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ABSTRACT

Bacillus cytotoxicus, a member of the Bacillus cereus group, is a thermotolerant species originally reported from a lethal
foodborne infection in France in 1998. The strain NVH391-98, isolated from this outbreak, produces cytotoxin K1, a potential
cytotoxic enterotoxin. However, the habitat and diversity of B. cytotoxicus isolates so far have been poorly explored. The
objective of this study was to assess the prevalence of this bacterium in different food products (mainly dried) and to estimate its
diversity. Among the 210 samples analyzed, all potato flakes contained the bacterium at low concentrations (�102 CFU/g).
However, prepared and kept at room temperature for 2 days, the puree contained ca. 105 CFU/g B. cytotoxicus. Besides potato
flakes, some samples of millet flour, salted potato chips, and soups also contained B. cytotoxicus. From these samples, 55
thermotolerant B. cytotoxicus isolates were obtained. When classified into six distinct random amplified polymorphism DNA
patterns, they showed the existence of 11 distinct plasmid profiles. Although most isolates (including the reference strains
NVH391-98 and NVH883-00) contained no detectable plasmid, some displayed one to three plasmids with sizes from ca. 8 to
90 kb. It also emerged from this study that a single food sample could contain B. cytotoxicus isolates with different genetic
profiles.

HIGHLIGHTS

� Bacillus cytotoxicus was found in all tested potato flakes but at loads lower than 102 CFU/g.
� B. cytotoxicus was observed in other potato-containing products and in millet flour.
� B. cytotoxicus isolates (n ¼ 57) fell into six RAPD patterns and 11 plasmid profiles.
� A large proportion of B. cytotoxicus isolates contained small and/or large plasmids.
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Bacillus cytotoxicus is the thermotolerant member of
Bacillus cereus sensu lato (B. cereus s.l. (4, 17)). B. cereus
s.l., also called the B. cereus group, is a cluster of closely
related species: B. anthracis, B. thuringiensis, B. mycoides,
B. pseudomycoides, B. weihenstephanensis, B. cereus sensu
stricto (s.s.), and B. cytotoxicus (40). This family contains
not only psychrotolerant, mesophilic, and thermotolerant
strains (19) but also pathogens (for mammals and insects)
and probiotic strains (14, 22). In particular, B. anthracis is a
pathogen of mammals that causes anthrax (25, 35), while B.
thuringiensis is an entomopathogen used in agriculture, as
environmental-friendly biopesticide, or as a bioinsecticide
to control mosquito-borne diseases such as malaria or
yellow fever (14, 27). B. mycoides and B. pseudomycoides
are characterized by the rhizoidal aspect of their colonies
(36, 37). Several new members of the B. cereus group have
been proposed, including B. gaemokensis (28), B. toyonen-

sis (26), B. bingmayongensis (31), B. wiedmannii (34), and
nine new species (32). Although B. weihenstephanensis was
long regarded as the sole psychrotolerant species of the B.
cereus group because of its ability to grow below 78C (30),
several strains of B. mycoides and B. wiedmannii have been
classified in this psychrotolerant cluster (34, 39).

Some B. cereus s.s. strains can cause two types of
foodborne diseases, with either an emetic or a diarrheic
syndrome (11, 40). The emetic syndrome is characterized by
nausea and vomiting. It results from cereulide, a dodeca-
depsipeptide produced in the food that is heat stable and
resistant to acid pH and gastric enzymes (1, 9, 10). The
diarrheic syndrome is thought to be caused by one or a
combination of potential heat-labile enterotoxins and
enzymes, presumably produced in the intestine by B. cereus
isolates (38). This syndrome is characterized by abdominal
pain and diarrhea (29). In addition to these foodborne
diseases, some B. cereus s.s. strains have been implicated in
human infections such as severe eye infection (endophthal-
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mitis), pneumonia, fulminant sepsis, and wound infections
(5).

NVH391-98, the type strain of B. cytotoxicus, was
originally isolated from an episode of severe and fatal
diarrhea for three people in France in 1998 (33). It produces
a necrotic and hemolytic toxin called cytotoxin K (CytK).
Two CytK variants have since been described, CytK1 and
CytK2 (13), and their genes are present in 5 and 42%,
respectively, of the B. cereus group members (16). CytK1
was described as more cytotoxic than the CytK2 variants
present in the other B. cereus s.l. strains. It was also reported
that the high cytotoxicity of the B. cytotoxicus type strain
resulted not only from the important toxicity of its CytK1
but also from the high expression level of its cytK1 gene (6).
However, NVH883-00, another strain of B. cytotoxicus
isolated from spice, weakly expressed the cytK1 gene and
was found to be noncytotoxic (12). Moreover, a study
suggested that the cytotoxicity of B. cytotoxicus strains
might have been overestimated in the past (21).

B. cytotoxicus isolates are relatively rare and form a
solid genetic cluster (phylogenetic group VII), distinct from
the other species of the B. cereus group (12, 17). This rarity
may be partly because the official routine method used for
the isolation of B. cereus makes it almost impossible to
distinguish among the seven species (40). However, after
preenrichment at 508C, several B. cytotoxicus have been
isolated from potato products (8, 21).

B. cytotoxicus, like other bacilli, is able to form spores
highly resistant to harsh environmental conditions. It is

therefore difficult to eliminate them with conventional
cleaning and disinfection methods. They can easily
contaminate food products and may represent a risk to the
consumer health. Although some B. cereus group members
are soil dwellers (24), the ecological niche of B. cytotoxicus
is not clearly established and no study has hitherto focused
on the diversity of this potentially dangerous species. This
study aimed to study the foodborne habitat and genetic
diversity of B. cytotoxicus, mainly among dried food
products.

MATERIALS AND METHODS

Isolation and enumeration of thermotolerant B. cytotox-
icus. A total of 210 samples were explored to assess the
prevalence of B. cytotoxicus in food products. They were
purchased in either Belgium or West Africa (Ghana, Mali, or
Burkina Faso) (Table 1). B. cytotoxicus is a spore-forming
bacterium and can contaminate dehydrated food products;
therefore, most tested samples were dried products. Concerning
the potato flakes, six distinct brands from five stores were
sampled.

Next, 10 g of food product was thoroughly mixed with 90 mL
of buffered peptone water (Bio-Rad, France) in a stomacher bag.
For the isolation of B. cytotoxicus from the food samples, a bag
was incubated at 508C for 24 h for preenrichment (8). The next
day, serial dilutions were made in Ringer solution and 100 μL of
each dilution was spread on Luria-Bertani (LB) agar and incubated
at 378C for 24 h. Five characteristic colonies (large, gray, flat, and
generally, with an irregular border) of B. cereus–like bacteria were

TABLE 1. Prevalence of B. cytotoxicus in food samples

Food productsa

(no. of samples tested)
No. of positive

samples

Potato flakes (20, including 1 from Mali) 20
Moroccan chorba and harira instant soups (5) 3
Crunchy instant soup (2) 2
Salted potato chips (3) 2
Potato peelings (6) 1
Improved millet flour for children (13, from Mali) 1
Dried products (42) 0
Atiéke (1), coriander (1), crackers (1), crispy thins (snack biscuits) (1), curcuma (5), dehydrated aloe vera (1),

dried pancakes (1), fine crystallized sugar (1), gary (1), hop (1), instant mushroom soup (1), instant noodles
(1), instant pea soup (1), instant skimmed milk (1), instant vegetable soups (5), maple syrup powder (1),
Mexican fajita spice mix (1), milk substitute powdered (2), mixed spices for noodles (1), mushroom (1),
parsley (1), potato flour (1), potato slices (1), powdered milk (2), rice cake (1), sauce chasseur (1), soluble
coffee substitute (1), vanilla flavor pudding (1), vegetable bouillon cube (1), vegetable soup (1), wheat
semolina (1), yam meal (1)

Dried products from West Africa (110) 0
Adja broth powder (1), bogonin (8), cassava flour (1), chicken broth powder (1), corn flour (2), couscous (1),

datou (condiment) (4), degué (8), dehydrated mango (1), dolly broth powder (1), dried ginger (5), dried
gumbo (1), dried néré (1), dried onion (2), fish powder (4), flour for animals (1), instant skimmed milk (1),
jujube powder (1), kokonte lafu (dried cassava) (1), millet flour (4), onion powder (1), peanut powder (6),
sesame seeds (3), sira mougou (baobab leaf powder) (12), soumbala (fermented condiment) (14), spices
(22), wheat flour (3)

Not dried products (5) 0
Frozen potato puree (1), Gnocchi (1), Mashed potato (from fresh potato) (1), Sweet potato peelings (2)

Not dried products from West Africa (4) 0
Date juice (zeguene) (1), honey (1), peanut paste (1), tamarind juice (1)

Total (210) 29

a Unless otherwise indicated, the samples originated from Belgium.
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selected, streaked on a new LB agar, and incubated at 508C for 24
h. For the enumeration experiments, serial dilutions of the food
products (recovered in buffered peptone water, as indicated earlier,
but without enrichment) were made from 10�2 to 10�7 in Ringer
solution, and 100 μL of each dilution was spread on mannitol egg
yolk polymixin agar and incubated 24 h at 378C.

Estimation of B. cytotoxicus load in mimetic household-
cooked potato puree. To determine the load of B. cytotoxicus in
cooked potato puree kept at household conditions, a puree of
potato flakes was prepared according to the manufacturer’s
procedure and kept at room temperature (208C) for 48 h. The
number of B. cytotoxicus was determined at 0, 8, 24, and 48 h after
the puree preparation as described earlier for the enumeration,
except that the bacteria were incubated at 508C for 24 h.

Genetic diversity and PCR detection of virulence genetic
determinants. To assess the bacterial diversity, two to five isolates
were selected from each positive sample. In total, 55 B.
cytotoxicus isolates were retained from diverse products. The
reference strains B. cytotoxicus NVH391-98 (33) and B.
cytotoxicus NVH883-00 (18) were used as positive controls for
the cytK1 gene and as reference in the genetic diversity analyses.

To obtain the bacterial DNA, a fresh overnight colony on LB
agar was suspended in 20 μL of deionized water. Total DNA
extractions were performed using the Wizard Genomic DNA
purification kit (Promega) from overnight cultures (LB, 308C, 120
rpm). The primers used in this study (Supplemental Table S1)
were cytK1F and cytK1R for the search of the gene cytK1, and
EMIF and EMIR for the detection of the cereulide crs2 genetic
determinant (cereulide synthetase 2 gene). OPA9 and OPA10 (23)
were used for random amplified polymorphism DNA (RAPD)
typing. The PCR detection of the cytK1 gene and the cereulide
genetic determinants was performed as previously described (7).
For the RAPD experiments, the PCR mix consisted of 9.7 μL of
demineralized water, 4.0 μL of buffer (Promega, Madison, WI),
2.0 μL of deoxynucleoside triphosphate, 2.0 μL of OPA primers,
1.2 μL of MgCl2, 0.1 μL of Taq polymerase (Promega, Madison,
WI), and 1.0 μL of template DNA. The following cycle was
performed: 948C (5 min); 45 cycles of 948C (5 min), 328C (1 min),
and 728C (2 min); 728C (7 min); and 108C (infinitely). Migration
of the PCR amplicons of the virulence genetic determinants and
RAPD were carried out on a 0.8 and 1.2% gel agarose (Santa Cruz
Biotechnology, Dallas, TX), respectively, in Tris-acetate-EDTA
buffer with 1 μg/mL ethidium bromide for 30 min at 100 V.
Photographs of the gels were taken with the ChemiDoc MP
Imaging System (Bio-Rad).

Extraction and visualization of plasmids. To further
explore the genomic diversity of the isolates, gel electrophoreses
of plasmid preparations were performed as previously described
(2, 15). Bacteria were grown in 7 mL of brain heart infusion (BHI)
broth for 15 h at 308C with shaking (120 rpm). A 2-mL volume of
cells was centrifuged (8,000 3 g for 7 min), and pellets were
carefully resuspended in 100 μL of E buffer (15% sucrose, 40 mM
Tris-hydroxide, 2 mM EDTA, pH 7.9). Then, 200 mL of lysing
solution (3% SDS, 50 mM Tris, pH 12.5) was added. The lysates
were heated at 608C for 60 min, followed by the addition of 20 mL
of proteinase K (20 mg/mL). The solutions were gently inverted
and incubated at 378C for 60 min. One mL of phenol–chloroform–
isoamyl alcohol (25:24:1) was added, and the solutions were
inverted carefully several times. After centrifugation (8,000 3 g
for 7 min), the upper aqueous layer was subjected to 25 h of
agarose electrophoresis (80 V, 48C). DNAwas stained in 1 μg/mL

ethidium bromide in Milli-Q water for 20 min and destained in
Milli-Q water up to 7 days (at 48C). Plasmid sizes were estimated
by comparing with the reference plasmids of B. thuringiensis
serovar israelensis AND508 (3).

RESULTS

Isolation of B. cytotoxicus from food products. B.
cytotoxicus isolates have been reported to be relatively rare
in food products, with the notable exception of potato
flakes. To investigate the source of this bacterium in food,
and more specifically in dried food products, 210 samples
were analyzed for the presence of the thermotolerant B.
cytotoxicus. The samples originated from Belgium (82) and
from West African countries (Ghana, Mali, or Burkina
Faso) (128) and mostly constituted dried products (195 of
210, ca. 93%). As shown in Table 1, the bacterium was
isolated from 29 samples, represented by six types of foods:
20 of 20 potato flakes, 3 of 5 Moroccan soups, 2 of 2
crunchy instant soups, 2 of 3 salted potato chips, 1 of 6
potato peelings, and 1 of 13 improved millet flour for
children. All of these food products contained potatoes, with
the exception of the improved millet flour, for which no
potato was indicated by the producer. No thermotolerant B.
cytotoxicus could be isolated from the other 181 samples,
although some samples (12) contained or were derived from
potatoes. In addition, the bacterium was not detected in 142
samples of dried food products either from Belgium or from
West African countries (where direct contamination of food
products by the environment is more likely).

Three to five isolates were obtained from each positive
sample and tested by PCR for the presence of the cytk1 gene
and the cereulide genetic determinants. From the 114 B.
cytotoxicus isolates tested, all were positive for cytk1 and
negative for the cereulide (data not shown).

RAPD pattern classification. To assess the diversity
of the different B. cytotoxicus isolates, RAPD analysis was
performed on 55 isolates, together with two reference
strains. Using the OPA9 and OPA10 primers (Fig. 1), six
distinct profiles (A to F) were obtained (Table 2). The
reference strains NVH883-00 and NVH391-98 were
classified in profiles A and B, respectively. As shown in
Table 2, the first three profiles (A, B, and C) contained 22,
15, and 10 isolates, respectively, and constituted the largest
part (47 of 57, or ca. 82%) of all tested isolates. While the
isolates derived from potato-related products were distrib-
uted in all RAPD patterns, those from the Moroccan instant
soups were limited to profile D. Only two isolates from
potato flakes were classified in the latter profile. Profiles E
and F contained only one isolate each.

Some isolates from the same food sample had different
profiles (e.g., E19.1 and E19.3 that originated from the same
potato flake sample displayed profiles C and A, respective-
ly). Conversely, isolates pertaining to the same RAPD
pattern originated from distinct origins (e.g., the 15 isolates
with the B profile were isolated from 14 samples of five
distinct origins: potato flakes, potato peeling, salted potato
chips, millet flour, and vegetable puree) (Table 2).
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Plasmid profiling. To discriminate the 55 isolated B.
cytotoxicus isolates, their plasmid profiles were analyzed
using a gel electrophoresis technique designed for both
small and large plasmids (3). Based on the number and
estimated sizes of the plasmids, 11 distinct profiles were
observed (Table 3). Some of these plasmid profiles are
illustrated in Figure 2.

Although ca. 40% of the isolates (23 of 57, including
the two reference strains) did not contain detectable plasmid
(plasmid profile PP1), at least three large (ca. 70, 80, and 90
kb) and four small (ca. 8, 10, 12, and 15 kb) extrachromo-
somal molecules could be observed in various combinations
in most B. cytotoxicus isolates. Isolates from different

samples and RAPD patterns showed the same plasmid
profiles, while some isolates from a single food product
presented distinct patterns of large plasmids. For instance,
isolates E28.2 and E28.5 were from the same potato flake
sample (and displayed the same RAPD pattern A) but
exhibited two different plasmid profiles (PP6 and PP1,
respectively; Tables 2 and 3). The same is true for the
SM3.11 and SM3.12 samples from the Moroccan instant

soup sharing the RAPD pattern D yet showing two distinct
plasmid patterns (PP9 and PP2, respectively). Conversely,
isolates E6.1 and E6.3 were from the same potato flake
sample and fell into different RAPD patterns (B and C,
respectively) but showed the same plasmid profile (PP6).

TABLE 2. Distribution of the B. cytotoxicus isolates among the six RAPD patternsa

RAPD patterns

A B C D E F Total

B. cytotoxicus
isolates

E4.2, E4.4, E7.2,
E8.1, E18.4, E19.3,
E26.3, E27.3,
E28.2, E28.3,
E28.5, E29.2,
NVH883-00,b

PDT1.3, PDT1.6,
PDT2.1, PDT2.6,
PDT2.13, PDT3.4,
PDT3.5, PDT3.8,
TC1.2

E3.1, E4.1, E6.1,
E9.4, E17.1,
E25.1, E29.3,
EM2, MB1.1,
NVH391-98,b

PDT1.1,
PL1.1, PL1.2,
PPM1.1,
TC2.1

E5.1, E6.3, E7.1,
E9.2, E19.1,
E25.5, E26.1,
EM3, PDT1.7,
RSG1.3

E8.2, E18.1,
RSG2.3, SM1.1,
SM1.4, SM2.8,
SM3.11, SM3.12

E17.4 PDT2.12

No. of isolates 22 15 10 8 1 1 57

a E, EM, PPM, and PDT, potato flakes; PL, potato peelings; MB, millet flour for children from Mali; SM, instant Moroccan soup; TC,
salted potato chips; RSG, crunchy instant soup.

b Reference strains.

FIGURE 1. RAPD patterns of B. cytotoxicus isolates using OPA9
(a, top panel) and OPA10 primers (b, bottom panel). L, molecular
weight markers (linear DNA fragments from 200 bp to 10 kb).
Lanes 1 to 10, NVH883-00, E28.3, NVH391-98, E3.1, E5.1, E26.1,
SM1.1, SM2.8, E17.4, and PDT2.12. B, Negative control. The six
patterns are shown: A (lanes 1 and 2), B (lanes 3 and 4), C (lanes
5 and 6), D (lanes 7 and 8), E (lane 9), and F (lane 10).

FIGURE 2. Plasmid profiles of 11 isolates from different RAPD
patterns. Chr, chromosome; R, reference profile from B.
thuringiensis serovar israelensis strain AND508, which contains
four large plasmids (100 to 350 kb) and a small linear 15-kb
molecule. Lanes 1 to 9, E3.1, E4.1, E6.1, E8.1, E26.3, PDT1.6,
PDT2.13, PDT3.5, and E6.3.
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Beside PP1 (no detectable plasmid), the three most
abundant plasmid patterns were PP7 (8), PP6 (7), and PP2
(5), totaling 20 of the 57 isolates. Four patterns (PP3, PP4,
PP5, and PP10) were observed in single isolates. In
addition, the combination of six RAPD patterns and 11
plasmid profiles suggested the existence of at least 23
distinct genomic profiles among the 57 tested isolates (Table
2).

Enumeration of B. cytotoxicus in potato puree kept
at room temperature. As indicated earlier, most positive
samples originated from potato flakes. The load of
thermotolerant B. cytotoxicus was therefore estimated in
potato flakes from five distinct brands. The results revealed
that they all contained less than 102 CFU/g B. cytotoxicus.
However, considering that in everyday life cooked puree
could be mishandled and kept at room temperature for
several hours, enumeration of B. cytotoxicus was done in
potato puree, cooked as indicated by the manufacturers, and

kept at 208C. After 8, 24, and 48 h of incubation, the
concentrations of thermotolerant B. cytotoxicus reached 3.5
6 0.5, 4.5 6 1.2, and 5.7 6 1.9 log CFU/g (mean 6
standard deviation), respectively. Longer incubation periods
resulted in spoiled and smelly purees that would have
prevented any likely consumption.

DISCUSSION

B. cytotoxicus is considered a potential foodborne
pathogen, because it was originally isolated from an
outbreak causing the death of three people (33). Based on
genomic data, it was also shown to represent a new
thermotolerant species within the B. cereus group (17).
From the isolation of this first B. cytotoxicus strain, few new
isolates have been reported (8, 21). The species seems to be
rare, because only 5% of a B. cereus s.l. collection in France
was identified as B. cytotoxicus (16). In the present study, B.
cytotoxicus was found in only 29 of 210 tested samples,

TABLE 3. Distribution of isolates among the profilesa

Plasmid profile
(no. of isolates)

Plasmid no. and
estimated sizes Isolates Products

RAPD
pattern

PP1 (23) No visible plasmid E4.4, E7.2, E18.4, E19.3, E28.5, E29.2,
NVH883-00, PDT1.3, PDT1.6,
PDT2.13, PDT3.5

Potato flakes A

E17.1, EM2, NVH391-98, PDT1.1,
PPM1.1

B

E9.2, E25.5 C
E18.1 D
PL1.1 Potato peelings B
TC1.2 Salted potato chips A
MB1.1 Millet flour B
RSG2.3 Crunchy instant soup D

PP2 (5) 1 small, ~10 kb E25.1 Potato flakes B
E17.4 E
SM1.4, SM2.8, SM3.12 Instant Moroccan soup D

PP3 (1) 2 small, ~12 and ~15 kb RSG1.3 Crunchy instant soup C
PP4 (1) 1 large, ~70 kb PDT2.12 Potato flakes F
PP5 (2) 1 large, ~80 kb, and 2

small, ~8 and ~10 kb
E7.1, E26.1 Potato flakes C

PP6 (7) 1 large, ~90 kb E4.2, E28.2, PDT2.1, PDT3.8 Potato flakes A
E6.1 B
PL1.2 Potato peelings B
E6.3 Potato flakes C

PP7 (8) 1 large, ~90 kb, and 1
small, ~10 kb

E26.3 Potato flakes A
E3.1, E4.1, E29.3 Potato flakes B
E5.1, E19.1 C
E8.2 D
TC2.1 Salted potato chips B

PP8 (4) 1 large, ~90 kb, and 1
small, ~15 kb

E27.3, E28.3 Potato flakes A

EM3, PDT1.7 C
PP9 (2) 1 large, ~80 kb, and 1

small, ~10 kb
SM1.1, SM3.11 Instant Moroccan soup D

PP10 (1) 2 large, ~80 and ~90 kb,
and 1 small, ~15 kb

E8.1 Potato flakes A

PP11 (3) 2 large, ~80 and ~90 kb PDT2.6, PDT3.4 Potato flakes A
E9.4 B

a n ¼ 57 isolates.
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most of which (20 of 29) were isolated from potato flakes
(Table 1). The same low prevalence was observed in both
African and non-African products. The high prevalence in
flakes is in agreement with what was found by Contzen et
al. (8) or Heini et al. (21) and is related to the only reported
fatal case of diarrheal food poisoning involving vegetable
puree (33). Similarly, another early reported strain (INRA
AF2) was isolated from vegetable puree (12, 17).

Yet, in the present study, thermotolerant B. cytotoxicus
isolates were not limited to potato flakes but also were
recovered from other potato-containing foods that had not
been previously reported (e.g., instant soups, salted chips, or
potato peelings). The bacterium was also isolated in 1 of 13
samples of ‘‘improved millet flour for children,’’ which
according to the Malian producer, did not contain potato.
This raises the question of the actual origin of all these
isolates: Is there a particular environmental source for B.
cytotoxicus, and/or is the process of food drying preferen-
tially selecting for this thermotolerant bacterium? Along
with this questioning, we have explored several potential
ecological niches for B. cytotoxicus, including a set of
human and environmental samples (diarrheal stools from
children and dust samples), but none contained the
thermotolerant bacterium (data not shown).

Notwithstanding its high prevalence in potato flakes
and instant soups, B. cytotoxicus was always found at low
concentrations (,102 CFU/g). However, we showed that
commercial potato puree, cooked and kept at room
temperature (208C) for 48 h, contained ca. 105 CFU/g of
B. cytotoxicus, a concentration similar to the one found in
the vegetable puree that caused the human death in 1998
(33). Even though it has been suggested that the cytotoxicity
of B. cytotoxicus might have been overestimated (21), the
presence of the bacterium, even at low doses, should not be
neglected, because the innocuity of CytK1 is not yet clearly
demonstrated. It is generally accepted that a dose of at least
105 CFU/g B. cereus is required the diarrheal disease to
occur (11). However, cases of diarrhea with less than 103

CFU/g have already been recorded (16).
The cytK1 gene is a characteristic feature and reliable

marker of B. cytotoxicus (20). In the present study, all isolates
were PCRpositive forcytK1 but negative in the PCR screening
of the cereulide genetic determinants. This is consistent with
previous studies and reassuring in terms of food safety.

Concerning diversity within the B. cytotoxicus species,
it has previously been demonstrated that the first three
isolated strains (NVH391-98, INRA AF2, and NVH883-00)
could be differentiated upon their sensitivity to the
temperate phage phBC391A2 (4). Even though they form
a phylogenetic cluster far from the other members of the B.
cereus group (12), in the present study, isolates could be
classified into six RAPD patterns (Table 2 and Fig. 1) and
11 distinct plasmid profiles (Table 2), giving rise to at least
23 distinct genotypic profiles. At least three large (ca. 70,
80, and 90 kb) and four small (ca. 8, 10, 12, and 15 kb)
plasmids could be observed among the isolates. Although
these extrachromosomal molecules were absent from the
reference strains NVH391-98 and NVH883-00, as well as
about 40% of the isolates, it would be interesting to
decipher their contribution to the ecology of this thermo-

tolerant bacterium. Further genomic and proteomic inves-
tigations of B. cytotoxicus should shed light on its potential
virulence and should help us to prevent its contribution to
foodborne diseases. These approaches are underway.

The aim of this work was to assess the prevalence of B.
cytotoxicus in food matrices and to investigate the isolate
diversity within this species. A high prevalence of B.
cytotoxicus was observed in potato flakes but at loads lower
than 102 CFU/g. However, potato puree prepared and kept
at room temperature for several hours can become
potentially dangerous, with a load in B. cytotoxicus as high
as 105 CFU/g. Nevertheless, thermotolerant B. cytotoxicus
remains rare in food products and is essentially restricted to
potato-containing products. Finally, contrary to what was
generally admitted, B. cytotoxicus isolates display signifi-
cant diversity, in particular with regard to their plasmid
content. Genome sequencing of isolates representative of B.
cytotoxicus diversity is in progress.
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