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ABSTRACT
Background In 2020, an incident involving spoiled 
salad dressing from a commercial source occurred. 
Upon opening the bottle, the contents exploded from 
gas that seemed to have fermented inside the bottle. For 
safety concerns, we sought to investigate the bacteria 
from the salad dressing in order to notify the company 
that made the product and relevant authorities.
Methods Anaerobic and carbon dioxide culture 
methods were used. To determine species of colonies, 
MALDI-TOF-MS and 16S rRNA whole sequencing 
were performed.
Results There were no colonies grown in anaerobic 
condition; however, we obtained three colonies from 
the carbon dioxide atmosphere. We determined the first 
colony as Alkalihalobacillus clausii (Bacillus clausii), 
the second as Bacillus spp. such as B. australimaris, B. 
safensis or B. safensis subsp. osmophilus and the third 
as B. paralicheniformis. Phylogenic tree analysis using 
the16S rRNA sequence revealed these colonies to be in 
a proximity of known gas-producing species. The NCBI 
database search revealed that a key gas production path-
way gene, pyruvate formate-lyase (pfl), of which the 
gene product catalyzes pyruvate to formate conversion, 
exists in B. paralicheniformis. Formate dehydrogenase 
(FdhH) produces CO2 from formate that the coding 
gene fdhF positive bacteria can participate in gas pro-
duction when formate is present in the culture. And we 
found fdhF from A. clausii, B. australimaris/B. safensis 
and B. paralicheniformis. Furthermore, under butane-
diol producing pathway, genes coding two enzymes 
involved in CO2 production, namely als and ald, existed 

in B. australimaris/B. safensis and B paralicheniformis, 
whereas A. clausii possessed als.
Conclusion Candidate species A. clausii, B. australi-
maris/B. safensis and B. paralicheniformis from spoiled 
salad dressing were thought to produce CO2 gas each 
from their own enzymes, or in combination, which 
caused the explosion upon opening. The endospore 
forming nature of Bacillus should alert us to be cautious 
when considering food producing process regulations 
where we need to thoroughly heat any product during 
manufacture in order to inactivate any bacteria as there 
is the possibility of this type of dangerous occurrence.

Key words butanediol fermentation; gas-producing 
Bacillus; MALDI-TOF-MS; salad dressing; 16S rRNA 
sequencing

Prepared products such as canned, pouched, or bottled 
foods are heated during production to ensure decon-
tamination of microbes. However, there have been many 
incidences reported of spoiled packaged food.1, 2 There 
also have been reports of spoiled packaged food with 
gas formation. Salad dressing with gassy spoilage has 
been reported before and Bacillus amyloliquefaciens 
was determined as a causative species.3 Heat resistant 
endospore-forming bacteria are also often found to be 
contaminants.

In this report, we isolated and analyzed colonies 
from a spoiled gas-producing salad dressing. The 
results suggested the cause was several bacterial species 
alone or in combination with possible gas producing 
mechanisms.

MATERIALS AND METHODS
Salad dressing
A bottle of spicy hot-flavored salad dressing was pur-
chased at the local grocery store. The ingredients of the 
dressing were plant oil (rapeseed oil, soy oil and sesame 
oil), soy sauce (containing wheat and soy), vinegar, 
garlic, cayenne pepper, sesame seeds, salt, and mirin 
(containing amino acids). Mirin is a Japanese seasoning 
which is made from plain and malted rice by fermenta-
tion; it contains glucose as a glycospecies.
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Anaerobic culture
One hundred microliters of the salad dressing were 
spread onto an anaerocolombia RS agar plate (Beckton 
Dickinson Japan, Tokyo, Japan) and incubated anaerobi-
cally at 35°C for 48 h.

Carbon dioxide culture
Another 100 µL of the salad dressing was spread on 
sheep blood agar plates (Kyokuto Pharmaceutical 
Industrial Co. Ltd, Tokyo, Japan) and incubated under 
5% CO2 at 35°C for overnight.

Matrix assisted laser desorption ionization-time of 
flight mass spectrometry (MALDI-TOF-MS)
Isolated colonies were analyzed with MALDI-TOF 
MS (MALDI biotyper, Beckman Coulter, Inc., Tokyo, 
Japan) following the manufacturers protocol. The 
colony was smeared directly onto a matrix plate with 
a one microliter addition of 70% formate (cell-smear 
method). Bacterial species was determined with the 
database provided by the manufacturers.

16S ribosomal RNA (rRNA) sequence
Genomes were extracted from the colonies and the 
whole 16S rRNA sequence was read (Micro Medical 
Laboratory Co. Ltd., Saku, Japan). A Basic Local 
Alignment Search Tool (BLAST) search provided by 
the National Center for Biotechnology Information 
(NCBI) [blast.ncbi.nlm.nih.gov] was conducted with 
the 16S rRNA sequence, and bacterial species with high 
similarities were determined.

Phylogenic tree
We used 16S rRNA sequences of three suspected colo-
nies and known gas-producing bacteria within the same 
genus to create a phylogenic tree. MEGA X was used to 
draw a phylogenic tree.4

Gas production-associated gene homology search
Genes coding enzymes involved in gas production 
such as pyruvate formate-lyase (pflB gene), formate 
dehydrogenase H (fdhF gene), hydrogenase (hycE gene), 
alpha-acetolactate synthase (als, ilvB and ilvN genes), 
alpha-acetolactate decarboxylase (ald and budA genes) 
and butanediol dehydrogenase (gene names in various 
symbols) in family Bacillaciae were searched with 
BLAST and NCBI databases.

RESULTS
The incident
In the early afternoon of December 6, 2020, a salad 
dressing bottle was purchased at a local grocery store. 
Around 6 pm on the very day, the salad dressing was 

exploded when a consumer tried to open the bottle 
(Fig. 1). About 70% of the contents were lost due to the 
explosion without any odor such as spoiled egg smell in-
dicating no hydrogen sulfide production. The expiration 
date on the bottle was March 18, 2021 so the product 
had at least 3 more months of shelf life. But because 
the incident prompted us to suspect contamination by 
some kind of microorganism, we performed a bacterial 
culture from the dressing.

Colony isolation from the dressing
While anaerobic culture failed to show any colonies, we 
isolated three colonies from the sheep blood agar plate 
cultured under 5% CO2 atmosphere (Fig. 2).

Strain investigation
We performed MALDI-TOF MS from isolated colonies 
and found matched bacterial strains as follows; colony 1, 
Bacillus clausii; colony 2, Bacillus species; and colony 
3, Gram positive rod (Table 1). To further investigate 
possible strains, 16S rRNA sequencing was performed. 
By BLAST search, we determined colony 1 as A. clausii 
which is a newly classified name of B. clausii. The 

Fig. 1. Appearance of the salad dressing after opening. About 
70% of the contents were lost after explosion. A total of 300 mL 
dressing contents includes rapeseed oil, soybean oil, sesame oil, 
soy sauce (from wheat and soy), brewed vinegar, garlic, cayenne 
pepper, sesame seeds, salt and mirin (includes glucose and amino 
acids). The expiration date of March 18, 2021 is legible on the 
bottle (white arrow).
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colony 2 sequence was matched with B. australimaris, B. 
safenisis and B. safensis subsp. osmophilus with 100% 
similarities. For colony 3, B. paralicheniformis was a 
100% hit (Table 1). Overall, the three colonies were 
determined as species from genus Bacillus (colonies 2 
and 3) and a close genus Alkalihalobacillus (colony 1).

Phylogenic tree using 16S rRNA sequence
We created a phylogenic tree using 16S rRNA se-
quences of the three isolated colonies with known gas-
producing species (Paenibcillus peoriae, P. polymyxa, 
P. macerans P. durus and B. amyloliquefaciens), toxic 
Bacillus species (B. cereus and B. anthracis), B. subtilis 
and neighboring species Lactobacillus plantaurm (Fig. 
3). All species listed belong to the same class, Bacilli. 
Colony 1 was found to be closer to four gas-producing 
species, P. peoriae, P. polymyxa, P. macerans and P. 
durus (Fig. 3).5 On the other hand, colonies 2 and 3 
were placed closer to B. amyloliquefaciens which was 

isolated from a salad dressing with gas and spoilage (Fig. 
3).3

Gas production-associated genes in suspected 
strains of family Bacillaceae
In salad dressing, glucose in mirin can be used by bac-
teria to produce pyruvate. Pyruvate formate-lyase (PFL) 
is an enzyme that produces formate from pyruvate. 
Formate is oxidized by formate dehydrogenase (FdhH) 
and CO2 and H+ are the end products. Among candidate 
bacteria, B. paralicheniformis (colony 3) possesses PFL 
coding gene pflB (Table 2 and Fig. 4). FdhH coding 
gene fdhF existed in A. calusii (colony 1), B. australi-
maris (colony 2), B. safensis (colony 2) and B. parali-
cheniformis. As formate can be transported between 
bacteria, all species presumably produce CO2 in this 
pathway. In the butanediol pathway, α-acetolactate syn-
thase (ALS) converts pyruvate to α-acetolactate, while 
α-acetolactate decarboxylase (ALD) does α-acetolactate 
to acetoin. CO2 is produced in these two steps. Finally, 
butanediol dehydrogenase (BDH) produces 2,3-bu-
tanediol from acetoin (Fig. 4). We found that A. clausii, 
B. australimaris, B. safensis and B. paralicheniformis 
have genes coding ALS and BDH (Table 2). Also, B. 
australimaris, B. safensis and B. paralicheniformis have 
ALD coding gene budA (Table 2). Overall, these four 
bacteria most likely produce CO2 in this pathway.

DISCUSSION
Bacillus-caused spoilage of heat-sterilized food such 
as canned foods has been reported since the 1950’s.1 
Due to the endospore forming characteristics of genus 
Bacillus, sporulated forms can survive after heat-
sterilization. Among Bacillus-contaminated spoilage, 
B. amyloliquefaciens, B. sutilis, B. licheniformis and 
Paenibacillus spp. in baked foods and pasteurized milk 
are often reported.6, 7 From spoiled mayonnaise and 
salad dressings, several species of Bacillus genera are 
found: B. subtilis, B. pumilis, P. polymyxa, B. megate-
rium and B. licheniformis.2 Also, gassy food spoilage 

Fig. 2. Appearance of isolated colonies. Three colonies are iso-
lated from the salad dressing contents on a blood agar plate after 
CO2 atmosphere incubation. The colonies are labeled as 1, 2 and 3 
(a large unordered shape colony).

Table 1. Species search of isolated colonies

Colony ID
MALDI 16S rRNA

species Score value species Homology (%)
1 Bacillus clausii 2.098 Alkalihalobacillus clausii (Bacillus clausii) 99.9
2 Bacillus spp. < 2.000 Bacillus spp.

Bacillus australimaris 100
Bacillus safensis 100

Bacillus safensis subsp. osmophilus 100
3 Gram positive rod < 1.700 Bacillus paralicheniformis 100
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with B. amyloliquefaciens has been reported in salad 
dressing products.3 In the current report, we detected 
three colonies from salad dressing spoiled with gas (Fig. 
2). Those three colonies were determined as Bacillaceae 
family species A. clausii, B. australimaris/B. safensis, 
and B. paralicheniformis. To the best of our knowledge, 
this is the first time any of these bacteria (or any com-
bination thereof) as contaminants of gassy spoilage in 
salad dressing has been reported.

MALDI-TOF MS has been increasingly used as 
a microbial species determination tool. It is not only 
rapid and sensitive but also a cost-effective tool in the 
long run. However, it has the limitation of not having 
a recorded peptide spectra in the database, so it can-
not identify specific species.8 In the current study, we 
utilized MALDI-TOF MS to identify bacterial species 
from isolated colonies. While it gave us colony 1 as A. 
clausii (B. clausii), colonies 2 and 3 turned out to be 
Bacillus species and Gram positive rod, respectively, 
and these were not precisely identified (Table 1). On the 

other hand, the 16S rRNA gene sequencing method as-
signed species names to the three colonies as A. calusii 
(colony 1), B. australimaris, B. safensis or B. safensis 
subsp. osmophilus (colony 2), and B. paralicheniformis 
(colony 3) (Table 1). In this method, the limitation 
stemming from sharing the same sequence of 16S 
rRNA gene among several species that colony 2 was as-
signed with three candidate species. Overall, using two 
alternative methods of analysis may strengthen species 
determination.

MEGA X was used to draw the phylogenetic tree 
based on 16S rRNA sequences (Fig. 3). P. peoriae, 
P. polymyxa, P. macerans and P. durus are known 
gas-producing bacteria, and used to be classified as 
genus Bacillus.5 A. clausii, used be called as B. clausii 
(colony 1) which plotted very close to these four gas-
producing bacteria (Fig. 3). B. autralimaris, B. safensis, 
or B. safensis subsp. osmophilus (colony 2) and B. 
paralicheniformis (colony 3) were placed closer to B. 
amyloliquefaciens (reported gas-producer from salad 

Fig. 3. Phylogenic tree with colonies 1–3. From 16S rRNA sequences, colonies 1) A. clausii (B. clausii), 2) B. australimaris or B. sfensis 
and 3) B. paralicheniformis are placed with genetically close species. Numbers at branching positions show homology of 16S rRNA 
gene between those connected species.
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dressing) along with B. subtilis (a non-gas-producer), 
but were further from toxic Bacillus, B. cereus and B. 
anthracis which do not produce gas (Fig. 3). From the 
data, we suspected that these candidate species are 
possibly gas-producing organisms. Thus, we performed 
further analysis searching for genes encoding gas 
production-associated enzymes.

B. subtilis is a well-studied Bacillus genus spe-
cies that is known to produce no gas.9 However, some 
Bacillus spp. are able to produce gas under anaerobic 
fermentation pathways, namely butanediol fermentation 

(2,3-butanediol synthesis) pathway and pyruvate-
formate pathway. B. subtilis is shown to produce 
fermentation products such as lactate, acetate and 2, 
3-butanediol confirmed by high-performance liquid 
chromatography.10 Also, B. cereus strain A1 is shown 
to produce some amount of formate with pyruvate-
formate lyase gene (pflB) expression.11 B. licheniformis 
and Cytobacillus firmus (B. firmus) are known H2 
producers among family Bacillaceae.12, 13 In H2 gas-
producing bacteria such as Escherichia coli, formate 
hydrogen lyase (FHL) complex that consists of FdhH 

Table 2. Bacillus gas production-related enzymes and encoding genes

Candidate  
bacteria

Taxon 
ID

PFL FdhH Hyd ALS ALD BDH

Alkalihalobacillus 
clausii (Bacillus 
clausii)

79880 – fdhF, gene 
ID:61573693

– ilvB, gene 
ID:61574080, ilvN, 
gene ID:61574081

– CHH52_RS07035, 
gene ID:61572667

Bacillus  
australimaris

1326968 – Protein, 
WP_060698598.1

– Protein, 
KPN13832.1 

(AlsS), 
KPN15838.1, 
KPN12858.1 

(IlvB)

Protein, 
WP_060698565.1

Protein, 
WP_060697439.1

Bacillus safensis 561879 – Protein, 
WP_111290617.1

– alsS, gene 
ID:61768787, ilvB, 
gene ID:61769575, 

ilvN, gene 
ID:61769576

budA, gene 
ID:61768786

FX981_RS14650, 
gene ID:61769696

Bacillus safensis 
subsp. osmophilus

1982610 – – – – – –

Bacillus  
paralicheniformis

1648923 pflB, gene 
ID:56671800

fdhF, gene 
ID:56671900

– alsS, gene 
ID:56673539, ilvB, 
gene ID:56672685, 

ilvN, gene 
ID:56672684

budA, gene 
ID:56673538

Protein, 
TWK74609.1

Bacillus  
licheniformis

1402 pflB, gene 
ID:66215866

fdhF, Gene 
ID:66215776

hycE gene 
KU702934.1

Protein, 
AJF45952.1

budA, gene 
ID:66214201

Protein, 
OLQ47565.1

Cytobacillus 
firmus (Bacillus 
firmus)

1399 pflB, gene 
ID:67524119

fdhF, gene 
ID:67524644

Protein, 
WP_197245951.1

ilvB, gene 
ID:67525428, 

ilvN gene 
ID:67525427

– Protein, 
WP_197204594.1

Bacillus subtilis 1423 Protein, 
WP_158323528.1

– – alsS, gene 
ID:936852

alsD, gene 
ID:936857

bdhA, gene 
ID:93940

Escherichia coli 562 pflB, gene 
ID:945514

fdhF, gene 
ID:948584

hycE, gene 
ID:947396

ilvB, Gene 
ID:948182, ilvN, 
Gene ID:948183, 

ilvG, Gene 
ID:2847699, ilvM, 
Gene ID:948279, 

ilvI, Gene 
ID:948793, ilvH, 
Gene ID:947267

Protein, 
WP_206668467.1

Protein, 
PPI92027.1

ALD, alpha-acetolactate decarboxylase; ALS, alpha-acetolactate synthase/ acetohydroxy acid synthase; BDH, butanediol dehydrogenase; 
FdhH, formate dehydrogenase H; Hyd, hydrogenase; PFL, pyruvate formate-lyase/ formate C-acetyltransferase.
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and hydrogenase (Hyd, the catalytic subunit coded by 
hycE) produces CO2 and H2 from formate. When FdhH 
converts formate to CO2 and H+, it transfers electrons 
to the transmembrane complex Hyd3, in which the 
catalytic subunit HycE accepts electrons to produce H2 
gas.14 In fact, B. licheniformis and C. firmus possess 
FdhH-coding fdhF and HycE-coding hycE genes (Table 
2). These two genes are also present in well-known H2 
producer Escherichia coli, while those are not found 
in gas (-) bacteria B. subtilis (Table 2). NCBI database 
search revealed that A clausii, B. australimaris, B. 
safensis and B. paralicheniformis have fdhF but not 
hycE, that these bacteria most likely produce CO2, but 
not H2. Furthermore, existence of genes encoding ALS 
and ALD in the butanediol pathway in these bacteria 
may extend CO2 production to the point the gas made 
explosive impact upon opening the salad dressing bottle 
(Fig. 1). And the fact that colonies have grown under 
CO2 atmosphere confirms these bacteria are capable of 
living under such conditions (Fig. 2).

The content of probiotic Enterogermina (2 billion 
spores per capsule, Sanofi-Aventis S.p.A) is A. clausii (B. 
clausii) and has been used to treat diarrhea. Although 
adverse effects with probiotics is rare, there have been 
9 cases of bacteremia reported between the ages of 5 

months to 87 years with or without immunocompeten-
cy.15–20 B. safensis was involved in an abortion involving 
a female horse21 and is a rare commensal bacterium in 
human skin in which the bacteria could induce cutane-
ous T-cell lymphoma (CTCL) by activating T cells.22 B. 
paralicheniformis was first identified from a fermented 
food in 2015 and the European Food Safety Authority 
(EFSA) qualified it as a safe microorganism to be added 
to foods in 2021.23, 24 The bacteria produce beneficial 
substances such as amino acids, vitamins, enzymes and 
it is known to reduce low density cholesterol (LDL) in 
humans.25, 26 Also, it produces anti-microbial agents 
against various pathogenic bacteria.27–30 However, it has 
been reported that B. paralicheniformis possesses genes 
that provide resistance to antibiotics such as clindamy-
cin, erythromycin, streptomycin and chlorampheni-
col.31–33 These facts suggest that B. paralicheniformis 
should be carefully monitored.

Hazard Analysis Critical Control Point (HACCP) 
evaluates risk factors and eliminates or reduces those 
risks to the point of safety against food contaminants. 
The hazardous materials include spore-forming 
bacteria such as B. cereus, Clostridium perfringens 
and C. botulinum. While assuring heat inactivation 
of the vegetative state of these bacteria, the rapid 

Fig. 4. Pyruvate catabolic pathways involving carbon dioxide production. Bacteria with indicated enzymes are listed with correspond-
ing colony IDs. Enzymes involved in CO2 production are in bold. PFL, pyruvate formate-lyase; FdhH, formate dehydrogenase H; ALS, 
α-acetolactate synthase; ALD, α-acetolactate decarboxylase; BDH, 2,3-butanediol dehydrogenase.
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cooling step is important to reduce spore formation. 
Strict management of HACCP among food processing 
industries became mandated in Japan from June 2021 
according to Ministry of Health, Labour and Welfare. 
In the current case, the spoiled dressing was thought 
to be contaminated with endospore forming, non-toxic 
Bacillus spp. from our analyses. The gas produced by 
these contaminating bacteria may be CO2 separate 
from H2; therefore, combustion risk was not included 
in this incident. However, salad dressing consisting of 
hot chili peppers is still be a health hazard if it gets into 
the eyes after the explosion. Presently, the salad dress-
ing has been discontinued, and it is expected that the 
manufacturer will correctly execute HACCP protocol 
to reduce food-related incidents like the one reported in 
this manuscript.

Acknowledgments: The authors greatly appreciate Dr. Tom 
Obrig (former Professor at the University of Maryland, 
Baltimore) for the English editing of this manuscript.

This manuscript is supported by Yakult Grants for 
Research on Lactic Acid Bacteria for Jun Fujii.

The authors declare no conflict of interest.

REFERENCES
 1 Jansen E, Aschehoug V. Bacillus as spoilage organisms in 

canned foods. J Food Sci. 1951;16:457-61. DOI: 10.1111/j.1365-
2621.1951.tb17404.x

 2 Kurtzman CP, Rogers R, Hesseltine CW. Microbiological 
spoilage of mayonnaise and salad dressings. Appl Microbiol. 
1971;21:870-4. DOI: 10.1128/am.21.5.870-874.1971,  PMID: 
16349906

 3 Pereira KS, Cayres CA, Chaves JQ, Brito JT, Rabinovitch 
L, Vivoni AM. Salad dressing spoilage by Bacillus amy-
loliquefaciens with gas formation. Braz J Food Technol. 
2017;21:e2017025. DOI: 10.1590/1981-6723.2517

 4 Stecher G, Tamura K, Kumar S. Molecular Evolutionary 
Genetics Analysis (MEGA) for macOS. Mol Biol Evol. 
2020;37:1237-9. DOI: 10.1093/molbev/msz312,  PMID: 
31904846

 5 Montefusco A, Nakamura LK, Labeda DP. Bacillus 
peoriae sp. nov. Int J Syst Bacteriol. 1993;43:388-90. DOI: 
10.1099/00207713-43-2-388

 6 André S, Vallaeys T, Planchon S. Spore-forming bacteria 
responsible for food spoilage. Res Microbiol. 2017;168:379-87. 
DOI: 10.1016/j.resmic.2016.10.003,  PMID: 27989764

 7 Valerio F, De Bellis P, Di Biase M, Lonigro SL, Giussani 
B, Visconti A, et al. Diversity of spore-forming bacteria 
and identification of Bacillus amyloliquefaciens as a spe-
cies frequently associated with the ropy spoilage of bread. 
Int J Food Microbiol. 2012;156:278-85. DOI: 10.1016/
j.ijfoodmicro.2012.04.005,  PMID: 22551674

 8 Singhal N, Kumar M, Kanaujia PK, Virdi JS. MALDI-TOF 
mass spectrometry: an emerging technology for microbial 
identification and diagnosis. Front Microbiol. 2015;6:791. 
DOI: 10.3389/fmicb.2015.00791,  PMID: 26300860

 9 Nakano MM, Dailly YP, Zuber P, Clark DP. Characterization 
of anaerobic fermentative growth of Bacillus subtilis: iden-
tification of fermentation end products and genes required 
for growth. J Bacteriol. 1997;179:6749-55. DOI: 10.1128/
jb.179.21.6749-6755.1997,  PMID: 9352926

 10 Cruz Ramos H, Hoffmann T, Marino M, Nedjari H, 
Presecan-Siedel E, Dreesen O, et al. Fermentative metabolism 
of Bacillus subtilis: physiology and regulation of gene 
expression. J Bacteriol. 2000;182:3072-80. DOI: 10.1128/
JB.182.11.3072-3080.2000,  PMID: 10809684

 11 Wang S, Tang H, Peng F, Yu X, Su H, Xu P, et al. Metabolite-
based mutualism enhances hydrogen production in a two-
species microbial consortium. Commun Biol. 2019;2:82. DOI: 
10.1038/s42003-019-0331-8,  PMID: 30854474

 12 Kalia VC, Jain SR, Kumar A, Joshi AP. Frementation of 
biowaste to H2 by Bacillus licheniformis. World J Microbiol 
Biotechnol. 1994;10:224-7. DOI: 10.1007/BF00360893,  
PMID: 24420953

 13 Sinha P, Pandey A. Biohydrogen production from various 
feedstocks by Bacillus firmus NMBL-03. Int J Hydrogen 
Energy. 2014;39:7518-25. DOI: 10.1016/j.ijhydene.2013.08.134

 14 Sinha P, Roy S, Das D. Role of formate hydrogen lyase 
complex in hydrogen production in facultative anaerobes. 
Int J Hydrogen Energy. 2015;40:8806-15. DOI: 10.1016/
j.ijhydene.2015.05.076

 15 Khatri AM, Rai S, Shank C, McInerney A, Kaplan B, 
Hagmann SHF, et al. A tale of caution: prolonged Bacillus 
clausii bacteraemia after probiotic use in an immunocompe-
tent child. Access Microbiol. 2021;3:000205. DOI: 10.1099/
acmi.0.000205,  PMID: 34151160

 16 Joshi S, Udani S, Sen S, Kirolikar S, Shetty A. Bacillus 
Clausii Septicemia in a Pediatric Patient After Treatment 
With Probiotics. Pediatr Infect Dis J. 2019;38:e228-30. DOI: 
10.1097/INF.0000000000002350,  PMID: 31033906

 17 Princess I, Natarajan T, Ghosh S. When good bacteria behave 
badly: a case report of Bacillus clausii sepsis in an immu-
nocompetant adult. Access Microbiol. 2020;2:acmi000097. 
DOI: 10.1099/acmi.0.000097,  PMID: 33005864

 18 Gargar JD, Divinagracia RM. When good things go 
bad: A case series of bacteremia from probiotics. Chest. 
2019;155:92A. DOI: 10.1016/j.chest.2019.02.091

 19 Nacinovich F, Oses PF, Sucari A, Gentiluomo J, Merkt M, 
Castillo S, et al. Probiotics in the critically ill: friends or 
foes? Persistent bacteriemia due to Bacillus clausii. In: 29th 
ECCMID, The Congress of ESCMID. Argentina: Instituto 
Cardiovascular Buenos Aires ICBA; 2019. p. 2471.

 20 García JP, Hoyos JA, Alzate JA, Cristancho E. Bacteremia 
after Bacillus clausii administration for the treatment of acute 
diarrhea: A case report. Biomédica. 2021;41:13-20. DOI: 
10.7705/biomedica.5662,  PMID: 34669274

 21 Little SV, Hillhouse AE, Lawhon SD. Whole-Genome Se-
quences of an Abortive Bacillus safensis Strain Isolated from 
a Mare’s Uterus. Microbiol Resour Announc. 2020;9:e00342-
20. DOI: 10.1128/MRA.00342-20,  PMID: 32409543

 22 Dehner CA, Ruff WE, Greiling T, Pereira MS, Redanz S, 
McNiff J, et al. Malignant T Cell Activation by a Bacillus Spe-
cies Isolated from Cutaneous T-Cell Lymphoma Lesions. JID 
Innovations. 2022;2:100084. DOI: 10.1016/j.xjidi.2021.100084,  
PMID: 35199089

 23 Dunlap CA, Kwon SW, Rooney AP, Kim SJ. Bacillus parali-
cheniformis sp. nov., isolated from fermented soybean paste. 
Int J Syst Evol Microbiol. 2015;65:3487-92. DOI: 10.1099/
ijsem.0.000441,  PMID: 26296568

https://doi.org/10.1111/j.1365-2621.1951.tb17404.x
https://doi.org/10.1111/j.1365-2621.1951.tb17404.x
https://doi.org/10.1128/am.21.5.870-874.1971
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16349906?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16349906?dopt=Abstract
https://doi.org/10.1590/1981-6723.2517
https://doi.org/10.1093/molbev/msz312
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31904846?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31904846?dopt=Abstract
https://doi.org/10.1099/00207713-43-2-388
https://doi.org/10.1099/00207713-43-2-388
https://doi.org/10.1016/j.resmic.2016.10.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27989764?dopt=Abstract
https://doi.org/10.1016/j.ijfoodmicro.2012.04.005
https://doi.org/10.1016/j.ijfoodmicro.2012.04.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22551674?dopt=Abstract
https://doi.org/10.3389/fmicb.2015.00791
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26300860?dopt=Abstract
https://doi.org/10.1128/jb.179.21.6749-6755.1997
https://doi.org/10.1128/jb.179.21.6749-6755.1997
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9352926?dopt=Abstract
https://doi.org/10.1128/JB.182.11.3072-3080.2000
https://doi.org/10.1128/JB.182.11.3072-3080.2000
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10809684?dopt=Abstract
https://doi.org/10.1038/s42003-019-0331-8
https://doi.org/10.1038/s42003-019-0331-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30854474?dopt=Abstract
https://doi.org/10.1007/BF00360893
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24420953?dopt=Abstract
https://doi.org/10.1016/j.ijhydene.2013.08.134
https://doi.org/10.1016/j.ijhydene.2015.05.076
https://doi.org/10.1016/j.ijhydene.2015.05.076
https://doi.org/10.1099/acmi.0.000205
https://doi.org/10.1099/acmi.0.000205
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34151160?dopt=Abstract
https://doi.org/10.1097/INF.0000000000002350
https://doi.org/10.1097/INF.0000000000002350
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31033906?dopt=Abstract
https://doi.org/10.1099/acmi.0.000097
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33005864?dopt=Abstract
https://doi.org/10.1016/j.chest.2019.02.091
https://doi.org/10.7705/biomedica.5662
https://doi.org/10.7705/biomedica.5662
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34669274?dopt=Abstract
https://doi.org/10.1128/MRA.00342-20
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32409543?dopt=Abstract
https://doi.org/10.1016/j.xjidi.2021.100084
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35199089?dopt=Abstract
https://doi.org/10.1099/ijsem.0.000441
https://doi.org/10.1099/ijsem.0.000441
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26296568?dopt=Abstract


214

F. Obata et al.

© 2022 Tottori University Medical Press

 24 Koutsoumanis K, Allende A, Alvarez-Ordóñez A, Bolton D, 
Bover-Cid S, Chemaly M, et al.; EFSA Panel on Biological 
Hazards (BIOHAZ). Update of the list of QPS-recommended 
biological agents intentionally added to food or feed as 
notified to EFSA 14: suitability of taxonomic units notified 
to EFSA until March 2021. EFSA J. 2021;19:e06689. PMID: 
34257732

 25 Abdelsamad NO, Esawy MA, Mahmoud ZE, El-Shazly AI, 
Elsayed TR, Gamal AA. Evaluation of different bacterial 
honey isolates as probiotics and their efficient roles in choles-
terol reduction. World J Microbiol Biotechnol. 2022;38:106. 
DOI: 10.1007/s11274-022-03259-8,  PMID: 35507200

 26 Tamang JP, Das S, Kharnaior P, Pariyar P, Thapa N, Jo SW, 
et al. Shotgun metagenomics of Cheonggukjang, a fermented 
soybean food of Korea: community structure, predictive 
functionalities and amino acids profile. Food Res Int. 
2022;151:110904. DOI: 10.1016/j.foodres.2021.110904,  PMID: 
34980421

 27 Liu Y, Teng K, Huang F, Xia T, Zhang J, Wang T, et al. High-
throughput discovery of novel lanthipeptides and producers 
by metagenomic mining of isolates population (MMIP) from 
Chinese spicy cabbage. Food Res Int. 2022;154:110991. DOI: 
10.1016/j.foodres.2022.110991,  PMID: 35337563

 28 Choyam S, Jain PM, Kammara R. Characterization of a Po-
tent New-Generation Antimicrobial Peptide of Bacillus. Front 
Microbiol. 2021;12:710741. DOI: 10.3389/fmicb.2021.710741,  
PMID: 34504482

 29 Ojha P, Kar NP, Nayak S, Patra AK, Sahoo KK. Isolation 
of a broad spectrum antimicrobial producing thermophilic 
Bacillus and characterization of its antimicrobial protein. 
Arch Microbiol. 2021;203:2059-73. DOI: 10.1007/s00203-
020-02162-w,  PMID: 33575852

 30 Ahire JJ, Kashikar MS, Lakshmi SG, Madempudi R. Identifi-
cation and characterization of antimicrobial peptide produced 
by indigenously isolated Bacillus paralicheniformis UBBLi30 
strain. 3 Biotech. 2020;10:112. DOI: 10.1007/s13205-020-
2109-6, PMID: 32117673

 31 Jeong DW, Lee B, Heo S, Oh Y, Heo G, Lee JH. Two genes 
involved in clindamycin resistance of Bacillus licheniformis 
and Bacillus paralicheniformis identified by comparative ge-
nomic analysis. PLoS One. 2020;15:e0231274. DOI: 10.1371/
journal.pone.0231274,  PMID: 32271828

 32 Agersø Y, Bjerre K, Brockmann E, Johansen E, Nielsen B, 
Siezen R, et al. Putative antibiotic resistance genes present in 
extant Bacillus licheniformis and Bacillus paralicheniformis 
strains are probably intrinsic and part of the ancient re-
sistome. PLoS One. 2019;14:e0210363. DOI: 10.1371/journal.
pone.0210363,  PMID: 30645638

 33 Lee JH, Jeong DW. Complete Genome Sequence of 
Bacillus paralicheniformis 14DA11, Exhibiting Resistance 
to Clindamycin and Erythromycin. Genome Announc. 
2017;5:e01216-17. DOI: 10.1128/genomeA.01216-17,  PMID: 
29074671

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34257732?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34257732?dopt=Abstract
https://doi.org/10.1007/s11274-022-03259-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35507200?dopt=Abstract
https://doi.org/10.1016/j.foodres.2021.110904
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34980421?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34980421?dopt=Abstract
https://doi.org/10.1016/j.foodres.2022.110991
https://doi.org/10.1016/j.foodres.2022.110991
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35337563?dopt=Abstract
https://doi.org/10.3389/fmicb.2021.710741
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34504482?dopt=Abstract
https://doi.org/10.1007/s00203-020-02162-w
https://doi.org/10.1007/s00203-020-02162-w
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33575852?dopt=Abstract
https://doi.org/10.1007/s13205-020-2109-6
https://doi.org/10.1007/s13205-020-2109-6
https://pubmed.ncbi.nlm.nih.gov/32117673
https://doi.org/10.1371/journal.pone.0231274
https://doi.org/10.1371/journal.pone.0231274
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32271828?dopt=Abstract
https://doi.org/10.1371/journal.pone.0210363
https://doi.org/10.1371/journal.pone.0210363
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30645638?dopt=Abstract
https://doi.org/10.1128/genomeA.01216-17
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29074671?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29074671?dopt=Abstract

