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ABSTRACT 

 
Food handlers, an important factor in food quality, may contain bacteria that are able to cause foodborne 

disease. The present study aimed to research coagulase-negative (CNS) and -positive staphylococci (CPS) 

in 82 food handlers, analyzing nasal and hand swabs, with identification of 62 CNS (75.6%) and 20 CPS 

strains (24.4%). Staphylococcal enterotoxins genes were investigated by PCR. In 20 CPS strains, 19 were 

positive for one or more genes. The percentage of CNS presenting genes for enterotoxins was high 

(46.8%). Despite of the staphylococcal species, the most common gene was sea (35.4%), followed by seh 

and sej (29.2%). The detection of new staphylococcal enterotoxins (SEs) genes showed a higher 

pathogenic potential in this genus. The presence of these gene points out the importance of CNS not only 

as contaminant bacteria but also as a pathogen. 
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INTRODUCTION 

 

Food handlers contribute to food safety, being potential 

sources of bacteria that causes foodborne diseases due to the 

introduction of pathogens during its processing, distribution 

and manipulation (1). 

Staphylococcus aureus, produces enterotoxins and is 

considered one of the greatest causes of intoxication although 

its found persistently or temporarily in human nasal 

microbiota, without causing any symptoms. The presence of 

these bacteria in food occurs frequently due to inappropriate 

manipulation of food by carriers of this microorganism (7). The 

nasal mucosa has been described as the most important source 

of propagation, being colonized in the first days of life Among 

staphylococci, S. aureus is considered the most important to 

man and can be found in the nasal mucosa in 20 to 50% of 

adults in cutaneous pleats, armpits, as well as in inguinal and 

perineal areas (33). 

The staphylococcal enterotoxins are considered 

superantigens, characterized by simultaneous connections to 

the major complex of histocompatibility class II in an antigen  

presenting cell and T cell receptors, without the presence of 
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specific antigens, resulting in systemic effects such as high 

fever, vomiting, diarrhea, as well as hepatic and renal 

dysfunctions (6). 

Classic antigenic SE have been identified as SEA, SEB, 

SEC1, SEC2, SEC3, SED and SEE (4). Ren et al. (26) have 

sequenced the gene of toxin H. In 1998, Munson et al. 

identified and characterized seg and sei genes and Zhang et al. 

(34) found the gene sej in the same plasmid that encoded sed. 

Recently, several other toxins have been described and their 

genes have been sequenced, known as SEK, SEL, SEM, SEN, 

SEO, SEP, SEQ, SER and SEU (8,11, 14, 21,22,23). Besides 

SEH, SEI and SEG, which present emetic activity (17,30), the 

involvement of other SEs in foodborne outbreaks is not clear 

yet. Other coagulase-positive staphylococci (CPS) species, 

such as S. hycus, S. intermedius and several coagulase-negative 

staphylococci (CNS), have also been involved in cases of 

outbreaks (32).  

The present work aimed to investigate the presence of 

coagulase-positive and -negative staphylococci in nasal mucosa 

and hands of food handlers at industrial kitchens in the city of 

Botucatu and to detect the genes responsible for SEA, SEB, 

SEC, SED, SEE, SEG, SEH, SEI and SEJ production. 

 

MATERIAL AND METHODS 

 

Material for analysis 

Botucatu is a small town and there are only 3 industrial 

kitchens with a significant number of workers. Apparently, 

they are clean but didn’t follow GHPs or HACCP 

implemented.  

Samples were collected from the hands (interdigital 

region, indexfingers, thumbs and palms of both right and left 

hands) and anterior nares of 82 food handlers, distributed 

among 3 kitchens in the city, with a moist swab (saline), during 

meal preparation. One swab was used in each region. 

The swabs were streaked on Baird-Parker plates (Difco) 

immediately after collection. As soon as possible (until 1 hour), 

these plates were incubated at 35ºC for 48 hours in our 

laboratory. 

Staphylococcal isolation and identification (13) 

After incubation, five black colonies from each plate 

(presence and absence of halo) were identified. The screening 

tests used were Gram staining and production of catalase and 

coagulase. The coagulase-positive strains were submitted to the 

kit "Staphytect Test Dry Spot" (Oxoid). The two positive 

clumping species were submitted to the VP test (S. aureus-

positive and S intermedius-negative). 

The coagulase-negative staphylococcal isolates were 

identified using API Staphy and according to Kloos and 

Bannerman (10), with ornithine decarboxylase presence, β 

hemolysis production, urea degradation, novobiocin resistance 

and anaerobic thioglycolate growth. Sensibility tests for 

bacitracin (0.04U) and furazolidone (100 µg) were performed 

before API, in order to separate CNS from Kocuria, according 

to Bannerman & Peacock (2). 

 

DNA isolation 

For DNA isolation, a GFX commercial kit (GE 

Healthcare) was used, according to supplier instructions. 

 
Detection of genes encoding staphylococcal enterotoxins 

Primers used in the detection of SE genes are listed in 

Table1. 

PCR amplifications were composed of 2.5 µL PCR Buffer 

10x (Invitrogen), 1.0 µM of MgCl2 (Invitrogen), 200 µM dNTP 

(Invitrogen), 1 U of Taq DNA Polymerase (Invitrogen), 10 

picomols of each primer, 3 µL of the DNA sample, and sterile 

ultrapure water in order to reach 25 µl (qsp) (Milli-Q Plus, 

Millipore). 

PCR protocol was performed in PTC-100 (MJ 

Research, Inc., USES) using the following amplification 

cycles: initial denaturation for 5 minutes at 94ºC and 30 cycles 

at 94ºC for 2 minutes for denaturation and 72ºC for 1 minute 

for extension. The various temperatures used in the annealing 

step are shown in Table 1. Final extension was performed at 

72ºC for 5 minutes. The PCR-amplified samples were analyzed 

by electrophoresis for 30 minutes at 125V (Electrophoresis 

Power Supply Model EPD 600 - Amersham-Pharmacia 
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Biotech Inc.) using agarose gel (1.5% - Sigma Aldrich) added 

to ethidium bromide (0.5 mg/ml - Invitrogen) in TBE (0.09 M 

Tris-HCl, 0.09 M boric acid, 2 mM EDTA, pH 8.3). A 50 bp 

ladder was used (Ladder - Amersham - Pharmacia Biotech 

Inc.). The results were visualized by employing an image 

analyzer (Alphaimager - Alpha Esasy FC Software - 

AlphaInotech Corporation).   

Positive controls used were S. aureus ATCC 13565  

 

 

(SEA), ATCC 14458 (SEB), ATCC 19095 (SEC), FRI 361 

(SED, SEG, SEI and SEJ), ATCC 27664 (SEE) and FRI 137 

(SEH). 

One sample of each SEA, SEB, SEC, SED, SEE, SEG, 

SEH, SEI, and SEJ amplicon were sequenced and partial 

sequences were confirmed to correspond to the GenBank 

accessions M18970, M11118, X05815, M28521, M21319, 

AY920261, U11702, AY920268, and AB075606 respectively. 

 

 

Table 1. Primers and temperature used for the detection of coagulase-negative and -positive Staphylococcus se genes. 

 

Gene 

 

Primer 

 

Sequence 

 

Base pair 

Annealing 

temperature 

 

Reference 

sea SEA-1 ttggaaacggttaaaacgaa    

 SEA-2 gaaccttcccatcaaaaaca 120 50°C JOHNSON et al. (9) 

seb SEB-1 tcgcatcaaactgacaaacg    

 SEB-2 gcaggtactctataagtgcc 478 50°C JOHNSON et al. (9) 

sec SEC-1 gacataaaagctaggaattt    

 SEC-2 aaatcggattaacattatcc 257 50°C JOHNSON et al. (9) 

sed SED-1 ctagtttggtaatatctcct    

 SED-2 taatgctatatcttataggg 317 50°C JOHNSON et al. (9) 

see SEE-1 aggttttttcacaggtcatcc    

 SEE-2 cttttttttcttcggtcaatc 209 50°C MEHROTRA et al. (16) 

seg SEG-1 aagtagacatttttggcgttcc    

 SEG-2 agaaccatcaaactcgtatagc 287 55°C OMOE et al. (20) 

seh SEH-1 gtctatatggaggtacaacact    

 SEH-2 gacctttacttatttcgctgtc 213 46,4°C OMOE et al. (20) 

sei SEI-1 ggtgatattggtgtaggtaac    

 SEI-2 atccatattctttgcctttaccag 454 50°C OMOE et al. (20) 

sej SEJ-1 catcagaactgttgttccgctag    

 SEJ-2 ctgaattttaccatcaaaggtac 142 50°C NASHEV et al. (18) 

 

 

RESULTS AND DISCUSSION 

 

Food handler may be a vector of foodborne disease 

spreading, due to inadequate personal hygiene or cross 

contamination (3). 

Several authors have studied the presence of S. aureus in 

the nasal cavities of food handlers. Vanderbergh et al. (31) 

reported that the isolation of S. aureus from nasal cavities, 

could vary from 20 to 55% in a healthy adult population. These 

data are in agreement with the present work since the 
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microorganism was isolated nasally in 15 (22.1%) food 

handlers out of a total of 68. 

After the discovery of the new enterotoxins, the 

percentage of enterotoxigenic or potentially enterotoxigenic S. 

aureus increased because almost the totality (95%) isolated 

from nasal cavities and hands of food handlers was positive for 

the presence of genes of at least one enterotoxin; however, 

considering only the classic ones (SEA to SEE), the number 

falls to 13 (68.4%). Rosec and Gigaud (27) also observed an 

increased number of enterotoxigenic isolates with the 

discovery of the new toxins because 30% of the strains in their 

study had genes for the classic toxins compared with 57% for 

the new ones. 

According to Table 2, 13 strains of S. aureus  presented at 

least one gene for classic enterotoxin production and sea was 

the most observed, occurring in 9 isolates (69.2%), followed by 

4 positive strains for see (30.8%), 3 for sec (23.1%) and 1 

(7.7%) for seb, whereas SED-encoded genes were not 

observed. Nashev et al. (18) observed low positivity for sed 

gene, only 4.5% among the food handlers. Toxin A has been 

described as the most common by many other authors (19, 24). 

 

 

Table 2. Staphylococcal enterotoxin gene distribution among coagulase-negative and -positive staphylococci. 

gene CNS  CPS  

 Hand Specie  NC Specie  Hand NC 

sea 2 
1 

S. warneri 
S.epidermidis 

 2 
1 

S. warneri 
S.epidermidis 

 - - 

seb 1 
1 

S.epidermidis 
S. warneri 

 3 S.epidermidis 
 

 - - 

sec -   -   - 1 

sed -   -   - - 

see -   1 S. warneri  - - 

seg -   -   - - 

seh 2 S. warneri  1 
1 

S. warneri 
S.epidermidis 

 1 3 

sei -   -   - - 

sej 2 
1 

S. warneri 
S.epidermidis 

 1 
2 

S. warneri 
S.epidermidis 

 - - 

sea + sej -   -   - 1 

sec + see -   1 
1 

S. warneri 
S. capitis 

 - - 

seg + sei 0   0   - 1 

seh + sej 2 S. warneri  1 S. warneri  - 1 

sea+seg+sei 1 S. warneri  1 S. warneri  1 2 

seb+seg+sei -   -   - 1 

sec+seg+sej -   -   1 1 

sea+see+seg+sei -   -   1 2 

sea+see+seh+sej -   -   - 1 

sea+seg+seh+sei -   -   - 1 
CNS: coagulase-negative staphylococci; CPS: coagulase-positive staphylococci; NC: nasal cavity. 
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The gene seg was observed in 13 (27.1%) of the 48 

staphylococcal samples and in 84.6% of the cases, it was 

associated with the sei gene, which occurred in 11 strains 

(22.9%). Similar values were described by Rosec and Gigaud 

(27), and seg and sei were associated to 80.6% of the 155 

positive isolates. Nashev et al. (18) studied 44 S. aureus strains 

and 12 (27.3%) were positive for the genes seg and sei, a value 

very similar to that found in the present work. These genes are 

frequently found together because they are located in  

 

sequential positions, in a DNA fragment of 3.2 Kb (8).  

Among the CNS, 37 (45,1%) strains of S. warneri, 23 

(28%) of S. epidermidis, 1 (1,2%) of S. capitis and 1 (1,2%) of 

S. xylosus were identified, in a total of 62 strains and out of 29 

(46.8%) were positive for at least one gene encoded 

enterotoxin, the most common was sej (31%), followed by sea 

and seh (24.1%), seb (17.2%), see (13.8%), sec (6.9%) and, 

finally, seg and sei, with 3.4% each. Figure 1 shows the 

patterns according to the primers used in PCR reaction. 

 

 
 

Figure 1. PCR amplification for detection of Staphylococcus aureus genes. Line 1: 50 bp DNA ladder; lines 2–10: sea (120 bp); 

seb (478 bp); sec (257 bp); sed (317 bp); see (209 bp); seg (287 bp); seh (213 bp); sei (454 bp); sej (142 pb), line 11: negative 

control 

 
 

Several studies demonstrated the presence of different 

species of CNS-producing enterotoxins and/or others encoding 

these genes. The number of CNS enterotoxin-encoding genes 

in the present work can be considered high, 46.8% (29 

positive). A much smaller prevalence was observed by Crass 

and Bergdoll (5), who found 16.5% of 2000 CNS strains. 

However, if only the classic enterotoxins are taken into 

account, exactly as investigated by Crass and Bergdoll (5), that 

number falls to 19.4% (12 positive strains for sea to see), a 

value close to that observed by these authors. In the present 

work, see was observed in S. warneri and S. capitis, whereas S. 

xylosus did not present genes for the production of any of the 

investigated toxins. However, the presence of those genes don’t 

indicate the capacity of enterotoxin production in amounts 

enough to cause clinical signals (15).  

 In Brazil, 63,2% strains of S. epidermidis and 84,6% of S. 

50 bp 
100 
bp 
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cohnii isolated from food handlers involved in foodborne 

diseases were enterotoxin producers (28). The enterotoxin 

production by CNS was also studied by Rapini et al. (25) who 

observed S. epidermidis and S. cohnii isolated from food 

handlers, producing SEA – SED, in 96,4% from 28 pools of 

these species. According to Lamaita et al (12), 41,3% of CNS 

produced isolated from raw milk produced some SE, including 

S. epidermidis, S. sciuri, S. cohnii, S. hyicus, S. schleiferi, S. 

intermedius e S. delphini. Stamford et al. (29) observed the 

enterotoxin production by S. chromogenes (50%) and other 2 

strains of CNS, but these species were not identified. 

According to our results, S. aureus and CNS were isolated 

from food handlers, with a predominance of CNS. Genes that 

encode the production of classic toxins (SEA to SEE) and the 

most recent ones (SEG, SEH, SEI and SEJ) for CNS and CPS 

were also observed. The research on the new enterotoxins 

considerably increased the percentage of enterotoxigenic 

strains in both groups, increasing the pathogenic potential of 

this group of bacteria. CNS was always considered a food 

contaminant, without receiving attention. However, with the 

discovery of their capacity to produce enterotoxins, the role of 

those microorganisms should be reviewed, as well as and their 

importance should be taken into account. Besides, further 

investigations are needed to verify the production of these new 

enterotoxins and their real role in foodborne disease. 
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