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Abstract. In April 1996, an outbreak of toxic polyneuropathy in cats occurred in the Netherlands. All cats
had been fed one of two brands of dry cat food from one manufacturer. Chemical analyses of these foods,
stomach contents, and liver and kidney of affected cats revealed contamination with the ionophor salinomycin.
Epidemiologic and clinical data were collected from 823 cats, or about 1% of the cats at risk. In 21 affected
cats, postmortem examination was performed. The affected cats had acute onset of lameness and paralysis of
the hindlimbs followed by the forelimbs. Clinical and pathologic examination indicated a distal polyneuropathy
involving both the sensory and motor nerves.
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Peripheral noninflammatory polyneuropathies are un-
common in domestic animals and generally are regard-
ed as distal axonopathies.8 The origin may be a number
of conditions, including metabolic diseases like diabetes
mellitus, hypothyroidism, and uremia; systemic disease;
dietary deficiencies7; and intoxication with industrial
agents, metals, and drugs.3,5,6,9,10,16,18–22,24–27

Polyneuropathies are particularly rare in cats, and
those reported have been associated with diabetes mel-
litus,11 myasthenia gravis,2,14 and toxic substances15 or
were idiopathic.4,12,13,23 The cases described by Gerrit-
sen et al.,4 Lane and deLahunta,12 and Malik et al.13

had an acute onset.
The purpose of this article is to present morphologic

data related to the outbreak of acute polyneuropathy
in cats in the Netherlands in April 1996. A short re-
view of the epidemiologic and clinical data17 is in-
cluded.

Materials and Methods

Epidemiologic and clinical data of 823 cats were collected
from veterinary surgeons and owners of affected cats by
telephone survey. Postmortem and histologic examinations
were performed in 21 affected cats. Eight of these cats died
spontaneously; the others were euthanatized because of se-
vere respiratory dyspnea and/or no improvement of signs.
The cats were submitted 1 day to 10 weeks after the onset
of clinical signs. Tissue samples from all major organs, skel-
etal muscle, central and peripheral nervous systems (includ-
ing the spinal nerves and ganglia), and the autonomic gan-

glia were fixed by immersion in 10% buffered formalin. Tis-
sues were routinely dehydrated and embedded in paraffin.
Sections were stained with hematoxylin and eosin (HE); ad-
ditional stains used were phosphotungstic acid hematoxylin
for heart and skeletal muscles and Holmes-luxol fast blue
for the central and peripheral nervous systems. In selected
acute, intermediate, and chronic cases, immunohistochemi-
cal testing for neurofilament protein (Euro-Diagnostica) was
performed on sections from the central and peripheral ner-
vous systems using the avidin–biotin–complex (ABC) meth-
od. The level of salinomycin in feeds and feed ingredients
was determined by high-performance liquid chromatography
using postcolumn derivatization essentially based on the
method of Blanchflower et al.1 To confirm test results, a
special liquid chromatography–mass spectrometry method
(LC–MS–MS) was also developed at TNO Nutrition and
Food Research Institute. The latter method, which has an
estimated accuracy of 30%, was also used to analyze sali-
nomycin in stomach contents, liver, and kidney of selected
cats.

Results

Epidemiologic findings

During the first week of April 1996 (week 14), vet-
erinary surgeons throughout the Netherlands were con-
fronted with an unusually large number of cats with
acute paralysis of the hindlimbs; in more severe cases,
this was followed by paralysis of the forelimbs and
eventually the respiratory musculature. Within 2
weeks, it became evident that all affected cats had
been fed one of two dry cat food products from one



Vet Pathol 36:2, 1999 153Salinomycin-induced Polyneuropathy in Cats

manufacturer with specific production dates. The pub-
lic was immediately informed via the media. Not only
the involved products but all dry cat food produced by
the manufacturer and present in the market were re-
called, and a major investigation of the cause of the
disease was started. From this moment onward, a sharp
decline in the number of affected animals was seen,
and no new cases were encountered after 29 April
(week 18) except for five cats that received food from
the same batches (the retailer failed to return all the
affected packages and accidentally sold these some
weeks later). The total number of cats with acute pa-
ralysis reported in the Netherlands during this outbreak
was 823. An estimated 100,000 cats were determined
to be at risk (based on the number of packages sold
and not returned), making the incidence of diseased
cats about 1%. The age distribution of affected cats
was normal. Although the number of males and fe-
males was almost equal, there were more males than
females (3:2) in the severely affected group. The cats
were mainly domestic shorthairs or crossbreeds; only
about 5% were purebreds. Forty-four cats in Switzer-
land also developed acute paralysis, which was attri-
buted to the same dry cat food products.

Because contamination of the food batches in ques-
tion was most likely the cause of the outbreak, both
the end product and the various components were ex-
amined for the presence of bacterial contamination, se-
lected bacterial toxins, mycotoxins, coccidiostats,
heavy metals, pesticides, organophosphates, strych-
nine- and cyanide-containing substances, selenium,
and vitamin B1.10 All tested substances except the coc-
cidiostatic drug salinomycin were excluded. Further
analyses revealed a concentration of 440 ppm salino-
mycin in the vitamin and trace element premix used
for these batches and concentrations ranging from 13
to 21 ppm in the end products, to which the premix
had been added at a level of 5%. The stomach contents
(n 5 1) and liver and kidney (n 5 3) of animals that
underwent postmortem examination within 24–48
hours after onset of clinical signs showed a signal
upon LC–MS–MS analysis at the location of salino-
mycin at levels between 0.1 and 0.3 ppm; in the liver
of another cat, salinomycin was not detected.

Clinical findings

Seven affected cats were examined at the Depart-
ment of Sciences of Companion Animals, Utrecht Uni-
versity. In four, tetraparalysis with marked dysphonia
and dyspnea developed within 24 hours after the onset
of clinical signs. Spinal reflexes were absent in the
hindlimbs and strongly diminished in the forelimbs.
Conscious pain perception was intact in all limbs. No
signs of cerebral dysfunction were noted in any of the
cats. The other three cats had posterior paresis and

slight muscular weakness of the forelimbs. Patellar re-
flexes were present but weak and they showed no dys-
phonia or dyspnea. Hematologic and serum biochem-
istry tests revealed no abnormalities except for a slight
hypokalemia and leukocytosis in one cat. Electromy-
ography showed fibrillations and positive waves (de-
nervation potentials), particularly in the muscles of the
limbs. Electrocardiograms taken in two cats showed
no abnormalities. Symptoms mentioned by the veter-
inary surgeons and owners were in essence identical.
In all cases, the onset of the paresis or paralysis was
sudden and started in the hindlimbs, often with rapid
extension to the forelimbs.

Two of the animals referred to the small animal uni-
versity clinic died and were submitted for postmortem
examination; the other animals improved and were re-
leased from the clinic after 2 weeks.

Morphologic findings

In total, 21 cats were submitted for postmortem ex-
amination. They had died or were euthanatized at 1
(four), 2 (three), 4 (one), 5 (one), 6 (two), 7 (five), 9
(one), 10 (one), or 13 (one) days or 6 (one) or 10 (one)
weeks after the onset of clinical signs. No gross ab-
normalities were observed except for the presence of
a pale or pale-spotted heart in 20 cats and hemorrhage
in the gastrointestinal tract due to an ulcer in the stom-
ach in one cat. Microscopically, most severe abnor-
malities were found in the peripheral nerves of the
forelimbs and hindlimbs. In the acute stage of the dis-
ease, up to 4 days after the onset of clinical signs, the
lesions were characterized by widespread swelling,
fragmentation, and loss of axons, although the myelin
sheath still seemed to be intact (Fig. 1). After 4 days,
axonal changes were accompanied by morphologic de-
struction of the myelin sheath with the formation of
digestion chambers filled with foamy macrophages
(Fig. 2). In the chronic cases at 6 and 10 weeks after
the onset of clinical signs, the peripheral nerves had
collapsed axon sheaths and sheaths filled with foamy
macrophages (Fig. 3). In all cases, Schwann cells were
swollen, and no inflammatory cells except for foamy
macrophages were observed. Both motor and sensory
nerves were affected. In nine cats, some Wallerian-
type degeneration was seen in the dorsal funiculi of
the spinal cord. No abnormalities were seen in the cen-
tral nervous system of the other cats. In all cats, spinal
and autonomic ganglia were normal. Slight to severe
myocardial degeneration, the latter with hyalin degen-
eration and myocytolysis, was observed in all cats. Le-
sions were particularly located on the inner part of the
left ventricle. In three cats, foci of hyalin degeneration
with some macrophages were seen in the skeletal mus-
cles.
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Fig. 1. Peripheral nerve; cat. Swelling, degeneration, and fragmentation of axons. ABC method for neurofilament (NF).
Bar 5 23 mm.

Fig. 2. Peripheral nerve; cat. Wallerian-type degeneration of the myelin sheath, characterized by digestion chambers
filled with foamy macrophages. HE. Bar 5 23 mm.

Fig. 3. Peripheral nerve; cat. Chronic stage with collapsed axon sheaths and digestion chambers filled with foamy
macrophages. HE. Bar 5 23 mm.

Discussion

The outbreak of acute paralysis in cats in April 1996
in the Netherlands and Switzerland was related to two
brands of dry cat food from one manufacturer and was
caused by contamination of the food with the cocci-
diostatic drug salinomycin. The paralysis was morpho-
logically associated with a polyneuropathy of the pe-
ripheral nerves, characterized by primary axonal de-
generation and secondary degeneration of the myelin
sheath. Although some cats also had degenerative
changes in the dorsal funiculi of the spinal cord, the
lesions were restricted mainly to the peripheral ner-
vous system. The myocardial degeneration observed
may have been related to hypoxia of the myocardium
due to dyspnea from paralysis of the respiratory mus-
culature but also may have been a direct toxic effect
of salinomycin. Cardiac damage caused by salinomy-
cin and other ionophores has also been described in
pigs, cattle, rats, and turkeys.26

The high frequency of myocardial changes observed
during postmortem examination does not necessarily
reflect the frequency in the total affected population,
because the cats that underwent postmortem exami-
nation represent severe cases only. Clinical examina-
tion and electrocardiography in two cats revealed no
evidence of cardiac abnormalities. Focal hyalin degen-
eration of the skeletal musculature was seen in only
three of the 21 cats examined. This may be either a
coincidental finding or one related to the toxic effect
of salinomycin, but it definitely was not a character-
istic finding in these cats.

Salinomycin is a polyether carboxylic ionophoric
antibiotic. Like other ionophores, such as narasin
(methylsalinomycin), lasalocid, and monensin, it is
used in veterinary medicine as a coccidiostatic drug in
poultry and as growth promotor in cattle. Safety stud-
ies have been performed in laboratory animals, farm
animals, and dogs. There is marked variation in tox-
icity with respect to animal species and ionophore
used. The dog appears to be the most sensitive animal
species according to results of both acute and chronic
toxicity studies.18 Accidental intoxication with iono-
phores has been described in poultry,5,19,20 turkeys,24

horses,3,6 sheep,16 dogs,9,21,27 and pigs.22,25 No safety
studies or accidental intoxications with ionophores in
the cat have been described so far.

The primary target organ affected by toxic doses of
ionophores are striated (skeletal and cardiac) mus-
cles.18 Degeneration of peripheral nerves has been re-
ported in combination with muscular lesions due to
lasalocid intoxication in chickens19 and was found both
with and without muscular lesions in subchronic and
chronic toxicity studies in dogs treated with narasin.18

Carboxylic ionophores promote an exchange–diffusion
transport of cations across biological membranes. Sal-
inomycin and other ionophores like narasin and mo-
nensin chelate monovalent cations (e.g., Na1 and K1).
Lasalocid chelates divalent cations. The facilitated
transport of cations have effects on cellular function
and metabolism because of changes in transmembrane
ion gradients and electrical potentials. These changes
are the basis of the known physiologic and toxicologic
effects of ionophores.18

The clinical signs in our cats closely resemble those
reported in an intoxication with lasalocid-contaminat-
ed food (166–210 mg/kg) in 10 dogs.21 Those dogs
had progressive paresis and paralysis of the hindlimbs
often followed by quadriplegia and dyspnea. The onset
of clinical signs was 6–12 hours after intake of con-
taminated food. Provocation tests with the contami-
nated food (two dogs) and with canned dog food
mixed with lasalocid to final concentrations of 10 and
15 mg/kg (two dogs) caused identical clinical signs.
These were attributed to the neuromuscular toxic effect
of lasalocid, but because all animals survived after
supportive treatment, no pathologic data were avail-
able.

Salinomycin intoxication caused the outbreak of
acute polyneuropathy in cats in the Netherlands and
Switzerland in 1996. The evidence is as follows. Car-
nivores may be more sensitive to ionophores than oth-
er animals species. Lasalocid at levels of 10–15 mg/
kg provoke clinical signs in dogs similar to those seen
in our cats. Peripheral neuropathy has been reported
in relation with ionophore intoxication. The dry cat
food associated with the outbreak of acute polyneu-
ropathy contained salinomycin at levels of 16–21 mg/
kg as contaminant, and detectable levels of salino-
mycin were present in the stomach contents and livers
of cats that died 24–48 hours after the onset of clinical
symptoms. The low incidence of affected cats, about
1% of animals at risk, may be explained by a combi-
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nation of factors: the presence of borderline toxic lev-
els in the contaminated food, an uneven distribution
of salinomycin in the food, individual variation in the
amount of contaminated food ingested, and an inter-
individual variation in sensitivity to salinomycin.
These might also explain the absence of clinical signs
in a provocation test in two adult domestic shorthair
cats given the contaminated food.
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