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Botulism outbreak in cattle due to ingestion of accidental deteriorated feed
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ABSTRACT: Botulism is a condition caused by the ingestion of pre-formed toxins produced by the bacterium Clostridium botulinum. This
study described an outbreak of type D botulism with a high mortality rate (67%) in a cattle herd, caused by the consumption of fermented silage.
The affected cattle presented with a hyperacute to acute clinical course with progressive flaccid paralysis. Five animals underwent necropsy
with no significant macroscopic and microscopic alterations. A most probable source of contamination was deemed to be an inadequately stored
silage; although, the toxin was not detected in the feed. The diagnosis of botulism was based on both clinical and epidemiological findings and
the detection of botulinum toxin in the intestinal contents of two of the affected cattle. The present study emphasized the high number of fatally
affected cattle, an unusual source of botulinum toxin and the importance of proper management of animal feed supply.
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Surto de botulismo em bovinos devido a ingestio de silagem acidentalmente deteriorada

RESUMO: Botulismo ¢ causado pela ingestdo de toxinas pré-fromadas produzidas por Clostridium botulinum. Este estudo descrevre um
surto de botulismo tipo D em um rebanho bovino, com alta taxa de mortalidade (67%), devido ao consumo de silagem mal acondicionada.
Os bovinos afetados apresentaram curso clinico hiperagudo e agudo de paralisia flacida progressiva. Cinco animais foram necropsiados e ndo
foram visualizadas alteragdes macroscopicas e microscopicas. Embora a toxina nio tenha sido detectada no alimento, a fonte mais provavel
de contaminagdo foi considerada a silagem armazenada inadequadamente. O diagnéstico de botulismo foi baseado nos achados clinicos,
epidemiologicos e pela detecgdo da toxina botulinica no conteudo intestinal de dois bovinos. O presente estudo enfatiza a morte de muitos

bovinos por uma fonte incomum de toxina botulinica e a importancia do manejo adequado no fornecimento de ragdo aos animais.
Palavras-chave: bovino, neurotoxina botulinica, Clostridium botulinum, bioensaio em camundongo, neurotoxina tipo D.

Botulism is a neuroparalytic infectious
disease caused by the ingestion of botulinum neurotoxins
(BoNTs) produced by Clostridium botulinum in
decomposed organic plants or animal substances that
may affect domestic animals, wildlife, and humans (LE
MARECHAL et al., 2019). Clostridium botulinum is
a gram-positive, anaerobic, spore-forming rod with
worldwide distribution (LE MARECHAL et al., 2019).
Eight antigenically distinct BoNTs with the same
neurotoxic effect have been identified: A, B, C, D, E, F,
G, and H (BARASH & ARNON, 2014), of which there
are over 40 subtypes (BARASH & ARNON, 2014). In
cattle, only types A, B, C and D have been shown to
cause disease (FRYE et al., 2020; KELCH et al., 2000;
MYLLYKOSKI et al., 2008).
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In cattle, the disease predominantly occurs
by the ingestion of pre-formed botulinum toxins in
carcass contamitaded feed (UZAL et al., 2016).
The clinical signs of progressive flaccid paralysis is
related to the amount of toxin ingested and generally
appear 3 to 17 days after ingestion (QUINN et al.,
2011). Necropsy and histopathological examinations
do not show morphological changes, and diagnosis
should be confirmed by the detection of botulinum
toxin in tissues as well as potential contaminants
(UZAL et al., 2016).

Botulism is an endemic disease in
Brazil, representing a significant cause of death in
cattle (DUTRA et al., 2001; DUTRA et al., 2005;
GUZELINNI et al., 2019). This disease can lead to
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significant economic losses, (SOARES et al., 2018)
and botulism is an important differential diagnosis
for neurological diseases and associated with high
mortality rates that does not present with significant
anatomopathological lesions (DUTRA et al., 2001;
DUTRA et al., 2005; GUZELINNI et al., 2019). We
now describe an outbreak of type D botulism in a cattle
herd. The present study is relevant because of the high
number of fatally affected cattle and poor reports of
botulism outbreak owing this source of contamination.

The epidemiological and clinicopathological
data were obtained during a visit to the farm by the
referring veterinarian. A botulism outbreak was
confirmed in the municipality of Viamao (30° 04’
517 S 51° 01’ 22” W), Rio Grande do Sul, Brazil, in
November 2021. Out of a batch of 475 beef cattle, 320
animals became ill (67.4% morbidity), all of whom
succumbed to infection (100% lethality). The animals
had not been vaccinated against botulism or any other
clostridial diseases. All the cattle were castrated males
of undefined breed of approximately 1.5 years old.
The animals were raised semi-extensively, and the
mortality outbreak began after the supply of a feed
mixture comprising corn silage, sorghum, moist barley,
wheat flour, feed, and minerals, which were stored at
room temperature in at mixer wagon for five days due
to mechanical problems. The affected cattle showed
hyperacute to acute clinical course, ranging from a few
hours to 36 hours following ingestion. The animals
primarily exhibited excessive salivation, difficulty
swallowing, respiratory distress, paresis, and muscular
paralysis of the forelimbs (Figure 1A), which rapidly
progressed to sternal and lateral recumbency and loss
of muscle tone in the tongue (Figure 1B) and death.
During the technical visit, the mixture was inspected,

revealing a dark color, significant moisture content,
and an unpleasant odor (Figure 2). No animal carcasses
were observed for any of mixtures. An independent
water dispenser was used at each picket.

Of the 320 affected cattle, five that died
spontaneously were submitted to necropsy. During
necropsy, fragments from different organs (brain,
spinal cord, skeletal muscle, bone marrow, liver,
kidney, adrenal gland, heart, lung, esophagus,
pancreas, small and large intestines, and spleen)
were collected, fixed in 10% formalin, and routinely
processed for histology, and stained using the
hematoxylin and eosin (HE) histochemical technique.
Additionally, fresh samples of liver, intestinal and
ruminal contents, and serum of the five necropsied
cattle, and mixture from the feed mixer were
submitted for detection of BoNTs by standard mouse
bioassay and seroneutralization (SMITH, 1977) at
the Universidade Federal de Goias (UFG). Biological
samples (liver, intestinal, and ruminal contents) were
processed and inoculated (0.5mL) intraperitoneally
into mice with body weights ranging from 20 to 25
g, which remained under observation for seven days,
in accordance with the procedures described by
SMITH (1977). Subsequently, typing of the positive
samples in the mouse bioassay was carried out through
seroneutralization with botulinum antitoxin types C
and D, standardized and provided by the Laboratério
Federal de Defesa Agropecuaria (LFDA/MG), which
was inoculated as previously described. Additionally,
feed samples were seeded in Wright’s medium and
incubated at 37 °C for 5 days for indirect detection of
Clostridium botulinum spores. Subsequently, the mice
were inoculated with the supernatant (0.5, 0.4, and
0.3mL) and monitored for seven days (SMITH, 1997).

Figure 1 - Botulism outbreak in cattle. The affected cattle showing clinical signals. A. Muscular paralysis of the forelimbs. B.
Decreased tongue tone, apathy, and sternal recumbency.
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Figure 2 - Deteriorated feed offered to the cattle.

On necropsy, macroscopic examination
revealed that all cattle had markedly distended urinary
bladders. No significant macroscopic alterations were
observed in any other organs. Botulinum toxin was
detected in the intestinal contents of two of the five
necropsied animals. The diagnosis of botulism in cattle
was based on epidemiological and clinical findings,
including the absence of significant macroscopic and
microscopic lesions, and the detection of botulinum
toxin in the intestinal contents of the two affected
cattle. Botulinum toxin was not detected in any of the
feed samples. Most botulism outbreaks in cattle are
caused by the consumption of feed contaminated with
decaying carcasses (DUTRA et al., 2005; GALEY et
al., 2000; LOBATO et al., 2008; MYLLYKOSKI et
al., 2008). In our study, no animal carcasses were
found in the pasture where the animals lived or in the
silage. We therefore hypothesized that the outbreak
was triggered by the consumption of inadequately
stored feed in the feeding wagon, comprising a mix
of insufficiently fermented grains, and stored at the
ideal temperature for the production and maintenance
of botulinum toxin, in anaerobiosis. We believe that
the time of the year when the outbreak occurred (late

spring) may have also favored food deterioration in
the wagon, due to the rising temperatures. Corn was
one of the primary components of the mix provided
to animals and is an excellent substrate for bacterial
growth (LEMOS & RIET-CORREA, 2023). In
such cases, silage is usually harvested from fields
with high of C. botulinum (KELCH et al., 2000).
Acidification of silage to a pH of 3.8 to 4.0 inhibits
the growth of C. botulinum, even under anaerobic
conditions (DRIEHIUS et al., 2018); however, in
the present study, we did not measure the pH. In
outbreaks associated with osteophagia, morbidity
was lower (9.19%) than that in outbreaks associated
with contaminated food (30%), with a lethality rate
above 85% (DUTRA et al.,, 2001). The mortality
rate in the outbreak was 67%, with a lethality rate
of 100%. Our morbidity rate of 71% is similar to
results found in other reports (64,7%) associated
with the consumption of inadequately stored silage
(GUZELLINI et al.,, 2019). Outbreaks associated
with the consumption of contaminated food can lead
to the death of many animals within a short period of
five days, thus reinforcing the possible source of the
toxin (LEMOS & RIET-CORREA, 2023). However,
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the morbidity and lethality coefficients of botulism
outbreaks are variable, because the impact caused by
this disease depends on the amount, concentration,
and period of ingestion of the neurotoxin consumed
by the animals (COLBACHINI et al., 1999).

The clinical signs observed in the outbreak
animals were similar to those described in previous
studies and were predominantly characterized by
a loss of hindlimb movements, decreased tongue
tone, and recumbency (GUZELLINI et al., 2019).
Signs of flaccid paralysis are associated with
inhibition of presynaptic acetylcholine release at
the neuromuscular junction (BURGEN, 1949). As
such, signs of autonomic dysfunction can coexist
with skeletal neuromuscular dysfunction (BURGEN,
1949), suggesting mechanism of urinary bladder
distension (WENHAM & COHEN, 2008). The
absence of macroscopic and histopathological
changes in the animals in the present case is also
commonly reported in cases of botulism in domestic
animals, as botulinum toxin causes only functional
changes without tissue lesions.

The diagnosis of botulism can be confirmed
through laboratory tests involving the detection
of the botulinum toxin in the serum and tissues,
predominantly the liver and ruminal and intestinal
contents of affected animals, in water, and in suspected
food sources (QUINN, 2011). Mouse bioassay is
the gold standard for confirming botulism (UZAL et
al., 2016). In the bioassay, mice inoculated with the
suspicious material will develop paralysis and dyspnea
(“wasp waist”), subsequently progressing to death
(MOELLER etal., 2009). Despite being considered the
gold standard test, a low epidemiological sensitivity of
the mouse bioassay has been identified for botulism
diagnosis because some animal species, such as cattle,
are more sensitive to botulinum toxin than mouse, such
as cattle, or because there is no more circulating toxin
at the time of collection (ALLISON et al., 1976; UZAL
et al., 2016). Thus, the detection of botulinum toxin in
only two of the five animals was sufficient to confirm
the diagnosis of botulism. The fact that the toxin was
not detected in the other three necropsied animals does
not rule out the diagnosis of the disease because, as
mentioned above, it is not always possible to detect the
toxin in the sample analyzed.

The non-detection of botulinum toxin in
food does not exclude silage as a source of infection.
As the detection of botulinum toxin has been shown to
be related to the place and time at which the material
is harvested, the dilution of the toxin in sources such
as water and the low sensitivity of the mouse bioassay
(SEIFERT & BOHNEL, 1994). As such, the negative

results for the detection of botulinum neurotoxin in
the feed could have been expected because most of
the contaminated food stored in the mixer wagon
had already been consumed. Since other animals
consumed the same water provided to the cattle and
did not show clinical signs, water was ruled out as
a source of the toxin. Thus, a possible source of the
toxin was feed that was stored incorrectly in the mixer
wagon and offered to the animals.

The primary differential diagnoses for
botulism in cattle, include diseases that present
with neurological alterations, including rabies,
infection by bovine herpesviruses (BoHV-1
and BoHV-5), listeriosis, pesticide intoxication
(mainly  organophosphates), urea  poisoning,
polioencephalomalacia, cerebral babesiosis, and
mycotoxin poisoning by the fungus Aspergillus
clavatus (CANTILE & YOUSSEF, 2016; BRUST
et al, 2015; MOELLER & PUSCHNER, 2007).
Toxic diseases that induce necrotic myopathy, such
as poisoning by Senna spp. and ionophore antibiotic
poisoning, should also be considered (HORN et al.,
2011; MOELLER & PUSCHNER, 2007). However,
these differential diagnoses were ruled out in the
present case based on epidemiological, clinical, and
pathological findings.

The detection of botulinum toxin type
D in the tissues of animals that died of clinical
signs confirmed the clinical, pathological, and
epidemiological evidence of botulism recorded during
the outbreak. We suspect that, in this outbreak, the
toxin was probably introduce by improperly stored and
supplied food to the cattle, highlighting the importance
of proper management of the feed provided to the
animals and the importance of vaccinating the herd
against clostridial diseases. In the present outbreak,
73.6% of the total herd was lost due the consumption
of feed contaminated with botulinum toxins. Overall,
the outbreak resulted in the loss of most of the herd,
leading to significant economic losses, emphasizing
the negative economic impact of the disease.
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