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Fosfomycin Resistant Enterobacterales Isolated From Chicken Meat in Turkey
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ABSTRACT: This study was conducted to estimate the relative prevalence of fosfomycin resistant (FOS") Enterobac-
terales in raw chicken meat samples in Turkey. Samples (n=85) were enriched in non-selective media and transferred
to MacConkey agar plates containing FOS and glucose-6-phosphate. As a result, FOS'Enterobacterales isolates were
detected by a selective method in 27% of raw chicken meat samples (n=23) and identified as Escherichia coli (21/26),
Klebsiella oxytoca (2/26), Escherichia vulneris (1/26), Raoultella terrigena (1/26) and Kluyvera intermedia (1/26).
PFGE analysis showed 16 different band patterns in Escherichia spp. isolates (n=22) based on the 85% similarity.
The minimum inhibitory concentration for FOS against all isolates was determined to be >64 mg/L. In addition, the
highest rate of resistance was determined for nalidixic acid (72.7%), ampicillin (68.2%), tetracycline (59.1%), tri-
methoprim-sulfamethoxazole (54.5%), and chloramphenicol (59.1%) among all Escherichia isolates. PCR screening
and sequencing identified the presence of fosA4 and fosA3 genes in ten (47.6%) and seven (33.3%) E. coli isolates,
respectively. The fosA3 gene has also appeared in K. intermedia, and R. terrigena isolates. Only two E. coli isolates
were positive for the bla_ . . .. gene, whereas the aac (6°) -Ib-cr gene was identified in eight E. coli and one K. inter-
media isolates. In addition, 19 different replicon types were determined by PCR-based plasmid replicon typing with
IncFII (n=20) being the most common and followed by Inclla (n=10), IncFIIS (n=8), and IncFIB (n=8). We report,
to our knowledge, the first evidence on the presence of FOS'Enterobacterales isolates in raw chicken meat samples in
Turkey that might be an important reservoir for FOS™ organisms to humans.
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INTRODUCTION

he extensive use of B-lactam and quinolone anti-

biotics has led to resistance due to the significant
selection pressure, leading to the use of older drugs
such as fosfomycin (FOS). After its first introduc-
tion in 1969 (Hendlin et al., 1969), FOS, the class of
phosphonic antibiotics, has recently gained increased
popularity because of its ease of use, relative resil-
ience to resistance, non-toxicity to mammals as well
as its ability to diffuse in different systems and organs
with low molecular (138 Da) structure (Dijkmans et
al., 2017). It is a commonly prescribed antimicrobial
agent, especially as oral medication, to treat urinary
tract infections (UTIs) in humans in many countries
(Benzerara et al., 2017; Falagas et al., 2019). FOS
alone or in combination with other antibiotics has also
been successfully used as an intravenous medication
to treat severe infections caused by multidrug-resis-
tant (MDR) and extensively drug resistant Gram-neg-
ative bacteria (Pontikis et al.,2014). This antibiotic
is also classified among “veterinary highly import-
ant antimicrobial agents,” although its utilization
has been allowed in few countries for over 40 years
(Pérez et al.,2014; OIE, 2019).

FOS resistance (FOS') is an infrequently en-
countered phenomenon seen in <20% of clinical
Enterobacterales isolates (Flamm et al.,2019; San-
chez-Garcia et al.,2019).Previous studies, however,
showed that increased utilization of FOS had altered
the occurrence of FOS'. For example, in Spain, (Oteo
et al., 2010) reported that FOS" was increased signifi-
cantly from 4.4% in 2005 to 11.4% in 2009 among
extended-spectrum [-lactamase (ESBL) producing
Escherichia coli isolates from UTIs in parallel with
the increased (340%) community use of FOS between
1997 and 2008.

FOS inhibits MurA enzyme and disrupts peptido-
glycan biosynthesis in the bacterial cell wall (Eschen-
burg et al., 2005).Different mechanisms have been
described for resistance to FOS, including (i) MurA
target modification, (ii) decreased permeability, and
(ii1) FOS-modifying enzymes (also termed as bacte-
rial FOS' proteins; FosA, FosB, FosC, FosX, FosK,
FosD, FosE, Fosl, FosL, FomA, and FomB) (Zurfluh
et al.,2020; Chen et al., 2021).Notably, while the first
two mechanisms are chromosomal, the latter has a
mainly extrachromosomal nature and has been not-
ed as the most crucial type because of its transmissi-
ble characteristics via horizontal gene transfer (Fill-
grove et al.,2007; Castafieda-Garcia et al.,2013).The

fosA gene, encoding bacterial FOS' proteins, was first
identified in two different plasmids from the MDR
strains of Serratia marcescens (Mendoza et al.,1980).
In total, twelve molecular variants of this gene have
been described in bacteria to date (Chen et al.,2019).A
very high prevalence of the fos43 gene among FOS*
Enterobacterales isolates from human, animal patho-
gens, and food bacteria has been reported from Asian
countries, but less commonly in other parts of the
world (Zurfluh et al.,2020).

Recently, accumulating data indicates the presence
of FOS' bacteria globally from various environments,
including humans and food, due to its spread through
plasmid-mediated genes (Biggel et al., 2021; Chen et
al., 2019; Cottell and Webber, 2019; Mueller et al.,
2019). For example, in a study of fecal samples from
460 broiler chickens in Hong Kong, 7.4% exhibited
FOS'E. coli (Ho et al., 2013). However, the current
epidemiological situation of FOS" among Enterobac-
terales in Turkey is unknown. Therefore, the pres-
ent study evaluated the presence and prevalence of
FOS'Enterobacterales in raw chicken meat samples
commercialized for human consumption. We also de-
termined the antimicrobial-resistant levels and resis-
tance mechanisms of the obtained isolates.

MATERIALS AND METHODS

Sampling and isolation of fosfomycin resistant
Enterobacterales
A total of 85 retailed chicken meat samples, in-
cluding drumsticks (n=30), wings (n=45), and whole
carcasses (n=10), were collected from different su-
permarkets during six months (January-June 2019) in
Hatay and Kayseri provinces in Turkey. Samples were
packaged products from eleven different companies,
which have large-scale distribution throughout the
whole country. Samples (25 gr) were enriched in 225
ml buffered peptone water (Merck, USA) at 37 °C for
18-20 h. After enrichment, 100 pl aliquot of broth was
streaked onto MacConkey agar plates (Merck, USA)
supplemented with FOS (32 mg/L) (Sigma) and glu-
cose-6-phosphate (25 mg/L) (Sigma) and incubated at
37 °C for 18-20 h (Jiang et al., 2017). This selective
medium was also tested with internal quality control
strains including FOS' E. coli isolates obtained previ-
ously from hospital sewage samples (not published)
and E. coli ATCC 25922 strains.

Isolates were identified to the species level using
matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS; Bruker,
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Germany). E. coli isolates were subsequently con-
firmed by PCR targeting the universal stress protein
(uspA) gene region (Chen and Griffiths, 1998).Ge-
nomic DNA (gDNA) was extracted using the Insta-
gene DNA extraction kit (Bio-Rad, USA) according
to the manufacturer’s instructions. Determining of
gDNA isolation efficiency and total gDNA quanti-
ties (ng/pl) were detected with Qubit 3 Fluorometric
Quantitation (Thermo, USA). Obtained gDNA was
stored at -20 °C until the analysis. All the primers
pairs used in the current study are given in the Sup-
plementary list. PCR amplifications were performed
with Arktic™ Thermal Cycler (Thermo, USA). The
gels stained with GelRed™ Nucleic Acid Gel Stain
(Biotium, USA) were subjected to electrophoresis for
45 min at 120 V/cm and visualized under ChemiDoc
XRS+ System (Bio-Rad, USA).

To determine the clonal affinity of Escherichia
spp. (21 E. coli and one E. vulnaris) isolates obtained
from poultry meats, PFGE analysis and the determi-
nation of the phylogenetic groups were performed.
PFGE was conducted using the Xbal digestion en-
zyme to investigate the clonal relationships among
the FOS resistant Escherichia spp. isolates accord-
ing to the Pulsenet protocol (https://www.cdc.gov/
pulsenet). The similarity was determined with the
Dice coefficient with 1.3 % optimization and 1.1 %
tolerance. The unweighted pair group method using
arithmetic averages (UPGMA) was used to construct
the dendrogram with BioNumerics software version
6.5 (Applied Maths, USA). Besides PFGE, all E. coli
isolates were typed with PCR-based genetic markers,
chud, yjaA, and TspE4, as described by (Clermont et
al., 2000).

Determination of antibiotic resistance profiles

The minimum inhibitory concentration (MIC;
concentrations between 2-256 mg/L) for FOS was de-
termined by the agar dilution method as described by
(CLSI, 2018a; 2018b). The disk diffusion method was
used to determine the resistance to panel of antibiot-
ics; FOS (200 pg), LEV (5 pg), NOR (10 pg), NA (30
pg), CIP (5 pg), FOX (30 pg), CTX (5 pg), CAZ (10
ug), FEP (30 pg), ATM (30 pg), AMC (20/10 pg), AM
(10 pg), TOB (10 pug), AK (30 pg), SXT (25 pg), TE
(30 png), C (30 pg) and IPM (10 pg). The results were
interpreted according to the CLSI guidelines (CLSI,
2020), and for FOS, MIC results were interpreted
according to the EUCAST guideline. E. coli ATCC
25922 strain was used as a control strain.

Determination of resistance genes and replicon
types

Escherichia spp. isolates were screened for the
presence of plasmid-mediated fos genes (fos4, fosA3,
and fosC) (Ho et al., 2013), B-lactam determinants
(blagyy, blay., and blag,) (Ahmed et al., 2007;
Hasman et al., 2005; Leinberger et al., 2010), and plas-
mid-mediated quinolone resistance genes (PMQR;
aac (6°) -1b-cr, gnrA, gnrB, gnrC, gnrD, and gnrS)
(Cattoir et al., 2007; Cavaco et al., 2008, 2009).PCR
positive amplicons were subjected to the Sanger se-
quencing (Medsantek Ltd. Co, Istanbul, Turkey), and
the sequence data were analyzed using the BLAST
programs at FASTA format (http://www.ncbi.nlm.nih.
gov). In addition, the main plasmid incompatibility of
isolates was typed using the PCR-based assay (PBRT
kit, Diatheva, Italy).

Detection of virulence genes

The presence of hlyA, fimH, iroN, kpsMT K1,
kpsMT, iutA, papAH, papC, papEF, papG allele 1],
papG allele 111, papG alleles Il and 111, stx,, stx, and
univenfvirulence genes was examined with PCR con-
ditions reported by (Chapman et al., 2006).

RESULTS AND DISCUSSION

The past decade has seen a remarkable increase
in the distribution of plasmid-mediated FOS™ in sev-
eral Gram-negative bacteria isolated from humans,
animals, and foods, which necessitated regular mon-
itoring of foods of animal origins. We found that a
considerably high number of chicken meat samples
(27%; n=23) were contaminated with a variety of
FOS'Enterobacterales species, the most common
being E. coli (80,7%; 21/26), followed by Klebsiel-
la oxytoca (7.4%; 2/26), Escherichia vulneris (3.7%;
1/26), Raoultella terrigena (3.7%; 1/26) and Kluy-
vera intermedia (3.7%; 1/26) by MALDI-TOF MS.
Additionally, the PCR results were also positive for
the uspA gene in 21 E. coli isolates. This, as far as
we know, is the first report in which FOS'Enterobac-
terales were detected in chicken meat in Turkey. Ac-
cording to Ho et al., (2013), who tested fecal samples
(n=2106) from cattle, pigs, chicken, cats, dogs, and
wild rodents in Hong Kong, FOS'E. coli was report-
ed in 4.5% of tested animals, among which 7.4% of
chickens were fecal carriers. Similarly, 114 E. coli
isolates from chicken in China were investigated in
another study, and 11 (9.6%) were resistant to FOS
(Wang et al., 2017). It is currently unknown why the
rate of contamination of FOS'Enterobacterales was
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high in chicken meat samples in Turkey. FOS" were
found to be present in strains of E. coli isolated from
poultry in China, where this antibiotic agent has nev-
er been used (Ho et al., 2013; Yang et al., 2014), and
this situation was speculated to have occurred due to
the selective pressure imposed by previously used
cephalosporin in poultry (Jiang et al., 2017). The high
occurrence rate of FOS' strains of Enterobacterales
in raw chicken meat samples could also be attributed
to cross-contamination in the raw chicken meat chain
and the subsequent proliferation of these organisms.
Finally, the use of selective methods to detect FOS*
isolates directly in the current study cannot be ne-
glected in order to increase the isolation capacity.

In the PFGE analysis, 22 isolates of Escherichia
spp. were divided into 21 different pulsotypes and
16 clusters based on the 85% similarity (Figure 1).1t
was determined that all isolates except two were in
different pulsotypes, suggesting multiple sourcesfor
these isolates into the poultry production chain. Simi-
larly, 64 FOS'E. coli isolates from chicken meat were
distinct by PFGE and MLST methods (Jiang et al.,
2017).Wang et al., (2017) also reported that a total of
29 different PFGE patterns were identified from 39
FOS'E. coli isolates from various sources. In the cur-

2 e g g ¢ lsolates

e g g Location Pulsotype PGs FOS MIC
OO, CTORLL N SO

Kayseri i A1 64 -
ND 128 -
A1 128 -
Al 64 -
A0 128 -

A1
A1

MKU19/05A
ERU19/23
MKU19/13
MKU19/18
ERU19/09
ERU19/24
MKU19/26
ERU19/15
ERU19/22
ERU19/08

ERU19/03
MKU19/24B Hatay
MKU19/22A Hatay
MKU19/22B Hatay
MKU19/25  Hatay
MKU19/21  Hatay
MKU19/16  Hatay
ERU19/19  Kayseri
MKU19/02  Hatay
MKU19A11  Hatay
MKU19/05B Hatay
MKU19/30  Hatay

Hatay
Kayseri
Hatay
Hatay
Kayseri
Kayseri
Hatay
Kayseri
Kayseri
Kayseri

® N e g B W N

A0
A1
A1
A0
D1
A0
A0
A1
A1
Al
A1
A0
B1
B1
A1

64
64
64
>256
128
>256
>256
>256
>256 -
128
>256
>256
>256
128
64
64
64

rent study, most E. coli isolates (57.1%) were found
to be phylogroup A1 and followed by A0 (%28.5), B1
(9.5%), and D1 (4.7%) (Figure 1). In contrast to our
finding, in China, phylogroup B1 accounted for 50%
of the E. coli isolates, whereas phylogroup C and A
accounted for 17.2% and 11%, respectively (Jiang et
al., 2017).It was also shown that B2 (60%) and B1
(25.6%) were the predominant phylogroups, whereas
the minority were Al (7.7%) and D (7.7%) in China
Wang et al., (2017),suggesting the geographical dif-
ferences in phylogroup distribution.

Antibiotic susceptibility properties and minimum
inhibitory concentrations (MICs) of Escherichia and
non-Escherichia isolates obtained in the study are
given in Figure 1 and Table 1, respectively. Our re-
sults showed that all the isolates had a MIC >64 mg/L
using the agar dilution method. However, 11 isolates
(42.3%) were found to be FOS susceptible using the
disk diffusion method [zone diameter equal or great-
er than 22 mm: CLSI (2020)], clearly indicating the
unsuitability of this method for the determination of
the true FOS". This is consistent with previous reports
(Kaase et al., 2014; Mojica et al., 2020). They found
that among 107 carbapenemase-producing Entero-
bacteriaceae isolates, FOS™ (MIC >32 mg/L) were

Figure 1. A dendrogram generated by PFGE analysis with Xbal restrictions and antibiotic resistance and virulence traits of fosfomycin
resistant Escherichia spp. (n:21; E. coli, n=1; E. vulneris) isolates. PGs: Phylogroups; PRs: Plasmid replicons; RDs: Resistance deter-
minants. DDs: Resistance profiles obtained from Disc Diffusions (LEV: Levofloxacin; NOR: Norfloxacin; NA: Nalidixic acid; CIP:
Ciprofloxacin; FOX: Cefoxitin; CTX: Cefotaxime; CAZ: Ceftazidime; FEP: Cefepime; ATM: Aztreonam; AMC: Amoxicillin-Clavu-
lanic Acid; AM: Ampicillin; TOB: Tobramycin; AK: Amikacin; SXT: Trimethoprim-Sulfamethoxazole; TE: Tetracycline; C: Chlor-
amphenicol; [PM: Imipenem). Red cells indicate resistance in disc diffusion assay (DDs) and presence of replicon types (PRs) and
resistant determinants (RDs).
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Table 1. Summary of antibiotic resistance characteristics of FOS" non-Escherichia isolates

Location

FOS MIC

Isolate ID Species . DDs PRs RDs

(city) (ng/ml)
MKU19/06  Klebsiella oxytoca  Hatay >256 - FIIK aac (6°) -Ib-cr
ERU19/27 Klebsiella oxytoca  Kayseri >256 AM - -
MKU19/24A  Raoultellaterrigena Hatay >128 - - fosA3
ERU19/12 Kluyvera intermedia Kayseri >128 AM, AMC, FOX, FIIK  fosA3, aac (6°) -Ib-cr

TOB, SXT, TE, C

FOS: Fosfomycin; PRs: Plasmid replicons; RDs: Resistance determinants;DDs: Resistance profiles obtained from disc diffusion

assay

identified in 30 isolates, among which false-suscepti-
ble and false-resistant resulted from the disk diffusion
method. The authors concluded that “disk diffusion is
not an appropriate method for fosfomycin susceptibil-
ity testing.”

In the current study, most isolates (57.7%) were
resistant to three or more antimicrobial classes, and
two isolates were sensitive to all antibiotics tested,
rather than FOS. A recent study also reported by (Ho
et al.,2013) showed that 64.4% of FOS'E. coli iso-
lates were MDR. Antimicrobial susceptibility assay
revealed that all Escherichia isolates (n: 22) were
sensitive to cefoxitin (FOX), amikacin (AK), imipe-
nem (IPM), and ceftazidime (CAZ), and the highest
rate of resistance was determined for nalidixic acid
(NA; 72.7%; 16/22), ampicillin (AM; 68.2%; 15/22),
tetracycline (TE; 59.1%; 13/22), trimethoprim-sulfa-
methoxazole (STX; 54.5%; 12/22) and chloramphen-
icol (C; 59.1%; 13/22). Low rates of resistance were
detected against ciprofloxacin (CIP; 27.3%; 6/22),
norfloxacin (NOR; 22.7%; 5/22), tobramycin (TOB;
22.7%; 5/22), amoxicillin/clavulanic acid (AMC;
18.2%; 4/22), levofloxacin (LEV; 13.6%; 3/22), ce-
fotaxime (CTX; 9.1%; 2/22), cefepime (FEB; 9.1%;
2/22) and aztreonam (ATM; 4.5%; 1/22).Previous
studies in Turkey also reported a high prevalence of
TE and STX resistance among E. coli from chicken
meat samples (Kiirekci et al., 2019).A study in China
investigated resistance patterns among the 39 FOS'E.
coli isolates from animalsand revealed high resis-
tance (100%) to florfenicol, CTX, gentamicin, and
TE (Wang et al.,2017).This is partly in contrast to our
findings, in which resistance to B-lactam and amino-
glycoside antibiotics was noted in a few isolates only.

The two K. oxytoca isolates obtained in this study
were susceptible to all antibiotics examined, except
that one isolate was resistant to AM. It has also been
revealed that the R. ferrigena isolate was susceptible
to all antibiotics in the panel, but K. intermedia was

found as resistant to FOX, AMC, AM, TOB, SXT,
TE, and C.

To identify the genetic determinants responsible
for FOS', conventional PCR analysis and sequencing
were carried out. It was determined that ten (47.6%,
10/21) and seven (33.3%, 7/21) E. coli isolates car-
ried fosA4, fosA3 genes, respectively. It is worthwhile
mentioning that the primer pair used for detection of
the fosA3 gene region also amplified the fos44 known
asavariant of FosA3; FosA4 shares 94% amino acid
identity with FosA3 (Nakamura et al., 2014).For this
reason, sequence analysis must be performed to re-
port the presence of fos43 and/or fosA4. Even though
the occurrence and prevalence of these genes in the
current study are not directly comparable with other
studies, which mainly screened FOS resistance and
related genes among ESBL producing isolates, the
presence of the fos43 gene were commonly reported
in FOS'E. coli isolates from animal origins in many
countries of Asia. For example, the results presented
in a study carried by Ho et al., (2013) reported that
96% of FOS'E. coli isolates from animals had the
fosA3 gene in China. Similarly, all FOS'K. pneumo-
niae isolates (n=29) from clinical cases were found
to be the fos4A3 gene-positive, whereas other FOS'
genes were not identified (Chen et al.,2019). How-
ever, somewhat in contradiction of this situation, the
fosA4 gene has been identified rarely. The occurrence
of plasmid-mediated FOS" traits has also been report-
ed within Europe with less frequency. Additionally,
none of the FOS' genes (fosA4, fosA3, and fosC2) tested
were detected among FOS' isolates of E. coli collected
from human clinical samples in Turkey (Demirci-Du-
arte et al., 2020).A study by Mueller et al., (2019),
analyzing the genetic mechanisms of FOS'E. coli iso-
lates (n=17) from community patients in Switzerland,
showed that four isolates carried the fos43 gene while
only one was positive for the fos44 gene. In anoth-
er study conducted in France, the majority of FOS'E.
coli isolates (n=10) carried the fos43 gene (n=9) and
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the fos45 gene (n=1) (Benzerara et al., 2017).

Previous studies showed that genes encoding FOS*
and B-lactam resistance, the bla ., , genes, are often
located on identical plasmids (Biggel etal.,2021; Ben-
zerara et al.,2017; Ho et al.,2013; Mueller et al.,2019;
Wang et al.,2017), suggesting that these mechanisms
evolved together. Sato et al., (2013) showed that plas-
mids with varying replicon types, namely Incll and
IncF1I, contained IS26 elements and the bla .,  gene
directly upstream and/or downstream of the fosA3
gene associated with E. coli from humans and ani-
mals. In a study of eleven E. coli strains isolated from
foods and wastewater samples in Switzerland, all ap-
peared to have the fosA3 gene and the bla .., , gene
(Biggel et al., 2021). Based on this data, some can in-
fer, particularly in Asian countries, that ESBL produc-
ing genes appear to be an essential contributing factor
to the observed increase in fosA3 genes. However,
we did not observe the previously described associ-
ation between bla., ,, and fosA3/4 genes since PCR
screening and Sanger sequencing revealed that only
two isolates were positive for the bla,.,, . .. ESBL
gene. Of interest is also the high occurrence of the aac
(6°) -Ib-cr gene in E. coli isolates (n=8), whose asso-
ciation between the fos43 and fosA4 genes deserves
to be assessed.

It was determined that only one of the two K. oxy-
toca isolates harbored aac (6°) -1b-cr, while K. inter-
media carried aac (6°) -1b-cr and fosA3, and R. terri-
gena isolate carried only fos43. However, E. vulneris
isolate did not possess any of the tested genes. In ad-
dition, none of the isolates were positive for fosA, fos-
C2bla,,,, blag,, qnrd, qnrC, qnrB-qnrS, and gnrD
gene regions screened in the study.

In the literature, a significant amount of genetic
information has been obtained to explain FOS™ plas-
mids, which were reported to be approximately 70-
140 kb in size (Wang et al.,2017).Previous analysis
of genome sequences indicated the role of various
incompatibility groups, including IncFII, IncFN, and
B/O plasmids and fosA3 determinant associated with
FOS" in the strains of E. coli (Ho et al., 2013).The
presence of FOS' genes, especially fos43, on plas-
mids of different incompatibility groups constitutes
an opportunity for the microbe to disseminate these
adaptive genetic traits by horizontal gene transfer. In
a recent investigation by Jiang et al., (2017), IncFII
was found widely (17 isolates out of 33 transconjuga-
tive) distributed in 64 fosA3 positive E. coli isolates.
One recent study identified IncFII plasmid predomi-

nantly (18/39), IncN (12/39), and Incl1 (9/39) based
on the RFLP results (Yang et al.,2014).In agreement
with these studies, the IncFII plasmid carrying the
fosA3 gene was frequently identified among FOS'E.
coli isolates in France (Benzerara et al.,2017).In the
current study, the results of PCR-based plasmid repl-
icon typing exhibited that all isolates except two (K.
oxytoca and R. terrigena) carried 19 different replicon
types (Figure 1), and main replicon types were IncFII
(n=20), Inclla (n=10), IncFIIS (n=8) and IncFIB
(n=8). Our experiments did not directly show which
plasmid replicon types are fosA3/4 carriers. There-
fore, information concerning these plasmid replicons
and the horizontal transfer of fos43 and fos44 genes
to decipher the nature and impact of such plasmids on
the epidemiology of the organism is necessary.

Aside from antimicrobial resistance genes, we
also looked for virulence-related determinants among
Escherichia spp. isolates in the current study. PCR
approach, which was used to screen fifteen virulence
traits, revealed that the fimH gene for the fimbria-me-
diated adherence was most abundant and found in
100% of E. coli isolates. This was followed by two
siderophore synthesis genes, iutd and iroN, which
had a percentage occurrence of 85.1% and 33.3%,
respectively. In parallel with our findings,Kiirekci et
al., (2019) determined that 50 of 52 (96.1%), 50 of 31
(59.6%), and 50 of 26 (50%) of E. coli isolates from
chicken samples were PCR positive for the fimH, iutA,
and iroN genes. The current study determined that one
isolate (3.7%) carried the papEF gene responsible for
adhesion in screening the virulence gene presence in
21 FOS'E. coli isolates. Detection of genes encoded
in capsule synthesis, KpsMTII was detected in two
(7.4%) isolates, but no kpsMT K1 was found, where-
as papC, papG allele II, and papG allele II-1II were
found in low levels. In another study focused on the
presence of E. coli and the determination of antibiotic
resistance profiles in foods, it was similarly report-
ed that all 14 E. coli isolates obtained from chicken
meat carried FimH (100%), and two of them (14.3%)
carried iut4 and iroN (Van et al., 2008). Other genes
(papAH, papC, and papG alleles 11 and III) related to
adhesion examined in this study were not detected.
None of these isolates were found to carry the Aly4
gene associated with o-Hemolysin. Similarly, none
of the isolates carried stx , stx, responsible for Shiga
toxin production, and univenf, the gene encoding the
cytotoxic necrotizing factor 1.

In summary, to the best of our knowledge, we re-
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port the first evidence of FOS'Enterobacterales iso-
lates in raw chicken meat samples in Turkey. These
results provide critical insights into the potential role
of foods of animal origin as an important reservoir
of FOS' organisms, especially E. coli, for humans.
However, the current study had some limitations, in-
cluding the modest sample size and generalizations
of these findings; therefore, it should be viewed with
caution. Hence, the occurrence and prevalence of
FOS'Enterobacterales must be studied among a much
larger number of samples from foods of animal ori-
gins and human clinical samples. Further studies are
also needed to sequence the plasmids to determine the
molecular nature of the FOS' phenotype in E. coli iso-

lates owing to the severe impact of E. coli on human
health.

ACKNOWLEDGMENTS

The authors thanktothe team of National Mo-
lecular Microbiology Reference Laboratory, Public
Health General Directorate (Ankara) for their help
with PFGE work. We also would like to thank Prof.
Dr. Eugene Steele for his help on English editing.

FUNDING
This work was supported by Erciyes University
(BAP-9957).

REFERENCES

Ahmed AM, Motoi Y, Sato M, Maruyama A, Watanabe H, Fukumoto Y,
Shimamoto T (2007) Zoo animals as reservoirs of gram-negative
bacteria harboring integrons and antimicrobial resistance genes.
Appl Environ Microbiol 73 (20) :6686-6690. https://doi.org/10.1128/
AEM.01054-07.

Benzerara Y, Gallah S, Hommeril B, Genel N, Decré D, Rottman M, Arlet
G (2017) Emergence of Plasmid-Mediated Fosfomycin-Resistance
Genes among Escherichia coli Isolates, France. Emerg Infect Dis 23
(9) :1564-1567. https://dx.doi.org/10.3201/eid2309.170560.

Biggel M, Zurfluh K, Treier A, Niiesch-Inderbinen M, Stephan R (2021)
Characteristics of fosA-carrying plasmids in E. coli and Klebsiella
spp. isolates originating from food and environmental samples. J
Antimicrob Chemother 76 (8) :2004-2011. https://doi:10.1093/jac/
dkab119.

Castafieda-Garcia A, Blazquez J, Rodriguez-Rojas A (2013) Molecular
mechanisms and clinical impact of acquired and intrinsic fosfomycin
resistance. Antibiotics (Basel) 2 (2) :217-236. https://doi.org/10.3390/
antibiotics2020217.

Cattoir V, Poirel L, Rotimi V, Soussy C-J, Nordmann P (2007) Multi-
plex PCR for detection of plasmid-mediated quinolone resistance
qnr genes in ESBL-producing enterobacterial isolates. J Antimicrob
Chemother 60 (2) :394-397. https://doi.org/10.1093/jac/dkm204.

Cavaco LM, Frimodt-Mpller N, Hasman H, Guardabassi L, Nielsen L,
Aarestrup FM (2008) Prevalence of quinolone resistance mecha-
nisms and associations to minimum inhibitory concentrations in
quinolone-Resistant Escherichia coli Isolated from humans and
swine in Denmark. Microb Drug Resist 14 (2) :163-169. https://doi.
org/10.1089/mdr.2008.0821.

Cavaco LM, Hasman H, Xia S, Aarestrup FM (2009) QnrD, a novel gene
conferring transferable quinolone resistance in Sa/monella enterica
serovar Kentucky and bovismorbificans strains of human origin. An-
timicrob Agents Chemother 53 (2) :603-608. https://doi.org/10.1128/
AAC.00997-08.

Chapman TA, Wu XY, Barchia I, Bettelheim KA, Driesen S, Trott D, Wil-
son M, Chin JJC (2006) Comparison of virulence gene profiles of
Escherichia coli strains isolated from healthy and diarrheic swine.
Appl Environ Microbiol 72 (7) :4782-4795. https://doi.org/10.1128/
AEM.02885-05.

Chen J, Griffiths MW (1998) PCR differentiation of Escherichia coli from
other gram-negative bacteria using primers derived from the nucleo-
tide sequences flanking the gene encoding the universal stress protein.
Lett Appl Microbiol 27 (6) :369-371. https://doi.org/10.1046/j.1472-
765x.1998.00445.x

Chen J, Wang D, Ding Y, Zhang L, Li X (2019) Molecular epidemiol-
ogy of plasmid-mediated fosfomycin resistance gene determinants
in Klebsiella pneumoniae carbapenemase-producing Klebsiella

pneumoniae isolates in China. Microb Drug Resist 25 (2) :251-257.
https://doi.org/10.1089/mdr.2018.0137.

Chen L, Ou B, Zhang M, Chou C-H, Chang S-K, Zhu G (2021) Coex-
istence of fosfomycin resistance determinant fos4 and fos43 in En-
terobacter cloacae isolated from pets with urinary tract infection in
Taiwan. Microb Drug Resist 27 (3) :415-423. https://doi.org/10.1089/
mdr.2020.0077.

Clermont O, Bonacorsi S, Bingen E (2000) Rapid and simple determina-
tion of the Escherichia coli phylogenetic group. Appl Environ Mi-
crobiol 66 (10) :4555-4558. https://doi.org/10.1128/aem.66.10.4555-
4558.2000.

Clinical and Laboratory Standards Institute (CLSI) (2018a) Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aero-
bically, M07. 11th Edition. CLSI, Wayne, PA.

Clinical and Laboratory Standards Institute (CLST) (2018b) Performance
standards for antimicrobial disk susceptibility tests, M02. 13th Edi-
tion. CLSI, Wayne, PA.

Clinical and Laboratory Standards Institute (CLSI) (2020) Performance
standards for antimicrobial susceptibility testing, M100. 30th Edition.
CLSI, Wayne, PA.

Cottell JL, Webber MA (2019) Experiences in fosfomycin susceptibility
testing and resistance mechanism determination in Escherichia coli
from urinary tract infections in the UK. J Med Microbiol 68 (2) :161-
168. https://doi.org/10.1099/jmm.0.000901.

Demirci-Duarte S, Unalan-Altintop T, Eser OK, Cakar A, Altun B, San-
cak B, Gur D (2020) Prevalence of O25b-ST131 clone and fosfomy-
cin resistance in urinary Escherichia coli isolates and their relation
to CTX-M determinant. Diagn Microbiol Infect Dis 98 (1) :115098.
https://doi.org/10.1016/j.diagmicrobio.2020.115098.

Dijkmans AC, Zacarias NVO, Burggraaf J, Mouton JW, Wilms E, van
Nieuwkoop C, Touw DJ, Stevens J, Kamerling IMC (2017) Fosfo-
mycin: pharmacological, clinical and future perspectives. Antibiotics
(Basel) 6 (4) :24. https://doi.org/10.3390/antibiotics6040024.

Eschenburg S, Priestman M, Schonbrunn E (2005) Evidence that the fos-
fomycin target Cysl15 in UDP-N-acetylglucosamine enolpyruvyl
transferase (MurA) is essential for product release. J Biol Chem 280
(5) :3757-3763. https://doi.org/10.1074/jbc.M411325200.

Falagas ME, Athanasaki F, Voulgaris GL, Triarides NA, Vardakas KZ
(2019) Resistance to fosfomycin: mechanisms, frequency and clini-
cal consequences. Int J Antimicrob Agents 53 (1) :22-28. https://doi.
org/10.1016/j.ijantimicag.2018.09.013.

Fillgrove KL, Pakhomova S, Schaab MR, Newcomer ME, Armstrong RN
(2007) Structure and mechanism of the genomically encoded fosfo-
myecin resistance protein, FosX, from Listeria monocytogenes. Bio-
chemistry 46 (27) :8110-8120. https://doi.org/10.1021/bi700625p.

Flamm RK, Rhomberg PR, Lindley JM, Sweeney K, Ellis-Grosse EJ,

J HELLENIC VET MED SOC 2023, 74 (1)
TIEKE 2023, 74 (1)



5192

S. AL, H.B. DISLI, C. KUREKCI

Shortridge D (2019) Evaluation of the bactericidal activity of fos-
fomycin in combination with selected antimicrobial comparison
agents tested against Gram-negative bacterial strains by using
time-kill curves. Antimicrob Agents Chemother 63 (5). https://doi.
org/10.1128/AAC.02549-18.

Hasman H, Mevius D, Veldman K, Olesen I, Aarestrup FM (2005) p-Lac-
tamases among extended-spectrum B-lactamase (ESBL) -resistant
Salmonella from poultry, poultry products and human patients in The
Netherlands. J Antimicrob Chemother 56 (1) :115-121. https://doi.
org/10.1093/jac/dki190.

Hendlin D, Stapley EO, Jackson M, Wallick H, Miller AK, Wolf FJ, Miller
TW, Chaiet L, Kahan FM, Foltz EL, et al (1969) Phosphonomycin,
a new antibiotic produced by strains of Streptomyces. Science 166
(3901) :122-123. https://doi.org/10.1126/science.166.3901.122.

Ho PL, Chan J, Lo WU, Law PY, Li Z, Lai EL, Chow KH (2013) Dissem-
ination of plasmid-mediated fosfomycin resistance fosA43 among mul-
tidrug-resistant Escherichia coli from livestock and other animals. J
Appl Microbiol 114 (3) :695-702. https://doi.org/10.1111/jam.12099.

Jiang W, Men S, Kong L, Ma S, Yang Y, Wang Y, Yuan Q, Cheng G, Zou
W, Wang H (2017) Prevalence of Plasmid-mediated fosfomycin re-
sistance gene fosA3 among CTX-M-producing Escherichia coli iso-
lates from chickens in China. Foodborne Pathog Dis 14 (4) :210-218.
https://doi.org/10.1089/fpd.2016.2230.

Kaase M, Szabados F, Anders A, Gatermann SG (2014) Fosfomycin
susceptibility in carbapenem-resistant Enterobacteriaceae from Ger-
many. J Clin Microbiol 52 (6) :1893-1897. https://doi.org/10.1128/
JCM.03484-13.

Kiirekci C, Osek J, Aydin M, Tekeli IO, Kurpas M, Wieczorek K, Sakin F
(2019) Evaluation of bulk tank raw milk and raw chicken meat sam-
ples as source of ESBL producing Escherichia coli in Turkey: Recent
insights. J Food Saf 39 (2) :e12605. https://doi.org/10.1111/jfs.12605.

Leinberger DM, Grimm V, Rubtsova M, Weile J, Schroppel K, Wichel-
haus TA, Knabbe C, Schmid RD, Bachmann TT (2010) Integrated
detection of extended-spectrum-beta-lactam resistance by DNA mi-
croarray-based genotyping of TEM, SHV, and CTX-M genes. J Clin
Microbiol 48 (2) :460-471. https://doi.org/10.1128/JCM.00765-09.

Mendoza C, Garcia JM, Llaneza J, Mendez FJ, Hardisson C, Ortiz JM
(1980) Plasmid-determined resistance to fosfomycin in Serratia mar-
cescens. Antimicrob Agents Chemother 18 (2) :215-219. https://doi.
org/10.1128/aac.18.2.215.

Mojica MF, De La Cadena E, Hernandez-Gémez C, Correa A, Appel TM,
Pallares CJ, Villegas MV (2020) Performance of disk diffusion and
broth microdilution for fosfomycin susceptibility testing of multi-
drug-resistant clinical isolates of Enterobacterales and Pseudomo-
nas aeruginosa.J Glob Antimicrob Resist 21:391-395. http://dx.doi.
org/10.1016/j.jgar.2020.01.003.

Mueller L, Cimen C, Poirel L, Descombes M-C, Nordmann P (2019)
Prevalence of fosfomycin resistance among ESBL-producing Esch-
erichia coli isolates in the community, Switzerland. Eur J Clin Mi-
crobiol Infect Dis 38 (5) :945-949. https://doi.org/10.1007/s10096-
019-03531-0.

Nakamura G, Wachino J-1, Sato N, Kimura K, Yamada K, Jin W, Shibaya-
ma K, Yagi T, Kawamura K, Arakawa Y (2014) Practical agar-based
disk potentiation test for detection of fosfomycin-nonsusceptible
Escherichia coli clinical isolates producing GlutathioneS-transfer-
ases. J Clin Microbiol 52 (9) :3175-3179. https://doi.org/10.1128/
JCM.01094-14.

Oteo J, Bautista V, Lara N, Cuevas O, Arroyo M, Fernandez S, Lazaro
E, de Abajo FJ, Campos J, on behalf of the Spanish ESBL-EARS-
Net Study Group (2010) Parallel increase in community use of fosfo-
mycin and resistance to fosfomycin in extended-spectrum beta-lact-
amase (ESBL) -producing Escherichia coli. J Antimicrob Chemother
65 (11) :2459-2463. https://doi.org/10.1093/jac/dkq346.

Pérez DS, Tapia MO, Soraci AL (2014) Fosfomycin: Uses and potentiali-
ties in veterinary medicine. Open Vet J 4 (1) :26-43.

Pontikis K, Karaiskos I, Bastani S, Dimopoulos G, Kalogirou M, Katsiari
M, Oikonomou A, Poulakou G, Roilides E, Giamarellou H (2014)
Outcomes of critically ill intensive care unit patients treated with
fosfomycin for infections due to pandrug-resistant and extensively
drug-resistant carbapenemase-producing Gram-negative bacteria. Int
J Antimicrob Agents 43 (1) :52-59. https://doi.org/10.1016/j.ijantim-
icag.2013.09.010.

Sanchez-Garcia JM, Sorl6zano-Puerto A, Navarro-Mari JM, Gutiérrez
Fernandez J (2019) Evolucion de la resistencia a antibidticos de mi-
croorganismos causantes de infecciones del tracto urinario: un estudio
de vigilancia epidemiologica de 4 afios en poblacion hospitalaria. Rev
Clin Esp 219 (3) :116-123. https://doi.org/10.1016/j.rce.2018.07.005

Sato N, Kawamura K, Nakane K, Wachino J-I, Arakawa Y (2013) First
detection of fosfomycin resistance gene fosA3 in CTX-M-producing
Escherichia coli isolates from healthy individuals in japan. Microb
Drug Resist 19 (6) :477-482. https://doi.org/10.1089/mdr.2013.0061.

Van TTH, Chin J, Chapman T, Tran LT, Coloe PJ (2008) Safety of raw meat
and shellfish in Vietnam: An analysis of Escherichia coli isolations
for antibiotic resistance and virulence genes. Int J Food Microbiol
124 (3) :217-223. https://doi.org/10.1016/j.ijfoodmicro.2008.03.029.

Wang XM, Dong Z, Schwarz S, Zhu Y, Hua X, Zhang Y, Liu S, Zhang
W1IJ (2017) Plasmids of diverse inc groups disseminate the fosfo-
mycin resistance gene fos43 among Escherichia coli isolates from
pigs, chickens, and dairy cows in northeast China. Antimicrob Agents
Chemother 61 (9). https://doi.org/10.1128/aac.00859-17.

World Organization for Animal Health (OIE) (2019) OIE list of antimi-
crobial agents of veterinary importance. https://www.oie.int/en/docu-
ment/a_oie list_antimicrobials_june2019/ Access date: August 2021.

Yang X, Liu W, Liu Y, Wang J, Lv L, Chen X, He D, Yang T, Hou J, Tan Y,
Xing L, Zeng Z, Liu JH (2014) F33: A-: B-, IncHI2/ST3, and IncI1/

ST71 plasmids drive the dissemination of fos43 and bla.., \; <, 146510
Escherichia coli from chickens in China. Front Microbiol 5. https://
doi.org/10.3389/fmicb.2014.00688.

Zurfluh K, Treier A, Schmitt K, Stephan R (2020) Mobile fosfomycin re-
sistance genes in Enterobacteriaceae-an increasing threat. Microbiol-

ogyopen 9 (12). https://doi.org/10.1002/mbo3.1135.

J HELLENIC VET MED SOC 2023, 74 (1)
TIEKE 2023, 74 (1)


http://www.tcpdf.org

