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	TITLE OF CASE Do not include “a case report”

	Cerebellar Purkinje cell degeneration in a mule foal (Equus mulus mulus)



	SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)

	A case of a mule foal with cerebellar Purkinje cell degeneration is described. A 1-day old mule foal was presented with lateral recumbency, obtunded mentation, poor metabolic status (general weakness, congestive mucous membranes, tachycardia, weak pulse, hypomotility and hypothermia) and cerebellar signs. After receiving medical treatment, the foal’s overall condition markedly improved but severe cerebellar ataxia and intention tremor were still present. Three weeks later, physical examination was normal but neurological signs had worsened and the foal was subjected to euthanasia. Post mortem findings revealed lesions consistent with cortico-cerebellar Purkinje cell degeneration. This is the first case report describing this condition in a mule.


	BACKGROUND Why you think this case is important – why did you write it up?

	The mule (Equus mulus mulus) is a sterile hybrid domestic animal, offspring of a male donkey (Equus asinus) and a female horse (Equus caballus).1 Purkinje cell degeneration (PCD), also known as cerebellar cortical abiotrophy (CCA), is a neurological condition characterized by a premature degeneration of the Purkinje cell population in the cerebellum.2,3 PCD has been reported in dogs, cattle, cats, horses, ponies, sheep, swine and chickens.3, 4-9 Among these species, there are certainly differences in the time of onset, severity of clinical signs and histologic lesions, suggesting a spectrum of different disease mechanisms.3
In horses, PCD is found almost exclusively in the Arabian breed and part breed Arabian horses.4,10-12 A few additional cases have been reported affecting the Gotland pony breed,5 Oldenburg warmblood horses13 and American miniature horses.14
A recessive mode of inheritance for PCD has been suggested. In the Arabian breed, a potential causative mutation affecting expression of MUTYH, a DNA-repairing enzyme, which has also been implicated in human Parkinson’s disease, has been identified.15 The PCD mutation has also been identified in breeds of horses that allow crossbreeding with Arabian horses and in breeds that have used Arabians as foundation stock during their development.16
To the authors’ knowledge, this is the first report describing the clinical and pathological features of PCD in a mule (Equus mulus mulus).


	CASE PRESENTATION Presenting features, clinical and environmental history

	A 1-day-old mule foal was referred to X Equine Hospital for inability to walk and obtunded mentation. Pregnancy was full term and the foal had been delivered the night before without assistance. The following morning, the mule was found in lateral recumbency showing a poor metabolic status, including general weakness, congestive mucous membranes, tachycardia, weak pulse, hypomotility and hypothermia. Also, the mule presented paddling and disorientation. Suckling reflex was normal, and the foal was assisted to drink milk with a 200mL bottle. A dose of cefquinome (2 mg/kg IM) was administered by the veterinarian before referral.

Upon presentation, the foal showed slightly obtunded and disoriented mental status, weakness and non-ambulatory tetraparesis. Although it was too weak to reach the udder on its own, when assisted, it was able to stand and drink milk. Clinical examination was normal, except for congestive mucous membranes and mild tachycardia. Neurological examination progressively improved after having been assisted to drink milk and three hours after presentation mental status was normal and it was able to stand and walk unassisted. Neurologial examination showed wide-based stance, severe cerebellar bilateral ataxia, including severe dysmetria with hypometric stiff legged gait of all four limbs. Intention head tremors with mild head excursions and jerk head bobbing were also present. Proprioception was normal. Cranial nerve examination showed an absent menace response bilaterally. No discomfort was elicited on spinal palpation. 



	INVESTIGATIONS If relevant

	The diagnostic plan included haematological and biochemical examination, including electrolytes, bile acids, serum ammonia, fibrinogen and immunoglobulin (IgG) determination. Urinalysis was also performed. Results were overall within the reference ranges, except for mild leukopenia (5300 WBC/μl; 5400-14300 WBC/μl). During hospitalization, glucose values and urinalysis were measured every 4 hours and were all within the reference range. Due to financial constraints, no further diagnostic tests were allowed.



	DIFFERENTIAL DIAGNOSIS If relevant

	An intracranial lesion affecting mainly the cerebellum was suspected. Differential diagnoses included hypoxic ischemic encephalopathy secondary to dystocia, congenital anomaly (cerebellar hypoplasia), degenerative (PCD/CCA), and less likely bacterial meningoencephalitis. 




	TREATMENT If relevant 

	Veterinary care management, which included assistance to stand and reach the udder every hour, umbilical disinfection, joint examination, glucose and urine specific gravity measurements were performed regularly. Given the severity of the clinical signs and the owner’s financial constraints, antibiotic treatment was continued with cefquinome (2 mg/kg IM) because bacterial meningoencephalitis could not be excluded. Ten hours after admission, the foal was able to stand and ambulate for a short distance on its own, but still displayed the signs described above (wide base stance, ataxia, dysmetria and intention tremors) and needed assistance to reach the udder to drink milk until 36 hours later. On the third day of hospitalisation, as given the lack of complete recovery the owners were considering euthanasia. Flunixin meglumine (1.1 mg/kg IM every 12h) as anti-inflammatory drug was started to symptomatically palliate any secondary musculoskeletal discomfort that could accentuate the mobility alterations. Also omeprazole (4 mg/kg PO every 24h) to prevent gastric ulcers secondary to the anti-inflammatory treatment was added to the initial therapy. After six days of treatment, the foal showed normal clinical parameters and became able to support itself, feed from the mare on its own and ambulate for longer periods of time; however, neurological signs persisted. The owners requested a voluntary discharge and all treatments were discontinued. 


	OUTCOME AND FOLLOW-UP  

	At recheck three weeks later, physical examination was normal but neurological signs had worsened. Neurological examination revealed severe wide-based stance, moderate intention head tremors, severe generalized ataxia characterized by hypometric gait in all four limbs, more severe in thoracic limbs, followed by high stepping gait, which was interpreted as cerebellar ataxia. When exposed to a stressful situation, the foal showed a complete loss of balance, stiffness and dysmetria, jerky head bobbing and eventually fell backwards landing on the floor, where it presented extensor hypertonus and became unable to stand on its own. Cranial nerve examination was normal. Due to the poor prognosis and inability to be used as a working mule, the owner elected euthanasia.

Owner consent was only given for the histopathological analysis of the encephalon. The encephalon was removed and fixed in 10% formalin. Macroscopically, there was a mild reduction in the size of the cerebellar hemispheres. Microscopically (Figure 1), a mild to moderate reduction in Purkinje cell layer population was found, which was more pronounced in the peripheral areas of the cerebellum (dorsal and ventral folia of the vermis, and lateral folia of the lateral hemispheres). Within the white matter of the more severely affected folia, isolated heterotopic neurons with Purkinje cell-like morphology were observed. Furthermore, Purkinje cell loss was associated with moderate Bergmann glia proliferation and microspongiosis of molecular layer neuropile. Remaining Purkinje neurons frequently showed central chromatolysis and occasionally shrunken and basophilic cytoplasm or large cytoplasmic empty vacuoles. Rare axonal spheroids were found in the granule cell layer and cerebellar white matter (torpedo formations). The granular layer also showed moderate loss of cellularity. The histopathological findings were consistent with cerebellar Purkinje cell degeneration.



	DISCUSSION Include a very brief review of similar published cases 

	Nervous system abiotrophies are a group of diseases defined by premature, spontaneous degeneration of neurons due to intrinsic structural abnormalities that alter metabolic activity.2 CCA refers to the degeneration of cerebellar cortex neurons and, in this particular case, the Purkinje cells. Among the abiotrophies seen in domestic animals, CCA is one of the most common types observed.2
The majority of the reports describing multiple cases of PCD have either suggested or established an autosomal recessive mode of inheritance through breeding studies, pedigree analysis or segregation analysis.3,15,17 Historically, PCD was considered a disease limited to the Arabian breed; however, a study showed that other breeds, which used Arabian progenitors as breeding stock, are also at risk of developing the disease.16 It is possible that one of these breeds was present in the mule’s genealogy. Unfortunately, it was not possible to establish a precise family tree because the foal’s parents were the only known family members. The mare was a mixed breed pony and the stallion was a mixed breed donkey. In ponies, PCD has been reported in the Gotland pony breed with a suspected recessive mode on inheritance.5 Although the phenotype of the mare was not consistent with this breed, it was not possible to confirm her origin. To the authors’ knowledge, PCD has never been described in donkeys.

Clinical signs in PCD are usually disabling and reflect diffuse cerebellar disease. Typical clinical signs include head tremor, lack of menace response, truncal ataxia, symmetrical dysmetria, spasticity and broad-based stance and gait. In general, cerebellar cortical degeneration in horses is characterized by an early onset, with clinical signs that develop between 6 weeks and 4 months of age, with a slow or rapid progression depending on the specific entity.10,18,19 Neonatal onset (neonatal cerebellar cortical abiotrophy) has been previously described in 4/9 Arabian horses in one study,10 in cattle,20 in chickens,6 and in some breeds of dogs.3
Because PCD symptoms are similar to other neurological conditions affecting the cerebellum, diagnosis can be challenging.12 In our case, the mule presented cerebellar signs from the first day of life. The menace response has been reported to take from days to weeks to develop,21 with one study in horses describing a lack of menace response until 15 days of age.22 In this foal, the bilaterally absent menace response observed during the first days after birth could have been associated with immaturity of the cerebellum. Since the menace response was normal by three weeks of age, its absence was probably secondary to an immature cerebellum and not a pathological finding.

A diagnostic genetic test for PCD is available for the Arabian breed or part Arabian horses and can be performed using hair samples, buccal swabs or blood. Also, MR imaging could help to support the diagnosis of this disease. A study compared an MR morphometric analysis of the relative cerebellar size and cerebellar cerebrospinal fluid (CSF) space between five confirmed affected horses and 15 unaffected horses (control images). It was determined that PCD affected horses had a smaller cerebellum relative to the overall brain mass and a larger cerebellar CSF space than control animals.23 Unfortunately, no additional diagnostic tests were allowed by the owner. Despite offering valuable information, genetic testing and MR imaging can only offer a presumptive diagnosis and a definitive diagnosis requires histopathological confirmation. 

Definitive diagnosis of PCD requires post-mortem examination of the brain tissue. The major neuropathological finding is the reduction in Purkinje cells population, usually more severe in the vermis and paramedian lobes than in the lateral hemispheres.3 Apoptosis has been suggested as a possible mechanism to explain the loss of Purkinje cells.12   In our case, a mild to moderate reduction in Purkinje cells was observed in the dorsal and ventral folia of the vermis and the lateral folia of the lateral hemispheres, whereas the central folia of the vermis and paramedian lobes did not show obvious changes. The remaining Purkinje cells showed various signs of degeneration and the granule cell layer also showed mild depletion, likely due to secondary transneuronal retrograde degeneration. Also, Purkinje cell-like heterotopic neurons located in the white matter of the folia with more severe reduction of normal Purkinje cells were observed. Cerebellar cortical neurons misplaced in the white matter have been associated with abnormal migration during development of the human brain.24 In various human neurodegenerative disorders (i.e. ataxia-telangiectasia, spinocerebellar ataxia 1 or 6, essential tremor), heterotopic Purkinje cells bodies are displaced in the molecular layer.25-28 Other changes previously described in PCD such as shrinkage of the molecular layer in severely affected areas and gliosis of cerebellar nuclei were not found in this case.3
This case report has some limitations. In the era of antibiotic resistance awareness, the empirical use of cefquinome requires discussion. Given the poor metabolic status after birth, an empirical course of this antibiotic was prescribed by the referring veterinarian. Cefquinome is a β-lactam antimicrobial and acts as a time-dependent bactericidal drug.29 In this case, this was started empirically in order to treat a possible underlying life-threatening bacterial infection. Although enteric Gram-negative bacteria remain the most common bacterial isolates found in bacteraemic foals, there has been an increase in the proportion of Gram-positive isolates in the recent years.30,31 Consequently, in severely affected cases, broad-spectrum antimicrobial drugs can be used, at least until a specific microbiological diagnosis is established.32 In the case described here, given the impossibility of testing for infectious conditions and the severity of the clinical signs, the antibiotic was continued. Antibiotic treatment de-escalation to a first line broad-spectrum drug should have been considered in this case after presentation, and remains a key aspect of antimicrobial resistance avoidance strategies. In addition, empirical treatment with an anti-inflammatory drug was also started. This was decided aiming to treat any secondary musculoskeletal discomfort that could accentuate the neurological gait. Gastric ulceration has been commonly reported as an adverse effect associated with NSAID. This usually occurs following overdose (high dose administration), chronic administration, or in susceptible populations like foals.33 Omeprazole is the mainstay of treatment of gastric ulcers in humans and horses and in this case has been included to prevent gastric ulcers that could have impaired recovery.34 Unfortunately, no additional diagnostic tests such as brain imaging or genetic testing could be carried out, which would probably have aided to obtain a definitive diagnosis in this case. 

In our case, there was a mismatch between the severity of the clinical signs and the mild changes found in the post-mortem study. The lack of correlation between the degree of Purkinje neuron loss and the severity and time of onset of clinical signs has already been reported.17 Only the brain was histopathologically evaluated in this mule. Hence, the existence of concomitant undetected spinal lesions contributing to the clinical signs cannot be completely excluded; although are thought to be less likely given the marked characteristic clinical signs displayed by the mule. In dogs, involvement of medullary nuclear cells and spinal motor neurons has also been described in association with PCD.32 However, clinical neuroanatomical localization in this case appeared restricted to the cerebellum and/or spinocerebellar pathways.

Although PCD itself is not a fatal condition, the lack of balance and hyperreactivity poses a risk to the horses and handlers. Horses with PCD are most often euthanized or, in some circumstances, maintained as pasture pets because they are never sufficiently coordinated to be ridden safely and do not make good breeding candidates.35
This is the first report describing the clinical and pathological features of cerebellar cortical PCD in a mule. Although definitive diagnosis can only be reached by histopathology, history, clinical signs and MR findings can aid in the ante-mortem presumptive diagnosis, along with genetic testing. This disease should be considered as a potential cause of cerebellar ataxia in foal mules. Prognosis is poor due to the lack of balance and equilibrium of affected animals, which may predispose owners to elect euthanasia.



	LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field

	· This is the first report describing the clinical and pathological features of cerebellar Purkinje cell degeneration in a mule.

· Although definitive diagnosis can only be reached by histopathology, history, clinical signs and MR findings can aid in the ante-mortem presumptive diagnosis, along with genetic testing.

· This case report described the histopathology changes in PCD and performed a review of this disease.

· This disease should be considered as a potential cause of cerebellar ataxia in foal mules.
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	FIGURE/VIDEO CAPTIONS figures should NOT be embedded in this document

	Figure 1. Lesions compatible with Purkinje cell degeneration with neuronal heterotopy; cerebellar cortex of a mule. A: Loss of Purkinje cells is associated with Bergmann glia proliferation and depletion of granule cell layer; heterotopic neurons with Purkinje cell-like morphology are scattered through the white matter (Haematoxylin and eosin stain). B: Heterotopic Purkinje cell-like neuron adjacent to a round axonal spheroid (torpedo formation-arrow) within the cerebellar white matter (total neurofilaments, NFt, immunostaining). C: Proliferation of S-100 positive Bergman glia in areas with Purkinje cell loss (S-100 immunostaining).

Video 1. Mule foal 3-days old.
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