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Abstract 
Introduction: Salmonellosis is one of the most common foodborne diseases worldwide. The irrational use of antibiotics in medicine and in 

animal feed has greatly promoted the emergence and spread of resistant strains of non-typhoidal Salmonella.  

Methodology: A total of 464 food products were collected in Tetouan from January 2010 to December 2012. The isolation and identification 

of Salmonella were performed according to Moroccan standard 08.0.116. All isolates were serotyped and were then tested for antibiotic 

resistance using the disk diffusion method.  

 Results: The microbiological analysis showed that 10.3% of food samples were contaminated with Salmonella. Eleven serotypes were 

identified: Kentucky 22.9% (11/48), Agona 16.7% (8/48), Reading 12.5% (6/48), Corvallis 8.3% (4/48), Saintpaul 8.3% (4/48), Typhimurium 

6.2% (3/48), Montevideo 6.2% (3/48), Enteritidis 4.2% (2/48), and 2% (1/48) for each of Israel, Hadar, and Branderup. 

Drug susceptibility testing showed that 39.6% of Salmonella were resistant to at least one antibiotic and 60.4% were susceptible to all tested 

antibiotics. The highest percentage of resistance was found to the following antimicrobial agents: nalidixic acid (27.1%), sulfonamides (25%), 

amoxicillin (12.5%), amoxicillin/clavulanic acid 12.5%, trimethoprim (10.4%), cephalothin (4.2%), and chloramphenicol (2.1%).  

Conclusions: This study revealed a relatively high prevalence of Salmonella in food products in Tetouan and a large percentage of drug-resistant 

strains. Hygienic measures should be rigorously implemented, and monitoring resistance of Salmonella is required to reduce the risks related 

to the emergence of multi-resistant bacteria. 
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Introduction 
Salmonella is a Gram-negative, rod-shaped bacteria 

belonging to the Enterobacteriaceae family [1]. Up to 

now, over 2,600 serovars have been identified in this 

genus [2].  

Non-typhoidal Salmonella is an important 

foodborne pathogen that poses a serious risk to human 

health throughout the world [3-5]. Although various 

pathogens have been implicated in produce-related 

outbreaks, Salmonella has been the dominant pathogen 

[6]. It was most often detected in fresh broiler chicken 

and turkey meat [7] and was also isolated from seafood, 

fruits, and vegetables [8,9]. Recently, an increasing 

number of human salmonellosis cases have been linked 

to the ingestion of contaminated vegetables [10], juices 

[11], and low-moisture foods [12]. 

Most of the non-typhoidal Salmonella infections are 

self-limited, and do not require any antimicrobial 

therapy [3,4,13]. However, antibiotics are required in 

invasive or severe cases that may occur in some 

patients, particularly in vulnerable groups such as 

young children, the elderly, and immunocompromised 

persons [14]. In the case of severe infection such as 

bacteremia or meningitis, the use of antimicrobials is 

mandatory [15]. 

Moreover, antibiotics are widely used in animal 

husbandry for several purposes, including therapeutics, 

prophylaxis, metaphylaxis, and growth promotion. 

However, the extensive use and misuse of antimicrobial 

agents has greatly promoted the emergence and spread 

of resistant bacteria in both developed and developing 

countries. This fact constitutes a threat to human health 
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and presents a major financial burden [4,9,16]. The risk 

of antimicrobial resistance occurs when bacteria 

become resistant to the most important antibiotics used 

to treat human diseases and limits the choice of 

treatments.  

Due to the increased resistance of Salmonella 

species, severe infections are often difficult to treat 

[17]. Overall, frequency and antimicrobial patterns of 

resistance may vary greatly between countries [5].  

In Morocco, few studies have outlined the 

prevalence and antibiotic resistance of Salmonella in 

food products. The lack of data on the prevalence of 

Salmonella in the city of Tetouan led us to undertake 

this study. Thus, we evaluated the prevalence 

of Salmonella spp. in different food products between 

January 2010 and December 2012. Salmonella isolates 

were serotyped and tested for their susceptibility to 

antibiotics. 

 

Methodology 
Sample collection 

A total of 464 samples of dairy products (n = 203), 

meat products (n = 158), and poultry (n = 103) were 

collected from different outlets in the city of Tetouan 

(northwest of Morocco) between January 2010 and 

December 2012. Food samples were transferred under 

cold conditions to the laboratory and were directly 

subjected to microbiological analysis. 

 

Microbiological analysis 

Twenty five grams of food samples were 

homogenized for 2 minutes with 225 mL of buffered 

peptone water (Biokar Diagnostics, Beauvais, France) 

using a Stomacher (Mayo Homogenius HG 400V 

Stomacher, Milan, Italy) and were then pre-enriched at 

37°C for 24 hours. Isolation and identification 

of Salmonella were performed according to the 

International Organization for Standardization (ISO) 

6579 [18]. Suspected Salmonella colonies were 

identified by biochemical tests using the API 20 E 

gallery (BioMérieux, Marcy l’étoile, France). 

 

Serotyping 

All Salmonella isolates were serotyped using direct 

active slide agglutination. Somatic (O) and flagella (H) 

antigens were characterized with hyperimmune sera 

(Bio-Rad, Marne la Coquette, France). The results were 

interpreted based on the Kauffmann-White scheme 

[19]. 

 

Antimicrobial susceptibility 

All serotyped isolates were tested for their 

antimicrobial susceptibility using the disk diffusion 

method. The antimicrobial agents used in this study 

were purchased from Oxoid (Basingstoke, UK) and 

included nalidixic acid (30 μg), tobramycin (10 μg), 

amoxicillin (25 μg), amoxicillin/clavulanic acid 

(20/10 μg), cefoxitin (30 μg), ceftriaxone (30 μg), 

cefotaxime (30μg), kanamycin (30 μg), cephalothin 

(30 μg), ceftazidime (30 μg), ciprofloxacin (5 μg), 

chloramphenicol (30 μg), gentamicin (30 μg), 

sulfamethoxazole/trimethoprim (1.25/23.75 μg), 

trimethoprim (5 μg), erythromycin (15 μg), and 

sulfonamide (200 μg). The results were interpreted 

based on the recommendations of the Antibiogram 

Committee of the French Society of Microbiology [20]. 

 

Results 
Salmonella prevalence and serovars 

A total of 48 Salmonella isolates were recovered 

from the 464 analyzed samples (Table 1). Eleven 

serotypes were identified, with a prevalence of 22.9% 

for Kentucky, 16.7% for Agona, 12.5% for Reading, 

8.3% for Saintpaul and Corvallis, 6.2% for 

Typhimurium and Montevideo, 4.2% for Enteritidis, 

and 2.1% for Hadar, Israel, and Braenderup (Table 2). 

Four strains were unidentified. 

 

  

Table 1. Prevalence of Salmonella in the analyzed food samples. 

Origin Number of samples analyzed Number of positive samplesa 

Traditional cheese 51 3 (5.9%) 

Milk and other derivatives 152 0 (00.0%) 

Minced meat 138 17 (12.3%) 

Sausage 20 1 (5.0%) 

Chicken 86 18 (20.9%) 

Turkey 17 9 (52.9%) 

Total of samples 464 48 (10.3%) 
a Values in parenthesis indicate the percentage of positive samples per type of sample. 
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Antimicrobial resistance 

The results of antimicrobial resistance showed that 

27.1% of Salmonella strains were resistant to nalidixic 

acid, 25% to sulfonamide, 22.9% to amoxicillin, 12.5% 

to ampicillin, 10.4% to trimethoprim and 

sulfamethoxazole/trimethoprim, 4.2% to cephalothin, 

and 2.1% to chloramphenicol. In total, 60.4% of the 

strains were susceptible to all tested antibiotics, and no 

resistance was found to tobramycin, cefoxitin, 

ceftriaxone, cefotaxime, kanamycin, ceftazidime, 

ciprofloxacin, gentamicin, and erythromycin. It was 

also noted that 39.6% of Salmonella isolates (19/48) 

were resistant to at least one antibiotic and 22.9% were 

multi-resistant to at least three antibiotics. A resistance 

to multiple antimicrobial agents was predominantly 

seen in Kentucky, Saintpaul, Typhimurium, and Israel 

serotypes (Table 3), while Agona, Montevideo, and 

Braenderup showed no resistance to the antimicrobial 

agents tested in this study.  

 

Discussion 
In this study, Salmonella was found in 10.3% of the 

analyzed food products. This high value was mainly 

associated with the poultry products. In fact, the 

prevalence of Salmonella in turkeys (52.9%) and 

chickens (20.9%) was higher than that observed in the 

other products. Indeed, it well known that poultry is the 

main reservoir of Salmonella. 

Table 2. Distribution of serovars in the analyzed food products. 

Serovars 

Food samples 

Total Traditional 

cheeseb 
Minced meatb Sausageb Chickenb Turkeyb 

Kentucky 2 (18.2%) 1 (9.1%)  6 (54.5%) 2 (18.2%) 11 

Agona   1 (12.5%) 3 (37.5%) 4 (50.0%) 8 

Reading  5 (83.3%)   1 (16.6%) 6 

Saintpaul    2 (50.0%) 2 (50.0%) 4 

Corvallis  4 (100.0%)    4 

Typhimirium    3 (100.0%)  3 

Montevideo  3 (100.0%)    3 

Enteritidis    2 (100.0%)  2 

Israel  1 (100.0%)    1 

Hadar  1 (100.0%)    1 

Braenderup  1 (100.0%)    1 

ND 1 (25.0%) 1 (25.0%)  2 (50.0%)  4 
b Values in parenthesis indicate the percentage of each Salmonella serovar relating to the total of the same serovar; ND: not determined. 
 

 
Table 3. Origin and antibiotic resistance of Salmonella serovars. 

Serovars Origin Resistance 

Enteritidis Chicken NA 

Kentucky Chicken NA 

Kentucky Chicken NA 

Kentucky Turkey AMX, NA, SSS 

Kentucky Turkey AMC, AMC, NA, SSS 

Kentucky Chicken AMC, AMC, NA, SSS 

Kentucky Chicken AMC, AMC, NA 

Kentucky Chicken AMX, NA 

Kentucky Meat products AMX, AMC, NA, SSS 

Kentucky traditional cheese AMX, AMC, NA, SSS 

Saintpaul Turkey NA 

Saintpaul Chicken TMP, SSS, SXT 

Saintpaul Chicken TMP, SSS, SXT 

Typhimirium Chicken AMX, CEP, C, TMP, SSS, SXT 

Typhimirium Chicken AMP, CEP, TMP, SSS, SXT 

Reading Turkey SSS 

Corvalis Meat products AMX 

Israel Meat products TMP, SSS, SXT 

Hadar Meat products NA 

NA: nalidixic acid; AMX: amoxicillin; AMC: amoxicillin/clavulanic acid; CEP: cephalothin; C: chloramphenicol; SXT: sulfametoxazol/trimethoprim; TMP: 

trimethoprim; SSS: sulfonamide. 
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In the dairy products, Salmonella was only isolated 

from cheese (5.9%). The absence of this pathogen in the 

other dairy products could be attributed to their high 

level of acidity that can inhibit the survival of 

Salmonella. To our knowledge, only one study in 

Morocco reported the presence of Salmonella in dairy 

products [21].  

Overall, the prevalence found in other studies was 

lower [22], higher [23], or close to [24] our findings. 

This discrepancy may be due to the type of analyzed 

food products and the hygienic conditions in each 

region.  

The distribution of Salmonella serovars identified 

in the present study was particularly heterogeneous 

(Table 2). Kentucky was the predominant serovar and 

was mainly isolated from chickens. This result is in 

agreement with previous studies carried out in Morocco 

[25-27]. The emergence of resistant strains of Kentucky 

in Egypt and their expansion to African countries [28] 

can explain its predominance in Morocco. Le Hello et 

al. suggested that the north and east of Africa could be 

the origin of infections by Kentucky in Europe [29]. 

Agona was the second principal serovar found in 

our study and was frequently isolated from poultry 

products. This serovar was previously found as the 

second most frequent serovar in turkey products in 

Morocco [30]. In Turkey, Agona was isolated by Erol 

et al. as the predominant serovar from turkeys [31]. In 

the United States‚ Agona emerged as a public health 

problem in the seventies. In 1972, Agona became the 

most frequently isolated serovar [32].  

Reading was the third major serovar isolated and 

was mainly found in meat products. Since the serovar 

Reading has been frequently reported in both small 

ruminants and dogs [33], the contamination of meat 

products with this serovar might occur during the 

slaughter process.  

In this study, the prevalence of Typhimurium and 

Enteritidis was lower compared to that of the other 

serovars. However, they were mentioned in several 

studies as the most frequent serotypes both in humans 

and animals [16,34] and were considered the most 

important cause of non-typhoidal salmonellosis [15]. In 

Morocco, Enteritidis was isolated from samples of table 

eggs and droppings of laying hens during 1996–1997 

[35]. Recently, this serovar was recovered from 

chickens [26]. The lower percentage of S. Enteritidis 

might be due to the adoption of vaccination and other 

measures in the production and distribution of chicken 

meat and eggs as suggested by Lane et al. [36]. 

As for Typhimurium, several authors have reported 

its presence in food products in Morocco [22,25,26,30], 

and it was the most isolated serovar from chickens [37]. 

In this study, 11 different serotypes have been 

identified, suggesting that the source of contamination 

was heterogeneous. It should be noted that 9 serotypes 

were isolated from minced meat, 6 from chickens, and 

4 from turkeys. The presence of 9 different serovars in 

beef meat could be related to the elevated number of 

farms that supply meat to Tetouan city markets. 

However, the number of poultry farms that supply the 

city is restricted, especially those that produce turkeys. 

Moreover, cross-contamination may occur at any stage, 

from breeding until consumption. 

In Morocco, information regarding the 

antimicrobial resistance of Salmonella isolated from 

food was not sufficient. In the present study, the 

antimicrobial resistance of the strains isolated was 

tested against some classes of drugs recommended to 

treat Salmonella infections. The highest resistance was 

observed against nalidixic acid, which was reported in 

previous studies [4,38]. Some investigators linked 

resistance to nalidixic acid with the isolates from 

chickens [39]. However, in our study, the resistance to 

this antibiotic was shown even in isolates from cheese 

and red meat. In Morocco, enrofloxacin (a 

fluoroquinolone) is often used for the treatment of 

colibacillosis caused by E. coli. A high rate (76%) of 

resistance in E. coli isolated from chickens in Morocco 

was observed [40]. Putting these data together suggests 

that the high resistance of Salmonella to nalidixic acid 

(a quinolone) could be the consequence of the use of 

enrofloxacin, since nalidixic acid is one of the first 

generations of quinolones that targets DNA gyrase, so 

bacteria can rapidly develop resistance against it [34]. 

Hence, it has been demonstrated that Salmonella 

resistant to quinolones has emerged during the last 

years in several countries around the world [38], 

including Morocco [41]. The high level of nalidixic 

acid resistance may lead to therapeutic failure and can 

reduce clinical effectiveness of fluoroquinolones 

[4,9,39], which are the gold standard for the treatment 

of invasive and systemic salmonellosis [42]. In this 

study, we noted the lack of resistance to ciprofloxacin 

(a fluoroquinolone). However, it was reported that the 

emergence of resistance to this antibiotic has recently 

increased [7,9,34].  

Where treatment with fluoroquinolones is not 

recommended (e.g., in children and growing 

adolescents), third-generation cephalosporins are the 

drugs of choice for treatment of invasive Salmonella 

infections [4]. In the current study, no resistance to 
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second- and third-generation cephalosporins was found, 

but a low resistance to cephalothin (first generation) 

was recorded. Several studies described the reduction 

of susceptibility to cephalosporins in Salmonella strains 

from food products and veterinary and human sources 

[7,23,39].  

In Morocco, resistance to ceftazidime was detected 

in 2008 in S. Typhimurium that caused the poisoning of 

45 people [43]. In some European countries, high 

resistance to cefotaxime was observed in Salmonella 

isolated from turkeys [7]. 

The rate of Salmonella’s resistance to sulfonamide 

found in this study was 25%, which is different from the 

rates reported by other investigators; Khallaf et al. 

reported 64% in Morocco [25], and Proroga et al. 

observed 69% in Italy [44]. This could be due by the 

wide use of this antibiotic for a long time as an anti-

infective [45]. On the other hand, resistance to 

trimethoprim/sulfamethoxazole in this study was 

approximately 10.4%, showing the positive effect of 

trimethoprim in association with sulfonamides. 

A low level of resistance was noted to 

chloramphenicol (2.1%). In fact, the use of this 

antibiotic is forbidden in veterinary practice in 

Morocco. 

In this study, the resistance to multiple 

antimicrobial agents was predominantly seen in 

Kentucky, Saintpaul, Typhimurium, and Israel 

serotypes. The resistance profile of these serotypes was 

different from each other. It is noteworthy that our 

results did not show any correlation between the 

resistance profile and the origin of the isolate.  

On the other hand, the high rate of resistance 

observed in our study could be explained by the 

predominance of the serovar Kentucky, which is 

characterized by a high level of resistance. Indeed, a 

lower level of resistance was reported in a study where 

no Kentucky was found [22]. However, the percentages 

of resistance obtained in other studies in which 

Kentucky was predominant were higher than those 

obtained in the present study [25-27]. The multi-

resistant strains of Kentucky showing resistance to 

ciprofloxacin have been reported in African countries 

and emerged in Europe in 2002 [46]. In Morocco, S. 

Kentucky resistant to ciprofloxacin was isolated for the 

first time from turkeys in 2006, in the same year another 

strain showing the same resistance profile was isolated 

from a patient [39]. 

The results of multidrug resistance for 

Typhimurium isolated from chickens matched with the 

results obtained from other studies that isolated 

serotype Typhimurium from different food products 

[22,34,47]. This serotype was considered a new 

pandemic strain of Salmonella in Europe, possessing a 

high resistance profile ASulTE in humans [7]. 

According to a study conducted in United States, the 

frequency of the multidrug-resistant serovar 

Typhimurium was reportedly increasing [48]. Besides 

the direct risk for human health of antimicrobial-

resistant Salmonella, the serovar Typhimurium 

represents an indirect risk in transferring resistance 

genes to other pathogenic bacteria through humans 

[13]. 

In the current study, Salmonella isolated from 

chickens showed higher levels of multi-resistance than 

those isolated from other products, since the majority of 

the isolated strains from chickens were Kentucky, 

Typhimurium, and Saintpaul, which demonstrated 

multidrug resistance. This finding was in agreement 

with that reported in a previous study carried out in 

Vietnam [38]. 

To our knowledge, there is no data about serovar 

distribution and the resistance of Salmonella isolated 

from food products or humans from the city of Tetouan. 

Therefore, the results of this study could be the starting 

point for monitoring Salmonella serovars and their 

emerging resistance profiles in animal-derived food in 

Tetouan. In addition, the results obtained in this study 

showing high resistance to quinolones, the most-used 

antibiotics in veterinary practices, would contribute to 

therapeutic failure. However, it is imperative to 

continue this research to better differentiate between the 

strains and to determine the genes of resistance in these 

resistant bacteria. 

 

Conclusions 
Our study is the first report of the prevalence of 

Salmonella in Tetouan city. A high prevalence of 

Salmonella in the screened meat and poultry products 

was found. A wide diversity was observed in the 

isolated serotypes, with Kentucky and Agona being the 

predominant serotypes. High resistance to nalidixic 

acid and sulfonamides was detected, and different 

serovars were multidrug resistant. No relationship was 

found between the resistance profile and the origin of 

the isolates. These results show a need for a stringent 

hygiene in retail premises during slaughter and 

transportation. Furthermore, the multidrug resistance 

recorded indicates the imperative requirement to 

monitor the Salmonella resistance in food products in 

order to take the necessary safety measures.  
 



Amajoud et al. – Antibiotic resistance of Salmonella from foods     J Infect Dev Ctries 2017; 11(2):136-142. 

141 

Acknowledgements 
This work was supported by the Regional Environmental 

Laboratory of the Urban Community of Tetouan. We would 

like to express our gratitude to Dr. Mohamed Idaomar, the 

president of the municipality, for supporting this work. 

Serotyping Salmonella strains was performed at ONSSA 

laboratory in Tangier. Antibacterial resistance was realized at 

the Pasteur Institute of Morocco in Casablanca. 

 

 
References 
1. Dunkley KD, Callaway TR, Chalova VI, McReynolds JL, 

Hume ME, Dunkley CS, Kubena LF, Nisbet DJ, Ricke SC 

(2009) Foodborne Salmonella ecology in the avian 

gastrointestinal tract. Anaerobe 15: 26-35.  

2. Sanderson KE, Nair S (2013) Taxonomy and species concepts 

in the genus Salmonella. In Barrow P, Methner U, editors. 

Salmonella in domestic animals. Oxfordshire: Wallingsford. 1-

19. 

3. Aslam M, Checkley S, Avery B, Chalmers G, Bohaychuk V, 

Gensler G, Reid-Smith R, Boerlin P (2012) Phenotypic and 

genetic characterization of antimicrobial resistance in 

Salmonella serovars isolated from retail meats in Alberta, 

Canada. Food Microbiol 32: 110-117. 

4. Van TTH, Nguyen HNK, Smooker PM, Coloe PJ (2012) The 

antibiotic resistance characteristics of non-typhoidal 

Salmonella enterica isolated from food-producing animals, 

retail meat and humans in South East Asia. Int J Food 

Microbiol 154: 98-106. 

5. Singh R, Yadav AS, Tripathi V, Singh RP (2013) 

Antimicrobial resistance profile of Salmonella present in 

poultry and poultry environment in north India. Food Control 

33: 545-548. 

6. Tahergorabi R, Matak KE, Jaczynski J (2012) Application of 

electron beam to inactivate Salmonella in food: recent 

developments. Food Res Int 45: 685-694. 

7. European Food Safety Authority (2015) EU summary report 

on antimicrobial resistance in zoonotic and indicator bacteria 

from humans, animals and food in 2013. EFSA Journal 13: 

4036. 

8. Pui CF, Wong WC, Chai LC, Tunung R, Jeyaletchumi P, Noor 

Hidayah MS, Ubong A, Farinazleen MG, Cheah YK, Son R 

(2011) Salmonella: a foodborne pathogen. Int Food Res J 18: 

465-473. 

9. Hur J, Jawale C, Lee JH (2012) Antimicrobial resistance of 

Salmonella isolated from food animals: a review. Food Res Int 

45: 819-830. 

10. Abakpa GO, Umoh VJ, Ameh JB, Yakubu SE, Kwaga JKP, 

Kamaruzaman S (2015) Diversity and antimicrobial resistance 

of Salmonella enterica isolated from fresh produce and 

environmental samples. Environ Nanotech Monit Manage 3: 

38-46. 

11. Gabriel AA (2013) Influences of simultaneous 

physicochemical stresses on injury and subsequent heat and 

acid resistances of Salmonella Enteritidis in apple juice. Food 

Control 31: 28-34. 

12. Grasso EM, Grove SF, Halik LA, Arritt F, Keller SE (2015) 

Cleaning and sanitation of Salmonella-contaminated peanut 

butter processing equipment. Food Microbiol 46: 100-106. 

13. Van Boxstael S, Dierick K, Van Huffel X, Uyttendaele M, 

Berkvens D, Herman L, Bertrand S, Wildemauwe C, Catry B, 

Butaye P, Imberechts H (2012) Comparison of antimicrobial 

resistance patterns and phage types of Salmonella 

Typhimurium isolated from pigs, pork and humans in Belgium 

between 2001 and 2006. Food Res Int 45: 913-918. 

14. Galanakis E, Bitsori M, Maraki S, Giannakopoulou C, Samonis 

G, Tselentis Y (2007) Invasive non-typhoidal salmonellosis in 

immunocompetent infants and children. Int J Infect Dis 11: 36-

39. 

15. Campioni F, Moratto Bergamini AM, Falcão JP (2012) Genetic 

diversity, virulence genes and antimicrobial resistance of 

Salmonella Enteritidis isolated from food and humans over a 

24-year period in Brazil. Food Microbiol 32: 254-264. 

16. Ahmed AM, Shimamoto T, Shimamoto T (2014) 

Characterization of integrons and resistance genes in 

multidrug-resistant Salmonella enterica isolated from meat and 

dairy products in Egypt. Int J Food Microbiol 189: 39-44.  

17. Adzitey F, Rusul G, Huda N (2012) Prevalence and antibiotic 

resistance of Salmonella serovars in ducks, duck rearing and 

processing environments in Penang, Malaysia. Food Res Int 

45: 947-952. 

18. International Organization for Standardization (2002) 

Microbiology of food and animal feeding stuffs-horizontal 

method for the detection of Salmonella spp., 4th edition. 

Geneva: ISO 

19. Grimont PAD Weill F-X (2007) Antigenic formulae of the 

Salmonella serovars, 9th edition. WHO Collaborating Centre 

for Reference and Research on Salmonella, Institut Pasteur of 

Paris. 166 p.  

20.  Clinical and Laboratory standard institute (CLSI) (2007) 

Performance standards for antimicrobial susceptibility testing, 

17th informational supplement. CLSI document M100-S17 

(ISBN 1-56238-625-5).  

21. Hadrya F, El Ouardi A, Hami H, Soulaymani A, Senouci S 

(2012) Evaluation of the microbiological quality of milk 

products marketed in the region of Rabat-Salé-Zemmour-Zaer 

Morocco. Cah Nutr Diet 47: 303-307. [Article in French.] 

22. Bouchrif B, Paglietti B, Murgia M, Piana A, Cohen N, Ennaji 

MM, Rubino S, Timinouni M (2009) Prevalence and 

antibiotic-resistance of Salmonella isolated from food in 

Morocco. J Infect Dev Ctries 3: 35-40. doi:10.3855/jidc.103.  

23. Abbassi-Ghozzi I, Jaouani A, Hammami S, Martinez-Urtaza J, 

Boudabous A, Gtari M (2012) Molecular analysis and 

antimicrobial resistance of Salmonella isolates recovered from 

raw meat marketed in the area of "Grand Tunis", Tunisia. 

Pathol Biol 60: 49-54. 

24. Garedew L, Hagos Z, Addis Z, Tesfaye R, Zegeye B (2015) 

Prevalence and antimicrobial susceptibility patterns of 

Salmonella isolates in association with hygienic status from 

butcher shops in Gondar town, Ethiopia. Antimicrob Resist 

Infect Control 4: 21. 

25. Karraouan B, Fassouane A, EL Ossmani H, Cohen N, 

Charafeddine O, Bouchrif B (2010) Prevalence, and virulence 

genes of Salmonella isolated from meat chopped raw of Turkey 

in Casablanca (Morocco). Rev Med Vet 161: 127-132. [Article 

in French.] 

26. Khallaf M, Ameur N, Terta M, Lakranbi M, Senouci S, Ennaji 

MM (2014) Prevalence and antibiotic-resistance of Salmonella 

isolated from chicken meat marketed in Rabat, Morocco. Int J 

Innov Appl Stud 6: 1123-1128. 

27. Boutaib R, Bouchrif B, Abid M, Karraouan B, Khaddor M, 

Laglaoui A (2015) Multidrug resistance of Salmonella isolated 

from shellfish samples, Morocco. Br Microbiol Res J 8: 663-

669. 



Amajoud et al. – Antibiotic resistance of Salmonella from foods     J Infect Dev Ctries 2017; 11(2):136-142. 

142 

28. Le Hello S, Harrois D, Bouchrif B, Sontag L, Elhani D, Guibert 

V, Zerouali K, Weill F-X (2013) Highly drug-resistant 

Salmonella enterica serotype Kentucky ST198-X1: a 

microbiological study. Lancet Infect Dis 13: 672-679. 

29. Le Hello S, Hendriksen RS, Doublet B, Fisher I, Nielsen EM, 

Whichard JM, Bouchrif B, Fashae K, Granier SA, Jourdan-Da 

Silva N, Cloeckaert A, Threlfall EJ, Angulo FJ, Aarestrup FM, 

Wain J, Weill FX (2011) International spread of an epidemic 

population of Salmonella enterica serotype Kentucky ST198 

resistant to ciprofloxacin. J Infect Dis 204: 675-684. 

30. El Allaoui A, Rhazi Filali F, Derouich A, Karraouan B, Ameur 

N, Bouchrif B (2013) Prevalence of Salmonella serovars 

isolated from Turkey carcasses and giblets in Meknès-

Morocco. J World's Poult Res 3: 93-98. 

31. Erol I, Goncuoglu M, Ayaz ND, Ellerbroek L, Bilir Ormanci 

FS, Iseri Kangal O (2013) Serotype distribution of Salmonella 

isolates from Turkey ground meat and meat parts. Biomed Res 

Int 2013: 1-5. 

32. Crump JA, Medalla FM, Joyce KW, Krueger AL, Hoekstra 

RM, Whichard JM, Barzilay EJ; Emerging Infections Program 

NARMS Working Group (2011) Antimicrobial resistance 

among invasive nontyphoidal Salmonella enterica isolates in 

the United States: national antimicrobial resistance monitoring 

system, 1996 to 2007. Antimicrob Agents Chemother 55: 

1148-1154. 

33. Zahraei Salehi T, Askari Badouei M, Madadgar O, Ghiasi SR, 

Ashrafi Tamai I (2013) Shepherd dogs as a common source for 

Salmonella enterica serovar Reading in Garmsar, Iran. Turk J 

Vet Anim Sci 37: 102-105. 

34. Lai J, Wu C, Wu C, Qi J, Wang Y, Wang H, Liu Y, Shen J 

(2014) Serotype distribution and antibiotic resistance of 

Salmonella in food-producing animals in Shandong province 

of China, 2009 and 2012. Int J Food Microbiol 180: 30-38. 

35. Elared O, Amara A, Faid M, Alaoui M A, Tahri E H (2001) 

Antibioresistance of Salmonella enteritidis strains isolated in 

Rabat-Casablanca aerea from table eggs, feed and droppings of 

laying hens. Actes Inst Agron Vet (Maroc) 21: 147-150. 

[Article in French.] 

36. Lane CR, LeBaigue S, Esan OB, Awofisyo AA, Adams NL, 

Fisher IST, Grant KA, Peters TM, Larkin L, Davies RH, Adak 

GK (2014) Salmonella enterica Serovar Enteritidis, England 

and Wales, 1945-2011. Emerg Infect Dis 20: 1097-1104. 

37. Chaiba A, Rhazi Filali F, Chahlaoui A, Soulaymani Bencheikh 

R, Zerhouni M (2009) Prevalence and anti-microbial 

susceptibility of Salmonella isolates from chicken carcasses 

and giblets in Meknès, Morocco. Afr J Microbiol Res 3: 215-

219. 

38. Thai TH, Hirai T, Lan NT, Yamaguchi R (2012) Antibiotic 

resistance profiles of Salmonella serovars isolated from retail 

pork and chicken meat in North Vietnam. Int J Food Microbiol 

156: 147-151. 

39. Yan H, Li L, Alam MJ, Shinoda S, Miyoshi S, Shi L (2010) 

Prevalence and antimicrobial resistance of Salmonella in retail 

foods in northern China. Int J Food Microbiol 143: 230-234.  

40. Hafed Z, Benguedour R, Aboussaleh Y, Zeghari L, Aouane M, 

Berrid N, Abouchouaib N, Sbaibi R (2016) Antibiotic 

resistance profile of Escherichia coli of avian origin: broiler 

case in the region of grand Casablanca-Morocco. Am J Innov 

Res Appl Sci 2: 50-54. 

41. Bouchrif B, Karraouan B, Ennaji M.M, Timinouni M (2008) 

Quinolones-resistant Salmonella spp. in Casablanca – 

Morocco. Med Mal Infect 38: 615-616. 

42. Giraud E, Baucheron S, Cloeckaert A (2006) Resistance to 

fluoroquinolones in Salmonella: emerging mechanisms and 

resistance prevention strategies. Microb Infect 8: 1937-1944.  

43. Bouchrif B, Le Hello S, Pardos M, Karraouan B, Perrier-Gros-

Claude JD, Ennaji MM, Timinouni M, Weill FX (2009) 

Ceftazidime-Resistant Salmonella enterica, Morocco. Emerg 

Infect Dis 15: 1693-1695.  

44. Proroga YT, Capuano F, Carullo MR, La Tela I, Capparelli R, 

Barco L, Pasquale V (2016) Occurrence and antimicrobial 

resistance of Salmonella strains from food of animal origin in 

southern Italy. Folia Microbiol (Praha) 61: 21-27.  

45. Baran W, Adamek E, Ziemianska J, Sobczak A (2011) Effects 

of the presence of sulfonamides in the environment and their 

influence on human health. J Hazard Mater 196: 1-15. 

46. Turki Y, Ouzari H, Mehri I, Ben Aissa R, Hassen A (2012) 

Biofilm formation, virulence gene and multi-drug resistance in 

Salmonella Kentucky isolated in Tunisia. Food Res Int 45: 

940-946. 

47. Clemente L, Manageiro V, Ferreira E, Jones-Dias D, Correia I, 

Themudo P, Albuquerque T, Caniça M (2013) Occurrence of 

extended-spectrum β-lactamases among isolates of Salmonella 

enterica subsp. enterica from food-producing animals and food 

products, in Portugal. Int J Food Microbiol 167: 221-228. 

48. Zhao S, White DG, Friedman SL, Glenn A, Blickenstaff K, 

Ayers SL, Abbott JW, Hall-Robinson E, McDermott PF (2008) 

Antimicrobial resistance in Salmonella enterica serovar 

Heidelberg isolates from retail meats, including poultry, from 

2002 to 2006. Appl Environ Microbiol 74: 6656-6662. 

 
Corresponding author 
Nadia Amajoud  

Department of Biology, Faculty of Science 

University Abdelmalek Essaadi 

Avenue of Ceuta, Mhannech II 

93002, Tetouan, Morocco. 

Phone: +212 664347959 

Email: amajoud@yahoo.fr 

 

Conflict of interests: No conflict of interests is declared.

 


	Introduction
	Methodology
	Sample collection
	Microbiological analysis
	Serotyping
	Antimicrobial susceptibility

	Results
	Salmonella prevalence and serovars
	Antimicrobial resistance

	Table 1. Prevalence of Salmonella in the analyzed food samples.
	Discussion
	Table 2. Distribution of serovars in the analyzed food products.
	Table 3. Origin and antibiotic resistance of Salmonella serovars.
	Conclusions
	Acknowledgements
	References
	Corresponding author


