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Mycotoxins are toxic secondary metabolites produced by
a variety of fungal species. The reason that fungi produce
these chemicals is largely unknown, although some are
believed to be necessary for fungal development, growth
and pathogenicity. Many of the more important
mycotoxins occur on grains, although there are several
that are associated with fungi that infest forages.
Forage-associated mycotoxins that can adversely affect
horses include the endophyte alkaloids found in ryegrass
(Lolitrem spp.) and fescue (Festuca arundinacea), ergot
alkaloids found on a variety of forage plants and
slaframine (or slobber factor), primarily found on clovers,
particularly red clover (Trifolium pratense). Slaframine is
produced by a plant pathogen called Rhizoctonia
leguminicola; the plant disease is called ‘black patch’
disease. In contrast to endophytic fungi that are not visible
on the outside of infected plants, Rhizoctonia leguminicola
infection has a characteristic external appearance on host
plants. Infection begins as small black to bronze patches
on the leaves, often on the underside of the leaf. The
patches gradually spread to cover the entire plant leading
to plant death. The plant lesions result from dark aerial
hyphae and are considered to be diagnostic for the
plant disease (Berkenkamp 1977). Although red clover is
probably the most common plant host, a variety of other
plants can be infected as well. It has been reported to
infect white clover, soybean, kudzu, cow pea, blue lupine,
alsike clover, alfalfa, Korean lespedeza and black medic.
Infection of plants other than red clover often occurs when
at least some red clover is present in the same field (Croom
et al. 1995). Interestingly, in the case described by Borges
et al. (2012), only alfalfa was identified.

The taxonomy and physiology of R. legumincola is
poorly understood, but it appears to be propagated via
seeds and survives seasonal growth cycles as mycelia or
sclerotia in host tissues or plant debris (Croom et al. 1995).
The fungus spreads from plant to plant via fungal threads
and can be spread some distance mechanically.
R. leguminicola is able to survive for at least 1–2 years on red

clover seed and, once it occurs in an area, it is likely to be a
continuing problem. Similar to many mycotoxin-producing
fungi, certain environmental conditions predispose to
R. leguminicola infection and mycotoxin production.
The fungus prefers a moist humid environment with a
temperature range of 25–29°C and a subtrate pH of 5.9–7.5.

The disease called ‘slobbers’ was first described in cattle
in the 1940s, although the condition was most likely
recognised by livestock owners and veterinarians much
earlier. It was not until the 1960s that the disease was linked
to the presence of R. leguminicola. Soon thereafter
the causative mycotoxin was isolated and given the
common name slaframine (Aust and Broquist 1965).
Pharmacological and toxicological studies of the purified
material showed it to be a cholinergic agonist, whose
action could be blocked by preadministration of atropine.
Additional work indicated that hepatic metabolism of
slaframine to an active metabolite, ketoimine, was
necessary for clinical signs to occur. Ketoimine is structurally
similar to acetylcholine. Slobbers can occur following
consumption of affected pasture, hay or silage. Slaframine
is relatively resistant to degradation as Borges et al. (2012)
noted and affected hay can likely retain toxicity for several
years. Some authors have speculated that slaframine alone
is not the sole cause of slobbers and that the clinical disease
might be due to the interaction of slaframine with other
known (the alkaloid swainsonine) or unknown chemicals
produced by the fungus (Croom et al. 1995).

The most commonly described clinical sign following
consumption of slaframine-contaminated forage is
hypersalivation (ptyalism). Other reported clinical signs
include hypothermia, diarrhoea, lacrimation, stiffness,
frequent urination, tremors, spontaneous abortion,
laboured breathing, loss of appetite, bloat and death.
Although a multitude of signs other than pytalism are
described, their occurrence is infrequent and often not
well documented. Clinical signs have been observed in a
number of naturally- or experimentally-exposed animals
including horses, cattle, sheep, goats, swine, poultry,
llamas, cats, guinea pigs, rats and mice. The toxicity of
slaframine is unknown for many affected species, althoughCorresponding author email: rhpoppenga@ucdavis.edu
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ruminants and guinea pigs seem to be more sensitive
than rats and chicks (Croom et al. 1995). Prior to the
development of analytical methods for the detection of
slaframine, guinea pigs were used as a bioassay for the
presence of the mycotoxin by demonstrating salivation
after administration of forage extracts.

Borges et al. (2012) describe an outbreak of pytalism in
a group of horses in Brazil and confirmed the presence of
slaframine in affected alfalfa hay. This is the first reported
incident in South America. Outbreaks have been reported
in a number of other countries including the United States,
Canada, Japan, France and the Netherlands. The
incidence of slobbers in horses is unknown, although it is
likely to occur frequently, albeit sporadically, in areas
where red clover is a common pasture plant and during
certain years when environmental conditions are
conducive to host plant infection and mycotoxin
production. Although the clinical sign of pytalism is
dramatic and undoubtedly concerning to horse owners,
the relatively limited severity and scope of clinical signs
and rapid and uneventful recovery after exposure to
affected forage is stopped most likely contribute to an
underreporting of cases. It will be interesting to see if the
geographic occurrence of black patch and associated
cases of slobbers is altered as a result of climate change.

Excess salivation in horses can be due to either
excess saliva production or decreased swallowing of the
normal quantity of saliva. Causes of increased saliva
production other than slaframine exposure include
intoxication from cholinesterase-inhibiting insecticides
(i.e. organophosphorous or carbamate insecticides),
various neurological diseases and stomatitis. Decreased
swallowing of saliva can be due to any cause of
dysphagia including botulism, mucosal damage from
chemical irritants, mechanical trauma or obstructions,
rabies, yellow-star thistle (Centaurea spp.) intoxication,
cranial nerve dysfunction, various encephalitides,
pharyngitis, oesophagitis, among many others (Sutton
2008; Wijnberg et al. 2009). Thus, a diagnosis of slobbers
requires a thorough physical examination, a history of
exposure to susceptible plant hosts and visual inspection
of forage for the presence of characteristic fungal
lesions. Resources for the isolation and identification of
R. leguminicola or the detection of slaframine in forages
are limited in most outbreaks. To date, the detection of
slaframine or ketoimine from blood or urine samples from
affected animals has not been sufficiently reliable to be
used for diagnostic purposes (Meerdink 2004).

Since recovery is typically rapid (within 48 h) and
uneventful following cessation of exposure to slaframine,
treatment is generally not necessary. Although atropine
reverses or partially reverses the effects of slaframine, it

should be used in horses with due caution. Additionally,
the effectiveness of atropine diminishes once significant
pytalism is present (Meerdink 2004). Horses have relatively
high levels of salivary chloride and low levels of
bicarbonate (Parsons 2008). Thus, significant loss of saliva
can cause a transient metabolic alkalosis due to chloride
loss. This, together with the possibility of dehydration due to
saliva loss and lack of water intake, might require the i.v.
administration of an appropriate crystalloid fluid.

Given the persistence of slaframine in hay, the lack of
an effective method to detoxify affected hay and the
sensitivity of other animal species to the mycotoxin, it is
recommended that contaminated hay be destroyed. A
more vexing issue relates to elimination of the problem in
a pasture. Mowing and allowing regrowth of pastures
might reduce the amount of infection, particularly if
environmental conditions are not ideal for fungal growth
(Burrows and Tyrl 2001). There are no resistant strains of
potential host plants and no known chemical control
measures. It might be necessary to eliminate the host plant
in infected pastures. As a preventative measure, owners
should be made aware of the typical appearance of
infected pastures or hay and instructed to not allow access
by their horses to suspicious forage or to only allow access
to a limited number of animals to see if a problem occurs.
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