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ABSTRACT
Clostridium botulinum is a pathogen of relevance to public health due to its ability to 
produce potent neurotoxins and form highly resistant spores. This study consists of an 
integrative review of strategies for spore inactivation, identification, and control of C. 
botulinum in food, based on the analysis of 11 articles published between 2022 and 2024. 
Methods such as UV-C irradiation, supercritical carbon dioxide, qPCR, and the development 
of non-toxic surrogate strains were addressed. UV-C irradiation proved effective in spore 
inactivation, although with limitations in liquid foods. Molecular techniques, such as qPCR 
targeting the 16S rRNA gene, demonstrated high sensitivity in detecting C. botulinum 
in different food matrices. Additionally, non-toxic surrogate strains facilitated tests 
without health risks. The clinical impact of botulism was evidenced in outbreaks related 
to contaminated food, reinforcing the need for effective control methods. It is concluded 
that the integration of physical, molecular, and genetic techniques, combined with good 
hygiene practices, is essential to ensure food safety and prevent botulism outbreaks.

RESUMO
Clostridium botulinum é um patógeno de relevância para a saúde pública devido à sua 
capacidade de produzir neurotoxinas potentes e formar esporos altamente resistentes. Este 
estudo consiste em uma revisão integrativa das estratégias para a inativação de esporos, 
identificação e controle de C. botulinum em alimentos, com base na análise de 11 artigos 
publicados entre 2022 e 2024. Foram abordados métodos como irradiação UV-C, dióxido de 
carbono supercrítico, qPCR e o desenvolvimento de cepas substitutas não tóxicas. A radiação 
UV-C mostrou-se eficaz na inativação de esporos, porém com limitações em alimentos 
líquidos. Técnicas moleculares, como a qPCR direcionada ao gene 16S rRNA, demonstraram 
alta sensibilidade na detecção de C. botulinum em diferentes matrizes alimentares. Além 
disso, cepas substitutas não tóxicas facilitaram a realização de testes sem riscos à saúde. 
O impacto clínico do botulismo foi evidenciado em surtos relacionados a alimentos 
contaminados, reforçando a necessidade de métodos eficazes de controle. Conclui-se 
que a integração de técnicas físicas, moleculares e genéticas, aliada a boas práticas de 
higiene, é fundamental para garantir a segurança alimentar e prevenir surtos de botulismo.
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INTRODUCTION

The bacterial species Clostridium botu-
linum is of significant importance to public 
health and food safety due to its ability to pro-
duce highly potent neurotoxins responsible 
for botulism, a severe and potentially fatal 
neuroparalytic disease¹. The formation of 
highly resistant spores by C. botulinum rep-
resents a major challenge for the food indus-
try, as these spores can survive preservation 
processes and germinate under favorable con-
ditions, allowing the bacterium to return to 
its vegetative phase with active metabolism 
and toxin production². Botulism is frequently 
associated with the consumption of contam-
inated foods, particularly those that are im-
properly preserved, such as canned foods, 
cured meats, and refrigerated products³,⁴.

Clinically, botulism is characterized by 
a symmetrical descending flaccid paralysis 
that may progress to respiratory failure and 
is therefore considered a medical emergen-
cy5. The main clinical forms include food-
borne botulism, infant botulism, and wound 
botulism, varying according to the route of 
exposure to the toxin5. Treatment is based 
on early administration of botulinum anti-
toxin and ventilatory support, and prognosis 
depends on rapid diagnosis and antitoxin 
availability. However, management remains 
challenging, particularly due to the nonspe-
cific nature of early symptoms and limited 
access to antitoxins in some regions5.

Botulism occurs worldwide, with regional 
variation in the prevalence of clinical forms. In 
the United States, for example, infant botulism 
is the most prevalent form, accounting for ap-
proximately 70% of reported cases between 
2001 and 2017, a period during which 326 food-
borne cases were also recorded6. Several out-
breaks have been reported in different coun-
tries, including a 2023 outbreak in France asso-
ciated with canned sardines that resulted in 15 
cases and one death7; a 2015 outbreak in the 

United States in which 29 individuals became 
ill and one died after consuming canned pota-
toes at a community event8; and a 2024 out-
break in Saudi Arabia, in which eight individuals 
were affected after consuming contaminated 
mayonnaise9. More recently, an unusual out-
break occurred in 2023 in Germany, Switzer-
land, Austria, France, and Turkey, related to the 
use of botulinum toxin in aesthetic procedures, 
resulting in 34 confirmed cases10.

The morbidity and mortality associated 
with botulism are significant, particularly 
when there is a delay in diagnosis and treat-
ment. The main sources of contamination in-
clude contaminated soils, preserved and 
canned foods that create anaerobic environ-
ments, and honey, which represents a well-
known risk for infants¹¹. Prevention involves 
safe food preservation and handling practices, 
inspection of packaging for signs of spoilage 
such as bulging and unpleasant odor, and 
strict wound care measures¹². In Brazil, sur-
veillance and control of botulism outbreaks 
are conducted by the National Health Surveil-
lance Agency (ANVISA) and the Ministry of 
Health, in partnership with state and munic-
ipal health departments, which monitor noti-
fications through the Notifiable Diseases In-
formation System (SINAN).

Despite advances in preservation tech-
niques and pathogen detection, the biolog-
ical complexity of C. botulinum, including 
its ability to adapt to different environmen-
tal conditions and the diversity of its neu-
rotoxins, requires integrated and multidis-
ciplinary approaches for effective control. 
Thus, the prevention of botulism outbreaks 
remains a global challenge, particularly in 
regions with inadequate hygiene and food 
preservation practices¹³. In this context, re-
viewing updated strategies for the control 
of C. botulinum is essential, both to ensure 
food safety and to strengthen public health 
protection measures.

In light of this scenario, this integrative re-
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view aims to synthesize the approaches that 
have been used for spore inactivation, as well 
as for the identification and control of C. bot-
ulinum along the food production chain. This 
review is justified by the need to consolidate 
recent information on pathogen control meth-
ods and to provide support for health profes-
sionals, the food industry, and surveillance au-
thorities, in order to prevent botulism out-
breaks and ensure food safety. To this end, 
recent studies addressing aspects ranging from 
basic microbial biology to methods that assist 
in detection and control will be analyzed, offer-
ing an overview of the topic and contributing 
to future approaches that may prevent botulism 
outbreaks and ensure food safety based on pre-
viously published data.

MATERIALS AND METHODS

This study is an integrative review of 
the scientific literature, using Google Schol-
ar as the primary database. This platform 
was chosen due to its broad coverage and 
multidisciplinary nature, encompassing ar-
ticles indexed in traditional databases such 
as PubMed, Scopus, and Web of Science. In 
addition, Google Scholar allows access to 
a wide range of national and internation-
al journals, enabling an inclusive and com-
prehensive search on Clostridium botulinum 
and its sporulation capacity.

The search strategy included the de-
scriptors “Clostridium botulinum,” “sporula-
tion,” “botulism,” and “toxin,” combined using 
the Boolean operator “AND” to refine the re-
sults. As inclusion criteria, only original arti-
cles published between 2022 and 2024 were 
considered, with the final search date set 
as May 11, 2024, and aligned with the objec-
tives of this study. Documents such as mono-
graphs, theses, dissertations, books or book 
chapters, case reports, editorials, and review 
articles were excluded.
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The article selection process occurred in 
two stages. In the first stage, original articles 
were separated from other types of publica-
tions. In the second stage, a manual analysis of 
abstracts was conducted, and only studies ad-
dressing the topic of this work were selected.

RESULTS AND DISCUSSION  

In the initial stage of article selection, 305 
documents were identified through the search. 
These results were categorized as shown in 
Table 1, with a predominance of review articles, 
followed by books, theses or dissertations, 
original articles, case reports, and editorials.

DOCUMENT TYPE NUMBER

Review articles 191

Books 41

Theses or dissertations 40

Original articles 27

Case reports 4

Editorials 2

Total 305

Table 1. Distribution of documents retrieved in the 
search on the relationship between Clostridium bo-
tulinum and sporulation and toxin production, con-
ducted in Google Scholar between 2022 and 2024.

Of the 27 original articles identified, full-
text reading was performed, resulting in a 
final selection of 11 studies that met the cri-
teria of the thematic approach of this study. 
These are summarized in Table 2, containing 
information such as title, year of publication, 
objectives, and main results. The temporal 
distribution of the selected articles showed 
greater representation in 2022 (n = 8). The 16 
excluded articles did not align directly with 
the objectives of the review.
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ORIGINAL ARTICLE 
TITLE

CITATION COUNTRY 
WHERE THE 
STUDY WAS 
CONDUCTED

ARTICLE OBJECTIVES MAIN FINDINGS  
OF THE ARTICLE

Bacteriological isola-
tion in the restaurant 
of Hawler city Kurd-
istan Region, Iraq

Ahmed23 (2024) Iraq To isolate and identify 
bacteria present in 
three different Iraqi 
restaurants in order 
to assess the potential 
effects of food con-
tamination on human 
health. Samples were 
collected from menus, 
tables, and containers.

Three restaurants were 
analyzed. In the first 
restaurant, the highest 
bacterial count was found 
on a table and the lowest 
on the menu. In the second 
restaurant, the contain-
er showed the highest 
bacterial count, while the 
table had the lowest. In the 
third restaurant, the table 
had the lowest number 
of bacteria, whereas the 
menu had the highest. The 
findings demonstrated that 
certain pathogens, such 
as Shigella dysenteriae, C. 
botulinum, and Bacillus 
cereus, are present and can 
be identified in restaurants.

Inactivation of Group 
I And Group II Clos-
tridium botulinum 
spores by ultraviolet 
irradiation in water

Assal et al.14 
(2023)

Canadá To evaluate the feasi-
bility of using UV light 
to inactivate C. bot-
ulinum spores based 
on their sensitivity to 
irradiation.

C. botulinum spores 
showed moderate resis-
tance to UV-C disinfection, 
requiring <55 mJ/cm² to 
achieve a 5-log inactiva-
tion.

Cellular and pop-
ulation strategies 
underpinning neu-
rotoxin production 
and sporulation in 
Clostridium botuli-
num type E cultures

Mertaoja et al.24 

(2023)
Finland and 
Portugal

To analyze the re-
lationship between 
botulinum neurotoxin 
(BoNT) production 
and sporulation in C. 
botulinum type E, in-
vestigating regulation 
by the transcription 
factor Spo0A and pop-
ulation heterogeneity 
under different envi-
ronmental conditions.

The possible combinations 
of toxin production and 
sporulation tested in wild-
type C. botulinum type E 
cultures indicated neither 
strict co-regulation nor 
complete independence 
between the two metabol-
ic processes. In addition, 
Spo0A-independent BoNT 
production was observed 
in a small subpopulation of 
cells from the spo0A-null 
strain.

Prevalent toxin types 
of Clostridium botuli-
num in South Korean 
cattle farms

Park et al.16 
(2022)

South Korea To investigate cattle 
farms in areas with 
recurrent outbreaks in 
South Korea in order 
to determine preva-
lent toxin types.

C. botulinum toxin types B 
and D were highly preva-
lent in feed and cattle feces 
on South Korean farms in 
2012 and 2013 during botu-
lism outbreaks.

Table 2. Information on the 11 original articles selected in the search on Clostridium botulinum, sporulation, 
and toxin production, conducted in Google Scholar between 2022 and 2024.
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Type C botulism out-
break in free-ranging 
waterfowl in Goiás

Martins et al.17 
(2022)

Brazil To describe a type 
C botulism outbreak 
in a population of 
free-ranging water-
fowl, including ducks 
(Cairina moschata), 
mallards (Anas platy-
rhynchos), and geese 
(Anser cygnoides), in 
Quirinópolis, Goiás, 
Brazil.

Botulinum toxin was iden-
tified in one of four water 
samples collected from the 
lake under study and in the 
intestinal contents of one 
necropsied mallard. Wa-
terborne type C botulism 
was indicated as the cause 
of mortality in free-rang-
ing waterfowl at Parque da 
Liberdade in Quirinópolis, 
Goiás, Brazil.

Genomic diversity, 
competition, and 
toxin production by 
group I and II Clos-
tridium botulinum 
strains used in food 
challenge studies

Bowe et al.20 

(2022)
United States 
of America

To investigate a cock-
tail of ten C. botuli-
num strains (seven 
Group I and three 
Group II) used for 
food contamination 
challenge tests.

Whole-genome single-nu-
cleotide polymorphism 
alignments revealed that 
the strain cocktail spans 
the major clades of Group 
I and II C. botulinum. Al-
though growth competition 
appeared to occur among 
several strains, the cocktail 
as a whole resulted in high 
levels of BoNT production.

Selection and devel-
opment of nontoxic 
nonproteolytic Clos-
tridium botulinum 
surrogate strains 
for food challenge 
testing

Poortmans et 
al.21 (2022)

Belgium and 
Germany

To develop strains 
capable of replacing 
nonproteolytic (Group 
II) C. botulinum 
strains, ensuring that 
the surrogate strains 
are non-toxic.

Phenotypic and genomic 
analyses of 31 non-toxic, 
nonproteolytic C. botuli-
num strains revealed three 
different lineages: type E 
and BEF (toxic nonproteo-
lytic), and a distinct, poorly 
characterized cluster. 
Additional analyses showed 
that growth and spore heat 
resistance of these strains 
fall within the same range 
described for toxic non-
proteolytic strains.

Extensive growth 
and growth boundary 
model for non-pro-
teolytic Clostridium 
botulinum – eval-
uation and valida-
tion with MAP and 
smoked foods

Koukou, Dahl 
Devitt e Dal-
gaard22 (2022)

Denmark To evaluate and 
validate a recently 
developed math-
ematical model to 
predict growth of 
non-proteolytic C. 
botulinum and time to 
toxin formation (TTT) 
in smoked foods and 
foods stored under air, 
vacuum, or modified 
atmosphere packaging 
(MAP).

An existing growth and 
growth boundary mod-
el for non-proteolytic C. 
botulinum was successfully 
validated for seafood and 
poultry products, regard-
less of air, vacuum, or MAP 
packaging.

Inactivation of Clos-
tridium spores in 
honey with super-
critical CO2 and in 
combination with 
essential oils

Dacal-Gutiérrez 
et al.15 (2022)

Colombia and 
Spain

To explore the ef-
fectiveness of super-
critical CO2 (scCO2), 
alone and combined 
with lemon, clove, and 
cinnamon essential 
oils, in inactivating 
Clostridium sporo-

scCO2 applied to honey 
was unable to inactivate 
Clostridium spores at 
temperatures below 70 
°C, likely due to the pro-
tective effect of honey. 
When combined with  
cinnamon essential oil

Continuation Table 2.
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genes (CECT 553) as 
a surrogate for C. 
botulinum.

(<0.4% w/w), improved 
spore inactivation was ob-
served, achieving a 1.3 log10 
CFU g-1 reduction at 60 °C.

Sporulation strat-
egies and potential 
role of the exospo-
rium in survival and 
persistence of Clos-
tridium botulinum

Portinha et al.18 
(2022)

Finland To analyze sporulation 
diversity in ten Group 
I, II, or III C. botulinum 
strains, focusing on (i) 
population structure 
dynamics in sporu-
lating cultures, (ii) 
ultrastructure, and (iii) 
functional properties 
of individual spores.

Results showed two dis-
tinct population dynamics 
patterns during sporu-
lation, possibly related 
to proteolytic properties 
of strains from different 
groups. Group I strains 
exhibited higher propor-
tions of sporulating cells 
but slower spore release, 
resulting in higher spore 
counts than Groups II and 
III. Strains with lower heat 
resistance lacked an exo-
sporium or had a thinner 
one, suggesting a role of 
the exosporium in heat 
resistance.

Membrane vesicles 
derived from Clos-
tridium botulinum 
and related clostridial 
species induce innate 
immune responses 
via Myd88/Trif sig-
naling in vitro

Kobayashi et al.19 
(2022)

Japan To investigate the role 
of bacterial membrane 
vesicles produced by 
C. botulinum and phy-
logenetically related 
species (C. sporogenes 
and C. scindens) in 
host immunity and 
pathology during clos-
tridial infections.

Membrane vesicles derived 
from all strains induced 
inflammatory cytokine 
expression in epithelial 
and intestinal macrophage 
cell lines via MyD88/TRIF 
signaling, revealing the 
influence of membrane 
vesicles on induction of 
the host innate immune 
response.

Inactivation of Clostridium botulinum 
spores

Of the 11 selected articles, three addressed 
methods for the inactivation of C. botulinum 
spores. Assal et al.¹⁴ (2023) investigated the use 
of ultraviolet radiation (UV-C), demonstrating 
that Group II spores (types B, E, and F) were 
more resistant than those of Group I (types A, 
B, and F). To achieve a 5-log reduction in the 
spore population, UV-C doses below 55 mJ/
cm² were required. However, spore aggregation 
reduced the effectiveness of the method, sug-
gesting the need for complementary tech-
niques to disperse spores in specific situations. 
The study highlighted that UV-C may be ap-
plied to foods, but that further experiments in 
liquid food matrices are necessary.

The study by Mertaoja et al.²⁴ (2023) inves-
tigated the behavior of C. botulinum type E at 
two different temperatures (10 °C and 30 °C), 
using fluorescence microscopy to monitor 
growth phases, toxin production, and sporula-
tion, as well as ELISA to quantify toxin produc-
tion. The results revealed that temperature sig-
nificantly influences cellular dynamics and spore 
formation. At 30 °C, toxin production and spor-
ulation occurred in an accelerated manner; how-
ever, cells underwent early lysis, limiting long-
term microbial viability. In contrast, at 10 °C, a 
more stable balance between toxin production 
and sporulation was observed, with both pro-
cesses occurring gradually over several weeks.

This behavior suggests that C. botulinum 
type E is capable of adapting to refrigerated 

Continuation Table 2.
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environments, which represents a significant 
challenge for food safety, particularly in prod-
ucts stored at low temperatures, such as sea-
food. In addition, the study identified four cel-
lular subpopulations with distinct behaviors: 
(i) cells that produced toxins and sporulated; 
(ii) cells that produced toxins but did not spor-
ulate; (iii) cells that sporulated but did not pro-
duce toxins; and (iv) cells that performed nei-
ther process. The proportion of these 
subpopulations was influenced by temperature 
and growth phase, highlighting the heteroge-
neity of cellular responses to different envi-
ronmental conditions.

Another relevant result of this study was 
related to the role of the spo0A gene, as the 
authors discuss that this gene may control both 
sporulation and toxin production, suggesting 
that genetic regulation represents a promising 
target for spore inactivation strategies. These 
findings reinforce the complexity of C. botuli-
num spore inactivation and the need for mul-
tifactorial approaches that consider not only 
environmental conditions but also the genetic 
and physiological mechanisms involved in mi-
crobial survival and virulence.

Dacal-Gutiérrez et al.15 (2022) tested su-
percritical carbon dioxide (scCO2) to inactivate 
C. sporogenes spores (used as a surrogate for 
C. botulinum in this study due to morpholog-
ical and genetic similarities) in water and hon-
ey. In water, inactivation was effective, achiev-
ing 99.7% spore inactivation at 80 °C; however, 
in honey, efficacy was lower due to its physi-
cochemical properties. The addition of essen-
tial oils contributed to 94% spore inactivation 
at 60 °C. scCO2 inactivation assays were per-
formed at a pressure of 10 MPa, and increasing 
the pressure to 30 MPa was also tested but did 
not yield significant improvements; thus, the 
authors concluded that using the lower pres-
sure is safer and more economically viable. The 
study concluded that scCO2 is a viable method, 
but cost–benefit considerations and impacts 
on food quality must be taken into account.

Restaurant contamination by Clostridium 
botulinum

Only one article addressed contamination 
in restaurants. The study by Ahmed²³ (2024) in-
vestigated the presence of microorganisms in 
three restaurants located in the city of Erbil, 
Kurdistan Region, Iraq. Samples were collected 
from tables, menus, and containers (such as salt 
shakers), which were inoculated onto nutrient 
agar and incubated at 37 °C. After colony growth, 
Gram staining was performed to differentiate 
Gram-positive from Gram-negative bacteria. 
Subsequently, Gram-positive bacteria were cul-
tured on blood agar, while Gram-negative bac-
teria were cultured on MacConkey agar.

Bacterial identification was based on colo-
ny characteristics, including color, shape, eleva-
tion, and diameter. The results revealed variable 
colony-forming unit (CFU) counts across the 
three restaurants. In the first restaurant, the 
highest contamination was found on a table (298 
CFU), while the lowest was observed on the 
menu (220 CFU). In the second restaurant, the 
container showed the highest contamination 
(280 CFU), and the table showed the lowest (220 
CFU). In the third restaurant, the menu present-
ed the highest contamination (80 CFU), whereas 
the table showed the lowest (52 CFU). Among the 
identified bacteria, Clostridium botulinum and 
Bacillus cereus were notable, both of which are 
microorganisms associated with preserved 
foods. The study demonstrated that menus and 
containers were the most contaminated sites, 
suggesting failures in frequent and adequate hy-
giene practices.

Neurotoxins of Clostridium botulinum in 
animals

Only two articles addressed the neurotox-
ins produced by C. botulinum and their effects 
on animals. The study by Park et al.16 (2022) in-
vestigated botulism outbreaks on cattle farms 
in South Korea, with the collection of 184 sam-
ples of feces, hay, silage, soil, drinking water, 
and bovine stomach contents. Using multiplex 
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PCR, the authors identified 33 samples positive 
for C. botulinum, with a prevalence of 33.3% (n 
= 11) for type B, 12.1% (n = 4) for type C/D, and 
54.5% (n = 18) for type D. Most positive samples 
were found in feces (17/72) and stomach con-
tents (11/15), while no soil samples tested pos-
itive for neurotoxins. The study highlighted 
that type B and D neurotoxins were the most 
prevalent during the 2012 and 2013 outbreaks 
in South Korea.

In contrast, the study by Martins et al.17 

(2022) described a type C botulism outbreak in 
waterfowl at Parque da Liberdade, in Quirinópo-
lis, Goiás, Brazil. Samples of water, feed, liver, 
stomach, and intestinal contents from dead 
birds were collected. Type C botulinum toxin 
was detected in one water sample and in the 
intestinal contents of a duck, with confirmation 
by mouse bioassay and PCR. Mice inoculated 
with non-heat-treated samples exhibited signs 
of botulism and died within 12 to 24 hours, 
whereas those inoculated with heat-treated 
samples showed no symptoms. The feed was not 
contaminated, suggesting that lake water was 
the primary source of contamination.

Key structures involved in sporulation and 
neurotoxin synthesis by Clostridium botulinum

Three articles addressed sporulation, neu-
rotoxin production, and the pathogenicity of 
C. botulinum. The study by Portinha et 
al.18(2022) investigated sporulation diversity in 
ten C. botulinum strains from Groups I, II, and 
III. The results showed that Group I (proteolyt-
ic) strains exhibited a higher proportion of 
sporulating cells and higher spore counts, al-
though they required a longer time to release 
spores; thus, they presented higher spore 
counts than strains from Groups II and III 
(non-proteolytic). All strains displayed similar 
morphological stages of sporulation. In addi-
tion, four spore morphotypes were identified, 
with differences among groups but without 
significant impact on spore hydrophobicity or 
autoaggregation. The study also highlighted 

that the presence of an exosporium increased 
spore heat resistance.

The study by Mertaoja et al.²⁴ (2023), pre-
viously cited, analyzed the role of the spo0A 
gene in sporulation and botulinum neurotoxin 
(BoNT) production in C. botulinum type E. The 
results showed that BoNT production occurred 
in cellular subpopulations and was released 
either by spo0A-mediated autolysis or after the 
release of mature spores. However, BoNT pro-
duction was also observed in cells lacking the 
spo0A gene, indicating that other genes may 
be involved in this process. Culture heteroge-
neity was influenced by environmental condi-
tions, such as temperature, suggesting that 
external factors also play a role in regulating 
toxin production.

The study by Kobayashi et al.24 (2022) in-
vestigated the role of membrane vesicles (MVs) 
secreted by C. botulinum in inducing innate 
immune responses. The results showed that 
MVs derived from C. botulinum induced the 
expression of inflammatory cytokines in epi-
thelial cells and intestinal macrophages. In 
addition, MVs from C. botulinum type E acti-
vated the expression of antimicrobial peptides 
of the Reg3 family, such as Reg3g and Reg3b, 
through MyD88/TRIF signaling. These findings 
suggest that membrane vesicles play an im-
portant role in activating the immune system 
against C. botulinum infections.

Methods for identifying food contamina-
tion by Clostridium botulinum in the food in-
dustry

Three articles addressed methods for 
evaluating food contamination by C. botulinum 
in the food industry. The study by Bowe et al.20 

(2022) investigated a cocktail of ten C. botuli-
num strains (seven from Group I and three from 
Group II), which has been used for more than 
20 years in food challenge studies. The strains 
were cultured in specific media and had their 
genetic material sequenced, followed by bio-
informatic analyses aimed at identifying genes 
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related to toxin production. The results showed 
that, despite competition among strains, the 
cocktail produced botulinum neurotoxins 
(BoNT) types A, B, and E, representing the ma-
jor C. botulinum clades involved in foodborne 
intoxications.

Poortmans et al.²¹ (2022) developed 
non-toxic surrogate strains of Group II C. bot-
ulinum that exhibit phenotypic and genotypic 
characteristics similar to those of toxic strains. 
Thirty-one non-toxic strains were analyzed, 
identifying three genomic clusters, including a 
novel, as yet uncharacterized group. The au-
thors reported that, aside from the presence 
of a BoNT toxin gene cluster, non-toxic strains 
and toxic non-proteolytic Group II C. botuli-
num strains are genetically and phenotypical-
ly indistinguishable, indicating that this substi-
tution can be effective for use in studies 
involving food contamination. Accordingly, five 
selected strains were tagged with an erythro-
mycin resistance marker and tested in a selec-
tive medium that suppresses background mi-
crobiota, allowing quantitative recovery of the 
surrogate strains. This method facilitates food 
challenge testing without the risks associated 
with the use of toxic strains.

Koukou, Dahl Devitt, and Dalgaard²² (2022) 
validated a qPCR method for the detection of 
C. botulinum targeting the 16S rRNA gene, 
which is not associated with toxin production. 
The method was validated for use in seafood 
and poultry products, regardless of packaging 
type (air, vacuum, or modified atmosphere 
packaging – MAP). The technique proved ef-
fective in detecting both proteolytic and 
non-proteolytic strains, even in the presence 
of other microorganisms, establishing itself as 
a promising tool for the food industry.

In this study, recent research addressing 
the challenges and advances in the control, de-
tection, and inactivation of Clostridium botu-
linum was reviewed. This pathogen is of major 
relevance to food safety due to its ability to 
produce potent neurotoxins and to form spores 

that are highly resistant to adverse environ-
mental conditions. The three studies reviewed 
that focused on the inactivation of C. botulinum 
spores highlighted the high resistance of these 
spores and the challenges associated with their 
inactivation in foods.

UV-C radiation proved to be a promising 
approach; however, its effectiveness is limited 
by spore aggregation, suggesting the need for 
complementary methods to optimize its appli-
cation. The influence of temperature on spor-
ulation and toxin production, as observed by 
Mertaoja et al.²⁴ (2023), reinforces the impor-
tance of considering variable environmental 
conditions when developing inactivation meth-
ods. In addition, although the use of supercrit-
ical CO2 (scCO2) was effective in water, it 
showed limitations in complex matrices such 
as honey, indicating that method selection 
must take into account the physicochemical 
properties of the food. These findings demon-
strate the need for further research to adapt 
and optimize spore inactivation techniques, 
ensuring food safety without compromising 
product quality.

The study by Ahmed²³ (2024) highlights 
the presence of C. botulinum in restaurant en-
vironments, reinforcing the importance of 
strict hygiene practices to prevent food con-
tamination. The predominance of contamina-
tion observed on menus and containers, such 
as salt shakers, suggests that these items are 
often neglected during cleaning procedures, 
becoming potential sources of cross-contam-
ination. Furthermore, the identification of Ba-
cillus cereus, another microorganism associ-
ated with foodborne diseases, underscores the 
need for continuous monitoring and adequate 
sanitation in commercial establishments. These 
results indicate that contamination in restau-
rants is not limited to food preparation surfac-
es but also affects items frequently handled by 
customers, such as menus and containers. 
Therefore, it is essential to implement more 
comprehensive cleaning protocols and to train 
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staff on the importance of hygiene in all areas 
of the establishment. In addition, future stud-
ies could investigate the effectiveness of dif-
ferent disinfection methods in these environ-
ments, aiming to reduce microbial load and 
ensure food safety.

The studies by Park et al.16 (2022) and 
Martins et al.17 (2022) emphasize the impor-
tance of C. botulinum neurotoxins as causative 
agents of botulism in animals. The former re-
vealed that toxin types B and D are the most 
prevalent in outbreaks of bovine botulism in 
South Korea, with contamination associated 
with feces, hay, silage, and stomach contents. 
These results suggest that contamination of 
feed and water is a critical factor in disease 
dissemination, reinforcing the need for strict 
management and hygiene practices on farms. 
The absence of neurotoxin detection in soil 
samples may indicate that soil is not a signifi-
cant reservoir for C. botulinum in these out-
breaks; however, further studies are required 
to confirm this hypothesis.

The second study demonstrated that con-
taminated water was the primary source of 
type C botulism in waterfowl in Brazil, high-
lighting the role of aquatic environments as 
reservoirs of the toxin. Detection of type C 
toxin in water samples and intestinal contents, 
combined with the absence of contamination 
in feed, suggests that exposure of organic soil 
during lake drainage may have facilitated the 
proliferation of C. botulinum. This outbreak 
underscores the importance of monitoring 
aquatic environments, particularly in areas 
where birds and other animals have direct ac-
cess to water. Both studies employed PCR tech-
niques to identify neurotoxin types, demon-
strating the effectiveness of this methodology 
for the detection and characterization of C. 
botulinum. These findings reinforce the need 
for prevention and control strategies that con-
sider not only food contamination but also wa-
ter quality and environmental conditions that 
favor microbial proliferation. In addition, the 

results highlight the importance of investigat-
ing botulism outbreaks in animals, as such 
events may provide relevant insights for the 
prevention of human cases and for the protec-
tion of public health.

The three studies reviewed on key struc-
tures involved in sporulation and neurotoxin 
synthesis by C. botulinum emphasize the com-
plexity of the molecular mechanisms underly-
ing sporulation, toxin production, and patho-
genicity in this bacterium. The work by 
Portinha et al.18 (2022) revealed that sporulation 
varies significantly among C. botulinum groups, 
with proteolytic strains (Group I) showing 
greater efficiency in spore formation. The find-
ing that the exosporium contributes to spore 
heat resistance suggests that this structure 
may represent a potential target for spore in-
activation strategies in foods and contaminat-
ed environments.

The study by Mertaoja et al.²⁴ (2023) 
demonstrated that the spo0A gene plays an 
important, though not exclusive, role in toxin 
production and sporulation. The observation 
that cells lacking spo0A are still capable of pro-
ducing BoNT opens new perspectives for the 
identification of additional genes and regula-
tory pathways involved in this process. These 
results underscore the need for further re-
search to understand the genetic network con-
trolling C. botulinum virulence, which may 
contribute to the development of new thera-
peutic and control strategies.

The study by Kobayashi et al.19 (2022) high-
lighted the role of membrane vesicles (MVs) in 
the activation of innate immune responses. The 
ability of MVs to induce the expression of in-
flammatory cytokines and antimicrobial pep-
tides suggests that these structures may con-
stitute promising targets for the development 
of vaccines or therapies aimed at modulating 
immune responses against C. botulinum infec-
tions. Moreover, understanding MyD88/TRIF 
signaling mechanisms may provide new ave-
nues for the treatment of diseases associated 
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with clostridial toxins. Taken together, these 
studies advance the understanding of molec-
ular targets involved in C. botulinum biology, 
providing a foundation for future research and 
practical applications in the prevention and 
control of botulism.

The reviewed studies on the implications 
of C. botulinum detection methods in the food 
industry highlight significant advances in the 
development and validation of methods for de-
tecting this bacterium in foods, with relevant 
implications for food safety. The work by Bowe 
et al.20 (2022) reinforces the utility of C. botu-
linum strain cocktails in food challenge studies, 
allowing the assessment of toxin production 
under controlled conditions. The strain com-
petition observed in the study did not compro-
mise toxin production, indicating that the 
cocktail constitutes a reliable tool for simulat-
ing real contamination scenarios in foods.

The study by Poortmans et al.²¹ (2022) in-
troduced an innovative approach by developing 
non-toxigenic surrogate strains of Clostridium 
botulinum Group II that retain phenotypic and 
genotypic characteristics similar to those of 
pathogenic strains. The insertion of an eryth-
romycin resistance marker, combined with the 
development of a selective medium, facilitates 
the quantification of these strains in food chal-
lenge tests, reducing the risks associated with 
handling toxigenic strains. This method may 
make food safety testing more accessible and 
safer for the industry.

Finally, the study by Koukou et al.²² (2022) 
validated a qPCR method based on the 16S rRNA 
molecular marker, which allows detection of C. 
botulinum regardless of toxin production. This 
technique proved to be robust across different 
packaging types and food matrices, such as 
seafood and poultry, and effective even in the 
presence of other microorganisms. This meth-
od represents a rapid and reliable alternative 
for monitoring C. botulinum contamination 
throughout the food production chain.

Taken together, these studies provide 

valuable tools for the food industry, contribut-
ing to the prevention of botulism outbreaks and 
to ensuring food safety. The combination of 
strain cocktails, non-toxic surrogate strains, 
and molecular methods such as qPCR can op-
timize detection and control processes for C. 
botulinum, reducing public health risks and 
promoting innovation in the food sector.

In summary, the reviewed studies high-
light the complexity of Clostridium botulinum 
biology and the challenges associated with its 
detection, inactivation, and control in foods. 
Spore resistance, neurotoxin diversity, and the 
ability to adapt to different environmental con-
ditions underscore the need for multifactorial 
approaches to ensure food safety. Methods 
such as UV-C radiation, the use of supercritical 
carbon dioxide, and the identification of mo-
lecular targets such as the spo0A gene offer 
promising perspectives for spore inactivation 
and reduction of toxin production. In addition, 
the development of non-toxic surrogate strains 
and advanced molecular techniques, such as 
qPCR, represents a significant advance in the 
detection and monitoring of C. botulinum in 
the food industry.

These tools, combined with rigorous hy-
giene and handling practices, are essential for 
preventing botulism outbreaks and protecting 
public health. Future research should empha-
size the optimization of these methods, the 
exploration of new molecular targets, and the 
adaptation of techniques to different food ma-
trices, aiming to ensure the effectiveness and 
feasibility of large-scale application. Thus, the 
integration of basic science, technological in-
novation, and good manufacturing practices 
can contribute to more effective control of C. 
botulinum and to food safety on a global scale.
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