC TGG
antigen pall . GTGGA GAGCT GAAGT TTCTC TGC 933 60
Specific PCR  Dr. adhesin family daaE F: GAACG TTGGT TAATG TGGGG TAA 542 57
sets for DAEC  protein R: TATTC ACCGG TCGGT TATCA GT
lflé‘iglsﬁe‘is o Asgregative aaii T CACAG GCAAC TGAAATAAGT CTGG 378 s
adherence factor 11 R: ATTCC CATGA TGTCAAGCACTTC
EAggEC3
Specific PCR  Shiga-like toxin F:AAATCG CCATTC GTT GACTACTTCT
stxl R: TGC CAT TCT GGC AAC TCG CGA TGC 366 58
sets for EHEC  genes A
2 F: CGATCG TCA CTCACT GGTTTCATCA 282 58
R: GGATAT TCT CCC CAC TCT GAC ACC
stcle F: TTTTCACATGTTACCTTTCCT 498 56
R: CATAGAAGGAAACTCATTAGG
sixld F: CTTTTCAGTTAATGCGATTGCT 192 56
R: AACCCCATGATATCGACTGC
F: GCGATACTGRGBACTGTGGCC
stx2a 349 65
R: CCGKCAACCTTCACTGTAAATGTG
stde F: GCGGTTTTATTTGCATTAGT 124 56
R: AGTACTCTTTTCCGGCCACT
stx2d F: GGTAAAATTGAGTTCTCTAAGTAT 175 56
R: CAGCAAATCCTGAACCTGACG
stxde F: ATGAAGAAGATGTTTATAGCG 267 56
R: TCAGTTAAACTTCACCTGGGC
F: AGATTGGGCGTCATTCACTGGTTG
ste2f 428 56
R: TACTTTAATGGCCGCCCTGTCTCC
stx2g F: GTTATATTTCTGTGGATATC 573 56

R: GAATAACCGCTACAGTA

DAEC: diffuse adherent E. coli; EAggEC3: enteroaggregative E. coli; EHEC: enterohemorrhagic E. coli; EIEC: enteroinvasive E.
coli; EPEC: enteropathogenic E. coli; ETEC: enterotoxigenic E. coli.
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Table 3. Oligonucleotide primers for serotype genes
Target gene Primer sequence (5°-3’) Fragment size (bp) T?';,"é")i"g
0145 F: CCATCA ACA GAT TTA GGA GTG 609 5
R: TTT CTA CCG CGAATC TAT C
F: TTG GAG CGT TAA CTG GAC CT
0103 R: GCT CCC GAG CAC GTATAAG 321 36
026 F: CAG AAT GGT TAT GCT ACT GT 423 5>
R: CAG AAT GGT TAT GCT ACT GT
0111 F: TAG AGA AAT TAT CAA GTT AGT TCC 406 53
R: ATA GTT ATG AACATC TTG TTT AGC
091 F: GCT GAC CTT CAT GAT CTGTTG A 291 57
R: TAATTT AAC CCG TAG AAT CGC TGC
0128 F: GCT TTC TGC CGA TAT TTG GC 289 61
R: CCGACG GACTGATGC CGGTGATT
F: TGG CTA GTG GCATTC TGA TG
0121 R: TGATAC TTT AGC CGC CCT TG 322 >6
0113 F: GGG TTA GAT GGA GCG CTATTG AGA 771 62
R: AGG TCA CCC TCT GAATTATGG CAG
045 F: CCG GGT TTC GAT TTG TGA AGG TTG 577 62
R: CAC AAC AGC CAC TAC TAG GCA GAA
F:CGG ACA TCC ATG TGA TAT GG
0157 R: TTG CCT ATG TAC AGC TAATCC 259 35
AiCh7 F: GCG CTG TCGAGT TCT ATC GAG C 625 62

R: CAA CGG TGA CTT TAT CGC CAT TCC

previously (Durmaz et al., 2009). The TIFF images
obtained from PFGE were analyzed with the BioNu-
merics version 7.5 software package (Applied Maths,
Sint-Martens Latem, Belgium). Cluster analysis of
Dice similarity indices based on the unweighted pair-
group method with arithmetic mean (UPGMA) was
utilized to generate the dendrogram illustrating the
relationship between PFGE profiles. Isolates with
Dice similarity index of >80% were classified into the
same PFGE cluster. PFGE was done using Salmonella
Braenderup H9812 as the molecular weight marker.

RESULTS

ESBL-EC isolates in samples

The overall prevalence of E. coli in the com-
mercially available milk, cheese, and meat samples
from eight coastal districts in Giresun was found to
be 43.3% (130/300). Of the 130 E. coli isolates, five
(3.8%) were found to be ESBL producing; therefore,
the overall ESBL-EC prevalence was 5/300 (1.6%).

E. coli was most common in cheese (53/100 sam-
ples, 53%) and meat (52/100 samples, 52%). A much
lower prevalence was found in milk (25/100 samples,
25%). ESBL-EC was found in cheese (2/100, 2% of
cheese samples), meat (2/100, 2% of meat samples),
and milk (1/100, 1% of milk samples) (Table 4).

Phenotypic antibiotic resistance

In this study, ESBL-EC isolates indicated resis-
tance to multiple antimicrobial agents. Five (3.8%) of
the E. coli isolates were identified as ESBL-EC by an-
timicrobial susceptibility testing (AMC, CAZ, CTX,
ATM, and FEP resistance). The resistance patterns
of E. coli towards the tested antimicrobial agents are
presented in Table 5. All isolates were resistant to CZ,
CRO, and CXM. The phenotypic resistance profiles
of the ESBL-EC isolates are as follows: AM, 80%; S,
80%; TE, 60%; TMP, 80%; SXT, 80%. No resistance
to AK, CIP, ETP, FOS, CN, IPM, LEV, MEM, TPZ,
and PB was observed in the E. coli isolates.

ESBL and antibiotic resistance genes

All ESBL-EC isolates in this study carried more
than one of the tested antimicrobial resistance genes.
Table 5 displays the number of isolates carrying the
various resistance gene combinations. Five different
antimicrobial resistance gene patterns were identified.
One isolate additionally carried the B-lactamase genes
bla ., bla.. ,,and blag, .. The gene dfrA1, conferring
resistance to trimethoprim, was observed in four iso-
lates. Resistance genes against tetracyclines were found
in four isolates. Among those, two carried gnr and one
carried aadA[I; neither carried both. Only one isolate
carried su/l, conferring resistance to sulfonamide.
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Table 4. Presence of E. coli and ESBL producing E. coli in food samples
ESBL-producing E. coli

Food E. coli Districts
samples Total Piraziz Bulancak Central Kesap Espiye Tirebolu Gorele Eynesil

n=24 n=58 n=57 n=27 n=45 n=32 n=33 n=24
raw milk
=100 25 1 0 0 0 0 0 0 1
cheese
=100 53 2 0 1 0 1 0 0 0
ground beef
=100 52 2 0 0 0 0 1 0 0
Total
N=300 130 5 0 1 0 1 1 0 1

Table 5. Phenotypic and genotypic resistance patterns of ESBL-producing E.coli isolated from food samples

. Food Multidrug resistance profile for Non-beta-lactam
Strain o Beta-lactam genes

sample antibiotics genes
M-1 Milk CXM, SXT, CZ, S, CRO, TE, AM, TMP bla,, qnr, tetA, dfrAl
C-1 Cheese CXM, SXT, CZ, S, CRO, TE, AM, TMP  bla,,, bla.., ., blay,, qnr, tetd
C-2 Cheese CXM, SXT, CZ, S, CRO, TE, AM, TMP - tetd, aadAl
G-1  Ground beef CXM, SXT, CZ, S, CRO, AM, TMP - sull, tetd, dfrdl
G-2 Ground beef CXM, CZ, CRO - dfrAl

AM: ampicillin; CRO: ceftriaxone; CXM: cefuroxime; CZ: cefazolin; S: streptomycin; SXT: trimethoprim/ sulfamethoxazole; TE:

tetracycline; TMP: trimethoprim

Table 6. Prevalence of virulence, pathotype and serotype genes in ESBL-producing E. coli isolates

Positive isolates

Strain  Pathotype Virulence genes Serotype
hlyd  ehlyd  iutd iucD fimH  kpsMTIl  traT stx2  flicH7 0128
M-1 EHEC - - - - + + + + - +
C-1 EHEC + + + + + + + + - +
C-2 - - - + + + + + - - ONT
G-1 EHEC - - - - + + + + - +
G-2 - - - + - + + + - + ONT

ONT = O serogroup non-typable, EHEC = enterohemorrhagic E. coli

Virulence genes

The presence of virulence factor genes in the five
isolates is shown in Table 6. The most common vir-
ulence factor profiles, fimH, kpsMTII, and traT, were
found in five isolates (100%). Siderophore genes
iutA and iucD were detected in three (60%) and two
isolates (40%), respectively. One isolate (20%) was
shown to contain the 4/yA4-encoding gene. No isolates
harbored fyuA, iroN, papGlI, usp, sat, cnfl, and eaeA
genes.

Pathotype genes

A total of five ESBL-EC strains were evaluated by
PCR to detect 18 virulence genes and to classify the
pathotypes (Table 2). Only EHEC strains were found

to have the respective virulence genes. The incidence
of each virulence gene among ESBL-EC isolates from
milk, cheese, and meat is shown in Table 6. EHEC
was detected in three isolates (60%) by the presence
of the gene for Shiga-like toxin 2 (s#x2), while the
pathotype of the other two ESBL-EC isolates was not
determined.

Serotype genes

The specific genotypes of the ESBL-EC strains,
with respect to the virulence genes tested, namely,
Shiga-like toxin genes (stx1, stxic, stxld, stx2, stx2a,
stx2c, stx2d, stx2e, stx2f, stx2g) and flagellar antigen
(flicH7) are shown in Table 6. By applying specific
oligonucleotide primers for the detection of STEC
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serogroups in food samples (Table 3), it was found
that three (60%) samples were positive for O128 se-
rogroup, while none of the other serogroups tested
(026,0103, 0111 and O145) was detected among the
strains. Three of the five isolates (60%) were shown
to carry the stx2 gene. O128 strains were isolated
from two dairy samples, while the remaining strain
was isolated from meat samples.

PFGE analysis

Xbal-PFGE (Figure 1) revealed that the five ES-
BL-producing strains are classified into five geno-
types, indicating nonclonal transmission.

DISCUSSION

The current research focuses especially on the
variety of antimicrobial resistance, molecular lineag-
es, virulence factors, pathotypes, and serogroups of
ESBL-EC isolated in Giresun from raw cow’s milk,
traditional tulum cheese, and ground beef. To our
knowledge, this is the first study of ESBL-EC in the
milk, cheese, and meat samples from public markets
in Giresun, Turkey. ESBL producers comprise one
of the most important groups of bacteria, and their
presence in food animals facilitates the transfer of
antimicrobial resistance through the food chain to hu-
mans (Wasinski et al., 2014). We assessed the poten-
tial spread of ESBL-EC through milk, tulum cheese,
and meat, which are consumed by a large share of the
population in Giresun province. In this study, the inci-
dence of ESBL-EC contamination (3.42-54.54%) was
reported for milk, cheese, and meat from retail sales,
adding to existing studies from various countries, in-
cluding Turkey (Pehlivanlar Onen et al., 2015), India
(Batabyal et al., 2018), and Brazil (Parussolo et al.,
2019). Data available on the prevalence of ESBL-EC

100

60
=70
B0
—0

1)

RN
i E )
I 1S

JRMEL B IR

i

in milk, cheese, and meat are diverse. Variations in
the prevalence rates of ESBL-EC from milk, cheese,
and meat may reflect differences in the production,
transport, and hygiene conditions during food han-
dling. On the other hand, various factors, including
the sample size, detection method, and food origin
must be taken into consideration.

The production of ESBLs constitutes an import-
ant resistance mechanism impeding the antimicrobial
treatment of infections caused by Enterobacteriaceae
and poses a significant risk for antibiotics that are cur-
rently available (Shaikh et al., 2015). Furthermore, the
consumption of, or contact with, animal products in-
creases consumers’ exposure to resistant bacteria (Ma
et al., 2020). In this study, ESBL-producing strains
were tested for susceptibility to 18 antimicrobial
drugs of veterinary and human health significance.
ESBL-producing strains were examined in terms of
the antimicrobial susceptibility testing, revealing that
a significant proportion of isolates was resistant to
various drugs, particularly the cephalosporins (CXM,
CZ, and CRO), sulfonamides (TMP, SXT), B-lactams
(AM), aminoglycosides (S), and tetracyclines (TE).
Very high resistance to CXM (100%), KF (100%), S
(100%), SXT (85.7%), AM (85.7%) and TE (85.7%)
was noted by Pehlivanlar Onen et al. (2015) in strains
of ESBL-EC isolated from beef meat in Turkey. Parus-
solo et al. (2019) reported 100% resistance to CRO
and 100% resistance to CTX in a group of four strains
of ESBL-EC isolated from milk and cheese in Brazil.
By contrast, Abayneh et al. (2019) demonstrated no
resistance to third-generation cephalosporin in ES-
BL-EC isolated from meat samples in Ethiopia. The
results reveal the high rate of increase in multidrug
resistance. These fluctuations can be expected to vary

Coastal
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cp Cheese  Espiye
£.1 Meat  lirebolu
E-2 Meat  Central
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Figure 1. Pulsed-field gel electrophoresis of Xbal-digested DNA from the five ESBL-producing E. coli isolates
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between countries because of the differences in terms
of antibiotic use.

Together with the increasing use of antibiotics in
agriculture and clinics, the number of ARGs has in-
creased, and the gradually rising number and spread
of MDR bacterial strains can be considered as a glob-
al health threat (T6th et al., 2019). Transferability of
antimicrobial resistance (AR) between bacteria on
mobile genetic elements (MGEs) may result in rapid
development of MDR in bacteria from animals, cre-
ating a foodborne risk to human health (Aibuedefe
Osagie, 2019). The likely primary mechanism of
transmission of ARGs among food animal and human
populations is by horizontal gene transfer (T6th et al.,
2019). This study found that zet4 (80%) was the most
common resistance gene, followed by dfr41 (60%)
and gnr (40%), whereas aadA1 (20%) and sull (20%)
were the least common resistance genes, which is par-
tially consistent with phenotypic findings. Similarly,
Skockova et al. (2015) have tested E. coli species for
tetA, tetB, tetC, tetG, qnrA, qnrB, gqnrS, gepA, and
aac(6°)Ib. The most prevalent genes are the fet genes,
which were found in 12.5% of isolates.

The places where foods are processed can be seen
as important reservoirs and vectors in terms of antimi-
crobial-resistant bacteria. Furthermore, food handlers
also constitute a risk factor regarding the transmission
of ESBL-producing bacteria (Lavilla et al., 2008). It
is known that ESBLs are encoded by plasmids and
MGESs, and they are also transferred to other bacte-
ria (Tekiner and Ozpmar, 2016). ESBLs, including
SHV, TEM, and CTX-M variants, are among the most
widely detected P-lactamases found in Enterobacte-
riaceae, particularly in E. coli and K. pneumoniae
(Ouchar Mahamat et al., 2021). TEM- and SHV-type
enzymes previously predominated the ESBL strains
worldwide; today, CTX-M-type enzymes are the most
commonly found. Of these, the CTX-M-15 variant is
predominant worldwide, followed in prevalence by
CTX-M-14; an emergent variant is CTX-M-27, ob-
served in some parts of the world (Bevan et al., 2017;
Castanheira et al., 2021). In this study, TEM was the
dominant genotype, followed by CTX-M and SHV
in milk and cheese isolates. The OXA-encoding gene
was not detected in all five isolates. Different coun-
tries have reported different predominant ESBL gen-
otypes of E. coli in milk and cheese samples, includ-
ing CTX-M genotype in India (Batabyal et al., 2018)
and TEM genotype in Brazil (Parussolo et al., 2019).
Studies showing the presence of AGR genes and be-

ta-lactamase resistance genes of E. coli cultured from
food samples, performed in different countries, have
varying results, which could be due to different geo-
graphical regions or the different practices in using
antibiotics or antimicrobial agents, for example, in
feed supplements. The selective pressure from such
administration causes the evolution of antibiotic resis-
tance in the microbial isolates due to the acquisition
of antibiotic-resistance genes. While some of these
genes are silent in bacteria in vitro, these silent genes
can spread to other bacteria or “turn on” in vivo, espe-
cially under antimicrobial pressure.

The relationship between virulence factors and
mortality in ESBL-EC bacteremia has been examined
only in very few studies (Hung et al., 2019). Virulence
factors play an important role in the epidemiology and
pathophysiology of E. coli infections (Kluytmans et
al., 2013). Besides the fact that pathotypes of E. coli
are known to cause intestinal diseases, their accumula-
tion, disease outbreaks, and clinical outcomes present
an increasingly important health issue. Previous stud-
ies reported that E. coli pathotypes keep transmitting
and evolving among populations in ruminants, food,
water, and humans (Govindarajan et al., 2020). In
the present study, three out of five ESBL-EC isolates
(60%) were EHEC, including three O128 isolates. In
PCR analysis of the isolates, three stx2 strains were
found. Overall, five isolates tested positive for one or
more of the VF genes. Among them, the prevalence
of individual VF genes was 100% for fimH, 100% for
traT, 100% for kpsMTII, 60% for iutA, 60% for stx2,
40% for iucD, 20% hlyA, 20% ehlyA, and 20% flicH7.
Our results are in agreement with a study by Kim et
al. (2018) in South Korea, where fimH, iutAd, and traT
were observed in 20%, 15%, and 15% of ESBL-pro-
ducing E. coli isolates, respectively, and is also sim-
ilar to a study reported by Kiirekci et al. (2019) in
Turkey, where fimH, iutA, and kpsMT II were detect-
ed in 96.1%, 59.6% and 9.6% of ESBL-producing E.
coli isolates, respectively. In contrast, in another study
conducted by Ribeiro et al. (2016), tsh was detected in
one isolate of ESBL-EC. ESBL-EC strains carrying
virulence genes encoding toxins similar to those of
other pathogenic E. coli, such as STEC (which pro-
duces ESBL enzymes), are reported to be rare but
extremely dangerous (Frank et al., 2011). Regard-
ing the serotyping of the isolated ESBL-EC strains,
the five E. coli isolates from milk, cheese, and meat
samples were subjected to serological identification.
Three strains (60%) belonged to one serogroup, and
the most predominant serogroup was 0128 (60%),
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while two E. coli strains (40%) were untypable. In
previous studies, the most frequent serotypes in ES-
BL-EC from food samples were 0128, O157, 026,
0103, 0111, 0145, 045, 091, and O113 (Momtaz et
al., 2013); 0121, 0128, 078, 091, and 026 (Younis
et al., 2017); and O2, 09, 020, 068, and O157 (Ntuli
et al., 2017). Variation in the prevalence of virulence
and serotype genes from ESBL-EC reported in other
studies may be the result of different sampling meth-
ods employed, types of samples, isolation procedures,
the environmental conditions, or geographical loca-
tions.

The dendrogram analysis performed using the five
ESBL-EC isolates classified the samples into five
species-specific groups, with a total of five profiles.
Previous studies reported the genetic heterogeneity
among strains isolated in food samples. Using PFGE,
Ntuli et al. (2017) reported five clusters (A-F) with
75% similarity among 25 ESBL-EC strains isolated
from food in South Africa. Cluster group E was dom-
inated by serotype O9 (66.6%). Moreover, the com-
mon phenotypes found in clusters C, E, and F were
determined to be resistant to CPD-CAZ, ATM-CPD,
and ATM-CPD-CAZ, respectively.

CONCLUSION
This study is the first to present a detailed descrip-

tion of the possible contamination of dairy and meat
products with ESBL-EC and ESBL-producing STEC
in Giresun, Turkey. In this study, a limited number of
ESBL-EC were isolated, and no clonal spread of ES-
BL-producing isolates contaminating food samples
was observed. Thus, more comprehensive research
using a larger sample will provide further details.
Moreover, better understanding of the epidemiology
and genetic structure of ESBL-EC will also be use-
ful in analyzing the origin. Another important point
is that the antimicrobial resistance surveillance pro-
grams examining the ESBL-EC (including STEC)
should be conducted in both clinical and agricultural
fields. The findings to be obtained from these analy-
ses will provide additional information in developing
control strategies.
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