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Egyaotijoio Yyiewijc Toopiuwv Zwixijs Ilpoédevons, Kenviaroixo Turjua Havemornuiov Osooaliogs, Kagdiroa

ABSTRACT. B. cereus is a spore-forming bacterium, frequently found in the environment. Most of the strains can grow at a
temperature range of 10° - 42° C. B. cereus grows under aerobic conditions, but anaerobic growth is, also, feasible. D,,; values of
the spores of B. cereus strains are usually in the range of 0.03 to 2.35 min. The pathogen produces at least five different enterotoxins
(HBL, Nhe, CytK, BceT and FM) and one emetic toxin. The enterotoxins HBL, Nhe and CytK are the etiological agents of the B.
cereus diarrhoeal disease. The enterotoxins are heat sensitive and can be inactivated by heating at 56° C for 5 min. They are, also,
sensitive to low pH and proteolytic activity of enzymes and, subsequently, are inactivated in the acid environment of the stomach.
B. cereus emetic toxin has been kept stable even in a heat treatment at 121° C for 2 h in in vitro tests. The emetic toxin is highly
resistant to low pH (as low as 2) and to proteolysis. Thus, the emetic toxin cannot be inactivated in the acidic environment of the
stomach and the enzyme proteolytic activity in the intestinal tract. B. cereus causes either a diarrhoeal or an emetic type of foodborne
disease. The diarrhoeal disease is caused by the B. cereus enterotoxins, which are formed in the intestinal tract after the spores’
germination and the subsequent growth of the vegetative cells. The symptoms are watery diarrhoea, abdominal cramps and pain.
The emetic disease is caused by the ingestion of the preformed toxins in the foods. The symptoms are nausea and vomiting,
occasionally followed by abdominal pain or diarrhoea. Foodborne outbreaks caused by B. cereus have been associated with various
foods. The emetic disease has often been associated with the consumption of rice, pasta and other starchy foods, while the diarrheal
disease is often linked to the consumption of dairy products, vegetables and meat. The most common food sources for B. cereus
infections in humans are milk and dairy products. Among the reported foodborne outbreak cases in North America, Europe and
Japan attributed to B. cereus represent a percentage of 1% to 22%. Most B. cereus foodborne cases were associated with the
consumption of cooked foods that were cooled slowly and stored under improper refrigeration conditions. Foodborne diseases
caused by B. cereus constitute a major problem in restaurants and catering services. 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 B. cereus.
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HMEPIAHWH. O Bacillus cereus givar €vo, 0toQoyovo faxtoto gvpitata duadedopévo oto mepipdrrov. Ta meQuoodteQa
oteh€yn Tov avarttiooovtol o€ Ogpuoxpaoieg netaEd 10° xow 42° C, ®uping oe aeofieg ouvOires, ahhd umopet vo avamtuydovv
naw o avaepofieg ovvOnres. H ) Dyy; Yo Toug 0moovug tou B. cereus eivan ouvijfog petagd 0.03 min xon 2.35 min. To
Portriolo apdyet Tovhdyiotov évte dragpopetnés eviepotosives (HBL, Nhe, CytK, BeeT xaw FM) zow o epetinty to§ivn. Ou
evrepotoEivec HBL, Nhe xou CytK givow ou otiohoyirot tadyovies oty toorAnon g tapoixiic vooou. O eVIEQOTOEIVES
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elvan evaiotnteg ot Bepuuxt] emeEepyaoaia row adpavortoouvron ue O€puavon otoug 56° Cyo 5 min. Entiong, eivan evaioOnteg
oe younAéc ruég pH, ot dpdon twv tpmteohTirdy eVEipmY row adavorolotvtat 0to 6Ewo meidilov tov otoudyov. "Exet
duamotwOel o€ in vitro pekéteg 6t petrt] ToEvN Tov B. cereus maQOoUEVEL OTAOEQT axoun xow netd oo O€ouavon otovg 121°
Cywa 2 h, eved elvan aitega avBentn oe youniés nués pH (néxot 2) xow oty momTteSAVoT. ZUVEmMS, WIOQEL VO TUQOUUEIVEL
dpaonxy 010 G6Evo meQUPAAAOV TOU OTOUd OV %aL OTNY ETOQOON THS TEMTEOMTINS OQAONS TV EVEUI®V TOU EVIEQLKOU
ooMjva. O B. cereus mQorahet puor OL10QQOI%Y] R ULet EUETLRY LOQPT] TOOPLUOYEVOTS VEéoou. H oty wooen meorakeiton amrd
TLS €vteQOTOElveS Tov B. cereus ov TOQAYOVIOL OTOV EVIEQIXG OMAVA HETA T BAGOTNON TWV OTTGOMV XOL TNV AVATTUEN TMV
BAOOTREV LOQPOV TOU Paxrtnolov, ne ®HOLoL CUUTTAUATA TA VOAQY ROTEOVO oL TO ®OLlMoxo dhyos. H devteon noopn
TEOXUAELTOL OTTG TNV TEOOANYY TNE TQOOYNUOTIOUEVNS OTA TEOMLLAL TOEIVNGS. Ta ouprttduoTa VoL VouTion %o EUETOS TOU
TEQLOTOOLARA OUVOIETOVTOL QTS XOtMakS dAyog 1] dudpoota. Ot TEOPLUOYEVEIS AOMDEELS TTOV TTROXAONKRaY 0t Tov B. cereus
€xovv ovoyeToTEl ue dudpooa €i0N Teopiumy. H guetiny] noogn ouyvotepa €xelL OUOYETIOTED UE TV ®ATUVAlwor euiiov,
Tupo@urdv ®o GOV apuAolywy TEOQINWY, EVEO 1] OLEEOTXY] HE TNV XATAVAAMOT YOUAAXTOXOMXMDY TQOIGVIWY, ALY OVIXDY RO
®re€atog. Ta ToSEULa TOU OUYVATEQX EUTAEXOVTOL 0TIV TTEOXANON VOOOU 0t T0 B. cereus £(voL TO YO %O TO YOUAOXRTOXOWHKA,
TEOIOVTOL. METOEY TV TOOPLUOYEVAV AOMOEEWV OV €xouv avapeel ot Bopeta Apegurn, oty Evodmn xow v lamwvio,
OL TTEQUTTAOELS TTOV artodSOMrav otov B. cereus amotehovoav 10 1% £mg 22%. ‘Opwe, T TEQLOCGTEQO XQOUTUNTC TOOPLIUOYEVOUS
VGO0V 0t TOV B. cereus €X0UV GUOYETIOTEL UE TNV XATAVAMWOY UOLYELQEUEVOV TQOPINMY TTOU YUy Onray apyd o dvortnerjfnxoy
oe aratdhnkec ouvOires Yigne. O tpo@Luoyeveis vooor amd Tov B. cereus amotehovv onuavtins Teopinua o e0TaToQLe
row EmYELNOELS TRopodooiac. H epapuoyn uétpmv, 6nmng 1 nijenon tmv agydv ms Opbiig Bopmyavirig Moaxtxis (Good
Manufacturing Practice, GMP) »ouw tov Zvonijuatog Availvong tov Kotowmv Znueiov EAéyyov (Hazard Analysis Critical
Control Points System, HACCP), otV moQaoxeuy Tmv T0oQiumy ooty Vo omoTQEPouy T WOAUVOY TOV TOOPIUMY UE

tafoydva Paxrtioua, 6mtms eivae o B. cereus.

A&Eeis evgernoiaons: Bacillus cereus, 1oopuuoyevy mafoydva faxrtiola, ToEVes, 0moQoydva Paxtiolo

Introduction

B. cereus has been recognized as an important
foodborne pathogen. The European Commission has
classified it as a hazard group 2 microorganism, due to
its ability to cause infections in humans (European
Commission Council Directive 93/88/EEC 1993).

B. cereus can cause two foodborne diseases, an
emetic (vomiting) intoxication due to the ingestion of a
toxin preformed in the food (Kramer and Gilbert 1989)
and a diarrhoeal infection due to the ingestion of
bacterial cells/spores, which produce enterotoxins in the
small intestine (Granum and Lund 1997, Granum 1994).

The aim of the present work is to review the
characteristics, the toxins and types of the foodborne
diseases, as well as the food sources and reported
outbreaks of B. cereus.

Characteristics of Bacillus cereus

B. cereus is an aerobic spore-forming bacterium,
frequently found in the environment and usually isolated
in soil, dust, air, water and decaying plants. Its growth
temperature varies between the strains of the pathogen.
Mesophilic strains of B. cereus can grow at a temperature
range of 10° - 42° C (optimum 30° - 37° C). It has, also,
been reported that some thermophilic strains can even
grow at temperatures as high as 55° C (Kramer and

Gilbert 1989). However, psychrotrophic strains of B.
cereus are able to grow at 4° - 10° C (EFSA 2005).

B. cereus is not a particularly acid tolerant bacterium
and many strains can grow over a pH range of 4.75 to
9.3 (EFSA 2005). The minimum water activity (a,,)
value, allowing vegetative growth for many strains of
the pathogen, is 0.92 (Kramer and Gilbert 1989).

Although there are inconsistent results on the
effect of NaCl on B. cereus growth, it is generally
recognized that the majority of B. cereus strains can
grow in laboratory media with a NaCl content of less
than 7% (Claus and Berkeley 1986, Raevuori and
Genigeorgis 1975).

B. cereus grows under aerobic conditions, but
anaerobic growth is, also, feasible. Toxin production is
lower under anaerobic conditions than in aerobic ones
(Kramer and Gilbert 1989).

Vegetative cells of B. cereus are sensitive to heat,
but, in contrast, spores have a broad range of heat
resistance (Goepfert et al. 1972). Most of the spores of
B. cereus strains are moderately heat resistant with a
D, value of 0.03 min, but certain spores are extremely
heat resistant with a Dy,; value of 2.35 min (Kramer
and Gilbert 1989). B. cereus isolates from foodborne
outbreaks show D, values ranging from 6 to 27 min
(Rajkowski and Mikolajcik 1987).
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A heat process at 121.1° C for 3 min is generally
considered safe for the elimination of Clostridium
botulinum in canned foods. This heat process is, also,
sufficient to eliminate the spores of B. cereus
(Rajkowski and Mikolajcik 1987). Foods subjected to
less severe heat treatments may occasionally carry
spores of B. cereus (EFSA 2005).

Toxins of B. cereus

B. cereus produces at least five different
enterotoxins, Haemolysin BL (HBL), Nonhemolytic
enterotoxin (Nhe), Cytotoxin K (CytK), Enterotoxin T
(BceT), Enterotoxin FM (EntFM) and one emetic
toxin. The enterotoxins HBL, Nhe and CytK are the
etiological agents of the B. cereus diarrhoeal disease, but
enterotoxins Bee'T and EntFM are less toxic and are
usually not involved. They are polypeptides or protein
complexes, while the emetic toxin is a polypeptide. The
enterotoxins HBL and Nhe are multicomponent and
chemically related proteins, whereas the enterotoxin
CytK is a single protein. The enterotoxin HBL is a
haemolysin and consists of three proteinic components
(L1, L2 and B), which are all required for the
enterotoxin activity. It shows haemolytic, dermonecrotic
and vascular permeability activities and it is, also,
considered as the primary virulence factor in B. cereus
diarrhoea (Granum 2007). The non-haemolytic
enterotoxin (Nhe) consists of three proteinic
components (NheA, NheB and NheC), which are all
required for the enterotoxin activity. Cytotoxin (CytK)
has been discovered recently and it is, also, involved in
B. cereus diarrhoeal disease. This enterotoxin is a protein
with a molecular weight of 34 kDa and it is similar in
structure to B-toxin of Clostridium perfringens (Kramer
and Gilbert 1989). The enterotoxins (HBL, Nhe and
CytK) are cytotoxic and act on the cell membrane by
making holes or channels (Beecher et al. 1995).

The majority of B. cereus strains are capable to
synthesize enterotoxins at a temperature range of 6 to
21° C. Toxin production is, also, favoured at a pH range
between 6.0-8.5 (Griffiths 1990), they are heat sensitive
and can be inactivated at 56° C for 5 min. They are, also,
sensitive at low pH and to enzymes’ proteolytic activity
and, subsequently, they are inactivated in the acid
environment of the stomach. Therefore, while the
enterotoxins production is feasible in food, it is
presumably less important to assess the risk of
diarrhoeal infection (van Netten et al. 1990).

The emetic toxin, also named as cereulide, is a
peptide with a molecular weight of 1.2 kDa. It is
produced in higher amounts between 20° - 25° C, while
it is not usually feasible at temperatures below 8° C
(Haggblom et al. 2002). It is highly resistant at a low
pH, as low as 2, and to proteolysis. Thus, the emetic
toxin can be stable in the acidic environment of the
stomach and the enzyme proteolytic activity in the
intestinal tract (Granum 2007).

In addition, the emetic toxin has been kept stable
at 121° Cfor 2 h in in vitro tests (Rajkovic et al. 2008).
This observation is important because it may remain
active upon sterilization (121° C for 3 min), which is
generally recognized as a safe heat process, as
mentioned above. The cases of emetic disease with a
low number of B. cereus cells (10? cfu/g) present in heat
processed foods may be attributed to the presence of
the emetic toxin (EFSA 2005). Moreover, due to its
hydrophobic properties, toxic residuals of emetic toxin
cannot be completely washed away from contaminated
grain foods (e.g. rice) during the washing procedure
(Rajkovic et al. 2008).

B. cereus foodborne diseases

B. cereus causes either a diarrhoeal or an emetic
type of foodborne disease.

1. Diarrhoeal disease

The diarrhoeal disease is caused by the B. cereus
enterotoxins, which are formed in the intestinal tract
after the germination of the spores and the subsequent
growth of the vegetative cells. An infectious dose of 10°
to 107 viable cells or spores per g of the contaminated
food is usually enough for the onset of the symptoms
of the diarrhoeal disease (Granum 2007). However,
some strains may cause the disease with an infectious
dose as low as 10° - 10* cfu/g (Granum and Lund 1997).
The disease is characterized by a fairly long incubation
time, usually § - 16 h. The delayed onset of symptoms
is due to the transit time of the pathogen through the
stomach and the small intestine, which may be almost
6 h (Takumi 2000), and the time required for the
growth of B. cereus cells to hazardous levels in the
intestine. When spores of B. cereus are consumed with
contaminated foods, the incubation time is even longer
due to the germination of the spores. The symptoms
are watery diarrhoea, abdominal cramps and pain.
Nausea may accompany diarrhoea, but vomiting
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Table 1. B. cereus foodborne outbreaks and implicated foods.

Type of food Region/Country No. outbreaks Years References
(persons affected)
Rice England & Wales 28 1992-2008 HPA 2010
Rice Verginia (USA) 1(14) 1993 Khodr et al. 1994
Spaghetti Switzerland 1 1996 Mahler et al. 1997
Poultry England & Wales 14 1992-2008 HPA 2010
Chicken USA & European Union 10 1988-2007 Greig and Ravel 2009
Chicken UK 2 (300 & 30) 1998 Ripabelli et al. 2000
Red meat England & Wales 9 1992-2008 HPA 2010
Beef USA, Australia, New Zealand 5 1988-2007 Greig and Ravel 2009
Pork USA & European Union 2 1988-2007 Greig and Ravel 2009
Eggs Australia 1 1988-2007 Greig and Ravel 2009
Seafood USA & Asia 3 1988-2007 Greig and Ravel 2009
Seafood England & Wales 3 1992-2008 HPA 2010
Cod fish Spain 1(4) 1986-1989 van Netten et al. 1990
Salad/ Fruit England & Wales 5 1992-2008 HPA 2010
Salad/ Fruit Australia & Canada 6 1988-2007 Greig and Ravel 2009
Dairy products USA & European Union 3 1988-2007 Greig and Ravel 2009
Pasteurized milk Netherlands 1(42) 1988 Christiansson 1992
Pasteurized milk Netherlands 1 (280) 1986-1989 van Netten et al. 1990
UHT milk Japan 1(201) 1991 Christiansson 1992
Desserts England & Wales 2 1992-2008 HPA 2010
Cakes Italy 2(95 & 78) 2000 Ghelardi et al. 2000

symptoms are not usually observed (Gilbert 1979). The
duration of disease is generally 12-24 h, and occasionally
several days. The symptoms of the B. cereus diarrhoeal
disease are, also, similar to those caused by Clostridium
perfringens infections (Granum 2007).

2. Emetic disease

The emetic disease is caused by the ingestion of the
preformed toxins in foods. Generally, a large
population of B. cereus cells (10°-10%/g of food) is
required to produce a sufficient toxin amount in the
food for the onset of the emetic disease (Granum
2007). According to Agata et al. (2002), the amount of
emetic toxin implicated in cases of B. cereus emetic
disease is usually in the range of 0.01 to 1.28 ug/g of
food. The emetic type occurs in 1-6 h after the
consumption of the contaminated food (Mortimer and
McCann 1974). The symptoms are nausea and
vomiting, occasionally followed by abdominal pain or
diarrhoea. The duration of disease is generally 6-24 h.

The disease is similar to that of Staphylococcus aureus
food poisoning in both its symptoms and incubation
period. The rapid onset indicates preformed toxin. The
emetic disease is self-limiting and recovery is, also,
complete (Granum 2007).

B. cereus food sources and foodborne outbreaks

Since B. cereus is a common soil saprophyte, it is
easily spread to foods of plant origin. However, the
pathogen is usually found in food of animal origin like
meat, eggs and dairy products (Kramer and Gilbert
1989). Hauge (1955) provided the first and most
comprehensive description of B. cereus diarrhoeal
disease in the 1950’s (after investigating four
outbreaks), associated with the consumption of vanilla
sauce in a Norwegian hospital. Foodborne outbreaks
caused by B. cereus have been associated with various
types of food (Table 1). The emetic disease has been
quite often associated with the consumption of rice,
pasta and other starchy foods, while the diarrheal
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disease has been often linked to the consumption of
dairy products, vegetables and meat (Jay et al. 2005).

The case number of B. cereus infections are usually
underestimated because the pathogen causes a mild
disease with a short duration (often < 24 h) and
sporadic cases of foodborne B. cereus outbreaks are
not officially reported. In addition, the food source of
the outbreak is rarely confirmed and epidemiological
investigation is usually not conducted in many
countries. Among the reported foodborne outbreaks
in North America, Europe and Japan, cases attributed
to B. cereus outbreaks represented a percentage
ranging between 1% to 22% (Griffiths and Schraft
2002). In a survey conducted in Europe in the years
1993-1998, 278 outbreaks were caused by B. cereus,
representing a percentage of 1.3% of the total number
of reported foodborne outbreaks (WHO 2000).

In many countries, the case number of foodborne
diseases caused by B. cereus is not exactly known.
However, the dominant type of reported B. cereus
disease varies between different countries. For
example, in Japan, the case number of emetic diseases
is ten times higher than the diarrhoeal type, whereas
in Europe and North America, the diarrhoeal disease
is often reported as the most common type. This
variation is presumably due to the different types of
consumed foods or the different cooking methods
among the countries (Granum 2007).

Cross-contamination of processed foods with B.
cereus spores has, also, been observed (Kramer and
Gilbert 1989). Due to the fact that spores of B. cereus
have strong adhesive properties, they might form
biofilms and persist on the surface of the food
processing equipments (Andersson et al. 1995).
Furthermore, foods could, also, be contaminated with
B. cereus spores by the addition of contaminated
ingredients, such as texturing agents (Guinebretiere
and Nguyen 2003), liquid eggs, herbs and spices
(ICMSF 2005). Spores of B. cereus were, also, found in
paper mill industries and in packaging materials
(Pirttijarvi et al. 2000), which could represent an
additional source of contamination of the packaged
foods. Dry foods, such as milk powder, infant
formulae, spices and herbs, are often contaminated
with B. cereus spores (EFSA 2005).

The most common food sources for human
infections by B. cereus are the milk and the dairy

products (Granum et al. 1993, Gilbert 1979). Raw milk
is often contaminated with B. cereus spores during an
improper or not hygienic milking. In addition, the raw
milk may be further contaminated with its spores
during the transportation or processing. For instance,
raw milk can be contaminated with B. cereus strains
that persist in the farm bulk tanks and the collection
milk tanks of the dairy plants (Svensson et al. 2004).
Contamination of pasteurized and powdered milk with
B. cereus strains, persisting in pasteurizing and drying
process, respectively, has been reported (Eneroth et
al. 2001, Svensson et al. 1999).

Certain strains of B. cereus spores can survive milk
pasteurization and germinate during subsequent
refrigerated storage. After spores’ germination,
psychtrotrophic cells can easily grow because of the less
competition from the low number of other bacterial
cells survived in the pasteurization process of the milk.
Notermans et al. (1997) found that psychtrotrophic
strains of B. cereus grew during refrigerated storage of
milk at 4-7° C. However, other studies revealed that
emetic B. cereus strains were presumably unable to
grow and produce the emetic toxin below 10° C (EFSA
2005). Thus, proper refrigeration storage of milk at 4° C
should prevent development of B. cereus emetic toxin
(EFSA 2005).

Most B. cereus foodborne cases were associated
with the consumption of cooked foods that were
cooled slowly and stored under improper refrigeration
conditions. In an inappropriate heating process, the
spores of the pathogen could survive and could, also,
germinate into vegetative cells. Further growth of
vegetative cells of B. cereus could, also, be enhanced
due to the less antagonistic activity of the low
populations of other bacteria that survived the heating
process. Particularly important are thermophilic B.
cereus strains, which are able to grow at temperatures
as high as 55° C, as they might multiply rapidly during
an elongated cooling process (EFSA 2005).

Starch may promote the growth of B. cereus and
the production of emetic toxin (Griffiths and Schraft
2002). In particular, cooked rice, kept at unrefrigerated
storage for several hours before re-heating, led to
several emetic intoxication outbreaks (Jay et al. 2005).
The emetic toxin was produced during the inappropriate
refrigerated storage of the cooked rice and was not
destroyed during the re-heating process (Kramer and
Gilbert 1989).
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Foodborne diseases caused by B. cereus are a
major problem in restaurants and catering services
(Guinebretiere et al. 2006). Failure in refrigeration or
extended delays in preparation and service of cooked
products were factors that often led to B. cereus emetic
disease (EFSA 2005).

Since the cause of foodborne outbreaks is not
often identified, cases of B. subtilis, B. licheniformis and
B. pumilus infections, which show similar symptoms to
those of B. cereus infections, have occasionally been
reported as B. cereus foodborne illnesses in humans
(EFSA 2005).

Control measures

Since B. cereus spores are widespread in the
environment, application of control measures to

prevent the contamination of the foods with the
pathogen spores and toxins is important for the
consumers’ safety. Application of control measures,
such as GMP and HACCP, in food processing lines
can prevent food contamination with B. cereus. The
dairy industry should apply control measures to avoid
post-pasteurization contamination of milk with this
pathogen (EFSA 2005).

Cooked foods should be consumed soon after
preparation and in case of a later consumption, they
should be kept hot (>63° C) or rapidly cooled. Refri-
geration below 4° C is necessary to prevent growth of
all types of B. cereus, including psychrotrophic strains.
The European Union should, also, set limits for the
population levels of B. cereus and its toxins in various
foodstuffs (EFSA 2005). B
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