Regulatory Mechanisms

in Biosystems

Epidemiological and epizootological aspects of botulism in Ukraine

L. Y. Korniienko*, A. V. Pyskun*, N. B. Vydaiko**, O. L. Kravtsova*, H. B. Aliekseieva*, O. V. Matviienko*,
O. V. Pishchanskyi*, T. M. Ukhovska***, V. V. Kulykova*, V. B. Kusturov****, O. D. Nebeshchuk*

*State Scientific and Research Institute of Laboratory Diagnostics and Veterinary and Sanitary Expertise, Kyiv, Ukraine
**Public Health Center of the Ministry of Health of Ukraine, Kyiv, Ukraine

***|nstitute of Veterinary Medicine of the National Academy of Agrarian Sciences of Ukraine, Kyiv, Ukraine

****State Service of Ukraine on Food Safety and Consumer Protection, Kyiv, Ukraine

Article info

Received 15.08.2025

Received in revised form 01.10.2025
Accepted 24.10.2025

Korniienko, L. Y., Pyskun, A. V., Wdaiko, N. B., Kravtsova, O. L., Aliekseieva, H. B., Matviienko, O. V., Pishchanskyi,
0. V., Ukhovska, T. M., Kulykova, V. V., Kusturov, V. B., & Nebeshchuk, O. D. (2025). Epidemiological and epizooto-
logical aspects of botulism in Ukraine. Regulatory Mechanisms in Biosystems, 16(4), €25186. doi:10.15421/0225186

Botulism remains one of the most dangerous toxic infections in humans and animals, characterized by severe neuro-
paralytic manifestations and a high mortality rate. The causative agent Clostridium botulinum is a naturally occurring
anaerobe capable of long-term preservation in spore form and production of an extremely potent botulinum neurotoxin
(BoNT). Despite considerable attention being paid to this disease and changes in European veterinary legislation, botulism
remains a pressing problem worldwide and, in particular, in Ukraine, both in terms of veterinary safety and public health.
The study was conducted to analyze the epizootological and epidemiological characteristics of botulism in Ukraine over
the past 15 years among animals and 10 years — among humans. The data sources were reports from regional laboratories
of the State Service of Ukraine for Food Safety and Consumer Protection, research results from the State Scientific and
Research Institute of Laboratory Diagnostics and Veterinary and Sanitary Expertise, and information from the Public
Health Center of the Ministry of Health of Ukraine. All cases were confirmed by laboratory tests (immunofluorescence assay,
bioassay on laboratory animals). For statistical analysis, binomial confidence intervals (BCI) calculated using the Klopper-
Pearson method were used, and for visualization, the QGIS 3.16 program was used with cartographic layers of the admin-
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of the National Academy of istrative boundaries of Ukraine. During the period under review, 7,031 positive cases of botulism were registered among
Agrarian Sciences of Ukraine, animals and in feed, of which 77.9% (BCI, 77.0-78.9%) were isolates from feed and 22.1% (BCl, 21.1-23.1%) were from

Donetska st., 30, Kyiv, 03151,
Ukraine. Tel.: +38-066-789-85-19.
E-mail: uhovskiy@ukr.net

animals. Among the affected farm animals, pigs (41.6%), cattle (21.9%), and horses (7.8%) dominated. A significant
number of cases were registered among cats, dogs, minks, foxes, wild rodents, and poultry, which were grouped into the
category “others” and accounted for 28.8% (BCI, 26.5-31.1%). The highest number of positive cases among animals and
feed was recorded in the Luhansk (80.2%), Vinnytsia (12.7%), and Donetsk (5.0%) regions. At the same time, between
2018 and 2024, the number of tests decreased significantly: only one positive sample was found in feed, which is more
than 500 times less than in the previous seven years. Between 2015 and 2024, 1,070 cases of botulism were registered in
humans, mainly in the central and northwestern regions. The results indicate a decrease in the intensity of diagnostic stud-
ies, which may lead to an underestimation of the real epizootic situation. It is necessary to restore systematic monitoring,
feed control, and strengthen biosafety on farms as key elements of botulism prevention in Ukraine.
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Introduction

The causative agent of the highly dangerous disease of botulism
is Clostridium botulinum (its toxins). It is a gram-positive, anaerobic,
spore-forming rod that causes a severe neuroparalytic disease registe-
red in humans and vertebrate animals (Sobel, 2005). The disease is
caused by botulinum neurotoxin (BoNT), which is a fairly potent bio-
logical agent (Rawson et al., 2023). BONT metalloproteinase specifi-
cally cleaves soluble N-ethylmaleimide-sensitive attachment protein
(SNARE) proteins in postsynaptic nerve endings, thereby preventing
the release of neurotransmitters and blocking neural transmission to
effector muscles (Rossetto et al., 2021).

The pathogen is virtually ubiquitous, and humans and animals re-
gularly encounter the spore form of this bacterium (Rawson et al.,
2023). Clostridium botulinum spores are often not a threat to animals
and humans unless they germinate into vegetative cells that produce
neurotoxin. In general, the digestive system of animals and humans is
not a place that promotes spore germination, and they can often pass
through the body without causing any harm, but if there is intestinal
dysbiosis, the situation can become more complicated (Peck, 2009).

BoNT is divided into seven serotypes of toxins from A to G, with
subtype variants designated within each toxin type with a sequential
number in order of discovery (Peck et al., 2017). In 2016, whole-ge-
nome analysis and bioinformatic approaches revealed a new serotype

in the existing C. botulinum strain, strain 111, which also produced
the BoNT/B2 neurotoxin. This serotype was named BoNT/X, and
although the toxin has been shown to cleave a number of SNARE
targets, it is unknown whether the BoNT/X gene cluster is expressed
naturally (Zhang et al., 2017). This toxin, BoNT/FA, was briefly con-
sidered a new BoNT/H serotype until later analysis revealed it to be a
chimeric toxin (Kalb et al., 2015; Maslanka et al., 2016). Toxin sero-
types are currently classified based on the neutralization of toxins by
monoclonal antibodies, while subtypes are mostly classified based on
differences in amino acid sequences, although subtypes can differ by
2.6-31.6% at the amino acid sequence level (Smith et al., 2005; Hill
& Smith, 2013). According to this criterion, only four serotypes have
designated subserotypes: BONT/A, BoNT/B, BoNT/E, and BoNT/F.
The use of biological agents for bioterrorism is a cause for global
concem (Janik et al., 2019). BoNT is classified as one of the highest
risk threats and is listed as a Category A agent by the US Centers for
Disease Control and Prevention (CDC). Due to the possibility of
using the toxin as a biological weapon, the storage of neurotoxic
BoNT strains requires enhanced security measures. BoNT is a rather
dangerous biological agent with the lowest lethal dose among all
known natural substances (Rawson et al., 2023). The lethal dose for
humans (LDso) depends on the route of entry into the body; for exam-
ple, for a body weight of 70 kg, the lethal doses are 70 pg when inges-
ted, 0.7-0.9 pg when inhaled, and 0.09-0.15 pg when concentrated
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BoNT/A toxin is administered intravenously (Amon et al., 2001). Bo-
tulism is reported on all continents, with varying incidence rates in
different years. In all species, the disease manifests as flaccid paraly-
sis, including respiratory and cardiac failure (Le Bouquin et al., 2022).
This disease affects many animal species, mainly birds and cattle
(Rasetti-Escargueil et al., 2019), fur animals (minks, foxes, etc.) in
Northern European countries (Lindstrom et al., 2004; Le Bouquin
etal., 2022) and horses in the United States (Galey, 2001). Intoxicati-
on leads to corresponding clinical signs in cattle. The entry of prefor-
med toxins into the body through food, water, or any contaminated
substance causes clinical signs of botulism. Botulism in birds is the
result of ingesting C. botulinum spores. Spores that enter the body
germinate, multiply, and produce toxins mainly in the cecum. Absor-
ption of the toxin formed in the digestive tract causes corresponding
symptoms (Popoff, 1989). Botulism in humans is not frequently re-
ported. Several types of botulism are recorded in humans, depending
on the mode of infection and exposure to the toxin (foodborne, intesti-
nal, wound, iatrogenic, inhalation) (Anniballi et al., 2014). Foodborne
botulism and infantile intestinal botulism are the two most common
forms reported worldwide (Rasetti-Escargueil et al., 2020).
Foodborne botulism occurs after consuming food contaminated
with preformed botulinum-like toxin (BoNT), and even a small amo-
unt (a few milligrams) of contaminated food is enough to cause symp-
toms and possibly death if medical attention is not provided (Peck,
2009). Symptoms usually appear 12-72 hours after consumption of
contaminated food and also depend on the amount of contaminated
food consumed (Arnon et al., 2001). The study of foodborne botulism
has historically been associated with significant human morbidity from
this form and has been associated with unprocessed or undercooked
foods, both at home and in commercial food production facilities.
When using preservation methods such as fermentation and marina-
ting, and subsequently preserving or bottling products without prior heat
treatment, such products pose a significant threat because they create
the anaerobic conditions necessary for the germination of clostridial
spores and the growth of vegetative forms of bacteria (Sobel, 2005).
Foodborne botulism is also a problem for domestic and wild ani-
mals, as outbreaks of this disease among farm animals and waterfow|
often spread rapidly and lead to devastating epidemics through corres-
ponding transmission cycles in the environment (Rawson et al., 2023).
The growth of C. botulinum bacteria in anaerobic conditions (often de-
composing organic matter) leads to the accumulation of significant
concentrations of BoNT, which can enter the bodies of animals, birds,
or fish in various ways, often leading to death. Death usually occurs
from the direct action of the neurotoxin (lethal dose), as well as after
consuming a non-lethal amount, which causes the animal to become
depressed, after which it becomes prey to predators or is displaced by
healthy animals in competition for resources. Such contaminated car-
casses, if consumed by predators, will also cause disease in the latter
(Espelund & Klaveness, 2014). This cycle of infection can be exacer-
bated if the neurotoxin enters the body of insects that are insensitive to
BoNT and other invertebrates (larvae, worms, mollusks, etc.) and is
subsequently consumed by animals that are quite sensitive to the toxin
(Duncan & Jensen, 1976). Outbreaks of the disease in animals are
mostly associated with BoNT C and D toxin serotypes, while botu-
lism in horses is mainly caused by BoNT B (Johnson etal., 2016).
Different animal species show different sensitivities to different
BoNT toxin types. Natural botulism in animals is mainly caused by
BoNT C, D, and mosaic variants CD and DC, with the first being
more common in birds and the second — in cattle, while human botu-
lism is mainly caused by types A, B, and E, and to a lesser extent by
type F. Botulism is not a contagious disease, as there is no direct
transmission from sick animals or humans to healthy individuals. Bo-
tulism is transmitted through the environment, in particular through
food contaminated with C. botulinum spores stored in conditions con-
ducive to the growth of this pathogen and the production of toxins.
The high prevalence of botulism types C, D, and variants DC and CD
in farm and wild birds, and to a lesser extent in cattle, increases the
risk of transmission to humans. However, human botulism is much
less common than animal botulism, and types C and D botulism in
humans are rare. Healthy animals that are carriers of C. botulinum
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group 11, such as C. botulinum type E in fish in the northern hemi-
sphere and C. botulinum B4 in pigs, pose a more widespread risk of
transmitting botulism to humans. Less common types of botulism in
animals, but which still pose a risk of transmission to humans, occur
sporadically, for example, cases of type E botulism in farm chickens
in France (1998-2002), botulism type B in cattle in the Netherlands
(1977-1979), botulism types A and B in horses, or botulism type A in
dairy cows (Egypt, 1976) (Rasetti-Escargueil et al., 2019).

Despite the measures taken to control and prevent the spread of
botulism in Ukraine, it has not yet been possible to prevent the inci-
dence of the disease in humans and animals in certain regions of our
country. Many aspects of botulism in Ukraine have not been thoro-
ughly studied. A preliminary analysis of the epizootic situation with
this disease in Ukraine shows that the interest of veterinary specialists
in this problem has significantly decreased since 2017. Our work cha-
racterizes the epizootic and epidemic situation with botulism over the
past 10— 15 years using cartographic visualization.

Materials and methods

The authors of the article conducted a retrospective epizootic and
epidemic analysis of the incidence of botulism in animals (for the pe-
riod 2010-2024) and humans (2015-2024) in Ukraine. The study cha-
racterized the epizootic situation regarding botulism among various
animal species (farm animals and the “others” category, which inclu-
ded dogs, cats, foxes, minks, birds, wild rodents, etc.).

The source of data for the analysis of botulism cases in Ukraine
among various animal species was reports from regional laboratories
of the State Service of Ukraine on Food Safety and Consumer Protec-
tion (SSUFSCP) and data from studies by the State Scientific and
Research Institute of Laboratory Diagnostics and Veterinary and Sa-
nitary Expertise (SSRILDVSE) (Kyiv, Ukraine). The data from forms
1-Vet and 2-Vet for 2010-2024 were systematized and analyzed. All
cases of botulism cited in the publication were confirmed by diagnos-
tic tests performed in accredited laboratories (immunofluorescence
assay, bioassay on laboratory animals). Data from the Public Health
Center of the Ministry of Health of Ukraine for the period 2015-2024
were used to analyze the epidemiological situation with botulism.
Due to military actions, the sample did not include data from the tem-
porarily occupied territories of the Autonomous Republic of Crimea,
the city of Sevastopol, and parts of Donetsk and Luhansk regions.

Statistical data were performed by the binomial confidence inter-
vals (BCI) that were calculated to assess a seroprevalence using the
Clopper-Pearson exact method with a confidence level of 0.95 using
the R epitools software package (Ausvet, version 2020, Australia)
(https://epitools.ausvet.com.au). Mapping of data on the number of
botulism cases among people and different animal species, including
positive samples of pathogen isolation in feed by Ukrainian regions,
was performed using the freely available Quantum GIS software ver-
sion 3.16.0 (International Quantum GIS Project, 2020, Germany).
(www.qgis.org/ru/site/forusers/download.html). Vector layers repre-
senting the borders of Ukrainian regions were downloaded from
www.diva-gis.org/Data. A quantile with 6 data classes was selected
for classification.

Results

Systematized research results show that during the period 2010
2024, the causative agent of botulism (or its toxin) was isolated from
various animal species and animal feed in 7,031 cases. The highest
number of positive cases was registered in the Luhansk — 5,642
(80.2% of the total number; BCI, 79.3-81.2%), Vinnytsia— 895 (BCl,
12.0-13.5%) and Donetsk — 349 (BCI, 4.5-5.5%) regions. A smaller
number of cases were detected in Odesa — 47 (BCl, 0.5-0.9%), Za-
porizhzhia — 39 (BCI, 0.4-0.8%), and Ivano-Frankivsk — 31 (BClI,
0.3-0.6%) regions. In Lviv, Zhytomyr, Termnopil, Khmelnytskyi,
Sumy, and Chemihiv regions, a total of 28 cases of botulism (BCl,
0.2-0.6%) were registered during the period under review. In general,
positive cases of botulism among animals and the isolation of the
pathogen from feed have been confirmed in 12 regions of Ukraine. At
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the same time, no cases were detected in the Autonomous Republic of
Crimea, Volyn, Dnipropetrovsk, Zakarpattia, Kyiv, Kirovohrad, My-
kolaiv, Poltava, Rivne, Kharkiv, Kherson, Cherkasy, and Chemivtsi
regions (Fig. 1).

Analysis of botulism positive cases among various animal speci-
es and in feed shows that 1,551 positive cases, or 22.0% (BClI, 21.1-
23.1%), were confirmed in animals, and the pathogen was isolated
from feed in 5,480 cases, or 77.9% (BCI, 77.0-78.9%). In the total
number of positive cases for the entire period analyzed, pigs domina-
ted among animals — 645 or 41.6% (BCI, 39.1-44.1%), the combined
category of other animals (cats, dogs, minks, foxes, wild rodents, po-
ultry, etc.) — 446 cases or 28.8% (BClI, 26.5-31.1%), cattle — 339 or
21.9% (BCI, 19.8-24.0%), horses — 121 cases or 7.8% (BCl, 6.5~
9.3%). No positive results were obtained from small ruminants. Quite
high rates of positive results (for all groups) were observed in the peri-
od 2010-2017 (in 2010 — 828 cases, in 2011 — 794, in 2012 — 773, in
2013 - 658, in 2014 — 86, in 2015 — 1325, in 2016 — 1293, in 2017 —
1058 cases). During the period 2018-2024, a small number of studies
were conducted, with 61 cases detected in 2018, 43 in 2019, 19 in
2020, 68 in 2021, 17 in 2022, and 13 positive cases in 2024. Thus, du-
ring the period 2010-2017, 6,815 samples tested positive for botulism

(BCl, 96.5-97.3%), and during 2018-2024, 221 samples tested posi-
tive (BCl, 2.7-3.6%, Table 1).

0 100 200 300 400 500km
| . .

Fig. 1. Map of botulism cases among different animal species and
positive samples of the pathogen isolated from feed (2010-2024)

Table1
Number of botulism cases among different animal species and isolation of the pathogen from feed in Ukraine for the period 2010-2024
Animal species
ears cattle pigs horses small ruminants others Feed Toeal
2010 6 16 - - 114 692 828
2011 22 81 34 - - 657 794
2012 73 87 11 - 210 392 773
2013 40 65 - - 2 551 658
2014 41 - - - 41 4 86
2015 16 87 - - 5 1212 1320
2016 29 166 68 - 11 1019 1293
2017 50 50 2 - 4 952 1058
2018 22 32 - - 1 61
2019 11 17 - - 15 - 43
2020 6 7 - - 6 - 19
2021 23 37 - — 8 - 68
2022 - - - - 17 - 17
2023 - - - - - - -
2024 - - - - 13 - 13
Total 339 645 121 - 446 5480 7031

It is interesting to note that between 2018 and 2024, only one pos-
itive sample for botulism was obtained in feed samples (in 2018),
considering that the average number of positives for the previous
eight years was 585.5 samples. We also note that no positive samples
were found in samples from horses in 2019-2024. A similar situation
is observed in studies among pigs and cattle in 2022-2024.

In general, the systematized results of the studies indicate that a
significant amount of the botulism pathogen is found in feed. The
incidence of botulism in animals is significantly lower. The number
of detected cases of this disease in pigs (645) is more than 1.9 times
higher than the number of cases in cattle (339) and more than 5.3
times higher than the number of positive cases in horses (121). A
fairly significant number of positive cases (446) were also detected in
the category “others”, which includes dogs, cats, rodents, etc. (Fig. 2).

In Ukraine, 1,070 cases of botulism were detected in humans dur-
ing the period 2015-2024 (Table 2). The disease was registered in all
regions of the country, with 9 to 121 cases in different regions. The
number of botulism cases in humans has decreased slightly since
2020. The average for the period 2015-2019 was 128.5 cases per year
(641 in total), and for the period 2020-2024 — 85.5 cases per year
(429 in total). There has been a decrease in cases of this disease in
humans by approximately 30%.

The highest number of positive cases during the period under re-
view was observed in Kyiv (121 cases; BCI, 9.5-13.4%, with 72
cases registered in Kyiv city), Vinnytsia (77; BCI, 5.7-8.9%), and
Zaporizhzhia (71; BCI, 5.2-8.3%) regions. Fewer cases were regis-
tered in Mykolaiv (9; BCI, 0.3-1.6%), Luhansk (10; BCI, 0.4-1.7%),
Zakarpattia (12; BCI, 0.6-2.0%), and Sumy regions (17; BCI, 0.9

2.5%). Most patients with a confirmed diagnosis were registered in
the central and northwestern regions, and fewer in the southeastern
regions (Fig. 3).

Analyzing the data presented in Fig. 4, it should be noted that the
trends in the total number of cases among animals and the isolation of
the botulism pathogen in feed do not correlate with cases of this dise-
ase in humans, especially in the period 2015-2017.

700
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o
; 300 645
g 446
3 200
© 339
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ruminants

Species of animals

Fig. 2. Number of botulism cases among different animal species
in Ukraine for the period 2010-2024
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Table 2

Number of cases of botulism in humans in Ukraine (by region) for the period 2015-2024

. Years
Region 2015 2016 2017 2018 2010 2020 2021 2022 2023 2024 total
Vinnytsia 7 6 12 7 10 10 3 7 6 7 77
Volyn 6 7 6 3 2 1 9 8 4 3 49
Dnipropetrovsk 4 6 6 4 10 2 4 4 6 6 62
Doretsk 4 2 4 9 5 3 1 - 2 - 30
Zhytomyr 10 6 4 5 10 2 8 7 12 5 69
Transcarpathian 4 1 2 - - 1 - 1 2 1 12
Zaporizhzhia 1 6 14 13 1 - 5 1 6 4 71
Ivano-Frankivsk 10 4 3 1 9 - 1 5 5 1 39
Kyiv 7 14 21 13 18 7 9 15 5 12 121
Kirovograd 4 6 7 4 - - 1 2 3 2 29
Luhansk 1 3 1 4 - 1 - - - - 10
Lviv 15 4 9 2 2 3 8 5 1 9 58
Mykolaiv 1 3 - - 2 - - - 1 2 9
Odessa 3 4 1 3 4 4 2 3 4 28
Poltava - - 2 3 3 - 1 5 2 5 21
Rivne 6 10 3 4 3 10 3 8 6 3 56
Sumy 2 - 1 3 1 2 6 1 - 1 17
Ternopil 5 8 4 8 8 - 5 4 4 9 55
Kharkiv 4 3 4 4 0 4 4 2 - - 25
Kherson 3 2 5 3 5 2 1 2 - - 23
Khmelnytskyi 5 7 1 8 9 4 6 5 3 3 61
Cherkasy 15 5 9 9 7 2 7 2 4 9 69
Chernivtsi 4 5 3 3 - 1 4 1 - 1 22
Chernihiv 1 6 6 5 10 6 8 6 8 3 59
Total 139 117 141 116 128 65 98 93 83 90 1070
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Fig. 3. Map of botulism cases among humans (2015-2024)
The number of cases in animals and the isolation of the pathogen
in feed were 1,325, 1,293, and 1,058, respectively, while in the same 0 b © ~ o o o oA « o <
years, 139, 117, and 141 cases of botulism were detected in humans. 2 838322 383g g 8 g 8
The difference is striking, as the number of botulism cases in animals
and the amount isolated in feed is almost 10 times higher. Years
However, the situation changes radically if the pathogen isolated . . .
in feed is excluded from this component. In this case, we analyze the E'g' 4. Comparlgon of t_he nlumbgr 0f_b0|tu||§m (;]ases arr]‘nong
incidence figures in humans and animals, which are 108/139 in 2015, “”_‘af]s agd_ V?;'OL;J'? anlrknra_ SP:EC'e‘;’]’ Inc qd(ljng t 1e p2at Zigen
117/274 in 2016, 141/106 in 2017, 116/60 in 2018, 128/43 in 2019 - isolated in feed in Ukraine for the period 2015-20
128/43, 2020 — 65/19, 2021 — 98/68, 2022 — 93/17, 2023 — 83/0,
2024 — 90/13. The total number of botulism cases in animals during Discussion

the period under review (excluding the isolation of the pathogen from
feed) is 708 among animals and 1070 among humans. The graphical
trends in morbidity among animals practically overlap with the trends
in morbidity among humans.

It is important to note that since 2018, the number of studies
among animals and feed testing for the pathogen has decreased signi-
ficantly. In fact, between 2018 and 2024, only one positive sample for
botulism was identified during feed testing. In addition, for example,
the number of positive cases among animals over the last 7 years
(2018-2024) was 221, and over the previous 7 years (2011-2017) —
1,195, so we see a 5.4-fold decrease in the number of positive cases,
as well as in the number of studies conducted on this disease.

4

Currently, foodborne botulism is also a problem for domestic and
wild animals, as outbreaks of this disease among farm animals and
waterfowl often spread rapidly and lead to devastating epidemics due
to the corresponding transmission cycles in the environment (Rawson
etal., 2023). As in our case, we see a fairly significant correlation bet-
ween cases of disease in animals and humans (coincidence of trend
lines) in the graphs of morbidity of different species. Active bacterial
growth leads to an increase in BoNT concentrations, and this toxin
enters the bodies of animals, birds, and fish in various ways, and
through them into the human body, causing fatal intoxication. Altho-
ugh it is true that humans can often be affected by homemade and
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canned products that violate the relevant rules, C. botulinum remains
an important pathogen because it is significant for public health. As
we have found out, 1,070 people have contracted botulism in Ukraine
over the past 10 years. There is also a potential risk of bioterrorism
involving the use of this pathogen's toxin, but BoNT also has a wide
range of pharmaceutical applications. Indeed, the use of BoNT in the
medical and cosmetic industries stimulates research interest in this
clostridiosis. However, the pathogen is quite dangerous, and working
with a highly toxic neurotoxin and its inclusion in the list of selective
biological agents requires an appropriate biosafety system, so work
with it is limited to only a few authorized laboratories worldwide
(Rawson etal., 2023).

In animals, botulism has been regulated since 2006 in most Euro-
pean countries, in domestic poultry, and later in wild birds and cattle.
Until then, the pathogen was classified as a Category 1 health hazard
for all susceptible species (Ministerial Order of July 29, 2013 Concer-
ning the Definition of Category 1 and Category 2 Health Hazards for
Animal Species). Subsequently, the Animal Health Law was adopted
at the European level in 2016 (Regulation 2016/429 of the European
Parliament and of the Council of March 9, 2016 on Transmissible
Animal Diseases and Amending and Repealing Certain Acts in the
Avrea of Animal Health), and the status of botulism changed, as the
disease was no longer included in the list of pathogens that can be
transmitted to animals or humans and to which appropriate prevention
and control measures should apply. In our case, this is clearly reflect-
ed in the decrease in active research on this pathogen in feed and the
reduction in the number of studies in animals. Indeed, between 2018
and 2024, only one positive sample with the pathogen was detected in
feed in Ukraine, although in the previous eight years, the pathogen
was isolated in almost 686 samples annually (5484 between 2010 and
2017). The number of positive samples for botulism among different
animal species has also decreased significantly. For example, 1,281
positive results were obtained during the period 2010-2017 (more than
160 per year), and 220 during the period 2018-2024 (31 per year).

In Ukraine, during the period under review, the largest number of
sick animals was registered among pigs — 645 cases (BCl, 39.1-
44.1%), in the “others” category — 446 (which includes poultry, fur
animals, domestic animals, and wild rodents) (BCI, 26.5-31.1%),
among cattle — 339 (BCl, 19.8-24.0%), and 121 cases in horses (BCl,
6.5-9.3%).

At the same time, no positive results were obtained from small
ruminants, which may be associated with a catastrophic decline in the
population of these species (sheep and goats) on a national scale. Spe-
cialized literature also points to frequent infections in cattle (Rasetti-
Escargueil et al., 2019), fur animals (Lindstrém et al., 2004; Le Bou-
quin et al., 2022) and horses (Galey, 2001). In France, for example,
the disease is present in many species, is rare in humans, with an inci-
dence of 10 cases per year, and is much more common in birds (wild
and domestic) and cattle, which are the most affected categories of
animals. Each year, an average of 10 outbreaks are recorded in cattle,
30 in poultry, and 20 in wild birds, each of which can affect several
thousand birds (Rasetti-Escargueil et al., 2020). Among domestic
birds, outbreaks of botulism are recorded in broilers, turkeys, pheas-
ants and, to a lesser extent, ducks, laying hens (raised only on litter or
free-range), geese, quails and guinea fowl (Le Maréchal et al., 2016,
2017; Ventujol et al., 2017). In most cases, botulism in humans and
animals has different origins, and cross-transmission between animals
and humans is a rare occurrence. However, due to the severity of this
disease, human and animal botulism requires careful monitoring (Ra-
setti-Escargueil et al., 2019).

Wild birds, mainly waterfowl such as ducks, as well as farm-rai-
sed birds, often contract botulism. In Europe, North America, and Ja-
pan, frequent and significant outbreaks of botulism among waterfow!
are regularly reported (Takeda et al., 2005; Defilippo et al., 2013).
In Spain, 13 outbreaks of botulism among wild birds caused the death
of about 20,000 birds, including more than 50 species between 1978
and 2008 (Vidal et al., 2013). In France, 129 outbreaks of botulism in
wild birds and 396 in farm birds were recorded between 2000 and
2013 (Rasetti-Escargueil et al., 2019). During a study of 17 flocks af-
fected by botulism, mortality ranged from 2.8% to 35.0%, each flock

numbering between 10,000 and 20,000 birds (Souillard et al., 2014).
During major outbreaks of type E botulism in the Great Lakes (USA)
between 2000 and 2008, the mortality was approximately 68,000 wild
birds (Hannett et al., 2011; Rasetti-Escargueil et al., 2019). During a
major outbreak of botulism in France, 80 out of 110 dairy cows died.
The animals were fed grass silage contaminated with bird droppings
(Relun et al., 2017). In Finland, 9 out of 90 cattle fed with unacidified
silage contaminated with dead carrion (Myllykoski et al., 2009). In
Brazil, a massive outbreak of type C botulism caused the death of
1,100 bulls from a herd of 1,700 that had been fed com silage for two
weeks. The source of the contamination of the corn silage was not
identified (Guizelini et al., 2019).

The incidence rate in Europe is about 0.02 cases per 100,000 in-
habitants, which is identical to the incidence rates in France (Therre,
1999; Le Bouquin et al., 2022). The countries with the highest num-
ber of confirmed cases are Italy, the United Kingdom, Poland, Roma-
nia, and France. In Italy, 466 cases of botulism were detected between
1986 and 2015: 93% were foodbome botulism, 6% were infant botu-
lism, and 1% were wound botulism (Anniballi et al., 2017). In Tur-
key, 95 cases of botulism were detected between 1983 and 2017, with
home- canned vegetables being the food category most responsible
for these cases (Karsen et al., 2019). Infant botulism is the most
common form of botulism in the United States and accounts for 80%
of reported cases of infant botulism worldwide since this form of the
disease was first identified in 1976. The average annual incidence rate
is 2.1 cases per 100,000 births (Le Bouquin et al., 2022). Between
1976 and 2016, 1,345 cases (6.5 cases per 100,000 births per year)
caused by types A, B, Ba, Bf, and F were detected in California (Pan-
ditrao et al., 2020). The average annual incidence rate was calculated
at 4.3 cases per million births in Canada during the period 1979-2019
(Harris et al., 2021). An analysis of toxin types found in France con-
firmed the predominance of types A and B in human botulism both in
cases of food poisoning and in cases of infant botulism and exclusive-
ly type F (Castor et al., 2015; Tréhard et al., 2016). Inteationally, the
types of botulism that cause human cases are types A and B, followed
by E and, occasionally, F. A meta-analysis of outbreaks covering 197
outbreaks of foodborne botulism (almost half of which were out-
breaks in the United States) identified botulism types A, B, E, and F
as the causative agent of botulism in 34, 16, 17, and 1% of outbreaks,
respectively (Fleck-Derderian et al., 2017). Botulism B is the most
common type of botulism in France, as well as in Poland, where type
B accounted for 83% of cases in 2016 (Czerwinski et al., 2018).
In ltaly, from 1986 to 2015, botulism type B was responsible for
79.1% of cases (261/330), followed by botulism type A (9.7%,
32/330), while botulism type F, Ab, and Bf accounted for 0.3 (1/330),
1.5 (5/330), and 0.6% (2/330) of all cases, respectively (Anniballi et
al,, 2017). In Ukraine, the most common types are botulism type B
(59.64%), E (25.47%), and A (7.97%), while cases associated with
type C botulism are very rare (0.56%) and are only suspected (Se-
menko et al., 2021). In North America, outbreaks of foodborne botu-
lism occur due to vegetables (home-canned foods), but this mainly
concerns type E botulism originating from fish or marine mammals
prepared in indigenous communities using traditional methods (e.g.,
fish fermentation) Similarly, in various Asian countries, outbreaks
usually occur due to traditional food preparation (Kenri et al., 2014;
Khorasan et al., 2020).

European countries report the involvement of BoNT C and D in
botulism outbreaks in animals (Woudstra et al., 2012; Fillo et al.,
2021). Although most bird species are experimentally susceptible to
various BoNTSs, the only BoNTs that naturally contribute to outbreaks
in birds are BONT C, D, or their variants C/D and D/C, BoNT E, and,
much less frequently, BONT A. BoNT C, D, or their variants C/D and
D/C are predominant in both wild and domestic species. BoNT E is
less common and regularly causes sporadic cases or epizootics in wild
fish-eating birds in northemn regions, but rarely causes epizootics in
agricultural species. Type A botulism has been reported only a few
times in the United States among bird species, including the death of
gulls in the Klamath River basin in California (Rogers et al., 2021),
and appears to be extremely rare on farms (outbreak on a broiler farm
in the US (Le Bouquin etal., 2022). In France, only BoNT D/C and C
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have been detected in recent years during outbreaks of botulism in
cattle. In Europe, BoNT D/C is currently responsible for most cases
of disease in cattle (Nakamura et al., 2013; Fillo et al., 2021). Very
rare cases of BONT A were reported in the mid-20th century in Fran-
ce (Le Bouquin et al., 2022), as cited by the French Agency for Food
Safety and Animal Health, in zebu (Bos indicus) in Brazil (Schocken-
Iturrino et al., 1990), in dairy cows in Egypt in 1976 (Rasetti-Escargu-
eil et al., 2019), and most recently in New York State in the United
States (Frye et al., 2020). Type B outbreaks have also been described
in the literature among dairy herds: in the United States in 1984, 1992,
and 2001, in Israel in 2000 (Divers et al., 1986; Wilson et al., 1995;
Kelch et al., 2000; Yeruham et al., 2003) and in the Netherlands in ap-
proximately 30 dairy herds in 1976 and 1977 in connection with the
inclusion of contaminated brewers' grains in the feed ration (Noter-
mans et al., 1985).

In Ukraine, between 1955 and 2018, 8,614 cases of botulism were
registered in humans (Semenko et al., 2021). The authors indicate that
659 fatal cases were identified. Homemade canned meat and fish were
the main causes of botulism in Ukraine. Our research showed that the
total number of botulism cases in animals (excluding the isolation of
the pathogen from feed) between 2015 and 2024 was 708 among ani-
mals and 1,070 among humans. The graphical trends in morbidity
among animals practically overlap with the trends in human morbidi-
ty. However, “"animal” botulism has a negligible effect on the mani-
festation of botulism in humans. The graphical trend in human morbidi-
ty was practically unaffected by the improvement in the epizootic
situation with this disease in animal husbandry.

Botulism in animals occurs either as a result of preformed BoNT
entering the body with food, or as a result of intestinal colonization and
subsequent toxin production in the intestine. The main source of botu-
lism due to intoxication in animals is the carcasses of small animals
(rodents, birds, cats) in food or decomposing carcasses chewed by
cattle with phosphorus deficiency (Galey et al., 2000; Myllykoski
etal., 2009). BoNT production can also occur in fermented grains and
poorly preserved silage with a pH > 4.5 (Guizelini et al., 2019). Botu-
lism through intestinal colonization is a common form in farm birds and
cattle. In most outbreaks of botulism in cattle or poultry, BONT was
not detected in silage or commercial cattle feed based on dry, ground
grains containing C. botulinum spores, which were responsible for bo-
tulism (Kriger et al., 2014; Relun et al., 2017). In addition, cases of
botulism are usually observed up to two weeks after the removal of
contaminated food, which supports infection by intestinal colonization.
Young animals appear to be more susceptible to botulism through intes-
tinal colonization than humans. Thus, botulism through intestinal co-
lonization is mostly found in foals, while foodbomne botulism due to
intoxication is more common in adult horses (Johnson et al., 2010).

Therefore, in many countries around the world, as in Ukraine, hu-
man botulism is caused by the consumption of ham (pig farming) and
canned vegetables. The latter prompts the collection of information
and control of the food industry and livestock sector, as well as active
monitoring of this pathogen in the environment. Such work will be
aimed at preventing this disease in animals and humans, and in this
regard, it is necessary to work more actively to improve data collecti-
on and monitoring of food products, feed, and environmental pollu-
tion (Bordier et al., 2020). In this regard (feed testing), Ukraine is so-
mewhat lagging behind, as 5,480 cases of feed contamination were
detected between 2010 and 2024, but only one sample was tested bet-
ween 2018 and 2024.

In Ukraine, botulism in humans is mainly caused by traditions
and socio-economic factors. In conditions of declining living stand-
ards and high meat prices, home canning is widely practiced, which is
the most common cause of human infection. Even our domestic re-
searchers note that the elimination of human botulism in Ukraine is
only possible if home canning is completely stopped and the producti-
on and sale of commercial canned foods is subject to state control
(Semenko et al., 2021).

Botulism is included in the European list B of Annex | to the Di-
rective on zoonoses (Directive 2003/99/EC of the European Parlia-
ment). The observation and study of botulism, BoNT, and BoNT-pro-
ducing clostridia logically falls under the One Health concept. While
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botulism is notifiable for humans in Europe, this does not systemati-
cally apply to animals. In France, botulism is a notifiable disease in
both humans and animals, regardless of the species affected, which
allows an overall picture to be obtained. Cases and outbreaks of botu-
lism are carefully monitored through a passive surveillance system
based on individual cases. This is the first step in applying a “One
Health” approach to disease control by combining animal and human
sunveillance. In most cases, surveillance systems continue to be deve-
loped and operated within a highly sectoral approach (Baum et al.,
2016). However, in order to be effective, the management of complex
health problems must move from isolated, sectoral, and linear approa-
ches to systemic and transdisciplinary approaches to health (Bordier
et al.,, 2020). Human botulism was often caused by the consumption of
ham (the pig farming sector and it is quite alarming that the largest
number of sick animals in Ukraine during the period under review
was registered in pigs — 645 cases) and canned vegetables, which indi-
cates the importance of collecting surveillance data from the food in-
dustry, livestock sectors, as well as monitoring this pathogen in the
environment. These results show that even if surveillance is imple-
mented for both human and animal health, progress is still needed to
improve data collection and surveillance of food, feed, and environ-
mental contamination.

Conclusion

During the period under review (2015-2024), 1,551 cases of bot-
ulism in animals were registered in Ukraine, and the pathogen was
detected in 5,480 feed samples. There were 339 cases in cattle, 645 in
pigs, 121 in horses, and 446 in other animal categories. The highest
number of cases of botulism in feed and in various animal species
was recorded in the Luhansk (5,642), Vinnytsia (895), and Donetsk
(349) regions. Between 2015 and 2024, 1,070 cases of botulism in hu-
mans were registered. The highest incidence rates in humans were re-
corded in the Kyiv (121), Vinnytsia (77), and Zaporizhzhia (71) regions.

Although the graphical trends in human incidence somewhat co-
incide with those in animal incidence, the situation in animal hus-
bandry does not have a significant impact on human incidence. In ad-
dition, after 2017, the annual incidence among humans decreased by
approximately 30%, and the incidence among animals decreased by
more than 80%. It should be noted that feed is not currently tested for
the presence of the pathogen either. Between 2010 and 2017, 5,479
samples of feed contaminated with the pathogen were detected, and
between 2018 and 2024, only one sample was detected. This situation
raises concerns about the decrease in the number of biological materi-
als from animals suspected of having botulism being tested and the
testing of significantly fewer feed samples. Accordingly, this compo-
nent requires the restoration of stricter control.

The authors express their gratitude to the experts from the State Service of Uk-
raine for Food Safety and Consumer Protection and the regional veterinary
laboratories for their official reports and research assistance.
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