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Abstract: Bacillus cereus is a foodborne, conditional pathogen that causes vomiting and diarrhea and has become a rising
threat to food safety. This review introduces several major types of B. cereus detection methods (including traditional methods,
PCR-based assays , immunological assays, cytotoxicity assays, and a CBD-related assay) and species-specific disinfection
methods (including AMPs and endolysins). These methods have either been applied or have the potential to be applied in the
food industry. The intention of this review is to introduce the principle of these methods and evaluate their strengths and

weakness.
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1. Introduction

Bacillus cereus is a type of gram-positive bacteria that naturally exists in the environment M. However, it
is also widely present in protein or carbohydrate-rich food even in developed countries that have relatively
better food processing conditions . Although only some B. cereus strains are pathogenic, these strains
would cause vomiting (related to contaminated starchy food) and diarrhea (related to contaminated
vegetables and meat) 1 when present in the human digestive tract and cause endophthalmitis, bacteremia,
and other types of inflammations if present in blood vessels. Various strains of B. cereus could secrete four
types of hemolysins, three types of distinct phospholipases, and three types of pore-forming enterotoxins
[ Moreover, they could produce endospores that are extremely heat resistant and cannot be destroyed by
conventional cooking methods .

Although B. cereus could be killed by heating with pressure Bl or most broad-spectrum antibiotics
(except B-lactam antibiotics) ©°l, these methods might not be practical in the fermented foods and desserts
industry since re-heating may destroy their products’ flavor, and broad-spectrum antibiotics will kill non-
pathogenic strains used in fermentation. Methods of detecting and eliminating B. cereus, as well as treating
related diseases are required for these industries.

2. Current detection methods for B. Cereus

2.1. Traditional method

The harm of B. cereus infection had long been disregarded due to its widespread in nature . Thus, accurate
detection of B. cereus is vital in terms of improving food safety. However, the structural and genetic
similarity of B. cereus and other strains in the B. cereus group hinder the accuracy of the detection [’!. The
traditional method of identifying B. cereus colonies is to culture B. cereus in food sample extraction on
agar plates and perform morphology and biochemical assays [*]. Additionally, chromogenic Bacillus cereus
Agar Plate could assist in the identification of colonies since the metabolic activity of B. cereus changes
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the color of the culture medium . Although these tests are very accurate, it is also time-consuming and
the materials, instruments, and professional technicians are usually unavailable for medium to small scale
food manufacturing companies.

2.2. Polymerase chain reaction- based (PCR) assays

Many toxin-related genes such as beeT (coding for enterotoxin T) [!% hblC, hblD, hblA, hbIB (coding for
components of hemolysin BL) !l ces (coding for cereulide) "], and nheA, nheB nheC (coding for
components of non-hemolytic Enterotoxin) 3! have been identified, thus allowing PCR to be a method to
detect B. cereus strains ['%. However, a strain with toxin-encoding genes does not necessarily mean it could
secrete toxins due to the complex regulative mechanisms of the B. cereus group’s toxins and the health
condition of hosts ['*. Also, various types of toxin genes among different strains in the B. cereus group
make PCR that targets a single toxin-related gene insufficient to exclude all possible toxins that are present
(151 Advanced amplification and electrophoresis methods such as rep-PCR, Random Amplified
Polymorphic DNA (RAPD)-PCR and PCR-TTGE could be a solution, but these methods still cannot
distinguish between B. cereus and B. thuringiensis due to their extremely high genetic similarity and will
cost longer time than normal PCR [1¢],

2.3. Immunological assays

To accurately detect toxic strains, immunological assays that target B. cereus toxins could be applied.
Mouse monoclonal antibodies and rabbit antiserum that target every 3 components of hemolysin BL (HBL)
and every 3 components of non-hemolytic Enterotoxin (Nhe), which both types of toxins are diarrheal-
related three-component enterotoxins from B. cereus, are well developed and characterized ['7!®). Besides,
rabbit antisera and mouse monoclonal antibodies that target the N-terminal of B. cereus flagellin protein
are recently being developed and were proven to be powerful tools in detecting B. cereus [ However,
cerulide, the emetic toxin of B. cereus, is not antigenic and cannot be detected through immunological
assays 2%, Still, the cost of antibodies and testing devices are not affordable for developing areas.

2.4. Cytotoxicity assays

Another category of toxin assay, including water-soluble tetrazolium salt (WST-1)-based assay and 3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT)-based assay, utilizes B. cereus toxins’
cytotoxicity to survive in mammalian cells. B. cereus culture supernatants are added to the Chinese hamster
ovary (CHO) cell line culture (other mammalian cell lines might also be acceptable) and the cell’s metabolic
product is measured. To be more specific, reductase in living cells’ mitochondria could reduce MTT to
insoluble Formazan *!! or reduce WST-1 to soluble Formazan ??!. while cells killed by B. cereus toxin
could not. Both types of Formazan have specific absorbance wavelengths, thus a functional relationship
could be established through cytotoxicity, living cell proportion, and Formazan’s absorbance. Although the
principle of the two assays are the same, the MTT assay needs a minimum of 44—52 hours to complete due
to the long dissolving process of Formazan, while WST-1 assay only needs 3 hours to complete 2?1, It is
also noteworthy that the duration of both assays does not include the time of culturing and identifying B.
cereus group strains, and only samples from bacteria culture are acceptable for the assays.

2.5. Cell-binding domain (CBD)- conjugated magnetic nanoparticles detection method

A more convenient method of detection involves cell-binding domain (CBD)-conjugated magnetic
nanoparticles. Cell-binding domain is a component of endolysin (the chemical that bacteriophages secrete
to lyse the cell) that could specifically bind to a species of bacteria’s cell wall. Thus the CBD-conjugated
magnetic nanoparticles serves could bind and mark B. cereus, which could later be separated by a magnet.
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If B. cereus is present in the separated sample, an ATP luminance assay could detect the ATP in the bacteria
and show its presence. This method is more affordable and time-efficient but has a higher detection limit
which is 103-104 cells %31,

3. Specific disinfection methods for B. cereus

3.1. Antimicrobial peptides

Fermented beans or rice are common foods in Asian countries, but they are also very likely to be
contaminated by B. cereus during the fermentation process **l. To prevent such contamination, Korean
scientists isolated several types of antimicrobial peptides (AMP), proteins that kill competing bacterias, that
target B. cereus from B. subtilis. These AMPs include UV254-B which has antimicrobial activity on both
B. cereus and Listeria monocytogenes [2°], IC-1 that targeted specifically on B. cereus 1?61, an AMP from B.
Subtilis HJ18-4 that could both inhibit B. cereus growth and expression of toxin [?7], and many other AMPs
that have similar properties. Since B. Subtilis are non-pathogenic bacteria that are normally used during
food fermentation, applying these AMPs in the food industry is an easy way to eliminate B. cereus
contamination.

AMPs are also potential medicines for treating bacterial infections. For example, Mersacidin, another
AMP from B. subtilis that targets staphylococcus aureus, shows a similar antimicrobial activity as
commercial antibiotics ?®). However, most genes that code B. cereus targeted AMPs have not been
sequenced and their related study mainly focused on protein composition and structure, bactericidal kinetics,
and bactericidal mechanisms ?). This is probably because most of these AMPs are expressed by wild-
isolated strains that have unknown genome sequences, and the food producer just needs to add the strain
rather than proteins during fermentation. Thus, more research is required to turn B. cereus target AMPs into
medicines that can be massively produced by model organisms.

3.2. Endolysins

Compared to AMPs, endolysins are better studied, could be easier expressed, and has greater potential to
be medicines that treat B. cereus. As discussed previously, they are two-domain proteins that have a cell-
binding domain (CBD) that specifically recognizes and binds to bacteria’s cell wall and an enzymatically
active domain that break specific cell wall structure and lyse the cell P°. Since endolysins originated from
bacteriophages, they are usually smaller in size and their corresponding gene is easier to be located and
sequence !, Their simpler structure allows their mechanism to be thoroughly studied and to be correctly
folded in E. coli, which further allows them to be massively produced. Although endolysin could be an
antigen, it usually does not trigger an immune response, making them considerably safe when being applied
to the human body *?1. The only possible drawback of endolysin is that its CBD may bind to all types of
bacteria with similar cell wall structures, making it inaccurate when eliminating one specific type of bacteria
1331 However, researchers have already found endolysin LysPBCS5 that has a very narrow lysis spectrum
that only contains B. cereus [*). Also, since numerous types of bacteriophages host on B. cereus, the fusion
of a specific CBD and a specific EAD could further enhance the specificity of fused endolysin and provide
a solution to the problem [*4],

Conclusion

In the review, several types of detection methods for B. cereus were discussed. Each method has its own
advantage in accuracy, efficiency, or cost. Overall, the CBD conjugated magnetic nanoparticles detection
method has the greatest advantage in efficiency, but it still needs a lower detection limit. All methods
described require professional laboratory conditions, and are not fast enough to test the food sample that is
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going to be served. Thus, they are not practical in small catering enterprises, and a more convenient and
efficient way has to be developed to ensure food safety.

For disinfection methods, AMPs are commonly used in the fermentation industry but are harder to be
applied in other fields, whereas endolysins have several advantages and have greater potential to be
medicines that treat B. cereus infection. With technical improvement, B. cereus infection would definitely
less harm to humans.
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