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RESUMO: Diversas espécies fazem parte do grupo de Bacillus cereus, 
desde algumas apatogênicas até outras com alta patogenicidade. 
Consistem em risco à saúde pública decorrentes de toxinfecções ali-
mentares, além de causarem importantes perdas econômicas para as 
indústrias em virtude da produção de enzimas deteriorantes. O con-
trole da contaminação em alimentos por esses micro-organismos é 
difícil, visto que são resistentes a vários tratamentos utilizados pelas 
indústrias. Assim, diante do exposto, esta revisão objetivou fornecer 
informações em relação aos aspectos genéticos desse grupo de bac-
térias e seus mecanismos de produção de toxinas, além de ressaltar 
a importância e as novas estratégias de controle para as companhias 
alimentícias e de laticínios. 

PALAVRAS-CHAVE: biofilmes; genoma; leite; microbiolo-
gia; toxinas.

ABSTRACT: Bacillus cereus group includes not pathogenic and 
high pathogenic species. They are considered as a risk to public 
health due to foodborne diseases and as an important cause 
of economic losses to industries due to production of spoilage 
enzymes. Some researches have been performed in order to assess 
the possible factors that contribute to put public health into 
risk because of consumption of food contaminated with viable 
cells or toxins which have complex mechanisms of production. 
The control of these bacteria in food is difficult because they 
are resistant to several processes used in industries. Thus, in this 
way, this review focused on highlighting the risk due to toxins 
production by bacteria from B. cereus group in food and the 
consequences for food safety and dairy industries.

KEYWORDS: biofilm; genome; milk; microbiology; toxins.

Bacillus cereus group: genetic aspects related  
to food safety and dairy processing

Grupo do Bacillus cereus: aspectos genéticos relacionados  
à segurança alimentar e ao processamento de derivados lácteos

Gabriel Augusto Marques Rossi1*, Carlos Eduardo Gamero Aguilar1, Higor Oliveira Silva1, 
Ana Maria Centola Vidal2

1Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista “Júlio de Mesquita Filho” – Jaboticabal (SP), Brazil
2Faculdade de Zootecnia e Engenharia de Alimentos, Universidade de São Paulo – Pirassununga (SP), Brazil
*Corresponding author: gabrielrossiveterinario@hotmail.com
Received on: 03/15/2017. Accepted on: 08/08/2018

DOI: 10.1590/1808‑1657000232017FOOD SAFETY / REVIEW ARTICLE



22 Arq. Inst. Biol., v.85, 1-7, e0232017, 2018

G. A. M. Rossi et al.

REVIEW

The Bacillus cereus group is composed by several species that 
are able to put the public health into risk due to production 
of toxins. These bacteria also cause economic losses to food 
industries (including dairy), and new strategies for their control 
have been suggested recently. In this way, this review brings 
information regarding the genetic aspects of this bacterial 
group and their complex mechanisms for toxins production, 
and highlights the importance of the control on food indus-
tries and dairy and recent strategies for control. 

The B. cereus group aggregates eight distinct species, as 
follow: B. cereus sensu stricto (s.s.), Bacillus thuringiensis, Bacillus 
mycoides,  Bacillus pseudomycoides,  Bacillus anthracis, 
Bacillus weihenstephanensis, Bacillus cytotoxicus (GUINEBRETIÈRE 
et al., 2013) and Bacillus toyonensis (JIMÉNEZ et al., 2013). 
Furthermore, the inclusion of other four species in this group 
has been proposed: Bacillus wiedmannii sp. Nov. (MILLER 
et al., 2016), Bacillus bingmayongensis sp. nov. (LIU et al., 2014), 
Bacillus manliponensis sp. nov. (JUNG et al., 2011) and Bacillus 
gaemokensis sp. nov. (JUNG et al., 2010). 

These bacteria have high similarity among their genomes. 
However, they present different phenotypic characteristics that 
are mainly explained due to transfer of genes through plas-
mids (PATIÑO-NAVARRETE; SANCHIS, 2016). They are 
rod-shaped, Gram-positive, facultative anaerobe and spore 
producers, which allows their survival on heat-treated food. 
Between the bacteria included in this group, B. cereus sensu 
stricto (s.s.) is highlighted because of its capacity to cause food-
borne diseases (FDA, 2012).

The B. anthracis is also highlighted in this group out 
of its ability to cause a disease characterized by lesions on 
skin, respiratory or digestive tracts, which can be fatal. Some 
strains of B. cereus sensu stricto (s.s.) carries plasmids similar 
to those of B. anthracis and are considered as able to cause an 
anthrax-like disease (MARSTON et al., 2016). This virulence 
is exchanged among strains through plasmids pBCXO1 and 
pBC210 (SCARFF et al., 2016). Some B. cereus sensu stricto 
(s.s.) strains are considered as emerging and able to cause a per-
sistent bacteremia (SCHAEFER et al., 2016) or brain abscess 
and meningoencephalitis (TUSGUL et al., 2016). 

The bacteria included in B. cereus group can be differenti-
ated on their phonotypical aspects (SCHLEIFER; WHITMAN, 
2009). However, the molecular differentiation between the 
species from this group is complex. HELGASON et al. (2000) 
showed high genetic similarity on strains of B. cereus sensu 
stricto (s.s.), B. thuringiensis and B. anthracis, and emphasized 
that phenotypically differences maybe occur due to transfer 
of virulence factors through plasmids. 

Molecular methods have been used in order to differenti-
ate these bacilli (CAAMAÑO-ANTELO et al., 2015), mainly 
using phylogenetic trees which are able to form groups of strains 
according to their genomic characteristics and the potential 

risk to public health, among other phenotypically character-
istics (LIU et al., 2015; KOVAC et al., 2016). KOVAC et al. 
(2016) proposed the use of a phylogenetic classification of 
these bacteria instead of taxonomic classification to evalu-
ate the risk of diarrheal syndrome. These authors established 
higher risk for toxins production on groups formed by dis-
tinct species on some phylogenetic groups. 

The importance of B. cereus sensu stricto (s.s.) for food 
safety is known from a long time. This bacterium was con-
sidered as responsible by 19% of the foodborne outbreaks 
reported in the Unites States from 1998 to 2008 (BENNETT 
et al., 2013). This bacterium is able to survival to some ther-
mal processes due to its ability to produce spores, which the 
germination and multiplication are influenced by pH, food 
composition and thermal treatments (WARDA et al., 2015). 
The heat treatments can damage spores, but they are able to be 
repaired using a process in which the CdnL gene is involved 
and posteriorly multiply (WARDA et al., 2016).

This bacterium is able to cause two syndromes: the emetic, 
due to a heat resistant toxin (cereulide) that is produced on 
food; and the diarrheic, which occurs through consumption 
of a high quantity of spores or cells on food which produce 
diarrheic toxins (FDA, 2012). The diarrheic syndrome is char-
acterized by the occurrence of diarrhea, cramps and vomit-
ing, which begins after 6 to 15 hours after food consumption. 
The emetic syndrome is characterized by vomiting occurrence, 
but diarrhea can also occur, and the symptoms are observed 
after 30 minutes up to 6 hours after the ingestion of food con-
taminated with toxins. One strain of this bacterium is able to 
cause both syndromes (OH et al., 2012). Furthermore, other 
species included in this bacterial group are considered as able 
to produce toxins, highlighting the complexity related to the 
risk for public health (KOVAC et al., 2016). 

The production of diarrheal toxins occurs during bacterial 
multiplication on intestines, and at least three toxins are involved 
on occurrence of diarrheal syndrome: hemolysin BL (HBL), non-
hemolytic enterotoxin (Nhe) and cytotoxin k (CytK). Besides, 
the genes hblA, hblC, hblD, nheA, nheB, nheC, cytK1 and 
cytK2 are involved on their production (EHLING-SCHULZ 
et al., 2004). The transcription of hblA, hblC, hblD, nheA, 
nheB, nheC genes is related to a regulator pleiotropic regula-
tor of extracelular virulence (PlcR) (LINDBÄCK et al., 2004; 
GOHAR et al., 2008). In addition, the flagellar protein FlhF is 
essential to the complete virulence, probably through the influ-
ence on production and secretion of proteins (MAZZANTINI 
et al., 2016), and also the capacity of intestinal mucous to retain 
bacterial cells and possibly to protect enterotoxins from intes-
tinal degradation (TSILIA et al., 2016).

JEßBERGER et al. (2015) concluded that the production 
of Nhe and HBL toxins was more complex than expected, 
possibly involving factors such as transcriptional proteins, 
post-transcriptional and post-translational mechanisms and 
environmental factors. 
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The occurrence of emetic syndrome is related to the action 
of a pre-formed toxin (cereulide) during bacterial sporulation 
on food (MCKILLIP, 2000), codified by ces gene. This toxin is 
heat-stable and resistant to low pH values. The gene is located 
on a plasmid similar to pXO1 of B. anthracis (LÜCKING 
et al., 2015). The capacity of B. weihenstephanensis strains to 
produce cereulide has been proven (THORSEN et al., 2006). 
The detection of the highest concentration of this toxin occurs 
during the beginning of the stationary phase of bacterial multi-
plication, and it is probably linked to a specific linage of these 
bacteria (EHLING-SCHULZ et al., 2005). These bacteria are 
able to produce at least 18 structures homologous to cereulide, 
and seven are known as Isocereulides (A-G) and recognized 
as cytotoxic. The isocereulides A and C show the highest and 
lowest cytotoxic action, respectively (MARXEN et al., 2015). 

KRANZLER et al. (2016) have proven that cereulide pro-
duction depends on temperature. These authors highlighted 
that the risk for emetic syndrome cannot be established using 
the counting of microorganisms or multiplication, because 
the toxin production was interrupted on temperatures that 
allow the highest bacterial multiplication and Isocereulide A 
(the most cytotoxic) production was higher on low temperatures.

Agreeing with their results, DOMMEL et al. (2011) have 
shown that cereulide production was inhibited during bacterial 
multiplication on distinct concentrations of sodium chloride 
(NaCl). These authors concluded that cereulide production is 
complex and depends on intrinsic and extrinsic factors, and 
the risk of emetic syndrome cannot be established through 
counting viable bacterial cells on food. 

Although the mechanisms of toxins production are not 
fully understood, their effects have been known from a long 
time. SCHMID et al. (2016) investigated three foodborne out-
breaks using epidemiological methods and concluded that the 
food involved were potatoes, fruit salad, deer meat ragout and 
pears/cranberries. Furthermore, these authors found genetic 
similarity among an isolate obtained from a patient with oth-
ers from strawberry butter and spinach cream using molecu-
lar methods, showing the importance of the use of distinct 
methodologies to investigate outbreaks. 

ZHOU et al. (2014) reported another foodborne out-
break due to consumption of fermented black beans (Douchi) 
and showed the capacity of the strain to produce cereulide on 
temperatures higher than 37ºC, probably allowing toxin pro-
duction on intestine and food. Although the illness caused by 
this bacterium is usually mild, sometimes it can cause death. 
DIERICK et al. (2005) reported a death due to cereulide con-
sumption that caused hepatic failure. 

Some strategies are useful in order to control these out-
breaks, such as to prepare food in small portions to avoid long 
storage, maintenance of food on temperatures higher than 
55ºC and quick cooling of food on temperatures below 10ºC 
(EHLING-SCHULZ et al., 2004). Furthermore, the adoption 
of programs such as Good Manufacturing Practices (GMP) 

and Hazard Analysis and Critical Control Points (HACCP) are 
useful to reduce the risks (KUMARI; SARKAR, 2016). Other 
strategies can be recommended, such as the use of autolysin 
(GENG et al., 2017), the addition of citric extract (Citrox©) 
(TSIRAKI; SAVVAIDIS, 2016) or peptides (HAN et al., 
2017), and the use of light emitting diode (LED) (460 nm) 
(KUMAR et al., 2017).

Although foodborne outbreaks caused by B. cereus sensu 
stricto (s.s.) are rarely caused through consumption of milk 
or dairy products (BENNETT et al., 2013), its presence is 
commonly described on them (KUMARI; SARKAR, 2016; 
VIDAL et al., 2016). The risk of foodborne illness because of 
its presence on these products is higher when they are obtained 
on illegal markets (YOBOUET et al., 2014). Furthermore, 
the production of diarrheic toxins is higher on psychrotrophic 
strains (EHLING-SCHULZ et al., 2004), which are more 
frequent in the dairy production chain (MCKILLIP, 2000). 

B. cereus sensu stricto (s.s.) is important for dairy produc-
tion chain not only due to its ability to cause foodborne illness, 
but also its spoilage potential and by reducing the shelf-life 
of dairy products because of proteases and lipases produc-
tion (JONGHE et al., 2010; KUMARI; SARKAR, 2016). 
The presence of this bacteria is reported on several dairy prod-
ucts (WONG et al., 1988; VIDAL et al., 2016) and it occurs 
mainly due to the contamination of raw milk on farms and the 
heat-resistance of spores, including the capacity of survival to 
ultra-high temperature (UHT) process (VIDAL et al., 2016). 
Thus, hygienic practices during milk obtaining is essential 
to reduce the losses for this production chain. The B. cereus 
group was considered as the most prevalent and important 
foodborne bacteria on raw milk and on the environment of 
dairy farms (MCAULEY et al., 2014). 

Moreover, the ability to form biofilms on stainless steel 
highlights the need of monitoring its occurrence and control 
through proper sanitation procedures on industries (KUMARI; 
SARKAR, 2016). HAYRAPETYAN et al. (2015) showed a 
higher capacity to form biofilm on stainless steel compared 
to polystyrene and justified it due to the quantity of free iron. 
Furthermore, the spores obtained from dry biofilms had lower 
heat-resistance when compared with those obtained from wet 
biofilms (HAYRAPETYAN et al., 2016).

The cleaning procedures adopted on dairy industries 
should be efficient to remove biofilm, but it is difficult due to 
the high resistance (SHAHEEN et al., 2010). Some research-
ers evaluated the efficacy of Clean in Place (CIP) used in dairy 
industries, which was considered inefficient to the total removal 
of biofilms (BREMER et al., 2006). Therefore, the discovery of 
new solutions should be encouraged (MAJED et al., 2016).

Still, some alternatives have been proposed, such as a new 
strategy to prevent biofilm adhesion using specific materials 
(PECHOOK et al., 2015), a heat-treatment combined with 
high-pressure treatment (SILVA, 2015), or also the use of 
gaseous chlorine dioxide (NAM et al., 2014; SILVA, 2015).
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It may be emphasized that the bacteria included in B. cereus 
group are an emerging danger to public health, as they are 
highly resistant and have genetic mechanisms for adapting on 
several factors and environment. Genomic studies that make 
effort to differentiate them are required in order to under-
stand the real risk for public health or food industries due 
to contamination with distinct species. Likewise, other stud-
ies are essential to evaluate the genetic mechanisms involved 
and the factors that contribute to production of toxins and 

spoilage enzymes and biofilm formation, thinking about the 
development of new strategies to their control. 
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