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Abstract

Leukoencephalomyelopathy is a nonspecific lesion characterized by widespread vacuolation of central nervous
system white matter. It is mainly of genetic basis, occurring in young pure breed dogs. This report describes a
neurodegenerative disease associated to demyelination in an adult mixed breed female dog. After 20 days in a kennel with
12 other dogs, the dog showed progressive nervous signs with ataxia and inability to maintain balance. No other dog was
affected. After 15 days, the animal was euthanized in extremis and necropsied. No macroscopic lesions of diagnostic
relevance were present. Microscopically, status espongiosus was observed in white matter throughout the length of the
neuroaxis, from frontal brain lobe to lumbar spinal cord. Specific stains of Kluver Barrera and immunohistochemistry for
the detection of phosphorylated and non-phosphorylated neurofilaments, microglia, astrocytosis, oligodendrocytosis and
myelin proteins in brain and spinal cord sections showed demyelination, axonal fragmentation and degeneration,
microgliosis and decrease of oligodendrocytes. The anatomopathological study and epidemiological data suggests a primary
demyelination due to decrease in number and function of oligodendrocytes, which is probably of genetic basis with late
onset.
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Introduction

Leukoencephalomyelopathy associated to status
spongiosus is a nonspecific lesion characterized by
widespread vacuolation of the central nervous system
white matter (16, 26). It is a neurodegenerative disease due
to several factors such as hereditary, nutritional,
immunological or exposition to toxics (8, 9, 13, 19, 20).
When the degenerative disorder affects myelin,
demyelination occurs and it can be primary or secondary,
being the first by direct damage of myelin sheaths, while
the latter most commonly happens after axonal damage
(29). The disorder can have early onset in life due to

failure of myelin synthesis, or late onset due to loss of
myelin (15). It is characterized by a progressive
neurological deterioration that includes ataxia, hypermetria
and paresis of all four limbs, mostly it has a genetic basis,
affecting young (< 2 years) pure breed dogs (6, 25, 27).
There are few reports of late onset spongiform
leukoencephalopathy in adult dogs suggesting a genetic
origin (17, 18, 25).

Case Report

The affected dog was a 5 year old mixed breed
female. The dog stayed 20 days in a shelter, and after that
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period it presented clinical signs of emaciation, inability to
maintain  balance, lethargy, anisocoria, horizontal
nystagmus and ataxia. At clinical exam, it had normal
temperature (39°C), moderately elevated heart rate (140
beats/min) and respiratory frequency (30 breaths/min).
Swallowing reflex and laryngeal and digestive function
were diminished. Blood samples were collected for
hematological studies (blood and leucocytes count and
glycemia). Immunochromatography for Neospora caninum
and Toxoplasma gondii and canine distemper virus in
serum from blood sample was carried out. After 15 days,
clinical signs aggravated, so euthanasia was practiced in
extremis under owner’s approval.

At post-mortem  examination, generalized
muscular atrophy was the only significant macroscopic
finding, without any other lesions of diagnostic relevance.
Tissue samples, including serial coronal sections of the
central nervous system, were fixed in 4% buffered
formaldehyde, and 5-um tissue sections were routinely
processed for hematoxylin and eosin (HE) for
histopathological examination. Tissue sections of brain and
spinal cord, from cervical to lumbar regions, were
processed for specific stains of Kluver Barrera (KB) (14).
Selected sections of brain and spinal cord were also
processed for immunohistochemistry (IHC) to detect
phosphorylated and non-phosphorylated neurofilaments
(NF), microglia (Ibal), astrocytes (GFAP),
oligodendrocytes (Olig2), myelin basic protein (MBP).
Control for tissue was performed on brain tissue sections
of a dog that had same age but with no nervous signs or
lesions. Same sections were prepared for IHC for detection
of canine distemper virus.

Microscopically, a marked diffuse vacuolation of
the white matter (status espongiosus), throughout the
length of the neuroaxis was observed, from the frontal
brain area to lumbar spinal cord (Fig. 1), being most severe
in cerebral cortex (neocortex and paleocortex) and
cerebellum. The lesions were bilateral and symmetrical.
The vacuoles were rounded to oval, well demarcated, of
variable size, many of them coalesce forming cavities with
no apparent content. There was moderate glial cell
proliferation, mostly microglia. The oligodendrocytes in
white matter were disorderly distributed, without their
typical fascicular disposition along myelinated nerve
fibers. Areas of white matter, adjacent to gray matter in
brain, presented spongiosis with mild alteration of neuropil
and few neuronal chromatolysis. The remaining organs did
not show lesions of diagnostic relevance.

In areas of spongiosis of white matter, KB
staining demonstrated a moderate weak demyelination
(Fig. 2). The IHC study, in these areas showed diminished
NF immunolabeling, with axonal fragmentation and
degeneration (Fig. 3A), along with marked Ibal
immunolabeling (Fig. 3B) in phagocytic cells infiltrating

white matter and in perivascular cuffs. The latter also
showed a laminar pattern of deep layers of cerebral cortex.
Immunolabeling by GFAP was moderately expressed.
Evaluation by Olig2 showed a decrease of
oligodendrocytes. Also, MBP was diminished for myelin
(Fig. 4). Canine distemper IHC was negative.

Hematological studies resulted within normal values.

Figure 1. Adult mixed breed female dog, cerebral cortex.
Diffuse severe white matter vacuolation (status
espongiosus). H&E, x10.

Figure 2. Adult mixed breed female dog, transverse
section at the level of the thalamus. Areas of spongiosis in

white matter showing moderate weak demyelination (right)
by blue staining discoloration. KB, x2.
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Figure 3. Adult mixed breed female do, cerebral cortex. A.
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Note fragmented axons in areas of white matter vacuolation.

IHC NFt, x40, bar=50um. B. Activated microglia between vacuoles. IHC Ibal x40 bar=50um.

Figure 4. Adult mixed breed female dog, cerebral cortex. Diminished immunolabeling in spongiotic cortical areas (A)
compared to no spongiotic areas (B). IHC MBP, x40, bar=50um.

Discussion

In this case, the neuropathological findings
together with the immunohistochemical results suggest a
primary demyelination due to a decrease in number and
function of oligodendrocytes, which is probably of genetic
basis (26). Oligodendrocytes in white mater are arranged

along the axonal processes in chains of 3 to 5 cells (5). In
the present report, the disorderly distribution of
oligodendrocytes in white matter and their scarce
immunolabeling for Olig2 suggest a failure in the synthesis
and maintenance of myelin (28), confirmed by a moderate
expression of MBP, indispensable for the myelin sheath
organization (11). This suggests a late onset of primary
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demyelination. Moreover,  the  decreased NF
immunolabeling observed in the spongiotic areas,
confirmed that the loss of myelin was associated with
secondary axon damage and loss (20, 26, 29). Marked
activation of microglia is observed in chronic
neurodegenerative disorders (22), as the present case.
GFAP expression is common during demyelination in
chronic neurodegenerative disorders (13) as well as a
decrease of phosphorylated neurofilaments and consequent
slow axonal transport (2).

Acquired leukoencephalopathy can have a toxic
origin due to hexachlorophene or isoniazid application, or
accidental consumption of phenelzine or bromethalin (3, 9,
23). In this case, the dog did not have access to these
toxics, and shared his 20 days with 12 other dogs, which
were not affected. Also, the association of bromethalin
toxicosis with white matter spongiosis in dogs is not
conclusive (21). Vitamin B12 deficiency and/or
methionine leads also to leukoencephalopathy in the spinal
cord white matter associated with a diet composed mainly
of ruminant stomachs (24). However the diet had vitamin
B12 in its composition. No drug treatment was reported
before onset of signs.

Inherited leukoencephalopathy is common in
young pure breed animals, such as in Golden Retriever,
Weimaraner, Border Terriers, among others (8, 9, 16, 19,
25). Though the dog of this case was an adult mixed breed,
the bilateral symmetric distribution in absence of
inflammatory infiltrate, affecting the entire neuroaxis and
selectively the white matter, suggests an inherited genetic
base of late onset as possible cause of the neurological
disease (6). A congenital error of oligodendrocyte
progenitor cells might had occurred early in life, remaining
clinically silent until a loss threshold of oligodendrocytes
was reached and compensatory mechanisms were depleted,
as reported in multiple sclerosis in humans or in aciduria in
canines up to 7-years-old (1, 4, 7, 17,18). Demyelination
process is observed in Canavan disease caused by myelin
gene mutations in humans (15) and in pure breed dogs, as
Azawakh, Rottweiler y Pembroke Welsh Corgi, suggesting
an inherited base (10, 12, 17, 18).

Conclusion

To our knowledge, there is no report of
neurodegenerative disorder described in an adult mixed
breed dog characterized by a primary demyelination
affecting conscious general proprioceptive pathways in the
spinal cord. Probably, a genetic base failure with late onset
led to late disruption of oligodendrocytes integrity,
affecting formation and maintenance of myelin. Though it
is described as a disorder occurring in young and pure
breed, it should take in account in adult mixed breed dogs.
Further case researches are necessary to confirm genetic
defects as cause of myelination defect.
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