Introduction

Staphylococcus aureus is one of the most common agents in bacterial food poisoning outbreaks. It is also a major causative pathogen of clinical or subclinical mastitis of dairy domestic ruminants. Poultry, meat and egg products as well as milk and milk products have been reported as common foods that may cause staphylococcal food poisoning (1). S. aureus strains produce a spectrum of protein toxins and virulence factors thought to contribute to the pathogenicity of this organism. The staphylococcal enterotoxins (SEs) have been classified into many different types. These enterotoxins are heat-stable and resistant to the action of digestive enzymes (2). The most common types of these enterotoxins are SEA to SEE. Isolates carrying toxin genes sea to see are responsible for 95% of staphylococcal food poisoning outbreaks (3). The remaining staphylococcal food-borne disease outbreaks may therefore be associated with other newly identified SEs (4-6). Therefore, the presence of S. aureus in food can be considered a potential health risk.

This study was conducted to determine the prevalence of enterotoxin genes A (sea), B (seb), C (sec), D (sed) and E ( see) in S. aureus isolates recovered from milk of clinically healthy sheep and cows in the north of Palestine as this has not been investigated previously.

Materials and Methods A total of 250 raw milk samples (Awassi sheep (n = 120) and Fresian cows (n = 130)) from several major herds in the north of Palestine were used in this study between February and April, 2005. None of these animals were diagnosed with clinical mastitis and had mammary glands without clinical abnormalities and were giving apparently normal milk. Samples were collected into sterilized screw cap sample bottles as described previously (7). One milk sample (10-15 ml) was taken aseptically from each mammary gland after washing with water and cleaning the teats with cotton soaked in 70% ethanol and previous discard of the first 3 streams of milk. The samples were immediately taken in a container containing ice cubes to the laboratory for bacteriological analysis. Each milk sample (30 μl) was surface plated on nutrient agar and was incubated at 37 °C for 24-48 h under aerobic conditions. Ten colonies suspected as S. aureus were selected and transferred to individual tubes of nutrient broth. Colonies were subcultured on 5% sheep blood agar (Difco) and mannitol salt agar (Oxoid). Gram stain, culture characteristics and coagulase test using fresh rabbit plasma (tube method) were used for the presumptive identification of all isolates. All coagulase-positive isolates were further tested using the API STAPH-

Turk J Biol 29 (2005) 229-232 © TÜB‹TAK

Enterotoxigenic Staphylococcus aureus in Raw Milk in the North of Palestine

Ghaleb ADWAN^1, Bassam ABU-SHANAB^2, Kamel ADWAN^1 1 Department of Biology and Biotechnology, An-Najah N. University, P. O. Box (7)-Nablus, PALESTINE 2 Faculty of Veterinary Medicine, An-Najah N. University, Nablus, PALESTINE

Received: 30.06.2005

Abstract: Enterotoxin genes (sea-see) in Staphylococcus aureusisolates recovered from milk of clinically healthy sheep and cows in the north of Palestine were determined using a polymerase chain reaction (PCR). Thirty-seven (37%) out of 100 S. aureus isolates were toxin gene positive. Four strains (10.8%) were sea-positive, 20 (54.1%) were seb-positive, 4 (10.8%) were sec-positive, 6 (16.2%) were sed-positive and 3 (8.1%) were see-positive. None of these enterotoxigenic isolates carried more than one toxin gene. This study indicates that the presence of enterotoxigenic S. aureus in raw milk can contribute to the sources of staphylococcal food poisoning in Palestine.

Key Words: EnterotoxigenicS. aureus, staphylococcal enterotoxins, SEs, raw milk, Palestine

IDENT, 32 Staph (bioMerieux SA, 69280 Marcy-l'Etoile, France) to confirm identification.

Total DNA was isolated from 1 ml of nutrient broth culture incubated for 18-24 h at 37 °C as described previously with a minor modification (4). Cells were pelleted by centrifugation at 12,000 x g for 10 min, washed twice with 1.0 ml of 0.02 M sodium phosphate buffer (Na_2HPO_4.2H_2O) pH 7.4 in 0.9% NaCl and centrifugation at 12000 x g for 10 min. The pellet was resuspended in 200 μl of lysis buffer (1 mM EDTA, 10 mM Tris-chloride, pH 8) with 12 U lysostaphin (Sigma) and incubated for 45-60 min at 37 ºC. Then 4.5 U of proteinase K (MO BIO) was added and the resulting mixture incubated for 45 min at 60 °C, and then for 10 min at 95 °C. The total DNA was spun at 12,000 x g for 15 s and kept at –20 °C for DNA amplification.

The sea, seb, sec, sed and see gene sequences were detected using the primer pairs described previously (8,9). For PCR amplification, the reaction mixture (30 μl) included 10 pmol of each primer, 0.2 mM of each deoxynucleoside triphosphate (PeQLab), 1 X PCR reaction buffer (PeQLab), 1.5 mM MgCl2 (PeQLab), and 1U of Taq DNA polymerase (PeQLab), and finally 1 μl of DNA template was added to each 0.2-ml reaction tube. The amplification was carried out using a thermal cycler (Mastercycler personal, Eppendorf) with the following program: 1 x 4 min precycle at 94 °C, followed by 30 PCR cycles (2 min at 94 °C for denaturation, 2 min at 55 °C for annealing, and 1 min at 72 °C for extension). A final extension incubation at 72 °C for 5 min was used. PCR products were separated by electrophoresis in 2% agarose gel and stained with ethidium bromide. All primers used in this study were synthesized by Integrated DNA Technologies (IDT), Inc., USA.

Results and Discussion

Out of the 100 S. aureus isolates (milk sheep origin = 52; milk cows origin = 48) tested for SE-genes, 37 (37%) were positive. None of these enterotoxigenic S. aureus isolates carried more than one toxin gene. The majority of these positive toxin gene isolates, 20 (54.1%), were seb-positive. The toxin gene profiles of enterotoxigenic S. aureus isolates are presented in the Table.

This result was consistent with previous reports from Japan, Poland and Slovakia, where 64% to 85% of the enterotoxigenic S. aureus isolates recovered from raw poultry meat or different food samples and food manufacturers harbored the toxin gene seb (10-12). On the other hand, our result was in contrast to other studies from Spain, Kenya, Switzerland, Brazil, South Korea, the USA and Slovakia, where most enterotoxigenic S. aureus isolates usually carried the toxin gene sec, sea or sed (13-14,15-19).

In the present study, detection of SE-genes by PCR allows the determination of potentially enterotoxigenic S. aureus irrespective of whether the strain produces the toxin or not. For this reason, PCR may be considered more sensitive than methods that determine SEproduction as immunological methods (12,20). If other newly discovered toxin genes such as seg, seh, and sei. were detected the prevalence may be higher than previously obtained (6). We know that some of these

EnterotoxigenicStaphylococcus aureusin Raw Milk in the North of Palestine

Table. Toxin gene profiles of 37 enterotoxigenicS. aures isolates recovered from milk samples of clinically healthy sheep and cows in the north of Palestine.

No. of Enterotoxigenic S. aureus strains

Toxin gene cow’s milk (14 strains) sheep’s milk (23 strains) Total

+ve gene -ve gene +ve gene -ve gene +ve gene -ve gene

sea 1 (7.1%) 13 (92.9%) 3 (13.0%) 20 (87%) 4 (10.8%) 33 (89.2%) seb 6 (42.9%) 8 (57.1%) 14 (60.9%) 9 (39.1%) 20 (54.1%) 17 (45.9%) sec 2 (14.3%) 12 (85.7%) 2 (8.7%) 21 (91.3%) 4 (10.8%) 33 (89.2%) sed 4 (28.6%) 10 (71.4%) 2 (8.7%) 21 (91.3%) 6 (16.2%) 31 (83.8%) see 1 (7.1) 13 (92.9%) 2 (8.7%) 21 (91.3%) 3 (8.1%) 34 (91.9%)

new SEs may be associated with toxic shock syndrome (TSS) and staphylococcal scarlet fever (SSF) (21). The prevalence of enterotoxigenic S. aureus in different food samples such as meat, milk, milk products and egg products reported for countries such as Brazil, the USA, Switzerland, South Korea, Poland, Slovakia, China, France and Japan has ranged from 4.7% to 77.4% (4- 5,9-14,17-19,22-26). The prevalence of staphylococcal enterotoxin producing strains from milk or other food samples differs among studies. This might be due to differences in the reservoir in the various countries or ecological origin of strains, the sensitivity of detection methods, detected genes and number of samples, and kinds of examined samples included in these studies.

Contamination of dairy products with S. aureus may be due to the presence of this pathogen in the basic raw material milk. This is very important, especially in countries producing large amounts of milk products such as cheese. In Palestine, cheese is mostly prepared from unpasteurized cow’s and sheep’s milk and therefore can contribute to the sources of staphylococcal food poisoning. To our knowledge, this is the first survey to estimate the prevalence of enterotoxigenicS. aureus from raw milk used for human consumption in Palestine. It can be concluded that raw milk is contaminated by this pathogen in this area as well as in other countries and might constitute a risk for S. aureus enterotoxin food poisoning. Although the number of S. aureus isolates tested in this study was not very large, it represents a sample in the north of Palestine, giving a picture of the general situation in this part of the country. Thus, further studies are needed to examine enterotoxigenic S. aureus isolates or their toxins in other types of food, and investigations should be performed to find the relationship between this pathogen in food and as a cause of human disease in this country.

Acknowledgments

This work was completely sponsored by the USA-AED (Academy for Educational Development). Sincere thanks to Mr. Ahmad Zaza, Dr. Wael Quaisee and Mr. Faisal Shraim for their collaboration in sampling collection. The help and cooperation of the farmers who participated in this investigation are gratefully acknowledged.

Corresponding author:

Ghaleb ADWAN

Department of Biology and Biotechnology,

An-Najah N. University,

P. O. Box (7)-Nablus, PALESTINE

E-mail: adwang@najah.edu

G. ADWAN, B. ABU-SHANAB, K. ADWAN

References

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

2. Brooks GF. Butel JS, Morse SA. Medical Microbiology. A Lange Medical Book/McGraw-Hill, NY 2001.

3. Bergdoll MS. Enterotoxins,. In Easton CSF, Adlam C. ed.

Sataphylococci and staphylococcal infections. Academic Press, London, United Kingdom. pp. 559-598. 1983.

4. Rosec JP, Gigaud O. Staphylococcal enterotoxin genes of classical and new types detected by PCR in France. Int J Food Microbiol 77: 61-70, 2002.

5. Omoe K, Ishikawa M, Shimoda Y et al. Detection of seg, seh, and sei genes in Staphylococcus aureus isolates and determination of the enterotoxin productivities of S. aureus isolates harboring seg, seh, or sei genes. J Clin Microbiol 40: 857-862, 2002.

6. MacLauchlin J, Narayanan GL, Mithani V et al. The detection of enterotoxins and toxic shock syndrome toxin genes in Staphylococcus aureusby polymerase chain reaction. J Food Prot 63: 479-488, 2000.

7. Adwan G, Abusafieh D, Aref R et al. Prevalence of

microorganisms associated with intramammary infection in cows and small ruminants in the North of Palestine. J Islamic Univ Gaza (Series of Natural Studies & Engineering) 13: 165-173, 2005.

8. Akineden O, Annemuller C, Hassan AA et al. Toxin genes and other characteristics of Staphylococcus aureusisolates from milk of cows with mastitis. Clin Diagn Lab Immunol 8: 959–964, 2001.

9. Stephan R, Annemuller C, Hassan AA et al. Characterization of enterotoxigenic Staphylococcus aureus strains isolated from bovine mastitis in north-east Switzerland. Vet Microbiol 78: 373- 382, 2001.

10. Kitai S, Shimizu A, Kawano J et al. Prevalence and

characterization of Staphylococcus aureus and enterotoxigenic Staphylococcus aureus in retail raw chicken meat throughout Japan. J Vet Med Sci 67: 269-74, 2005.

11. Bystron J, Molenda J, Bania J et al. Occurrence of enterotoxigenic strains of Staphylococcus aureus in raw poultry meat. Pol J Vet Sci 8: 37-40, 2005.

EnterotoxigenicStaphylococcus aureusin Raw Milk in the North of Palestine

12. Holeckova B, Holoda E, Fotta E et al. Occurrence of

enterotoxigenicStaphylococcus aureusin food. Ann Agric Environl Med 9: 179–182, 2002.

13. Scherrer D, Corti S, Muehlherr JE, et al. Phenotypic and genotypic characteristics of Staphylococcus aureus isolates from raw bulk-tank milk samples of goats and sheep. Vet Microbiol 101: 101-107, 2004.

14. da Silva ER, do Carmo LS, da Silva N. Detection of the

enterotoxins A, B, and C genes in Staphylococcus aureus from goat and bovine mastitis in Brazilian dairy herds. Vete Microbiol 106: 103-107, 2005.

15. Orden J, Goyache A, Hernandez J et al. Detection of enterotoxins and TSST-1 secreted by Staphylococcus aureus isolated from ruminant mastitis. Comparison of ELISA and immunoblot. J Appl Bacteriol 72: 486-489, 1992.

16. Ombui JN, Arimi SM, Kayihura M. Beef and dressed chickens as sources of enterotoxigenic Staphylococcus aureusin Nairobi. East Afr Med J 69: 606-608, 1992.

17. Stephan R, Dura U, Untermann F. Resistance situation and enterotoxin production capacity of Staphylococcus aureusstrains from bovine mastitis milk samples. Schweiz Arch Tierheilkd 141: 287-90, 1999.

18. Cenci-Goga BT, Karama M, Rossitto PV et al. Enterotoxin production by Staphylococcus aureusisolated from mastitic cows. J Food Prot 66: 1693-1696, 2003.

19. Lim SK, Joo YS, Moon JS et al. Molecular typing of

enterotoxigenic Staphylococcus aureus isolated from bovine mastitis in Korea. J Vet Med Sci 66: 581-584, 2004.

20. Zschock M, Botzler D, Blochler S et al. Detection of genes for enterotoxins (ent) and toxic shock syndrome toxin-1 (tst) in mammary isolates of Staphylococcus aureusby polymerase-chain-reaction. Int Dairy J 10: 569-574, 2000.

21. Jarraud, S, Cozon G, Vandenesch F et al., Involvement of enterotoxin G and I in staphylococcal toxic shock syndrome and staphylococcal scarlet fever. J Clin Microbiol 37: 2446-9, 1999.

22. Holeckova B, Kalinacova V, Gondol J et al. Production of enterotoxins by Staphylococcus aureusisolated from sheep milk. Bull Vet Ins Pulawy 48: 41-45, 2004.

23. Tkacikova L, Tesfaye A, Mikula I. Detection of the genes for Staphylococcus aureus enterotoxin by PCR. ACTA Vet BRNO 72: 627-630, 2003.

24. Lopes CA, Moreno G, Curi PR et al. Characteristics of Staphylococcus aureus from subclinical bovine mastitis in Brazil. Brit Vet J 146: 443-448, 1990.

25. Rosec JT, Guiraud JP, Dalet C et al. Enterotoxin production by staphylococci isolated from foods in France. Int J Food Microbiol 35: 213-221, 1997.

26. Tsen HY, Yu KG, Wang KC et al. Comparison of the enterotoxigenic types, toxic shock syndrome toxin 1 (TSST-1) strains and antibiotic susceptibilities for enterotoxigenic Staphylococcus aureus strains isolated from food and clinical samples. Food Microbiol 15: 33-41, 1998.