- Publishing

Journal of the Hellenic Veterinary Medical Society

Vol 61, No 4 (2010)

IS5 17822720

Jm

JOURNAL OF THE HELLEN|G
VETERINARY MEDICAL SOGIEY:

MEPIOAIKO THE EANHNIKHE
KTHNIATPIKHE ETAIPEINAR

To cite this article:

Staphylococcus aureus and Staphylococcal
enterotoxins in foodborne diseases

A PEXARA, A BOURRIEL, A GOVARIS

doi: 10.12681/jhvms.14904

Copyright © 2018, A PEXARA, A BOURRIEL, A GOVARIS

This work is licensed under a Creativ

mmons Attribution-NonCommercial 4.0.

PEXARA, A., BOURRIEL, A., & GOVARIS, A. (2018). Staphylococcus aureus and Staphylococcal enterotoxins in
foodborne diseases. Journal of the Hellenic Veterinary Medical Society, 61(4), 316-322.

https://doi.org/10.12681/jhvms.14904

https://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at: 12/02/2026 05:56:05



Review article

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2010, 61(-): 316-322
TEPIOAIKO THX EAAHNIKHE KTHNIATPIKHX ETAIPEIAZ 2010, 61(-): 316-322

Avaoxomnon

B Staphylococcus aureus and Staphylococcal enterotoxins
in foodborne diseases

Pexara A.!, DVM, PhD, Burriel A.2, DVM, MSc, MSc, PhD,
Govaris A.!, DVM, PhD, DipECVPH

! Laboratory of Hygiene of Foods of Animal Origin, 2 Laboratory of Microbiology and Parasitology

Faculty of Veterinary Medicine, University of Thessaly, Karditsa, Greece

W Staphylococcus aureus ®or ETag@ulororxinés EVIEQOTOEIVES
O€ TQOPLULOYEVELS VOGOVG

A. IleEapd!, DVM, PhD, Burriel A.2, DVM, MSc, MSc, PhD,
A. Tx6Bagng!, DVM, PhD, DipECVPH

! Eoyaotijoto Yyiemjc Toogiuwv Zwwxijs Ilpoédevorg, 2 Eoyaotiioto Mixpofioloyiag xat Hapaoitodoyiag

Turjua Kryviatouxijs, Havemoriuto Osooaliag, Kapditoo

ABSTRACT. Staphylococcal food poisoning (SFP) is one of the most significant foodborne diseases. It is a mild intoxication,
which is caused by the ingestion of food containing one or more preformed staphylococcal enterotoxins (SEs). The toxic dose of
SEs in human is usually ranged from 20 ng to 1 ug. SEs are proteins produced by Staphylococcus spp in various parts of the
environment, including foods. Although several staphylococci can produce SEs, the majority of SFP cases is attributed to S. aureus.
Traditionally, five antigenic SE types have been recognized: SEA, SEB, SEC, SED and SEE. During the 1990’s, new SEs (SEG,
SEH, SEI and SEJ) were reported and their genes were described. Several studies revealed that SEH, SEG and SEI were, also,
involved in the gastroenteric syndrome. More recent data have indicated the presence of “new” SE genes and new SEs, designated
as “staphylococcal enterotoxin-like” (SEl). The role of SEl in food poisoning has not yet been clarified. In contrast to S. aureus,
SEs are remarkably heat resistant (D-values of 3-8 min at 121 °C). They may be present in foods even when viable cells of S. aureus
are absent. The enterotoxins are, also, resistant to proteolytic enzymes. It is generally accepted that toxic levels of SEs are produced
in foods when S. aureus concentration exceeds 10° cfu/ml. S. aureus can grow at a temperature range of 7-48.5°C, with optimum
30-37°C, a pH range of 4.2-9.3, with optimum 7-7.5, minimum a,, of 0.86, and up to 15% NaCl. SEs can be produced at a
temperature range of 10-46°C, with optimum 40-45°C, a pH range of 4.8-9.0, with optimum 5.3-7.0, and a,, range of 0.86-0.99,
with optimum 0.90. Among the foods implicated in SFP are usually milk, dairy products and meat. SEA and SED are usually
identified in foodborne outbreaks, while SEC is an important cause of SFP associated with the consumption of dairy products.
The European regulation has set criteria for presence of SEs in cheeses, milk powder and whey powder (Regulation EC, 2073/2005).
If population of coagulase-positive staphylococci in samples exceeds 10° cfu/g, these samples should be further tested for the
presence of SEs. In this case, SEs must not be detected in 25 g of the products.
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ITEPIAHWH. H otaguhoxoxxuw] toivwon (ET) eivan Eva amd ta mmo ouyvd aitio 1poguuoyevots vooov. Elvoar wa toEivioon
IOV TTQOROAETTOL CTTS TNV TTEOOANYY UE T TOOPUUAL UIOS 1] TTEQLOCOTEQMY TROTYNUATIOUE VIV OTAPUAOKORRIXDV EVIEQOTOELVHV
(ZE). OvtoEwég ddoeis twv ZE yia tov dvBpmmo xupaivovron amd 20 ng €mog 1 pg. Ou ZE eivon TowTteives mov mopdyoviar arnd
0QLOUEVAL E(ON OTAPUAGRORXMV TG00 0TO TEQURAAOV 600 %o 0Tar TEAPIU. TTaedho mov dudpoa €10 OTOPUAGKOXKOV UTOQOUV
VO TTQOXUAETOVY TQOPUUOYEVELS AotdEELS, 0xedGV Oha ta teguotativd T amodidovran oto S. aureus. Iagadooiaxd €xouv
AVOYVOQELOTEL 0L A0OLROT THTTOL OTapUAOROUKIRDV eVTEQOTOEW®DV SEA, SEB, SEC, SED 20w SEE. Zt dexaetic tov 1990 avi-
yvevmrav véeg toEives (SEG, SEH, SEI, SEJ) xow mpoodiopiotnray ta Yovidia ov eLEyyxouy v moagaymyri tovg. I
TEOOPATO OTOLXEIDL 0OONYNOUY OTOV TEOOILOQLOUS ETUITAEOV «VEMV» YovIdiwv Yo TNy mogaymyr] ZE. Ou véeg avtéc ZE
AVaPEQOVTOL WG OTAPUAOROUXIXES EVTEQOTOEIVES TOV TUmov XE “staphylococcal enterotoxins-like” (SEL) xou 0 p6hog tovg oty
TTEGXANON TEOPLUOYEVOTS VEOOU eV €L axdUN TAMEMS SLevrEIvioTel. AVIIOETO LE TO UXQOOQYAVIOUS TTOV TLS TURAYEL, oL ZE
elvon Waltepa avBerturég oty enidoaon g Bepunis eneEepyaaias (Dyy; tuég 3-8 min) rnow pmoet va Poiorovion ota
0@, axoun rot av dev vdeyovv Coviavd ruttapa tov S. aureus. Ov ZE elvar emiong avOextivég om dpdon tmv
TEMOTEOAMTIRMV eVEUU®V. Elvon yevird amodextd 6n ol ZE mapdyovran og ToEwmES 060eLs yia tov dvBpmmo, dtav o tAnbuoude
Tou S. aureus oto 1RGO vitepPaiver ta 10° cfu/ml. O S. aureus avorricoeton oe eUpog Oepuorpaoidv 7-48,5°C, ue féhtiom
30-37°C, og evpog TV pH 4,2-9,3, pe féhtiom 7-7,5, oe ehdyot npuy a,, 0, 86 now og ovyrévromon NaCl €wg 15%. O ZE
mapdyovran og Bepuorpaoies uetatld 10-46°C, ue féhtiom 40-45°C, pH 4,8-9,0 ue péhtiom 5,3-7,0, xon og THES a,, HETAEY
0,86-0,99 ue Béhtiom 0,90. MetaEl TV T00Qiumy v avagépovion ouyvatepa oty tedkinon ZT elvor o ydha, To YohaxTtoromrd
TOOTOVTOL RO TO %QEAC. Ot TOEIVES TOU CUYVOTEQX AVLYVEVOVTOL O€ TQOPLUOYEVEIS AOUDEELS QTS TNV RATAVAAMOT SLapEQmV
Toogipmy eivan or SEA »aw SED, evdd amé v xaravahmon yohoxtoromwxrav mpoioviov eivar  SEC. H Evpwmaing Evoon
£xet OgomioeL roumjoLa Yo T toovaio twv ZE ota tuold, Yaia og ondvn xot oxdvn 0Qov yahaxtog (Kavoviopds 2073/2005).
Agilyparta tov €xovv ThnBuopd otaguAGRorrmV BeTitdv oty nxtdon peyahitepo amd 10° cfu/g mpémer va eAEyyovra yio Ty
naovoia XE, wov dev Ba mpémer va aviyvevovion ota 25 g delynatog.

A&Eeig evgernoiaong: Staphylococcus aureus, EVIEQOTOEIVES, TOOPLUOYEVT] TTAOOYOVAL.

INTRODUCTION

taphylococcal food poisoning (SFP) is one of the

most significant foodborne diseases worldwide
(Tirado and Schimdt 2001). SFP is considered an
intoxication, which is caused by the ingestion of conta-
minated food with one or more preformed staphylo-
coccal enterotoxins (SEs) (Seo and Bohach 2007).

SEs are proteins produced by certain Staphylo-
coccus spp. in various parts of the environment,
including food. Although enterotoxin production is
primarily associated with coagulase and thermo-
nuclease positive strains of Staphylococcus aureus,
many coagulase positive or negative Staphylococcus
spp. can, also, produce SEs. Certain coagulase positive
strains of S. intermedius have been found entero-
toxigenic (Becker et al. 2001) and have been clearly
involved in SFP outbreaks (Khambaty et al. 1994).
Among the coagulase negative Staphylococcus spp., S.
cohnii, S. epidermis, S. xylosus and S. haemolyticus can,
also, produce one or more SEs (Bautista et al. 1988).
Particularly, S. epidermidis was, also, implicated as the
aetiological agent in a foodborne outbreak (Breckin-
ridge and Bergdoll 1971). However, the majority of the
SFP cases are almost attributed to S. aureus (Seo and
Bohach 2007).

Staphylococcus aureus

S. aureus is a major foodborne pathogen. It is
usually found in humans and animals and can cause
various diseases ranging in severity, from slight skin
infection to complicated diseases, such as pneumonia
and septicaemia (Lowy 1998). It is usually harboured
in the nares of 20-30% of healthy individuals, while
about 60% of the human population can carry the
microorganism intermittently (Kluytsman et al. 1997).
S. aureus is, also, present on the skin and mucosae of
food-producing animals, such as ruminants, and it is
frequently associated to mastitis leading to conta-
mination of milk and dairy products (Jablonski and
Bohach 1997). The organism has been identified as the
aetiological agent of 30% to 40% of all mastitis cases
(Asperger and Zangerl 2003).

S. aureus is, also, a ubiquitous organism. It may be
found in many parts of our environment, including
dust, water, air, clothes or equipments.

— Characteristics of S. aureus

S. aureus is a non-motile, cluster forming spherical
Gram-positive bacterium (Huong et al. 2010). Itis a
facultative anaerobic bacterium and can grow at a
temperature range of 7-48.5°C, and optimum 30-37°C
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(Schmitt et al. 1990), a pH range of 4.2-9.3, and
optimum 7-7.5 (Bergdoll 1989), or up to 15% NaCl.
Several studies indicate a minimum a,, (water activity)
of 0.86 (Le Loir et al. 2003). Due to these characte-
ristics, S. aureus can grow in a wide variety of foods.

S. aureus is quite sensitive to microbial compe-
tition. Antagonistic bacteria to S. aureus growth are
several bacterial species, such as Acinetobacter, Aero-
monas, Bacillus, Pseudomonas, S. epidermidis, the
Enterobacteriaceae, the Lactobacillaceae and entero-
cocci (Mossel 1975).

The organism is usually readily killed at
pasteurisation temperatures. D60 (values at 60°C)
were found between 2 to 50 min depending on the type
of the food. During heating, the cells of S. aureus are
quite sensitive in Ringer’s solution at pH 7.2 (D¢ =
0.11 min), but resistant in milk at pH 6.9 (D¢, = 10.0
min). In frankfurters, heating at 71.1°C was found to
be destructive to several strains of S. aureus (Palumbo
etal. 1977).

S. aureus strains can also be classified into biotypes
according to their human or animal origin (Le Loir et
al. 2003).

Staphylococcal Enterotoxins (SEs)

— C(lassification

SEs are exoproteins forming a single chain with a
molecular weight ranging from 26,000 to 29,600 Da
and belong to a large family of pyrogenic toxin, known
as superantigens (Normanno et al. 2005). Tradi-
tionally, five classic antigenic SE types have been
recognized: SEA, SEB, SEC, SED and SEE. SECs
furthermore are distinguished into three subtypes
SECI1, SEC2 and SEC3 (Balaban and Rasooly 2000).
During the 1990’s, new SEs (SEG, SEH, SEI and SEJ)
were reported and their genes were described. More
recent data resulting from partial or complete genome
sequence analyses have led to the description of
further “new” SE genes (Morandi et al. 2007). The role
of these new SEs in food poisoning has not yet been
elucidated (Boerema et al. 2006, Vernozy-Rozand et
al. 2004). Studies revealed that the new SEs lack emetic
activity, while their toxic properties were not inve-
stigated (Vernozy-Rozand et al. 2004). Thus, it has
been proposed to designate them “staphylococcal
enterotoxin-like” SEI (Lina et al. 2004). The classical
SEs (SEA-SEE), as well as the new SEs, SEH (Su and

Wong 1995) SEG and SEI (Omoe et al. 2002) can,
also, induce the gastroenteric syndrome.

S. aureus can, also, produce the toxic shock
syndrome toxin 1 (TSST-1). This toxin was initially
recognized as the causative agent of the toxic shock
syndrome in humans and animals (Akineden et al.
2001). TSST-1 was once referred to as enterotoxin F
(Bergdoll et al. 1991, 1982). Although this toxin shares
many biological activities with SEs, it did not cause
emesis.

Production of SEs is encoded by phage (SEA),
chromosome (SEC) or plasmid genes (SED, SEJ)
(Proft and Fraser 2003, Balaban and Rasooly 2000,
Zhang et al. 1998, Johnson et al. 1991). The gene for
SEB is chromosomal in clinical isolates of S. aureus.
However, the same gene is carried by a plasmid in
other strains of S. aureus (Balaban and Rasooly 2000).
DNA sequence identity indicates that SEA, SED and
SEE are closely related (Van den Bussche et al. 1993).

SEA and SEB are often produced by the human
biovars, while SEC and SED are predominantly
produced by the ovine biovars and the Non-Host-
Specific (NHS) biovars, respectively. With the
exception of SEE, all the rest SEs can be synthesized
by animal biovar strains. Thus, the synthesis of SEs
supports the potential zoonotic role S. aureus in SFP
(Olsvik et al. 1981).

— Properties

Although the various SEs differ in certain
physicochemical properties, they are also sharing basic
characteristics. Unlike the producing organism, SEs
are remarkably heat resistant and they may be present
in foods even when viable S. aureus are absent
(Jorgensen et al. 2005, Jablonski and Bohach 1997).
Heat stability seems to be dependent on the growth
media or foods, the toxin type, the pH, salt
concentration and other environmental factors related
to the level of toxin denaturation. SEs usually show
D121 values of 3 min to 8 min (Asperger and Zangerl
2003). SEB was found active even after heating for 16
hours at 60°C and pH 7.3 (Schantz et al.1965). The
Dy, ; value of SEB in laboratory media was estimated
9.9-11.4 min (Genigeorgis 1989). Heating of SEC at
60°C for 30 min showed no change in toxin activity.
The heating of SEA at 80°C for 3 min or at 100°C for
1 min resulted in its inactivation (Bergdoll 1967). In
general, the heat resistant of SEB has been found
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higher than that of SEA, but lower than that of SEC
(Tibana et al. 1987).

The enterotoxins are, also, resistant to proteolytic
enzymes, such as trypsin, chymotrypsin, rennin and
papain (Bergdoll 1967).

— Production

It is well established that staphylococci can, also,
grow with no production of any enterotoxin. The
number of S. aureus cells required to produce the
minimum toxic dose of SEs in humans, depends on the
food and the enterotoxin type. SEA was detected,
when population of S. aureus were low (10* cfu/g) in
laboratory media (Hirooka et al. 1987), or high (107
cfu/g) in meat products (Notermans et al. 1983). It is
generally accepted that SEs are produced in foods at
toxic doses for human, when S. aureus concentration
exceeds 10° cfu/g (Le Loir et al. 2003, Tranter 1996).

SEs can be produced at a temperature range of 10-
460 C, with optimum 40- 45°C. SEs were produced in
meat products under anaerobic conditions during
storage at 10° C for several weeks (Genigeorgis et al.
1969; Tatini 1973). In unpasteurized milk at 10°C, SE
production was observed after 3 weeks (Schmitt et al.
1990). 1t is well known that refrigerated storage of
foods does not favour production of SEs at sufficient
levels for initiating the SFP (Schmitt et al. 1990). A risk
of SE production is only evident, when foods are stored
at 14 to 15° C for several days or at room temperatures
of 18 to 25° C for many hours (Schmitt et al. 1990).

SEs can, also, be produced at a pH range of 4.8 -
9.0 and optimum 5.3-7.0, a,, range of 0.86-0.99 and
optimum 0.90 (Smith et al. 1983). SEs were produced
in broths with 10% NaCl and a pH value of 5.45 or
higher, but not in broths with 12% NaCl (Genigeorgis
et al. 1971). SEB was produced in broths with 10%
NaCl and pH 6.9, but not in broths with 4% NaCl and
pH 5.1 (Genigeorgis et al. 1971). Microbial compe-
tition can, also, affect SEs production. Growth of
several lactic acid bacteria (LAB) resulted in a
decrease of SEA production because of the specific
enzymes and other metabolites of the LAB (Chordash
and Potter 1976).

— Mode of Action

SEs belong to a large family of staphylococcal and
streptococcal pyrogenic exotoxins. These toxins were
implicated in foodborne diseases, several allergic and

autoimmune diseases, as well as in toxic-like shock
syndromes. In addition to SEs, two forms of the toxic
shock syndrome toxin (TSST) and a group of strepto-
cocci pyrogenic exotoxins were, also, included within
this group (Balaban and Rasooly 2000).

SEs can act as potential gastrointestinal toxins, as
well as superantigens that stimulate non-specific T-cell
proliferation. Although these two separate functions
are localized on separate domains of the proteins,
there is a high correlation between these activities
(Harris et al. 1993).

The SEs action as superantigens is well under-
stood, but little is known about SEs action in SFP. It
was found that intestinal cells can facilitate the
transcytosis of SEs (Shupp et al. 2002). Ingested SEB
may be found in the blood faster than ingested SEA
(Hamad et al. 1997). Emetic activity of SEs has, also,
been attributed to a direct effect on intestinal
epithelium or the stimulation of the emetic center via
the vagus nerve (Le Loir et al. 2003). Data from recent
works revealed that SEA and SEB induced massive
intestinal cytokine production, which was the key
factor in the initiation of the inflammatory response
and the diarrheal disease (Pinchuk et al. 2007).

— Detection of SEs

Several methods for SEs’ detection in foods have
been developed throughout the recent years, including
biological, immunological, chromatographic and
molecular assays (Normanno et al. 2007). Among the
immunological methods, enzyme-linked immuno-
sorbent assay (ELISA), enzyme-linked fluorescent
assay (ELFA) and reverse passive latex agglutination
(RPLA) are the most common methods for the
detection of the classic SEs.

The polymerase chain reaction (PCR) has been
introduced as a simple technique for the detection of
enterotoxigenic strains (Peles et al. 2007). Although
the PCR-based approach is specific, highly sensitive
and rapid, it can only demonstrate the presence of
enterotoxin genes in S. aureus isolates rather than the
production of the SE protein (Boerema et al. 2006).

Characteristics of Staphylococcal food poisoning
(SFP)

SFP is a mild intoxication, which is caused by eating
foods contaminated with SEs (Berdgoll 1989). The
toxic doses of SEs in humans are not known. However,
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information from food poisoning outbreaks (Bergdoll
1990, Evenson et al. 1988) and human challenge studies
(Dangerfield 1973) indicate that individuals experien-
cing illness probably consumed 20 ng to 1 ug of SEs.
Despite the differences among various enterotoxins,
each SE has about the same potency of inducing SFP.

SFP symptoms develop within a few hours (1-6 h)
after the ingestion of the contaminated food. The sym-
ptoms include nausea, abdominal cramps, diarrhoea
and a characteristic projectile vomiting (Le Loir et al.
2003). Clinical signs generally disappear within 24-48
h, while deaths occur rarely, and particularly in the very
young, elderly and severely debilitated persons (Martin
and Iandolo 2000).

Since S. aureus can grow and produce SEs under a
wide range of conditions, a variety of foods has, also,
been implicated in SFP (Le Loir et al. 2003). Due to the
low antagonistic activity of the S. aureus against other
microorganisms, SFP from consumption of raw foods
is rare (Bergdoll 1989). Foodstuff can be contaminated
directly from infected food-producing animals or from
poor hygiene during the production processes, storage
and transportation of foods, since humans may, also,
carry S. aureus (Kusumaningrum et al. 2003).

Among the foods implicated in SFP are usually
milk, dairy products and meat (De Buyser et al. 2001,
Normanno et al. 2005, Normanno et al. 2007). Impli-
cated foods are often those that require considerable
handling during the production process and are stored
at slightly elevated temperatures than the refrigerated
ones. S. aureus grow in the food and produce one or
more SEs. The relative heat resistance of the SEs
contributes to the prevalence of the disease.

SFP was often ranked third among the reported
annual foodborne diseases in the world (Boerema et
al. 2006). In U.S., the annual count of SFP cases was
185,000 with about 1,750 hospitalizations in 1998
(Mead et al. 1999), and in Europe S. aureus caused
5.1% of the foodborne outbreaks between 1993 and
1998 (Tirado and Schimdt 2001). S. aureus was

indicated as the causative agent in 182 verified food-
borne outbreaks in the European Union in 2007. A
total of 1,945 people were affected, 204 were hospi-
talised and 3 persons died (EFSA 2009).

However, the real incidence of SFP is under-
estimated due to various reasons, such as unreported
sporadic cases because of the mild symptoms, mis-
diagnosis of the illness, similar symptoms to other types
of foodborne diseases (such as vomiting caused by
Bacillus cereus toxin), inadequate sampling for labora-
tory analyses and improper laboratory examination
(Smyth et al. 2004).

SEA and SED are the most common SEs and are
usually identified in foodborne outbreaks (Manfreda
et al. 2005, Balaban and Rasooly 2000). The lowest
number of outbreaks is associated with SEE. SEC has
been recognized as an important source of SFP
associated with the consumption of dairy products
(Manfreda et al. 2005, Tamarapu et al. 2001).

Control measures and Legislation

Since S. aureus is widespread in the environment,
application of control measures to prevent the
contamination of the foods with the pathogen and SEs
is important for the consumers’ safety. Application of
control measures such as good manufacturing
practices (GMP) and hazard analysis critical control
points system (HACCP) in food processing lines can
prevent contamination of the foods with pathogens like
S. aureus. The food industry should apply control
measures to avoid post production contamination of
food products with this pathogen.

Among microbiological criteria for foodstufts, the
European Union has set criteria for the presence of
SEs in cheeses, milk powder and whey powder. In
accordance with the Commission Regulation No. 2073/
2005, samples with coagulase-positive staphylococci
counts exceeding 10° cfu/g should be further tested for
the presence of SEs. In this case, SEs must not be
detected in 25 g of the products. B
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