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Abstract

Salmonella species are causing high morbidity and mortality rates in broiler chickens and
other birds particularly young ages resulting in great economic losses. The present study was
performed to detect the effect of age and season on isolation rates of Salmonella species from
120 examined broiler chickens with different ages (1-7 days- old and more than 7days -old) in
different seasons (summer, winter, autumn and spring). The highest isolation rates of Salmonella
species were obtained from broilers of 1-7 days — old in summer (40%) followed by broilers of
more than 7 days old in summer (33.3%). The increased isolation rates of Salmonella species
was detected from liver of broilers of both ages (1-7 and more than 7 days old). Seventeen
Salmonella isolates were obtained in this study from both ages. Serotyping of these Salmonella
isolates revealed S. Enteritidis (5 isolates), S. Typhimurium (3 isolates), S. Infantis, S. Bargny, S.
Newport, S. Magherafelt (2 isolates) and finally S. Apeyeme in (1 isolate). The most frequent
resistance phenotypes were tetracycline (70%-71.4%), from 1 -7 days - old and more than 7
days- old chicks and finally ampicillin (60%, 57.1%). From the result obtained by using VITEK2
system, the highest resistance was recorded against Tetracycline in all Salmonella species. All
Salmonella isolates showed -associated genes. The invA gene was identified in all Salmonella
serovars isolated from chickens of the two age groups, whereas, avrA gene was detected in all
the isolates except S. Magherafelt recovered from the age group of more than 7 days-old birds .
The tetracycline resistance gene (tetA) was identified in all the examined isolates.

Keywords: Salmonella species -virulence genes - VITEK2 system -Antimicrobial resistance
genes.

Introduction

Salmonellosis is one of the most common
infectious diseases for poultry and humans
worldwide, the genus Salmonella is divided
into, Salmonella enterica and Salmonella
bongori species. Salmonella enterica is
comprised of six subspecies [1]. Poultry is
considered one of the main reservoirs that has
a role in the spread of Salmonellosis [2].
International trade of poultry is considered as
one of the factors affects spread of
Salmonellosis, in this case it acts as a portable
reservoir for infections such as Salmonella [3].
Salmonellosis is transmitted to humans
through food and the significance of
Salmonella species as causes of human and

animal disease has increased in the recent
years [4]. Salmonella is ubiquitous in the
environment; birds can be infected and
therefore contaminate poultry meat [5]. The
incidence of Salmonellae in the closed system
farms was higher than the open system farms
[6]. The birds at the ages of the first week are
exposed to infection, unlike birds at the age of
3-6 weeks, they are less susceptible to
infection due to more rapid and higher
antibody response [7]. The best overall organs
to culture for S. Enteritidis are the spleen, liver
and yolk sac, from 1-day-old infected chickens
and fewer organs of 7-days-old infected chicks
until 42 days of ages [8]. Factors that affect the

*Corresponding author e-mail: (roshdy2019 @yahoo.com), Reference Laboratory for Veterinary
Quality Control on Poultry Production, Animal Health.
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survival and growth of Salmonella in the
environment include the warm temperatures
and humidity [9]. The increased spread of
multiple drug-resistant Salmonella spp. is due
to random use of antibiotics, which in turn led
to increased severity of the disease [10]. The
widespread overuse of antimicrobial agents in
food animal production as growth has led to
the development of antimicrobial resistant
pathogens such as Salmonella that has
emerged as a major public health implication
[11]. The Vitek2 automated system has been
developed for the identification of Gram-
negative  strains in  ordinary clinical
microbiology because it is fast and rapid. The
Vitek2 system has many advantages, first, it
can avoid environmental contamination or
cross-contamination as it is a closed system,
second, Vitek2 system can detect specimen
card if it is misplaced on its cartridge. So,
during its operation it owns a dependable
recheck system. Third, it is easy to prepare and
load bacterial specimens by laboratory staff
and the Vitek2 system can detect dozens of
specimens automatically at the same time.
Therefore, Vitek2 system gave reliable, rapid
and highly reproducible results [12]. Virulence
genes are important for  Salmonella
pathogenesis; such genes are located on
different genome elements such as plasmids,
chromosome and Salmonella pathogenicity
islands [13]. The invA gene is present only in
Salmonella species and is used in genetic
diagnosis; this explains the high prevalence
used of invA and avrA virulence genes in
Salmonella serovars [14-15]. Tetracycline
resistance gene has usually been related to
resistance in human and animal Salmonella
isolates [16]. This study was designed to detect
the effect of age and season on the isolation
rate of Salmonella species from broiler
chickens. Moreover, the presence of virulence
genes and tetracycline resistance gene in the
identified isolates was also investigated.

Materials and Methods
Samples

A Total of 120 broiler chickens (live
diseased and freshly dead) were sampled
during the study. The ages of these chickens
were 1-7 days old and more than 7days old.
The samples were collected in different

seasons (summer, winter, autumn and spring
during 2019) from internal organs (heart, liver,
lungs, yolk sac and intestine). The samples
were collected under aseptic conditions and
safety  precautions to  prevent  cross
contamination according to Middleton et al.
[17].

Bacteriological examination

Isolation and identification of Salmonella
species were performed according to 1SO
6579-1 [18]. Samples were weighed and
suspended in buffer peptone water (BPW,
Ox0id®) and incubated at 37°C for 16-18 h,
then 0.1 ml of the incubated pre-enrichment
medium were transferred to modified
semisolid  Rappaport-Vassiliadis ~ medium
(MSRV, LABM®) and incubated at 41.5°C for
24 h, as well as 1 ml was transferred to Muller-
Kauffmann tetrathionate-novobiocin  broth
(MKTTn, LabM®) and incubated aerobically
then  streaked onto  Xylose  Lysine
Deoxycholate agar (XLD ,LabM®) and
Hektoen Enteric (HE agar). The plates were
incubated at 37°C for 24 h aerobically. The
typical and selected colonies were identified
by biochemical tests (urea agar, triple sugar
iron, lysin iron, indole production, methyl red
test, Voges-Proskauer and Simmons citrate
agar (Oxoid®). The isolated Salmonella
species were serotyped according to 1ISO 6579-
3 Using Salmonella antiserum (Sifin Co.,
Japan®) [19]. Reading of Salmonella species
by Kauffman — White scheme was according
to Grimont and Weil [20].

In-Vitro antibiotic
Salmonella isolates

sensitivity  test for

The antibiogram of Salmonella isolates was
done by the Kirby—Bauer disc-diffusion
method according to Koneman et al. [21]
against (11) antimicrobials (Oxoid®), and the

zones of inhibition were measured and
interpreted according to the Clinical and
Laboratory  Standards Institute  (CLSI)

guidelines [22]. The used antibiotics were
Ampicillin  (Amp, 10upg), Chloramphenicol
(C3°, 30ug), Ciprofloxacin (CF° 5pg),
Gentamicin (G*°, 10ug) , Nalidixic acid (NA®,
30ug),  Nitrofurantoin ~ (F?%°,  300ug),
Norfloxacin ~ (NX¥,  10ug), Trimethoprim-
sulfamethoxazole  (SXT,  1.25-23.75ug),
Tetracycline (T°°,30ug), levofloxacin(LEV,
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5ug) and Ceftriaxone (CRO, 30 ug).
Moreover, one representative isolate from each
serotype (seven serotype) was tested against
different antibiotics by the Vitek2 system,
according to Chatzigeorgiou et al. [23].

Detection of virulence and antibiotic
resistance genes

The DNA from 17 Salmonella isolates was
performed by the QlAamp DNA Mini kit
(Qiagen, Germany, GmbH) according to the
manufacturer’s recommendations. Briefly, 200
pl of the sample suspension were incubated
with 10 pl of proteinase K and 200 pl of lysis
buffer at 56°C for 10 min. After incubation,
200 pl of 100% ethanol were added to the
lysate. The sample was then washed and
centrifuged following the manufacturer’s
recommendations. The nucleic acid was eluted
with 100 pl of elution buffer provided in the
kit. Oligonucleotide Primers were supplied
from Metabion (Germany). The sequences of
the primers used to amplify the invA gene are
F: (GTGAAATTATC GCCACG TTCGGG
CAA), R: (TCATCGCA CCGTCAAAGG
AACC) and they produced and amplicon of
284 bp [24], those for avrA gene are F:
(CCTGTATTGTTGAGCGTCTGG), R:
(AGAAGAG CTTCGTTGAATGTCC) and
they amplified a product of 422 bp [25], while,
the primers for the amplification of tetA gene
are F: (GGTTCACTCGAACGACGTCA), R:
(CTGTCCGACAAGTTGCATGA) and they
produced 576 bp amplicon [26]. The reaction
was performed in 25- pl volume containing
12,5 ul of Emerald Amp Max PCR Master
Mix (Takara, Japan), 1 ul of each primer of 20

pmol concentrations, 5.5 pl of water, and 5 pl
of DNA template. The reaction was performed
in an applied bio system 2720 thermal cycler.

Analysis of the PCR Products

The products of PCR were separated by
electrophoresis on 1.5% agarose gel
(Applichem, Germany, GmbH) in 1x TBE
buffer at room temperature using gradients of
5V/cm. For gel analysis, 20 pl of the
conventional PCR products were loaded in
each gel slot.  Generuler 100 bp ladder
(Fermentas, Thermo, Germany) and gel pilot
100 bp Ladder (Qiagen, Gmbh, Germany)
were used to determine the fragment sizes. The
gel was photographed by a gel documentation
system (Alpha Innotech, Biometra) and the
data was analyzed through computer software.

Results

Prevalence of Salmonella species recovered
from examined chickens in different ages and
seasons

Table (1) illustrates the prevalence of
Salmonella spp. in the examined chickens at
the different ages and seasons. The highest
prevalence of Salmonella species was reported
in summer and one day old chicks (40%),
followed by in summer, more than 7days old
chicks (33.3%). Meanwhile, the isolation rates
in winter from one day and more than 7 days-
old chickens were 20% and13.3%,
respectively. On the other hand, dusting
autumn, the isolation rate from one day - old
chicks was 6.6%.

Tables 1: Incidence of Salmonella species recovered from examined broiler chickens in different ages and seasons.

Age Season No. of examined No positive
chickens (%)
1-7 days old Summer 15 6 (40%)
Winter 15 3 (20%)
Autumn 15 1 (6.6%)
Spring 15 0
More than 7 days old Summer 15 5 (33.3%)
Winter 15 2 (13.3%)
Autumn 15 0
Spring 15 0
Total 120 17 (14.1%)

* Percentage according to total number of the examined.
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Distribution of Salmonella species isolated
from the examined broiler chicken organs

The examination of liver, heart, yolk sac
and intestine from 1-7 days old broiler
revealed the isolation of 7, 0, 1 and 2
Salmonella isolates, respectively. While, 4, 1
and 2 Salmonella were isolated from liver,
heart and intestine of more than 7 days-old
chickens, respectively. The highest isolation
rates were from liver of both 1-7 days-old and
more than 7 days -old with an overall
percentage of 64.7% (11 out of 17 isolates).
The clinical examination of these chickens
showed dehydration, diarrhea. The
postmortem lesions of freshly euthanized
chicks from which salmonella were isolated
are signs of enlarged liver, unabsorbed yolk
sac, turbid yellow color fluids in the peritoneal
cavity and the lesion of old chicken, white
necrotic foci in the liver, turbid yellow color
fluids in the peritoneal cavity and enteritis.

Serotyping of Salmonella isolates from
broiler chickens

A total of 17 Salmonella isolates were
recovered from the examined birds. Ten and 7
isolates were isolated from 1 -7 days - old and
more than 7 days- old chicks, respectively
.The serotypes identified from 1-7 days old vs
more than 7 days - old broilers were S.
Enteritidis (3 vs 2), S. Typhimurium (2 vs 1),
S. Infantis (2 vs 0), S. Apeyeme (1 vs 0), S.
Bargny (2 vs 0), S. Newport (0 vs 2) and S.
Magherafelt (0 vs 2).

Antimicrobial sensitivity test

Variable degrees of resistance of the
isolates are shown in Table 2. The most
frequent resistance phenotypes were against
tetracycline (70%-71.4%) for the strains
isolated from birds of the age group from 1 -7
days - old and more than 7 days- old chicks,
ampicillin ~ (60%, 57.1%) and finally,
trimethoprim-sulfamethoxazole and ampicillin
(57.1%) in the birds more than 7 days- old
broiler chickens.  Detection of antibiotic
sensitivity of Salmonella serotypes by
VITEK2 system revealed that all the examined
serovars were resistant to tetracycline (Table
3).

Table 2: Results of antimicrobial resistance of salmonella isolates from 1- 7days-old (N=10) and more than 7

days-old (N=.7) broiler chickens:

Antibiotic Resistance Intermediate Sensitivity
No. of isolates No. of isolates No. of isolates

1-7 More than  1-7 More than  1-7 More than

days old 7 days old days old 7daysold daysold 7 days old
Ampicilin 6(60%) 4(57.1%) 2(20%) 3(42.8%) 2(20%) -
Chloramphenico 2(20%) 1(14.3%) 2(20%) 1(14.3%) 6(60%) 5(71.4%)
Ciprofloxacin 3(30%) 1(14.3%) 1(10%) 2(28.6%) 6(60%) 4(57.1%)
Gentamicin 4(40%) 3(42.8%) 2(20%) 2(28.6%) 4(40%) 2(28.6%)
Nalidixic acid 3(30%) 3(42.8%) 4(40%) 2(28.6%) 3(30%) 2(28.6%)
Nitrofurantoin 3(30%) 3(42.8%) 3(30%) 1(14.3%) 4(40%) 3(42.8%)
Norfloxacin 3(30%) 3(42.8%) 2(20%) 3(42.8%) 5(50%) 1(14.3%)
Ceftriaxone 2(20%) 2(28.6%) 4(40%) 2(28.6%) 4(40%) 3(42.8%)
Trimethoprim- 4(40%) 4(57.1%) 2(20%) - 4(40%) 3(42.8%)
sulfamethoxazole
Tetracycline 7(70%) 5(71.4%) 2(20%) 1(14.3%) 1(10%) 1(14.3%)
Levofloxacin 2(20%) 1(14.3%) 2(20%) 1(14.3%) 6(60%) 5(71.4%)

*Percentage calculated according to total number of the examined samples.

331



Zag Vet J, Volume 48, Number 3, p. 328-339, September 2020

Roshdy et al., (2020)

Table 3: Detection of antibiotic sensitivity of salmonella serotypes using VITEK2 system

AB S.E S.T S.1 S.A S.B S.N S.M
MIC TP MIC Ip MIC Ip MIC Ip MIC Ip MIC Ip MIC Ip
Gentimycin >16 | <l R <l R <1 R <4 S <4 S <l R
Ciprofloxacin >32 R <2 S <2 S =32 R <2 S <2 S <2 S
Levofloxacine <0.12 S <012 S <012 S <012 S <012 S <0.12 S <0.12 S
Meropenem <025 S <025 S <025 S <025 S <025 S <025 S <025 S
Nitrofurantoin <8 S <8 S 16 | 16 | <8 S >32 R >32 R
Ampicillin <2 S <2 S >05 R <2 S >0.5 R >05 R <2 S
Trimethoprim- <20 S <20 S <20 S =280 R <20 S =80 R >80 R
sulfamethoxazole
Norfloxacin <1 S >4 R >4 R >4 R 2 | 2 | <1 S
Tetracycline >128 R >128 R >128 R >128 R =>128 R >128 R >128 R
Ceftriaxone <1 S <1 S <1 S >8 R 4 | <1 S 4 |
Cefeprime <1 S <1 S <1 S <1 S <1 S >16 R <1 S

AB: antibiotic, S.E: Salmonella Enteritidis, S.T: Salmonella Typhimurium, S.I: Salmonella Infantis, S.: A:
Salmonella Apeyeme, S.B: Salmonella Bargny, S.N: Salmonella Newport, S.M: Salmonella. Magherafelt, M:
minimum inhibitory concentration (MIC); I.P interpretation. R: Resistance, I: Intermediate, S: Sensitivity.

Molecular identification of virulence and
resistance genes

The invA gene was identified in all
Salmonella serovars isolated from chickens of
the two age groups, whereas, avrA gene was

detected in all the isolates except S.
Magherafelt recovered from the age group of
more than 7 days-old birds (Table 4 and Figure
1A,B). The tetracycline resistance gene (tetA)
was identified in all the examined isolates
(Table 4 and Figurel C).

Table 4: Detection of virulence and antibiotic resistance genes of salmonella isolates by PCR

Serotype No. of Virulence genes Antibiotic resistance genes
isolate 1-7 days old More than 7 daysold  1-7 daysold  More than 7
days old
No invA avrA No invA avrA No tetA No tetA
Salmonella 5 3 3/3 3/3 2 212 212 3 3/3 2 2/2
Enteritidis 100% 100% 100%  100% 100% 100%
Salmonella 3 2 212 212 1 1 1 2 212 1 1/1
Typhimurium 100% 100% 100%  100% 100% 100%
Salmonella 2 2 212 212 - - - 2 2/2 - -
Infantis 100% 100% 100%
Salmonella 1 1 11 171 - - - 1 11 - -
Apeyeme 100% 100% 100%
Salmonella 2 2 212 212 - - - 2 2/2 - -
Bargny 100% 100% 100%
Salmonella 2 - - - 2 212 212 - - 2 2/2
Newport 100%  100% 100%
Salmonella. 2 - - - 2 212 0/2 - - 2 2/2
Magherafelt 100% 0 100%
Total 17 10 - - 7 - - 10 - 7 -

*Number of examined isolates from each age group.
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Figure 1: A: Agarose gel electrophoresis showing positive amplification of (284bp) fragments using PCR was
performed with primer specific for invA gene. Lane 1: 100 bp ladder, Lane 2: positive control and lanes 3-11:
Positive isolates. B: Agarose gel electrophoresis showing positive amplification of 422 bp fragments using
PCR was performed with primer specific for avrA gene. Lane 1: 100 bp ladder, Lane 2: positive control and
lanes 3-11: Positive isolates. C: Agarose gel electrophoresis showing positive amplification of 576 bp
fragments using PCR was performed with primer specific for tetA gene. L: 100 bp ladder, P: positive control,

N: negative control, lanes 1-7: Positive isolates.

Discussion

Salmonellosis is an important cause of food
borne diseases in humans. This study
highlights the prevalence rate of Salmonella
serotypes in broilers as well as demonstrates
the presence of virulence and antibiotic
resistance genes [27]. The findings of the
present study demonstrated the persistence of

different Salmonella serotypes in an integrated
broiler supply that alarms for a potential public
health hazard. The frequency reported in the
present study was recently reported in Egypt
[28].

The prevalence of Salmonella spp. in
different seasons in the present study was
higher during summer as opposed to rainy
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season. Temperature may be a major factor for
the survival and proliferations of Salmonella,
warm  temperatures  provide  suitable
environment for the growth of Salmonella
[29,30]. The highest prevalence of Salmonella
in broiler chickens recorded in the current
study might be due to overcrowding and
improper sanitary measures of the farms. The
results of this study indicated that broilers
could be an important reservoir of Salmonella
spp., this is in accordance with Li et al. [31].

The higher percentage of isolation from the
internal organs from liver of both 1-7 days-old
and more than 7 days —old birds was with an
overall percentage of 64.7% in our study,
followed by intestine (23.5 %) in both 1-7
days old and more than 7days old birds. These
results reveal that the birds were infected at
more than one week of ages, due to the
production of more rapid and higher antibody
response than those infected at less than one
week of age. These results are in contrary to
other studies [32,33]. However, other studies
reported higher percentage of isolation from
from yolk sacs (10%) then from livers (9%)
and from intestines (9%) [34,35].

Different  Salmonella  serotypes were
identified from 1-7 days old chicken (S.
Enteritidis, S. Typhimurium, S. infantis, S.
apeyeme and S. Bargny) and from birds of
more than 7 days old (S. Enteritidis, S.
Typhimurium, S. Newport and S. Magherafelt).
These results are in agreement with other
studies [36-37]. These findings support the
assumption that there is a difference in the
occurrence of some salmonella types at young
ages versus older ages [38-40]. The most
commonly isolated serotype from different
organs was S. Enteritidis which is consistent
with results recorded in Egypt [41].

During recent years some bacteria have
shown full or partial resistance to different
antibiotics. This increasingly  global
phenomenon, called antimicrobial resistance,
is a rising concern in both public and animals
health, Tetracyclines were discovered in the
1940s and exhibited activity against a wide
range of microorganisms including gram-
positive  and  gram-negative  bacteria,
chlamydiae, mycoplasmas, rickettsiae, and
protozoan parasites. They are inexpensive
antibiotics, which have been used extensively

in the prophylaxis and therapy of human and
animal infections and also at subtherapeutic
levels in animal feed as growth promoters.
[42], in the present study chicken showing
high resistance to be recorded against
Tetracycline, [43,44]. Higher rates of
resistance were observed to extend spectrum
penicillin, these antimicrobial resistances of
Salmonella spp. indicated that all isolated

Salmonella  strains  exhibited  absolute
resistance  (100%) against Trimethoprim-
Sulfamethoxazole, indicating the limited

therapeutic value of this antibiotic to poultry
[45], In the current study chicks showed high
resistance to Clindamycin and Lincomycin
100% and  variable  resistance  to
Trimethoprim-sulfamethoxazole 50% then
Tetracycline, Ampicillin and Ciprofloxacin
33%. [46-48].

The VITEK2 system was approved by
many laboratories worldwide for the
identification of Gram negative or positive
strains in ordinary clinical microbiology and
for the determination of antibiotic sensitivity
because it is fast and rapid [49]. Salmonella
spp. isolates were confirmed resistant by the
VITEK2 System. In accordance, high
resistance of Salmonella isolates against
nalidixic acid and tetracycline was reported
[50].

Our study examined Salmonella isolates for
the detection of invA and avrA genes by
conventional PCR. The invA gene was
detected in 100% of Salmonella isolates in
both age groups. The gene avrA was also
detected in all the isolates expect S.
Maherafelt. The invA gene encodes a protein
structure in the bacterial membrane which is
essential to invade the epithelial cells of
intestine. Several studies detected invA gene
in 100% of Salmonella  serovars [51- 53].
These findings suggested that any changes in
the proteins arrangement, such as avrA, may
cause changes in the capability of this serovar
to adapt to new hosts and, consequently, the
emergence of novel virulent strains [54,55].
However, their absence in some isolates,
suggests that they are not essential for
infectivity of Salmonella spp. in the human
host.

Antibiotic resistance transmitted between
bacteria through mobile genetic elements such
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as plasmids, transposons and integrons
resulting in healthy animals become carriers
for these antibiotic resistant bacteria, animal
fecal matter acts as vehicle for transmission of
antibiotic resistance to human [56]. The results
of this study showed high antimicrobial
resistance in broiler chicken to tetA gene
100%, in all salmonella strains [57-59],
recorded that tet class genes are considered the
most common types in gram negative bacteria,
also tetA and tetB genes are located inside
non-conjugative  transposons  which are
important way for the horizontal transfer of
antibiotic resistance.

Conclusion

The result presented in this study indicated
the high prevalence of Salmonella spp. in most
organs from 1-day-old infected chickens and
fewer organs of 7-days-old. Most birds are
affected in the summer, increasing resistance
to several antibiotics, such as the resistance to
tetracycline, which may be transferred to
humans. Monitoring antibiotic resistance and
associated genes is essential to study the
epidemiology link between poultry and
humans. Biosecurity in the poultry farms
should be the first line of defense against
infectious diseases.

References

[1] Selvaraj, R.; Das, D.;Gangly, S.; Ganguli,
M.; Dhanalakshmi, S. and
Mukhoadhayay, K. (2010):

Characterization and antibiogram of
Salmonella spp from poultry specimens. J
Microbiol Antimic 2(9): 123-126.

[2]- European Food Safety Authority and
European Centre for Disease Prevention
and Control (EFSA and ECDC) (2019):
The European Union One Health 2018
Zoonoses  Report. EFSA  Journal.
European Food Safety Authority, 17(12),
e05926.

[3]- EFSA, (2019): The European Union One
Health 2018 Zoonoses Report -European
Food Safety Authority and European
Centre for Disease Prevention and Control

(EFSA and ECDC) doi: 10.2903/j.
efsa.2019.5926.

[4]- Saba, C.K.; Escudero, J.A.; Herrera-Leon,
S. Porrero, M.C.; Suarez, M.;

Dominguez, L.; Demuyakor, B. and

Gonzalez Zorn, B. (2013): First
identification of Salmonella Urbana and
Salmonella Ouakam in humans in Africa.
J Infect Dev Countr7 (10): 691 -695.

[5]- CDC. Reports of Salmonella Outbreak
Investigations (2015): http://www. cdc.
gov/ salmonella/outbreaks-2015.html.

[6] Soliman, S.; Seida, A. A.; Sahar, Z;
Youssef, I. Y. and Jakeen, E. (2018):
Salmonella infection in Broiler flocks in
Egypt. Biosci Res15 (3):1925-1930.

[7] Beal, R.K.; Wigley, P.; Powers, C.; Hulme,
S.D.; Barrow, P.A. and  Smith, A.L.
(2004): Age at Primary Infection with
Salmonella Enterica Serovar
Typhimurium in the Chicken Influences
Persistence of Infection and Subsequent
Immunity to  Re-Challenge. Vet
Immunology Pathol. 100 (3-4):151-64.

[8] Hinton, M.; Threlfall, E. J and Rowe, B.
(1990): the invasive potential of
Salmonella Enteritidis phage types for
young chickens. Lett Appl Microbiol 10
(6): 237-239.

Latimer, H.K. (1999):  Quantitative
Microbial Risk Assessment for Human
Salmonellosis  Associated with  the
Consumption of Raw Shell Eggs. PhD
Dissertation. Chapel Hill, NC.

[10]- Cruchaga, S.; Echeita, A.; Aladuena, A.;
Garcia Pena, J.; Frias, N. and Usera, M.A.
(2001):  Antimicrobial resistance in
Salmonellae from humans, food and
animals in Spain in 1998. J. Antimicrob
Chemother 47 (3): 315-321.

[11]- Antunes, P.; Mourdo, J, and Campos, J.;
Peixe, L. (2016): Salmonellosis: the role
of poultry meat. Clin Microbial Infect 22
(2):110-21.

[12]- Ling, T.K.; Tam, P.C.; Liu, Z.K. and
Cheng, A.F. (2001): Evaluation of Vitek 2
rapid identification and susceptibility
testing system against Gram-negative
clinical isolates. J Clin Microbiol 39 (8):
2964-2966.

[13] -Card, R.; Vaughan, K.; Bagnall, M.;
Spiropoulos, J.; Cooley, W.; Strickland,
T.; Davies, R. and Anjum, M.F. (2016):
Virulence characterization of Salmonella
Enterica  isolates of differing
antimicrobial resistance recovered from

335

[9]-



Zag Vet J, Volume 48, Number 3, p. 328-339, September 2020

Roshdy et al., (2020)

UK livestock and imported meat samples.
Front Microbiol 7: 640.

[14]- Karmi, M. (2013): Detection of virulence
gene (invA) in Salmonella isolated from
meat and poultry products. Int J Genet 3
(2): 7-12.

[15] - EISheikh, M.; Abdeen, E., and Ammar,
A. (2019): Molecular Detection of Some
Virulence Genes of Salmonella Serotypes
Isolated from Poultry in Egypt. JCVR
1(1): 86-93.

[16]- Threlfall, E.J. (2002): Antimicrobial drug
resistance in Salmonella problems and
perspectives in food and water-borne
infections. FEMS  microbiol. Rev. 26
(2):141-148.

[17]- Middleton, J.R.; Fales, W.H.; Luby,
C.D.; Landsay Oaks, J.; Susan Sanchez,
Kinyon, J.M.; Wu, C.C.; Maddox, C.W.
and Hartmann, F. (2005): Surveillance of
Staphylococcus aureus in veterinary
teaching hospitals. J Clin Microbiol 43(6):
2916-29109.

-International organization for
standardization. ISO 6579 part 1 (2017):
Microbiology of the food chain -
Horizontal method for the detection,
enumeration and serotyping of Salmonella
- Part 1. Detection of Salmonella spp.

[18]

International ~ Standards  Organization.
Geneva.
[19]International organization for

standardization 1SO 6579 part 3 (2014):
Microbiology of food and animal feeding
stuffs -Horizontal method for the
detection of Salmonella. International
Standards Organization. Geneva.

[20] Grimont, P.A. and Weill, F.X. (2007):
Antigenic formulas of the Salmonella
Servers, WHO Collaborating Center for
reference and research on Salmonella,
Paris (9™ edition): 1-166.

[21] Koneman E.W.; Allen S.D.; Janda W.M.;
Schreckenberger P.C. and Winn W.C.
(1997):  Diagnostic Microbiology. The
non-fermentative Gram-negative bacilli.

Philedelphia: Lippincott-Raven
Publishers, pp.253-320.
[22]Clinical and Laboratory  Standards

Institute (CLSI, 2017):  Performance
standards for antimicrobial susceptibility

testing. 27th Informational Supplement
Document M100- S27, CLSI, Wayne,
Vol. 37: (2).

[23]- Chatzigeorgiou, K. S.; Sergentanis, T.N.;
Tsiodras, S.;  Hamodrakas, S.J. and
Bagos, P.G.( 2011): Phoenix 100 versus
Vitek 2 in the identification of Gram-
positive and Gram-negative bacteria: a
comprehensive meta-analysis. J Clin
Microbiol 49 (9): 3284-3291.

[24]- Olivera, S.D.; C.R. Rodenbusch, M.C.
Ce; S.L.S. Rocha and C.W. Canal, (2003):
Evaluation of selective and non-selective
enrichment PCR procedures  for
salmonella detection. Lett Appl Microbiol
36: (4):217-21.

[25]- Huehn, S.; La Ragione, R.M.; Anjum,
M., Saunders, M.; Woodward, M.J,;
Bunge, C.; Helmuth, R.; Hauser, E.;
Guerra, B.; Beutlich, J.; Brisabois, A.;
Peters, T.; Svensson, L.;Madajczak, G.;
Litrup, E.; Imre, A.; Herrera-Leon, S,;
Mevius, D.; Newell, D.G. and Malorny,
B.(2010): Virulotyping and antimicrobial
resistance typing of Salmonella Enterica
serovars relevant to human health in
Europe. Foodborne Pathog Dis 7 (5):523—
535.

[26]Randall, L.P.; Cooles, S.W.; Osborn,
M.K..; Piddock, L. J.V. and Woodward,
M.J. (2004): Antibiotic resistance genes,
integrons and  multiple  antibiotic
resistances in thirty-five serotypes of
Salmonella enteric isolated from humans
and animals in the UK. J Antimicrob
Chemother.53 (2): 208-221.

[27]FAO and PAHO:Food and Agriculture
Organization and Pan American Health
Organization (2017): Food Handlers
Manual. Instructor; Washington, DC.

[28] El-Sharkawy, H.; Tahoun, A. and El-
Gohary, A. (2017): Epidemiological,
molecular Characterization and antibiotic
resistance of Salmonella Enterica serovars
isolated from chicken farms in Egypt. Gut
Pathog 9 (1):8.

[29] Naurin, S.; Islam, M. A. and Khatun, M.
M. (2013): Prevalence of Salmonella in
Apparently  Healthy  Chickens in
Mymensingh, Bangladesh. Microbes and
Health 1(1). 30-33.

336



Zag Vet J, Volume 48, Number 3, p. 328-339, September 2020

Roshdy et al., (2020)

[30] Soltan, D.M.M.; Taremi, M.; Gachkar, L.;
Modaresi, S.; Sanaei, M.; Bakhtiari, R.;
Sharifi, Y.M.K. And Zali, M.R. (2009):
Characterization of antibiotic resistant
patterns of Salmonella serotypes isolated
from beef and chicken samples in Tehran.
Jundishapur J Microbiol 2 (4): 124-131.

[31] Li, X.; Payne, J.B.; Santos, F.B.; Levine,
J.F.; Anderson, K.E. and Sheldon, B.W.
(2007):  Salmonella populations and
prevalence in layer feces from commercial
high-rise houses and characterization of
the salmonella isolates by serotyping
antibiotic resistance analysis, and pulsed
field gel electrophoresis. Poult Sci 86 (3):
591 -597.

[32] Abdellah, C.; Fouzia, R.F.; Abdelkader,
C.; Rachida, S.B. and Mouloud, Z. (2009):
Prevalence and anti-microbial
susceptibility of Salmonella isolates from
chicken carcass and giblets in Meknes,
Morocco. Afr J Microbiol Res 3(5):215-
219.

[33] Ezzat, M.; Esawy, A.E.K. and Elsotohy,
M. (2014): Prevalence  and
characterization of Salmonella species
isolated from broilers. Suez Canal
Veterinary Medical Journal SCVMJ, 19
(1): 183-195.

[34] Islam, J.A.T.; Mahbub-E-Elahi, A.T. and
Kamrul, H. (2016): Isolation and
identification of Salmonella spp. from
broiler and their antibiogram study in
Sylhet, Bangladesh. J Appl Biol
Biotechnology 4(3):046-051.

[35] Sedeik, M.E.; Nahed, A.; Awad, A.M.;

Elfeky, S.M.; Abd El-Hack, M.E;
Hussein, E.O.; Alowaimer, A.N. and
Swelum, A.A. (2019): Isolation,
conventional and molecular

characterization of Salmonella spp. from
newly hatched broiler chicks, AMB
Express 30; 9(1):136.

[36] Ulloa, J.; Gonzalez, M.; Hernandez, C.;
Villanueva, M.P and Fernandez, H.
(2010): Salmonella Enteritidis in chicken
carcasses and giblets in Southern Chile. J
Infect Dev Countr 4 (02): 107-109.

[37] Rabie, N.S.; Khalifa, N.O.; Radwan, M.E.
and Afify, J.S. (2012): Epidemiological
and molecular studies of Salmonella

isolates from chicken, chicken meat and
human in Toukh. Egypt. Glob Vet 8
(2):128-132.

[38] Abd EI- Tawab, A. A.; Ammar, A. M.;
Soad A. N.; Fatma I. E. and Nehal M. N.
(2015): Molecular studies on
antimicrobial  resistance  genes  in
salmonella isolated from poultry flocks in
Egypt. Benha vet med J 28(2):176-187.

[39] Koichi, M., Eriko, M. M., Daisuke, O.,
Tamie, N., Nobuyuki, S., Hirokazu, K.,
Shuji, F. and Satoshi, M. (2017):
Simultaneous oral administration of
Salmonella Infantis and S. Typhimurium
in chicks. Ir Vet J 70, Article number: 27.

[40] Shehata AA, Basiouni S, AbdElrazek A.
(2019): Characterization of Salmonella
Enterica Isolated from Poultry Hatcheries
and Commercial Broiler Chickens. Pak
Vet J 39(4):515-520.

[41] Akeila MA, Ellakany HF, Sedeik ME,
Behar HM (2013): Characterization and
plasmid profiling of Salmonella enteritidis
isolated from broiler chickens. Alex J Vet
Sci 39:105-111

[42] lan, Chopra and Marilyn, R. (2001):
Tetracycline Antibiotics: Mode of Action,
Applications, Molecular Biology, and
Epidemiology of Bacterial Resistance,
Microbiol Mol Biol Rev 65(2): 232-260

[43] Asfaw Ali, D.; Tadesse, B. and Ebabu, A.
(2020):  Prevalence and  Antibiotic
Resistance Pattern of Salmonella
Isolated from Caecal Contents of Exotic
Chicken in Debre Zeit and Modjo,
Ethiopia. Int J Microbiol Article ID
1910630, 6 pages.

[44]AL-ledani, A.A.; Khudor, M.H. and Oufi,
N.M. (2014): isolation and identification
of salmonella spp. From poultry farms by
using  different  technologies  and
evaluation  of  their  antimicrobial
susceptibility. Bas J Vet Res 1 (1):246-
259.

[45] Elkenany, R.; Elsayed, M.M.; Zakaria,
A.l;; El-Sayed, S.A.E.S. and Rizk, M.A
(2019): Antimicrobial resistance profiles
and virulence genotyping of Salmonella
Enterica serovars recovered from broiler
chickens and chicken carcasses in Egypt.
BMC Vet Res 15 (1): 124.

337


https://irishvetjournal.biomedcentral.com/articles/10.1186/s13620-017-0105-x#auth-Koichi-Murakami
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chopra%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11381101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11381101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC99026/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6486964/

Zag Vet J, Volume 48, Number 3, p. 328-339, September 2020

Roshdy et al., (2020)

[46] Abdel Rahman M. A. A.; Hamed E.A;
Roshdy H.; Sorour H.K. and Al-Atfeehy
N.M. (2014): Bacteriological studies on
native and imported apparently healthy
one day old chicks, SCVMJ, 19 (2):263-
276.

[47] Walid H.H.; Ahmed H. A.; Abd EIl Rady,
T. and Eman A.M. (2018): Genetic
analysis of multidrug resistant Salmonella
isolated from broiler chickens. Journal of
Vet Med Res 25, (1): 121-131.

[48] Wang J.; Li J.; Liu F.; Cheng Y. and Su J.
(2020): Characterization of Salmonella
Enterica Isolates from Diseased Poultry in
Northern China between 2014 and 2018.
Pathogens, 9 (2): 95.

[49]Ling, T.K.; Tam, P.C.; Liu, Z.K. and
Cheng, A.F. (2001): Evaluation of VITEK
2 Rapid Identification and Susceptibility
Testing System against Gram-Negative
Clinical Isolate. J Clin  Microbiol
39(8):2964-2966.

[50] Alper, B., Ahmet, E., Arzu, K. and
Mehmet, C.A. (2019): Some specific
microbiological parameters and
prevalence of Salmonella spp. in retail
chicken meat from Erzurum province,
Turkey and characterization of antibiotic
resistance of isolates. Biosci J Uberlandia
v. 35, n. 3, p. 878-891.

[51] Tarabees, R.; Helal, G. and Younis, G.
(2019): Molecular Characterization of
Virulence  Genes  Associated  with
Salmonella spp. Isolated from Poultry.
JCVR 1(2): 36-46.

[52] Ammar, A. M.; Mohamed, A. A.; Abd
ElHamid, Marwa, I. and EIl-Azzouny,
Mona, M. (2016): Virulence genotypes of
clinical Salmonella Serovars from broilers
in Egypt. J Infect Dev Countrl0 (4):337-
346.

Vladimir P. Nascimento, V.P. (2013):
Detection of virulence-associated genes
in Salmonella Enteritidis isolates from
chicken in South of Brazil. Pesqui Vet
Brasil 33 (12):1416-1423.

[54] Prager, R.; Mirold, S.; Tietze, E.; Strutz,
U.; Knippel, B.; Rabsch, W.; Hardt, W.D.
and Tschape, H. (2000): Prevalence and
polymorphism  of genes encoding
translocated effector proteins among
clinical isolates of Salmonella enterica. Int
J Med Microbiol 290(7):605-617.

[55]EISheikh, M., Abdeen, E., Ammar, A.M.
and Hussien, (2019): A. Molecular
Detection of Some Virulence Genes of
Salmonella  Serotypes Isolated From
Poultry in Egypt. JCVR (1):86-93.

[56]Mthembu, T.P.; Zishiri, O.T and El
Zowalaty, M.E. (2019): Molecular
Detection of Multidrug-Resistant
Salmonella Isolated from Livestock

Production Systems In South Africa.Infect
Drug Resist 12:3537-3548.

[57] Yemisi, O. A., Vijaya, K. D. and Indrani,
K (2014): Antimicrobial-resistant genes
associated with Salmonella spp. isolated
from human, poultry, and seafood sources.
Food Sci Nutr 2(4): 436-442.

[58] Mohammed A. L., Waffa, M. M., Samah,
E. and Rehab, I. H. (2017): molecular
detection of some antimicrobial resistance
genes in salmonella species isolated from
commercial layers in Egypt. ZVJ 45(1):
29-38.

[59] zZhu, Y.; Lai, H.; Zou, L.; Yin, S.; Wang,
C.; Han, X.; Xia, X.; Hu, K.; He, L.,
Zhou, K.; Chen, S.; Ao, X. and Liu, S.
(2017):  Antimicrobial resistance and
resistance genes in Salmonella strains
isolated from broiler chickens along the
slaughtering process in China. Int J Food
Microbial 259:43-51.

[53] Borges, K.A.; Furian, T.Q.; Borsoi, A,;
Moraes, H.L.S.; Salle, C.T.P. and
) padlal)

338


https://www.ncbi.nlm.nih.gov/pubmed/?term=Adesiji%20YO%5BAuthor%5D&cauthor=true&cauthor_uid=25473501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deekshit%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=25473501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karunasagar%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25473501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karunasagar%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25473501
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221842/

Zag Vet J, Volume 48, Number 3, p. 328-339, September 2020 Roshdy et al., (2020)

da gliall cilisa g 5 gl uall alia A dald B LA pa Cpracadl) cl.;.\(_—,ﬂ)l,,s.a‘gdu\ EI3% s amgally peadl U
Ay gaad) il abiaall

30‘”‘3)“\“ Py e — 2‘;;1_\“]\ r"\"““ — lyaaa Lg.LIJ P 195.).:&) 4_&

aall (ool g JlE Ol all dna say dgae ialall LY e 4y planl) 450 as el Jesal) 2
a3 uall SV YUY A B Y £ G
pe Al )l Gl S e ¢ sgied g ¢ Ol eadl daia Gigan 2gaa 2
e el sl S se agill g b ¢ ol il daen gy 2gae 3
¢ pald IS s AY) skl Grentll zlas (8 il gl Al jall C¥ane gl ) i LS oo Sl sallud)
O i salld) e Jare o ansall 5 jendl 53l e CaSH Al Hall o2 iy al 5 S Lobadl pled ) g2 Lae
Slo Jyanll 8 an g o 2l oLl g canall & (abl 7 o ST bl 7-1) Adlise 49 e Jal e (e 4ala 120
bl 7 e ST el pla 4y (740) Chaall 3oL 7-1 see el glas o S salldl e Jare e
5 bl 7-1 () aesll DS die Cpanill #5808 8 Lebiand o3 Sl sddlld) Y e (e A el o) (433.3) Caall
had) Tyl 0 yeal) SIS 8 Al 038 3 S salladl e Al e 17 o Jmand) &5 il (L) 7oe SSYI jlee )
S. <S. Infantis « (<Y e 3) S. Typhimurium i « (<Y e 5) S, Enteritidis dlall 3 A g jaall Sl galliall
a3 adl bl (e (A3 1) 8 S. A peyeme Tl (0die) 4 S. Newport, S. Magherafelt <Bargny
Olana¥l5 ol 7o Y Jlee¥) 5 bl 71 el e (70%-71.4%) GlSend 55l an daglie el Jias
A daglie el Qs maaily ¢ VITEK2 i aladiuly lgle Jsaall 23 ) daill e (57.19%-60%)
INVA O o Goaill &3 s dasi je Gl S pallad) 5 jre asan el s, i galbal) paes (Al il

Ol il A glia Gaa paad ALl ) lall e bl 7 e SISY A jenll de senall (e 4l e a3 3 Magherafelt
Sl Y 3l e b (tetA)

339



