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ABSTRACT: Salmonella enteritidis (S. enteritidis) is considered a major cause of human salmonellosis and the infection is
acquired through the consumption of contaminated meat and meat products with this pathogen. The objective of this study was to
investigate the presence of virulence and resistance-associated genes in S. enteritidis isolates from local and imported raw
chicken meat and to study their genetic diversity using enterobacterial repetitive intergenic consensus-polymerase chain
reaction (ERIC-PCR) profile analysis. The results of the current study showed that the prevalence of virulence genes was high
and the isolates harbored more than five class of virulence-associated genes and their frequency were different among the
isolates. All the isolates showed 100% positivity for the invite and hilA genes. Genes including IpfA, avrA,
sopE2, spvB, sifA and flaK were in 91%,82%,82%,82%,73% and 54.5% respectively. The sipA was only present in one
isolate. The susceptibly test showed 100 % sensitivity to chloramphenicol, norfloxacin, ceftriaxone, and cefotaxime and all the
isolates were 100 % resistant to ampicillin. However, two of the isolates showed resistance to gentamycin and trimethoprim with
sulphamethoxazole. The isolates were found to harbor the dfrA1 for trimethoprim, blaTEM for ampicillin, and the resistance
rate was 100 % . However, none of the S. enteritidis isolates were found to contain the resistance genes specific to fluoroquinolone,
erythromycin, chloramphenicol, cefotaxime, and carbapenems (NDM and OXA) resistance. ERIC-PCR allowed the grouping of
the isolates into 5 different ERIC patterns including ET1-ETS5. It can be concluded that the detection of the high frequency of
virulence genes and MDR suggests the high virulence potential of S. enteritidis isolates which could be of major public health
concern.
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INTRODUCTION and Oceania, accounting for 43.5% of all

Salmonella species are the major food-borne
pathogens associated with both typhoidal and non-
typhoidal salmonellosis worldwide (Card et al. 2016,
Crump et al. 2004). Human Salmonella infections are
mostly associated with food of animal origin, such as
chickens, eggs, meat, and dairy items (Steve Yan et al.
2004). S. enteritidis and S. typhimurium are responsible
for the majority of human salmonellosis (EUSR 2014). In
many countries, S. enteritidis emerged during the 1980s
and it was a major cause of Salmonella outbreaks related
to raw or undercooked chicken and eggs.

Nowadays, S. enteritidis remains the most confined
serovar in African, Asian, European, and Latin American
nations and the second common serovar in North America

Salmonella species (Hendriksen et al. 2011).
Salmonellosis is characterized by diarrhea, fever, headache,
abdominal pain, nausea, and vomiting (CDC 2007).

Chicken is considered a reservoir of S. enteritidis and
studies have identified poultry and chicken products as
the major source of disease in humans.
S. enteritidis infection mostly occurs via the consumption
of food such as contaminated chicken meat and eggs
(Little et al. 2008, Patrick et al. 2004). In Iraq after 1991,
the high incidence of typhoid fever is directly related to
improper or poor sanitation and hygiene, consumption and
utilization of polluted water, overcrowding, and social
unrest. A significant number of people have been affected
annually with a mortality rate of 10-20%, mainly resulting
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from inappropriate sewage disposal into the river bodies
and limited access to fresh water. Salmonella spp.
considered one of the most common causes of diarrhea
in Iraq alongside Shigella spp., Campylobacter, and
enterotoxigenic Escherichia coli (Abdulhaleem et al.
2019).

The advancement of food animal production particularly,
broiler chicken production, is directly based on the use of
antimicrobials as growth promoters (Costa et al. 2017).
Antimicrobials are also utilized for treatment purposes in
broiler chickens (Gadde et al. 2018). Globally,
antimicrobial resistance is developed as a result of
extended use of various types of antibiotics causing serious
public health problems (Davison et al. 2000). Moreover,
the acquisition of antibiotic resistance by pathogenic
bacteria may lead to more severe infections (Heidary et
al. 2014). Antibiotic resistance can occur via mobile
genetic elements such as plasmids, transposons, integron,
and insertion sequence (IS) components (Partridge et al.
2018). Due to their zoonotic nature, there are conceivable
outcomes for the transmission of Multi-Drug-Resistance
(MDR) Salmonella from chicken to humans through the
food chain (Jajere 2019, Mthembu et al. 2019).
In Salmonella spp. antibiotic resistance genes have been
widely detected and various types of resistant genes have
been investigated in previous studies (Alam et al. 2020,

Jaja et al. 2019, Siet al. 2020). S. enteritidis
pathogenicity has been related to genes encoding different
virulence factors and these genes can be present also in
genetic mobile elements such as transposons, plasmids,
and bacteriophages (Van Asten and Van Dijk 2005).
Virulence genes may involve in the pathogenesis through
adherence to the host cell, resistance to antimicrobials,
and overcoming the host defense mechanism (Van Asten
and Van Dijk 2005). Virulence genes
including invA, hilA, sipA, sipD, avrA, sopA, sopB, sopD,
and sopE?2 are found in SPI-1 allowing S. enteritidis to
attack phagocytic and non-phagocytic cells. The
genes ssaR and sifA, are located in SPI-2, which allows
the intracellular survival and replication
of Salmonella spp. in the host cells. Other virulence
genes, such as fIgK, fljB, and flgL, encode flagella-
associated proteins and have been shown to play an
important role in the invasiveness of S. enteritidis.
Furthermore, plasmid-associated spv (RABCD) contains
five genes commonly associated with some serotypes,
and one significant role of the spv operon is to potentiate
the systemic spread of the pathogen (Andrews-
Polymenis et al. 2010, Shah et al. 2011a). Genotyping
approaches have been used for the typing
of S. enteritidis strains such as Enterobacterial Repetitive
Intergenic Consensus-PCR (ERIC-PCR), Agarose gel

Table 1. Details of oligonucleotide primers used for detection of virulence associated genes of S. enferitidis isolates.

Gene Primer Functions  Sequence (5'—3") Size References
name

IpfA IpfA_F Fimbria CTTTCGCTGCTGAATCTGGT 250  (Baumler and Heffro 1995)
IpfA_R CAGTGTTAACAGAAACCAGT

InvA IpfA_R Invasion ACAGTGCTCGTTTACGACCTGAAT 284  (Bhattaeral. 2007)
InvA-R AGACGACTGGTACTGATCGATAAT

hilA hilA_F Invasion CTGCCGCAGTGTTAAGGATA 497  (Guo et al.2000)
hilA_R CTGTCGCCTTAATCGCATGT

avrA avrA_F Effector GTTATGGACGGAACGACATCGG 385  (Prageretal.2003)
avrA_R protein ATTCTGCTTCCCGCCGCC

sipA sipA_F Effector ATGGTTACAAGTGTAAGGACTCAG 2055 (Shahetal.2011b)
sipA_R protein ACGCTGCATGTGCAAGCCATC

sopE2 sopE2_F Effector TACTACCATCAGGAGG 995  (Raffatellu et al. 2005)
sopE2_R protein GAATGTTTTATGTGACGCAG

SifA sifA_F Effector ATGCCGATTACTATAGGCAATGG 1011 (Huretal.2011)
sifA_R protein TTATAAAAAACAACATAAACAGCCG

flgK flgK_F Flagella ATGTCCAGCTTGATTAATCAC 1659 (Shah eral. 2011b)
flgK_R associated GCGAATATTCAATAACGCATC

spvB spvB_F Plasmid- CGGTTATAGAAGAGCTCCTGT 349  (Rychlik ez al. 2008)
spvB_R viralence CCGGTATACGACTCTGTGATC
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electrophoresis, and Pulsed-Field Gel Electrophoresis
(PFGE). Moreover, the techniques have been shown to
efficiently discriminate the S. enteritidis strain (Aktas et
al. 2007, Rivoal et al. 2009). Due to an increase in the
consumption of poultry meat of local and imported origin
in the area, this study, therefore, aimed to evaluate the
potential virulence of S. enteritidis isolates from local and
imported chickens by screening the nine associated
virulence genes with different functions. In addition, to
characterize antibiotic resistance patterns by screening
the 13 resistance genes from different antimicrobial groups
and analyzing the genetic diversity of isolates using ERIC-
PCR to determine the genetic relationship between the
isolates from local and imported origin.

MATERIALS AND METHODS

Bacterial isolates

Salmonella enteritidis isolates (n=11) incorporated in
this study were isolated from 250 raw chicken meat
samples including 100 local chickens, 100 imported
chickens, and 50 liver (25 local and 25 imported) in their
previous study by Taib and Jakhsi (2019). These isolates
were detected in imported chicken (n=2), local chicken
meat (n=8), and liver from local chicken (n=1). The
isolates were then characterized using phenotypic
characterization based on colony morphologies on XLD
agar and biochemical characters including urease negative,
positive citrate unitization test, non-lactose fermenter, and
positive H2S production on triple sugar iron (TSI) agar.
The detection of Salmonella was confirmed using
molecular methods based on the detection of
specific Salmonella spp. 165 rRNA gene and
sequencing. Primer 6SF1 (F: TGTTGTGGTTA ATAACC
GCA) and primer 16SIII (R: CACAAATCCATCT
CTGGA) were used to amplify the partial sequence
of 16S rRNA gene (572 bp) specific for the genus
Salmonella according to the previously described method
by (Nyabundi et al. 2017). Serotyping of the isolates was
performed at Central Public Health Laboratory in

Fig. 1. Detection of invA gene (284 bp) in S. enteritidis isolates
from raw chicken meat. Lanes 1-11 indicate the number of the
corresponding strains; Lane M is DNA marker.
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Baghdad. The details of isolation and detection have been
described by Taib and Jakhsi (2019). The bacterial isolates
were stored in glycerol (50%) at -20° C.

DNA preparation

Salmonella enteritidis isolates were recovered from
frozen glycerol (50%) stocks and grown overnight in brain
heart infusion broth (BHIB) at 37°C. A loopful of overnight
broth culture was then streaked onto xylose lysine
desoxycholate (XLD) and incubated at 37°C for 24 hr.
DNA was extracted according to previously described
methods (Abdulrahman 2021, Aranda et al. 2004).
Briefly, a loopful of bacterial colonies was removed from
XLD plates and resuspended 500 pl of deionized double
distilled water. The suspension was mixed very well and
boiled for 10 min. Cell debris was then removed by
centrifugation at 13,000 xg for 1 min and the supernatant
was used as the DNA template for PCR reactions.

Detection of Salmonella enteritidis virulence-
associated genes

The confirmed S. enteritidis isolates were screened
for the genes that play a key role in its virulence
invA, hilA, sipA, sopE?2, sifA, flgK, spvB, IpfA,
and avrA. Individual PCR reactions using annealing
temperatures of 60°C, 62°C, 53°C, 56°C, 52°C, 53°C,
60°C, 55°C, and 60°C were used, respectively. The details
of primers including primer pairs used, product sizes, and
references are described in Table1. A total reaction volume
of 20 pl was used and each reaction consisted of a 10 pl
ready-to-use master mix (Ruby Taq Master®, Jena
Bioscience, Thuringia, Germany), 2 p of each primer at
a concentration of 10 pmol pl-1, 3 ul of the DNA template
and 3 pl of dH20. The amplification was performed in a
GeneAmp PCR System 9700 Thermo Cycler (Applied
Biosystems). PCR conditions were carried out according
to the details mentioned in Tablel. The PCR products
were visualized on 1% agarose gel with Prime Safe Dye
(GeNet Bio, Korea).

Antimicrobial susceptibility test of S. enteritidis
isolates

The Kirby-Bauer-disk diffusion method was used to
carry out sensitivity testing of S. enteritidis isolates. In
this study, according to the Clinical and Laboratory
Standards Institute (CLSI 2015), various types of
antibiotics from different classes were selected:
gentamicin (10 pg), amoxicillin (10 pug), trimethoprim/
sulphamethoxazole (25 png), ampicillin (25 pg),
chloramphenicol (30 ng), doxycycline (30 ug),
oxytetracycline (30 1g), norfloxacin (10 pg), ciprofloxacin
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(5 ng), cefotaxime (30 pg), ceftriaxone (30 pg) and
cefpodoxime (10 ug). Briefly, pure colonies from overnight
XLD cultures were selected and the suspension of 0.5
McFarland turbidity standards was prepared in 5 ml of
autoclaved nutrient broth. Uniform lawn growth was
prepared on Mueller-Hinton agar plates using a sterile
cotton swab. Antibiotic discs were then applied and
incubated at 37 °C for 24 h. the results were interpreted
based on the size of the inhibition zone according to CLSI
(CLSI 2015).

Detection of antibiotics resistance genes
in Salmonella enteritidis isolates

The isolates were screened by individual PCR for the
detection of the 13 resistance genes encoding resistance
for different categories of antimicrobials. These genes
include aadAl for streptomycin, tetA for tetracycline,
dfrAl for trimethoprim, gnrA for fluoroquinolone,
aac(3)-1V for gentamicin, sull for sulfonamide, ereA for

erythromycin, cmlA for chloramphenicol, blaTEM for
ampicillin,blaSHV for cephalothin, blaCTX-M for
cefotaxime, and blaNDM, blaOXAfor carbapenems
resistance. The details of genes and the primers targeting
the antimicrobial resistance genes are presented in
Table 2.

Genetic diversity using ERIC-PCR based method

ERIC-PCR was performed on S. enteritidis isolates
the primer ERIC-PCR (ERIC1R: 5’ATGTAAGCTCCT
GGGGATTCAC-3’, ERIC2: 5’-AAGTAAGTGACTGG
GGTGAGCG-3’) (Versalovic et al. 1991). The reactions
were performed according to Bakhshi et al. (2018). A
total reaction of 25 uL. was used and each reaction
consisted of 12.5 pl ready-to-use master mixes (Ruby
Taq Master®, Jena Bioscience, Thuringia, Germany),
2 ul of each primer at the concentration of 10 pmol pl-1,
5 ul of the DNA template and 3.5 pl of dH2O. The
amplification was performed in a GeneAmp PCR System

Table 2. Details of oligonucleotides primers used for detection of antibiotic resistance genes of S. enteritidis isolates.

Antimicrobial Antibiotic Resistance Gene Primer Sequence Size References

Group Resistance

Aminoglycosides Streptomycin aadAl TATCAGAGGTAGTTGGCGTCAT 447 (Randall et al. 2004)
GTTCCATAGCGTTAAGGTTTCATT

Aminoglycosides Gentamycin aac(3)-1V CTTCAGGATGGCAAGTTGGT 286  (Vanetal.2008)
TCATCTCGTTCTCCGCTCAT

Tetracyclines Tetracycline tetA GGTTCACTCGAACGACGTCA 577 (Randall et al. 2004)
CTGTCCGACAAGTTGCATGA

Folate pathway Trimethoprim dfrAl GGAGTGCCAAAGGTGAACAGC 367  (Vanetal.2008)

inhibitors GAGGCGAAGTCTTGGGTAAAAAC

Quinolones Fluoroquinolones  gnrA TCAGCAAGAGGATTTCTCA 627 (Wang et al. 2006)
GGCAGCACTATTACTCCCA

Sulfonamides Sulphamethoxazole sull TTCGGCATTCTGAATCTCAC 822  (Vanetal.2008)
ATGATCTAACCCTCGGTCTC

Macrolide Erythromycin ereA GCCGGTGCTCATGAACTTGAG 419 (Van et al. 2008)
CGACTCTATTCGATCAGAGGC

Phenicols Chloramphenicol ~ cmlA CCGCCACGGTGTTGTTGTTATC 698 (Van et al. 2008)
CACCTTGCCTGCCCATCATTAG

Beta lactam Ampicillin TEM TCCGCTCATGAGACAATAACC 296  (Doosti et al. 2015)
ATAATACCGCACCACATAGCAG

Beta lactam Cephalothin SHV TACCATGAGCGATAACAGCG 451 (Doosti et al. 2015)
GATTTGCTGATTTCGCTCGG

Betalactam Cefotaxime CTX-M TCTTCCAGAATAAGGAATCCC 909 (Stiirenburg et al. 2004)
CCGTTTCCGCTATTACAAAC

Beta lactam Carbapenems OXA GCAGCGCCAGTGCATCAAC 198  (Vanetal.2008)
CCGCATCAAATGCCATAAGTG

Beta lactam Carbapenems NDM CTTCCAACGGTTTGATCGTC 280  (Rathinasabapathi et al. 2015)

TTGGCATAAGTCGCAATCC
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9700 Thermo Cycler (Applied Biosystems). PCR
reactions were performed using the following conditions:
initial denaturation of 94 °C for 5 min and 35 cycles of 94
°C for 1 min, 54 °C for 1 min, and 72 °C for 5 min followed
by a final extension of 72 °C for 10 min. The PCR products
were visualized on 1% agarose gel with Prime Safe Dye
(GeNet Bio, Korea) for 70 V for 10 min and later 80 V
for 1 hr. ERIC-PCR results were analyzed using the GelJ
gel (v. 2.0) analysis package. The dendrogram was
constructed with the Unweighted pair group method with
arithmetic averages (UMGMA) method using the DICE
similarity coefficient and a position tolerance of 1.0
(Heras et al. 2015).

RESULTS AND DISCUSSION

Virulence-associated genes in S. enteritidis isolate

The isolates used in this study were examined for the
presence of a variety of virulence genes associated with
the pathogenesis of S. enteritidis. The results showed
that the isolates harbored at least more than five class of
virulence-associated genes and their frequency were
different among the isolates (Table 3). All of the S.
enteritidis isolates (11/11) were found to harbor
the invA (Fig. 1) and hilA genes. Both genes were
reported in the genus Salmonella and almost 100% of
the S. enteritidis were isolated globally. This could be
due to their importance in cell invasion and therefore, can
be used as target genes used for the detection
of Salmonella species (Borges et al. 2013, Campioni et
al. 2012, Siddiky et al. 2021). The fimbrial

gene [pfA which involves Salmonella pathogenicity
through promoting bacterial binding to the intestinal
epithelium was detected in 10 isolates. The high frequency
of IpfA has been reported in S. enteritidis previously at
the rate of 100% (Siddiky et al. 2021), 99% (83/84)
(Borges et al. 2013), and also in different serovars
(Borsoi et al. 2009, Mendonga et al. 2020, Webber et
al. 2019). The avrA and sopE2 were determined in 82%
(9/11) of the isolates. This is in agreement with previous
studies in which both genes were found a high frequency
of isolates (100% and 99%) (Borges et al. 2013, Hopkins
and Threlfall 2004, Siddiky et al. 2021). However, the
low frequency of avrA and sopE2 in S. enteritidis was
also recorded previously by Liu et al. (2012). Variation in
the occurrence of arvA and sopE2 may be due to the
recombination that occurs commonly in the location of
these genes (Hopkins and Threlfall 2004). Besides, the
study suggested that the high rate of avrA gene was
present in serovars that mostly cause salmonellosis (Ben-
Barak et al. 2006). The spvB is another virulence gene
of the genus Salmonella which is associated with the
virulence plasmid and is responsible for the maintenance
and bacterial survival within the cell (Webber ez al. 2019).
Gene spvB was found in 82% (9/11) of the S. enteritidis
isolates in this study. However, S. heidelberg was found
at a low rate and was detected only in 0.79% of the
isolates. It has been shown that the spvB is more common
in S. enteritidis. On the other hand, spvB was not
detected in both serovars including S. enteritidis and S.
typhimurium isolated from chicken meat (Tarabees et

Table 3. Antimicrobial sensitivity test of S. enteritidis (n=11) isolates.

Antibiotics Antimicrobial susceptibility profile
Sensetive Intermediate Resistant

No. of %0 No. of % No. of %

isolates isolates isolates
Gentamycin (CN) 9 9 0 0 2 18
Amoxicillin (AX) 4 36 3 27 4 36
Trimethoprim/sulphamethoxazole (SXT) 9 8 0 0 2 18
Ampicillin (AMP) 0 0 0 0 11 100
Chloramphenicol (C) 11 100 0 0 0 0
Doxycycline (DO) 9 Ry 0 0 2 18
Oxytetracycline 6 55 0 0 5 45
Norfloxacin (NOR) 11 100 0 0 0 0
Ciprofloxacin (CIP) 2 18 6 55 3 27
Ceftriaxone (CRO) 11 100 0 0 0 0
Cefotaxime (CTX) 11 100 0 0 0 0
Cefpodoxime 9 8 0 0 2 18
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Table 4. Resistance genes in S. enferitidis (n=11) isolates.

Sample

Resistance genes R

No. aadAl tetA dfrAl NDM gqnrA aac(3)-

1v

sull

ereA cmlA TEM Oxa Patterns

S1 - -
S2 - -
S3 - +
4 - +
S5 - +
S6 + +
S7 + -
S8 +

S9 - -
S10 - -
S11 - -

+ 4+ + + + + + + + o+ o+
1
1
1

1
1
+ 4+ + + + + + + + o+ o+
1
1
1

No. of 3 4
resistant
strains

=
o
o
W

o
o
=
—_
o
o

al. 2017). The sifA found in SPI-2
allows Salmonella species to survive and replicate in the
host cells and it was present in73% (8/11) of the isolates
included in the current study. Similar results have been
recorded by other studies and they found that all the S.
enteritidis isolates possessed the sifA (Campioni et al.
2012, Tarabees et al. 2017). The flgK gene was found

in 54.5% (6/11) of the isolates and the sipA was only
present in one of the isolates. However, a higher
frequency of both genes has been detected in S.
enteritidis (Campioni et al. 2012). None of the isolates
were found to be negative for all the examined virulence
genes. Similar observations were also reported previously
in many countries, worldwide. Variations in the frequency

(] Species Qrigin R. type ERIC type

511 5. enteriticis Local v ET1
510 5. enteriticls Local I ET1
S6 5, enteritidis Local lia ET2
50 5, enteritidis Local ' ET2
5B 5, enteritidis Local {[11]-3 ET3
57 5. enteritidis Local [I1]-1 ET3
55 5. enteritidis Local (113 ET4
54 5. enteritidis Local 1] ET4
53 5. enteritidis Local lla ET4

| =2 5. enteritidis Imported ] ETS
51 5. enteritidis Imported 1 ETS
DMA Marker

s o & 2

™ — = =

Fig. 2. Dendrogram generated from ERIC-PCR banding pattern of eleven S. enteritidis isolates from raw chicken of local
and imported origin. [The similarity analysis was performed using Dice coefficient and UPGMA method in GelJ software

v.2.0)]
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of virulence-associated genes in S. enteritidis isolates
from the chicken were also reported (Borges et al. 2013).
Likewise, almost all strains (97.6%) harbored all 13
virulence genes investigated in S. enteritidis isolated from
food and humans (Campioni et al. 2012). Similar results
have been mentioned in Salmonella heidelberg isolated
from chicken carcasses (Webber ef al. 2019). It has also
been shown that 86.1% of Salmonella strain isolates from
retail duck meat carried seven classes of virulence-
associated genes (Chen et al. 2020). Overall, the results
suggest the pathogenic potential of S. enteritidis isolates
from local and imported chicken meat because they were
found at high frequency and each isolate harbored at least
five of the genes essential for the pathogenesis of this
pathogen. Therefore, hygienic precautions should be taken
regarding the processing and storage of meat to prevent
infection in humans.

Antimicrobial susceptibility testing

The antimicrobial resistance profiles of the isolates to
12 antimicrobial agents using the disc diffusion technique
are presented in Table 3. The isolates showed variations
in the antibiotics used in this study. The 11 isolates were
100% sensitive to chloramphenicol, norfloxacin,
ceftriaxone, and cefotaxime. Nine isolates (82%) were
sensitive to gentamycin, trimethoprim/ sulphamethoxazole,
doxycycline, and cefpodoxime. Six isolates were sensitive
to oxytetracycline. On the other hand, all 11 isolates were
100% resistant to ampicillin. However, two of the isolates
showed resistance to the following antibiotic including
gentamycin, trimethoprim/sulphamethoxazole,
doxycycline, and cefpodoxime. The isolates showed
resistance to ciprofloxacin, amoxicillin, and oxytetracycline
at the rate of 27%, 36%, and 36%, respectively.

Antibiotic susceptibility testing has been performed to
examine if there is an increase in the number of
resistant Salmonella-causing food-borne diseases and
has been also used as typing method (Oliveira et al. 2007).
Antibiotic resistance in S. enteritidis has been considered
low when compared to S. typhimurium isolates.
Therefore, attention should be given to the case of
repeated isolation of S. enteritidis, especially multi-
resistant strains (Oliveira et al. 2007). The antimicrobial
susceptibly profiles of the isolates using the disc diffusion
technique showed variation toward the 12 antibiotics used
in this study. Several studies have been conducted to
investigate the susceptibility of a variety of antibiotics and
results also showed variation in antibiotic sensitivity
(Bhatta et al. 2007, Guo et al. 2000, Mendonca et al.
2020). According to the susceptibility test, 4 isolates were
classified as multi-drug resistant (MDR) strains because
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they were found resistant to at least four antibiotics used
in this study. The results were in agreement with the
previous study (Bhatta et al. 2007, Siddiky et al. 2021).

Resistance-associated genes in S. enferitidis

To determine the presence of 13 resistance genes used
in the current study, S. enteritidis isolates were subjected
to PCR using individual reactions for each gene. The
results were presented in Table 4. Overall, all isolates
were found to harbor the dfrAl for trimethoprim,
blaTEM for ampicillin with a 100% resistance rate. Only
one isolate was found to contain the resistance
gene blaSHYV specific for cephalothin. The results showed
the presence of genes encoding sull specific for
sulfonamide in two isolates and aadAl specific for
streptomycin and aac(3)-1V for gentamicin in three
isolates, while four isolates were found to harbor zetA gene
specific for tetracycline resistance. On the other hand,
none of the S. enteritidis isolates were found to contain
the resistant genes specific to fluoroquinolone,
erythromycin, chloramphenicol cefotaxime, and
carbapenems (NDM and OXA) resistance. Few isolates
showed the presence of four or more resistance genes
and they were considered MDR isolates and the resistance
profile were different among the isolates. Three isolates
showed the presence of resistance genes specific to
tetracycline, trimethoprim, gentamicin, and ampicillin.
However, the other three isolates shared identical
resistance profiles as they were found positive for the
resistance genes specific to streptomycin, trimethoprim,
and ampicillin. The results determined 4 different
resistance patterns including types I, II (Ila and IIb), III
(ITa and IIIb), and IV as shown in Table 4. However,
high chloramphenicol resistance (33.3%) was found in
the previous study (Si et al. 2020), which may be due to
previous long-term and frequent use of chloramphenicol
in the broiler industry or the vertical transmission of genetic
elements (Sin et al. 2020). In the current study, variation
was detected in the occurrence of genes encoding
resistance in this pathogen. Similar results were also been
recorded previously (Alam et al. 2020, Jaja et al. 2019,
Si et al. 2020). Few isolates (local isolates) showed the
presence of four or more resistance genes and they were
considered MDR isolates and the resistance profile were
different among these isolates. Three isolates showed the
presence of resistance genes specific to tetracycline,
trimethoprim, gentamicin, and ampicillin. However, the
other three isolates shared identical resistance profiles as
they were found positive for the resistance genes specific
to streptomycin, trimethoprim, and ampicillin. The results
determined 4 different resistance patterns including types
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L, II (Ila and IIb), and III (Illa and IIIb). Similarly, it has
been shown that 97.1% to 77.1% of the
isolated Salmonella showed resistance against commonly
used antibiotics including tetracycline, ampicillin,
streptomycin, and chloramphenicol (Alam et al. 2020).
The high prevalence of multidrug-resistant
(MDR) S. enterica isolates was also determined in
another study (Jaja et al. 2019). Detection of MDR §.
enteritidis in raw chicken meat in this study could be of
great public health concern as it may transmit to humans
through the consumption of chicken meat (local and
imported). It has been mentioned that several factors
including strong selective pressure resulting from the
indiscriminate use of antibiotics may cause the
development of antibiotic resistance in Salmonella
species (Alam et al. 2020) along with horizontal gene
transfer.

Genetic diversity using ERIC-PCR analysis

Genotyping methods e.g. ERIC-PCR, agarose gel
electrophoresis, PFGE have been used widely for the
study of genetic diversity and/or for the typing of bacteria
including Salmonella species. Moreover, the techniques
have been shown to efficiently discriminate S. enteritidis
strains (Aktas ez al. 2007, Rivoal et al. 2009). ERIC-PCR
fingerprinting was used to generate a genotypic profile
and phylogenetic analysis of S. enteritidis isolates as
shown in Fig. 2. The results of ERIC-PCR identified five
different ERIC patterns among the isolates which were
classified into 5 ET groups including ET1-ETS (Fig. 2).
The ERIC-PCR banding patterns have indicated 2 to 7
bands ranging from 600 bp to 150 bp. The similarity ranged
from 80% to 100%. The results showed the correlation
between ERIC and resistance types (Fig. 2 and Table 4).
The results demonstrated a low level of genetic diversity.
It has been revealed that S. enteritidis isolates showed
low levels of genetic diversity in different studies because
the isolates were frequently grouped in one or few
fingerprinting patterns (Oliveira et al. 2007). There was
a correlation between ERIC and resistance type. For
example isolates from imported chicken were identical
and shared the same resistance profile and ERIC types
indicating that those may come from the same origin.
The S. Enteritidis isolates recovered from the local raw
chicken meat also shared identical and/ or similar
resistance patterns and ERIC types. Different ERIC and
PEGE types were also identified among the S. enteritidis
as mentioned in the previous study by Campioni et
al. (2012). However, most of the studies were focused
on the study of virulence and resistance genes without
comparing their genetic diversity using ERIC-PCR.
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Therefore, in the future large number of isolates from
different food sources and clinical samples need to be
included to study their genetic correlation in more detail.

CONCLUSION

Overall, the results suggest the virulence potential of S.
enteritidis isolates from local and imported chicken meat
because at least five of the virulence genes essential for
the pathogenesis were found in each of the isolates. The
detection of pathogenic MDR S. enteritidis could be of
great public health concern. Consequently, food safety
programs and avoidance of random use of antibiotics are
needed to decrease the human health risk associated with
salmonellosis and to reduce the development of
antimicrobial resistance in this pathogen. In the
future, S. enteritidis from clinical and food sources should
be examined using genotyping methods to analyze the
relationship between isolates from different sources in
Duhok city.
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