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Background: In 2020, a novel neurologic disease was observed in juvenile Quarter

of another previously described neurological disorder in foals, such as equine neu-

roaxonal dystrophy/equine degenerative myeloencephalopathy (eNAD/EDM).
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Hypothesis/Objectives: To describe the clinical findings, outcomes, and postmortem
changes with Equine Juvenile Spinocerebellar Ataxia (EJSCA), differentiate the dis-
ease from other similar neurological disorders, and determine a mode of inheritance.
Animals: Twelve neurologically affected QH foals and the dams.

Methods: Genomic DNA was isolated and pedigrees were manually constructed.
Results: All foals (n = 12/12) had a history of acute onset of neurological deficits
with no history of trauma. Neurological deficits were characterized by asymmetrical
spinal ataxia, with pelvic limbs more severely affected than thoracic limbs. Clinico-
pathological abnormalities included high serum activity of gamma-glutamyl transfer-
ase and hyperglycemia. All foals became recumbent (median, 3 days: [0-18 days]),
which necessitated humane euthanasia (n = 11/12, 92%; the remaining case was
found dead). Histological evaluation at postmortem revealed dilated myelin sheaths
and digestion chambers within the spinal cord, most prominently in the dorsal spino-
cerebellar tracts. Pedigree analysis revealed a likely autosomal recessive mode of
inheritance.

Conclusions and Clinical Importance: EJSCA is a uniformly fatal, rapidly progressive,
likely autosomal recessive neurological disease of QHs <1 month of age in North
America that is etiologically distinct from other clinically similar neurological disor-

ders. Once the causative variant for EJSCA is validated, carriers can be identified

KEYWORDS

1 | INTRODUCTION

In March 2020, a novel neurologic disease was observed in juvenile
Quarter Horses (QHSs) in North America. Based on the early age of
onset of clinical signs, these foals were initially suspected to be
affected with equine neuroaxonal dystrophy/degenerative myeloen-
cephalopathy (eNAD/EDM), spinal abscess or osteomyelitis, trauma,
or congenital myelopathy. In QHs, a combination of genetic suscepti-
bility and postnatal deficiency in vitamin E result in the development
of eNAD/EDM. Clinical signs of eNAD/EDM include symmetric gen-
eralized proprioceptive ataxia (> grade 2 of 5), wide-base stance at
rest, and proprioceptive deficits.? Currently, the only way to conclu-
sively diagnose eNAD/EDM is through postmortem histologic evalua-
tion of the brainstem and spinal cord.>* In young QHs with eNAD/
EDM, decreased serum vitamin E, specifically a-tocopherol, concen-
trations can be identified.!

However, these foals were phenotypically different from classi-
cal eNAD/EDM and, with continued investigation into the clinico-
pathologic findings of these QH foals, it became apparent that
eNAD/EDM was not the cause of disease. Since 2020, a total of
12 QH foals affected with this novel neurologic disease have been
identified. Owing to the clinical phenotype and neuropathological
findings, the authors currently propose the term, Equine Juvenile

Spinocerebellar Ataxia (EJSCA), to identify this unique disease. This

through genetic testing to inform breeding decisions.

ataxia, inherited, neurodegeneration, spinal cord

case series aims to report the clinical findings, outcomes, and post-
mortem changes identified in cases of EJSCA. Further, the authors
propose a potential mode of inheritance for this spinocerebellar

ataxia.

2 | MATERIALS AND METHODS

2.1 | DNA extraction for biobank storage

Genomic DNA was isolated from whole blood samples according to
the WIZARD Blood DNA Extraction Kit protocol (Promega, Madison,
WI; n = 8/12, 67%). If no blood sample was available, genomic DNA
was isolated from available tissue (n = 3/12, 25%) using the Gentra
Puregene Tissue kit (Qiagen, Germantown MD). For 1 sample,
only paraffin-embedded tissue was available and DNA isolated
using Puregene Formalin-fixed Paraffin-embedded tissue (Qiagen,

Germantown MD).

2.2 | Pedigree analysis

Six-generation pedigrees were available for affected foals (n = 12/12,

100%) and constructed manually.
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3 | RESULTS

3.1 | Animals

Cases diagnosed with EJSCA were a median of 16 days of age (range
11-28 days of age). All (n=12/12) foals were QHs. Fillies
(h = 10/12; 83%) were overrepresented with only 2 of the affected
foals being colts (n = 2/12; 17%). Foals all appeared healthy at birth,
with the onset on neurological disease occurring within the first
month of life. Foals were presented to the respective attending clini-
cians from varying locations of the United States (Oregon, California,
New Mexico, and Texas), as well as in Alberta, Canada. All foals
(n =12/12) had a history of acute onset of neurological deficits with
no history of observed trauma. All foals (n = 12/12) had physiological
variables within reference ranges and no clinically notable abnormali-
ties, other than the neurologic deficits, were found on physical exami-
nation. No foals presented with any evidence of trauma or muscle
atrophy.

All foals (n = 12/12) had similar neurologic examination findings
on admission. Foals had normal behavior and state of consciousness
(bright, alert, and responsive). Cranial nerves and segmental reflexes
were intact and appropriate bilaterally, except for 1 3-week old filly
that had absent cutaneous trunci reflex caudal to T18 bilaterally.
Asymmetrical general proprioceptive (spinal) ataxia was appreciated,
with a pronounced sidedness (e.g., right worse than left, or vice versa).
The pelvic limbs were more severely affected than the thoracic limbs
by 2 or more grades. Most foals (n = 11/12; 92%) were graded 4-5 of

5 spinal ataxia on the pelvic limbs and grade 1-3 of 5 spinal ataxia on

=

VIDEO 1

the thoracic limbs on admission (Video 1). Most foals showed an
apparent abnormal compensatory stance (wide based or limbs under
the thorax) and gait of the thoracic limbs owing to severity of pelvic
limbs. Upon physical support, these foals spun the pelvic limbs side-
ways with the thoracic limbs planted to the ground and walked at
times sideways like sidewinders.® The grading scale for ataxia was
based on the modified Mayhew grading system.® Based on neurologi-
cal examination, a multifocal progressive myelopathy (pelvic limbs
more severely affected than thoracic limbs by more than 1 grade) was
diagnosed, causing spinal ataxia. In some cases, a mild asymmetric

paraparesis was also observed.

3.2 | Clinicopathological data

Five foals (n = 5/12, 42%) had complete hematology and biochemis-
try panels performed. No clinically significant findings were observed
on either the erythrogram or leukogram. However, 4 (n = 4/5, 80%)
of these foals had high gamma-glutamyl transferase (GGT) activity on
biochemical profiles (59 + 104 U/L; reference range <54 U/L). Addi-
tionally, all foals that had a minimum database performed were hyper-
(168 + 7 mg/dL; 50-107 mg/dL).
Cerebrospinal fluid (CSF) centesis was performed in 5 foals (n = 5/12,

glycemic reference  range
42%) and analysis revealed no cytological abnormalities. A biochemi-
cal profile including glucose, creatine kinase, electrolytes, and L-lactate
in CSF performed in 2 filles was normal. Alpha-tocopherol concentra-
tions were obtained in 3 foals (n = 3/12, 25%). Two foals had high

serum alpha-tocopherol concentrations (21.8 and 33.0 pug/mL;

00:39/00:55

Video footage of the phenotypic characteristics of Quarter horse foals diagnosed with Equine Juvenile Spinocerebellar Ataxia

(EJSCA). Note the general proprioceptive ataxia of all four limbs, which is most severe in the pelvic limbs and more pronounced when turning.
Hypermetria is observed in the forelimbs. This foal progressed to recumbency within 3 days.
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reference range >4 pg/mL), while the remaining foal for which alpha-
tocopherol was available had above adequate hepatic concentrations
obtained at necropsy (200 pg/mL; reference range >4 pug/mL). These
3 foals for which alpha-tocopherol concentrations were available had
been supplemented antemortem. Phosphorylated neurofilament
(pNfH) was quantified on CSF samples from 2 foals (n = 2/12, 16%)
and was high in both cases (14.4 ng/uL and 17.5 ng/uL; reference
range <3 ng/pL). One filly had a serum pNfH measured, which was
within normal limits (0.60 ng/uL; reference range <1 ng/pL).

3.3 | Diagnostic imaging

Radiographs of the vertebral column were performed in 6 foals
(n = 6/12, 50%) and revealed no abnormalities. Magnetic resonance
imaging was performed in 2 foals (n=2/12, 17%) and computed

tomography myelography was performed in a single foal (n = 1/12,
8%) with no evidence of vertebral or spinal cord abnormalities.

34 | Outcomes

All foals rapidly progressed and followed a similar pattern. Following
the presenting signs of acute pelvic limb ataxia, the thoracic limbs sub-
sequently developed moderate to marked hypermetria. In some foals
(n = 3/12, 25%), intention tremors developed in the head and neck,
particularly during nursing. Soon thereafter, all foals became recum-
bent (median, 3 days: [0-18 days]) and unable to rise without assis-

tance owing to pelvic limb incoordination and paraparesis, which

FIGURE 1 Histology of
affected spinal cord from an
equine juvenile spinocerebellar
ataxia foal at the level of C7.

(A) Lesions were largely confined
to the dorsal spinocerebellar tract,
highlighted in the oval. (B) Lesions
consisted of dilated myelin
sheaths and axonal spheroids
(circles). (C) Affected animals also
exhibited rare increases in glial
cells (box). (D) Digestion
chambers were also observed
(circle) implying Wallerian-type
degeneration of axons.

Open Access,
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necessitated humane euthanasia (h = 11/12, 92%; the remaining case
was found dead).

3.5 | Postmortem evaluation

Necropsies were performed on 10 of 12 foals. Examined tissues
included the middle gluteal muscle, semitendinosus muscle, epaxial lum-
bar, epaxial thoracic, kidney, intestine, spleen, liver, lung, heart, vertebral
column, cerebrum, brainstem, and cerebellum. When evaluating the spi-
nal cord, 2-3 sections were evaluated within the cervical region, 2-4 sec-
tions within the thoracic region, and 1-3 sections with thin the lumbar
region of each case. There were no notable gross necropsy findings
observed within. Histologic evaluation revealed dilated myelin sheaths
with digestion chambers throughout the entire spinal cord that was
most severe in the cervicothoracic region. Lesions were most prominent
in the dorsal spinocerebellar tract (Figure 1), but also noted within the
fasciculus cuneatus and ventromedial tracts. Affected animals also
exhibited rare increases in glial cells (Figure 1C). There were no lesions
identified in the brainstem, including the medial and lateral cuneate
nuclei and gracilis nucleus, or cerebellum. These findings are most con-

sistent with a degenerative axonopathy distinct from eNAD/EDM.

3.6 | Pedigree analysis

The pedigrees of the 12 affected foals were obtained and a pedigree

analysis was conducted manually. Six of the affected foals (n = 6/12,

50%) shared a sire and all foals were related on the sires' side within




1812 | Journal of Veterinary Internal Medicine AC\?' M

WILLIS ET AL.

American College of
Veterinary Internal Medicine
4-5 generations. The foals were also related on the dams' side
within 4-6 generations. With both sexes affected and 2 healthy par-
ents producing affected foals, an autosomal recessive mode of inheri-

tance for the disease is likely (Figure 2).

4 | DISCUSSION

The purpose of this case series was to describe the clinicopatho-
logic findings and a proposed mode of inheritance for EJSCA in QH
foals. These foals consistently presented with an acute onset of
ataxia, affecting the pelvic limbs more severely within the first
month of life, with the majority of foals exhibiting clinical signs 1-
2 days before presentation. Clinicopathologic findings demon-
strated increased GGT in most foals, which may be associated with
an underlying oxidative stress. Clinical disease progressed to inabil-
ity to stand, even with assistance, resulting in death or euthanasia.
The single foal that was found dead was found in the field and no
necropsy was performed. At necropsy of the other foals, no gross
lesions of the nervous system were identified across all samples.
However, histologic assessment identified spheroids and dilated
myelin sheaths with digestion chambers throughout the entire spi-
nal cord, but most severe in the cervicothoracic region, with promi-
nent involvement of the dorsal spinocerebellar tract. As the dorsal
spinocerebellar tracts receive proprioceptive input from the pelvic
limbs, the pelvic limb deficits observed are likely owing to the dam-
age in these tracts. With less severe lesions in the cuneate tracts of
the spinal cord, milder deficits would be observed in the forelimbs.
Damage to the ventromedial tracts may have led to paraparesis of
the pelvic limbs that was eventually observed in most foals. No
lesions were identified in the cerebrum, brainstem, or cerebellum.
This histologic diagnosis is consistent with a degenerative

axonopathy.

Degenerative axonopathies are characterized by progressive spi-
nal ataxia and paraparesis in other species, including cattle and
sheep.”"*? This ultimately leads to permanent recumbency in a
responsive animal. Progressive spinal ataxia, affecting the pelvic limbs,
and paraparesis indicate a lesion from T3 to caudal spinal cord seg-
ments.'® In cattle, progressive limb ataxia and paraparesis can result
from trauma, vertebral/extradural abscessation, degenerative myelop-
athies owing to organophosphate toxicity, or inherited defects.!4-18
In horses, trauma and infection result in similar clinical signslg'zo; how-
ever, there are no reports to date of inherited defects leading to an
early onset progressive limb ataxia and paraparesis.

Of the early onset degenerative axonopathies, only degenerative
axonopathy (Demetz syndrome) in Tyrolean Grey cattle and bovine
spinal dysmyelination in Brown Swiss have lesions confined to the
brainstem and spinal cord.”?! In Tyrolean Grey cattle, degenerative
axonopathy is clinically characterized by progressive ataxia most
prominent in the pelvic limbs starting at 1 to 1 and a half months of
age.” Affected calves eventually become recumbent.” This is similar to
EJSCA in QH foals, where the pelvic limbs are more severely affected,
progressing to recumbency. However, EJSCA occurs slightly earlier in
life (within the first month) in foals than in cattle with degenerative
axonopathy.

Other comparable diseases in ruminants include bovine spinal
dysmyelination in Brown Swiss, but these calves are unable to stand
from birth.?! In contrast, EJSCA foals typically appear healthy at first
then progress to being unable to stand. The other inherited axonopa-
thies (central and peripheral axonopathy of Maine-Anjou cattle and
neuroaxonal dystrophy of sheep) have lesions extending into the cere-
brum and/or cerebellum.??2?% Central and peripheral axonopathy of
Rouge-des-Pres cattle presents as a progressive ataxia most promi-
nently affecting the pelvic limbs, and affected calves consistently have

a swaying motion of the hindquarters that leads to loss of balance.'®

Signs begin between 5 and 16 weeks and end in recumbency within

® o0 o

FIGURE 2 Pedigrees of affected horses as indicated by red shapes. Number corresponds to case number. Squares indicate males and circles

are females.
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1-3 weeks following onset of signs.’® Neuroaxonal dystrophy in
sheep has an age of onset of around 6 weeks, later than that of EJSCA
affected foals.2® The affected lambs were ataxic with a stiff gait that
increased in severity over several days to recumbency.?® Two genetic
variants in phospholipase A2 group VI (PLA2G6) were identified in
Swaledale sheep with neuroaxonal dystrophy. The associated variants
frequently occur together in affected sheep and clinically affected ani-
mals are considered compound heterozygotes.2> Compared with the
aforementioned ruminant inherited axonopathies, QHs affected by
EJSCA have similarities in clinical signs, but with earlier disease onset
and a more rapid progression to recumbency. Most degenerative
axonopathies across species have an autosomal recessive modes of
inheritance.” 1221°2% Similarly, pedigree analysis of EJSCA affected
foals also supports an autosomal recessive mode of inheritance.

A recent retrospective study of the causes of spinal ataxia of
horses in California from 2005 to 2017 found that of the 2861 horses
necropsied during the time period, 316 of them were ataxic.?” The
most common causes of ataxia were cervical vertebral compressive
myelopathy, eNAD/EDM, and trauma.?” In QHs specifically, eNAD/
EDM was the most common diagnosis. Thus, eNAD/EDM was a strong
differential diagnosis for this early onset ataxia in Quarter Horse foals.
However, the defining lesions for eNAD—spheroids in the lateral acces-
sory cuneate, medial cuneate, and gracile nuclei of the brainstem and
nucleus thoracicus of the spinal cord—were not identified in these
foals.® Although degeneration of the dorsal spinocerebellar tracts can
be identified in horses with EDM, the absence of spheroids in the gray
matter tracts precludes a diagnosis of eNAD/EDM.2 Additionally,
alpha-tocopherol concentrations were normal or high in all QH foals
that had concentrations measured (n = 3/12, 25%) due to supplemen-
tation at birth. Therefore, eNAD/EDM was excluded as a diagnosis in
these foals. Further, phenotypically, EJSCA foals present with asym-
metrical paraparesis with a rapid progression, in conjunction with the
disparity between the grades of ataxia between thoracic and pelvic
limbs, which contrast with the phenotypical appearance to those foals
with eNAD/EDM.

In summary, the newly identified neurodegenerative disease in
QHs in North America during the first month of life was determined
to be a degenerative axonopathy based on histological lesions that
were most severe in the cervicothoracic spinal cord. Additionally,
EJSCA has a suspected autosomal recessive mode of inheritance and
further genetic investigation is warranted to identify an underlying
causative variant(s). Once the causative variant(s) for EJSCA is vali-
dated, carriers can be identified through genetic testing to inform

breeding decisions.

ACKNOWLEDGMENT

This project was supported, in part, by the Center for Equine Health
with funds provided by the State of California pari-mutuel fund and
contributions by private donors. Support for this work was provided
by the National Institutes of Health (NIH) to C.J.F. (L40TR0O01136).
Funding provided by anonymous donors toward the Equine and Com-
parative Neurology Research Group at the University of California,
Davis. A portion of this work was presented at the 2022 ACVIM

ylnt

American College of
Veterinar: ernal Medicine

Forum, Austin, TX and the 2023 Plant and Animal Genome Confer-
ence, San Diego, CA. The authors thank the clinicians and pathologists
involved with the cases, as well as the dedicated owners who made
this possible. A special thanks to Dr. and Mrs. Jim and Lynda McCall in
their efforts to provide samples.

CONFLICTS OF INTEREST DECLARATION
Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

Approved by the University of California, Davis IACUC, protocol
#20751, and carried out in accordance with guidelines and regula-

tions. Written owner consent was obtained for all sample collections.

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID

Callum G. Donnelly "= https://orcid.org/0000-0003-1503-1419
https://orcid.org/0000-0003-3160-6200
Monica Aleman = https://orcid.org/0000-0001-5811-9520
Ashley E. Whitehead = https://orcid.org/0000-0002-3165-6809
https://orcid.org/0000-0001-5924-0234

Emily Berryhill

Carrie J. Finno

REFERENCES

1. Finno CJ, Estell KE, Katzman S, et al. Blood and cerebrospinal fluid
alpha-tocopherol and selenium concentrations in neonatal foals with
neuroaxonal dystrophy. J Vet Intern Med. 2015;29:1667-1675.

2. Finno CJ, Johnson AL. Equine neuroaxonal dystrophy and degenera-
tive Myeloencephalopathy. Vet Clin North Am Equine Pract. 2022;38:
213-224.

3. Aleman M, Finno CJ, Higgins RJ, et al. Evaluation of epidemiological,
clinical, and pathological features of neuroaxonal dystrophy in quarter
horses. J Am Vet Med Assoc. 2011;239:823-833.

4. Finno CJ, Valberg SJ, Shivers J, D'Almeida E, Armién AG. Evidence of
the primary afferent tracts undergoing neurodegeneration in horses
with equine degenerative Myeloencephalopathy based on calretinin
immunohistochemical localization. Vet Path. 2016;53:77-86.

5. Aleman M, Berryhill E, Woolard K, et al. Sidewinder gait in horses.
J Vet Intern Med. 2020;34:2122-2131.

6. Lunn DP, Mayhew IG. The neurological evaluation of horses. Equine
Vet Educ. 1989;1(2):94-101.

7. Drogemiller C, Reichart U, Seuberlich T, et al. An unusual splice
defect in the Mitofusin 2 gene (Mfn2) is associated with degenerative
axonopathy in Tyrolean Grey cattle. PloS One. 2011;6(4):1-9.

8. Harper PAW, Duncan DW, Plant JW, Smeal MG. Cerebellar Abiotro-
phy and segmental axonopathy: two syndromes of progressive ataxia
of merino sheep. Aust Vet J. 1986;63(1):18-21.

9. Harper PA, Healy PJ. Neurological disease associated with degenera-
tive axonopathy of neonatal Holstein-Friesian calves. Aust Vet J.
1989;66(5):143-146.

10. Timsit E, Albaric O, Colle MA, et al. Clinical and histopathologic char-
acterization of a central and peripheral axonopathy in rouge-des-Pre's
(Maine Anjou) calves. J Chem Inf Model. 2011;25:386-392.


https://orcid.org/0000-0003-1503-1419
https://orcid.org/0000-0003-1503-1419
https://orcid.org/0000-0003-3160-6200
https://orcid.org/0000-0003-3160-6200
https://orcid.org/0000-0001-5811-9520
https://orcid.org/0000-0001-5811-9520
https://orcid.org/0000-0002-3165-6809
https://orcid.org/0000-0002-3165-6809
https://orcid.org/0000-0001-5924-0234
https://orcid.org/0000-0001-5924-0234

1814 | Journal of Veterinary Internal Medicine AC\?' M

WILLIS ET AL.

American C.

ollege of
Veterinary Internal Medicine

11. Harper PA, Plant JW, Walker KH, Timmins KG. Progressive ataxia
associated with degenerative thoracic myelopathy in merino sheep.
Aust Vet J. 1991;68(11):357-358.

12. Hartley WJ, Loomis LN. Murrurundi disease: an encephalopathy of
sheep. Aust Vet J. 1981;57:399-400.

13. Lorenz M, Coates JR, Kent M. Localization of lesions in the nervous
system. Handbook of Veterinary Neurology. St. Louis, MO: Saunders;
2004:45-74.

14. Watson AG, Wilson JH, Cooley AJ, et al. Occipito-Atlanto-axial mal-
formation with Atlanto-axial subluxation in an ataxic calf. J Am Vet
Med Assoc. 1985;187(7):740-742.

15. Braun U, Schweizer G, Gerspach C, Feige K. Clinical findings in 11 cattle
with abscesses in the thoracic vertebrae. Vet Rec. 2003;152:782-784.

16. Perdrizet JA, Cummings JF, Delahunta A. Presumptive
organophosphate-induced delayed neurotoxicity in a paralyzed bull.
Cornell Vet. 1985;75(3):401-410.

17. Baird JD, Sarmiento UM, Basrur PK. Bovine progressive degenerative Mye-
loencephalopathy (weaver syndrome) in Brown swiss cattle in Canada: a
literature review and case report. Can Vet J. 1988;29(4).370-377.

18. Edwards J, Richards R, Carrick M. Progressive spinal Myelinopathy in
Murray Grey cattle. Aust Vet. 1988;65(4):108-109.

19. Feige K, Furst A, Kaser-Hotz B, Ossent P. Traumatic injury to the cen-
tral nervous system in horses: occurrence, diagnosis and outcome.
Equine Vet Educ. 2000;12(4):220-224.

20. Khatibzadeh SM, Gold CB, Keggan AE, et al. West Nile virus-specific
immunoglobulin isotype responses in vaccinated and infected horses.
Am J Vet Res. 2015;76(1):92-100.

21. Thomsen B, Nissen PH, Agerholm JS, Bendixen C. Congenital bovine
spinal Dysmyelination is caused by a missense mutation in the SPAST
gene. Neurogenetics. 2010;11:175-183.

22.

23.

24,

25.

26.

27.

Duchesne A, Vaiman A, Castille J, et al. Bovine and murine models
highlight novel roles for SLC25A46 in mitochondrial dynamics and
metabolism, with implications for human and animal health. PLoS
Genet. 2017;13(4):1-30.

Letko A, Strugnell B, Hafliger IM, et al. Compound heterozygous
PLA2GS6 loss-of-function variants in Swaledale sheep with neuroaxo-
nal dystrophy. Mol Genet Genomics. 2021;296:235-242.

Agler C, Nielsen DM, Urkasemsin G, et al. Canine hereditary ataxia in
old English sheepdogs and Gordon setters is associated with a defect
in the autophagy gene encoding RAB24. PLoS Genet. 2014;10(2):
1-13.

Steinberg HS, Thomas D, Winkle V, et al. Cerebellar degeneration in
old English Sheepdogs. J Am Vet Med Assoc. 2000;217:1162-1165.
Steinberg HS, Troncoso JC, Cork LC, Price DL. Clinical features of
inherited cerebellar degeneration in Gordon setters. J Am Vet Med
Assoc. 1981;179(9):886-890.

Hales EN, Aleman M, Marquardt SA, et al. Postmortem diagnoses of
spinal ataxia in 316 horses in California. J Am Vet Med Assoc. 2021,
258(12):1386-1393.

How to cite this article: Willis AT, Dahlgren AR, Woolard KD,
et al. Clinicopathological and pedigree investigation of a novel
spinocerebellar neurological disease in juvenile Quarter
Horses in North America. J Vet Intern Med. 2024;38(3):
1808-1814. doi:10.1111/jvim.17049


info:doi/10.1111/jvim.17049

	Clinicopathological and pedigree investigation of a novel spinocerebellar neurological disease in juvenile Quarter Horses i...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  DNA extraction for biobank storage
	2.2  Pedigree analysis

	3  RESULTS
	3.1  Animals
	3.2  Clinicopathological data
	3.3  Diagnostic imaging
	3.4  Outcomes
	3.5  Postmortem evaluation
	3.6  Pedigree analysis

	4  DISCUSSION
	ACKNOWLEDGMENT
	CONFLICTS OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES




