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ABSTRACT  
Dysautonomia is a severe fatal gastro-intestinal disorder characterized by caecal impaction, anorexia, 
and depression. The disease has been reported in a wide range of animals such as horse, cat, dog, hare 
and rabbit. Histopathological findings are identified by degenerative damages of the autonomous 
nervous system, that can be evidenced by means of targeted immunohistochemical (IHC) techniques. 
Rabbits affected by dysautonomia showed a severe large intestinal paralysis that could be associated 
with the presence of C. botulinum in the gut, as already demonstrated in cats. 
The aim of our work was to evaluate the presence of BoNT producing Clostridia in rabbit with gastro-
intestinal disorders and to assess the neurological damages occurred in the gut by IHC techniques 
targeted on a neurodegenerative marker (synaptophysin). To this purpose, 66 live commercial rabbits 
with an intestinal disorder history were euthanized and necropsied. Gross lesions were categorized in 
two forms: cecal constipation (CC) and fluid entero-typhlitis (ET). BoNT producing Clostridia were 
not detected in the caecal contents. Degenerative lesions of the autonomous nervous system were 
detected in the 39.4% of the analyzed subjects. 
The highest IHC positivity occurred in rabbits with CC suggesting that constipation could be mediated 
by a neurological damage of the myenteric plexa. 
Further studies with healthy control rabbits with no gastro-enteric disorders are required to better 
understand the pathogenesis of dysautonomia and to investigate other etiological causes. 
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INTRODUCTION  
 
Dysautonomia (“grass sickness” or Key-Gaskell syndrome) is a neuropathological disease reported in 
horses (Gilmour,1973), cats (Sharp et al., 1984), dogs (Pollin and Sullivan, 1986), hares (Whitwell, 
1991) and pet rabbits (Hahn et al., 2005). The disease is characterized by a gastrointestinal 
hypomotility due to an extensive degeneration of the autonomic nervous system (Key and Gaskell, 
1982) that can be evidenced by means of immunohistochemical procedures for the detection of 
markers of neurodegeneration. Cervical and abdominal ganglia and the digestive tract histopathology 
is commonly used for diagnostic purpose (Symonds et al.,1995; Wehrli Eser et al., 2000; Cave et al., 
2003). Synaptophysin, a calcium-binding glycoprotein (38 kD) involved in vesicles 
neurotransmission, is one widely used marker of neurodegeneration in domestic animals and humans 
since it is highly stored in degenerated neurons (Wiedenmann et al., 1986; Dzienis-Koronkiewicz et 
al., 2005; Hilbe, 1999; Hilbe et al., 2005). Constipation due to hypomotility characterizes also the 
epizootic rabbit enteropathy (ERE), a highly lethal (30–80% mortality) disease of meat rabbits aged 6 
to14 weeks that still remains of unknown etiology. Botulinum neurotoxin (BoNT) type C has been 
significantly detected in the feces of cats affected by dysautonomia, in comparison with healthy cats 
(Nunn et al., 2004). Up to date eight different BoNT-serotypes (A to H) are known (Peck et al., 2016).  
The aim of this study was to investigate the pathological features of intestinal dysautonomia in 
commercial rabbits and to evaluate the role of BoNT producing Clostridia in the pathogenesis of this 
intestinal disorder. 
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MATERIALS AND METHODS 

 
Sixty-six live fattening rabbits hosted in 27 commercial farms, aged 30 to 80 days, were sent to the 
Veterinary Diagnostic Laboratory of Treviso (Istituto Zooprofilattico Sperimentale delle Venezie) 
with clinical signs ascribable to gastro-intestinal disorders, referred also by the veterinary practitioner. 
The animals were humanely suppressed according to European and National Animal Welfare laws 
(EU reg. 2009/1099; EU dir. 2010/63) and subjected to post mortem examinations. 
Intestinal anatomo-pathological findings were categorized in two macroscopic forms: caecal 
constipation (CC) and entero-typhlitis with fluid content in the cecum (ET). Caecal constipation was 
characterized by a dehydrated caecal content, firmly attached to the mucosal surface attributable to the 
paralysis of the large intestine.  
One gram of caecal content was inoculated in fortified cooked meat medium (FCMM), heat shocked, 
and incubated anaerobically at 37 °C for 48 hours. FCMM broths were subsequently tested by means 
of PCR protocols targeted on BoNT-encoding genes types A to F (Anniballi et al., 2011; Anniballi et 
al., 2010). 
Sixty-four pylorus and caecum tissue portions, 19 colon samples, 46 cranial mesenteric ganglia and 41 
caudal mesenteric ganglia were sampled and stored in 10% buffered formalin for at least 24 hours, 
embedded in paraffin, routinely processed and stained with hematoxylin-eosin. Further 4-µm sections 
underwent immunohistochemistry (IHC), using the monoclonal anti-mouse synaptophysin primary 
antibody. IHC results were categorized as follows: negative samples were assessed when 
synaptophysin was detected in neurons, in the ganglia cells and in the axons (Figure1); positive 
samples were classified when synaptophysin was detected as granular red deposits in the neuronal 
cytoplasm (Figure 2).  
The Chi-Square Test was applied to correlate the IHC positivity with at least one sample per subject 
with the anatomo-pathological picture (CC and ET). Fisher’s Exact Test was employed to evaluate the 
correlation between IHC positivity within the single gut districts in both CC and ET forms. Statistical 
analyses were carried out with the online tool Social Statistics Calculator 
(https://www.socscistatistics.com/). 
 
 

RESULTS AND DISCUSSION 
 

According to the anatomo-pathological findings, 43 (65.2%) cases were classified as CC and 23 
(34.8%) as ET. All samples resulted negative for BoNT producing Clostridia types A to F. 
According to IHC findings, 26/66 subjects (39.4%) resulted positive: 16 showed CC (61.5%) and 10 
ET (38.5%). This difference did not result significant (p > 0.05). 
Neuronal degeneration (IHC positivity) was detected in 2/47 (4.3%) cranial mesenteric ganglia, 1/41 
(2.4%) caudal mesenteric ganglia, 5/64 (7.8%) pyloric (gastric) plexus, 17/64 (26.6%) myenteric 
caecal plexus, 8/19 (42.1%) myenteric colic plexus. Three out of 26 subjects showed neuronal 
degeneration in more than one specimen. IHC positivity within the single gut districts in both CC and 
ET forms did not result significant (p > 0.05). 
The aim of our study was to assess if dysautonomia plays a role in rabbit enteric disorders and if 
BoNT producing Clostridia may be involved in the pathogenesis of neurodegenerative lesions, as 
observed by other authors in a restricted number of subjects (Hahn et al., 2005; Nunn et al., 2004). 
Our results demonstrate that a neuronal degeneration of mesenteric ganglia and/or of the myenteric 
plexa (dysautonomia) may occurs in rabbits affected by gastrointestinal disorders.  
This neuronal damage seems to be unrelated to the anatomo-pathological forms observed (CC vs ET), 
although this observation should be confirmed in a larger number of cases, including both affected and 
healthy subjects. 
Synaptophysin IHC positivity was detected in both CC and ET. It cannot be excluded that those forms 
may represent two different pathological phases of the same disease. 
The low number of mesenteric ganglia with neurodegenerative lesions suggests that those structures 
are less frequently affected than myenteric plexa and that the latter should be considered the target 
specimens for the diagnosis of dysautonomia in rabbit. This finding may be due to the fact that the 
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unknown degenerative cause originates from the intestinal lumen and reaches firstly the intramural 
intestinal nervous system (myenteric plexa). 
BoNT encoding genes were not detected in the enrichment broths previously inoculated with the 
caecal contents. This finding seems to exclude the involvement of known BoNT producing Clostridia 
in the enteric disorders of commercial rabbits. Unfortunately, we do not have any information about 
possible antimicrobial treatments of the rabbits included in the study. Indeed, antimicrobial treatments 
could have destroyed the vegetative forms of BoNT producing Clostridia, reducing the possibility of 
their growth in the enrichment broth. 
Further case-control studies are required to better understand the role of neuro-degenerative lesions in 
rabbit intestinal dysautonomia. 
 
 

CONCLUSIONS 
 

Our results demonstrate that dysautonomia should be considered in the diagnosis of rabbit enteric 
diseases and that synaptophysin is a good marker of myenteric plexa degeneration. 
The highest IHC positivity occurred in rabbit with CC suggests that constipation can be mediated by a 
neurological damage of the autonomous intestinal nervous system. 
In contrast with other studies that had associated the dysautonomia with the presence of C. botulinum 
type C in the gut, our findings seem to exclude its presence in the analyzed rabbits affected by enteric 
disorders. However, further investigation concerning this possible etiology should be performed in 
untreated subjects at the beginning of the clinical signs in order to avoid the possible interference in 
the detection of C. botulinum due to the therapy with antimicrobials. 
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Background: what is dysautonomia?
• Neuropathological disease reported in horses, cats, dogs, hare and pet 

rabbits
• Gastrointestinal hypomotility due to the extensive degeneration of the 

autonomic nervous system 
• Synaptophysin: marker of neurodegeneration highly stored in 

degenerated neurons 
• Botulinum neurotoxin (BoNT) type C in feces of cats with dysautonomia

Take home messages
• Dysautonomia considered in the diagnosis of rabbit enteric diseases
• IHC positivity in CC suggests a neurological damage
• Interference in the detection of C. botulinum due to the therapy with 

antimicrobials -> test untreated subjects at the beginning of the clinical signs

Results
• Neuronal degeneration of 

mesenteric ganglia or myenteric 
plexa (figure 1b) in rabbits with 
gastrointestinal disorders. 

• Unrelated to pathological 
findings (p>0.05)

Pathologic 
Picture

IHC results BoNT PCR
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(Fig.1c)

16/43 
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Figure 1. a) IHC negative of an healthy myoenteric plexus. b) IHC positive in a degenerate 
myoentric plexus. c) macroscopic picture of caecal costipation
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Material and methods
• Necropsy on 66 rabbits (30-80 days old) 
• Classified in 2 macroscopic gastrointestinal pictures: cecal constipation 

and fluid enterotiflitis
• 1 g cecal content tested by PCR on BoNT-encoding genes types A to F
• Histology and IHC on synaptophysin: pylorus, caecum, colon, cranial and 

caudal mesenteric ganglia
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