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Abstract 
Food safety is a fundamental requirement in mass catering, as large numbers 
of meals are served each day to potentially vulnerable consumers, such as 
children. Food Business Operators implement plans for the microbiological 
monitoring of the meals prepared and served in the catering sector, and for 
the swab-sampling of surfaces. From January 2018 to June 2019, our labora-
tory analyzed both food and swab samples from four catering facilities. Con-
sidering the EFSA 2018 data, we specifically focused on samples analyzed for 
Bacillus cereus. Our data substantially showed episodic contamination due to 
a piece of equipment that is not usually subjected to microbiological control, 
thus suggesting that every aspect should be scrutinized in order to identify 
critical points. While Bacillus cereus is widespread in nature and common in 
soil, it is adapted for growth in the intestinal tracts of insects and mammals. It 
is often present in a variety of foods, and may cause an emetic or a diarrheal 
type of food-associated illness. B. cereus produces several toxins. Multiplex 
PCR enables seven toxin genes to be detected (hblC, hblD, hblA, nheA, nheB, 
nheC and cytK). 
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1. Introduction 

Food-borne diseases are usually infectious or toxic pathologies caused by bacte-
ria, viruses, parasites or chemical substances entering the body through conta-
minated food or water. Food-borne pathogens can cause severe diarrhea or debi-
litating infections [1]. The Bacillus cereus group (B. cereus) comprises eight close-
ly related species: B. anthracis, B. cereus sensu stricto, B. cytotoxicus, B. my-
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coides, B. pseudomycoides, B. thuringiensis, B. toyonensis, and B. weihenstepha-
nensis [2], few of which are known to have pathogenic potential. Although B. 
cereus is present in the environment and in many fresh and processed food prod-
ucts, including meat, cereal dishes, vegetables, milk products, puddings, and 
soups, it is not usually a health risk. Illness usually occurs when food is impro-
perly cooked and stored in the “danger zone” (5˚C to 57˚C) for an extended pe-
riod of time [3]. 

With regard to food safety, school catering facilities face specific and increas-
ing problems. Indeed, children (aged 3 - 10 years) have weak immune systems, 
and any contamination of their food could cause illness. The hygiene of canteen 
food is therefore extremely important [4]. 

B. cereus causes two kinds of food-borne disease: an emetic syndrome due to 
the ingestion of a toxin (cereulide) pre-formed in the food, and a diarrheal syn-
drome due to the ingestion of bacterial cells or spores which produce enterotox-
ins in the small intestine [5]. 

Classical microbiological techniques are unable to determine which strains are 
pathogenic. Thus, molecular typing methods based on DNA sequence differ-
ences have been used to reveal the genetic relationships of the production of en-
terotoxins. Hemolysin BL (HBL), encoded by the hblC, hblD and hblA genes, 
Non-hemolytic enterotoxin (NHE), encoded by the nheA, nheB and nheC genes, 
and Cytotoxin K (CytK), encoded by the cytK gene, are considered to be the 
principal virulence factors for diarrheal syndrome, whereas the emetic syndrome 
is due to a small molecular weight toxin, cereulide [6]. 

Main sources of spoilage are foodstuffs rich in starch, such as rice, pasta and 
potatoes; meat, fish, vegetables, cheese and ready-to-eat meals can also be a possi-
ble source [7]. According to recent European epidemiological data [8], many 
cases of food-borne diseases were registered in 2017. Those caused by bacterial 
toxins (except C. botulinum), were especially related to the consumption of an-
imal by-products and ready-to-eat dishes. Specifically, 15.1% of human cases 
were linked to school catering. Data on the situation in Italy reported a single 
outbreak, notified in 2016, involving 52 patients; this was linked to foodstuffs 
prepared by a catering facility and was probably caused by inadequate refrigera-
tion of the dishes [8]. 

Here, we describe a case of occasional contamination of food by B. cereus in a 
facility preparing school meals. The case was observed during routine microbio-
logical checks, and detection of enterotoxigenic virulence factors was performed 
at the Istituto Zooprofilattico Sperimentale del Mezzogiorno. 

2. Materials and Methods 

Microbiological analyses of food  
A total of 101 food samples were randomly collected from four different school- 

meal facilities from January 2018 to June 2019 (43 samples in 2018; 58 samples 
in the first semester of 2019); the samples were analyzed for the B. cereus group 
in the context of the microbiological self-monitoring program of the service 
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provider. 
All the foodstuffs were sampled with a random frequency, without prior no-

tice, and sterile instruments and bags were used. Samples were delivered to the 
laboratory within a few hours of collection and kept at the proper temperature: 
between +60 and +65˚C in the case of meals served hot and below +10˚C in 
the case of those served cold or gastronomic meals. Alternatively, they were 
cooled in a blast chiller and stored under refrigerated conditions within 2 h of col-
lection. 

Samples subjected to microbiological analyses were representative of the 
meals served in the school canteen: first and second courses and a side dish. 

Ten grams of each food sample was homogenized for 1 min with 90 ml of di-
luent in a stomacher; serial dilutions were prepared, and 0.1 ml of each diluted 
sample was streaked in MYP agar medium. Plates were incubated for 24 h at 
30˚C. Typical colonies are pink-orange and uniform and are surrounded by a 
zone of precipitation, indicating lecithinase production. These colonies were 
presumptively identified as B. cereus and counted with a colony counter, in ac-
cordance with the ISO standard method [9]. 

Environmental Analyses 
Small equipment and cooking utensils (e.g. slicing machines, meat grinders, 

knives, pans and pots) and handling surfaces (e.g. tableware and chopping boards) 
were swabbed for microbiological examination. Swab samples were taken from 
all surfaces, in order to verify the appropriateness of cleaning and sanitation op-
erations, and from the hands of the canteen staff, to assess their level of hygiene. 

A total of 547 swab samples were analyzed in 2018, and 406 in the first half of 
2019; in 2019, 60 swabs were analyzed for B. cereus. All samples were trans-
ported in a cool container, delivered to the laboratory within a few hours of col-
lection and promptly analyzed. Analyses for the counting of B. cereus colonies 
were performed in accordance with the ISO standard method [9] [10]. 

DNA Extraction 
Genomic DNA extracted from the positive cultures (5 colonies from each 

plate). Cells were collected from 2 ml of culture broth by centrifugation at 12,000 
g for 5 min room temperate. The pellet was washed once with 1 ml of sterile Mil-
liQ water, centrifuged at 12,000 g for 5 min., resuspended in 300 µl of Chelex 100 
and incubated at 56˚C for 20 min. The sample was then boiled for 8 min. The 
boiled samples were cooled in ice for 10 sec. and centrifuged at 12,000 g for 5 
min.; 200 µl of the supernatant was then taken and stored at −20˚C until use 
(in-house protocol). 

Multiplex PCR 
The multiplex PCR assays used to test for toxigenic B. cereus were developed 

in accordance with the method described by [6]. The primers used for multiplex 
PCR detection of enterotoxin genes (nheABC, cytK and hblCDA) Table 1. The 
PCR products were separated by means of the QIAxcel Advanced System (Qiagen 
GmbH, Hiden, Germany). This is a fully automated, sensitive, high-resolution 
system of capillary electrophoresis. 
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Table 1. Primers used for multiplex PCR. 

Primer Gene Sequence 

hblC 
FHblC 5’-CCTATCAATACTCTCGCAA-3’ 

RHblC 5’-TTTCCTTTGTTATACGCTGC-3’ 

hblD 
FHD 5’-GAAACAGGGTCTCATATTCT-3’ 

RHD2 5’-CTGCATCTTTATGAATATCA-3’ 

hblA 
FHblA 5’-GCAAAATCTATGAATGCCTA-3’ 

RHblA 5’-GCATCTGTTCGTAATGTTTT-3’ 

nheA 
F2NheA 5’-TAAGGAGGGGCAAACAGAAG-3’ 

RNheA 5’-TGAATGCGAAGAGCTGCTTC-3’ 

nheB 
F2NheB 5’-CAAGCTCCAGTTCATGCGG-3’ 

RNheB 5’-GATCCCATTGTGTACCATTG-3’ 

nheC 
FNheC 5’-ACATCCTTTTGCAGCAGAAC-3’ 

R2NheC 5’-CCACCAGCAATGACCATATC-3’ 

cytK 
FCytK 5’-CGACGTCACAAGTTGTAACA-3’ 

R2CytK 5’-CGTGTGTAAATACCCCAGTT-3’ 

3. Results and Discussion 

All samples examined in 2018 were negative for B. cereus counts, as were those 
examined up to March 2019. At the end of April 2019, however, the presence of 
B. cereus was detected in one of the four cooking facilities of the service-provider.  

Of the 58 food samples analyzed in 2019, 23 (39.6%) yielded B. cereus-like 
colonies on MYP agar, giving rise to a collection of B. cereus-like isolates. In 
13.0% of positive samples, the B. cereus loads were <104 cfu/g; in 56.6% of posi-
tive samples, the values were between 104 and 106 cfu/g, and 7 samples (30.4%) 
exceeded 106 cfu/g. These highest levels of contamination were found in dishes 
of rice or pasta with vegetables. However, contamination was detected in all the 
dishes, both in the main courses of fish (fillets or sticks) and in the side dishes of 
cooked vegetables. Nevertheless, no outbreak of illness among the schoolchild-
ren was reported.  

We then analyzed the swabs taken from the handling surfaces and equipment. 
These samples showed moderate positivity only in 5 swabs from pots and pans. 
This result did not justify the positivity observed in the various types of meals, 
and which was again recorded in the next sampling series, run 15 days later, fol-
lowing an unscheduled cleansing procedure. At this point, the entire production 
flow was re-examined. The hypothesis of raw material spoilage was deemed neg-
ligible, as only cooked products had proved positive; furthermore, surface sam-
pling had yielded inconclusive results. This suggested that equipment not yet 
investigated might be responsible for the contamination. Microbiological tests 
were therefore carried out on swabs taken from such equipment, including the 
sealing-machine that sealed all the meal containers with plastic tape before they 
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left the cooking facility. 
Swabs taken from the roll of plastic tape and from other parts of the sealing 

equipment showed the presence of B. cereus (from 400 to 700 cfu/swab) Figure 
1 and Figure 2. The sealing-machine was immediately sanitized, and from that 
moment on, no microbiological controls on foodstuffs revealed the presence of 
B. cereus. It is important to specify that we did not identify any safety risks asso-
ciated to the presence of B. cereus in the cooking facility. However, an overall 
assessment of the risk potential linked to B. cereus group bacteria needs addi-
tional research, including a search for the genes encoding toxins. Indeed, ac-
cording to experts of the European Authority for Food Safety [7], the only effi-
cacious means of identifying the pathogenic strains of the B. cereus is mapping 
of the genomic sequence. On multiplex PCR, we obtained fragments of entero-
toxin genes with sizes of 582, 657, 858, 996, 922, 1113 and 1245 bp. These frag-
ments, of cytK, nheC, nheA, nheB, hblC, hblA and hblD genes, respectively, 
were obtained by using B. cereus ATCC 14579 as a control Figure 3. 
 

 
Figure 1. The presence of Bacillus cereus 400 cfu/swab. 

 

 
Figure 2. The presence of Bacillus cereus 700 cfu/swab. 
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Figure 3. Bacillus cereus ATCC 14579. 

 
Table 2 shows the distribution of each gene encoding these toxins in all 

strains isolated from samples. Of the 41 strains analyzed, 32 presented all seven 
genes studied. These cytotoxins are part of the virulance regulation that is acti-
vated by the transcriptional regulator PlcR (main virulence regulator of B. ce-
reus), which plays a role in determining the pathogenic potential of individual 
strains [11]. The cytotoxins HBL, NHE and Cytk are regarded as the etiological 
agents of food-borne B. cereus diarrheal disease. In the case of both NHE and 
HBL, all three components are necessary for maximal biological activity [11], 
while CytK is a single-component protein toxin. 

The Hazard Analysis and Critical Control Point (HACCP) system is the in-
ternationally agreed approach to food safety management. This involves identi-
fying and controlling potential food-borne hazards to public health, and has also 
become enshrined in legislation in many countries, including the EC Regulation 
on the Hygiene of Foodstuffs [12]. However, the present case report shows that 
more is required in order to ensure that systems are working effectively in prac-
tice, and are not just a “tick-the-box” approach. Indeed, our results showed that  
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Table 2. Distribution of enterotoxin genes in B. cereus strains analyzed by multiplex PCR 
amplification. 

Haplotypes Molecular profile N. samples (tot. 41) % 

Haplotype 1 Nhe (A, B, C); Hbl (A, C, D); CytK 32 78.0 

Haplotype 2 Nhe (A, B, C); Hbl (A, C); CytK 2 4.9 

Haplotype 3 Nhe (A, B, C); Hbl (C); CytK 1 2.4 

Haplotype 4 Nhe (A, B, C); Hbl (A); CytK 1 2.4 

Haplotype 5 Nhe (A, B, C); Hbl (A, C, D) 2 4.9 

Haplotype 6 Nhe (A, B, C); Hbl (A) 2 4.9 

Haplotype 7 Nhe (A, B, C) 1 2.4 

 
microbiological monitoring was a powerful verification tool, which contributed 
to revealing the circulation and persistence of the microorganism in the food 
production system. 

Finally, it is encouraging to note that public institutions responsible for food 
safety are supporting those colleagues who conscientiously work in the private 
sector, in order to achieve a profitable synergy that can be of benefit to con-
sumers. 
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