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Abstract

This study investigated incidence, phenotypic-genotypic antimicrobial resistance in zoonotic Salmonellae
from broiler chicken and human in Egypt. Two hundred and forty samples were randomly collected from
broilers including (liver, gizzard, intestine, n.= 60 of each) and from workers (hand swabs, n.= 60) at poultry
outlets. Isolation, biochemical and serological identifications of Sa/monella spp. were performed. Antimicro-
bial susceptibility testing of Salmonella serotypes was done using disc diffusion method. The multiple anti-
biotic resistance (MAR) index of Salmonella serotypes was calculated. Genotypic detection of antimicrobial
resistance genes [bla ., ., floR and tetA(A)] was identified in phenotypically resistant Salmonellae using PCR.
The incidence of Salmonella spp. was 5% in each of liver and intestine of broilers, and 1.66% in gizzard of
broilers; and 3.33% in hand swabs of workers. The serotypes of S. Typhimurium were distributed into liver of
broilers (3 out of 4, 75%) and into intestine of broilers (1 out of 4, 25%). The distribution of S. Enteritidis was
33.3% (1 out of 3) in gizzard and 66.7% (2 out of 3) was distributed in intestine of broiler. Two isolates of S.
Kentucky (100%) were distributed in hand swabs from workers. The peak resistance (100%) of 9 Salmonella
isolates was found to each of chloramphenicol and ampicillin followed by a highest resistance (88.8%) to dox-
yeycline The profile of each S. Typhimurium and S. Enteritidis isolates from broiler chicken reached the peak
resistance (100%) for ampicillin, chloramphenicol and doxycycline The multiple antibiotic resistance (MAR)
index of Salmonella isolates was ranged from 0.23 to 0.54 with an average of 0.34. The bla,,,, tetA(A) and
floR genes were identified with similar distribution percentage of 66.7% in S. Typhimurium isolates from liver.
all isolates of S. Enteritidis from gizzard, S. Typhimurium from intestine, S. Enteritidis from intestine and S.
Kentucky from hand swabs harbored similar distribution percentage (100%) for each bla,,,, tetA(A) and floR
gene. Further studies are required to predict biological tools such as bacteriophages during poultry production
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INTRODUCTION

Salmonellosis is one of the most serious issues affecting the
chicken industry, as well as a serious food safety risk (Hassan et
al., 2021). Salmonella is a leading cause of foodborne illness in
humans, with 16 million cases of typhoid fever, 1.3 billion cas-
es of gastroenteritis, and 3 million deaths worldwide each year
(Bhunia, 2018). Salmonella outbreaks have been linked to a va-
riety of foods, particularly those derived from animals, such as
meat, poultry, and eggs (Bouchrif et al., 2009). Animal-originated
foods, particularly chickens are represented as major reservoirs
for dissemination of Salmonellae (Vo et al., 2006; Jackson et al.,
2013). However, poultry meat & their products are considered as
the most common sources of Salmonella food poisoning in peo-
ple and has been linked to numerous human salmonellosis out-
breaks. Salmonella is transmitted to poultry meat by cross-con-
tamination with excrement, water, equipment, and workers'’
hands throughout the slaughtering, scalding, defeathering, and
preparation procedures, particularly at low-hygienic poultry retail
shops (Saeed et al.,, 2013).

to minimize entry of multidrug resistant (MDR) Salmonellae from broiler chicken to human food chain.

Salmonellosis, Broilers, Humans, Phenotypic resistance, Antimicrobial resistance

There are around 2500 Salmonella serovars in the world. Sal-
monella enterica Typhi (S. Typhi) and Salmonella enterica Para-
typhi (S. paratyphi) cause typhoid fever and paratyphoid fever,
respectively, in humans (Chaudhry et al, 2003), whereas salmo-
nellosis is an umbrella term that encompasses invasive infection
with all serovars of Salmonella, as well as the normally gut-con-
fined infections of food poisoning (Fabrega and Vila, 2013). S.
Enteritidis and S. Typhimurium, which can be transferred to hu-
mans, are widely found in poultry (Abd EL-Ghany et al., 2012). It
has been discovered that the chicken industry can account for up
to 50% of salmonellosis outbreaks (Antunes et al., 2016). El-Sha-
boury and Basha (2009) identified five Salmonella strains as S. Ty-
phimurium in Egyptian broiler chicken farms in Alexandria, while
Mohamed et al. (2009) serotyped isolates as S. Enteritidis and S.
Typhimurium in Assiut governorates. In the Dakhlia governorate,
S. Enteritidis was found in chicken meat and a patient with food
poisoning symptoms (Ammar et al., 2009). Salmonellae infec-
tions were later isolated from broiler flocks in both Eastern and
Northern Egypt (Ammar et al., 2016; El-Sharkawy et al, 2017).
Salmonella serovars (S. Typhimurium, S. Enteritidis, S. Anatum,
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S. Heidelberg, S. Muenster, and S. Kentucky) have recently been
discovered in chicken meat products sold in local supermarkets
in 2019 (Shsltout et al., 2019).

The increased spread of multidrug-resistant Salmonella spp.
is owing to haphazard antibiotic use, which has resulted in in-
creased illness severity. Antimicrobial resistant bacteria such as
Salmonella have evolved as a serious public health concern as
a result of extensive abuse of antimicrobial drugs in food ani-
mal production as a means of growth (Antunes et al., 2016). One
of the main causes of the rise of multidrug resistance bacteria
is the improper use of antibiotics in poultry farms in underde-
veloped countries, particularly Egypt (Okeke et al, 2005). The
misuse of the antimicrobial agents in veterinary medicine could
result in the emerging of multidrug-resistant bacteria (MDR) in-
cluding Salmonella (Sallam et al., 2014). The antimicrobial-resis-
tant microorganism and the antimicrobial resistance genes could
be transmitted to humans through food derived from animals
particularly poultry meat and their products (Zhao et al., 2020).
Salmonella recovered from broiler environment contain class 1
integrons, that are genetic elements that could integrate anti-
microbial resistance gene within the Salmonella host genome
(Goldstein et al,, 2001). There exists a diversity of integron-as-
sociated resistance genes in poultry litter such as resistances to
B-lactams, chloramphenicol, and aminoglycosides (Lu et al., 2003;
Nandi et al., 2004; Smith et al., 2007).

The multiple antibiotic resistance (MAR) index is a cost effec-
tive, rapid, easy, and valid method used for tracing the bacterial
source (Adzitey, 2015; Khan et al., 2015; Davis and Brown, 2016).
The high-risk sources of faecal contaminations of meat, poul-
try meat could be distinguished through the MAR indexing of
bacterial isolates including Escherichia coli and Salmonella spp.
(Parveen et al., 1997; Khan et al., 2015). In Egypt, molecular detec-
tion of antimicrobial resistance genes including bla,,, & tetA(A),
floR genes in Salmonella isolated from poultry in Egypt (Abd El-
Tawab et al., 2015; Lebdah et al.,, 2017). This study was carried out
to investigate the incidence, serotyping and phenotypic resis-
tance of Salmonella serotypes as well as genotypic detection of
antimicrobial resistance genes in recovered Salmonella isolates
from broiler chicken and workers at poultry outlets at Sharkia
Province, Egypt.

MATERIALS AND METHODS

Collection and preparation of broiler and human samples

Two hundred and forty samples were randomly collected
from broilers including (liver, gizzard, intestine, n.= 60 of each)
and from workers (hand swabs, n.= 60) at poultry outlets from
two localities (Zagazig and El-Salheia cities) at Sharkia province,
Egypt during the period extending from December 2018 till July
2019. Oral consent was obtained from workers prior to sample
collection. The collected broiler samples were wrapped in sterile
polyethylene bags then directly transferred in an insulated ice
box under complete aseptic conditions without delay to the Lab-
oratory of Zoonoses Department, Faculty of Veterinary Medicine,
Zagazig University for further preparation and examination. Re-
garding the collected samples from workers, each hand swap was
placed 9 ml of buffered peptone water (BPW) 0.1% under aseptic
conditions then placed in an ice box followed by direct transfer
to the Laboratory.

Pre-enrichment of broiler and human samples

Twenty five grams each of liver, gizzard and intestine of broil-
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ers were aseptically transferred into a sterile homogenizer flask
that contains 225 ml of sterile buffered peptone water (0.1%).
The contents were subjected to homogenization at 2000 rpm for
2.5 minutes using a homogenizer. All broiler samples and hand
swabs from workers were subjected for an incubation at 37°C for
24 h as a pre-enrichment step.

Isolation of Salmonella species from both broiler and worker sam-
ples

The isolation of Salmonella species was performed according
to the protocol of ISO 6579 (ISO, 2002) and Pavic et al. (2010)
with minor modifications. After the pre-enrichment step, 1 ml of
the pre-enriched samples were exposed to an inoculation into a
tube harboring 10 ml of sterile Rappaport-Vassiliadis soy pep-
tone broth (Biolife; Italy) for the selective enrichment. All inocu-
lated broths were subjected to an incubation at 41.5+0.5 °C for
24 h. Afterwards, 10 pl loopful from each incubated broth was
streaked onto Xylose Lysine Desoxycholate agar (XLD). All the
inoculated plates were incubated at 37 °C for 24 h. The slightly
transparent red colonies with black center on XLD agar were sus-
pected as Salmonella. The characteristic colonies of Salmonellae
were further streaked on nutrient agar plates and then incubated
at 37 °C for 24 h for purification, and then on nutrient agar slopes
for further identification and biochemical characterizations.

Morphological and biochemical identifications

The initial identification step was performed by using Gram'’s
stain smears and oxidase test. The isolates revealing Gram’s stain
positive and/or oxidase positive were not included. The other iso-
lates were biochemically investigated using indole, methyl red,
Voges— Proskauer, citrate utilization, triple sugar iron (TSI), and
urease tests (Ewing, 1986). The bacterial colonies revealing Sal-
monella specific IMVIC pattern (- + — +) were further inoculated
on TSI slants, and the bacterial colonies that revealed alkaline
slant (pink) and acidic butt (yellow) with or without H2S produc-
tion (blackening) were further tested for the urea hydrolysis on
urea agar slant. The urease negative bacterial isolates were bio-
chemically identified as Salmonella isolates (Chen et al.,, 2013).

Serological identtification of Salmonella isolates

Somatic (O) and flagellar (H) antigens were used to identify all
biochemically verified Salmonella isolates by slide agglutination
with commercial antisera (SISIN, Berlin) following the Kauffman-
White system (Popoff et al., 2004). The serological identifications
were performed at the Serology Unit, Animal Health Research
Institute, Dokki, Egypt, and the Bacteriology Laboratory, Central
Laboratories of Ministry of Health, Egypt.

Antimicrobial susceptibility testing

Antimicrobial susceptibilities of Salmonella isolates were de-
termined, in accordance with the guidelines of the Clinical and
Laboratory Standards Institute. The antimicrobial discs and their
concentrations as well as the diameters of the zones of inhibi-
tion for the tested strains were demonstrated. Salmonella isolates
were tested by modified Kirby-Bauer disk diffusion method on
Mller-Hinton Agar as per CSLI recommendations (CSLI, 2018).
The antibiotics tested in this study include Chloramphenicol (30
pg), Azetronam (30 pg), Ciprofloxacin (5 pg), Tobramycin (10 ug),
Amikacin (30 pg), Cefoxitin (30 pg), Sublactam (20 pg), Gentam-
ycin (10 pg), Impenem (10 pg), Cefepime (30 ug), Ampicillin (10
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pg), Doxycycline (30 pg) and Cefoperazone (75 pg). Interpreta-
tion the results of antibiotic susceptibility tests were carried out
according to standard interpretative zone diameters suggested
in CLSI guidelines (Vinueza-Burgos et al., 2019). The bacterial re-
sponse to antibiotic was interpreted as: R: Resistant, I: Intermedi-
ate and S: Sensitive.

The multiple antibiotic resistance (MAR) index of Salmonella
serotypes was calculated according to the formula stipulated by
Singh et al. (2010) as the following equation:

MAR index = Number of antibiotics with resistance profile / the
number of used antibiotics.

Genotypic detection of antimicrobial resistance genes

The extraction of DNA was carried out for the eight sero-
typed Salmonella using QlAamp DNA Mini Kit (Qiagen, Gm 6H,
Hilden, Germany) according to the manufacturer kits. The oli-
gonucleotide primer sequences and the PCR conditions for de-
tection of bla,,, floR and tetA(A) antimicrobial resistance genes
were performed according to Colom et al. (2003); Doublet et al.

(2003) and Randall et al. (2004), respectively (Table 1).
Statistical analysis

The Chi-2 test was done on contingency tables to investigate

if there were significant differences between isolate sources in
terms of isolate’s incidence. The significance was recorded when
P- value was <0.05. This analysis was done using GraphPad prism
software version 8 for Windows, GraphPad Software, San Diego,
California USA, www.graphpad.com.

RESULTS

Incidence and serotypes of Salmonella spp. in broiler chicken and
human

Our study revealed that the overall incidence of Salmonel-
la spp. was 3.75% (9 out of 240) as mentioned in Table 2 and Fig.
1. Regarding broilers, the incidence of Salmonella spp. was 5% (3
out of 60, each) in each of liver and intestine, while was 1.66% (1
out of 60) in gizzard of broilers (Table 2). There was no significant
difference between organ source and the incidence of Salmonel-
la infection (DF=3; P=0.7) as listed in Table 2. The incidence of
Salmonella spp. was 3.33% (2 out of 60) in hand swabs of workers
at poultry outlets. Regarding broilers, the serological identifica-
tions of Salmonellae were distinguished into S. Typhimurium (4
out of 7 isolates, 57.1%) and into S. Enteritidis (3 out of 7 isolates,
42.9%) as illustrated in Table 3. Only two isolates of S. Kentucky
(100%) were detected in hand swabs of human workers (Table
3). From the 4 serotyped S. Typhimurium isolates, three isolates

Table 1. oligonucleotide sequences and PCR conditions for detection of antimicrobial resistance genes in Salmonella isolates recovered from broilers and workers.

Gene Prim?; ,S:;q;lence (S;IZ; PCR cycling conditions Reference

b, TEMC  ATCAGCAATAAACCAGC Si6 ey (450c79.2‘3‘°§;§t‘3:§1?308,720c-m Colom e al. 2003
floR Cfn“fllgl STG?T(?EXVRS&%?%&?GGQSG 494 35 cycles (94“cj§<§s_,_§§?r(}:f<)s,7z°c-45s) Doublet et al. (2003)
A F GOTTCACTCGAACGACGTCA 6 ey (94°C7?§;§:5j0;?r(}:f()s,72°c sv: Randalleral 2004

Table 2. Incidence of Salmonella species in broilers and workers in poultry outlets at Sharkia Province.

No. of examined

No. of positive

Sample source samples samples %. of infection X2 test DF, P-value
Liver 60 3 5
Broilers Gizzard 60 1 1.66
Intestine 60 3 5 X2=1.2 3,0.7
workers Hand swabs 60 2 3.33
Total 240 9 3.75

X2 test was done to test the association between organ source and incidence of infection. P- value were tested at a significance level of 0.05.

Table 3. Distribution of Salmonella serotypes in examined broiler liver, gizzard and intestine (n= 7 isolates) and in hand swabs of workers (n=2 isolates).

Broilers Total
Serotypes from broilers Antigenic formula Liver Gizzard Intestine No. (%)
No. (%) No. (%) No. %
S. Typhimurium OH1’14’15’212 3 (75) 0 0 1 (25) 4 (57.1)
e 0:1,9,12
S. Enteritidis H: g m: - 0 (0) 1 (33.3) 2 (66.7) 3 (42.9)
o Hand swabs from workers Total
Serotypes from workers Antigenic formula
No. (%) No. (%)
0:8,20
S. Kentucky Hei 76 2 (100) 2 (100)
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were distributed in liver of broilers with a percentage of 75%,
and one strain (25%) was detected in intestine of broilers (Table
3). The gizzard of broilers was free from S. Typhimurium. Out of
the recovered three isolates of S. Enteritidis, one isolate (33.3%)
was detected in gizzard, and 2 strains (66.7%) was distributed in
intestine of broilers (Table 3). Notably, the liver of broilers was
free from S. Enteritidis.

Phenotypic resistance and multiple antibiotic resistance of Salmo-
nella serotypes

In this study, the phenotypic resistance of 9 Salmonella
isolates from broilers and workers were investigated against 13

antimicrobials using the disk diffusion method as illustrated in
Table 4. The peak resistance (100%) of 9 Salmonella isolates was
detected to each of chloramphenicol and ampicillin followed by a
highest resistance (88.8%, 8/9) to doxycycline and then moderate
resistance of 44.4% (4/9) to cefepime and 33.3% (3/9) to cefoper-
azone (Table 4). Also, a lower resistance (11.1%, 1/9) was detected
to each of azetronam ciprofloxacin sulbactam and gentamycin.
In Table (4), all recovered Salmonella isolates from broilers and
humans were 100 % sensitive to each of amikacin and impenem.
Regarding the phenotypic resistance of Salmonella serotypes, all
isolates of S. Typhimurium (4); S. Enteritidis (3) and S. Kentucky
(2) showed resistance to chloramphenicol and ampicillin (Table
5). All isolates of S Typhimurium serotypes (4) and S. Enteritidis

Table 4. Antimicrobial susceptibility of 9 Sa/monella isolates originated from examined broiler samples and hand swabs of workers at poultry outlets using disc

diffusion method.

Antimicrobial code R I S
(Disc concentration pg) NO. (%) NO. (%) NO. (%)

C (30) 9(100) 0(0.00) 0(0.00)

ATM (30) 1(11.1) 1(11.1) 7(77.7)
CIP (5) 1(11.1) 5(55.5) 3(33.3)

TOB (10) 0(0.00) 4(44.4) 5(55.5)

AK (30) 0(0.00) 0(0.00) 9(100)
FOX (30) 3(33.3) 4(44.4) 2(22.2)
SAM (20) 1(11.1) 6(66.6) 2(22.2)

CN (10) 1(11.1) 1(11.1) 7(77.7)

IPM (10) 0(0.00) 0(0.00) 9(100)

FEP (30) 4(44.4) 1(11.1) 4(44.4)

AM (30) 9(100) 0(0.00) 0(0.00)

DO (30) 8(88.8) 1(11.1) 0(0.00)

CEP (75) 3(33.3) 0(0.00) 6(66.6)

No: Number, %: percentage R: Resistance; I: Intermediate;

S: Sensitive; C: Chloramphenicol ATM: Azetronam; CIP: Ciprofloxacin; TOP: Tobramycin; AK: Amikacin; FOX:Cefoxitin;

SAM: Sublactam; CN: Gentamycin; IPM: Impenem; FEP:Cefepime; ATM:Azetronam;CIP:Ciprofloxacin; TOP:Tobramycin; AK:Amikacin; FOX:Cefoxitin SAM:Sublactam;CN:Gentam-

ycin; IPM:Impenem FEP: Cefepime; AM: Ampicillin; DO:Doxycycline ; CEP:Cefoperazone.

Table 5. The antimicrobial resistance/susceptibility of isolated Salmonella serotypes from broilers and human hand swabs; the data are represented by number of

isolates.
Agtimicrobials S. Typhimurium S. Enteritidis S. Kentucky
(plSC concentra- (n=4) (n.=3) (n.=2)
tion pg)

R I S R I S R I S
C (30) 4 0 0 3 0 0 2 0 0
ATM (30) 1 0 3 0 1 2 0 0 2
CIP (5) 1 1 2 0 2 1 0 2 0
TOB (10) 0 2 2 0 2 1 0 0 2
AK (30) 0 0 4 0 0 3 0 0 2
FOX (30) 2 2 0 1 1 1 0 1 1
SAM (20) 1 3 0 0 3 0 0 0 2
CN (10) 1 0 3 0 0 3 0 1 1
IPM (10) 0 0 4 0 0 3 0 0 2
FEP (30) 3 0 1 1 0 2 0 1 1
AM (30) 4 0 0 3 0 0 2 0 0
DO (30) 4 0 0 3 0 0 1 1 0
CEP (75) 3 0 1 0 0 3 0 0 2

R: Resistance; I: Intermediate;

S: Sensitive; C: Chloramphenicol ATM: Azetronam; CIP: Ciprofloxacin; TOP: Tobramycin; AK: Amikacin;

FOX:Cefoxitin; SAM: Sublactam; CN:

Gentamycin; [IPM: Impenem; FEP:Cefepime; ATM:Azetronam;CIP:Ciprofloxacin; TOP:Tobramycin; AK: Amikacin; FOX:Cefoxitin SAM:Sublactam;CN:Gentamycin; [IPM:Impenem FEP:

Cefepime; AM: Ampicillin; DO:Doxycycline ; CEP:Cefoperazone.
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serotypes (3) showed maximum resistance to doxycycline, while
only one isolate of S. Kentucky revealed resistance to doxycycline
(Table 5). The resistance to each of cefoperazone and cefepime
was detected in 3 out of 4 recovered S. Typhimurium serotypes,
while the resistance to cefoxitin was detected in 2 out of 4 S.
Typhimurium serotypes. Only one isolate out of 3 S. Enteritidis
serotypes showed resistance to cefoxitin and cefepime, while
only one strain of 2 S. Kentucky serotypes exhibited resistance to
doxycycline (Table 5).

3.33%

M liver Mgizzard Wintestine M Hand swab

Fig. 1. Pie chart showing incidence of Salmonella species in liver, gizzard and intestinal
samples from broilers and in hand swabs from workers at poultry outlets.

The multiple antibiotic resistances (MAR) index was deter-
mined for 9 Salmonella isolates based on the results of disc dif-
fusion method. The MAR index of the isolates ranged from (0.23
to 0.54) with an average is 0.34 (Table 6). Also, from Table (6), the
predominant MAR index (0.31) was found in 4 isolates of Salmo-

nella (2 isolates of S. Typhimurium from liver, 1 isolate of S. En-
teritidis from gizzard and 1 isolate of S. Typhimurium from liver),
which were resistant to 4 antibiotics. One isolate of S. Enteritidis
of intestine origin was found to have the highest MAR index of
0.54 which was resistant to 7 antimicrobials out of 13 tested anti-
biotics. Moreover, slightly higher MAR index (0.46) was detected
in one isolate of S. Typhimurium from liver as such isolate was
resistant to 6 out of 13 tested antibiotics (Table 6).

Genotypic detection of antimicrobial resistance genes

The genotypic identification of antimicrobial resistance genes
[bla,, floR and tetA(A)] was molecularly identified in 9 Salmonel-
la serotypes from broilers and human workers using convention-
al PCR with PCR products of 516, 494 and 576 bp, respectively
(Fig. 2). The total distributions of antimicrobial resistance genes
including bla,,,, tetA(A) and floR gene among Salmonella iso-
lates were 88.9%, 66.7%& 88.9%, respectively (Table 7). Among
9 tested isolates, bla,,, tetA(A) and floR genes were identified
with similar distribution percentage of 66.7% (2 out of 3) in S.
Typhimurium isolates of liver origin (Figs. 2A, 2B and 2C). Nota-
bly, all isolates of S. Enteritidis from gizzard, S. Typhimurium from
intestine, S. Enteritidis from intestine and S. Kentucky from hand
swabs harbored similar distribution percentage of 100% for each
bla_., ., tetA(A) and floR gene (Fig. 2 and Table 7).

TEM!

DISCUSSION

Salmonellosis is a serious bacterial infection that most-
ly affects poultry flocks. It poses a serious threat to food safe-
ty (Vinueza-Burgos et al., 2019). Salmonella is also one of the
most common zoonotic infections found in food (WHO, 2016).
Salmonellae infections in chicken can be divided into two cat-
egories: non-motile serotypes such as S. Pullorum and S. Galli-

Table 6. Antimicrobial resistance profile and MAR Index of Sa/monella isolates from broilers and hand swabs from workers (n=9).

Samples Salmonella Resistance No. of antibiotics

No. of

source Strain code pattern showing resistance Isolates (%) Resistance profile MAR index
S1 R1 4 1(33.3) C, DO, CIP, AM 0.31
Liver (3 isolates) S2 R2 6 1(33.3) C, CN, DO, SAM, AM, FEB 0.46
S3 R3 4 1(33.3) C, FOX, DO, AM 0.31
Gizzard (1 isolate) S4 R4 4 1(100) C, AM, FEB, CEP 0.31
S5 R5 4 1(33.3) C, DO, AM, CEP 0.31
Intestine
. S6 R6 7 1(33.3) ATM, C, FOX, DO, AM, FEB, CEP 0.54
(3 isolates)
S7 R7 3 1(33.3) C, DO, AM 0.23
Hand swabs S8 RS 5 1(50) C, FOX, DO, AM, FEB 0.39
(2 isolates) S9 R9 3 1(50) C, DO, AM 0.23

No.: Number; %: percentage; MAR index: multiple antibiotic resistance, S: Salmonella strain code; R: resistance profile. S1, S2&, S3: 3 isolates of S. Typhimurium from liver. S4: S.
Enteritidis from gizzard. S5: S.Typhimurium from intestine. S6&S7: 2isolates of S. Enteritidis from intestine. S8&S9:2 isolates of. S. Kentucky from hand swabs.

Table 7. Distribution of antimicrobial resistance genes in Sa/monella isolated from broilers and workers (n=9 isolates)

bla__ gene tetA(A) gene floR gene
Source of isolates ISalmonella serotype (No.) =
No. (%) No. (%) No. (%)
Liver S. Typhimurium (3) 2 -66.7 2 -66.7 2 -66.7
Gizzard S. Enteritidis (1) 1 -100 0 0 1 -100
| . S. Typhimurium (1) 1 -100 0 0 1 -100
ntestine
S. Enteritidis (2). 2 -100 2 -100 2 -100
Hand swabs S. Kentucky (2) 2 -100 2 -100 2 -100
Total distribution ISalmonella isolates (9) 8 -88.9 6 -66.7 8 -88.90%
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narum, which cause pullorum illness and fowl typhoid, respec-
tively (Barrow and Neto, 2011). The second type of infection is
caused by a group of motile Salmonella serotypes known as
paratyphoid Salmonellae. Human salmonellosis outbreaks have
been linked to the ingestion of poultry products infected with
Salmonella Enteritidis and Salmonella Typhimurium (Vose et al.,
2011). The current study showed that there was no significant
difference between organ source and incidence of Salmonella in-
fection (P=0.7). Our study revealed that that the overall incidence
of Salmonella spp. was 3.75%. Regarding the incidence in broiler
chickens, Salmonella spp. was distributed in each of liver and in-
testine with a prevalence rate of 5%; while it was 1.66% in gizzard
of broilers. Nearly similar incidence of Salmonella (2.55%) was
detected in healthy broiler flocks in Kalyobia, Egypt (Abd El-Gh-
any et al, 2012). Also, our study was nearly close to the finding
of Suresh et al. (2011), where they reported the prevalence of
Salmonella in various body parts of marketed broiler chickens in
Southern India as the following: 1.40% in cloaca; 6.90% in crop,
5.05% in ceca and 4.04% in intestine. Also, our study was consis-
tent with previous studies that recorded lower prevalence rates
of Salmonella in broiler chickens:.7.14% in Egypt (Hassan et al.,
2021); 10% in Sharkia, Egypt (Gharieb et al, 2015) and 9.2% in
broiler chickens (Al-Abadi and AL-Mayah, 2012). In El-Gharbia,
EIBehera, Kafr-Elshikh, Alexandria and MarsaMatrouh Provinces
in Egypt Salmonella was isolated with a total distribution of 7.5%;
and 9% from liver and 9% from intestine of broiler chicks (Sedeik
et al,, 2019). Also, nearly similar finding of 7.8% was recorded by
Shang et al. (2018). In total 615 samples collected from intestine,
liver and gall bladder, 67 (10.9%) Salmonella strains were isolated
from 41 broiler chicken flocks in Kafr EI-Sheikh Province in Delta
Egypt (ElI-Sharkawy et al.,, 2017). Our study reported an incidence
rate of Salmonella (3.33%) in hand swabs of workers at poultry
outlets. This finding was nearly similar to findings of Hassan et al.
(2016) and Gharieb et al. (2015), where they cited a prevalence of
4% in human stool in Egypt. The lower incidence of Salmonella
in broiler chickens and workers at poultry outlets in the present
study indicated moderate hygienic measures observed in poultry
markets at Sharkia Province during slaughtering and evisceration.
Also, the cross contamination from workers’ hands, equipment
and utensils used during carcass preparation, subsequent han-
dling of the raw poultry carcasses and ready-to-eat products
together with the ingestion of improperly cooked poultry meat
could act as the most frequent sources of infection by Salmonella
reported in humans (Saeed et al., 2013; Yildirim et al,, 2010).

On the contrary, higher prevalence rates of Salmonella was
detected in broiler meat, skin, and pooled giblets (liver, gizzard,
and heart) was 76, 80, and 64%, respectively, in Benisuef Province,
Egypt (Hassan et al., 2016). Also, Roshdy et al. (2020) cited the
highest isolation rates of Salmonella spp. were recovered from
broilers of 1-7 days — old in summer (40%) followed by broilers
of more than 7 days old in summer (33.3%). In addition, previous
studies recorded higher incidence of Salmonella in broiler chick-
ens: 30% (Temelli et al,, 2012); 49.9% (Islam et al., 2014); 32.6%
in Taiwan (Lin et al, 2021); 31.5% in Brazil (Perin et al., 2020);
15.6% in Beheira Governorate, Egypt (Ammar et al,, 2019). The
high prevalence of Salmonella spp. in the previous studies com-
parable to the present study could attributed to the low hygienic
measures noticed in the poultry retail markets during slaughter-
ing, scalding, defeathering, evisceration, carcass cutting and han-
dling. These procedures permit cross contaminations from dis-
eased birds or contaminated carcass to healthy and clean ones.
In addition, the shortage of veterinary supervisions inside these
poultry markets might lead to slaughtering of diseased chickens
(Hassan et al., 2016).

Regarding recovered serotypes of Salmonellae from broilers
in our study, four isolates out of seven were identified into S.
Typhimurium (57.1%) and 3 isolates out of seven were distin-
guished into S. Enteritidis (42.9%). Only two isolates of S. Ken-
tucky (100%) were detected in hand swabs of workers at poultry
outlets. The distribution percentage of S. Typhimurium was 75%
(3 out of 4) in liver of broilers and was 25% (1 out of 4) in intestine
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Fig. 2. Agarose gel electrophoresis of antimicrobial resistance genes in Salmonella isolates
recovered from broilers and workers.

2A) Molecular detection of bla, ., gene in Salmonella isolates using PCR. L: ladder 100bp;
Pos: positive control of Salmonella Typhimurium carrying bla ., gene; Neg: negative
control; lanes 1&2 :positive S. Typhimurium isolate of liver origin for bla ., gene (516
bp); lane 3 : negative S.Typhimurium isolate of liver origin; Lane 4: Positive S. Enteriti-
dis isolates from gizzard; lanes 5&6:positive S. Enteritidis isolates from intestine, lane 7:
positive S.Typhimurium from intestine; lanes 8&9: positive S. Kentucky from hand swabs
of workers.

2B) Molecular detection of tetA(A) gene in Salmonella isolates using PCR. L: ladder 100bp;
Pos: positive control of Salmonella Typhimurium carrying fetA(A) gene; Neg: negative con-
trol; lane 1: negative S. Typhimurium of liver origin; lanes 2&3: positive S. Typhimurium
isolates from liver bearing terA(A) gene (576 bp); lanes 4&5: positive S. Enteritidis isolates
from intestine; lanes 6&7: positive S. Kentucky from hand swabs; lanes 8&9: negative S.
Enteritidis and S. Typhimurium from gizzard and intestine, respectively.

2C) Molecular detection of floR gene in Salmonella isolates using PCR. L: ladder 100bp;
Pos: positive control of Salmonella Typhimurium carrying floR gene; Neg: negative control;
lane 1: negative S. Typhimurium of liver origin, lanes 2&3: lanes 2&3: positive S. Typh-
imurium isolates from liver bearing floR gene (494 bp); lanes 4&S5: positive S. Enteritidis
and S. Typhimurium from gizzard and intestine, respectively; lanes 6&7: positive S. Enter-
itidis from intestine; lanes 8&9: positive S. Kentucky from hand swabs

of broilers. While S. Enteritidis serotypes was distributed as 33.3%
(1 out of 3) in gizzard and into 66.7% (2 out of 3) in intestine of
broilers. In Egypt, Ammar et al. (2019) detected S. Enteritidis, S.
Infantis, S. Kentucky, S. Maloma , S. Bardo and S. Typhimurium
from broiler chickens with the percentages of 43.3, 16.6, 16.6,
6.7, 6.7 and 3.3% respectively. Moreover, the serotype S. Enter-
itidis was isolated from two samples (2%), while S. Typhimurium
was isolated from three samples (3%) of chicken meat in Egypt
(Tarabees et al, 2017). In Egypt, out of 10 Salmonella enterica
isolates, 3 serotypes were identified into 4 isolates of Salmonella
Kentucky (40%) followed by Salmonella Blegdam and Salmonella
Virchow; 3 isolates ;30% for each (1). Serotyping of Salmonella
isolates from broiler carcasses revealed S. Enteritidis (5 isolates),
S. Typhimurium (3 isolates), S. Infantis, S. Bargny, S. Newport, S.
Magherafelt (2 isolates) and lastly S. Apeyeme in (1 isolate) as
was formerly reported by Roshdy et al. (2020). Besides, Recovered
Salmonella strains were serotyped as 58 (86.6%) S. Typhimurium,
6 (9%) S. Enteritidis (EI-Sharkawy et al., 2017). In Beni Suef, Egypt;
the predominant serotype in broiler carcasses was Salmonella In-
fantis (56.36%) followed by Salmonella Kentucky (25.45%), and
then Salmonella Enteritidis with a percentage of 5.45% (Hassan
et al, 2016). The recovered serotypes S. Typhimurium and S. En-
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teritidis from Broiler chickens in the present study indicated the
great zoonotic and public health importance of such Salmonellae
and the possibility for transmission to human workers at poultry
outlets during the defeathering, slaughtering and evisceration
process of broiler chickens. So, collaboration between human
and veterinary practitioners is very crucial to increase the aware-
ness and education toward salmonellosis in broilers and humans.
Therefore, it is an urgent necessity for strengthening environ-
mental and behavioral intervention plans to minimize the burden
of Salmonella infections in broiler chickens and their products at
poultry outlets (Abd EL-Ghany, 2020).

One of the main causes of the rise of multidrug resistance
bacteria is the improper use of antibiotics in poultry farms in
Egypt; and these multidrug-resistant bacteria, which include
both S. Typhimurium and S. Enteritidis, have the ability to infect
humans, resulting in systemic infections (Ma et al,, 2007). In the
current study, the peak resistance (100%) of 9 Salmonella iso-
lates was found to chloramphenicol and ampicillin followed by
a highest resistance (88.8%) to doxycycline and then moderate
resistance of 44.4% to cefepime and 33.3% to cefoperazone and
finally a lower resistance (11.1%) was detected to azetronam, ci-
profloxacin sulbactam and gentamycin. It was clear that nine Sal-
monella isolates from broilers and humans were 100 % sensitive
to amikacin and impenem. In Egypt, Salmonella isolates showed
high resistance to cefuroxime (100%), nalidixic acid (93%) and
amoxicillin/clavulanic acid (83%). while the resistance to cefepime
was (53%), streptomycin (40%), sulfamethaxezole/trimethoprim
(40%), ampicillin (37%), doxycycline (37%) and 30% to gentami-
cin. Besides, all strains were sensitive to amikacin and norfloxacin
(100%); followed by kanamycin (97%) and cefotaxime (83%) (Am-
mar et al., 2019). In Benisuef, Egypt, Salmonella Kentucky strains
showed high rates of resistance against the majority of the used
antimicrobials, where 100% were resistant to ciprofloxacin, ampi-
cillin, nalidixic acid and tetracycline; moreover, 85.7% displayed
resistance against both of cefotaxime and ceftazidime. while
few of them were found sensitive to some antimicrobials such
as amoxicillin-clavulanic acid, piperacillin-tazobactam, cefotax-
ime and aztreonam, while 71.4% isolates of Salmonella Kentucky
were susceptible to amikacin; and Salmonella Enteritidis, it was
sensitive to all tested antimicrobials except nalidixic acid (Hassan
et al, 2016). In a study carried out in South African by Zishiri et
al. (2016), Salmonella isolates from chickens exhibited resistance
to tetracycline (93%), trimethoprim—sulfamethoxazole (84%),
gentamicin (48%), ampicillin (47%), chloramphenicol (31%), and
streptomycin (12%). Concerning the resistance of Salmonella se-
rotypes, 89.7% of S. Typhimurium isolates were susceptible to
streptomycin, and 94.8% of S. Typhimurium strains were sensitive
to trimethoprim/sulphamethoxazole, and 5.2% of isolates were
resistant to ampicillin, chloramphenicol, and tetracycline; while
all S. Enteritidis isolates were sensitive to all tested antimicrobial
agents (El-Sharkawy et al., 2017).

Our study was contradicted to the finding of Cardoso et al.
(2006), who reported 100% of Salmonella isolates sensitive to
doxycycline. Our results agree with Snow et al. (2007) who report-
ed that all Salmonella isolates from commercial layer flocks in UK
were sensitive to amikacin. Our results could be attributed to the
fact that these antimicrobials of low efficiency are cheap, easily
affordable, and frequently used for humans and poultry without
medical prescription, so it could be used with incorrect doses. In
poultry, these antibiotics are used either for therapeutic purposes
or as growth promoting feed additives, that result in the develop-
ment of resistance in the enteric microflora of poultry. Therefore,
the pathogenic microorganisms such as Salmonella acquire re-
sistance from this microflora and transfer it to the human strains
through food chain, which helps to the appearance of multidrug
resistant Salmonellae that represent a public health risk and po-
tentially affect the efficacy of medications in humans (Gharieb et
al., 2015; Hassan et al.,, 2016). The high prevalence of resistant or
multi-resistant Salmonella isolates in the present study might be
attributed to the widespread and excessive use of antimicrobi-
als in veterinary medicine fields, including food and animal pro-

duction. In Egypt, some of these antimicrobials have been used
on poultry farms as growth-promoters, thus cross-resistance or
co-resistance mechanisms could be the etiology of the resistance
noticed to the drugs (Capita et al,, 2013).

In our study, the resistance profile of S. Typhimurium of poul-
try origin was 100% for each of ampicillin, chloramphenicol and
doxycycline then followed by 75% to cefoperazone and 50% to
cefoxitin and lastly a lower resistance (25%) to gentamicin, cip-
rofloxacin and azetronam. This result agreed with the finding of
El-Sharkawy et al. (2017), where S. Typhimurium isolated from
poultry in Egypt exhibited maximum resistance (100%) to ampi-
cillin, chloramphenicol and tetracycline. However, S. Typhimuri-
um in the current study showed the maximum sensitivity (100%)
to imipenem. On the contrary, the resistance profile of S. Typh-
imurium isolated from poultry droppings and humans in Nigeria
was 93.4% to ampicillin, 69.8% to ceftriaxone and 1.0% to imipe-
nem (Ibrahim et al., 2022). It was evident from our study that S.
Enteritidis isolates showed a peak resistance (100%) to ampicillin,
chloramphenicol and doxycycline followed by a lower resistance
(33.3%) to cefoxitin and cefepime. Similarly, the antimicrobial re-
sistance profile of S. Enteritidis isolated from chicken in Egypt
displayed the peak resistance (100%) to ampicillin and tetracy-
clines (Abdelaziz et al., 2020). Otherwise, S. Enteritidis isolates of
poultry origin were sensitive to all antimicrobial agents in Egypt
(El-Sharkawy et al.,, 2017). Also in this study, the resistance profile
of S. Kentucky of human origin was 100% to chloramphenicol
and ampicillin followed by a moderate resistance of 50% to dox-
ycycline. In Morocco, S. Kentucky isolates were multi-resistant to
amoxicillin, tetracycline and chloramphenicol (Karraouan et al.,
2017). This study pointed out that existence of multidrug resis-
tant isolates of Salmonella requires the wisdom through the ap-
plication of such antimicrobials to poultry to decrease the emer-
gence of MDR human pathogens (Abdelaziz et al., 2020).

MAR indexing is used as a necessary tool for risk assessment
in identifying the contamination from high-risk sources (CLS],
2017). In the current study, the MAR index of Salmonella isolates
was ranged from 0.23 to 0.54 with an average of 0.34. Moreover,
the predominant MAR index (0.31) was found in 4 isolates of Sal-
monella which were resistant to 4 antibiotics. One isolate of S.
Enteritidis of intestine origin was found to have the highest MAR
index of 0.54 which was resistant to 7 antimicrobials. Moreover,
slightly higher MAR index (0.46) was detected in one isolate of S.
Typhimurium from liver as such isolate was resistant to 6 antibiot-
ics. Our finding was in agreement with similar studies that report-
ed MAR index greater than 0.2. In India, MAR index of Salmonella
enterica isolates from poultry was ranged from 0.06 to 0.56 with
0.37 being the predominant in 8 strains resistant to 6 different
antimicrobials (Khan et al, 2015). In Nigeria, MAR index for S.
Typhimurium strains was higher than 0.2 (Ibrahim et al.,, 2022). In
Egypt, MAR indexes of S. Enteritidis and S. Typhimurium isolated
from broiler chickens were 0.5 and 0.83, respectively (Tarabees
et al, 2019). In Iran, MAR index was ranged from 0.45-0.81 with
an average of 0.63 in 4 Salmonella isolates (Mir et al, 2022). In
South Africa, the value of MAR index was 0 to 0.87 with the pre-
dominant index being 0.31 in fecal and environmental samples
recovered from chicken, duck, pig, sheep and cattle (Mthembu et
al,, 2019). On the contrary, the lowest value of MAR index was de-
tected in 3 isolates of S. Enteritidis with 0.1 in Egypt (Hassan et al.,
2016). Therefore, higher MAR index than 0.2 for S. Typhimurium
and S. Enteritidis of poultry origin in the present study indicated
that those Salmonella isolates were gained from a high risk and
contaminated sources where antimicrobials are frequently used
for therapy or as growth promotors in the feed additives (Khan
etal, 2015).

The present study revealed the overall distribution of anti-
microbial resistance genes [bla,,,, floR and tetA(A)] in Salmonel-
la enterica serovars recovered from poultry and workers were
88.9% (8/9), 66.7% (6/8) & 88.9% (8/9), respectively. This finding
was nearly in accordance with previous studies: Aziz et al. (2018)
detected frequency distribution of bla,,, and tetA(A) gene were
83.3% and 91.7%, respectively in Egypt; and Das et al. (2022) cited
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distribution percentage of 95.4% for bla,,, and 81.4% for tetA
gene in Bangladesh. However, higher distribution frequency of
bla,, and tetA(A) gene (100%, for each) in Salmonella isolates in
Egypt was reported (Ezzat et al,, 2019). In India, tetA and bla,,,
gene in Salmonella isolates had lower distribution percentages
of 56.7% and 30%, respectively (Inbaraj et al., 2022). In Pakistan,
Khan et al. (2019) found that the frequency bla,,,, (76%) and tetA
(64%) was lower compared to the present study.

In the present study, bla,,, and floR genes were distribut-
ed in 3 out of 4 S. Typhimurium isolates (75%, each) of from
poultry sources; however, tetA (A) gene was only detected in 2
out of 3 S. Typhimurium isolates from liver with a frequency of
66.7%. bla.,,, and floR genes were the most predominant resis-
tance genes detected in all 3 isolates of S. Enteritidis (100%) from
gizzard and intestine sources of poultry, while tetA(A) gene was
only distributed (100%) in 2 isolates of S. Enteritidis of intesti-
nal origin. Also, S. Kentucky from hand swabs harbored similar
distribution percentage of 100% for each bla,,,, tetA(A) and floR
gene. In Egypt, bla,,, gene was detected in 11/15 S. Typhimurium
isolates of duck source with frequency distribution of 73.3% fol-
lowed by lower distribution (46.7%,7/15) for floR gene (Khalifa et
al., 2021). Also, 84.5% of S. Typhimurium and 50% of S. Enteritidis
isolates of poultry origin in Egypt were harboured tetA (A) gene
(El Sharkawy et al., 2017). However, S. Typhimurium was detected
to harbour bla,,, and tetA gene with distribution percentages of
94.9% and 84.1%, respectively; while S. Enteritidis harbored lower
distribution percentage of 48.8% for bla,,,, and of 73.8% for tetA
gene in Pakistan (Khan et al,, 2019). Our study showed that the
higher distribution of bla,,, and tetA(A) resistance genes in S.
Typhimurium and S. Enteritidis isolates, that were phenotypical-
ly resistant to ampicillin and tetracyclines, reflects the common
use of ampicillin and tetracyclines during poultry production for
controlling bacterial infection and for promotion poultry growth
(Aslam et al., 2012); and therefore the existence of these resis-
tance genes on genetic mobile elements could facilitate their
transfer (Schwarz et al., 2005).

CONCLUSION

The incidence of S. Typhimurium and S. Enteritidis in broiler
chickens reflects the possibility of cross contamination from work-
ers' hands, equipment and utensils used during carcass prepa-
ration and evisceration, subsequent handling of the raw poultry
carcasses and constitutes a zoonotic hazard. The high prevalence
of MDR Salmonellae in the present study could be attributed to
the widespread and excessive use of antimicrobials on poultry
farms as growth-promoters. Also, higher MAR index than 0.2 for
S. Typhimurium and S. Enteritidis of poultry origin reflected high-
er contamination sources where antibiotics are excessively used
for therapy and growth promoters. Besides, higher distribution
of bla,,, and tetA(A) resistance genes in S. Typhimurium and S.
Enteritidis isolates indicated the common use of ampicillin and
tetracycline in broiler poultry farms. Further intervention studies
are recommended to minimize the circulation of MDR strains of
zoonotic Salmonellae from broiler chickens and their products at
poultry outlets, and to predict biological tools such as bacterio-
phages during poultry production to mitigate entry MDR Salmo-
nellae from broiler chicken to human food chain.
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