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ABSTRACT

Salmonella spp. are one of the most frequently reported foodborne pathogens worldwide. The present study investigated
the virulence genotypes and antimicrobial sensitivity of Salmonella spp. isolated from broiler chickens in Kafr El-Sheikh
governorate, Egypt. A total of 180 samples [liver (n=70), spleen (n=70) and caecum (n=40)] collected from 50 different
broiler chicken flocks were used to isolate Salmonellae. All suspected samples were examined through a series of
conventional bacteriological, biochemical, and serological techniques for isolation and identification of Salmonella spp.
All isolates were tested for susceptibility to 16 antimicrobials. Virulence factors were determined using the polymerase
chain reaction assays targeting the invA, pefA, avrA, sopB and spvC. The overall isolation percentage of Salmonella was
6.1%. Eleven Salmonella isolates belonging to four different serovars were recovered. S. Belgdam was the most
predominant species (7/11, 63.6%), followed by S. Typhimurium (2/11, 18.2%), and S. Virchow and Salmonella enterica
subsp. Salamae (S. Salamae) (1/11, 9.1% each). All the isolates were positive for all tested genes except S. Salamae,
which harbored neither the sopB nor avrA genes. All isolates exhibited resistance to almost all antimicrobials used. The
finding of the present study show high positivity of virulence genes as well as multidrug resistance of all serotypes
suggesting pathogenic Salmonella strains.
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INTRODUCTION

The genus Salmonella comprises facultative
intracellular, gram-negative, short rod-shaped, motile
bacteria classified within family of Enterobacteriaceae
(Bell, 2002; OIE, 2004). The genus has been broadly
categorized into two species: S. enterica and S. bongori
(CDC, 2013). To date, over 2600 different Salmonella
serovars belonging to S. enterica have been reported
globally, and many of these serovars are capable of
causing a variety of diseases in a wide range of hosts
(Mezal et al., 2014). These serovars are distinguished on
the basis of differences in their somatic (O), flagellar (H)
and capsular (K) antigens (Amagliani et al., 2012).
Salmonellosis remains one of the most frequent bacterial
diseases, affecting a wide range of poultry and causing
high rates of morbidity and mortality as well as
considerable economic losses to the poultry industry
(Rostagno et al., 2006). Chickens have been involved in
most Salmonella infections because they carry this
pathogen in their guts (Black, 2008).

The ability of Salmonella serovars to cause
systemic infections in the host is attributed to a variety of
virulence genes (Murugkar et al., 2003). The majority of

these virulence genes are grouped together in so-called
Salmonella Pathogenicity Islands (SPIs) (Marcus et al.,
2000; Bayoumi and Griffiths, 2010; Card et al., 2016). At
least 60 virulence genes have been recognized within
SPIs (Groisman and Ochman, 1997), with each playing a
role in promoting infection by different mechanisms,
including adhesion, invasion, fimbrial expression, toxin
production, antibiotic resistance, systemic infection, iron
acquisition and intracellular survival (Skyberg et al.,
2006; Majowicz et al., 2010; Kim and ju Lee, 2017).

In Salmonella pathogenicity island 1, the invA
gene is associated with invasion of epithelial cells and
delivery of the type III secretion system (TTSS) virulence
associated proteins (effector proteins) into host cell (Suez
et al., 2013; El-Sharkawy et al., 2017). Furthermore,
because invA is conserved in all Salmonella genus
members, it has been used by many researchers as a
biomarker for Salmonella spp. (Fekry et al., 2018;
Mthembu et al., 2019). The pefA virulence gene, is
mainly involved in intestinal adhesion as well as invasion
of host cell in some Salmonella serotypes (Bäumler et al.,
1997). Meanwhile, avrA and and sopB encode multiple-
function effector proteins that may facilitate endothelial
uptake and invasion through the TTSS enhancing the
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enteritis pathway, with critical roles in suppressing
inflammation and regulating epithelial apoptosis (Foley et
al., 2008). Specifically, avrA encodes a TTSS effector
protein that contributes to Salmonella virulence by
suppressing the inflammatory responses of the host
through the induction of cell apoptosis (particularly
macrophages) in addition to suppression of IL-8 and TNF
(Collier-Hyams et al., 2002; Ben-Barak et al., 2006).

Another important virulence factor for
Salmonella is sopB, which plays an important role in the
stimulation of secretory pathways, inducing inflammation
(by attracting neutrophils to the sites of infection) and
altering ion balances within cells, resulting in fluid
release in the gastrointestinal tract and consequent
diarrhea (Norris et al., 1998). Numerous Salmonella
serovars have various enormous virulence plasmids that
encode an approximately 8-Kb, highly conserved region
called the spvC (Salmonella plasmid virulence) operon
(Nakano et al., 2012). This operon contains five genes
designated spvRABCD that are necessary for intracellular
survival of Salmonella within host cells and rapid growth
(Rotger and Casadesús, 1999). Therefore, this operon is
crucial for inducing the systemic infection (Libby et al.,
1997).

Antimicrobial resistance among Salmonella spp.
has been emerged in the last few years, making treatment
and control of infections difficult (Arkali and Çetinkaya,
2020). Indiscriminate use of antibiotics considers one of
the main cause of developing multidrug resistant (MDR)
bacteria including Salmonella serotypes (Okeke et al.,
2005). These resistant strains pose a threat, not only to
poultry, but also have the potential to infect human
causing serious systemic infections (Ma et al., 2007).
Several previous investigations have documented that
different Salmonella serotypes such as S. Typhimurium,
S. Paratyphi, S. Typhi, S. Heidelberg, S. Infantis, S.
Newport, S. Agona and S. Hadar showed resistance to
various antimicrobials (Mathole et al., 2017; Zhao et al.,
2017; Thung et al., 2018). Therefore, the main objectives
of this study were to determine the prevalent Salmonella
serotypes in broiler chickens isolated from different
chicken flocks in Kafr El-Sheikh governorate; and to
assess the virulence genes of the isolated Salmonellae
using conventional polymerase chain reaction (cPCR)
assay. Moreover, the current study highlighted the
susceptibility of Salmonella serotypes to different
antimicrobial agents commonly used for treatment of
Salmonella infection in poultry.

MATERIALS AND METHODS

Sampling: From April 2020 to January 2021, a total of
180 clinical samples of liver (n=70), spleen (n=70), and
caecum (n=40) were collected from 50 different diseased
and freshly slaughtered broiler chicken flocks (aged 3-28
days) within different localities in Kafr El-Sheikh

governorate which located in the northern region of
Egypt between 31° 06’ 42 North and 30° 56’ 45 East.
The collected samples were labelled and immediately
transferred to the laboratory in an ice bag without delay
for bacteriological investigation.

Isolation, morphological and biochemical
identification of Salmonella spp.: The standard
bacteriological procedures for isolation and identification
of Salmonella serovars were performed according to the
International Organization for Standardization (ISO)
6579 (International Organization for Standardization,
2002). Approximately 2 g of each visceral organ was
homogenized, pre-enriched in sterile buffered peptone
water (Oxoid, UK), and incubated at 37°C for 24 hours.
Then, approximately 0.l of the homogenate was
aseptically inoculated into 10 mL of Rappaport
Vassiliadis (RV) broth (Oxoid, UK) and incubated
aerobically at 42°C for 24-48 hours. Subsequently, a
loopful from each broth was subcultured onto Xylose
Lysine Deoxycholate (XLD) agar (Oxoid, UK) and
MacConkey agar (Oxoid, UK) plates, and incubated
aerobically at 37°C for 24-48 hours. The resulting
presumptive colonies showing the morphological
characteristics of Salmonella (pink, with or without black
center on XLD and pale yellow on MacConkey agar)
were picked and purified on nutrient agar slants as pure
cultures. Suspected Salmonella colonies were
biochemically identified as described in ISO 6579
guidelines (International Organization for
Standardization, 2002). The identities of all bacterial
isolates were confirmed using a set of standard
biochemical tests that included triple sugar iron agar
(TSI), indole production, citrate utilization, and urease
tests. The remaining pure culture of each Salmonella
isolate was stored as a 60% glycerol stock at -80°C for
further use.

Serotyping of Salmonella isolates: Typical Salmonella
isolates were serotyped according to Kauffmann-White
scheme (Kauffmann, 1974). This was applied through a
standard slide agglutination test for the somatic and
flagellar antigens using specific commercial polyvalent
and monovalent Salmonella antisera (SINIF Co.,
Germany).

Antimicrobial susceptibility testing: All identified
Salmonella isolates were tested for their susceptibility to
16 antimicrobial agents (Oxiod, Hampshire, UK) using a
Kirby–Bauer disc diffusion assay according to guidelines
described by the Clinical and Laboratory Standards
Institute (CLSI, 2017). The following antimicrobial
agents were tested: amoxicillin (AM), 10 µg;
ciprofloxacin (CIP), 5 µg; cefotaxime (CTX), 30 µg;
chloramphenicol (C), 30µg; streptomycin (STR), 10 µg;
nalidixic acid (NAL), 30 µg; trimethoprim-
sulfamethoxazole (SXT), 25 µg; gentamicin (CN), 10 µg;
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tetracycline (TE), 30 µg; enrofloxacin (ENR), 5 µg;
vancomycin (VA), 30 µg; kanamycin(K), 30 µg ;
oxacillin (OX), 1 µg; ceftriaxone (CRO), 30 µg;
erythromycin (E), 15 µg; and cefoxitin (Fox), 30 µg.
Interpretation of the results of the Salmonella isolates was
achieved using the resistant breakpoints published by
CLSI, (2017).

Molecular detection of Salmonella virulence genes

Extraction of DNA: The stored pure cultures (0.1 mL
/isolate) were cultured overnight at 37°C in tryptose soy
broth (Oxoid, UK). The DNA was extracted from all
isolates using the QIAamp DNA mini kit in accordance
with manufacturer’s instructions. Finally, the DNA was
eluted with 50 µL of elution buffer and then stored at -
20°C until subsequent PCR assays for the detection of
target virulence genes. A positive control was prepared
by extracting genomic DNA from a reference Salmonella
strain.

Confirmation of Salmonella and detection of target
virulence genes using cPCR: Based on publication of
several investigators, five oligonucleotide primers pairs
were used to detect the following Salmonella virulence
genes: invA, pefA, avrA, sopB, and spvC. The primer
sequences, their corresponding target genes, and the
relevant references are depicted in Table 1. First, the

invA gene is a biomarker for Salmonella spp. was used to
confirm the identity of Salmonella, then subsequent PCR
assays targeted the other genes in each Salmonella
isolate. All PCR assays were performed in a total volume
of 25 μL which included 12.5 μL Emerald Amp Max
PCR master mix (Takara, Japan), 1 μL of 20 pmol of
each forward and reverse primer, 6 μL of Salmonella
DNA template, and 4.5 μL nuclease free water. The
PCRs were performed as uniplex reactions using an
Applied Biosystems 2720 thermal cycler (Applied
Biosystems, Foster, CA, USA). The PCR cycling
conditions were carried out as the following: initial
denaturation at 94 ºC for 5 min followed by 35 cycles of
denaturation at 94 ºC for 30 sec, annealing at 55 ºC for 30
sec (invA, pefA), 58 ºC for 40 sec (avrA, sopB, spvC)
and extension at 72 ºC for 45 sec followed by final
extension at 72 ºC for 10 min. Finally, each amplified
PCR products was electrophoresed on 1.5 % (w/v)
agarose (Sigma-Aldrich, Co., St. Louis, MO, USA)
prepared in 1X Tris Acetate EDTA (TAE) buffer, and
then stained with 0.5 µg/mL ethidium bromide (Sigma-
Aldrich, Co., St. Louis, MO, USA). The DNA ladder
(100-600 bp) (Fermentas, Inc. Hanover, USA) was used
as molecular size marker. The gel was then visualized
and photographed under a UV transilluminator.

Table 1. Oligonucleotide primer sequences used for amplifying virulence genes of Salmonella serovars.

Target
gene

Specificity/location Oligonucleotide sequence (5'-3') Amplicon
size (bp)

Reference

invA Salmonella species/ SPI-1 F: GTGAAATTATCGCCACGTTCGGGC
R: TCATCGCACCGTCAAAGGAACC

284 Oliveira et
al., (2003)

pefA Plasmid encoded fimbriae/
Plasmid

F: TGTTTCCGGGCTTGTGCT
R: CAGGGCATTTGCTGATTCTTCC

700 Murugkar et
al., (2003)

avrA SPI-1/ controls Salmonella-
induced inflammation

F: CCTGTATTGTTGAGCGTCTGG
R: AGAAGAGCTTCGTTGAATGTC C

422

Huehn et al.,
(2010)

sopB Translocated effector protein/
SPI-5

F: TCAGAAGRCGTCTAACCACTCTCA
R: TACCGTCCTCATGCACACTCT

517

spvC Plasmid-encoded virulence/
Plasmid

F: ACCAGAGACATTGCCTTCC
R: TTCTGATCGCCGCTATTCGR

467

Ethical consideration: Ethical approval was provided
from the Research, Publication and Ethics Committee of
the Faculty of Veterinary Medicine, Kafrelsheikh
University, Egypt. The committee ensures compliance
with all relevant Egyptian legislations

. RESULTS

Prevalence, identification and serotyping of
Salmonella isolates: Out of 180 analyzed samples,
Salmonella spp. were isolated in 6.1% (11/180) of the
examined samples resembling flocks (Table 2). All

isolates were identified by standard bacteriological and
biochemical techniques, followed by confirmation by
amplifying the invA gene, which is genus-specific. A
284-bp DNA fragment, corresponding to the invA gene,
was detected in all suspected Salmonella isolates,
irrespective of serovar or source of isolation. Salmonella
strains were observed in 11.4% (8/70) from liver, 1.4%
(1/70) from spleen, and 5% (2/40) from cecum samples.
Serotyping of Salmonella cultures based on polyvalent
and monovalent "O" and "H" Salmonella antisera
identified the four serovars, S. Belgdam, S. Typhimurium,
S. Virchow, and S. Salamae. S. Belgdam was the most
frequently isolated serovar (7/11 isolates), accounting for
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63.6% of all the Salmonella isolates. The next most
frequently isolated serovar was S. Typhimurium (2/11
isolates, 18.2%), followed by S. Virchow (1/11 isolate,
9.2%) and S. Salamae (1/11 isolate, 9.2%). The
Salmonella serovars that were isolated from liver
consisted of S. Belgdam (5 isolates), S. Typhimurium, S.
Salamae and S. Virchow (one isolate each). A single S.
Typhimurium and two S. Belgdam isolates were found in
spleen and cecum samples, respectively (Table 2).

Molecular detection of Salmonella virulence genes
using PCR: All Salmonella isolates identified in this
study were screened for the presence of five virulence
genes using uniplex PCR assays. The oligonucleotides
primers used to target each respective gene successfully
amplified the expected products from DNA extracted
from Salmonella isolates, generating amplicons of the
expected sizes. Interestingly, all virulence genes (invA,
pefA, avrA, sopB, and spvC) were present in all
recovered Salmonella serovars (Figures 1-5). However,
the sopB and avrA genes were not detected in S.
Salamae.

Antimicrobial susceptibility testing: The antimicrobial
susceptibility testing revealed variable rates of resistance
of Salmonella serotypes against the tested antimicrobial
agents. The highest rate of resistance was observed
against tetracycline, streptomycin, erythromycin,
vancomycin amoxicillin, cefoxitin, oxacillin and nalidixic
acid except S. Virchow which showed higher
susceptibility against nalidixic acid and oxacillin. On the
other hand, lower rate of resistance was observed against
enrofloxacin, ciprofloxacin, streptomycin and gentamicin
except S. Virchow and S. Salamae. With exception of S.
Salamae, all Salmonella serotypes showed higher
sensitivity to trimethoprim-sulfamethoxazole and
chloramphenicol. All isolates exhibited intermediate
resistance against ceftriaxone except S. Belgdam which
showed high susceptibility.

Fig. 1. Agarose gel (1.5%) electrophoresis patterns of the
invA PCR product. Lane M: 100 bp DNA ladder;
lane PC: positive control; lane NC: negative
control (deionized water); lanes (1-6): analyzed

samples of Salmonella isolates showing positive 284
bp amplicon of invA gene.

Fig. 2. Agarose gel (1.5%) electrophoresis patterns of the
pefA gene PCR product (700 bp). Lane M: 100 bp
DNA ladder; lane PC: positive control; lane NC:
negative control (deionized water); lanes (1-6):
positive isolates.

Fig. 3. Agarose gel (1.5%) electrophoresis patterns of the
avrA gene PCR product (422 bp). Lane M: 100-600
bp DNA ladder; lane PC: positive control; lane
NC: negative control; lanes (1-5): positive isolates;
lane 6: negative isolate (S. Salamae).

Fig. 4. Agarose gel (1.5%) electrophoresis patterns of the
sopB gene PCR product (517 bp). Lane M: 100-600
bp DNA ladder; lane PC: positive control; lane
NC: negative control (deionized water); lanes (1-
5): positive isolates; lane 6: negative isolate (S.
Salamae).

Fig. 5. Agarose gel (1.5%) electrophoresis patterns of the
spvC gene PCR product (467 bp). Lane M: 100-600
bp DNA ladder; lane PC: positive control; lane
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NC: negative control (deionized water); lanes (1- 6): positive isolates.
Table 2. Number, source, and serotyping results of Salmonella serovars isolated from broiler chickens.

Type of
samples

No. of
samples

Salmonella isolates Antigenic structure profile Serovars

No. % O antigen H antigen
H1 H2

Liver 70 8 11.4

9,12 g,m,q - S. Belgdam (5 isolates)
6.7.14 r 1.2 S. Virchow (1 isolate)
1.9.12 g,m,s,t,enx - S. Salamae (1 isolate)

1.4.5.12 i 1.2 S. Typhimurium (1 isolate)
Spleen 70 1 1.4 1.4.5.12 i 1.2 S. Typhimurium (1 isolate)

Caecum 40 2 5 9,12 g,m,q - S. Belgdam (2 isolates)

DISCUSSION

Salmonella spp. consider one of the most serious
foodborne pathogens causing outbreaks and sporadic
cases of human gastroenteritis worldwide (Humphrey,
2000). In poultry, Salmonella causes severe systemic
bacterial diseases, resulting in heavy economic losses
through reduced production and mortality (Haider et al.,
2004). Chickens are infected by a wide variety of
Salmonella serovars, with some serovars, such as S.
Pullorum and S. Gallinarum, acting in a host (chicken)-
specific manner, while other serovars, such as S.
Typhimurium and S. Enteritidis, capable of infecting a
wide range of hosts (Foley et al., 2008).

Previous estimates of the prevalence of
Salmonella spp. in poultry throughout the world have
varied, ranging from 4% to 92% (García et al., 2011; El-
Sharkawy et al., 2017). Based on the amplification of the
invA gene, which is a genus specific, the overall
prevalence of Salmonella in this study was 6.1%. This
level is consistent with those previously reported in India
(Samanta et al., 2014), Nigeria (Akeem et al., 2017), and
Egypt (Abd El-Ghany et al., 2012; Tarabees et al., 2019).
However, our findings are not consistent with results
presented by Medeiros et al. (2011), Menghistu et al.
(2011) and Adesiyun et al. (2014), who reported
Salmonella prevalence rates of 2.7%, 2.8 % and 2.7%,
respectively. Moreover, considerably higher prevalence
rate have been reported in China (52.2%) (Yang et al.,
2011), South Africa (51%) (Zishiri et al., 2016), India
(46%) (Srinivasan et al., 2014), and Egypt (41%) (El-
Sharkawy et al., 2017). Variations in the rates of isolation
of Salmonella may be attributed to differences in the
types of samples, geographic locations, Salmonella
detection protocol used, the hygienic status of the farms,
and the antibiotic regime used.

It is common for poultry to be infected by
different Salmonella serovars. A single serovar may
predominate in one country for several years, and then be
replaced by another serovar in the following years (Abd
El-Ghany et al., 2012). The dominant Salmonella serovar
usually varies according to geographical area. However,

based on recent studies, S. Enteritidis and S.
Typhimurium are gaining predominance worldwide (Abd
El-Ghany et al., 2012; Rabie et al., 2012). In the current
study, 4 different serovars of Salmonella were found in
all organs analyzed (liver, spleen and cecum). S. Belgdam
was the most predominant (7 isolates), followed by S.
Typhimurium (2 isolates). S. Virchow and S. Salamae
were each represented by one isolate. These results are
inconsistent with those that found S. Enteritidis and S.
Typhimurium as the most frequent serotypes in Egyptian
poultry farms (Abd El-Ghany et al., 2012; Halawa et al.,
2016; El-Sharkawy et al., 2017; Elkenany et al., 2019). In
Turkey, another recent study reported the predominance
of S. Infantis, S. Enteritidis and S. Typhimurium in
chickens (Arkali and Çetinkaya, 2020). Therefore, it is
possible that new uncommon serovars have emerged,
providing a possible etiology for Salmonella infections in
Egypt.

The ability of Salmonella to infect a host
depends mainly on presence of several virulence
determinants. In the present study, all Salmonella
serotypes (11 isolates) were screened for the presence of
invA, pefA, avrA sopB and spvC, which are well-
recognized virulence genes belonging to different SPIs.
These particular genes were selected based on their
function and the potential harm they pose to poultry.
Various studies from many countries have focused in
investigating the prevalence of virulence genes in
Salmonella spp. isolated from poultry (Zishiri et al.,
2016; Khaltabadi Farahani et al., 2018; Elkenany et
al.,2019; ElSheikh et al., 2019; Ramatla et al., 2019).
Surprisingly, all Salmonella serotypes identified in the
examined broiler chicken farms in this study harbor
several virulence genes. Three Salmonella serovars
harbored all examined virulence genes. The exception
was S. Salamae, contains no sopB and avrA genes. The
invA gene plays an important role in invasion of the host
epithelial cells during the process of Salmonella infection
(Darwin and Miller, 1999; Salehi et al., 2005); and it is
also regarded as a specific biomarker for Salmonella,
because it contains sequences that are unique to various
members of the genus (Ammar et al., 2016; Zishiri et al.,
2016; El-Sebay et al., 2017). In the present study, all
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Salmonella serovars harbored the invA gene, which is in
agreement with previous findings (Ammar et al., 2016;
Zishiri et al., 2016; El-Sharkawy et al., 2017; Khaltabadi
Farahani et al., 2018; Elkenany et al., 2019; Ramatla et
al., 2019).

Fimbriae play an important role in Salmonella
pathogenicity by mediating bacterial adhesion to
epithelial cells. In the current study, the pefA gene was
identified in all recovered Salmonella isolates,
emphasizing the significance of fimbriae in the infection
process. Our results agree with those of Murugkar et al.
(2003), who reported the presence of pefA in 85 out of 95
Salmonella isolates. In contrast, other studies have not
detected pefA gene in all Salmonella isolates (Muthu et
al., 2014; Naik et al., 2015; Elkenany et al., 2019).
However, our finding is higher than those reported by
Hudson et al. (2000) and Ammar et al. (2016) who
detected the pefA gene at rates of 68% and 41.18%,
respectively.

The results of previous genetic analysis indicate
that the spvC gene is necessary for the virulence
phenotype of Salmonella (Roudier et al., 1992). In the
current study, spvC was also identified in all the
examined Salmonella isolates, which is consistent with
the results of earlier studies (Castilla et al., 2006; Amini
et al., 2010; Borges et al., 2013). Nevertheless, the results
of other investigations have found that not all Salmonella
possess this gene (Okamoto et al., 2009; Derakhshandeh
et al., 2013; Moussa et al., 2013; Ammar et al., 2016;
Khaltabadi Farahani et al., 2018).

In this study, the sopB and avrA genes were
absent only in S. Salamae. This result is consistent with
the reported sopB gene prevalence rate of 41.2% among
Salmonella isolates in Egypt (Ammar et al., 2016).
Nevertheless, other studies in Egypt (Tarabees et al.,
2019), Iran (Khaltabadi Farahani et al., 2018), and India
(Rahman, 2006) have found the sopB gene in all
Salmonella isolates recovered from broiler chickens.
Ben-Barak et al. (2006) have assumed that avrA
prevalence is strongly correlated to Salmonella
pathogenicity, and previous reports have observed this
gene only in serovars that cause severe salmonellosis in
humans (Hudson et al., 2000). In the current study, avrA
was detected in all Salmonella isolates except S. Salamae.
Another study in Egypt found this gene in all Salmonella
isolates (ElSheikh et al., 2019), while in Brazil, it was
found in all S. Enteritidis isolates (Borges et al., 2013).
However, a lower prevalence of 30% was reported by
Elkenany et al. (2019) in Egypt.

Antimicrobial resistance is a public health
concern worldwide (Zishiri et al., 2016). Our findings
revealed that all identified Salmonella strains were
completely resistant to tetracycline, streptomycin,
erythromycin, vancomycin amoxicillin, cefoxitin,
oxacillin and nalidixic indicating that these antimicrobials
have limited therapeutic values. These results were in

concordance with those observed in Egypt (Khairy, 2015;
Ammar et al., 2016), Turkey (Siriken et al., 2015) and
South Africa (Zishiri et al., 2016). This high resistance
may be attributed to misuse of antimicrobials either as
feed additives for growth promotion or chemotherapeutic
agents for treatment. In this study, the pattern of
antimicrobial resistance was vary among Salmonella
serotypes. Surprisingly, all identified Salmonella
serotypes were resistant to at least 5 antimicrobials
meaning they were MDR. Similar finding was reported in
Egypt (Ammar et al., 2016) and Morocco (Khallaf et al.,
2014). In this study, S. Virchow exhibit resistance to
seven antibiotics. This result was compatible with those
conducted in Nigeria, where S. Virchow was found to be
the most resistant serotype in chickens (Fashae et al.,
2010).

Given from the above-mentioned results, 4
Salmonella Enterica serovars were detected in the
examined broiler chickens in Kafr El-Sheikh governorate,
Egypt. Also, it can be concluded that S. Belgdam was the
most predominant Salmonella serovar. Furthermore,
virulence genes are widely distributed among Salmonella
isolates regardless of source of sample, serovar, and
region of sampling. The information in this report may be
of value for understanding the dangerous spread of
virulent serovars of Salmonella species raising the alarm
of its zoonotic importance. The findings of this study
revealed that all Salmonella serotypes exhibit MDR,
therefore, our study support the necessity for judicious
use of antimicrobial agents in veterinary medicine and
regular monitoring of the antibiotic susceptibilities of
isolated bacteria before treatment.
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