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ARTICLE INFO ABSTRACT 

Keywords   

Non-typhoidal salmonellosis is a major foodborne infection. The objectives of our study were 

to investigate the prevalence rates of multiple drug-resistant (MDR) Salmonella spp. in various 
food products, A total of 100 food samples, including 20 samples for each of kariesh cheese, 

raw milk, chicken fillet, and minced meat, and 10 samples for each of chicken liver and raw 

meat, were collected from February to July 2022 within different markets in El-Gharbia, Egypt. 
All samples were subjected to isolation and identification of multiple drug-resistant salmonella 

by cultivation on xylose lysine deoxycholate (XLD) agar, biochemical tests, serological tests, 

antibiograms, and the Polymerase Chain Reaction (PCR) screen of the virulence gene (invA), 
class 1 integron, and resistant genes (blaTEM, qnrS, and aadA1). The incidence of Salmonella 

was 2 (2%), and based on molecular serotyping, it was identified as Salmonella Kentucky and 

Salmonella typhimurium. All salmonella isolates (100%) showed MDR. Variable antibiotic 

resistance patterns were detected, ranging from 100% for ampicillin, norfloxacin, and 

gentamicin to 50% for doxycycline and ciprofloxacin. Based on PCR analysis, invA, class 1 

integron, blaTEM, qnrs, and aadA1 were detected in 100% of all identified Salmonella isolates. 
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1. INTRODUCTION 

 
Antimicrobial resistance is one of the most serious 

worldwide issues today. It leads to millions of mortalities. It 

also poses a danger to food safety and animal health (WHO, 

2021). Animal and poultry farms frequently use 

antimicrobials as feed additives, meat product preservatives, 

and methods of preventing and controlling bacterial disease 

(Harb et al., 2018). Contamination of food items such as raw 

meat and kariesh cheese with multiple drugs salmonella 

mainly occurs through fecal contamination during 

slaughtering and food processing, as salmonella colonizes 

mainly the gastrointestinal tract (El-Bagoury, Shelaby, and 

Saied, 2019; Abd-Elghany et al., 2022). 

Skimmed milk (Kariesh cheese) is one of the indigenous 

white soft cheese types in Egypt, with a high nutritive value, 

easy digestion, and no heat treatment. El-Bagoury, Shelaby, 

and Saied (2019) have reported raw milk and kareish cheese 

as ideal media for microbial growth. The same raw meat is 

rich in water and proteins, which makes it a highly nutritive 

diet. However, these properties make it a favorable medium 

for bacterial growth. Interestingly, reports from Egypt 

indicate a high level of raw meat contamination with multi-

drug-resistant salmonella, which could pose a threat to 

public health (Abd-Elghany et al., 2022). 

The misuse and overuse of antimicrobials in various 

veterinary sectors, particularly poultry farms, has resulted in 

the emergence and spread of multiple drug-resistant (MDR) 

Salmonella strains in food (Irani et al., 2018). 

EFSA and ECDC (European Food Safety Authority and 

European Centre for Disease Prevention and Control) 

classify salmonellosis as the second human zoonotic disease 

that underlies gastrointestinal illnesses. These illnesses are 

mainly caused by Salmonella typhimurium and Salmonella 

entertidis (EFSA and ECDC, 2019; Sodagari et al., 2019). 

Recently, non-typhoidal salmonellosis (NTS) has become a 

major global foodborne infection caused by the consumption 

of foods contaminated with Salmonella spp. By 12 to 36 

hours’ post-ingestion of contaminated foods with salmonella 

(incubation period), symptoms appear as fever, severe 

diarrhea, nausea, vomiting, and abdominal cramps 

(Morshdy, 2021). Both antibiotic resistance and virulence 

factors are required by the organism for survival against host 

defenses (Ibrahim et al., 2015). 

As of late, broad-spectrum ß-lactams and fluoroquinolones 

are no longer killing S. typhimurium and S. Kentucky, along 

with other types of salmonella (Gupta et al., 2019). 

Bacterial resistance mechanisms against antibiotics involve 

enzyme inactivation, decreased cell permeability, and 

alteration or replacement of the target (Frye and Jackson, 

2013). Extended-spectrum beta-lactamase (ESBL) 

salmonella are from relevant resistance groups present in 

hospitals, farm animals, poultry meat, and meat products. 

ESBL, with the blaTEM and blaSHV genes being the most 

frequently significant encoding genes (Jin and Ling, 2006). 

Multiple drug-resistant (MDR) salmonella strains are 

characterized by the presence of antibiotic-resistant genes 

that are located on chromosomes and mobile genetic 

elements such as transposons, integrons, and plasmids 

(Almeida et al., 2018). Integrons are the main genetic 

vehicles responsible for disseminating MDR salmonella 

strains, which consist of two major types, including 

chromosomal integrons and mobile integrons (MIs). Mobile 
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integrons are of five classes (class 1 to 5), and class 1 

integron is the most commonly detected class in MDR 

salmonella strains (Hossain et al., 2019). MDR salmonella 

dissemination occurs through mobile genetic elements, 

resulting in healthy animals becoming carriers of antibiotic-

resistant bacteria, and these MDR strains can be transmitted 

to humans through the food chain, which causes significant 

human infections (Harb et al., 2018). 

The present study aimed to investigate the prevalence, 

antimicrobial resistance pattern, and molecular detection of 

virulence genes (invA), class 1 integrons, and antimicrobial 

resistance genes (blaTEM, qnrS, and aadA1) among 

identified Salmonella serotypes from different products 

(chicken, meat, milk, and kariesh cheese) in El-Gharbia, 

Egypt. 

 

2. MATERIAL AND METHODS 

 
2.1 Ethical Approval 

The Ethical Committee, Faculty of Veterinary Medicine, 

Benha University, approved the protocol for the study 

(Approval No. BVFVTM/13-06-2023). 

 

2.2. Sample collection  

Between February and July 2022, a total of 100 samples, 

including 40 dairy products (20 raw milk and 20 kariesh 

cheese), 30 chicken products (10 chicken liver and 20 

chicken fillet), and 30 meat products (10 raw meats and 20 

minced meat), were collected from different markets in 

Gharbia, Egypt. Each sample was labeled, placed in an 

icebox, and transferred immediately to the bacteriology 

laboratory at the Gharbia Directorate of Veterinary 

Medicine. 

 

2.3. Preparation of samples.  

Briefly, samples (25.00 g or mL according to sample status) 

were placed in stomacher bags containing 225 mL of 1% 

buffered peptone water (BPW), then homogenized at 3000 

rpm for 2 min and incubated at 37.00 ºC for 18 ± 2 h as a 

pre-enrichment step. 

 

2.4. Isolation and identification of Salmonella spp. 

The method of ISO 6579 (International Organization for 

Standardization, ISO 6579, 2014) was applied for the 

isolation and identification of Salmonella spp. Briefly, 1 mL 

from each of the pre-enriched sample homogenates was 

added to 9 mL of Selenite-F-broth (Oxoid, UK), which was 

used as a selective enrichment medium, and incubated at 

41.5 oC for 24 h. A loopful of that enriched culture was 

surface streaked on the surface of a xylose lysine 

deoxycholate (XLD) agar (Himedia, India) plate and 

incubated at 37 C for 24 h. Suspected colonies (red with or 

without black centers) were purified and sub cultured onto 

nutrient agar slopes and incubated at 37 °C for 24 h. The 

purified colonies were subjected to morphological, 

biochemical, and serological identification. 

 

2.5. Antimicrobial susceptibility testing 

The Kirby-Bauer disc diffusion assay was used to evaluate 

the drug resistance profile against 12 antibiotics (Oxoid®, 

UK): oxacillin (OXA, 1μg); cefipime (FEP, 30μg); 

ampicillin (AMP, 10μg); aztreonam (ATM, 10μg); 

ciprofloxacin (CIP, 5μg); norfloxacin (NOR, 5μg); 

levofloxacin (LEV, 5μg); gentamycin (CN, 10μg); 

doxycycline (DO, 30μg); chloromphenicol (C, 30μg); 

erythromycin (E, 15μg); and clindamycin (DA, 2μg). Assay 

results were interrupted according to CLSI (Weinstein, 

2021). According to Christopher, Hora, and Ali (2013), the 

Multiple Antibiotic Resistance (MAR) Index calculates the 

ratio between the number of antibiotics an isolate is resistant 

to and the total number of antibiotics tested. 

 

2.6. Molecular detection of virulence and antibiotic 

resistance genes 

Plasmid DNA extraction from samples was performed using 

the QIAprep Spin Miniprep Kits. (Qiagen, Germany, 

GmbH). The invA, Class 1 integron, blaTEM, qnrS, and 

aadA1 genes were amplified as designed, and cycling 

conditions are shown in Table 1. According to Sambrook et 

al. (1989). In a 25-µl reaction, the primers were used along 

with 12.5 µl of EmeraldAmp Max PCR Master Mix (Takara, 

Japan), 1 µl of each primer at a concentration of 20 pmol, 

5.5 µl of water, and 5 µl of the DNA template. An Applied 

Biosystems 2720 thermal cycler was used to carry out the 

reactions. The PCR products were separated by 

electrophoresis on a 1.5% agarose gel (Applichem, 

Germany, GmbH). Ethidium bromide (Sigma, USA) was 

added to the gel and ran for 1.5 hours at 80 volts. Then 

visualization and photography using a UV transilluminator. 

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

3. RESULTS 
3.1. Prevalence of Salmonella in different food products:  

After microbiological examination of a total of 100 samples 

from chicken, milk, and meat, represented by 10 chicken 

livers, 20 chicken fillets, 20 raw milk, 20 Kariesh cheese, 10  

 

 

 

 

 

raw meats, and 20 minced meats, by cultivation, isolation, 

and identification procedures, we identified 2 positive 

isolates of salmonella species (2%%) from different 

samples, as shown in Table 2 and Fig 1. 

 

 

 
 

Reference Amplification (35 cycles) Primary 

denaturation  

Length of 

amplified 

product 

Primer sequence 

(5'-3') 

Gene 

Extension  Annealing 

(Optics on) 

Secondary 

denaturation 

Oliveira et 

al., 2003 

72ºC/30sec 50ºC/30sec 94ºC/30 sec 94ºC/5min 

 
 
 
 
 
 
 

 

284bp F-

GTGAAATTATCGCCACGTTCGGGCAA  

invA 

R- TCATCGCACCGTCAAAGGAACC 

Kashif et 

al., 2013 

72ºC/45ºC 50ºC/30sec 
280bp 

F-CCTCCCGCACGATGATC Int1 

R- TCCACGCATCGTCAGGC 

Colom et 

al., 2003 

72ºC/45 

sec 

54ºC/40sec 516bp F- ATCAGCAATAAACCAGC blaTEM 

R-CCCCGAAGAACGTTTTC 

Robicsek et 

al., 2006 
72ºC/45sec 55ºC/40sec 417bp 

F- ACGACATTCGTCAACTGCAA 
qnrS 

R- TAAATTGGCACCCTGTAGGC 

Randall et 

al. 2004 
72ºC/45sec 54ºC/40sec 484bp 

F-TATCAGAGGTAGTTGGCGTCAT 
aadA1 

R-GTTCCATAGCGTTAAGGTTTCATT 
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Table (2) Prevalence and distribution of Salmonella in different food products.   

  

3.1. Salmonella culture and biochemical characteristics  

Typical colonies of salmonella were observed on XLD agar 

as smooth pale pink colonies with a black center, as shown 

in Fig. 1. salmonella colonies had biochemically urease-

negative results, as shown in Fig. 1  

Fig (1) Morphological and biochemical characters of isolated Salmonella 

 (left and right )  : Salmonella morphology on XLD media showing smooth 

pink colonies with black center  . (Middle ) Urease test showing positive 

results (remain yellow color) 

3.2. Serological findings  

Serological analysis revealed two distinct Salmonella 

strains: (Salmonella typhimurium, and Salmonella 

Kentucky)  

 

3.3. Antimicrobial susceptibility findings 

Total number of salmonella isolates N=2 tested  aganist 12 

Antimicrobial discs . All salmonella isolates (100%) showed 

MDR. The recorded results showed high level of resistance 

about (100%) to norfloxaxin, ampicillin, cefipime, 

aztreonam, gentamycin, chloramphenicol, erythromycin and 

clindamycin. Furthermore, moderate resistance to 

ciprofloxacin, levofloxacin and azithromycin about (50%) . 

While salmonella isolates showed significant sensitivity to 

doxycycline about (50%), as shown in Table (3); Fig (2). 

 

 
         

 

 

 

 

 

 

 

 

 

 

   

       Fig (2) Antimicrobial resistance patterns of isolated Salmonella. 

 

Table (3) Results of  Antimicrobial sensitivity test of Salmonella  

AMP Ampicillin, ATM aztreonam , AZM azithromycin , FEP cefepime, C chloramphenicol, CN gentamicin ,DA clindamycin, DO doxycycline , E erythromycin,  CIP ciprofloxacin , NOR 

norfloxacin ,LEV levofloxacin. .NT-not tested  

 

3.4. Molecular identification findings 

PCR findings of Salmonella virulence gene invA, class 1 

integron, and Salmonella antibiotic resistance genes 

Virulence genes invA and class 1 integron (int1) were 

detected in two tested strains (100%), as shown in Fig. 3 

(left) and Fig. 3 (right), respectively.  

 
Fig.(3) Ethidium bromide-stained Agarose gel electrophoresis (1.5%) of the 

amplified invA  (left) and class 1 integron (right)  gene of the isolated 

Salmonella: Lane 2: DNA molecular weight ladder (100bp ladder). P: positive 

control; N: negative control which is (Nuclease free water). Lanes 1, 2, 

indicate positive results for invA gene (specific band of 284 bp). Lanes 1,2 , 

indicate positive results for int1 gene (specific band of 284 bp 

 

The two tested strains (100%), , showed B-lactam resistance 

genes (blaTEM), fluoroquinolone resistance genes (qnrS), 

and aminoglycoside resistance genes (aadA1) (fig. 4). 

 

 
Fig.(4) Ethidium bromide-stained Agarose gel electrophoresis (1.5%) of the 

amplified blaTEM (left),qnrS (middle) and aadA1 (right) gene of the isolated 

Salmonella: Lane 5: DNA molecular weight ladder (100bp ladder). P: positive 

control; N: negative control which is (Nuclease free water). Lanes 1, 2, 

indicate positive results for blaTEM gene (specific band of 516 bp). Lanes 1,2  

indicate positive results for qnrS gene (specific band of 417 bp). Lanes 1,2 , 

indicate positive results for aadA1 gene (specific band of 484 bp) 

 

Sample Number of 

Examined 

sample 

No of 

S. Typhimirum 

isolate 

No of 

S. Kentucky 

  isolate 

Total 

number 

of isolates 

% 

Chicken Liver 10 1 1 2 20% 

Chicken fillet 20 0 1 0 0 

Raw Milk 20 0 0 0 0 

Kariesh Cheese 20 0 0 0 0 

Raw Meat 10 0 0 0 0 

Minced Meat 20 0 0 0 0 

Total 100 1 1 2 2% 

Antimicrobial Family 

 

 Antimicrobial disc 

Resistant Intermediate Sensitive 

Number  

of isolates  

%  Number 

 of isolates 

% Number  

of  isolates  

%  

Quinolones Ciprofloxacin (CIP) 1 50% 1 50% 0 0 

Norfloxacin (NOR) 2 100 0 0 0 0 

Levofloxacin (LEV) 1 50% 1 50% 0 0 

β-lactam Ampicillin (AMP) 2 100 0 0 0 0 

Cefipime (FEP) 2 100 0 0 0 0 

Aztreonam (ATM) 2 100 0 0 0 0 

Aminoglycosides Gentamycin  (CN) 2 100 0 0 0 0 

Tetracycline Doxycycline (DO) 1 50% 0 0 1 50% 

Phenicols Chloromphenicol (C)  2 100 0 0 0 0 

Macrolides Erythromycin (E) 2 100 0 0 0 0 

Azithromycin (AZM) 1 50% 1 50% 0 0 

Lincomycin Clindamycin(DA) 2 100 0 0 0 0 
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4.  DISCUSSION 
 

Globally, an increasing concern is developing about the 

status of antimicrobial-resistant bacterial contaminants in 

the food chain and their capacity to disseminate and spread 

to humans. Global public health recognizes MDR 

salmonella infections as a serious concern (Woh et al., 

2021). 

In our study, out of 100 examined food products, 2 samples 

(2%) were contaminated with Salmonella spp. Salmonella 

spp. were mostly isolated from chicken liver (2%) while 

Salmonella spp. weren’t detected in the examined chicken 

fillet, raw milk, kariesh cheese, raw meat, or minced meat 

(0%). These results agree with  Eldin et al. (2023), and Badr 

et al. (2021), who isolated salmonella from chicken by  

6.66%, and 7.1% in Egypt., respectively. Our findings are 

lower than those of Zakaria et al. (2020), who isolated 

salmonella spp. by 23.4% from chicken in Malaysia. 

The slide agglutination test identified two isolated 

salmonella isolates as S. Kentucky and S. typhimurium. 

While using PCR screening of salmonella isolates for 

harboring invA virulence genes revealed the detection of 

invA in all tested isolates (2/2) (100%), which were similar 

to Eldin et al. (2023) and Abd-Elghany et al. (2022) but 

higher than that reported by AlShaheeb et al. (2023), who 

detected the invA gene in Salmonella spp. from foodstuffs in 

Iraq by 69.2%. 

Our study revealed contamination of chicken liver with 

MDR salmonella, which may be due to poor hygienic 

measures or previously infected chicken. Interestingly, the 

Food and Agriculture Organization (FAO) forecasts that 

chicken consumption will reach 41% as a main meat source 

by 2030. Therefore, the consumption of contaminated 

chicken meat will represent a high food safety risk. This is 

primarily due to the ongoing development of multiple 

antibiotic resistances (Morshdy, 2021). 

In line with Alsayeqh et al. (2021), our results show that the 

widespread and uncontrolled use of antibiotics in poultry 

farms to treat bacteria or help the birds grow is the main 

cause of multidrug resistance patterns (MDR) in recovered 

Salmonella spp. This increases the risk of MDR salmonellae 

spreading. 

Our findings revealed no detection of salmonella in Kariesh 

cheese and raw meat, which agrees with the Centre for Food 

Safety (2020). According to the Center for Food Safety, in 

25 g of Kariesh cheese or ready-to-eat RTE meat, 

Salmonella shouldn’t be detected at all. Nearly the same 

results were obtained by El-Bagoury et al. (2019), who 

detected no salmonella in Kariesh cheese. In contrast, Abd-

Elghany et al. (2022) detected salmonella in raw meat by 

25%. 

In our phenotypic antimicrobial resistance findings, the two 

serotypes of salmonella were shown to be 100% resistant to 

ampicillin, cefepime, aztreonam, clindamycin, 

erythromycin, chloramphenicol, gentamicin, and 

norfloxacin, and 50% resistant to ciprofloxacin, 

levofloxacin, azithromycin, and doxycycline. Meanwhile, 

50% of isolates were sensitive to doxycycline. 

Our antibiogram findings were similar to those of Badr et al. 

(2021), who showed high resistance to clindamycin and 

lincomycin 100%, followed by tetracycline, ampicillin, and 

ciprofloxacin (33%); and Wang et al. (2020), who recorded 

high resistance to streptomycin (92.7%) and ampicillin 

(92.7%), followed by tetracycline (40%), and ciprofloxacin 

(22.33%). In this study, the antimicrobial susceptibility 

assay results are higher than those of AlShaheeb et al. 

(2023), who recorded lower resistance for gentamicin by 

45.45 and cefotaxime and azithromycin with the same 

proportion of 36.36%. Our results contradict those of 

Sodagari et al. (2015), who recorded lower antibiotic 

resistance to ampicillin (11.7%) and no resistance to 3rd-

generation cephalosporin. 

In our study, all salmonella isolates from food samples 

exhibited multidrug resistance to ≥ 3 antibiotics. The 

multiple antibiotic resistance index (MAR) calculated for S. 

typhimurium and S. kentucky was 0. 833. Our MAR results 

agree with Ali et al. (2019), who recorded 0.537. According 

to Christopher et al. (2013), isolates with MAR index values 

higher than 0.2 typically originate from high-risk 

contaminated farms that typically use antibiotics. 

PCR was a significant tool for the accurate detection of 

MDR Salmonella-resistant genes (Eldin et al., 2023). 

Extended-spectrum B-lactamase enzymes generally mediate 

B-lactams and third-generation cephalosporin antibiotic 

resistance mechanisms. (ESBL). Our study also screened the 

salmonella isolates for encoding (ESBLs) genes, revealing 

that 100% (2/2) of them have the blaTEM gene, agreeing 

with Badr et al. (2021) and Ahmed (2022), who detected the 

blaTEM gene in 100% (80%) of MDR salmonella isolated 

from chickens in Egypt, respectively. Our results of 

detecting the flouroquinolone resistance gene (qnrs) in 

identified MDR salmonella isolates revealed that (2/2) 

(100%) of isolates harboring the qnrs gene were similar to 

Badr et al.'s (2021) (100%) detection. The 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, and efflux pumps mediated by qepA genes. 

(QRDRs) (Hooper and Jacoby, 2015). In this study, the 

ESBL-producing strain showed resistance to 

fluoroquinolones, suggesting the possibility that plasmid-

encoded fluoroquinolone resistance genes are linked to 

gene-encoding ESBLs. 

Our examined Salmonella isolates encode the aada1 gene 

(aminoglycoside encoding gene) (2/2) (100%), similar to the 

findings of Ahmed (2022) in Egypt. Interestingly, there is a 

variation between the phenotypic resistance profile for 

quinolones and the qnrS gene. As some of the antimicrobial 

resistance genes are silent in bacteria in vitro, these silent 

genes turn on in vivo and can spread to other bacteria, 

especially under antimicrobial load (Hooper and Jacoby, 

2015). That’s why our Norfloxacin and Levofloxacin 

phenotypic resistance of Salmonella isolates was 50% while 

the qnrs gene was encoded in all Salmonella isolates 

(100%), which agrees with El-Sharkawy et al. 

(2017) recorded phenotypic sensitivity of all Salmonella 

isolates to streptomycin (100%) despite the presence of the 

streptomycin-resistant gene (aadA1) in 50% of the isolates. 

Integrons are parts of DNA that have a place to attach mobile 

gene elements (MGE) like transposons and plasmids that 

carry genes that are resistant to antibiotics. This causes MDR 

in Salmonella spp. The class 1 integron has been the most 

widely reported class in the dissemination of resistance 

genes in MDR Salmonella spp. (Mahdi Askari Badouei et 

al., 2021). 

Our results showed that all Salmonella isolates (2/2) (100%) 

encode the int1 gene, agreeing with the previous findings of 

Ahmed (2022) and Mahdi Askari Badouei et al. (2021), who 

detected class 1 integron in 100% and 95.6% of Salmonella 

isolates, respectively. However, Ali et al., (2019) in Assiut, 

Egypt, found a lower rate of Class-1 integrons (20%) in 

Salmonella isolates. 

 

5. CONCLUSIONS 
This study revealed the high prevalence of multiple drug 

resistance (100%) in Salmonella spp. isolated from food 
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products (chicken) in El-Gharbia, Egypt. PCR is a quick and 

accurate way to find Salmonella genes that are resistant to 

antibiotics (blaTEM, qnrS, and aadA1) and genes that make 

the bacteria more likely to cause disease (invA). A lot of the 

Salmonella enterica isolates had both antibiotic-resistant 

genes and virulence genes (invA). the findings of the present 

study revealed a strong link between Salmonella MDR 

patterns and the presence of int-1, which is in charge of 

spreading genes that make bacteria resistant to antibiotics. 

Coupled with observing food safety practices and regulating 

antimicrobial usage are the keys to reducing the incidence of 

MDR foodborne diseases. 

 

5. REFERENCES 
 

1. Abd-Elghany, S.M., Fathy, T.M., Zakaria, A.I., Imre, K., 

Morar, A., Herman, V. and Sallam, K.I.  2022 . Prevalence of 
multidrug-resistant Salmonella enterica serovars in buffalo 

meat in Egypt. Foods, 11, 18 , 2924.. 

2. Ahmed, H.A.S.  2022 .  Genotypic characterization of multi 
drug resistant E. coli and Salmonella isolated from virally 

infected broilers. Benha Veterinary Medical Journal, 43, 1 , 41-

44. 
3. Ali, N. M., Bakeet, A. A and Thabet M. H .  2019 . Integrons 

and antibiotics resistance genes in Escherichia coli and 

Salmonella strains isolated from diarrheic chicks. Animal 
Health Research Journal ,7, 2 , 133-146. 

4. Almeida, F., Seribelli, A.A., Medeiros, M.I.C., Rodrigues, D. 

dos P., MelloVarani, A. de, Luo, Y., Allard, M.W. and Falcão, 
J.P.  2018 . Phylogenetic and antimicrobial resistance gene 

analysis of Salmonella Typhimurium strains isolated in Brazil 

by whole genome sequencing. PLOS ONE, 13, 8 , e0201882. 
doi:https://doi.org/10.1371/journal.pone.0201882. 

5. Alsayeqh, A.F., Attia, H. and Wageh Sobhy Darwish.  2021 . 

Antimicrobial-resistant foodborne pathogens in the Middle 
East: a systematic review. Environmental Science and Pollution 

Research, 28, 48 , 68111–68133. doi:https://doi.org/10.1007 

/s11356-021-17070-9. 
6. AlShaheeb, Z.A., Thabit, Z.A., Oraibi, A.G., Baioumy, A.A. 

and Abedelmaksoud, T.G.  2023 . Salmonella enterica species 

isolated from local foodstuff and patients suffering from 
foodborne illness: Surveillance, antimicrobial resistance and 

molecular detection. Теория и практика переработки мяса, 8, 

2, 112-123. https://doi.org/10.21323/2414-438X-2023-8-2-
112-123 

7. Badr, H., Heba Roshdy, Hend Sorour, Mona A.A. 
AbdelRahman, Erfan, A.M., Noha, Nasef, S.A., Hassan, W. and 

Abdelaty, M.F.  2021 . Phenotypic and Genotypic 

Characterization of Salmonella enterica Serovars Isolated from 
Imported Poultry. Advances in Animal and Veterinary 

Sciences, 9, 6 . doi:https://doi.org/10.17582/journal.aavs/ 

2021/9.6.823.834. 
8. Centre for Food Safety 2020. Microbiological Guidelines for 

Food. [(accessed on 9 september 2020)] ; Available online: 

www.cfs.gov.hk 
9. Christopher, A., Hora, S. and Ali, Z.  2013 .  Investigation of 

plasmid profile, antibiotic susceptibility pattern multiple 

antibiotic resistance index calculation of Escherichia coli 
isolates obtained from different human clinical specimens at 

tertiary care hospital in Bareilly-India. Annals of Tropical 

Medicine and Public Health, 6, 3 , 285. doi:https://doi.org/ 
10.4103/1755-6783.120985. 

10. Colom, K., PÃrez, J., Alonso, R., FernÃndez-Aranguiz, A., 

LariÃo, E. and Cisterna, R.  2003 . Simple and reliable 
multiplex PCR assay for detection of blaTEM, blaSHV and 

blaOXA-1 genes in Enterobacteriaceae. FEMS Microbiology 

Letters, 223, 2 , 147–151. doi:https://doi.org/10.1016/s0378-

1097 03 00306-9. 

11. EFSA and ECDC  European Food Safety Authority and 

European Centre for Disease Prevention and Control .2019. The 
European Union One Health 2018 Zoonoses Report. EFSA 

Journal, 17, 12 . doi:https://doi.org/10.2903/j.efsa.2019.5926. 

12. El-Bagoury, A.M., Shelaby, H.H. , and Saied, H.  2019 . 
"Incidence of Escherichia coli and Salmonella species with 

special reference to antibiotic resistant pathogenic E. coli 

isolated from locally produced cheeses in Egypt. AJVS. 60,  2 

: 93-101. doi:https://doi.org/10.5455/ajvs.21944. 

13. Eldin, A., Abdallah, Khalifa, S.M., Salah, M., Wageh Sobhy 
Darwish and Rasha El Bayomi  2023 . Prevalence of  

Staphylococcus aureus and Salmonella species in chicken meat 

products retailedin Egypt. Slovenian Veterinary Research, 60, 
25-Suppl . doi:https://doi.org/10.26873/svr-1666-2022. 

14. El-Sharkawy, H., Tahoun, A., El-Gohary, A.E.-G.A., El-

Abasy, M., El-Khayat, F., Gillespie, T., Kitade, Y., Hafez, 
H.M., Neubauer, H. and El-Adawy, H.  2017 . Epidemiological, 

molecular characterization and antibiotic resistance of 

Salmonella enterica serovars isolated from chicken farms in 
Egypt.Gut Pathogens, 9, 1 . doi:https://doi.org/10.1186/s13099-

017-0157-1. 

15. Frye, J.G. and Jackson, C.R.  2013 . Genetic mechanisms of 
antimicrobial resistance identified in Salmonella enterica, 

Escherichia coli, and Enteroccocus spp. isolated from U.S. food 

animals. Frontiers in Microbiology, 4. doi:https://doi.org/ 

10.3389/fmicb.2013.00135. 

16. Gupta, R., Chauhan, S.L., Kumar, S., Jindal, N., Mahajan, N.K. 

and Joshi, V.G.  2019 . Carriage of Class 1 integrons and 
molecular characterization of intI1 gene in multidrug-resistant 

Salmonella spp. isolates from broilers. Veterinary World, 12, 4, 

609–613. doi:https://doi.org/10.14202/vetworld. 2019. 609-
613. 

17. Harb, A., Habib, I., Mezal, E.H., Kareem, H.S., Laird, T., 

O’Dea, M. and Abraham, S.  2018 . Occurrence, antimicrobial 
resistance and whole-genome sequencing analysis of 

Salmonella isolates from chicken carcasses imported into Iraq 

from four different countries. International Journal of Food 
Microbiology, 284, 84–90. doi:https://doi.org/10.1016/ 

j.ijfoodmicro.2018.07.007. 

18. Hooper, D.C. and Jacoby, G.A.  2015 . Mechanisms of drug 
resistance: quinolone resistance. Annals of the New York 

academy of sciences, 1354 ,1 , 12-31. 

19. Hossain, S., De Silva, B.C.J., Dahanayake, P.S., Shin, G.-W. 

and Heo, G.-J.  2019 . Molecular characterization of virulence, 

antimicrobial resistance genes, and class one integron gene 
cassettes in Salmonella Enterica Subsp. Enterica isolated from 

pet turtles in seoul, korea. Journal of Exotic Pet Medicine, 28, 

209–217. doi:https://doi.org/10.1053/j.jepm.2018.11.002. 
20. Ibrahim, A.F., Ammar, A., El-dosoky, I.E., Ahmed, H.A. and 

Nasef, S.A.  2015 . Phenotypic characterization of  virulent and 

antimicrobial resistant Salmonella species isolated from 
poultry. Kafrelsheikh Veterinary Medical Journal, 13, 1 , 87-

101. 

21. ISO 2014. Microbiology of Food and Animal Feeding Stuffs . 
Detection of Salmonella ,ISO 6785 Part 3 Horozintal Method, 

Geneva : International  Organization for Standadization. 

22. Irani, M.D., Faghani, M. and Doosti, A.  2018 . Study of Class 
1 to 3 Integrons in Salmonella and Antimicrobial Resistance 

Pattern Isolated from Broiler Chicks.  Electronic J Biol, 14:2, 

81-86. [online] Available at: https://ejbio.imedpub.com/study-
of-class-1-to-3-integrons-in-salmonella-and-antimicrobial-

resistance-pattern-isolated-from-broiler.php?aid=22648. 

23. Jin, Y. and Ling, J.M.  2006 . CTX-M-producing Salmonella 
spp. in Hong Kong: an emerging problem. Journal of Medical 

Microbiology, 55, 9 , 1245–1250. doi:https://doi.org/10.1099 

/jmm.0.46637-0. 
24. Kashif, J., R. Buriro, Memon, J., Yaqoob, M., Soomro, J., Diao 

DongXue, Huang, J. and Wang, L.  2013 . Detection of class 1 

and 2 integrons, β-lactamase genes and molecular 
characterization of sulfonamide resistance in Escherichia coli 

isolates recovered from poultry in China. Pakistan Veterinary 

Journal, 33, 3 , 321–324. 
25. Mahdi Askari Badouei, Hossein Vaezi, Nemati, A., Ehsan 

Ghorbanyoon, Farzaneh Firoozeh, Maziar Jajarmi and Seyed 

Mostafa Peighambari.  2021 . High prevalence of clonally 

related multiple resistant Salmonella Infantis carrying class 1 

integrons in broiler farms. DOAJ: Directory of Open Access 

Journals,57,3.doi:https://doi.org/10.12834/ vetit.2269.13773.1. 
26. Morshdy, M. A. A. E.  2021 . Antimicrobial Effect of Essential 

Oils on Multidrug-Resistant Salmonella typhimurium in 

Chicken Fillets. The Pakistan Veterinary Journal, 41 , 04 , 545–
551. doi:https://doi.org/10.29261/pakvetj/2021.055. 

27. Oliveria, S.D., Rodenbusch, C.R., Ce, M.C. and Rocha, S.L.S.  

2003 . Evaluation of selective and non‐selective enrichment 



BVMJ 46 (1): 119-124  Dowidar et al. (2024) 

 

124 
 

PCR procedures for Salmonella detection. Letters in Applied 

Microbiology, 36, 4 , 217-221. 

28. Randall, L.P.  2004 . Antibiotic resistance genes, integrons and 
multiple antibiotic resistance in thirty-five serotypes of 

Salmonella enterica isolated from humans and animals in the 

UK. Journal of Antimicrobial Chemotherapy, 53, 2 , 208–216. 
doi:https://doi.org/10.1093/jac/dkh070. 

29. Robicsek, A., Strahilevitz, J., Strahilevitz, D.F., Jacoby, G.A. 

and Hooper, D.C.  2006 . qnr prevalence in ceftazidime-
resistant Enterobacteriaceae isolates from the United States. 

Antimicrobial agents and chemotherapy, 50, 8 , 2872-2874. 

30. Sambrook, J., Fritsch, E.F. and Maniatis, T. 1989. Molecular 
Cloning. A Laboratory Manual. V.3.Cold Spring Harbor 

Laboratory Press, Cold Spring Harbour ,. Biologie in unserer 

Zeit, 20, 6, 285–285. 
doi:https://doi.org/10.1002/biuz.19900200607. 

31. Sodagari, H.R., Mashak, Z. and Ghadimianazar, A.  2015 . 

Prevalence and antimicrobial resistance of Salmonella 

serotypes isolated from retail chicken meat and giblets in Iran. 

The Journal of Infection in Developing Countries, 9, 05 , 463–

469. doi:https://doi.org/10.3855/jidc.5945. 
32. Sodagari, H.R., Mohammed, A.B., Wang, P., O’Dea, M., 

Abraham, S., Robertson, I. and Habib, I.  2019 . Non-typhoidal 

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. International Journal of Food 

Microbiology, 308, 108305. doi:https://doi.org/10.1016/ 

j.ijfoodmicro.2019.108305. 
33. CLSI, Clinical and Laboratory Standards Institute.2021. 

Performance Standards for Antimicrobial Susceptibility 

Testing ; Clinical and Standards Institute :Wayne ,PA,USA. 
34. WHO World Health Organization  2021 . Global antimicrobial 

resistance and use surveillance system  GLASS  report: 2022. 

https://www.who.int/publications/i/item/9789240062702. 
35. Woh, P. Y., Yeung, M. P. S., Goggins, W. B., 3rd ,Lo, N., Wong, 

K. T., Chow, V., Chau,K. Y., Fung,K., Cgen,Z., and Ip, M.  

2021. Genomic Epidemiology of Multidrug-resistant 
Nontyphoidal Salmonella in Young Children Hospitalized for 

Gastroenteritis. Microbiology Spectrum, 9, 1 , e0024821. 

36. Zakaria, Z., Hassan, L., Sharif, Z., Ahmad, N., Ali, R.M., 

Husin, S.A., Hazis, N.H.B.A., Sohaimi, N.F.M., Bakar, S.A. 

and Garba, B.  2020 . Analysis of Salmonella enterica serovar 

Enteritidis isolates from chickens and chicken meat products in 
Malaysia using PFGE, and MLST. BMC Veterinary Research,  

16, 1 , 393. doi:https://doi.org/10.1186/s12917-020-02605-y 

 


