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			Abstract | Monitoring of imported 1-day-old poultry is mandated in Egypt to prevent the possible introduction of new Salmonella serovars into the country’s poultry industry. Such serovars are considered to be a major public health threat. We examined 391 imported poultry flocks for the presence of salmonellae (231 duckling, 84 chick, and 76 turkey poult), serotyped all isolated salmonellae, and performed antimicrobial susceptibility testing. Molecular profiles were also constructed based on results of conventional polymerase chain reaction assays to detect virulence genes (stn, avrA, and sopB) and antibiotic resistance genes (blaTEM, tetA(A), and qnrS) in the Salmonella isolates. Thirty Salmonella strains were isolated from the 391 samples (7.7%). By poultry type, salmonellae were isolated from 21 of 231 (9.1%) duckling samples, 6 of 84 (7.1%) of chick samples, and 3 of 76 (3.9%) turkey poult samples. Serotyping of the isolates identified 16 different serovars: S. Enteritidis, S. Typhimurium, S. Sinstorf, S. Muenster, S. Vejle, S. Cuckmere, S. Indiana, S. Infantis, S. Koenigstuhl, S. Macallen, S. Nchanga, S. Neftenbach, S. Newlands, S. Nigeria, S. Nyborg, and S. Regent. The isolates showed variable degrees of antibiotic resistance across species. All tested Salmonella strains harbored the virulence and antibiotic resistance genes, with the exception of qnrS, which was found in only 50% of the isolates. In conclusion, examination of imported poultry is a critical point of control to prevent poultry from becoming a reservoir for human health hazards, including salmonellae with antimicrobial resistance phenotypes.
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			Introduction

			 

			In addition to its role in food-borne illness all over the world, Salmonella is an important bacterial pathogen in poultry (Osman et al., 2010; Foley et al., 2011). Several serovars have been isolated from both poultry and humans, and poultry can transmit Salmonella to humans (Osman et al., 2010; European Food Safety Authority [EFSA], 2019).

			The international trade of poultry is one of the factors affecting the spread of salmonellosis (EFSA, 2019) by acting as a portable reservoir for Salmonella (Osman et al., 2010), transmitting infection through the food production chain (Velhner et al., 2018), and vertically through the infected parents (Foley et al., 2011; Osman et al., 2014b), by transmission of multidrug-resistant (MDR) Salmonella in the Mediterranean region (Le Hello et al., 2013).

			 

			EFSA (2019) classified salmonellosis as the second human zoonotic disease underlying gastrointestinal illness and (Ezzeldeen et al., 2013) mentioned that the salmonellosis can cause multi-organ systemic infection. In the European Union (EU), salmonellae are estimated to cause almost 92,000 illnesses annually (EFSA, 2019). These illnesses are primarily caused by two serovars, Salmonella Enteritidis and Salmonella Typhimurium (Sodagari et al., 2019). However, non-typhoidal Salmonella (NTS) can also cause mild to severe illness and sometimes act as a means of transmission of antibiotic resistance to other Salmonella importance in poultry and human health (Osman et al., 2014b; Sodagari et al., 2019).

			 

			Uncontrolled and indiscriminate use of antibiotics for growth promotion or prophylaxis, especially in low- and middle-income countries, can lead to the emergence of antibiotic resistance to fluoroquinolones and extended-spectrum beta-lactam antibiotics in the poultry sector (Badr et al., 2015; Velhner et al., 2018). MDR salmonellae are significant for both human and animal health because they can lead to illness that is unresponsive to antibiotic treatment (Chen et al., 2013).

			 

			Antibiotic resistance is transmitted between bacteria through mobile genetic elements such as plasmids, transposons, and integrons. Such transmission results in healthy animals becoming carriers for antibiotic-resistant bacteria, which may subsequently cause human infections that are difficult to treat (Mthembu et al., 2019).

			 

			Bacterial self-defense against antibiotics involves developing modifications such as decreased cell permeability, alteration or replacement of the target, and enzyme inactivation that serve as mechanisms enabling antibiotic resistance (Frye and Jackson, 2013). For example, bacteria that are resistant to beta-lactam antibiotics produce beta-lactamase, an enzyme that can destroy the beta-lactam ring and thus inactivate the antibiotics (Mthembu et al., 2019). In salmonellae, many extended-spectrum beta-lactamases (ESBLs) exist, with tem, shv, and ctx-M genes being the most effective and frequent encoding genes (Jin and Ling, 2006).

			 

			In gram-negative bacteria, tetA is the most frequent antibiotic-resistance gene, and it may be present on either chromosomes or plasmids (Pezella et al., 2004). This gene enables tetracycline resistance in salmonellae that infect humans and animals (Threlfall, 2002). Qnr proteins are a group of penta peptide repeat proteins that allow bacteria to evade the effects of quinolones and develop resistance to these antibiotics. Qnr genes prevent or limit ciprofloxacin from disabling bacterial DNA gyrase and topoisomerase IV, enzymes that are necessary for bacterial DNA synthesis and thus growth (Tran and Jacoby, 2002).

			 

			Various virulence genes are important for Salmonella pathogenesis, such as sopB and avrA, which encode T3SS proteins that are involved in the Salmonella-induced inflammatory response and have anti-apoptotic roles. Together, the two proteins delay apoptosis of epithelial cells, which aids salmonellae in avoiding host adaptive immune response and in constructing a stable intracellular niche (Wu et al., 2011). Salmonella enterotoxin (stn) is an important virulence factor that causes diarrhea (Chopra et al., 1999). Some authors have reported that stn is not a virulence factor because they did not find any decrease in virulence phenotypes when the stn gene was deleted in tested mutant (Nakano et al., 2012). In contrast, earlier research (Chopra et al., 1999) found that inactivation of the stn gene reduced the ability of Salmonella Typhimurium ability to induce intestinal fluid accumulation.

			 

			The present study was conducted to determine the presence of salmonellae in chicks, ducklings, and poults being imported into Egypt. The isolates were studied with regard to their phenotypic characteristics and identified by serovar. In addition, their antimicrobial resistance profiles and genotypic profiles were defined based on important virulence genes (stn, avrA, and sopB) and antibiotic resistance genes (blaTEM, tetA(A), and qnrS).

			 

			Materials and Methods

			 

			Ethics approval

			Birds were handled in accordance with the regulations for collecting samples from live animals, and this study was approved by the animal care committee of the Animal Health Research Institute.

			 

			Sampling

			We obtained 391   samples   from imported  poultry flocks (231 ducklings, 84 chicks, and 76 turkey poults) from January to December 2019, by collecting the paper-lined the boxes used to transport the birds. Each box contained   30 young birds. The collected samples   represented the pooled meconium samples from these 30 birds/box.

			 

			Isolation and characterization of salmonellae

			Salmonella spp. were isolated and identified according to ISO 6579-1: 2017. The paper -lined the box (average 15-20gm) was placed in pre-enrichment medium 1:10 dilution (buffered peptone water; Oxoid, UK), which was subsequently incubated at 37°C for 16–18 h. Next, 0.1 mL of the pre-enrichment medium was transferred to modified semisolid Rappaport-Vassiliadis medium (MSRV, LabM, UK) and incubated at 41.5°C for 24 h. In addition, 1 mL of the pre-enrichment medium was transferred to MKTTn broth (LabM, UK) and incubated aerobically 37°C for 24 h, and then streaked onto XLD (LabM, UK) and SS (Oxoid, UK) agar plates, which were subsequently incubated at 37°C for 24 h aerobically. Selected colonies were then identified by biochemical tests (urea agar, triple sugar iron, 

			and lysin iron) (Oxoid, UK).

			 

			Serotyping of Salmonella isolates

			Next, the isolated Salmonella species were serotyped according to ISO 6579-3: 2014, and the serotypes were classified according to the Kauffman–White scheme (Grimont and Weill, 2007) using Salmonella antiserum (Sifin Co., Japan).

			 

			Antimicrobial susceptibility test

			The antimicrobial sensitivity of each Salmonella strain was then tested. An antibiogram of the Salmonella isolates was created based on the results of disc-diffusion tests, conducted according to Koneman et al. (1997), using 13 antibiotics (ampicillin, apramycin, cefotaxime, ciprofloxacin, clindamycin, colistin sulphate, levofloxacin, lincomycin, nalidixic acid, norfloxacin, streptomycin, tetracycline, and trimethoprim-sulfamethoxazole; Oxoid). The results were interpreted according to CLSI/NCCLS (2017).

			 

			Molecular identification

			A conventional polymerase chain reaction (PCR) assay was used to detect virulence and antibiotic-resistance genes in Salmonella isolates. DNA extraction was performed using the QIAamp DNA Mini kit (Qiagen, Germany, GmbH), with modifications of the manufacturer’s recommendations. Briefly, 200 µL of the sample suspension was incubated with 10 μL of proteinase K and 200 μL of lysis buffer at 56°C for 10 min. After incubation, 200 μL of 100% ethanol was added to the lysate. The sample was then washed and centrifuged following the manufacturer’s recommendations. Nucleic acid was eluted with 100 μL of elution buffer provided in the kit. The oligonucleotide primers used were supplied from metabion international AG (Germany) and are listed in Table 1. Each 25-μL reaction mixture contained 12.5 μL of EmeraldAmp Max PCR Master Mix (Takara, Japan), 1 μL of each primer (20 pmol concentrations), 5.5 μL of water, and 5 μL of DNA template. The reaction was performed in an Applied Biosystems 2720 thermal cycler.

			 

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

			 

			 

			Results

			 

			Prevalence of Salmonella 

			Among the 391 imported poultry flock samples (231 duckling, 84 chick, and 76 turkey poult) collected, 30 (7.7%) were positive for Salmonella. Based on species, 21 of 231 (9.1%) duckling samples, 6 of 84 (7.1%) chick samples, and 3 of 76 (3.9%) poult samples yielded Salmonella isolates as shown in Table (2).

			 

			Table 2: Number of Salmonella isolated from different imported poultry samples

			
				
					
					
					
					
				
				
					
							Samples 
							Number of tested samples
							Positive Salmonella isolation *
					

					
							No.
							(%)*
					

					
							
							Duckling 

						
							
							231

						
							
							21 

						
							
							(9.1%)

						
					

					
							
							Chicks 

						
							
							84

						
							
							6 

						
							
							(7.1%)

						
					

					
							
							Poults 

						
							
							76

						
							
							3 

						
							
							(3.9%)

						
					

					
							
							Total 

						
							
							391

						
							
							30 

						
							(7.7%)
					

				
			

			

			(%)*: Number of positive related to number of tested samples.

			 

			Serotyping of the Salmonella strains isolated from the three different bird species revealed a broad range of serovars. Poults had three different serotypes (S. Enteritidis, S. Muenster, and S. Cuckmere), and chicks had two strains for both S. Typhimurium and S. Vejle and one each for S. Enteritidis and S. Sinstorf. Ducklings had four S. Enteritidis strains, three S. Vejle strains, and two S. Nyborg strains, as well as one strain for each of the following serotypes: S. Typhimurium, S. Sinstorf, S. Muenster, S. Indiana, S. Infantis, S. Koenigstuhl, S. Macallen, S. Nchanga, S. Neftenbach, S. Newlands, S. Nigeria, S. Nyborg, and S. Regent as shown in Table (3).

			 

			Antimicrobial susceptibility 

			All strains showed variable degrees of antibiotic resistance as shown in Table 4. The most frequent resistance phenotypes involved clindamycin and lincomycin, with all species being resistant to these antibiotics. Nalidixic acid resistance was found in 57.2% of the Salmonella isolates from ducklings and 16.7% of those from chicks. A High level of trimethoprim-sulfamethoxazole resistance was found in isolates from chicks and poults, with 50% and 66.7% of isolates being resistant, respectively. Resistance to ampicillin was found for 38% of isolates from ducklings and 33.3% of those from both chicks and poults. Tetracycline resistance was observed for 38.1% of isolates from ducklings and 33.3% of those from chicks. Streptomycin resistance was associated with 38.1% of isolates from ducklings, 16.7% from chicks, and 66.7% from poults. Lower levels of resistance were found for cefotaxime, with 33.3% of duckling isolates showing resistance, and for ciprofloxacin, with 28.6% of duckling isolates and 33.3% of both chick and 

			Table 1: Primers sequences, target genes, amplicon sizes and cycling conditions.

			
				
					
					
					
					
					
				
				
					
							Target genes
							Primers sequences
							Amplified segment (bp)
							Annealing
							Reference
					

					
							
							stn

						
							
							TTGTGTCGCTATCACTGGCAA CC

						
							
							617

						
							
							59˚C

							40 sec.

						
							
							Murugkar et al., 2003

						
					

					
							
							ATTCGTAACCCGCTCTCG TCC

						
					

					
							
							avrA

						
							
							CCT GTA TTG TTG AGC GTC TGG

						
							
							422

						
							
							58˚C

							40 sec.

						
							
							Huehn et al. 2010

						
					

					
							
							AGA AGA GCT TCG TTG AAT GTC C

						
					

					
							
							sopB

						
							
							TCAGAAGRCGTCTAACCACTC 

						
							
							517

						
							
							58˚C

							40 sec.

						
							
							Thung et al., 2018

						
					

					
							
							TACCGTCCTCATGCACACTC 

						
					

					
							
							qnrS

						
							
							ACGACATTCGTCAACTGCAA

						
							
							417 

						
							
							55˚C

							40sec.

						
							
							Robicsek et al., 2006

						
					

					
							
							TAAATTGGCACCCTGTAGGC

						
					

					
							
							tetA (A)

						
							
							GGTTCACTCGAACGACGTCA

						
							
							576

						
							
							50˚C

							40 sec.

						
							
							Randall et al. 2004

						
					

					
							
							CTGTCCGACAAGTTGCATGA

						
					

					
							
							bla TEM

						
							
							ATCAGCAATAAACCAGC

						
							
							516

						
							
							54˚C

							40 sec.

						
							
							Colom et al., 2003

						
					

					
							
							CCCCGAAGAACGTTTTC

						
					

				
			

			

			Thermo cycler program: Primary denaturation 94˚C/5 min. then Amplification (35 cycles) {Secondary denaturation 94˚C/ 30 sec., Annealing differ from each primer, Extension 72˚C/ 45 sec.} then final extension72˚C/ 10 min.

			 

			Table 3: Salmonella serovars with antigenic formula in different samples

			
				
					
					
					
					
				
				
					
							Serotypes 
							Ducklings (21) 
							Chicks(6) 
							Poults (3) 
					

					
							
							S. Enteritidis "1,9,12;g,m;--"

						
							
							4

						
							
							1

						
							
							1

						
					

					
							
							S.Typhimurium "1,4,5,12;i;1,2"

						
							
							1

						
							
							2

						
							
							-

						
					

					
							
							S. Sinstorf "3,10;l,v;1,5"

						
							
							1

						
							
							1

						
							
							-

						
					

					
							
							S. Muenster "3,10;e,h;1,5"

						
							
							1

						
							
							-

						
							
							1

						
					

					
							
							S. Vejle "3,10;e,h;1,2"

						
							
							3

						
							
							2

						
							
							-

						
					

					
							
							S. Cuckmere "3,10;i;1,2"

						
							
							-

						
							
							-

						
							
							1

						
					

					
							
							S. Indiana "1,4,12;z;1,7"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Infantis "6,7,14;r;1,5"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Koenigstuhl "1,4,[5],12;z;e,n,z15"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Macallen "3,10;z36,-"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Nchanga "3,10,15;l,v;1,2"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Neftenbach "4,12;z;e,n,x"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Newlands "3,10;e,h;e,n,x"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Nigeria "6,7;r;1,6"

						
							
							1

						
							
							-

						
							
							-

						
					

					
							
							S. Nyborg ""3,10;e,h;1,7"

						
							
							2

						
							
							-

						
							
							-

						
					

					
							
							S. Regent "3,10;f,g,s;1,6"

						
							
							1

						
							
							-

						
							
							-

						
					

				
			

			

			 

			Table 4: Interpretation of antibiotic sensitivity test for Salmonella isolates

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Antibiotics
							Ducklings N=21(%)
							Chicks N=6 (%)
							Poults N=3 (%)
					

					
							R
							I
							S
							R
							I
							S
							R
							I
							S
					

					
							
							AMP (10 µg)

						
							
							8 (38)

						
							
							-

						
							
							13 (62)

						
							
							2 (33.3)

						
							
							-

						
							
							4 (66.7)

						
							
							1 (33.3)

						
							
							-

						
							
							2 (66.7)

						
					

					
							
							APR (15 µg

						
							
							4 (19)

						
							
							9 (43)

						
							
							8 (38)

						
							
							-

						
							
							1 (16.7)

						
							
							5 (83.3)

						
							
							-

						
							
							2 (66.7)

						
							
							1 (33.3)

						
					

					
							
							CTX (30 µg)

						
							
							7 (33.3)

						
							
							5 (23.7)

						
							
							9 (43)

						
							
							-

						
							
							2 (33.3)

						
							
							4 (66.7)

						
							
							-

						
							
							1 (33.3)

						
							
							2 (66.7)

						
					

					
							
							CIP (5 µg)

						
							
							6 (28.6)

						
							
							14 (66.6)

						
							
							1 (4.8)

						
							
							2 (33.3)

						
							
							3 (50)

						
							
							1 (16.7)

						
							
							1 (33.3)

						
							
							2 (66.7)

						
							
							-

						
					

					
							
							DA (2 µg)

						
							
							21 (100)

						
							
							-

						
							
							-

						
							
							6 (100)

						
							
							-

						
							
							-

						
							
							3 (100)

						
							
							-

						
							
							-

						
					

					
							
							CT (10 µg)

						
							
							1 (4.8)

						
							
							-

						
							
							20 (95.2)

						
							
							-

						
							
							-

						
							
							6 (100)

						
							
							1 (33.3)

						
							
							-

						
							
							2 (66.7)

						
					

					
							
							LEV (5 µg)

						
							
							3 (14.3)

						
							
							2 (9.5)

						
							
							16 (76.2)

						
							
							-

						
							
							-

						
							
							6 (100)

						
							
							-

						
							
							-

						
							
							3 (100)

						
					

					
							
							MY (10 µg)

						
							
							21 (100)

						
							
							-

						
							
							-

						
							
							6 (100)

						
							
							-

						
							
							- 

						
							
							3 (100)

						
							
							-

						
							
							-

						
					

					
							
							NA (30 µg)

						
							
							12 (57.2)

						
							
							2 (9.5)

						
							
							7 (33.3)

						
							
							1 (16.7)

						
							
							1 (16.7)

						
							
							4 (66.7)

						
							
							-

						
							
							1 (33.3)

						
							
							2 (66.7)

						
					

					
							
							NOR (10 µg)

						
							
							1 (4.8)

						
							
							2 (9.5)

						
							
							18 (85.7)

						
							
							-

						
							
							1 (16.7)

						
							
							5 (83.3)

						
							
							-

						
							
							-

						
							
							3 (100)

						
					

					
							
							S (10 µg)

						
							
							8 (38.1)

						
							
							11 (52.4)

						
							
							2 (9.5)

						
							
							1 (16.7)

						
							
							3(50)

						
							
							2 (33.3)

						
							
							2 (66.7)

						
							
							1 (33.3)

						
							
							-

						
					

					
							
							TE (30 µg)

						
							
							8 (38.1)

						
							
							1 (4.8)

						
							
							12 (57.1)

						
							
							2 (33.3)

						
							
							-

						
							
							4 (66.7)

						
							
							-

						
							
							-

						
							
							3 (100)

						
					

					
							
							SXT (1.25/23.75 µg)

						
							
							3 (14.3)

						
							
							-

						
							
							18 (85.7)

						
							
							3 (50)

						
							
							-

						
							
							3 (50)

						
							
							2 (66.7)

						
							
							-

						
							
							1 (33.3)

						
					

				
			

			

			R: Resistance, I: Intermediate, S: Sensitive

			AMP= Ampicillin, APR= Apramycin, CTX= Cefotaxime, CIP= Ciprofloxacin, DA= Clindamycin, CT= Colistin sulphate, LEV= Levofloxacin, MY= Lincomycin, NA= Nalidixic acid, NOR= Norfloxacin, S= Streptomycin, TE= Tetracycline, SXT= Trimethoprim-sulfamethoxazole.

			 

			 

			Table 5: Identification of antibiotic resistance and virulence genes in Salmonella isolates

			
				
					
					
					
					
					
					
					
				
				
					
							Sample
							blaTEM
							tetA(A)
							qnrS
							stn
							avrA
							
							sopB

						
					

					
							
							Duckling (21 isolates) 

						
							
							21/21 (100%)

						
							
							21/21 (100%)

						
							
							10/21 (47.6%)

						
							
							21/21 (100%)

						
							
							21/21 (100%)

						
							
							21/21 (100%)

						
					

					
							
							Chicks (6 isolates)

						
							
							6/6 (100%)

						
							
							6/6 (100%)

						
							
							3/6 (50%) 

						
							
							6/6 (100%)

						
							
							6/6 (100%)

						
							
							6/6 (100%)

						
					

					
							
							Poults (3 isolates)

						
							
							3/3 (100%)

						
							
							3/3 (100%)

						
							
							2/3 (66.6%)

						
							
							3/3 (100%)

						
							
							3/3 (100%)

						
							
							3/3 (100%)

						
					

					
							
							Total 

						
							
							30/30 (100%)

						
							
							30/30 (100%)

						
							
							15/30 (50%)

						
							
							30/30 (100%)

						
							
							30/30 (100%)

						
							
							30/30 (100%)

						
					

				
			

			

			 

			Table 6: Virulence and antibiotic resistance genes and antibiotic resistance profiles of Salmonella Serovars:

			
				
					
					
					
					
					
					
				
				
					
							Code No.
							Sample species
							Salmonella Serovars
							Antibiotic resistance genes
							Virulence genes
							
							Antibiotic resistance profile/

							resistance (intermediate)

						
					

					
							
							1

						
							
							Duckling 

						
							
							Enteritidis

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, MY (CTX, S, CIP)

						
					

					
							
							2

						
							
							Duckling

						
							
							Macallen

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							CTX, DA, MY (S, APR, CIP)

						
					

					
							
							3

						
							
							Duckling

						
							
							Enteritidis

						
							
							blaTEM ,tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, MY (CTX, CIP)

						
					

					
							
							4

						
							
							Chicks 

						
							
							Sinstorf

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, MY (CIP)

						
					

					
							
							5

						
							
							Duckling

						
							
							Typhymurium

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, MY, NA (S, CIP)

						
					

					
							
							6

						
							
							Chicks 

						
							
							Typhymurium

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, SXT, MY (S, CIP)

						
					

					
							
							7

						
							
							Duckling

						
							
							Regent

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, APR, MY, NA (CTX, TE, S, CIP)

						
					

					
							
							8

						
							
							Duckling

						
							
							Kenigstuhl

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, MY, NA (S, CIP)

						
					

					
							
							9

						
							
							Poults 

						
							
							Enteritidis

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, SXT, MY, CIP (S, APR, NA)

						
					

					
							
							10

						
							
							Duckling

						
							
							Enteritidis

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							AMP, CTX, DA, TE, S, MY, NA, CIP (NOR, LEV)

						
					

					
							
							11

						
							
							Duckling

						
							
							Nyborg

						
							
							blaTEM , TetA(A)

						
							stn, avrA, sopB
							
							S, CTX, DA, TE, S, MY, NA, CIP (LEV)

						
					

					
							
							12

						
							
							Chicks 

						
							
							Vejle

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, MY, CIP (CTX, S, APR)

						
					

					
							
							13

						
							
							Poults 

						
							
							Cuckmere

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							AMP, DA, SXT, S, MY (APR, CIP)

						
					

					
							
							14

						
							
							Chicks 

						
							
							Vejle

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, SXT, MY (S)

						
					

					
							
							15

						
							
							Duckling

						
							
							Nchanga

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							CTX, DA, MY (S, APR, NA, CIP)

						
					

					
							
							16

						
							
							Duckling

						
							
							Vejle

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							AMP, DA, NOR, SXT, TE, S, LEV, CT, APR, MY, NA, CIP

						
					

					
							
							17

						
							
							Duckling

						
							
							Neftenbach

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, S, APR, MY, NA (CIP)

						
					

					
							
							18

						
							
							Duckling

						
							
							Sinstorf

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							DA, SXT, MY (S, APR)

						
					

					
							
							19

						
							
							Duckling

						
							
							Muenster

						
							
							blaTEM , tetA(A)

						
							
							stn, avrA, sopB

						
							
							DA, MY (S, APR, CIP)

						
					

					
							
							20

						
							
							Duckling

						
							
							Vejle

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							AMP, DA, TE, MY (APR, NA, CIP)

						
					

					
							
							21

						
							
							Duckling

						
							
							Enteritidis

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							AMP, CTX, DAM TE, S, LEV, MY, NA, CIP (APR)

						
					

					
							
							22

						
							
							Poults 

						
							
							Muenster

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, S, CT, MY (CTX, CIP)

						
					

					
							
							23

						
							
							Duckling

						
							
							Newlands

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							AMP, CTX, DA, TE, S, MY (CIP)

						
					

					
							
							24

						
							
							Duckling

						
							
							Vejle

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, MY (S, CIP)

						
					

					
							
							25

						
							
							Duckling

						
							
							Indiana

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, MY, NA (CTX, S, CIP)

						
					

					
							
							26

						
							
							Chicks 

						
							
							Enteritidis

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							AMP, DA, TE, MY, NA, CIP (CTX, NOR)

						
					

					
							
							27

						
							
							Duckling

						
							
							Infantis

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							AMP, CTX, DA, TE, S, LEV, APR, MY, NA, CIP (NOR)

						
					

					
							
							28

						
							
							Chicks 

						
							
							Typhymurium

						
							
							blaTEM , tetA(A), qnrS

						
							stn, avrA, sopB
							
							AMP, DA, SXT, TE, S, MY (NA, CIP)

						
					

					
							
							29

						
							
							Duckling

						
							
							Nyborg

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							AMP, DA, SXT, TE, S, MY, NA, CIP (CTX)

						
					

					
							
							30

						
							
							Duckling

						
							
							Nigeria

						
							
							blaTEM , tetA(A)

						
							stn, avrA, sopB
							
							DA, MY, NA (S, CIP)

						
					

				
			

			

			 

			poult isolates showing resistance. Colistin sulphate resistance was detected in 33.3% of isolates from poults. On the other hands, each strain separately identified their antibiotic resistance on Table 5.

			 

			Molecular identification 

			To determine the virulence and antibiotic resistance profiles for all of the isolated Salmonella spp. (30 isolates), PCR was performed for the related genes. We found stn, avrA, and sopB virulence genes in all tested samples. With regard to antibiotic resistance, all tested strains carried blaTEM and tetA(A) genes, while the qnrS gene was reported in 50% of the isolates (Table 5) and Fig. (1, 2, 3, 4, 5 & 6).

			 

			On association relationship between species, resistance patterns, related antibiotic resistance genes and the virulence genes individually with its serotype as shown on Table (6); clarify the significance of each isolate and throw light about the multidrug resistance profile.

			 

			Discussion

			 

			Poultry plays an important role in Salmonella transmission because the animals serve as a reservoir. Although the birds may appear to be healthy, they intermittently shed Salmonella, and many reports have documented true- and/or pseudo-vertical transmission of Salmonella from chickens (EFSA, 2012). Examination of imported poultry flocks in the current study revealed that the incidence of Salmonella from 1-day-old poultry of different species was 7.7%, overall; by species, Salmonella was isolated from 9.1% of duckling samples, 7.1% of chick samples, and 3.9% of turkey poult samples. Each type of poultry carried multiple serotypes of Salmonella. Ducklings had the most serotypes (S. Enteritidis, S. Typhimurium, S. Sinstorf, S. Muenster, S. Vejle, S. Indiana, S. Infantis, S. Koenigstuhl, S. Macallen, S. Nchanga, S. Neftenbach, S. Newlands, S. Nigeria, S. Nyborg, and S. Regent), while chicks carried S. Enteritidis, S. Typhimurium, S. Sinstorf, and S. Vejle, and poults carried S. Enteritidis, S. Muenster, and S. Cuckmere. Jodas and Hafez (2002) reported similar results, isolating S. Enteritidis from 7 of 231 (3%) of meconium samples from poults. In addition, rates of 4.3% and 4% were reported by Abdallaha et al. (2015) and Osman et al. (2014b), respectively, for poults imported into Egypt, while Sorour et al. (2016) and Osman et al. (2010) isolated Salmonella from 11.3% (6/53) and 12.6% of imported poults to Egypt, respectively.

			 

			The prevalence of Salmonella in ducklings in our study was substantially similar to the 2.1% found by Wang et al. (2020) isolated from China and the 6.45% reported by Badr et al. (2015) for imported ducklings into Egypt; se
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			Figure 1: Agarose gel electrophoresis showing amplification of 422 bp fragments of avrA gene.

			Lane (1 to 10) shows the positive amplification of ten representing isolates. L: Ladder (100-600). P: Positive control and N: Negative control.

			 

			[image: 70754.png] 

			Figure 2: Agarose gel electrophoresis showing amplification of 517 bp fragments of sopB gene.

			Lane (1 to 10) shows the positive amplification of ten representing isolates. L: Ladder (100-1000). P: Positive control and N: Negative control.
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			Figure (3): Agarose gel electrophoresis showing amplification of 617 bp fragments of stn gene.

			Lane (1 to 10) shows the positive amplification of ten representing isolates. L: Ladder (100-1000). P: Positive control and N: Negative control.

			 

			rotyped as S. Derby, S. Newport, S. Togo and S. Ball. Yang et al. (2019) reported a higher percentage of samples with Salmonella (12.2 %) from China, and Osman et al. (2010) and Osman et al. (2014c) similarly reported high percentages of 19.3% and 18.5% (25/135), respectively, among ducklings imported into Egypt. Ezzeldeen et al. (2013) documented a prevalence of 36% among duckling import
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			Figure 4: Agarose gel electrophoresis showing amplification of 417 bp fragments of qnrS gene.

			Lane (1 to 10) shows the amplification result of ten representing isolates. L: Ladder (100-1000). P: Positive control and N: Negative control.
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			Figure 5: Agarose gel electrophoresis showing amplification of 576 bp fragments of tetA(A) gene.

			Lane (1 to 10) shows the positive amplification of ten representing isolates. L: Ladder (100-1000). P: Positive control and N: Negative control.
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			Figure 6: Agarose gel electrophoresis showing amplification of 516 bp fragments of blaTEM gene.

			Lane (1 to 10) shows the positive amplification of ten representing isolates. L: Ladder (100-1000). P: Positive control and N: Negative control.

			 

			ed into Egypt, and they identified the serotypes as S. Enteritidis, S. Kentucky, S. Newport, S. Brenderup, S. Tishiongwe, and S. Shubra. Habing et al. (2015) analyzed duckling samples into USA and showed that 30% (9/30) contained four serovars, including S. Typhimurium, S. Mbandaka, S. Infantis, and S. Lille, which were associated with outbreaks in 2013. In Brazil, Ribeiro et al. (2006) found 26 of 40 (65.0%) imported flocks were positive for Salmonella, which included the serovars S. Indiana, S. Newport, S. Saintpaul, S. Kottbus, S. Agona, S. London, S. Chester, and S. Kentucky. Wang et al. (2020) reported serovars S. Anatum, S. Apeyeme, and S. Montevideo.

			 

			Similar results were reported by Wang et al. (2020) who found a Salmonella prevalence of 4.2% (19/450) in 1-day-old chicks, Abdel Rahman et al. (2014) who reported 5.2% in imported chicks into Egypt, and Shehata et al. (2019) who demonstrated 7% prevalence in broiler chicks in Egypt. In contrast, Osman et al. (2014a) found a higher prevalence rate, with Salmonella isolated from 11.8% of imported chicks into Egypt in their study (13/110). The serotypes were S. Enteritidis, S. Typhimurium, S. Dublin, S. Shagoua, S. Hindmarch, and S. Inganda, with one isolate being untypeable. Habing et al. (2015) also found a high prevalence rate in their study that examined Salmonella from hatchling shipment boxes that contained chicks. That study showed a prevalence of 27.1% (44/162).

			 

			Sharma et al. (2018) isolated Salmonella from shipping boxes of hatchling poultry into U.S and identified multiple serovars, including S. Indiana, S. Muenster, S. Typhimurium, S. Enteritidis, S. Infantis, and 11 others. Shehata et al. (2019) isolated Salmonella from 7%, 12.5%, and 15% of samples for broilers, dead chicken embryos, and dead duck embryos; these isolated included S. Typhimurium, S. Enteritidis, S. Vejle, and S. Infantis, among others. In addition, Abdallaha et al. (2015) isolated Salmonella from chicks, ducklings, and poults into Egypt, and serotyping revealed 17 serovars, including S. Enteritidis, S. Newlands, and S. Nigeria.

			 

			Recently, antibiotic resistance has been increasing in Salmonella species isolated from animal origin with increasing emergence of drug-resistant strains. The common use of antibiotics to promote growth and to treat diseases in the poultry industry adds to the potential risk of the dissemination of MDR salmonellae (Abdallaha et al., 2015). In particular, antibiotic resistance of Salmonella associated with hatchlings is due to dipping eggs in an antibiotic solution or inoculation of hatching eggs with antimicrobial agents (Kabir, 2010).

			 

			In the present study, salmonellae isolated from ducklings showed high resistance to clindamycin and lincomycin (100%) but less resistance to nalidexic acid (57.2%) and ampicillin, streptomycin, and tetracycline (38%). The isolates had even less resistance to cefotaxime (33.3%) and ciprofloxacin (28.6%), followed by trimethoprim-sulfamethoxazole and levofloxacin (14.3%). Badr et al. (2015) reported isolates with high resistance to ciprofloxacin and nalidixic acid (reaching 75%), while Abdallaha et al. (2015) observed maximum resistance to trimethoprim (70.5%) followed by penicillin (41%), streptomycin (29.5%), nalidixic acid (23.5%), and ciprofloxacin (5.8%) in Salmonella strains isolated from ducklings, chicks, and poults.

			 

			In the current study, isolates from chicks showed high resistance to clindamycin and lincomycin 100%, then trimethoprim-sulfamethoxazole (50%) followed by tetracycline, ampicillin, and ciprofloxacin (33%). Similar results were reported for isolates from chicks by Abdel Rahman et al. (2014), who found resistance of 100%, 75%, 50%, 50%, and 50% to streptomycin, nalidixic acid, ciprofloxacin, tetracycline, and trimethoprim-sulfamethoxazole, respectively. Meanwhile, Osman et al. (2014a) documented resistance to lincomycin and susceptibility to ciprofloxacin and colistin sulfate in all Salmonella serotypes isolated from chicks, and Shehata et al. (2019) reported resistance to ampicillin, neomycin, trimethoprim-sulfamethoxazole, and streptomycin.

			 

			The results of this study showed that isolates from poults had high antimicrobial resistance to clindamycin and lincomycin (100%), followed by trimethoprim-sulfamethoxazole and streptomycin (66.7%) and colistin sulphate, ampicillin, and ciprofloxacin (33.3%). In comparison, Sorour et al. (2016) reported high resistance among Salmonella isolates turkey poults to lincomycin and ampicillin (100%), less resistance to ciprofloxacin and nalidixic acid (83.5%), and very low resistance to streptomycin (16.6%).

			 

			Wang et al. (2020) reported that the most frequent resistance phenotypes in samples from chicks and ducklings were for nalidixic acid (100%), streptomycin (92.7%), and ampicillin (92.7%), followed by tetracycline (40%) and ciproﬂoxacin (22.33%). Yildirim et al. (2011) found that Salmonella isolates were highly resistant to lincomycin, ampicillin, ciprofloxacin, and nalidixic acid. In contrast, Habing et al. (2015) reported that antimicrobial resistance was uncommon in Salmonella isolated from poultry hatchling; however, 19% (11/59) of the isolates were resistant to more than one class of antimicrobials.

			 

			With regard to virulence, some researchers (Wallis et al., 1999) have argued that the stn gene cannot be considered as a Salmonella virulence factor and it is not related to Salmonella enterotoxicity, while other research groups have reported that the stn gene is specific for all Salmonella serotypes (Lee et al., 2009). This finding highlights the stn gene as a reliable marker for Salmonella screening (Chopra et al., 1999). In the current study, the stn gene was detected in all tested samples, indicating that all isolates had the potential to produce the heat-labile exotoxin that is one of the main sharing agents in diarrhea (Van Asten and Van Dijk, 2005).

			 

			The 100% prevalence of sopB and avrA genes in the tested samples strengthened the virulence profiles of the isolated samples and was in agreement with different earlier research studies in poultry (Osman et al., 2014c; ElSheikh et al., 2019) and in humans (Astolfi-Ferreira et al., 2017).

			 

			Although, 100% of the tested isolates were positive for blaTEM gene by PCR, not all of them showed a resistance profile for one of beta-lactamases that inhibit antibiotics. This finding may have been related to poor expression of a functional TEM-1 enzyme due to promoter region mutation, or due to the presence of a mutant TEM enzyme that is inactive (Bradford et al., 2001). The discrepancy between the phenotypic resistance profile for quinolones and the qnrS gene PCR result is acceptable because quinolone resistance is mediated in three ways, including plasmid-mediated resistance genes (qnr genes), mutations in the quinolone resistance determining regions (QRDRs), and overexpression of efflux pumps mediated by qepA genes (Lunn et al., 2010). In this order, Egyptian regulations concerning the Salmonella in the imported live birds was condamination of the infected flocks with Salmonella specially S.Typhimurium and S.Enteritidis 

			 

			Conclusion

			 

			Imported animals may circulate S. enterica serovars with the potential for multi-drug resistance and international spread, leading to a public health hazard. Isolation of different Salmonella serovars in this study suggested the introduction of new serotypes into Egypt and illustrated the ability of poultry to be a common reservoir for various Salmonella serovars in addition to the most dominant two (S. Enteritidis and S. Typhimurium). These results indicate the importance of applied risk assessment of Salmonella in Egypt and provide a guideline for control and continuous survey for identifying circulating Salmonella species in field.

			 

			Acknowledgments

			 

			We would like to thank the Reference Laboratory for Veterinary Quality Control on Poultry Production (RLQP) for providing the infrastructure for conducting the study. The authors did not receive any funds for this study.

			 

			Conflict of Interest

			 

			The authors declare that they have no conflict of interests.

			 

			 

			authors contribution

			 

			HB designed the study. HB, HR, HKS, MAA, MFA and AME performed the research and drafted the manuscript. HB and AME  analyzed the data. HB, HR, HKS, MAA, MFA and AME write, revised and finalized the manuscript for submission. All authors read and approved the final manuscript.

			 

			References

			 

			
					•	Abdallaha EF, Nasef SA, El-Hariri M, Refai M. (2015). Genotypic characterization of antibiotic resistance of salmonella isolates recovered from local and imported poultry, J. Biosci. 4(6): 2611-2622.

					•	Abdel Rahman MAA, Hamed EA, Roshdy H, Sorour HK, Al-Atfeehy NM (2014). Bacteriological studies on native and imported apparently healthy one day old chicks, SCVMJ, XIX. (2):263- 276. https://doi.org/10.21608/scvmj.2014.65854

					•	Albuquerque AH, Maciel WC, de Souza Lopes E, de Castro Teixeira R, Salles RPR, Machado DN, Bezerra WGA, Vasconcelos RH, Mendonça SV, Carbó CB (2014). Presence of Salmonella spp. in One-day-old Chicks from Hatcheries in the Metropolitan Region of Fortaleza, Brazil, Acta Sci. Vet.  42: 1222.

					•	Astolfi-Ferreira CS, Pequini MRS, Nuñez LFN, Parra SHS, Chacon R, de la Torre DID, Pedroso AC, Ferreira AJP (2017). A comparative survey between non-systemic Salmonella spp. (paratyphoid group) and systemic Salmonella Pullorum and S. Gallinarum with a focus on virulence genes. Pesq. Vet. Bras. 37(10):1064-1068. https://doi.org/10.1590/s0100-736x2017001000004

					•	Badr H, Abdel Rahman MAA, Farghaly EM, Gaber A, Roshdy H, Nasef SA (2015). Characterization of some aerobic bacterial microorganisms isolated from newly hatched imported ducklings, Egypt. Poult. Sci. 35(IV):1123-1136.  

					•	Bayoumi MA, Griffiths MW (2010). Probiotics down regulate genes in Salmonella entericaserovar Typhimurium pathogenicity islands 1 and 2. J. Food, Prot. 73: 452- 460. https://doi.org/10.4315/0362-028X-73.3.452

					•	Bradford PA (2001). Extended-Spectrum β- Lactamases in the 21st Century Characterization, Epidemiology, and Detection of this Important Resistance Threat. Clin. Microbial. Rev. 14 (4): 933-951. https://doi.org/10.1128/CMR.14.4.933-951.2001

					•	Card R, Vaughan K, Bagnall M, Spiropoulos J, Cooley W, Strickland T, Davies R, Anjum MF (2016). Virulence characterization of Salmonella enterica isolates of diering antimicrobial resistance recovered from UK livestock and imported meat samples. Front. Microbial. 7: 640. https://doi.org/10.3389/fmicb.2016.00640

					•	Centers for Disease Control and Prevention (CDC, 2009) multistate outbreaks of Salmonella infections associated with live poultry-United States, 2007.  MMWR Morb Mortal Wkly Rep 2009. 58:25–9.

					•	Chen HM, Wang Y, Su LH, Chiu CH (2013). No typhoid Salmonella infection: microbiology, clinical features, and antimicrobial therapy. Pediatr. Neonatol. 54(3):147-152. https://doi.org/10.1007/s15010-013-0446-7

					•	Chopra AK, Huang JH, Xu  XJ, Burden K, Niesel  DW, Rosenbaum MW, Popov VL, Peterson JW (1999).  Role of Salmonella enterotoxin in overall virulence of the organism. Microb. Pathog. 27:155–171. https://doi.org/10.1006/mpat.1999.0294

					•	Clinical and Laboratory Standards Institute (CLSI, 2017) Performance standards for antimicrobial susceptibility testing. 27th Informational Supplement Document M100- S27, CLSI, Wayne.37: (1).

					•	Colom K, Pèrez J, Alonso R, Fernández-Aranguiz A, Lariňo  E, Cisterna R (2003). Simple and reliable multiplex PCR assay for detection of blaTEM, blaSHV and blaOXA-1 genes in Enterobacteriaceae. FEMS Microbiol Lett. 223(2): 147-151. https://doi.org/10.1016/S0378-1097(03)00306-9

					•	EFSA, (2012). Panel on Biological Hazards (BIOHAZ); Scientific Opinion on an estimation of the public health impact  of  setting  a  new  target  for  the  reduction  of Salmonella  in  turkeys.  EFSA J. 10(4): 2616 [89 pp.]. https://doi.org/10.2903/j.efsa.2012.2616

					•	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) https://doi.org/10.2903/j.efsa.2019.5926

					•	Ekperigin HE, Nagaraja KV (1998). Microbial food borne pathogens. Salmonella. Vet. Clin. N. Am. Food A. 14(1):17-29. https://doi.org/10.1016/S0749-0720(15)30276-0

					•	El Sheikh M, Abdeen E, Ammar AM, Hussien A (2019). Molecular Detection of Some Virulence Genes of Salmonella Serotypes Isolated From Poultry in Egypt. J. Vet. Res. (1):86-93. https://doi.org/10.21608/jcvr.2019.36570

					•	Ezzeldeen NA, Naesf SA, Zahran ZA (2013). Phenotypic and genotypic characterization of salmonella microorganism isolated from one-day old imported ducklings, Anim. Health Res. Rev. 1 (4): 81-86. 

					•	Foley SL, Johnson TJ, Ricke SC, Nayak R, Danzeisen J (2013). Salmonella pathogenicity and host adaptation in chicken-associated serovars. Microbial. Mol. Biol. Rev. 77: 582–607. https://doi.org/10.1128/MMBR.00015-13

					•	Foley SL, Nayak R, Hanning IB, Johnson TJ, Han J, Ricke SC (2011). Population dynamics of Salmonella enteric serotypes in commercial egg and poultry production. Appl. environ. Microbial. 77:  4273–4279. https://doi.org/10.1128/AEM.00598-11

					•	Frech G, Schwarz S (1999). Plasmid-encoded tetracycline resistance in Salmonella enterica subsp. Enterica serovarsCholeraesuis and Typhimurium identification of complete and truncated Tn1721 elements. FEMS microbial. Lett. 176:97–103. https://doi.org/10.1111/j.1574-6968.1999.tb13648.x

					•	Frye JG, Jackson CR (2013). Genetic mechanisms of antimicrobial resistance identified in Salmonella enteric, Escherichia coli, and Enterococcus spp. isolated from US food animals. Front. Microbiol. 4:135. https://doi.org/10.3389/fmicb.2013.00135

					•	Galán JE (2001). Salmonella interactions with host cells. Type III secretion at work. Annu. Rev. Cell Dev. Biol. 17:  53–86 https://doi.org/10.1146/annurev.cellbio.17.1.53. 

					•	Grimont PAD, Weill FX (2007). Antigenic formulas of the Salmonella Serovars. 9th ed. WHO Collaborating Center for reference and research on Salmonella. Paris.

					•	Habing GG, Kessler SE, Mollenkopf DF, Wittum TE, Anderson TC, Barton B.C, Joseph LA, Erdman MM (2015).  Distribution and Diversity of Salmonella Strains in Shipments of Hatchling Poultry, United States, Zoonoses Public Hlth. 62: 375-380 https://doi.org/10.1111/zph.12157

					•	Huehn S, La Ragione RM, Anjum M, Saunders M, Woodward MJ, 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 DG, Malorny B (2010). Virulotyping and antimicrobial resistance typing of Salmonella entericaserovars relevant to human health in Europe. Foodborne Pathog. Dis. 7:523-35. https://doi.org/10.1089/fpd.2009.0447

					•	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. International Standards Organization. Geneva.

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

					•	Jin Y, Ling, JM (2006). CTX-M-producing Salmonella spp. in Hong Kong. An emerging problem. J. Med .Microbiology. 55:1245-50. https://doi.org/10.1099/jmm.0.46637-0

					•	Jodas S, Hafez HM (2002). Field investigations on the efficacy of inactivated Salmonella Enteritidis vaccine (Salenvac®) in turkey breeder flocks. Proceedings of the 4th International Symposium on Turkey Diseases. Ed Hafez HM.  Berlin, Germany, 259-270.

					•	Kabir SML (2010). Avian colibacillosis and salmonellosis: A closer look at epidemiology, pathogenesis, diagnosis, control and public health concerns. Int. J. Environ. Res. Public Health, 7:89-114. https://doi.org/10.3390/ijerph7010089

					•	Knodler LA, Steele-Mortimer O (2005). The Salmonella effector PipB2 affects late endosome lysosome distribution to mediate sif extension. Mol. Biol. Cell. 16(9): 4108- 4123 https://doi.org/10.1091/mbc.e05-04-0367.

					•	Koneman EW, Allen SD, Janda WM, Schreckenberger PC, Winn WC (1997). Diagnostic. Microbiology. 5th ed.Chapter 1. Philadelphia. Newyork.

					•	Lee K, Iwata T, Shimizu M, Taniguchi T, Nakadia A, Hirota Y, Hayashidani H (2009). A novel multiplex PCR assay for Salmonella subspecies identification. J. Appl. Microbiology. 107: 805–811. https://doi.org/10.1111/j.1365-2672.2009.04263.x

					•	Le Hello S, Harrois D, Bouchrif B, Sontag L, Elhani D, Guibert V, Zerouali K, Weill FX (2013). Highly drug-resistant Salmonella enterica serotype Kentucky ST198-X1: a microbiological study. Lancet Infect. Dis. 13:672–679. https://doi.org/10.1016/S1473-3099(13)70124-5

					•	Lunn AD, Fàbrega A, Sánchez-Céspedes J, Vila J (2010). Prevalence of mechanisms decreasing quinolone-susceptibility among Salmonella spp. clinical isolates. Int. Microbiol. 13:15-20.

					•	Moore MM, Feist MD (2007). Real-time PCR method for Salmonella spp. targeting the stn gene. J. Appl. Microbial. 102: 516–530. https://doi.org/10.1111/j.1365-2672.2006.03079.x

					•	Mthembu TP, Zishiri OT, El Zowalaty ME (2019). Molecular Detection Of Multidrug-Resistant Salmonella Isolated From Livestock Production Systems In South Africa. Infect. Drug Resist. 12:  3537-3548. https://doi.org/10.2147/IDR.S211618

					•	Murugkar HV, Rahman H, Dutta PK (2003). Distribution of virulence genes in Salmonella serovars isolated from man & animals. Indian J. Med. Res. 117:66-70.

					•	Nakano M, Yamasaki E, Ichinose A, Shimohata T, Takahashi A, Akada JK, Nakamura K, Moss J, Hirayama T, Kurazono H (2012). Salmonella enterotoxin (Stn) regulates membrane composition and integrity. Dis. Model. Mech. 5: 515-521. https://doi.org/10.1242/dmm.009324

					•	Osman KM, Yousef AM, Aly MM, Radwan MI (2010). Salmonella spp. infection in imported 1-day-old chicks, ducklings, and turkey poults: a public health risk. Foodborne Pathog. Dis. 7(4): 383–390. https://doi.org/10.1089/fpd.2009.0358

					•	Osman KM, Elhariri M, Amin ZMS, Al-Atfeehy N (2014a). Consequences to international trade of chicken hatchlings: Salmonella enterica and its public health implications. Int. J. Adv. Res. 2(5): 45-63  

					•	Osman KM, Marouf SH, Erfan AM, Al-Atfeehy NM (2014b). Salmonella enterica in imported and domestic day-old turkey poults in Egypt: repertoire of virulence genes and their antimicrobial resistance profiles. Rev. sci. Techn. OIE. 33(3): 1017–1026. https://doi.org/10.20506/rst.33.3.2338

					•	Osman KM, Marouf SH, Zolnikov TR, Al-Atfeehy NM (2014c). Isolation and characterization of Salmonella enterica in day-old ducklings in Egypt. Pathog. Glob. Health. 108(1): 37–48. https://doi.org/10.1179/2047773213Y.0000000118

					•	Pezzella CA, Ricci E, DiGiannatale I, Luzzi CA (2004). Tetracycline and streptomycin resistance genes transposons, and plasmids in Salmonella enteric isolates from animals in Italy. Antimicrob. Agents Chemother. 48:903–908. https://doi.org/10.1128/AAC.48.3.903-908.2004

					•	Ramos-Morales F (2012). Impact of Salmonella enteric type III secretion system electors on the eukaryotic host cell. ISRN Cell Biol. 787934. https://doi.org/10.5402/2012/787934

					•	Randall LP, Cooles SW, Osborn MK, Piddock LJV, Woodward MJ (2004). Antibiotic resistance genes, integrons and multiple antibiotic resistance in thirty-five serotypes of Salmonella enteric isolated from humans and animals in the U.K. J. Antimicrob. Chemother. 53: 208–216. https://doi.org/10.1093/jac/dkh070

					•	Ribeiro SAM, Galleti MCM, Orsi MA, Ferrati AR, Mendonça AO, Doretto-Júnior L, Camillo SCA, Reischak D (2006). Incidence of Salmonella in imported day-old ducklings. Brazil, 1998-2003, Braz. J. Poultry Sci. (Rev. Bras. Cienc. Avic.). 8 (1): 39. https://doi.org/10.1590/S1516-635X2006000100006

					•	Robicsek A, Strahilevitz J, Sahm DF, Jacoby GA, Hooper DC (2006). qnr prevalence in ceftazidime-resistant Enterobacteriaceae isolates fromthe United States. Antimicrob. Agents Chemother. 50:2872-2874. https://doi.org/10.1128/AAC.01647-05

					•	Sharma A, Erdman MM, Muñoz-Vargas L, Mollenkopf DF, Habing GG (2018). Changes in the prevalence, genotypes and antimicrobial resistance phenotypes of non- typhoidal Salmonella recovered from mail- order hatchling poultry sold at US feed stores, 2013–2015. Zoonoses Public Health. 65:e102–e112. https://doi.org/10.1111/zph.12416

					•	Shehata AA, Basiouni S, AbdElrazek A, Sultan H, Tarabees R, Essayed MSA, Talat S, Moharam I, Said A, Mohsen WA, Krüger M (2019).  Characterization of Salmonella Enterica Isolated from Poultry Hatcheries and Commercial Broiler Chickens. PakVet J. 39(4):515-520. https://doi.org/10.29261/pakvetj/2019.033

					•	Sodagari HR, Mohammed AB, Wang P, O’Dea M, Abraham S, Robertson I, Habib I (2019). Non-typhoid Salmonella contamination in egg shells and contents from retail in Western Australia: Serovar diversity, multilocus sequence types, and phenotypic and genomic characterizations of antimicrobial resistance. Int. J. Food Microbiol. 308, 108305. https://doi.org/10.1016/j.ijfoodmicro.2019.108305

					•	Sorour HK, Al-Atfeehy NM, Badr H, Naesf SA, Hamed EA (2016). Imported poults as bacterial reservoir. Anim. Health Res. Rev. 4(4): 224-234.

					•	Threlfall EJ (2002). Antimicrobial drug resistance in Salmonella problems and perspectives in food and water-borne infections. FEMS microbiol. Rev. 26:141–148. https://doi.org/10.1111/j.1574-6976.2002.tb00606.x

					•	Thung TY, Radu S, Mahyudin NA, Rukayadi Y, Zakaria Z, Mazlan N, Tan BH, Lee E, Yeoh SL, Chin YZ, Tan CW, Kuan CH, Basri DF, Radzi CWJWM (2018). Prevalence, Virulence Genes and Antimicrobial Resistance Profiles of Salmonella Serovars from Retail Beef in Selangor, Malaysia. Front. Microbiol. 8:2697. https://doi.org/10.3389/fmicb.2017.02697

					•	Tran JH, Jacoby GA (2002). Mechanism of plasmid-mediated quinolone resistance. PNAS. 99(8):5638-5642. https://doi.org/10.1073/pnas.082092899

					•	Van Asten, AJAM, Van Dijk JE (2005). Distribution of ‘‘classic’’ virulence factors among Salmonella spp. FEMS Immunol. Med. Microbiol. 44. (3):  251–259. https://doi.org/10.1016/j.femsim.2005.02.002

					•	Velhner M, Milanov D, Kozoderovic G (2018). Salmonella spp. in poultry a constant challenge and new insights. J. Hell. Vet. Med. Soc. 69(2):  899-910. https://doi.org/10.12681/jhvms.18012

					•	Wallis TSM, Wood M, Watson P, Paulin S, Jones M (1999). Sips, Sops, and SPIs but not stn influence Salmonella enter pathogenesis. Adv. Exp. Med. Biol. 473:  275–280. https://doi.org/10.1007/978-1-4615-4143-1_29

					•	Wang J, Li J, Liu F, Cheng Y, Su J (2020). Characterization of Salmonella enterica Isolates from Diseased Poultry in Northern China between 2014 and 2018. Pathogens. 9: 95. https://doi.org/10.3390/pathogens9020095

					•	Watson PR, Galyov EE, Paulin SM, Jones PW, Wallis TM (1998). Mutation of invH, but not stn, reduced Salmonella-induced enteritis in cattle. Infect. Immun. 66: 1432-1438. https://doi.org/10.1128/IAI.66.4.1432-1438.1998

					•	Waturangi DE, Schwarz S, Suwanto A, Kehrenberg C, Erdelen W (2003). Identification of a truncated Tn1721-like transposon located on a small plasmid of Escherichia coli isolated from Varanus indicus. J. Vet. Med. B Infect. Dis. Vet. Public Health. 50:86-89. https://doi.org/10.1046/j.1439-0450.2003.00625.x

					•	Wu H, Jones RM, Neish AD (2011). The Salmonella effector AvrA mediates bacterial intracellular survival during infection in vivo. Cell. Microbiol. 14(1): 28-39. https://doi.org/10.1111/j.1462-5822.2011.01694.x

					•	Yildirim Y, Gonulalan Z, Pamuk S, Ertas N (2011). Incidence and antibiotic resistance of Salmonella spp. on raw chicken carcasses. Food Res. Int. 44:725–728. https://doi.org/10.1016/j.foodres.2010.12.040

					•	Yang J, Ju Z, Yang Y, Zhao X, Jiang Z, Sun S (2019). Serotype, antimicrobial susceptibility and genotype proﬁles of Salmonella isolated from duck farms and a slaughterhouse in Shandong province, China. BMC Microbiol. 19:202. https://doi.org/10.1186/s12866-019-1570-z

					•	Zhang S, Santos RL, Tsolis RM, Stender S, Hardt W, Bäumler AJ, Adams G (2002). The Salmonella enteric serotypes Typhimurium effector proteins SipA, SopA, SopB, SopD, and SopE2 Act in concert to induce diarrhea in calves. Infect. Immun. 70:3843-3855. https://doi.org/10.1128/IAI.70.7.3843-3855.2002

			

		

	OEBPS/image/70795.png





OEBPS/image/70762.png
422 bp
ey ——






OEBPS/image/70754.png





OEBPS/image/816.png
Advances in Animal and Veterinary Sciences

®

Gheck for
updates.

OPENBACCESS

Research Article

Phenotypic and Genotypic Characterization of Salmonella enterica
Serovars Isolated from Imported Poultry

Hesa Bapr*, HeBa Rosupy, HEND K. SoroUR, MoNa A.A. ABDELRAHMAN, AHMED M. ERFan,
NoHA SALEM, Soap A.NastF, Waraa M. Hassan, May F.ABDELATY

Reference Laboratory for Veterinary Quality Control on Poultry production, Animal Health Research Institute,
Agricultural Research Center (ARC). Nadi EI-Seid Street, Dokki RO. Box 246, Giza 12618, Egypt.

Abstract | Monitoring of imported 1-day-old poultry is mandated in Egypt to prevent the possible introduction of
new Salmonella serovars into the country’s poultry industry. Such serovars are considered to be a major public health
threat. We examined 391 imported poultry flocks for the presence of salmonellae (231 duckling, 84 chick, and 76
turkey poult), serotyped all isolated salmonellae, and performed antimicrobial susceptibility testing. Molecular profiles
were also constructed based on results of conventional polymerase chain reaction assays to detect virulence genes (s,
avrA, and sopB) and antibiotic resistance genes (4laTEM, tetA(A), and gnrS) in the Salmonella isolates. Thirty Salmo-
nella strains were isolated from the 391 samples (7.7%). By poultry type, salmonellae were isolated from 21 of 231
(9.1%) duckling samples, 6 of 84 (7.1%) of chick samples, and 3 of 76 (3.9%) turkey poult samples. Serotyping of the
isolates identified 16 different serovars: S. Enteritidis, 8. Typhimurium, S. Sinstorf, S. Muenster, S. Vejle, S. Cuckmere,
§. Indiana, §. Infantis, S. Koenigstuhl, S. Macallen, S. Nchanga, S. Neftenbach, S. Newlands, . Nigeria, S. Nyborg,
and S. Regent. The isolates showed variable degrees of antibiotic resistance across species. All tested Sa/monella strains
harbored the virulence and antibiotic resistance genes, with the exception of gz, which was found in only 50% of the
isolates. In conclusion, examination of imported poultry is a critical point of control to prevent poultry from becoming
a reservoir for human health hazards, including salmonellae with antimicrobial resistance phenotypes.
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INTRODUCTION

transmitting infection through the food production chain
(Velhner et al., 2018), and vertically through the infected
parents (Foley et al., 2011; Osman et al., 2014b), by trans-
mission of multidrug-resistant (MDR) Sa/monella in the

In addition to its role in food-borne illness all over the
Mediterranean region (Le Hello et al., 2013).

world, Salmonella is an important bacterial pathogen in
poultry (Osman et al., 2010; Foley et al., 2011). Several
serovars have been isolated from both poultry and humans,
and poultry can transmit Sa/monella to humans (Osman et
al., 2010; European Food Safety Authority [EFSA],2019).
The international trade of poultry is one of the factors af-

EFSA (2019) classified salmonellosis as the second hu-
man zoonotic disease underlying gastrointestinal illness
and (Ezzeldeen et al., 2013) mentioned that the salmo-

fecting the spread of salmonellosis (EFSA, 2019) by acting
as a portable reservoir for Sa/monella (Osman et al., 2010),

nellosis can cause multi-organ systemic infection. In the
European Union (EU), salmonellae are estimated to cause
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