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a b s t r a c t

Although botulism is usually an acute, often lethal disease that is caused by the ingestion of botulinum
neurotoxin, there are also recognized forms like infant botulism, wound botulism, or “botulism of
undefined origin” that are characterized by the fact that Clostridium botulinum colonizes the host and
produces its toxin in the host. Evidence is presented here that a disease in cattle and in human care
takers of diseased animals that has evolved over the past two decades, may be a chronic, visceral form of
C. botulinum infection.

! 2011 Published by Elsevier Ltd.

1. Taxonomy

Previously, obligately anaerobic, gram positive spore-forming
bacteria were part of the genus Clostridia. In the past years,
molecular analysis made it necessary to transfer many Clostridia to
other or even new genera [1]. However, classical human pathogens
such as Clostridium botulinum, Clostridium tetani and Clostridium
perfringens remain part of genus Clostridium sensu strictu.

2. Pathophysiology

C. botulinum is an anaerobic, Gram-positive, spore-forming rod
that produces a potent neurotoxin. The spores are heat-resistant
and can survive in foods that are incorrectly or minimally pro-
cessed. Seven types (A, B, C1þ2, D, E, F and G) of C. botulinum are
recognized, based on the antigenic specificity of the (neuro-) toxin
(BoNT) produced by each strain. Types A, B, E and F cause human
botulism. Types C and D cause most cases of botulism in animals.
Animals most commonly affected are wild fowl and poultry, cattle,
horses and some species of fish. Although type G has been isolated
from soil in Argentina, no outbreaks involving it have been recog-
nized [2]. Since BoNT is one of the most toxic compounds to man,
major research efforts were made to elucidate the mechanism of
action. These efforts were also driven by the possible use of

botulism in biologic warfare. Thus, one may suspect that not all
information available is in the domain of public. BoNT is non-
covalently associated with complexing proteins that consist of
a nonhemagglutinin (NTNHA) protein, three hemagglutinin
proteins (HA1, HA2, and HA3) [3]. The actual structure and number
of involved proteins varies with the serotype. The role of these
proteins is still a matter of debate; however, it seems clear that
under physiologic conditions, BoNT is rapidly released from the
complex [4]. Whether or not the complexing proteins may play
a role in the species specific activity of the different serotypes needs
to be elucidated. A number of proteins are also involved in the
mechanism of action of BoNT itself. The N-ethylmaleimide-sensi-
tive fusion protein (NSF) is part of cell entry complex. Soluble N-
ethylmaleimide-sensitive fusion-attachment proteins (SNAPs) are
found in the cytoplasm of and serve as attachment and stabilizing
proteins for the NSF complex. SNAP receptors (SNAREs) are found
on the vesicle and plasma membranes of axonal cells. SNAREs
include vesicle-associated membrane proteins (VAMP/synapto-
brevin) and the plasma proteins SNAP-25 and syntaxin. BoNT
targets peripheral cholinergic neurons where it selectively prote-
olysis SNAP-25 (BoNT/A, BoNT/C1, and BoNT/E), syntaxin1 (BoNT/
C1), synaptobrevin (BoNT/B, BoNT/D, BoNT/F, and BoNT/G), and
SNARE proteins responsible for acetylcholine release, to cause
neuromuscular paralysis but of different durations. Employing rat
cerebellar neurons, experiments yielded half-lives of inhibition for
BoNT/A, BoNT/C1, BoNT/B, BoNT/F, and BoNT/E of[31,[25,w10,
w2, andw0.8 days, respectively [5]. The differences in action of the
various serotypes may explain that they cause different or no
disease in various species.
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3. Clinical disease in animals

Different species of animals react differently to BoNT. Horses are
known to be exquisitely susceptible to all serotypes of BoNT (equine
grass sickness). Botulism in cattle may be acute or sub-acute with
possible survival. It is predominately caused by serotypes C and D
and rarely by A. Sheep often show a chronic disease with survival.
Dogs seem to be less susceptible, rare disease may be caused by
serotypes A and B. Birds may be affected by the serotype C and less
frequently by A and E. They are resistant against B, D, F, and G, but
may transmit all serotypes with their droppings [6].

In Germany, since the 1990s several cattle farms reported
increased cow mortality with the highest incidence during the
perinatal period. Further symptoms of perinatal cases were indi-
gestion (constipation alternating with diarrhea), non-infectious
acute laminitis, ataxia and stiff stilted gait, impossibility to get up
(paralysis), apathy, engorged veins, positive venous pulse, edema in
legs, udder, and dew-lap, retracted abdomen, forced respiration
and unexpected death [7]. Fig. 1 depicts such a diseased animal.
Meanwhile, reports on diseased cattle in Germany alone exceed be
far 1000 animals. Further reports come among others from the UK,
France and the Netherlands.

Unfortunately, cases of botulism in cattle are usually diagnosed
on the basis of the clinical signs and by elimination of other
conditions. It can be very difficult to obtain confirmation that
botulism exists. Tests are available that can detect the toxin in the
serum, tissues and gastrointestinal contents of affected animals.
However, the concentration of toxin in the blood of affected cattle is
often too low to be detected [8]. In fact, the outbreaks in Germany
were not systematically analyzed and microbiological diagnostic
work-up is fragmentary. Table 1 gives an overview of the only
published data in this respect (modified after [7]). It should be
emphasized, however, that similar diseases of other etiology have
been ruled out by appropriate tests. Hence, some authors have
suggested naming this disease visceral or chronic botulism.

4. Clinical disease in humans

There are three major recognized disease entities in humans,
food-borne botulism, infant botulism, and wound botulism. While
in food-borne botulism it is not necessary to get into direct contact
with C. botulinum since the ingestion of the preformed toxin is
sufficient to cause the disease, infant botulism occurs after colo-
nization and overgrowth of intestinal tract, and wound botulism
evolves after contamination of wound with the organism. In the
latter cases, the toxin is produced in the human host. The CDC has
recognized yet another disease entity: Isolated cases of botulism in
which extensive investigation failed to implicate a specific food as
the cause of the disease have been recorded by CDC since 1978 as
cases of “undetermined origin” rather than of food-borne botulism;
through 1996, all of these cases have been in adults. Although there
has been speculation since the 1920s, careful investigation has now
demonstrated that some of these cases are caused by colonization
of the gastrointestinal tract by C. botulinum or Clostridium baratii
with in vivo production of toxin, analogous to the pathogenesis of
infant botulism. No other specific risk factors have been identified
[9]. This view is supported by case reports in the literature [10,11].

5. Chronic botulism in humans

Along with the report of visceral botulism of cattle, symptoms in
farmers taking care of afflicted cattle herds came to attention. The
symptoms that were described by attending physicians and health
care officials that were investigating the cases include: dizziness,
weakness, fatigue, dry mouth, drowsiness, blurred vision, nausea,
speech problems, difficulty swallowing, and difficulty breathing. All of
those symptoms are in linewith botulism, however, theywere chronic
in nature, at times progressive, but so far not lethal. Again, no
systematic diagnostic attempts were made. Anecdotal data are avail-
able from a research report of an Institute for VeterinaryMicrobiology
to a grant financing agency. An excerpt is givenwith Table 2 (personal
communication Krüger M., Schrödl W. [12]). In 77 fecal specimens
obtained fromhumans thatwere in close contactwith diseased cattle,
BoNT type E was found in 13 cases and type A in three cases, respec-
tively. The data seem to suggest that there is no transmission between
humans and animals, since different serotypes were prevalent.
However, onehas to take into account that diseased cattle oftenharbor
more than one serotype. Thus, in 15 diseased cows that were slaugh-
tered, BoNT types A, C, D, and E were demonstrated in various organs
including the rumen, intestinal tract, and the liver. In one case, type E
was detected in the milk. Nevertheless, the transmission remains
unclear. It should also be pointed out that in all human cases, the short
lived BoNT E was found that might be less aggressive than type A.

6. Conclusion

Observations reviewed here, suggest that a new form of chronic,
visceral botulism may exist that affects both man and animal.

Fig. 1. Diseased animal showing typical symptoms of the described visceral botulism
[7].

Table 1
Data from 6 German cattle farms (AeF) that experienced unusual death of animals
as to compared to two control farms (C1 & C2). Detection of BoNTwasmade by ELISA
(modified after [7]).

Farm A B C D E F C1 C2

No. of cattle 520 250 400 980 270 420 530 2210
No. died 87 45 13 40 34 20 none none
samples þ/n 6/7 3/8 2/6 3/5 1/1 1/6 0/5 0/5
specimen caecum, colon,

rectum
fecal fecal fecal fecal fecal fecal fecal

toxin ABE CD ABE
CD

1 " CD
2 " ABE

ABE CD

Table 2
Data from selected German cattle farms where C. botulinum/BoNTwas found in feces
of both animals and care taking humans (modified after Krüger M, Schrödl W [12]
personal communication).

Farm
no.

Human feces
positive/n

Serotype human
feces

Cattle feces
positive/n

Serotype cattle
feces

1 3/7 E 4/21 ACD
2 1/4 E 2/6 A
5 1/2 E 1/5 A
8 1/2 E 3/7 A
18 4/7 AE 1/5 A
19 1/6 E 8/43 A
20 1/5 E 10/31 A
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However, the available data are only anecdotal and far from
systematic. Some aspects as i.e. the effects of the formation of
specific antibodies known to occur in Botox treated patients are not
yet considered. Thus, more systematic studies are essential before
this new disease entity can be accepted as caused by C. botulinum.
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