
 INTRODUCTION
Staphylococcus aureus (S. aureus) is a Gram-
positive pathogen, causing mild skin and soft 
tissue infection as well as life-threatening sepsis, 

1pneumonia, and toxic shock syndrome.  The 
ability of the pathogen to grow in substrates with a 
low water activity, over a wide temperature range 
of 7 to 48°C, and at pH values ranging from 4.2 to 

2
9.3,  renders them a potential source of food 
toxicosis that ultimately leads to life threatening 
diseases. Its pathogenicity is attributed to the 
production of a range of different enterotoxins, 
which cause vomiting with or without diarrhea and 
are responsible for S. aureus food poisoning 
(SFP).
To date, twenty-three serologically distinct 
superantigenic staphylococcal enterotoxins (SEs) 
and Staphylococcal enterotoxin-like (SEl) proteins 

3,4have been identified.  These SEs share a common 
structure, function, sequence homology and are 

encoded by genes carried and disseminated by 
different mobile genetic elements, i.e., prophages, 
plasmids, pathogenicity islands (SaPIs), enterotoxin 
gene clusters (egc) and the staphylococcal cassette 

5chromosome (SCC).  They are basic proteins with 
molecular weights of 25–30 kDa and made up of 
approximately 220–240 amino acids rich in lysine, 

6aspartic acid, glutamic acid, and tyrosine residues.  
SEs are heat-stable, resist many environmental 
conditions (low pH, freezing, drying) and 
proteolysis by digestive enzymes, which confer 
maintenance of their activity in the digestive tract 

7after ingestion.  Unlike conventional antigens, SEs 
activate a large number of T-cells leading to 
proliferation and massive release of chemokines 

8and proinflammatory cytokines.
S. aureus colonizes asymptomatically the nasal 
passages and skin of approximately 50% of healthy 

9individuals, persistently or intermittently.  
Moreover, it was present on 88% of the hands and 

Objective: To evaluate the frequency, antibiotic 
resistance, toxigenicity of Methicillin-resistant 
Staphylococcus aureus (MRSA) in food chain 
workers at our institution.
Methodology: A total of 160 nasal swabs were 
collected from food chain workers in Al-karak 
district in the south Jordan. MRSA and its 
toxigenicity were detected using cultural and 
molecular methods. Antibiotic susceptibility was 
determined by the disc diffusion method. 
Results: The frequency of MRSA was 18.7% 
(n=30). There was a significant difference for nasal 
carriage of MRSA by recent hospitalization 
workers (p=0.008) or having a family member who 
was a healthcare worker (p=0.001). Isolates were 
highly resistant to fusidic acid (33%) followed by 

rifampicin (17%) and gentamicin (7%). All MRSA 
isolates were resistant to Cefoxitin. Among S. 
aureus enterotoxins, SEA was the most commonly 
reported enterotoxin gene from the isolates, 
followed by SEH, SED, SEC, SEE, and SEJ, 
respectively.
Conclusion: Food handlers were a potential 
source for MRSA infection and food poisoning out 
breaks might be attributed to the carriage of the 
toxigenic MRSA strains. More hygienic restrictions 
and infection prevention plan must be applied in 
food industry to ensure the good food handling and 
storage. (Rawal Med J 202;45:295-299).
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48% of the aprons of food handlers working in the 
10 

delicatessen sections of a retail store. Therefore, 
food poisoning outbreaks (FBOs) may be, in part, 
a t t r i b u t e d  t o  f o o d  h a n d l e r s  w h o  c a r r y 

8enterotoxigenic S. aureus during food processing.  
In fact, S. aureus is considered as the third most 
important cause of foodborne illnesses reported 

2worldwide  and its enterotoxins with other bacterial 
toxins were responsible for 17.7% of all FBOs in 
European Union in 2016, 86% of which were 

11reported from France.
The motivation behind this study was to investigate 
the possible cause of food poisoning by studying if 
the food-handlers play a role in such cases. Studying 
the molecular epidemiology and detecting the 
antibiotic resistance and toxiginicity of MRSA 
isolates from food chain workers will be useful for 
FBOs management and in setting the proper 
infection prevention plan and infection control 

12
measures of related food poisoning.  

METHODOLOGY
This descriptive cross-sectional study was 
conducted at AlKarak governorate from January to 
December 2018 including all restaurants in AlKarak 
city by simple random sampling technique. Food 
handlers who are resident of AlKarak governorate 
were included in the study, while those who had 
taken antibiotics and anthelminthic within one 
month prior to the study were excluded. A total of 
160 nasal swabs collected from food handlers were 
included in this study. From the governorate's seven 
areas, samples were collected from five areas which 
represents 71.4% because the food services are 
concentrated in these areas. A signed informed 
consent and questionnaire with relevant data 
regarding risk factors for MRSA carriage were 
obtained from each participating person. The study 
was approved by the scientific research ethical 
committee in the Faculty of Medicine, Mutah 
University. 
Nasal swabs from food handlers were obtained by 
rotating a cotton swab 3 times in the vestibules of the 
anterior nares. The swabs were immersed in nutrient 
broth (Oxoid, Cambridge, UK) containing 5% NaCl 

and incubated for 3h at 37°C. Each broth was 
subcultured on mannitol salt agar and incubated at 
35°C for 24 hrs. Presumptive identifications of S. 
aureus were based on colony morphology, Gram 
staining, positive catalase, and tube coagulase test. 
Identification of MRSA isolates was confirmed by 
disk diffusion assay using 30µg cefoxitin discs and 
mecA gene detection by polymerase chain reaction  
(PCR) respectively. 
The isolates' antibiotic susceptibility for the selected 
antibiotic battery was carried out in accordance with 
the Clinical and Laboratory Standards Institute 

13
guidelines (CLSI).  Antibiotics included fusidic 
acid 10µg, rifampicin 5µg, vancomycin 30µg, 
ciprofloxacin 5µg, linezolid 30µg, mupirocin 
200µg, gentamicin and trimethoprim-sulfa-
methoxazole 25µg.
Genomic DNA from MRSA was isolated using 
DNA extraction mini kit (OMEGA, Bio-TEK, 
USA). DNA amplification was carried out by PCR 
(XP Thermal cycler, Bioer Technology, China) 
using specific primer pairs for 23s rRNA, six SEs 
encoding genes (SEA, SEC, SED, SEE, SEH, SEJ) 

14,15and mecA gene as described previously.  
Statistical Analysis: The data collection and data 
entry were checked for any error or missing data. 
Statistical analysis was performed by SPSS release 
13. The study variables were described as frequency 
(number) and percentage (%). Categorical variables 
were tested by using chi-square test. A p≤ 0.05 was 
considered statistically significant.

RESULTS
Of the total 160 samples, 30(18.7%) were positive 
for MRSA. The antibiotic resistance testing 
revealed that 100% (n=30) of MRSA were resistant 
to cefoxitin, 33% (n=10) to fusidic acid, 17% (n=5) 
torifampicin, 7% (n=2) to gentamicin, and one 
isolate (4%) was resistant to ciprofloxacin and to 
trimethoprim-sulfamethoxazole. All MRSA 
isolates were sensitive to linezolid and mupirocin. 
Recent hospital admission and having a family 
member working in healthcare setting increased the 
risk of nasal MRSA carriage amongst food handlers 
(Table 1).
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Table 1. Variables affecting nasal MRSA carriage amongst 
food handlers.

*Chi square test:  Data were statistically significant at p value 
≤ 0.05.

Table 2. Simple frequency distribution of SEs genes in 
isolated MRSA (N = 30).

MRSA: Methicillin-resistant Staphylococcus aureus; SEs: 
Staphylococcal enterotoxins.

As indicated in Tables 2, SEA was the most 
prevalent enterotoxin encoding gene in MRSA 
isolates representing 96.7% (n=29) of the total 
MRSA isolates followed by SHE 36.7% (n=11) and 
SED 30% (n=9), while SEC, SEE and SEJ were the 
least prevalent enterotoxin encoding genes 
representing 20% (n=6), 20% (n=6), and 16.7% 
(n=5), respectively. 

DISCUSSION
S. aureus has been considered as a foodborne hazard 
for a long time and causing many outbreaks of food 

poisoning. Asymptomatic food handlers, as part of 
community population, may represent major threats 
and can act as significant vectors in the chain of 

12 
infection. Therefore, screening of this category of 
population is important for both, epidemiological 
and infection prevention purposes. 
In the current study, the frequency of MRSA was 
18.7% (n=30), which is slightly higher compared to 
previously reported frequency (4-15%) in several 

16studies on Jordanian population.  This can be 
explained by different factors such as difference in 
the study population, geographical population, and 
exposure to different risk factors that might increase 
the nasal carriage.
Resistance pattern of MRSA to the commonly used 
antibiotics showed that the highest rate of resistance 
was for fusidic acid followed by rifampicin. 
Although resistance rate of isolated MRSA strains 
to fusidic acid comparable to previously reported 
rate, however, resistance to rifampicin was among 
the highest rates detected in Jordanian population in 

17 previous studies. Therefore, such antibiotics 
should be prescribed with caution for infections 
caused by MRSA. Moreover, our findings on 
susceptibility of MRSA isolates to the remaining 
antibiotics, especially vancomycin, is in accordance 

18to previously reported rates.  
Recent hospital admission and having family 
member working in healthcare setting were 
associated with an increased risk for MRSA nasal 
colonization. This is in agreement with what was 

19
previously suggested by other studies.  S. aureus 
produces many toxins and enzymes which may 
affect many human systems. Staphylococcal 
enterotoxins (SEs; SEA, SEE, SEG, SEI, SER, 
SET) are produced widely by S. aureus with 
demonstrated emetic activity. Each of these toxins is 
known to have strong effects on the cells of the 
immune system which inhibit primarily the host 

10
immune responses to S. aureus in vivo.  
SEs are the causative agents of staphylococcal food 
poisoning resulting from the ingestion of 

20
contaminated food.  SEs are stable and can 
withstand heat and low pH as a result cooking and 
stomach digestion will partially destroy them. 
Nausea, emesis, abdominal pain or cramping and 
diarrhea ensue after a short incubation period. The 
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8disease is usually self-limiting.  Among the studied 
SEs, the current work showed that the SEA was the 
most commonly reported enterotoxin gene from the 
food samples, which is in consistent with a prior 

21work,  other enterotoxin genes (SEH, SED, SEC, 
SEE and SEJ) were frequent detected in association 
with SEA at comparable percentages. Multiple 
toxins may increase the severity and duration of 

22
disease.  This association was observed in a 

21previous study  and is justified by the fact that some 
enterotoxine either belong to one operon or carried 
by one or more plasmids at the same strain such as 
egc.
It was reported that majority (70.3%) of the S. 
aureus isolates are carrying one or more plasmids, 
and about 54.9% of these plasmid bearing isolates 

23 
were resistant to multiple drugs. SEA, SEE, and 
SED were detected in at least one of our samples, 
which considered the most common cause of food 
poisoning. In the US, more than 70% of SFP 
outbreaks are caused by SEA followed by SED 

21 (37.5%) and SEB enterotoxins (10%).
Moreover, SEA was the most frequent detected 
staphylococcal enterotoxin coding gene where 79% 
of the S. aureus strains isolated from 359 SFP 
outbreaks in UK between 1969 and 1990 produces 
SEA enterotoxin coding gene, while it was detected 

8
in 69.7% of SFP outbreaks in France.  Most of these 
outbreaks were generated by improper food 
handling and food storage via contaminated hands 
and nose. Intriguingly, ability of S. aureus to cause 
food poisoning and producing various SEs is 
considered as an emergency condition especially in 
immune competent patients. 

CONCLUSION
Food handlers were significantly considered as a 
potential source for MRSA infection. The food 
poisoning out breaks in the study area might be 
attributed to the carriage of the toxigenic MRSA 
strains. Our data indicated that enterotoxins are 
produced by MRSA isolated from our study samples 
are detected in the study area. Therefore, more 
hygienic restrictions and infection prevention plan 
must be applied in food industry to ensure the good 
food handling and storage.
Strict control measures in food handling practices, 

carriage surveillance of food handlers on a regular 
basis, and the introduction of periodic programs for 
food handlers covering health education and food 
safety and hygiene may help prevent serious 
outbreaks.

REFERENCES 
1. Shibabaw A, Abebe T, Mihret A. Nasal carriage rate of 

methicillin resistant Staphylococcus aureus among 
Dessie Referral Hospital health care workers; Dessie, 
Northeast Ethiopia. Antimicrob Resist Infect Control 
2013;2:25. doi: 10.1186/2047-2994-2-25.

2. Wu S, Duan N, Gu H, Hao L, Ye H, Gong W, et al. A 
review of the methods for detection of Staphylococcus 
aureus enterotoxins. Toxins  2016;8:176. doi: 
10.3390/toxins8070176.

3. Avila-Novoa MG, Iñiguez-Moreno M, González-
Gómez JP, Zacarías-Castillo E, Guerrero-Medina PJ, 
Padilla-Frausto JJ, et al. Detection of enterotoxin genes 
of Staphylococcus aureus isolates from food contact 
surfaces in the dairy industry of jalisco, Mexico. 
Biotecnia 2018;20:72-8.

4. Rong D, Wu Q, Xu M, Zhang J, Yu S. Prevalence, 
virulence genes, antimicrobial susceptibility, and genetic 
diversity of Staphylococcus aureus from retail aquatic 
products in China. Front Microbiol 2017;8:714. doi: 
10.3389/fmicb.2017.00714.

5. Denayer S, Delbrassinne L, Nia Y, Botteldoorn N. Food-
borne outbreak investigation and molecular typing: high 
diversity of Staphylococcus aureus strains and 
importance of toxin detection. Toxins 2017;9:407. 
doi:10.3390/toxins9120407

6. Le Loir Y, Baron F, Gautier M. Staphylococcus aureus 
and food poisoning. Genet Mol Res 2003;2:63-76.

7. Hennekinne JA, De Buyser ML, Dragacci S. 
Staphylococcus aureus and its food poisoning toxins: 
characterization and outbreak investigation. FEMS 
microbiology reviews. FEMS Microbiol Rev 
2012;36:815-36. 

298 Rawal Medical Journal: Vol. 45. No. 2, April-June 2020

Methicillin-resistant Staphylococcus aureus among food handlers in Jordan



8. Argudín MÁ, Mendoza MC, Rodicio MR. Food 
poisoning and Staphylococcus aureus enterotoxins. 
Toxins (Basel) 2010;2:1751-73.   

9. Castro A, Santos C, Meireles H, Silva J, Teixeira P. Food 
handlers as potential sources of dissemination of virulent 
strains of Staphylococcus aureus in the community. J 
Infect Public Health 2016;9:153-60. 

10. Lues J, Van Tonder I. The occurrence of indicator 
bacteria on hands and aprons of food handlers in the 
delicatessen sections of a retail group. Food Control 
2007;18:326-32.  

11. Prevention ECD, Control, Authority EFS, Agency EM. 
ECDC/EFSA/EMA second joint report on the integrated 
analysis of the consumption of antimicrobial agents and 
occurrence of antimicrobial resistance in bacteria from 
humans and food-producing animals: Joint Interagency 
Antimicrobial Consumption and Resistance Analysis 
R e p o r t .  E F S A J o u r n a l  2 0 1 7 ; 1 5 : 4 8 7 .   d o i : 
10.2903/j.efsa.2017.4872

12. Argudín M, Mendoza M, González-Hevia M, Bances M, 
Guerra B, Rodicio M. Genotypes, exotoxin gene content 
and antimicrobial resistance in Staphylococcus aureus 
recovered from foods and food-handlers. Applied and 
environmental microbiology. Appl Environ Microbiol 
2012;78:2930-5.  

13. Wayne P. Clinical and laboratory standards institute. 
Performance standards for antimicrobial susceptibility 
testing. 2011.

14. Nazari R, Godarzi H, Baghi FR, Moeinrad M. 
Enterotoxin gene profiles among Staphylococcus aureus 
isolated from raw milk. Iran J Vet Res 2014;15:409-12.

15. Strommenger B, Kettlitz C, Werner G, Witte W. 
Multiplex PCR assay for simultaneous detection of nine 
clinically relevant antibiotic resistance genes in 
Staphylococcus aureus. J Clin Microbiol 2003;41:4089-
94.

16. Alzoubi HM, Al-Shagahin HM, Al-Rawashdeh OS, 
Alsbou MS, Kasasbeh BY,Aqel AA. Methicillin-
resistant and methicillin-susceptible Staphylococcus 
aureus in allergic rhinitis patient and healthy individuals: 
Prevalence, antibiotic susceptibility and effect on 
disease severity. Afr J Microbiol Res 2014;8:3368-72. 

17. AL-bakri AG, AL-hadithi H, Kasabri V, Othman G, 
Kriegeskorte A, Becker K. The epidemiology and 
molecular characterization of methicillin-resistant 
staphylococci sampled from a healthy Jordanian 
population. Epidemiol Infect 2013;141:2384-91. 

18. Jaradat ZW, Hamdan TA, Hayajneh W, Al Mousa W, Al 
Shehabi A. Antibiograms, toxin profiling and molecular 
typing of Staphylococcus aureus isolates from two 
tertiary hospitals in Jordan. J Infect Dev Ctries 
2017;11:876-886. 

19. Albrich WC, Harbarth S. Health-care workers: source, 
vector, or victim of MRSA? The Lancet infectious 
diseases. Lancet Infect Dis 2008;8:289-301. 

20. Shawish RR, Al-Humam NA. Contamination of beef 
products with staphylococcal classical enterotoxins in 
Egypt and Saudi Arabia. GMS Hyg Infect Control 
2016;11. doi: 10.3205/dgkh000268. 

21. Kadariya J, Smith TC, Thapaliya D. Staphylococcus 
aureus and staphylococcal food-borne disease: an 
ongoing challenge in public health. Biomed Res Int 
2014;2014. doi: 10.1155/2014/827965.

22. Schelin J, Wallin-Carlquist N, Cohn MT, Lindqvist R, 
Ba rke r  GC,  Råds t röm P.  The  fo rma t ion  o f 
S taphylococcus  aureus  en te ro tox in  in  food 
environments and advances in risk assessment. 
Virulence 2011;2:580-92. 

23. Hoque MN, Das ZC, Rahman ANMA, Haider MG, Islam 
MA.. Molecular characterization of Staphylococcus 
aureus strains in bovine mastitis milk in Bangladesh. Int 
J Vet Sci Med 2018;6:53-60. 

299 Rawal Medical Journal: Vol. 45. No. 2, April-June 2020

Methicillin-resistant Staphylococcus aureus among food handlers in Jordan


