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Abstract: Gastroenteritis is one of the most frequent microbial diseases, which is
caused by the ingestion of food contaminated with staphylococcal enterotoxins. In our
study, the production of staphylococcal enterotoxins A, B (SEA, SEB) and the presence
of respective staphylococcal enterotoxin genes were investigated in th8.fizloleus
isolates obtained from foods and food industry manufactures in East Slovakia.
Radioimmunoassay (RIA), polymerase chain reaction (PCR) and dot-blot hybridisation
were used for examination. The ability to synthetise enterotoxins was found in 20
(39.2%) of the total number of 51 isolates. Production of SEA was recorded in 3 (5.9%),
production of SEB in 12 (23.5%) and production SEA together with SEB in 5 (9.8%)
staphylococcal isolates. Nine (47.4%) sheep cheese isolates of the total number of 19
produced enterotoxins, especially SEB (36.8%).aureusisolates from pasta were
enterotoxigenic in 6 cases (33.3%). The synthesis of enterotoxins was not detected in
Bryndza cheese and sausages isolates. One enterotoxigenic isolate was obtained from
smears of technological equipment and 4 isolates from throat and nasal swabs. No
differences in results were recorded between RIA and PCR as well as PCR and dot-blot
hybridisation. Our results suggest that it is of special importance to follow the presence
of enterotoxigenicS. aureusstrains in foodstuffs, especially for protecting the consumers
from food poisoning.
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INTRODUCTION Heat resistance is one of the most important physical
and chemical properties of SEs, which means that biological
One of the most frequent foodborne microbial diseasestivity of toxins remains unchanged even after thermal
is staphylococcal food poisoning (SFP) which is causgatocessing of food. After ingestion of contaminated food,
by S. aureusnetabolites. Of the many extracellular toxindoxins are resorbed into the blood in the gastrointestinal
which are thought to contribute to the pathogenicitof tract, activate an emetic reflex, cause nausea, emesis,
aureus,staphylococcal enterotoxins (SEs) pose the greategidominal cramps and diarrhdea).
risk to consumer health. Staphylococcal enterotoxins areGenetic variation among. aureusstrains has been
low molecular weight proteins (MW 26,900-29,600), whiclshown to be associated with pathogenic potential.
are usualy divided into 7 serotypes: SEA, SEB, SEC1-8taphylococcal enterotoxin genese§ are characterised
SED, SEE[24]. The synthesis of other enterotoxins wa®y a great percentage of nucleotide sequence idgatity
also found irS. aureusSEG, SEH, SEI, SEJ, SHK4]. They are carried on plasmids, the family of staphylococcal
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Table 1. Total number of enterotoxigents. aureussolates in samples Table 2.Number of enterotoxigeni8. aureusn food samples.
of food processing manufactures.

Foods Food Total Sheep cheese Bryndza Sausages Pasta
processing cheese
manufactures

n % n n % n % n % n % n %
Total number of 43 8 51 Total number of 19 2 2 18
S. aureussolates S. aureussolates
Number of 15 349 5 20 39.2 Number of 9 47.4 - - 6 333
enterotoxigenic enterotoxigenic
S. aureus S. aureus
Genotypes Genotypes
sedseb 3 7.0 - 3 5.9 sedseb 1 53 - - - - 2
seaseld 8 18.6 4 12 235 seasel 7 36.8 - - - - 1
sedseld 4 9.3 1 5 9.8 sedseld 1 53 - - - - 3
seaseb 28 65.1 3 31 60.8 seaseb 10 52.6 2 100 2 100 12 66.7

bacteriophages and mobile genetic elements, such assolation of DNA. Total genomic DNA ofS. aureus
recently described staphylococcal pathogenicity islandgas isolated by phenol-chloroform meth@d]. Lysates
(SaPls)[12, 14, 20, which transfer horizontally between of colonies were prepared according to McLauchtiral.
strains. [17].

Only limited data have been presented about the
occurrence of enterotoxigern& aureusstrains in foods in ~ Polymerase Chain Reaction (PCR)Johnsonet al.
Slovakia [6]. Therefore the aim of our study was tg10] described oligonucleotide primers used. Mg@Gl0
investigate the production of staphylococcal enterotoxinaM), AmpliTag polymerase (2.0 U) (Perkin Elmer),
A, B (SEA, SEB) and the presence of respective genesrincleotide mixture (dNTPs) (0.2 mM) and primers (0.3
the fieldS. aureussolates obtained from various kinds ofuM) were added into the PCR reaction buffer (10 mM
foods, and from food industry manufacturers in som&RIS-HCI| pH 8.3, 50 mM KCI, 1% gelatine) (Perkin

Slovak regions. Elmer). Thermocycler Genius (Techne) was used to
perform PCR which comprised of initial denaturation
MATERIALS AND METHODS (94°C, 120 s) followed by 35 cycles of denaturation (94°C

for 60 s), annealing (55°C for 30 s) and extension (72°C

Reference S. aureus strains. The reference strains for 30 s), with a final extension cycle of 150 s at 72°C.
used (positive controls) wer8. aureusFRI 722-SEA The resulting amplicons were detected on 2% agarose gel
(Food Research Institute, University of Wisconsin, USAafter ethidium bromide staining. The size of fragments
andS. aureusCCM 5757-SEB (Czechoslovak Collectionwas 120 bp foseaand 476 bp foseh
of Microorganisms, Brno, Czech Republic). As negative
controls, nonenterotoxigenic strains 8f aureusCCM Preparation of DNA probe and dot-blot hybridisation.
2351 (a-hemolysin) andS. aureus CCM 6188 (B- DNA probe for detection ofS. aureussea gene was
hemolysin) were used (Czechoslovak Collection dfelected on the base of previously described nucleotide
Microorganisms, Brno, Czech Republic). sequence of gerjg], and prepared by amplification of the

target sequence according to Johnebml. [10] internal

Isolates ofS. aureus Fifty one fieldS. aureussolates to the coding region foseagene. The probe was labelled
were obtained from food samples (sheep cheese, Bryngga means of Dig DNA Labelling and Detection Kit
cheese, pasta, sausages) and from food manufactur(g@ehringer Mannheim, Germany). DNA &. aureus
(smears of technological equipment, throat and nasgblates was denatured (95°C, 10 min), transferred onto
swabs from food handlers). The microbiological examinatioRyhond-N nylon membrane (Amersham), fixed at 80°C
of samples was based on STN-560089 (ISO 6838))  for 2 hours and hybridised with labelled probe (18 hours,
The working cultures of isolates were prepared in BH§8°C). Samples were immunochemically detected using
(Brain Heart Infusion) broth at 37°C for 18 hours anéhe manufacturer's instructions.
tested by RIA.

RESULTS

Radioimmunoassay (RIA). Tracers of ¥>SEA and
I'*>-SEB were prepared by the chloramine T metfi@d  The production of enterotoxins was found in 20 (39.2%)
Radioimmunoassay was performed according to GondoI  of a total number of 585. aureussolates obtained from
et al.[§]. food samples and food-processing manufacturers. The
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synthesis of SEA was recorded in 3 (5.9%), SEB in 1@specially in countries with large production of dairy
(23.5%), both SEA and SEB in 5 (9.8%) of staphylococc@roducts such as cheege§]. In Slovakia, sheep cheese
isolates (Tab. 1). The largest rate of enterotoxigéhic and Bryndza cheese are considered to be traditional
aureus was found in sheep cheese (47.4%), withroducts, which are mostly made from unpasteurized milk
prevalence of SEB (36.8%) (Tab. 2). In the case of I82] and therefore can contribute to the sources of
isolates ofS. aureudrom pasta, 6 (33.3%) were found tostaphylococcal enterotoxicosis. In our study, the production
be enterotoxigenic. Neither synthesis of SEA nor SEBf enterotoxins was observed in nearly 50% (47.498.of
were proved in Bryndza cheese and sausages isolat@seus sheep cheese isolates, with prevalence of SEB
One enterotoxigenic isolate was obtained from thge 89). Similar results were presented by Fettal.[6]
technological equipment smears, 4 isolates from the thragho detected enterotoxin production in 54.2% f
swabs of food handlerg. A c_omparison of the results f@freusstrains from sheep lumpy cheese (SEB 26.9%). In
SEA and SEB productiom vitro (as detected by RIA) contrast, Griegeff9] determined in sheep cheese the
and results of amplification of the re;pectlve to?qn gengpility to synthetise enterotoxins only in 3 (8.8%) of 34
fragments by PCR was made. No differences in resuifg|iected S. aureusstrains. Pasta products are also
were recorded between RIA and PCR. ~ supposed to be the source of enterotoxigenic strains,

Dot-blot hybridisation was also used for examination of;hich has been confirmed by Rosatcal. [19] and Fotta
all isolates to detecteagene. Hybridisation signals were et al.[6].
observed in the case Bf aureusn which the presence of The production of the same enterotoxins was observed
sea gene and the production of SEA Wer? det+ecteqn staphylococcal isolates collected from foods, as well as
previously by PCR and RIA (SESEB, SEA'SEB). LH}om nasal-throat swabs of food handlers and smears of
e technological equipment from food-processing manu-
acturers. The above-mentioned results confirm the fact
hat man is the main staphylococcal reservoir and vector
which is of special importance for food contamination.

By immunochemical methods, such as RIA, both the
production of enterotoxins by strains and the presence of
. . . toxins in food are determined. On the other hand, the

The literature shows very _van:_:\ble results Cpncptm'nrg?lolecuIar-genetic methods are able to detect the potential
the occurrence of enterotoxigenic 8ureusstrains in ¢ ciains to produce SEs, especially in cases when toxin

f(.)OdS' This is_probably due to the differences_among t nes are not expressed due to various reasons. Detection
kinds of examined foods, number of samples, in detectiQ} g 5 reusstrains which harbour the gene for SEA
m(_aI:[EOdstuseS, art1d Irt] th'e ecgloglcal o_rlg:ntof sftramst:.h synthesis is important because the SEA is toxic in low
total €ra i N efn Seio_ox:g;an : gtur.euscljs? ates trom the | concentrations (0.6 ng/ml}]. Therefore, we attempted to
Oaz 3n9u2m0 /eerlo or Ich?ca reesnc?e (;if'r;terg;g] .Og;.(‘:‘&;rtr:gﬁﬁvolve not only PCR but also dot-blot hybridisation into
W 40/' N ; Wd b Tu L2 h xigen! & "NRe detection obea.The results of dot-blot hybridisation
(36.4%) was found by Tsest al. [26] when examine®. /o1 consistent with those of PCR and RIA. However, as
aureusstrains from Chinese sausages, frozen and Othtedmpared with PCR (detection fiml pg/ml), the lower
foodstuffs, as well as by Roset al. [19] (30.5%) in @ getection limit of dot-blot was achieved (1 ng/ml), which
study of S. aureusfrom various foods (cooked meals’corresponds with the data of Zschdatkal. [29]. Rifai et
meat, pasta, chee;es). In contrast, 'De Buyse_xl. [4] I. [17] recommended the dot-blot hybridisation for a
determined production of SEs by routine analysis of foods . ise study of previously isolated staphylococcal

onlyhlnl 24% clJffS. daur(_auss_trams., \év(;\(:le fro_m cases of strains, but not for the direct determination of toxigenic
staphylococcal food poisoning - in 80% strains. Enicroorganisms from samples.

In comparison with literature data which report tha
SEA is mostly involved in outbreaks of staphylococcal CONCLUSIONS
food poisonind 15, 16, 29, the largest percentage of SEB
producingS. aureusisolates (23.5%) was found in our As shown by our results, the enterotoxigeBicaureus
study. Similar results were reported by Ng and TE§} strains have occurred in foods and food-processing
after examination of samples of local drinks and foothanufacturers in eastern Slovakia. For this reason, the
contaminated withS. aureusand by Udoet al. [27] in  estimation of SEs production is necessary to protect the
staphylococci isolated from the nasal and hand swabs hefalth of consumers.
restaurant workers.
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pathogens may result from their presence in the basic rawrnhe Ministry of Education and Science of the Slovak
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Reaction with probe was not obtained in isolates wi
production of SEB (SESEB') or in nonenterotoxigenic
isolates (SEASEB). An agreement between results ot{
PCR and dot-blot hybridisation was observed.

DISCUSSION
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