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ABSTRACT

Staphylococcal food poisoning is caused by ingestion of enterotoxins preformed in the food contaminated
essentially through human manipulation or raw material obtained from animals. Although coagulase-positive
Staphylococcus aureus is the main agent responsible for food intoxication, some researches emphasise that
coagulase-negative staphylococci (CNS) are able to produce staphylococcal enterotoxins and may be a
potential cause of food poisoning. In the present study CNS were isolated from foods and the toxigenic
capacity of the strains determined. A total of 88 food samples were analysed and 22.7% were positive for CNS
strains. Staphylococcal counts ranged from 3.0 x 102 to 1.4 x 106 CFU/g or mL of food examined. S. epidermidis
predominated among the isolates (40%). Further isolates included S. xylosus (20%), S. warneri (20%),
S. saccharolyticus (15%), and S. hominis (5%). Four isolates were positive for enterotoxin genes, as detected
by polymerase chain reaction, with sea being the predominant gene. Although no enterotoxin production was
detected by the reverse passive latex agglutination method, the data showed that the toxigenic capacity of
CNS should not be ignored, requiring investigation of this group of microorganisms in food.
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INTRODUCTION

Staphylococcus aureus enterotoxins are the most frequent
causes of food poisoning, with outbreaks caused by
mishandling of foods after heat treatment (21,23). The heat
destroys the vegetative bacterial microbiota in food, and the
non competitive staphylococci, introduced by inadequate
handling process, may grow.

Although enterotoxins are produced mainly by coagulase-
positive staphylococci, some coagulase-negative staphylococci
(CNS), involved in a variety of human and animal infections
(11), have also raised interest. Very little is known about the
growth of CNS in foods. These strains have rarely been
implicated in food poisoning because they do not grow rapidly
in foods. Nevertheless CNS can contaminate foods because
humans are common carriers of these microorganisms and some
may be related to specific human infections (4).

Since immunoassays require a detectable amount of toxin,
molecular techniques can complement the assay through detection
of staphylococcal enterotoxin genes as important tool in the
microbiology laboratory. Taking into account that the toxigenic
potential of CNS is often neglected, in the present study enterotoxin
genes in CNS strains isolated from foods were analysed by PCR
and the results correlated with latex agglutination assay data.

MATERIALS AND METHODS

Food samples
A total of 88 food samples were analysed, including bakery

goods (n=38), milk (n=18), snacks (n=11), white cheese (n=10),
sandwich (n=8,) and pork meat (n=3), purchased from local
markets or delicatessens in Botucatu, SP (Brazil) for a period of
twelve months (2003). The interval between the sampling and
the analysis was less than one hour.
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Isolation of staphylococci
Twenty-five grams of each sample was suspended in 225

mL peptone water, and 0.1 mL of 10-1 to 10-6 dilutions was spread
on the surface of Baird-Parker agar. The plates were incubated
for 48 h at 37ºC and typical colonies (black to dark grey, smooth,
convex, well-defined contours, surrounded or no by a dull halo)
were counted and the number expressed in CFU/g or mL.

Identification of coagulase-negative staphylococci
Representatives of each colony type were checked by Gram

method for purity and morphology, and submitted to catalase
and coagulase tests. The genus Staphylococcus was
differentiated from Micrococcus by glucose oxidation and
fermentation tests, resistance to bacitracin (0.04 U, absence of
an inhibition halo or formation of a halo of up to 9 mm), and
sensitivity to furazolidone (100 mg, inhibition halo of 15 to
35 mm) (2).

CNS were identified by simplified biochemical test scheme
proposed by Kloos and Schleifer (10) and Kloos and Bannerman
(11), which is based on the utilization of xylose, arabinose,
sucrose, trehalose, mannitol, maltose, lactose, xylitol, ribose,
and fructose, characterization of hemolysis, reduction of nitrate,
presence of urease and ornithine decarboxylase, and resistance
to novobiocin.

Toxin production
Staphylococcal enterotoxin was produced using the dialysis

bag method described by Donnelly et al. (8). A 30 to 40 cm
dialysis bag (Cut-Off 12,000-16,000 MW, Inlab) was previously
washed with distilled water, closed at one end, filled with 50 mL
of double-concentrated brain heart infusion broth (BHI), and
the other end closed. The bag, bended to a “U” shape, was
placed in a 250 mL Erlenmeyer flask and autoclaved for 15 min
at 121ºC. The flask was added of 18 mL of 0.02 M phosphate
buffer pH 7.4 in 0.9% NaCl, inoculated with staphylococci
previously cultured in 5 mL BHI at 37ºC/18 h. After incubation
at 37ºC, 200 rpm for 24 h, the culture was centrifuged at 8000 g/
10 min at 4ºC and the supernatants stored at -20ºC and in liquid
nitrogen until use.

Detection of enterotoxins
For the detection of toxins by reverse passive latex

agglutination (RPLA) method, the supernatants concentrated
in dialysis bags (8) were filtered through an 8 µm Millipore
membrane to avoid nonspecific reactions. Extracellular
enterotoxins were detected by RPLA method as described by
Shingaki et al. (20) using the SET-RPLA-T900 kit for the
detection of SEA, SEB, SEC and SED (Oxoid Diagnostic
Reagents). Briefly, microplate wells with a V-shaped bottom were
inoculated with 25 µL of the supernatant and 25 µL latex
sensitised with anti-enterotoxins. Standard toxins (provided by
manufacturer, Oxoid Diagnostic Reagents) were used as positive

controls and the occurrence of nonspecific reactions was tested
by addition of 25 µL of the supernatant to 25 µL of control latex.
The plates were covered with cellophane and homogenised in a
micromixer for 3 min. After incubation for 20 to 24 h at
environmental temperature, the results were recorded according
to the agglutination pattern described by the manufacturer.
Positive reactions were classified as (+), (++), and (+++), while
formation of a pink bud was interpreted as a negative result.

Detection of enterotoxin genes
DNA extraction

Total DNA was extracted from CNS strains cultured on
blood agar, inoculated individually into BHI broth and incubated
at 37ºC/ 24h. The GFX kit (Amersham Biosciences) was used
for DNA extraction by manufacturer’s protocol, which consists
of initial digestion of the staphylococcal cells with lysozyme
(10 mg/mL) and proteinase K (20 mg/mL). Then 500 µL of the
extraction solution was added, and the mixture was centrifuged
(5000 g/ 1 min). The supernatant was then transferred to a GFX
column and centrifuged (5000 g/ 1 min). The eluent was
discarded, and 500 µL of extraction solution was again added
to the column. After centrifugation and disposal of the collected
eluent, 500 µL of the wash solution was added to the column
and the column was centrifuged at 20800 g/ 3 min. The column
was then transferred to a 1.5-mL tube and 200 µL Milli-Q water
heated at 70ºC was used for elution under centrifugation (5000
g/ 1 min).

PCR
PCR was carried out in 0.5-mL microcentrifuge tubes added

of 20 pmol of each primer (Table 1), 2.5 U Taq DNA polymerase,
200 µM dNTPs, 20 mM Tris-HCl, pH 8.4, 0.75 mM MgCl2, and
5 µL DNA (total volume of 50 µL). A negative control in which
DNA was replaced with water was run in parallel in all reactions.
Amplification was performed with an MJ Research PTC-100
thermocycler as described by Johnson et al. (9) with some
modification, which consisted of a first cycle at 94ºC for 4 min,
denaturation at 94ºC for 2 min, annealing at 55ºC for 1 min and
30 sec, and extension at 72ºC for 1 min and 30 sec, followed by
a second cycle of denaturation at 94ºC for 2 min, annealing at
53ºC for 1 min and 30 sec, and extension at 72ºC for 1 min and 30
sec. In the third cycle, the annealing temperature was reduced
to 51ºC, followed by additional 37 cycles at 94ºC for 2 min, 51ºC
for 1 min and 30 sec and 72ºC for 1 min and 30 sec. At the end of
the 40 cycles, the tubes were incubated at 72ºC for 7 min and
stored at 4ºC.

Analysis of the amplified products
Amplification efficiency was determined on 2% agarose gels

in 1X TBE buffer stained with ethidium bromide. The size of the
amplified products was compared with 50- and 100-kb standards
and the gels were photographed under UV transillumination.
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RESULTS

Table 2 shows the distribution of CNS according to species
and food analysed, slowing that twenty food samples were
positive for CNS species. Of the 20 CNS isolates, 12 were isolated
from bakery goods, 2 from milk, 1 from cheese, 2 from sandwiches,
and 3 from pork meat.

CNS counts in the foods ranged from 3.0 x 102 to 1.4 x 106

CFU/g or mL, except for snacks, where no staphylococci were
isolated (Table 3).

S. epidermidis was the most predominant specie, accounting
for 40% of all CNS, followed by S. xylosus (20%), S. warneri
(20%), S. saccharolyticus (15%), and S. hominis (5%).

The gene specific analysis by PCR for enterotoxin production
revealed sea gene in three CNS isolates, while sec-1 gene was
detected in only one isolate (Table 4). Despite potentially toxigenic
strains of CNS were detected by molecular tool, the analysis of
enterotoxin by RPLA method showed negative results.

The sea gene was detected in one S. epidermidis isolated
from chocolate cream-filled puffs, in one S. xylosus isolate from
cream-filled puffs and in one S. hominis from apple pie. The sec-
1 gene was detected in only one S. xylosus isolated from fruit pie.

DISCUSSION

As shown in Table 2, S. epidermidis was the most frequently
isolated species (40%). This species is a common inhabitant of
human skin and mucous membranes of individuals manipulating
food and animals, and is able to contaminate raw products and
processed foods (4).

Both S. warneri and S. xylosus were the second most frequent
species in our study (20%). In a study carried out by Udo et al.
(24) with restaurant workers, the prevalent CNS species on the
hands of food handlers were S. hominis (23.6%), S. warneri
(20.6%) and S. epidermidis (3.4%). Since human nares and
fingers are the main sources of S. aureus (16,22), and because
CNS inhabit the human skin and mucous membranes, these
microorganisms can contaminate food if these are not handled
properly. Therefore, enterotoxigenic CNS strains may contribute
to staphylococcal food poisoning (4).

In the present study, staphylococcal enterotoxin genes were
detected in one S. epidermidis isolate, two S. xylosus isolates
and one S. hominis isolate (Table 4).

Valle et al. (25) determined the enterotoxigenic character of
staphylococci isolated from the skin, nasal mucosa and milk of

Table 1. Primers used for the detection of staphylococcal enterotoxin genes.

Primers 5’  to 3’ nucleotide sequence Target Amplicon size (bp)

sea1 TTG GAA ACG GTT AAA ACG A A Enterotoxin A
120

sea2 GAA CCT TCC CAT CAA AAA CA Enterotoxin A
seb1 TCG CAT CAA ACT GAC AAA CG Enterotoxin B

478
seb2 GCA GGT ACT CTA TAA GTG CC Enterotoxin B
sec1 GAC ATA AAA GCT AGG AAT TT Enterotoxin C

257
sec2 AAA TCG GAT TAA CAT TAT CC Enterotoxin C
sed1 CTA GTT TGG TAA TAT CTC CT Enterotoxin D

317
sed2 TAA TGC TAT ATC TTA TAG GG Enterotoxin D

Source: Johnson et al., 1991 (9).

Table 2. Frequency of  coagulase-negative staphylococci (CNS) isolated from foods.

Species Isolates Bakery goods Snack Milk White cheese Sandwich Pork meat
n=20 n=38 n=11 n=18 n=10 n=8 n=3

S. epidermidis 8 (40.0) 4 (20.0) - 2 (10.0) - 2 (10.0) -
S. xylosus 4 (20.0) 4 (20.0) - - - - -
S. hominis 1  (5.0) 1 (5.0) - - - - -
S. warneri 4 (20.0) 3 (15.0) - - 1 (5.0) - -
S. saccharolyticus 3 (15.0) - - - - - 3 (15.0)

Total 20 (100.0) 12 (60.0) - 2 (10.0) 1 (5.0) 2 (10.0) 3 (15.0)

N= Number of isolates CNS of the 88 samples analysed; n = Total number of samples analysed.
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133 healthy goats. Twenty-two percent of CNS strains produced
enterotoxins, including S. caprae, S. xylosus, S. warneri and S.
epidermidis.

Analysis of the toxigenic profile of CNS isolated in our study
by PCR revealed the presence of the sea gene in one S. xylosus
isolate, one S. hominis isolate and one S. epidermidis isolate
(Table 4). It has been widely accepted that most staphylococcal
food intoxications are caused by the ingestion of enterotoxin A
(17,18,26). The presence of the sec-1 gene was observed in one
S. xylosus isolate. All theses toxigenic CNS were isolated from
bakery goods. Bakery goods covered and filled with cream are
leading causes of food poisoning worldwide (1,5,7).

The enterotoxigenicity of CNS has been described by
several investigators (6,14,25), and questioned by others (3),
but few studies have been conducted to determine the
enterotoxigenic capacity of CNS in foods. In this study, a small
number of CNS harboured enterotoxin genes but, their
detection was important because confirms that CNS isolated
from foods can produce enterotoxins. These results confirm
the findings reported by Crass and Bergdoll (6) who isolated

enterotoxin- producing CNS from food implicated in
a food poisoning outbreak.

Comparing the PCR and RPLA data, the isolates
were shown to be PCR-positive for enterotoxin gene
did not evidence detectable production of enterotoxin
by RPLA method. Similar findings have been reported
by others (9,19) and might be due to toxin production
below the detection limit of the RPLA method or to
the non-expression of genes. According to Schmitz
et al. (19), in clinical practice, staphylococcal strains
carrying a toxin gene should be considered potential
producers of this toxin since toxin production in vivo
cannot be excluded. Many factors affect S. aureus
growth and enterotoxin production in foodstuffs, such
as the presence of specific amino acids that vary with
the strains (15), glucose, pH, acetic acid, lactic acid,

sodium chloride and competing microorganisms (12). Thus
considerable research effort is still required for better
understanding of the interactions between CNS and the food
matrix, and the mechanisms of enterotoxin production in
foodstuffs.

PCR was found to be a rapid and reliable method for the
identification of genes responsible for the production of
staphylococcal toxins. The determination of the enterotoxigenicity
of strains is mainly based on immunological methods, which
depend on the concentration of the toxin produced and, therefore,
might not detect low-producing strains.

The importance of our results lies not only in scientific
aspects considering the scarcity of available data in this respect,
but in providing practical information about food safety, which
is of great importance since some CNS species, such as S.
xylosus, are used as a starter culture in fermented meat products
(13). In addition, the present results confirm the need for further
studies in order to better characterize the enterotoxigenic
potential of CNS in foods.
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RESUMO

Detecção de genes de enterotoxinas em estafilococos
coagulase-negativa isolados de alimentos

A intoxicação alimentar estafilocócica ocorre devido à
ingestão de alimentos contaminados com enterotoxinas. Essa
contaminação tem sido oriunda, principalmente, da manipulação
humana, ou de matérias-primas procedentes de animais
portadores. Embora Staphylococcus aureus coagulase positiva,
seja o principal agente de intoxicação alimentar, alguns

Table 3. Number of coagulase-negative staphylococci (CNS) in foods.

Food
Isolates

Species
Average Count

N (%) CFU/g or mL

Bakery goods (n=38) 4 (20.0) S. epidermidis 1.3 x 103

4 (20.0) S. xylosus 6.0 x 104

1 (5.0) S. hominis 5.5 x 104

3 (15.0) S. warneri 3.2 x 104

Milk (n=18) 2 (10.0) S. epidermidis 3.2 x 104

White cheese (n=10) 1 (5.0) S. warneri 1.4 x 106

Sandwich (n=8) 2 (10.0) S. epidermidis 7.2 x 104

Pork meat (n=3) 3 (15.0) S. saccharolyticus 3.0 x 102

n = Total number of samples analysed.

Table 4. Detection of toxin genes by PCR in CNS species isolated
from foods.

Species sea seb sec-1 sed

S. epidermidis 1 - - -
S. xylosus 1 - - -
S. xylosus - - 1 -
S. hominis 1 - - -
S. warneri - - - -
S. saccharolyticus - - - -

Total 3 - 1 -

sea, seb, sec-1, and sed: enterotoxins genes A, B, C and D, respectively.
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pesquisadores enfatizam que os estafilococos coagulase-
negativa (ECN) podem produzir as enterotoxinas estafilocócicas,
podendo contribuir para a intoxicação alimentar. Este estudo
teve como objetivos isolar os ECN de alimentos e verificar a
capacidade enterotoxigênica dessas linhagens. Foram estudadas
88 amostras de alimentos, sendo que 22,7% foram positivas
para ECN com crescimento entre 102 e 106 UFC/g or mL. A
espécie predominante dentre as linhagens isoladas foi S.
epidermidis (40%), seguido por S. warneri (20%), S. xylosus
(20%), S. saccharolyticus (15%) e S. hominis (5%). Entre as
linhagens isoladas, quatro apresentaram genes para produção
de enterotoxinas pelo método de Reação da Polimerase em
Cadeia (PCR), com predominância do gene sea. Não se detectou
a produção de enterotoxina pelo método de aglutinação em
látex (RPLA). Através dos resultados obtidos, observou-se que
os ECN isolados de alimentos não devem ser ignorados quanto
à sua capacidade toxigênica, necessitando de maior estudo e
atenção para melhor caracterização desse grupo de
microrganismos em alimentos.

Palavras-chave: estafilococos coagulase-negativa, PCR,
enterotoxinas
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