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Equine leukoencephalomalacia (LEM) is a disease caused by the ingestion of food, especially
corn, contaminated by fumonisin, a Fusarium verticillioides (synonymous with F moniliforme)
metabolite. The clinical signs of brain injuries have an acute onset and rapid evolution. This
study aimed to describe the clinical findings in 11 animals diagnosed with LEM, including
cerebrospinal fluid (CSF) analysis. Of these animals, 91% (10/11) were horses, and only
9% (1/11) were asinine. The clinical localization of the lesions was 64% (7/10) cerebral,
manifested mainly by altered mental state and behavioral disturbance, and 36% (4/11) were
brainstem lesions, manifested by incoordination, head tilt, nystagmus, facial hypoalgesia,
difficulty in apprehension, chewing, and swallowing food. Postmortem findings revealed
that 82% (9/11) of the lesions were in the cerebrum and 18% (2/11) in the brainstem.
CSF findings, such as xanthochromia (43%, 3/7), hyperproteinorrachia (50%, 3/6), and
pleocytosis (43%, 3/7) were observed. The affected animals showed neurological signs that
were compatible with cerebral and/or brainstem injuries. The CSF from animals with LEM
may present with xanthochromia, hyperproteinorrachia, and pleocytosis, reinforcing the fact
that this disease should be included in the differential diagnosis of encephalomyelopathies.

INDEX TERMS: Leukoencephalomalacia, equine, epidemiological aspects, clinical aspects.

RESUMO.- [Achados clinicos de leucoencefalomalicia equina.]
Aleucoencefalomalacia (LEM) é uma enfermidade que acomete
equideos causada pela ingestdo de milho e seus derivados e feno
contaminados pela micotoxina fumonisina, um metabolito do
fungo Fusarium verticillioides (sindnimo para E moniliforme).
Os sinais clinicos apresentam inicio agudo e evolugdo rapida e
sdo decorrentes de lesdes encefalicas. O objetivo deste estudo
é descrever os achados clinicos de 11 equideos diagnosticados
com LEM, incluindo a analise do liquido cefalorraquidiano
(LCR). 91% dos animais afetados eram equinos e somente
9% (1/11) era asinino. A localizagdo clinica das lesoes era
64% (7/10) cerebrais, manifestadas por alteragdes no estado
mental e comportamento e 36% (4/10) no tronco encefalico,
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manifestadas por incoordenacao, desvio lateral de cabeca,
nistagmo, hipoalgesia da face e dificuldade de apreensao,
mastigacdo e degluticio de alimentos. Comparativamente, os
achados post mortem revelaram que 82% (9/11) das lesdes eram
no cérebro e 18% (2/11) no tronco encefalico. Alteragdes no
LCR, tais como xantocromia (43%, 3/7), hiperproteinorraquia
(50%, 3/6) e pleocitose (43%, 3/7), foram observadas. Os
animais afetados apresentaram sinais clinicos compativeis com
lesdes encefalicas e/ou de tronco cerebral. O LCR de animais
com LEM pode apresentar xantocromia, hiperproteinorraquia,
e pleocitose, reforcando que esta doenca deve ser incluida como
diagnostico diferencial de encefalomielites.

TERMOS DE INDEXACAO: Leucoencefalomalacia, equinos, aspectos
epidemiolégicos, aspectos clinicos.

INTRODUCTION

Leukoencephalomalacia (LEM) is a disease caused by the
ingestion of corn and its derivatives, such as pelleted feeds and
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hay (Vendruscolo et al. 2016) contaminated with fumonisin,
a Fusarium verticillioides metabolite (synonymous with E
moniliforme) (Camara et al. 2008, Del Fava et al. 2010, Riet-
Correa et al. 2013). In the south and southeast of Brazil, this
disease is seasonal, occurring mainly from July to September
(Salles-Gomes et al. 2003, Riet-Correa et al. 2013, Reis-Gomes
et al. 2018). The disease affects equines, and there are few
reports in the literature on its occurrence in asinine, which is
considered a species with possible resistance to the disease
(Salles-Gomes et al. 2003, Riet-Correa et al. 2013, Reis-Gomes
et al. 2018). LEM is caused by B1 (FB1), B2 (FB2), Al (FA1),
and A2 (FA2) fumonisins (Camara et al. 2008). However, FB1
is considered to play a key role in the clinical and pathological
manifestations of the disease (Mallmann et al. 1999, Stockmann-
Juvala & Savolainen 2008, Mackay & Van Metre 2015).

Fumonisins are structurally similar to the precursors of
sphingolipids, a lipid class present in the cell membranes of
all eukaryotic cells, which play a role in cellular regulation.
In mammalian cells, the main precursors are sphinganine
(Sa) and sphingosine (So). Fumonisins inhibit the role of the
enzyme ceramide synthase, a key enzyme in the biosynthesis
of new long-chain sphingolipids, leading to intracellular
accumulation of bioactive intermediates and cellular oxidative
stress. In addition, they alter cell proliferation, communication,
apoptosis, and gene modulation. The toxicity of fumonisins
mainly affects the liver and kidneys of animals. Due to their
cellular modifying ability, these mycotoxins were considered
carcinogenic by the International Agency for Research
on Cancer (IARC) (Minami et al. 2004, Bando et al. 2007,
Stockmann-Juvala & Savolainen 2008).

The onset of clinical signs is acute, with rapid evolution
within 2 to 72 hours and death between 6 to 24 hours after the
first clinical manifestation (Riet-Correa etal. 1998, Pimentel et
al. 2009, Del Fava etal. 2010, Santos etal. 2013, Vendruscolo
et al. 2016). In horses, cerebral signs are common, while in
donkeys, brainstem signs are predominant (Del Fava et al.
2010). There is no specific treatment for LEM, and in most
cases, the affected animals either die or are euthanized due
to neurological sequelae (Mackay & Van Metre 2015).

Hematological analysis showed that the packed cell volume
increased due to dehydration, as well as neutrophilia and
eosinophilia. Serum biochemistry showed elevated levels of
liver enzymes, such as alkaline phosphatase (ALP), aspartate
aminotransferase (AST), and gamma-glutamyltransferase
(GGT). This indicates the presence of hepatic lesions (Camara
et al. 2008, Mackay & Van Metre 2015). The cerebrospinal
fluid (CSF) findings reported in horses affected by LEM
demonstrate the presence of hyperproteinorrachia (Mackay
& Van Metre 2015). Definitive diagnosis is possible through
mycotoxicology analysis of the food given to the animals and
necropsy findings (Riet-Correa et al. 1998, Pimentel et al.
2009, Riet-Correa et al. 2013, Mackay & Van Metre 2015).

Several studies have focused on the epidemiology, clinical
signs, and pathological findings of LEM (Riet-Correa etal. 1998,
Mallmann et al. 1999, Salles-Gomes et al. 2003, CAmara et al.
2008, Pimentel et al. 2009, Del Fava et al. 2010, Riet-Correa
etal. 2013, Vendruscolo et al. 2016, Reis-Gomes et al. 2018).
However, few studies have focused on the findings in the CSF
of affected animals. This study aimed to describe the clinical
findings of equines affected by LEM, including CSF analysis.
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MATERIALS AND METHODS

Study local and contextualization. The clinical records, from 1996
to 2019, of equids clinically suspected with LEM at the Large Animal
Hospital of the “Faculdade de Medicina e Zootecnia”, “Universidade
Estadual Paulista Julio de Mesquita Filho” (FMVZ-Unesp), Botucatu,
Sdo Paulo, were assessed. Cases were included in the present study
based on the following criteria: post mortem LEM diagnosis, based
on macro and/or histopathological findings; and/or the detection
of fumonisins through high-performance liquid chromatography
(HPLC) in the food offered to the animals. In addition, all animals
included in this study were tested negative for rabies.

Epidemiological and clinical data. The epidemiological aspects
included species (horses, asinine, and mules), breed, sex, age, season
of the year, and animal food containing toxins. The clinical aspects
(time of disease evolution, physical and laboratory examination results,
treatment, and outcome) were based on the findings presented by
the veterinarians in the medical records. Complete blood cell count
and serum biochemistry, and necropsy and microscopic examinations
were routinely performed at “Laboratério Clinico Veterinario” and
“Laboratdrio de Patologia Veterinaria” of the FVMZ-Unesp, using
hematoxylin and eosin (HE) staining.

Samples collection. CSF samples were obtained from the animals
under general anesthesia using a sterile spinal needle (0,9x120mm)
inserted into the atlanto-occipital space. CSF samples were placed in
three sterile tubes and immediately submitted for laboratory analysis.
CSF protein levels were determined using a specific biochemical
kit (Bioprot U/LCR™ - Bioclin). The cell count was performed
in a Neubauer chamber with subsequent cytocentrifugation for
differential analysis. Blood count analysis was performed using a
pocH-100iV Diff™ - Sysmex and serum biochemistry (Cobas Mira
Plus™, Hemotech) according to the manufacturer’s instructions. All
the data obtained were analyzed descriptively.

RESULTS

Animals and epidemiological data

Eleven equids diagnosed with LEM met the criteria and
were evaluated in this study. Among them, 19% (2/11) were
the Mangalarga breed, 19% (2/11) were miniature horses,
28% (3/11) were quarter horses, 28% (3/11) were mixed
breed, and 6% (1/11) were miniature donkeys. 27% (3/11)
of animals were male, aged between 8 and 9 years, and 73%
(8/11) were female, aged between 1 and 18 years (Table 1).
The time of disease evolution before being admitted to the
veterinary hospital ranged from 1 to 4 days (average: 2.5
days). The time of disease evolution from the arrival at the
veterinary hospital until death was from 1 to 16 days (average:
8.5 days). The percentage of cases that occurred in spring
(September to December) was 28% (3/11) whereas 28%
(3/11) of cases occurred in autumn (March to June), and 44%
(5/11) occurred in winter (June to September).

Clinical signs and post mortem findings

At the initial physical examination, the mean values of
heart rate, respiratory rate, and rectal temperature were 68
bpm (beats per minute), 46mpm (movements per minute),
and 37.9°C (100.22°F), respectively. Dehydration varied from
5% to 10%, 35% (3/10) of the animals had congestive/
hyperemic mucous membranes, 35% (3/10) had pink mucous
membranes, 20% (2/10) had icteric mucous membranes, and
10% (1/10) of them had pale mucous membranes. Lateral
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recumbency was observed in 28% (3/11) of the animals
while 72% (8/11) could stand upright. Equine 10 died after
arrival at the hospital, and thus, no physical examination
was performed.

The affected animals showed altered mental states and
behavioral disturbances. Among the altered mental states,
55% (6/11) were apathetic, 18% (2/11) presented with
hyperexcitability, 18% (2/11) presented a semicomatose
mental state. One animal (9%; 1/11) was alert with no altered
mental state (Table 1). Among behavioral disturbances, 40%
(4/10) of the animals had compulsive walking, 80% (8/10)
had incoordination, characterized by ataxia and paresis,
10% (1/10) had compulsive movements, that is, pedaling
movements, 10% (1/10) had focal seizures, 30% (3/10) had
head pressing, 10% (1/10) had head tilt, 60% (6/10) bilateral
blindness, 30% (3/10) fasciculations, 30% (3/10) ptosis
(eyelid, lip, and ear), 40% (4/10) facial hypoalgesia, 20%
(2/10) difficulty in apprehension, chewing, and swallowing
food, and 30% (1/10) had nystagmus (Fig.1-4).

According to the neurological examination, the clinical
localization of the brain lesions was 64% (7/10) in the
cerebrum, manifested by altered mental state, behavioral
disturbance, and compulsive walking and movements whereas
36% (4/10) lesions were in the brainstem, manifested by
incoordination, head tilt, nystagmus, facial hypoalgesia, and
difficulty in apprehension, chewing, and swallowing food.
Postmortem findings revealed that 82% (9/11) of the lesions
were in the cerebrum and 18% (2/11) in the brainstem.

Eighty-one percent (9/11) of the animals died. Sixty-four
percent (7/11) were diagnosed with macroscopic lesions,
characterized by liquefaction necrosis of the white matter,
areas of softening, especially in the cerebrum, hemorrhages,
and areas of discoloration (Fig.5-7). Approximately 18% (2/11)
were diagnosed with microscopic lesions, such as swollen
astrocytes and oligodendrocytes containing eosinophilic
intracytoplasmic globules, eccentric hyperchromatic nuclei,
and diffuse necrosis. In all the assessed cases, liver postmortem
findings were characterized by congestion; autolysis; pale,
dark, or gray areas; degeneration; and edema.

Two cases (2/11; 18%) survived because of the supporting
treatment and were diagnosed by mycotoxicological analysis
of the feed. These animals were from the same propriety,
where two other mares died after presenting similar clinical
signs, and ten other horses presented eyelid and lip ptosis and

were apathetic. The propriety also had two donkeys, which
were clinically healthy. All the animals (14 horses and two
donkeys) consumed the same contaminated feed, but only
the two cases were admitted to the hospital.

Food and mycotoxicological analysis

Fifty-five percent (6/11) of the animals in this study
received foods such as cracked corn, 55% (6/11) received
pelleted feed, and 9% (1/11) corn silage. All animals received
atleast two different types of feed. Mycotoxicological analysis
of the food offered to five animals affected by the disease was
performed, in which two animals (Equine 7 and 8) consumed
the same food (Fig.8). No values for FB2 were found in the
analysis of the food offered to Equine 5.

Clinical pathology findings

Serum biochemistry revealed elevated enzyme activity
for AST in 75% (6/8) of cases, ALP in 87.5% (7/8), and GGT
in 85.7% (6/7), as well as elevated concentrations of urea
and creatinine in 37.5% (3/8) and 37.5% (3/8) of the cases,
respectively.

The CSF findings revealed xanthochromia in 43% (3/7)
cases, turbidity in 14% (1/7), hyperproteinorrachia in 50%
(3/6), and mixed pleocytosis in 43% (3/7). Three samples
(43%; 3/7) were colorless and clear and were according to
the species values for protein and cellularity.

No alterations were observed in the complete blood cell
count of the animals. Serum biochemistry and CSF findings
are described in Table 2.

DISCUSSION

Seventy-two percent (8/11) of the cases described in this
study occurred during the autumn and winter seasons in
the Southern Hemisphere (March to September). The same
was observed by Riet-Correa et al. (2013) and Reis-Gomes et
al. (2018). During these seasons, the pastures offered to the
animals are of low quality. In addition, there are variations in
temperature and humidity in the air throughout the day during
these seasons, leading to food supplementation with corn
and/or its derivatives; favoring the occurrence of the disease.
However, some animals receive supplementation throughout
the year, which explains the occurrence of the disease during
the spring season (28%; 3/11; September to March).

Table 1. Identification and neurological clinical signs of the affected animals by leukoencephalomalacia (n=11), in Botucatu/SP, 2019

Identification Breed Sex Age

Clinical signs

Equine 1 Mixed breed F 17 years
Equine 2 Mangalarga F 5 years
Equine 3 Quarter horse M 9 years
Equine 4 Quarter horse  F

Equine 5 Miniature horse M

Equine 6 Miniature horse F

Equine 7 Mixed breed F  18years
Equine 8 Mixed breed M  6years
Equine 9 Miniature F 5 years

donkey

Equine 10 Quarter horse F  1.8years Notperformed
Equine 11 Mangalarga F 4 years

Mental state depressed, compulsive walking, incoordination and ptosis

Head tilt, decrease or loss of face sensibility and incoordination

Hyperexcitability, compulsive walking, incoordination and fasciculations

3.6 years Mental state depressed, bilateral blindness, head pressing and focal convulsions

8 months Semi-comatose state, bilateral blindness, incoordination and nystagmus

1.6 years Semi-comatose state, incoordination, bilateral blindness, focal convulsions and nystagmus

Mental state depressed, focal convulsions, decrease or loss of face sensibility, ptosis and incoordination
Mental state depressed, incoordination, difficulty of gripping, chewing and swallowing food and ptosis

Mental state depressed, incoordination, compulsive walking, decrease or loss of face sensibility,
difficulty of gripping, chewing and swallowing food and nystagmus

Hyperexcitability, head pressing, incoordination, nystagmus and bilateral blindness

Pesq. Vet. Bras. 41:€06912, 2021
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Fig.1-4. Clinical presentation of animals affected by leukoencephalomalacia.
(1-2) Horses presenting head pressing. (3-4) Horses presenting
semicomatose mental state and lateral recumbency. Botucatu/SP, 2019.

Fig.5-7. Macroscopic and microscopic alterations observed in the central

nervous system of the animals affected by leukoencephalomalacia. (5)
7 Gross image of an equine brain affected by leukoencephalomalacia
with hemispheres asymmetry (arrow). (6) Microscopic image of white
matter malacia with moderate glial cells and vascular congestion.
. Cortex. HE, obj.40x. (7) Microscopic image of white matter necrosis
and mild hemorrhage. Brainstem. HE, obj.40x. Botucatu/SP, 2019.

[ ] Fumonisin (pg/g)

Equine 2 Equine 5 Equines7e8 Equine 10

Fig.8. Mycotoxicological analysis by HPLC technique of the contaminated
) feed offered to five horses affected by leukoencephalomalacia
= Fumonisin B1 = Fumonisin B2 (Il=5). Botucatu/SP, 2019.

Equines
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The clinical signs observed in our study were similar to
those observed by other authors (Riet-Correa et al. 1998,
Pimentel et al. 2009, Del Fava et al. 2010, Vendruscolo et
al. 2016). The time of disease evolution before the animals
were admitted to the veterinary hospital varied from 1 to 4
days (average 2.5 days) and from 1 to 16 days (average 8.5
days) till death after admission to the veterinary hospital.
This is in agreement with the observation in previous studies
(Riet-Correa et al. 1998, Pimentel et al. 2009, Del Fava et al.
2010, Vendruscolo et al. 2016), where the time of disease
evolution and death of the animals was 2-72 h and 6-24 h,
respectively. Support therapies with fluids, corticosteroids,
thiamine, tocopherol, and sedatives (acepromazine and
diazepam) were administered to the affected animals in this
study, presenting clinical improvementin 18% (2/11) of the
cases, contradicting the indications and findings of Mackay &
Van Metre (2015), where early euthanasia is indicated since
specific treatment is not available and none of the treatments
is likely to be effective. We believe that mild cases of LEM,
with limited extension of brain injuries that do not cause
irreversible damage to the central nervous system, can explain
the response to the established treatment in our study.

The affected animals showed neurological signs compatible
with cerebral and/or brainstem injury, which was also
reported by Del Fava et al. (2010). Equine 9 was the only
asinine diagnosed with LEM in this study. It presented clinical
signs related to brainstem injury, as reported by Del Fava
et al. (2010). Two other asinine, that belonged to the same
propriety of Equine 7 and 8, had access to contaminated food
and had no neurological signs, unlike the ten other horses in
the propriety. This suggests and reinforces that this species
can resist fumonisin toxicity and predominantly showed only
signs of brainstem injury.

In the mycotoxicological analysis, the presence of FB1 in
five samples and FB2 in four was observed (Fig.8), emphasizing
that FB1 is probably the mycotoxin that causes the disease, as
suggested by some authors (Mallmann etal. 1999, Stockmann-
Juvala & Savolainen 2008, Mackay e Van Metre 2015). FB1
concentrations found in the food offered to Equine 5 (Fig.8)
were below those cited by the authors in their studies (Mackay
& Van Metre 2015). However, they are similar to the values
reported by Vendruscolo et al. (2016). Thus, we can suggest
that the concentration of fumonisins in the food varies and
that the sample sent for analysis may not be representative of
the concentration in the feed and the levels of toxin ingested
by the animal. However, we are not confirming or denying
that the values found by the authors can predispose or not
to the occurrence of the disease. Nonetheless, we must also
take into account an individual’s tolerance to mycotoxin, as
suggested by Mallmann et al. (1999).

No alterations were observed in the complete blood cell
count of the animals. However, serum biochemistry revealed
elevated enzyme activity for AST in 75% (6/8) of cases, ALP
in 87.5% (7/8), and GGT in 85.7% (6/7), as well as elevated
concentrations of urea and creatinine in 37.5% (3/8) and
37.5% (3/8), respectively (Table 2). This reinforces the fact
that the liver and kidneys are also targets for fumonisins, as
suggested by Minami et al. (2004), Camara et al. (2008) and
Mackay & Van Metre (2015).

In our study, the CSF findings from animals affected by LEM
revealed xanthochromia (43%; 3/7), turbidity (14%; 1/7),
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hyperproteinorrachia (50%; 3/6), and mixed pleocytosis (43%;
3/7) (Table 2), contradicting the findings of Mackay & Van
Metre (2015), which reported that only hyperproteinorrachiais
observed in CSF of equids affected by LEM. These findings can
also be observed in other diseases that affect the central nervous
system, such as equine herpesvirus myeloencephalopathy,
where CSF shows xanthochromia and hyperproteinorrachia.
In equine protozoal myeloencephalitis, CSF presents with
hyperproteinorrachia and pleocytosis. Meanwhile, in West
Nile encephalitis, CSF presents with pleocytosis with a
predominance of lymphocytes. In rabies, the CSF is normal or
present with pleocytosis with a predominance of mononuclear
cells and hyperproteinorrachia and others (Mackay & Van
Metre 2015). Therefore, these are essential for differential
diagnosis, as previously reported (Riet-Correa et al. 1998,
Del Fava et al. 2010). Besides that, CSF can not show any
alteration in cases of LEM, which has been observed in three
cases (43%; 3/7) in this study, emphasizing the importance
of mycotoxicological analysis and a post-mortem exam as
part of the diagnosis of LEM.

CONCLUSION

The affected animals showed neurological signs that were
compatible with cerebral and/or brainstem injuries. The
cerebrospinal fluid (CSF) from animals with leukoencephalomalacia
(LEM) may present with xanthochromia, hyperproteinorrachia,
and pleocytosis, reinforcing that this disease should be included
in the differential diagnosis of encephalomyelopathies.
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