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1. Introduction
Food might act as a crucial vehicle for transmission of 
illnesses from animals to humans. Foodborne zoonotic 
pathogens, mainly Campylobacter spp., Salmonella 
spp., and Shiga toxin producing E. coli, accommodate 
in intestinal tract of chicken, cattle, and swine and may 
induce foodborne diseases (1,2). Zoonotic bacteria present 
in poultry pose a major risk for both poultry industry 
and human health by increasing antibiotic resistance and 
contamination. To illustrate, more than 50 Salmonella 
infections in live poultry were observed, resulting in 2630 
illnesses, 387 hospitalizations, and 5 deaths in the USA 
from 1999 to 2014 (3). Moreover, avian pathogenic E. coli 
might lead to serious flock mortality (4). In addition, E. coli 
outbreaks occurred in France and Germany in 2011 due 
to verocytotoxin producing E. coli. A total of 3126 cases 
and 17 deaths related to this bacterium were reported in 
Germany and the European Union (EU) (5).

Salmonellosis, a nontyphoidal Salmonella infection, 
has been gradually increasing in Turkey and in other 
countries as a consequence of consuming poultry meat 
and its derivatives. Salmonellosis caused by Salmonella 

enterica subsp. enterica might lead to symptoms such as 
gastrointestinal infections and bloody diarrhea within 12 
to 72 h (6). The most common Salmonella enterica serovars 
are Enteritidis, Typhimurium, and Infantis isolated 
from broilers, turkeys, pig meat, and human sources in 
Europe (7), however, in the USA, Kentucky, Enteritidis, 
Montevieo, Typhimurium and Infantis are frequently 
observed serotypes in animal products (8). According to 
the European Food Safety Authority and the European 
Centre for Disease Prevention and Control, among a total 
of 4786 foodborne outbreaks, Salmonella has been the 
most frequently detected foodborne pathogen, including 
Salmonella serovar Enteritidis and Infantis (9). Furthermore, 
the most significant increase in Salmonella infections was 
due to serotype Infantis in 2016 (10). Although Turkey 
occupies an important position in exporting chicken 
meat products, the data related to foodborne infections in 
Turkey is inadequate. Global food trading has expedited the 
emergence and spread of antibiotic resistant Salmonella. 
Hence, our study might provide useful information to trace 
the footprints of Salmonella outbreaks originating from the 
poultry products in Turkey.
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Multidrug-resistant strains have become more 
difficult to treat in recent years. The question of how 
antibiotic resistant bacteria acquire resistance maintains 
its importance. For example, resistance to ampicillin, 
tetracyclines, and sulfonamides in Salmonella was 
commonly determined (9). In addition, extended-
spectrum beta-lactamases (ESBL) and AmpC-
carbapenemase production monitored in Salmonella 
and E.coli (9). Moreover, antibiotic-resistant Salmonella 
Infantis has been one of the prevalent serovars in poultry 
products (11). Microbial subtyping has an important role in 
classification and characterization of foodborne pathogens 
such as Salmonella and E. coli (12). There are two types 
of typing methods consisting of phenotypic and genotypic 
typing methods. While serotyping, phage-typing, and 
antimicrobial resistance typing, which are phenotype-
based typing methods, are used for Salmonella (12), and 
serotyping, biotyping, phage typing, and multilocus 
enzyme electrophoresis are commonly used for E. coli (13). 
On the other hand, mostly applied genotypic subtyping 
methods for Salmonella and E. coli are pulsed-field gel 
electrophoresis (PFGE), multiplelocus variable-number 
tandem repeat Analysis (MLVA), ribotyping, plasmid 
profile analysis, and multilocus sequence typing (MLST) 
(12,13). PFGE associated with gold standard method uses 
restriction enzymes specified by uncommon recognition 
sites such as XbaI, BlnI, SpeI, AvrII, resulting in large 
DNA fragments varying from 20 kb to 800 kb (12,14,15). 
Moreover, the sequences of multiple housekeeping genes, 
which are highly conserved, are analyzed in MLST 
method (16). For Salmonella MLST scheme, the most 
commonly used housekeeping genes are aroC, dnaN, 
hemD, hisD, purE, sucA, and thrA (17), while for E. coli 
MLST scheme, adk, fumC, gyrB, icd, mdh, purA, and recA 
are some examples for housekeeping genes (18). All in 
all, our study aimed to investigate the genetic diversity of 
Salmonella and E.coli isolated from raw chicken products 
by PFGE using restriction enzyme XbaI, and MLST. 
Furthermore, the resistance of Salmonella and E.coli 
isolates to antimicrobials was tested both phenotypically 
and genotypically. Additionally, biofilm forming abilities 
of Salmonella isolates were analyzed.

2. Materials and methods
2.1. Poultry samples
Forty packaged raw chicken products belonging to 
different commercial brands from the local markets in 
Ankara were collected in 2015 (Table 1). In order to isolate 
Salmonella and E.coli strains, raw chicken materials were 
categorized into seven different parts, namely chicken 
breast, wing, heart, gizzard, rib, chop, and drumstick 
(Table 1). All isolates were freezed in 15% glycerol solution 

at –80 °C at Middle East Technical University, Department 
of Food Engineering.
2.2. Isolation of Salmonella 
For Salmonella isolation, the international standard 
ISO6579:2002 was used. After 25 g of sample from each 
chicken product were incubated in buffered peptone 
water at 37 °C overnight, 1 mL of each broth sample was 
transferred to 10 mL Rappaport Vassiliadis soya peptone 
broth (RVS broth, CM0866 Oxoid) and incubated at 44 °C 
for 24 h. Ten microliter of RVS broth from each sample was 
spread on the Brilliant Green Agar (BGA, CM0263 Oxoid) 
plate and Xylose-Lysine-Desoxycholate Agar (XLD Agar, 
CM0469 Oxoid) plate and incubated at 37 °C for 24 h. At 
least three red colonies with black centers on XLD agar, 
and pink colored colonies on BGA agar were selected as 
Salmonella. To confirm the suspected Salmonella colonies, 
invA gene was screened by PCR (19). For one sample, 15.5 
μL ddH2O, 5 μL 5X Go Taq Flexi Buffer, 1.5 μL MgCI2, 
0.5 μL dNTPs, 1.0 μL of each primer (Forward primer: 
GAATCCTCAGTTTTTCAACGTTTC; Reverse primer: 
TAGCCGTAACAACCAATACAAATG (19)) and 0.125 
μL GoTaq DNA polymerase and 0.375 μL DNA template 
were prepared under the following conditions: initial 
denaturation at 94 °C for 10 min, denaturation at 94 °C 
for 60 s, annealing at 60 °C for 60 s, extension at 72 °C 
for 60 s with 35 cycles, and the last extension for 72 °C 
for 7 min. Three of the confirmed Salmonella colonies 
from each sample were frozen in glycerol stock and stored 
in our foodborne pathogen database with a Middle East 
Technical University Identification (METU ID) as “MET”, 
resulting in a total of 57 Salmonella strains which are 
shown in Table 1.
2.3. E. coli isolates
E. coli strains (Table 1) were isolated from 40 packaged 
raw chicken products as per the international standard 
ISO16654:2001 in a parallel way with the isolation of 
Salmonella strains. Yellow colonies on XLD agar were 
chosen as E. coli. These selected colonies were incubated 
on Brain Heart Infusion (BHI, CM1136 Oxoid) agar 
plate at 37 °C for 24 h. To confirm the selected colonies 
as E. coli, rpoB gene was screened by PCR. For one 
sample, 16.25 μL ddH2O, 2.5 μL 10X Buffer solution, 
1.5 μL MgCI2, 0.5 μL dNTPs, 1.0 μL of each primer 
(Forward: GTATGTCCAATCGAAACCCCT; Reverse: 
GGTAGTGAATTTCGTCAGTTACA (20)), 0.25 μL 
2.5 U Taq DNA Polymerase, and 2 μL DNA template 
were prepared under the following conditions: initial 
denaturation at 94 °C for 10 min, denaturation at 94 °C 
for 30 s, annealing at 58 °C for 30 s, extension at 72 °C for 
30 seconds, with 35 cycles and the last extension for 72 °C 
for 5 min. Confirmed isolates were frozen as mentioned 
above.
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Table 1. Bacterial strains isolated from packaged raw chicken products.*

Isolate code Isolate source Brand** Bacterial strain Isolation date Location

MET S1-750 Chicken wing Z Salmonella Infantis 26.01.2015 Ankara

MET S1-753 Chicken heart V Salmonella Infantis 26.01.2015 Ankara

MET S1-756 Chicken drumstick V Salmonella Enteritidis 26.01.2015 Ankara

MET S1-759 Chicken breast Y Salmonella Infantis 28.01.2015 Ankara

MET S1-762 Chicken gizzard Z Salmonella Enteritidis 28.01.2015 Ankara

MET S1-765 Chicken breast Z Salmonella Infantis 28.01.2015 Ankara

MET S1-768 Chicken wing W Salmonella Enteritidis 01.02.2015 Ankara

MET S1-771 Chicken breast W Salmonella Enteritidis 01.02.2015 Ankara

MET S1-774 Chicken rib W Salmonella Infantis 01.02.2015 Ankara

MET S1-777 Chicken drumstick P Salmonella Infantis 01.02.2015 Ankara

MET S1-780 Chicken wing P Salmonella Infantis 01.02.2015 Ankara

MET S1-782 Chicken wing P Salmonella Infantis 01.02.2015 Ankara

MET S1-785 Chicken drumstick P Salmonella Infantis 01.02.2015 Ankara

MET S1-788 Chicken breast M Salmonella Infantis 01.02.2015 Ankara

MET S1-792 Chicken heart Q Salmonella Infantis 02.02.2015 Ankara

MET S1-795 Chicken breast Q Salmonella Infantis 02.02.2015 Ankara

MET S1-798 Chicken heart Q Salmonella Infantis 26.02.2015 Ankara

MET S1-801 Chicken breast Q Salmonella Infantis 26.02.2015 Ankara

MET S1-804 Chicken wing Q Salmonella Infantis 26.02.2015 Ankara

MET A1-001 Chicken breast W Escherichia coli 01.02.2015 Ankara

MET A1-002 Chicken drumstick P Escherichia coli 01.02.2015 Ankara

MET A1-003 Chicken wing Q Escherichia coli 02.02.2015 Ankara

MET A1-004 Chicken drumstick P Escherichia coli 01.02.2015 Ankara

MET A1-005 Chicken drumstick J Escherichia coli 27.01.2015 Ankara

MET A1-007 Chicken wing W Escherichia coli 01.02.2015 Ankara

MET A1-008 Chicken breast Q Escherichia coli 02.02.2015 Ankara

MET A1-009 Chicken chop Q Escherichia coli 02.02.2015 Ankara

MET A1-010 Chicken wing P Escherichia coli 01.02.2015 Ankara

MET A1-011 Chicken wing Q Escherichia coli 02.02.2015 Ankara

MET A1-012 Chicken wing Q Escherichia coli 02.02.2015 Ankara

MET A1-014 Chicken wing Z Escherichia coli 27.01.2015 Ankara

MET A1-015 Chicken drumstick Q Escherichia coli 02.02.2015 Ankara

MET A1-016 Chicken wing P Escherichia coli 01.02.2015 Ankara

MET A1-017 Chicken chop W Escherichia coli 01.02.2015 Ankara

MET A1-018 Chicken drumstick P Escherichia coli 01.02.2015 Ankara

MET A1-019 Chicken wing Q Escherichia coli 02.02.2015 Ankara

MET A1-020 Chicken drumstick W Escherichia coli 01.02.2015 Ankara

MET A1-021 Chicken drumstick P Escherichia coli 01.02.2015 Ankara

* Bold Salmonella Infantis and Escherichia coli isolates were used in this study.
** Commercial brands’ names were substituted by the letters.
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2.4. Pathogenicity of E. coli isolates
E. coli is composed of various groups of bacteria. Pathogenic 
E. coli strains are divided into several pathotypes. In 
our study, the genes (Table 2) related with Shigatoxin-
producing E. coli (STEC), Enteropathogenic E. coli (EPEC), 
Enterotoxigenic E. coli (ETEC), Enteroinvasive E. coli 
(EIEC),  Enteroaggregative E. coli (EAEC), and Diffusely 
Adherent E. coli (DAEC) were screened by PCR (21–28). 
Confirmed isolates were frozen as mentioned above.
2.5. PFGE typing of bacterial strains
PFGE analysis, known as a gold standard for both 
Salmonella and E. coli, was carried out according to the 
PulseNet protocol (29). Isolates streaked on BHI agar 
were incubated at 37 °C for 14–18 h. Using sterile cotton 
swabs, the cultures were transferred to 4 mL of cell 

suspension buffer. After the absorbance of the mixture 
of cell and the buffer was fixed to 1.3–1.4 at 610 nm by 
the spectrophotometer, 20 μL of proteinase-K was added 
to 400 μL of mixture for each sample. Plugs were formed 
including Seakem Agarose with 1% SDS and cell-buffer 
mixtures. They were added to 5 mL of cell lysis buffer 
and washed with sterile deionized water two times and 
then washed with Tris-EDTA (TE) buffer four times at 50 
°C. DNA restriction was done by XbaI at 37 °C for 4 h. 
Restricted DNACHEF-DR III was run with the reference 
strain Salmonella Braenderup H9812 by BioRad under 
specified PFGE electrophoresis conditions: 6.0  V/cm, 
19 h, 120°, 2.16–63.8 s, and 70 (0.75 dm3/min). DNA 
bands were screened using Quantity One software and 
Molecular Imager-Gel Doc-XR System Universal Hood II. 

Table 2. Primers used in determining pathogenicity of E. coli isolates.

STEC genes

Gene Primer Sequences Annealing 
temperature (°C)

Product
size (bp) Reference

fliC F: AGCTGCAACGGTAAGTGATTT
R: GGCAGCAAGCGGGTTGGTC 65.0 949 (21)

stx1 F: TGTCGCATAGTGGAACCTCA
R: TGCGCACTGAGAAGAAGAGA 65.0 655 (22)

stx2 F: CCATGACAACGGACAGCAGTT
R: TGTCGCCAGTTATCTGACATTC 65.0 477 (23)

eae F: CATTATGGAACGGCAGAGGT
R: ACGGATATCGAAGCCATTTG 65.0 375 (22)

rfbE F: CAGGTGAAGGTGGAATGGTTGTC
R: TTAGAATTGAGACCATCCAATAAG 65.0 296 (24)

hlyA F: GCGAGCTAAGCAGCTTGAAT
R: CTGGAGGCTGCACTAACTCC 65.0 199 (22)

EPEC genes
bfpA F: AATGGTGCTTGCGCTTGCTGC

R: GCCGCTTTATCCAACCTGGTA 59.0 326 (25)

eaf F: CAGGGTAAAAGAAAGATGATAA
R: TATGGGGACGTATTATCA 59.0 397 (26)

ETEC genes
st F: ATTTTTMTTTCTGTATTRTCTT

R: CACCCGGTACARGCAGGATT 50.0 190 (27)

lt F: GGCGACAGATTATACCGTGC
R: CGGTCTCTATATTCCCTGTT 50.0 450 (27)

EIEC gene ipaH F: GTTCCTTGACCGCCTTTCCGATACCGTC
R: GCCGGTCAGCCACCCTCTGAGAGTAC 60.0 619 (28)

EAEC gene aggR F: CGAAAAAGAGATTATAAAAATTAAC
R: GCTTCCTTCTTTTGTGTAT 60.0 100 (28)

DAEC gene daaD F: TGAACGGGAGTATAAGGAAGATG
R: GTCCGCCATCACATCAAAA 60.0 444 (28)

*F: forward primer, R: reverse primer.
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The pictures of PFGE gels were analyzed by BioNumerics 
version 7.6 (Applied-Maths, Kortrijk, Belgium).
2.6. MLST of Salmonella isolates
MLST, characterizing the isolates by considering the 
internal fragments of seven house-keeping genes (Table 3), 
including aroC, dnaN, hemD, hisD, purE, sucA, and thrA, 
was carried out (30). In addition, nucleotide sequences 
were analyzed by DNASTAR Lasergene software. After 
Salmonella taken from –80 °C was streaked on BHI agar 
at 37 °C overnight, a colony was incubated in BHI broth 
at 37 °C overnight for each sample. Cells were lysed by 
microwave. Lysate of Salmonella DNA were used for PCR 
mixture by applying 71.5 μL ddH2O, 10.0 μL 10X PCR 
buffer solution, 6.0 μL MgCI2, 2.0 μL dNTPs, 4.0 μL of each 
primer given in Table 3, 0.5 μL Taq DNA polymerase and 
2.0 μL DNA template for each 7 genes mentioned above 
under the following conditions: initial denaturation at 94 
°C for 10 min, denaturation at 94 °C for 60 s, annealing at 
60 °C for 60 s, extension at 72 °C for 60 s with 35 cycles, 
and the last extension for 72 °C for 7 min. Salmonella 
databank of University College Cork was also used in 
order to determine allelic profile or sequence type.
2.7. Biofilm detection
Biofilm formations of pathogenic bacteria on abiotic 
surfaces such as stainless steel, aluminum, polystyrene and 
plastic, and food contact surfaces lead to serious threat 
for the public human health and food industry (31,32). 
Salmonella is one of the most prevalent microorganisms 

forming biofilm in chicken flocks (33). Hence, a well-
known method was implemented to observe the biofilm 
forming capabilities of Salmonella strains isolated from 
packaged raw chicken products (34). Salmonella Salford 
was used as a positive control in this procedure. Strains 
were incubated at 37 °C for 16 h in 10 mL Brain Heart 
Infusion broth (BHI, CM1136, Oxoid). 230 μL Tryptone 
Soya Broth (TSB, CM0129, Oxoid) and 20 μL of incubated 
Salmonella culture were transferred to sterile 96-well plates 
with three replicates. After the incubation at 37 °C for 24 h, 
they were washed with 0.85% NaCI solution three times. 
Fixation process was done using 96% MeOH. Then, 250 
μL crystal violet was added to 96-well plates and biofilm 
formations were observed. 
2.8. Antimicrobial susceptibility analysis 
19 different antimicrobial agents, amikacin (30 μg) , 
gentamicin (10 μg), kanamycin (30 μg), streptomycin (10 
μg), ampicillin (10 μg), ceftiofur (30 μg), cefoxitin (30 
μg), ceftriaxone (30 μg), cephalothin (30 μg), amoxicillin-
clavulanic acid (20μg/10 μg), ertapenem (10 μg), imipenem 
(10 μg), chloramphenicol (30 μg), nalidixic acid (30 μg), 
ciprofloxacin (5 μg), tetracycline (30 μg), trimethoprim-
sulfamethoxazole (1.25μg/23.75 μg), and sulfisoxazole 
(300 μg), were applied using disc diffusion method. Cell 
cultures were incubated in Mueller-Hinton (CM0405, 
Oxoid) broth at 37 °C for 2–8 h. After the incubation, 
microbial density was adjusted to 1–2 × 108 CFU/mL with 
0.5 McFarland standard. Cultures on Mueller-Hinton agar 

Table 3. Primers used in amplifying seven house-keeping genes for MLST analysis of Salmonella 
isolates.

Gene Primer sequences Product
size (bp) Reference

aroC F: GGCACCAGTATTGGCCTGCT
R: CATATGCGCCACAATGTGTTG 826 (30)

thrA F: GTCACGGTGATCGATCCGGT
R: CACGATATTGATATTAGCCCG 852 (30)

purE F: ATGTCTTCCCGCAATAATCC
R: TCATAGCGTCCCCCGCGGATC 510 (30)

sucA F: AGCACCGAAGAGAAACGCTG
R: GGTTGTTGATAACGATACGTAC 643 (30)

hisD F: GAAACGTTCCATTCCGCGCAGAC
R: CTGAACGGTCATCCGTTTCTG 894 (30)

hemD F: ATGAGTATTCTGATCACCCG
R: ATCAGCGACCTTAATATCTTGCCA 666 (30)

dnaN F: ATGAAATTTACCGTTGAACGTGA
R: AATTTCTCATTCGAGAGGATTGC 833 (30)

*F: forward primer, R: reverse primer.
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with discs (6 mm) were incubated at 37 °C for 16–18 h. E. 
coli ATCC25922 was used as a control isolate for diffusion 
tests. Antimicrobial resistance results were adjusted 
according to Clinical Laboratory Standards Institute 
(35,36).
2.9. Antimicrobial gene screening
In this stage, blaTEM-1, blaPSE-1, blaCMY-2, ampC, cat1, 
cat2, flo, cmlA, aadA1, aadA2, strA, strB, aacC2, aphA1-
Iab, dhfrI, dhfrXII, sulI, sulII, tetA, tetB, and tetG genes 
(Table 4) encoding antimicrobial resistance were analyzed 
(37–41). Purified Salmonella and E. coli DNA were used 
by adding 71.50 μL ddH2O, 10.0 μL 10X PCR buffer, 6.0 
μL MgCI2, 2.0 μL dNTPs, 4.0 μL of each primer, 0.5 μL 
Taq DNA Polymerase, and 2.0 μL DNA template with the 
certain annealing temperature of the primers listed in 
Table 4. Five microliter of PCR product with DNA marker 
was run on 1.5% agarose gel at 110 V for 1 h.

3. Results and discussion
3.1. Salmonella Infantis and E.coli isolates
Nineteen Salmonella enterica subsp. enterica isolates were 
collected from different raw chicken products (Table 1). 
Fifteen out of 19 isolates were determined as Salmonella 
Infantis and these 15 Salmonella Infantis isolates were 
used in this study (Table 1). On the other hand, 19 E.coli 
isolated from different parts of raw chicken products were 
confirmed by rpoB gene (Table 1). 
3.2. Pathogenicity of E. coli isolates
E. coli is the most predominant commensal bacteria found 
in the gastrointestinal tracts of warm-blooded animals and 
humans (42). On the other hand, as pathogenic bacteria 
it leads to serious bacterial infections such as diarrhea, 
enteritis, septicemia, and urinary tract infection at the 
same time (43). Hence, pathogenic E. coli strains including 
certain virulence factors are categorized considering O 
(somatic) and H (flagellar) antigens (42). In other words, 
pathogenic E. coli influencing the human intestines are 
classified into six main groups containing STEC, EPEC, 
ETEC, EIEC, EAEC, and DAEC (44). For example, 
confirmation of STEC strains is done by conventional 
PCR marking stx, eae, and genetic codes for the O- and 
H-antigens (22–25), while EPEC adherence factor and 
bundle-forming pilus are taken into consideration for 
the determination of EPEC strains (26,27). In addition, 
genes expressing heat-labile (LT) and heat-stable (ST) 
enterotoxins, genetic code for the invasion related 
pathogen antigen, virulence gene encoding Fimbria 
AAF/I, and F1845 fimbrial adhesion genes play crucial 
roles in identifying ETEC, EIEC, EAEC, and DAEC 
strains, respectively (27,28). Pathogenicity genes (Table 
2) including fliC (flagellar antigen), stx1 (Shiga toxin 1), 
stx2 (Shiga toxin 2), eae (intimin), rfbE (O157 antigen), 

hlyA (hemolysin), bfpA (BfpA protein), eaf (adherence 
factor), st (ST enterotoxin), lt (LT enterotoxin) , ipaH 
(invasion plasmid antigen H), aggR (adherence factor), 
and daaD (adherence factor) could not be determined 
in E. coli isolates, used in this study. This result revealed 
that E. coli isolates, collected in this study, are considered 
as commensal bacteria. Moreover, occurrence of both 
pathogenic and commensal bacteria in raw chicken 
products was confirmed. 
3.3. Biofilm-forming capabilities of Salmonella isolates
Salmonella isolates were not found to be as biofilm-
forming foodborne pathogens on abiotic surfaces. In 
terms of forming biofilm on different surfaces such as 
abiotic and biotic, bacterial strains might demonstrate 
biofilm-forming variations. Moreover, poultry-houses, 
water supply systems and climatic conditions such as 
temperature and humidity play crucial roles in biofilm 
formation. For further studies, abilities of biofilm 
formation on food surfaces such as chicken meat might 
be analyzed.
3.4. PFGE Typing of Salmonella and E.coli isolates
Fifteen out of 19 Salmonella isolated from raw chicken 
wing, heart, breast, rib and drumstick were verified as 
Salmonella Infantis while 4 isolates were confirmed as 
Enteritidis. 

Nineteen Salmonella isolates were typed genotypically 
by PFGE (Figure 1). Fifteen of them were confirmed as 
Salmonella Infantis comparing the footprints of Infantis 
isolates known before. Likewise, since 4 isolates shared 
the same PFGE patterns with Salmonella Enteritidis in 
our database, these 4 isolates were assigned as Salmonella 
Enteritidis (Figure 2). Dendograms of Infantis and 
Enteritidis isolates created by BioNumerics analyses were 
shown in Figures 1 and 2, respectively. 

A total of 15 Salmonella Infantis isolates, used in this 
study, only represent three PFGE patterns (PT) (i.e. PT 
08, PT 45, and PT 50). Slight variations in PFGE patterns 
were observed. Moreover, while the majority of Infantis 
isolates (N=13) represent PT 08, only two isolates were 
differentiated into two different PFGE patterns, PT 45 and 
PT 50; PT 45 was observed in MET S1-753, and PT 50 was 
observed in MET S1-777. In addition, isolates verified as 
PT 08 showed multidrug resistance.

In contrast to our study, Salmonella enterica serovar 
Enteritidis has been increasing in laying hens and broilers 
in some European Union countries such as Greece, Poland, 
Spain, and Romania (9). On the other hand, Salmonella 
Infantis isolated from human and food sources has been 
one of the most frequently found serovar in Brazil for 
more than 25 years (45). In addition, Infantis still keeps 
posing a serious problem to public health all around the 
world including European countries, Morocco, Japan, and 
the USA (10, 46–48).
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Table 4. Primer sequences used in genotypic antimicrobial susceptibility.

Gene Antibiotic resistance Primer sequence Binding temperature 
(oC) Reference

blaTEM-1 Class A β-lactam
F: CAGCGGTAAGATCCTTGAGA

53.9 (37)
R: ACTCCCCGTCGTGTAGATAA

blaPS1E-1 Class A β-lactam
F: TGCTTCGCAACTATGACTAC

52.4 (37)
R: AGCCTGTGTTTGAGCTAGAT

blaCMY-2 Ceftiofur, Ceftriaxone
F: TGGCCGTTGCCGTTATCTAC

60.8 (37)
R: CCCGTTTTATGCACCCATGA

ampC β-lactams
F: AACACACTGATTGCGTCTGAC

60.0 (38)
R: CTGGGCCTCATCGTCAGTTA

cat1 Chloramphenicol
F:  CTTGTCGCCTTGCGTATAAT

Touchdown 55.0-45.0 (37)
R:  ATCCCAATGGCATCGTAAAG

cat2 Chloramphenicol
F:  AACGGCATGATGAACCTGAA

60.0 (37)
R:  ATCCCAATGGCATCGTAAAG

flo Chloramphenicol
F: CTGAGGGTGTCGTCATCTAC

54.4 (37)
R:  GCTCCGACAATGCTGACTAT

cmlA Chloramphenicol
F: CGCCACGGTGTTGTTGTTAT

58.5 (37)
R: GCGACCTGCGTAAATGTCAC

aadA1 Streptomycin
F: TATCAGAGGTAGTTGGCGTCAT

53.6 (39)
R: GTTCCATAGCGTTAAGGTTTCATT

aadA2 Streptomycin
F: TGTTGGTTACTGTGGCCGTA

57.3 (39)
R: GATCTCGCCTTTCACAAAGC

strA Streptomycin
F: CTTGGTGATAACGGCAATTC

51.8 (40)
R: CCAATCGCAGATAGAAGGC

strB Streptomycin
F: ATCGTCAAGGGATTGAAACC

57.0 (40)
R: GGATCGTAGAACATATTGGC

aacC2 Gentamicin, Kanamycin
F: GGCAATAACGGAGGCAATTCGA

57.9 (37)
R:  CTCGATGGCGACCGAGCTTCA

aphA1-Iab Kanamycin
F: AAACGTCTTGCTCGAGGC

54.0 (41)
R: CAAACCGTTATTCATTCGTGA

dhfrI Trimethoprim
F: CGGTCGTAACACGTTCAAGT

51.7 (37)
R: CTGGGGATTTCAGGAAAGTA

dhfrXII Trimethoprim
F: AAATTCCGGGTGAGCAGAAG

57.9 (37)
R: CCCGTTGACGGAATGGTTAG

sul1 Sulfonamide
F: TCACCGAGGACTCCTTCTTC

55.6 (37)
R: CAGTCCGCCTCAGCAATATC

sul2 Sulfonamide
F:CCTGTTTCGTCCGACACAGA

56.0 (37)
R: GAAGCGCAGCCGCAATTCAT

tetA Tetracycline
F: GCGCCTTTCCTTTGGGTTCT

57.7 (37)
R: CCACCCGTTCCACGTTGTTA

tetB Tetracycline
F: CCCAGTGCTGTTGTTGTCAT

58.4 (37)
R: CCACCACCAGCCAATAAAAT

tetG Tetracycline
F: AGCAGGTCGCTGGACACTAT

60.0 (37)
R: CGCGGTGTTCCACTGAAAAC

*F: forward primer, R: reverse primer.
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In another research, four different PFGE patterns of 
Salmonella Infantis were commonly found in human and 
food sources and broilers in Germany (49). Moreover, 
two PFGE patterns were found in Salmonella Infantis 
predominantly in Hungary (50). Hereby, it might be 
concluded that variances in PFGE types change with 
regard to the geographical regions. And distinct PFGE 
footprints of Salmonella Infantis might be derived from 
high conjugative transfer rates of mobile genetic elements 
such as integrons and plasmids.

PFGE analysis of 19 E. coli isolates was carried out 
according to PulseNet protocol (29). As can be seen in 
Figures 3 and 4, PFGE footprints were observed distinct 
from each other. And E. coli isolates were also certified 
with different footprints by PFGE dendogram in Figure 5.

3.5. MLST of Salmonella isolates
With the PFGE pattern results of 15 Salmonella Infantis 
isolates, MLST types of them were identified as ST 32. Over 
and above that, Infantis isolated in Brazil and Morocco has 
showed the same allelic type, ST 32 (45,51).
3.6. Phenotypic and genotypic antimicrobial resistance 
analysis of Salmonella and E. coli isolates
The phenotypic analysis revealed that each Salmonella 
Infantis isolate had resistance to at least one antibiotic; 
all of them were resistant to nalidixic acid. Except for 
MET S1-753, all of the Salmonella Infantis isolates were 
accepted as multidrug-resistant foodborne pathogens due 
to resistance to at least two antimicrobial agents. As can 
be seen in Table 5, SfSxtNT (Sulfisoxazole-Trimethoprim/
sulfamethoxazole-Nalidixic acid- Tetracycline) 

Figure 1. PFGE footprints of 19 Salmonella isolates.

Figure 2. Dendogram of PFGE Types of 4 Salmonella Enteritidis isolates. *1: MET A1-001, 2: MET A1-002, 3: MET A1-003, 4: MET 
A1-004, 5: MET A1-005, 7: MET A1-007, 8: MET A1-008, SB: Salmonella Braenderup H9812.
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phenotypic antimicrobial resistance profile was the most 
observed one in Infantis isolates. To conclude, Salmonella 
Infantis isolates showed antibiotic resistance significantly 
to nalidixic acid (100%), tetracycline (93%), sulfisoxazole 
(93%), trimethoprim/sulfamethoxazole (93%), 

streptomycin (53%), kanamycin (47%), chloramphenicol 
(33%), and ciprofloxacin (13%). On the other hand, they 
were susceptible to amikacin, gentamicin, ampicillin, 
ceftiofur, cephalothin, amoxicillin-clavulanic acid, 
ertapenem, imipenem, ceftriaxone, and cefoxitin. Another 

Figure 3. PFGE patterns of seven E.coli isolates. *009: MET A1-009, 010: MET A1-010, 
011: MET A1-011, 012: MET A1-012, 014: MET A1-014, 015: MET A1-015, 016: MET 
A1-016, 017: MET A1-017,018: MET A1-018, 019: MET A1-019, 020: MET A1-020, 
021: MET A1-021, SB: Salmonella Braenderup H9812.

Figure 4. PFGE patterns of twelve E. coli isolates.
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research stated that multidrug-resistant Salmonella 
Infantis detected in Hungarian broilers and humans has 
the same phenotypic antimicrobial resistance profile 
including nalidixic acid, sulphonamide, streptomycin, and 
tetracycline as the recent Infantis strains dominating in 
Poland, Austria, and Hungary (47). Likewise, Salmonella 
Infantis isolates from broilers were found mostly resistant 
to streptomycin and sulfamethoxazole, trimethoprim as 
well in Japan (48). In addition, Salmonella Infantis isolated 
from broiler chickens indicated multidrug resistance via 
large conjugative plasmid in Hungary (50). Furthermore, 
Salmonella Infantis showed resistance to third generation 
cephalosporins in Belgium, due to plasmid acquisition 
(52). Salmonella Infantis isolated from clinical sources 
also showed antibiotic resistance in China (53). In some 
patients infected with Salmonella antibiotic treatment 
might be required; fluoroquinolones and third-generation 
cephalosporins are used for adults and children, 
respectively. Thus, resistance to these antibiotics might 
conduce to treatment failure. In contrast to the phenotypic 
antibiotic resistance profiles of Salmonella Infantis isolates 
used in this study, their genotypic antibiotic resistance 
profiles consisting of  tetA (100%), aadA1 (93%), sul1 
(86%), aphA1-IAB (66%), strA (20%), blaTEM-1 (13%), and 
cmlA (6%) were identified. However, blaPS1E-1, blaCMY-2, 
ampC, cat1, cat2, flo, aadA2, strB, aacC2, dhfrI, dhfrXII, 
sul2, tetB, and tetG were not detected in Infantis isolates. In 
China, tetA, tetB, tetC, tetG, sul1, sul2, sul3, floR, blaTEM, and 
blaCTX-M were commonly determined in Salmonella enterica 
serovar Enteritidis and Typhimurium isolated from broiler 
chickens (54). Moreover, the predominance of AmpC 
β-lactamase CMY-2 producing Salmonella isolated from 
chicken meat products in Japan have increased between 
2005 and 2011 (55). In other studies, blaTEM-1, strA,  strB, 
sul2, tetB, catA1, aphA-1, and class 1 integron including 
folA, catB3, aadA4, and sul1 gene cassettes were found in 
Salmonella Infantis isolated from human, animals and the 
environment in Italy (56), and tetA, aadA1a, and aphA1-
IAB were ascertained in Salmonella Infantis isolates from 
poultry in Japan (48). In contradistinction to our study, 

strong biofilm-producing Salmonella Infantis strains on 
abiotic surface including polystyrene harbored floR, cmlA, 
tetA, tetB, tetG, temB, blaPS1E-1, sul1, sul2, qnrA, qnrS, strA, 
and aadA antibiotic resistance genes in Malaysia (57). In 
summary, a lot of studies reveal highly antibiotic resistance 
of Salmonella Infantis from poultry to ampicillin, nalidixic 
acid, streptomycin, sulphonamide and tetracycline 
(58). In addition to this, blaTEM-1 conferring resistance to 
extended-spectrum beta-lactamase was confirmed in two 
Infantis isolates of this study (MET S1-759 and MET S1-
765). Nontyphoidal Salmonella might acquire resistance 
to extended-spectrum beta-lactam antibiotics because of 
plasmid-mediated AmpC-type beta lactamases (59).

E. coli is part of the intestinal tract of chickens, and 
acts as a commensal bacterium unless any deterioration in 
the gut microbiota happens (60). Otherwise, E. coli might 
overgrow and lead to extraintestinal infections. Enteric 
bacteria frequently demonstrate resistance to a broad array 
of antibiotics such as ampicillin and tetracycline by means 
of antimicrobials extensively used in poultry production 
(61). In this study, 3 out of 19 E. coli isolates including 
MET A1-014, MET A1-017, META1-018 were found as 
susceptible to antibiotic agents. On the other hand, in their 
genotypic profiles, antibiotic resistance genes including 
aadA2, strB (in MET A1-014), aadA1, blaTEM-1 (in MET 
A1-017),  aphA1-IAB, blaTEM-1,, blaCMY-2 (in MET A1-018) 
were found respectively. The rest of isolates except for 
MET A1-009 having cephalotin resistance demonstrated 
resistance to more than two antimicrobials in phenotypic 
level (Table 5). Antibiotic resistant commensal E. coli 
isolates showed resistance to ciprofloxacin (69%), nalidixic 
acid (69%), tetracycline (63%), sulfisoxazole (63%), 
ampicillin (63%), streptomycin (50%), cephalotin (44%), 
trimethoprim/sulfamethoxazole (44%), chloramphenicol 
(38%), kanamycin (31%), gentamicin (25%), cefoxitin 
(13%), amoxicillin-clavulanic acid (13%), ceftriaxone 
(6%), ceftiofur (6%), and ertapenem (6%). They were 
found susceptible to amikacin, and imipenem. In another 
recent study, E. coli isolated from food-producing animals 
of two poultry farms in Brazil showed high resistance to 

Figure 5. Dendogram of PFGE types of seven E. coli isolates.
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Table 5. Phenotypic and genotypic antimicrobial resistance profiles of Salmonella Infantis and E.coli isolates.

Isolate code Phenotypic antimicrobial
resistance profile

Genotypic antimicrobial 
resistance profile

Salmonella Infantis isolates

MET S1-750 SfSxtKNT aadA1, aphA1-IAB, sul1, tetA

MET S1-753 N aadA1, aphA1-IAB, tetA

MET S1-759 SfSxtNT blaTEM-1, aadA1, aphA1-IAB, sul1, tetA

MET S1-765 SfSxtKNT aadA1, aphA1-IAB, blaTEM-1, cmlA, sul1, tetA

MET S1-774 SfSxtKSNT aphA1-IAB, sul1, tetA

MET S1-777 SfSxtSCipNT aadA1, sul1, tetA

MET S1-780 SfSxtKNT aadA1, aphA1-IAB, sul1, tetA

MET S1-782 SfSxtKSNT aadA1, aphA1- IAB, strA, sul1, tetA

MET S1-785 SfSxtCSNT aadA1, sul1, tetA

MET S1-788 SfSxtCSCipNT aadA1, strA,  sul1, tetA

MET S1-792 SfSxtSNT aadA1, aphA1-IAB, sul1, tetA

MET S1-795 SfSxtNT aadA1, strA, sul1, tetA

MET S1-798 SfSxtCSNT aadA1, tetA

MET S1-801 SfSxtCKSNT aadA1, aphA1-IAB, sul1,  tetA

MET S1-804 SfSxtCKNT aadA1, aphA1-IAB, sul1,  tetA

E. coli Isolates

MET A1-001 CroEftAmpAmcFoxKf ampC, blaTEM-1, blaCMY-2,

MET A1-002 AmpAmcFoxKf strB

MET A1-003 SfSxtCCnKSCipNAmpT aadA1, aadA2, aphA1-IAB, blaTEM-1, dhfrI, flo,  strA, strB,  sul1,  sul2, tetA

MET A1-004 CipN -

MET A1-005 SfSxtCnKCipNAmpT aadA1, aadA2, aphA1-IAB, blaTEM-1, tetA

MET A1-007 SAmpKf aadA1, blaTEM-1

MET A1-008 SfSxtCKSCipNAmpTKf aphA1-IAB, blaTEM-1, cat1, strA, strB,  sul2

MET A1-009 Kf strB

MET A1-010 SfSxtCCnSCipNAmpT aadA1, blaTEM-1, dhfrI, flo, strB, sul2, tetA

MET A1-011 SfSCipNT strA, strB, sul1, tetA

MET A1-012 SfKCipNT aadA1, aadA2, tetA

MET A1-014 Susceptible aadA2, strB

MET A1-015 SfSxtCSCipNAmpT aadA1, aadA2, aphA1-IAB, blaTEM-1, flo, strB,  sul1,  sul2, tetA

MET A1-016 SfSxtCCnSCipNAmpTKf aadA1, aphA1-IAB, dhfrI, flo, strB, sul1, sul2, tetA

MET A1-017 Susceptible aadA1, blaTEM-1

MET A1-018 Susceptible aphA1-IAB, blaTEM-1, blaCMY-2

MET A1-019 SfSxtCKSCipNAmpTKf aphA1-IAB, cat1, strB,  sul2

MET A1-020 SfT tetA

MET A1-021 CipNEtp aadA2, blaTEM-1

*Cro: ceftriaxone, Eft: ceftiofur, Imp: imipenem, Ak: amikacin, Cn: gentamicin, Amc: amoxicillin-clavulanic acid, Fox: cefoxitin, Etp: 
ertapenem, S: streptomycin, Sf: sulfisoxazole, Amp: ampicillin, Sxt: trimethoprim/sulfamethoxazole, K: kanamycin, C: chloramphenicol, 
Cip: ciprofloxacin, Kf: cephalotin, N: nalidixic acid, T: tetracycline.
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tetracycline, nalidixic acid, ciprofloxacin, and levofloxacin 
(62). Moreover, E. coli isolated from chicken-based 
ready-to-eat foods demonstrated commonly resistance to 
tetracycline, ampicillin, and chloramphenicol in Singapore 
(61). Furthermore, E. coli isolates from local chicken 
meat products were considerably resistant to tetracycline, 
sulphonamide, ampicillin, and trimethoprim compared 
to imported chicken meat in Ghana (63), while in China 
E. coli isolated from chickens indicated resistance to 
oxytetracycline, amoxicillin, doxycycline, lomefloxacin, 
ceftriaxome, ofloxacin, enrofloxacin, and florfenicol, which 
is a distinct phenotypic antibiotic resistance profile in some 
degree compared to the former ones (64). In addition to 
the phenotypic characterization, the genotypic antibiotic 
resistance profiles of E. coli isolates, collected  in this study, 
were determined as strB (52%), aadA1 (42%), tetA (42%), 
aphA1-IAB (36%), blaTEM-1 (36%), sul2 (31%), aadA2 (31%), 
sul1 (21%),  dhfrI (15%), flo (15%), strA (15%), blaCMY-2 
(10%), cat1 (10%), and ampC (5%). On the other hand, 
blaPS1E-1, cat2, cmlA, aacC2, dhfrXII, tetB, and tetG were not 
found in commensal E. coli isolates. Although E. coli isolates 
showed high resistance to ciprofloxacin, nalidixic acid, and 
tetracycline in phenotypic level, strB and aadA1 conferring 
resistance to streptomycin, and tetA for tetracycline were 
mostly observed in genotypic level. In other words, in some 
E. coli strains, phenotypic and genotypic profiles could not 
be detected as compatible with each other. This might be 
that the primers used in this study were picked mainly for 
Salmonella isolates. Hence, mutations on primer binding 
regions might inhibit the detection. In the literature, blaCTX-M, 
blaTEM-1, aadA1, tetA, and tetB were detected in CTX-M-
type extended spectrum β-lactamase-producing E. coli 
isolated from chickens in Great Britain (65). Furthermore, 
blaCMY-2, tetA, sul1, aac(3)-VIa, and  ant(3”)-Ia were 
determined in extended-spectrum beta-lactamase (ESBL)/ 
plasmidic AmpC (pAmpC) producing E. coli isolated from 
broiler parent birds in Finland (66). pAmpC β-lactamases 
conferring resistance to extended-spectrum cephalosporins 
in Enterobacteriaceae, especially in E. coli, have become 
threat for humans and livestock isolates (67,68). Genes of 
TEM, CTX-M and SHV families are most prevalent ones 
(69). Additionally, CMY-2 is the most predominant pAmpC 
in E. coli derived from distinct continents including Asia, 

North America, and Europe (61). In addition to this, CMY-
2 has recently been determined in Salmonella and E. coli 
isolates from different types of food animals (61). In this 
study, blaCMY-2  was found in two E. coli isolates (i.e. MET A1-
001 and -018), while it was not determined in Salmonella 
Infantis isolates. Although E. coli isolates were commensal 
bacteria, they demonstrated a great variety of antibiotic 
resistance compared to Salmonella isolates. Intestinal tract 
of humans and animals host numerous bacterial species and 
distinct serovars (70). Commensal bacteria perform some 
life-sustaining biological functions in the gastrointestinal 
tract (71). However, usage and/or misusage of antibiotics 
in human and veterinary for a long time affect normal gut 
microbiota adversely (72). Moreover, commensal bacteria 
might acquire antibiotic resistance genes from pathogenic 
bacteria via conjugative transfer such as plasmids (73). 
Hence, our commensal E. coli isolated from raw chicken 
products might possess multidrug resistance on a large 
scale due to high conjugative rate of mobile genetic 
elements. Apart from phenotypic antimicrobial resistance 
profile, in genotypic profiles of Salmonella isolates, except 
for nalidixic acid, antimicrobial resistance genes related to 
phenotypic resistance profile were detected using purified 
DNA. In E. coli isolates, various genotypic antibiotic 
resistance profiles were found because of presence of 
different strains. 

4. Conclusion
To conclude, Salmonella Infantis isolated from raw chicken 
products in Turkey indicated closely related phenotypic 
and genotypic antimicrobial resistance profile including 
tetracycline, streptomycin, kanamycin, sulfisoxazole, and 
nalidixic acid with other Infantis clones found in different 
countries and/or continents. However, E. coli isolates 
were diversified. Globalization in food trading might lead 
Infantis to be an emerging strain. Furthermore, this study 
revealed that the intestines of poultry might be a gene pool 
for the commensal bacteria to acquire antibiotic resistance.
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