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Encephalizotoonosis is a very common infection in domestic rabbits. This parasite is 
widely distributed amongst different mammalian species such as rodents, foxes, non-
human primates, dogs, cats, pigs, cows, horses and exotic carnivores [3]. The infection 
has also been reported in birds [18] but it is primarily seen in rabbits. Farm and laboratory 
rabbits have been known for a long time as target species but according to a recent survey 
[15] healthy domestic rabbits also show specific antibodies against this parasite in their 
blood with a prevalence of 52%. Its’ importance is also due to the increasing reports of 
human microsporidial infections over the past years. At present transfer of infection has 
been reported to happen from humans to rabbits. Although infections in humans have 
been described to be caused by the same strain isolated in rabbits, a direct zoonotic 
connection has not been found yet and it has been postulated that human infections are 
mainly of environmental origin via contaminated water sources or other infected humans 
[14]. Several species of Encephalitozoon, including E.cuniculi, can be serious opportunistic 
pathogens in immunocompromised individuals such as those affected by HIV, on 
immunosuppressive medications or undergoing organ transplant. The contact between pet 
owners and susceptible animal species could therefore increase the risk of exposure in 
humans [14]. However at present it is still not clear which animal species play a major role 
as reservoir of infection. Rabbits are known to be common carriers but a study recently 
identified microsporidial DNA in a large proportion of droppings from pigeons in the 
Netherlands. E.cuniculi was the third most common microsporidial species identified [1]. 
Whether this was a result of a true infection is still not clear but considering the close 
contact, in urban situations, between humans and pigeons, it is highly likely that inhalation 
of spores might occur leading to an increased risk of human exposure. 

E.cuniculi is a protozoal parasite of mammals belonging to the phylum Microspora, genus 
Microsporidia, which comprises over 1,200 species of ubiquitous spore-forming obligate 
intracellular parasites. Three different E.cuniculi strains have been identified so far [6]. The 
only rabbit strain is Strain I whereas Strain II and III have been isolated from rodents, dogs 
and humans respectively.  Despite being eukaryotic organisms Microsporidia lack many 
typical organelles such as mitochondria and Golgi apparatus [10]. 



The spore is the infective form of the parasite, resistant to environmental changes and 
able to survive up to four weeks at 22°C in dry conditions [14].  The spores are shed into 
the urine of infected rabbits and infection usually occurs via ingestion of urine 
contaminated food and water. Tracheal and transplacental routes of infection have also 
been reported as possible, but appear much less frequent [10]. 

The spores have a particular organelle called polar tubule which is extruded during the 
infection phase to transfer the sporoplasm from the spore into the host cell. Inside the host 
cell spores multiply and mature, eventually causing rupture of the cell and release of the 
spores which can then infect other cells. The reticuloendothelial cells are frequently 
infected and responsible for the distribution of the parasite throughout the body [11].  

Target organs are primarily  

§ the central nervous system,  
§ the kidneys and the eyes 
§  but the liver and heart may also be involved.  

 
In these organs the parasite’s damage can cause chronic inflammation and granulomas 
[10]. When the infection overwhelms the rabbit’s immune system, clinical signs eventually 
manifest. Many factors are involved in the development of overt clinical disease: the 
immune status of the rabbit, the route of infection and the strain of parasite involved. 
These contribute to the fact that not necessarily all the infected rabbits will show clinical 
signs of disease: carriers and asymptomatic infections are extremely common [14]. If, 
during its life, for any reason, the infected rabbit becomes immunosuppressed than 
symptoms associated with granulomatous encephalitis and nephritis may eventually 
manifest.  

According to a recent study neurological signs are the most common clinical presentation 
of encephalitozoonosis in pet rabbits [16] and the most frequent neurological signs are 
associated with vestibular disease, as reported by others previously [11].  

§ head tilt 
§ ataxia 
§ circling and rolling 
§ nodding or swaying at rest 
§ nystagmus  

are frequent findings indicative of vestibular pathology.  

Other neurological signs such as  

§ paresis or paralysis of one or both hind legs 
§ seizures 
§ behavioural changes  

are also commonly encountered in practice [16]. The degree of torticollis is considered an 
important prognostic factor in rabbits showing clinical signs of vestibular disease. In many 
cases, unfortunately, it is very difficult to distinguish between peripheral and central 



vestibular disease only on the basis of a neurological examination. In a few cases vertical 
or positional nystagmus, cranial nerve deficits, depressed mentation, evidence of 
cerebellar or postural damage are also present, aiding in the interpretation of the 
neurological findings. A full neurological examination should be performed in all these 
cases, including evaluation of cranial nerve function, postural reaction, spinal reflexes and 
sensory assessment. A thorough examination can be difficult to perform in rabbits and 
careful interpretation of results is mandatory because rabbits are prey species, they tend 
to react differently from dogs and cats in a stressful situation, for example by freezing [14]. 
The main differential diagnosis, when a rabbit is presented with neurological signs such as 
head tilt, include: meningoencephalitis, primarily caused by Pasteurella multocida; less 
commonly Toxoplasma gondii infection and rarely by listeriosis. Viral infections (such as 
Herpes simplex 1), vascular pathology, degenerative disease and neoplasia have also 
been reported [16] but are less common. In the USA, Baylisascaris species are the well 
known cause of cerebrospinal nematodiasis which can cause neurological signs similar to 
E. cuniculi. Otitis media/interna, mainly caused by P. multocida, remains the main 
differential for the presence of vestibular disease in domestic rabbits [10]. Spinal trauma 
resulting in vertebral dislocations or fracture, intervertebral disc disease, inherited 
congenital abnormalities (e.g. splay leg), spondylosis, osteoarthritis and toxins such as 
lead, also need to be considered in the list of possible causes of neurological syndrome in 
rabbits [14]. 

Rabbits suffering from chronic renal failure often present with non specific clinical signs 
such as lethargy, weight loss, reduced appetite leading to anorexia. Polyuria, polydipsia 
and urinary incontinence may or may not be present [11; 16] and urine scalding of the 
perineal skin is also commonly seen. Contrasting literature results report a similar 
incidence of E. cuniculi, with positive results in 10% of rabbits with kidney failure [16; 11] in 
comparison to a previous study which reported  it in 31%  of seropositive rabbits [7].  A 
high percentage of cases also show ocular lesions such as cataracts, hypopyon, 
phacoclastic uveitis or even blindness. These lesions are reported to be typically 
monolateral with occasional bilateral involvement described [11; 16] and generally seen in 
younger rabbits compared to those presented for renal failure [9]. Eye disease may be 
initially treated with local and systemic formulations. Phacoemulsification for lens removal 
might be indicated in some cases but when the disease is advanced and prognosis is poor 
then enucleation might be the best treatment option.  

The impact that the different clinical presentations of E. cuniculi infection can have on the 
quality of life of serologically positive rabbits varies depending whether neurological, renal 
or ocular disorders are present, alone or in combination. Generally vestibular neurological 
disorders seem to affect less the general condition of seropositive rabbits when compared 
to those affected by renal disease and non-vestibular neurological syndrome which 
normally present with secondary problems such as reduced appetite. Furthermore it was 
observed that renal failure was a reason for euthanasia in the majority of cases compared 
to a survival rate of 50% of rabbits showing neurological signs [11; 16]. 



These findings underlie the difficulty in reaching an appropriate diagnosis of active 
encephalitozoonosi in the live rabbit and outline the importance of considering other 
causes of disease as responsible for the clinical signs observed. A correct and prompt 
diagnosis in vivo would be important for specific therapy, accurate prognosis and allow 
consideration of possible zoonotic risks. Unfortunately in the majority of cases a definitive 
diagnosis can be reached only post mortem because histopathology is required to 
conclusively identify the parasite or its spores.  

In the UK an ELISA antibody assay is available for measurement of serum antibody level 
(IgG) to E.cuniculi [2] and it is now considered the standard method to support the in vivo 
diagnosis. When a rabbit is first infected, antibodies start to rise after 3-4 weeks and at 
least 4 weeks before histopathological changes are visible in the kidney or the parasite is 
excreted in the urine.  Histopathological changes in the brain are generally seen much 
later, usually over 8 weeks after antibodies are detectable. Antibodies are passively 
transmitted from an infected dam to her offspring which can show antibodies until they are 
4 weeks old. After maternal antibodies wane they become susceptible to natural infection 
and, if infected then, after an initial seronegative period seroconversion occurs at 8-10 
weeks [11]. The detection of antibodies in the blood can be a useful tool in the diagnosis of 
encephalitozoonosis but it cannot distinguish between an active, early, reactivated or 
chronic infection. IgG are therefore merely considered indication of exposure. When the 
test is negative though, in a rabbit showing clinical signs of disease, we can definitively 
rule out E. cuniculi as the cause of the disease. By performing a second test on a blood 
sample collected at least 4 weeks later from the previous one we can try to identify an 
active infection by demonstrating a rising antibody titre. It is important to remember that 
rabbits may show a considerable individual variation in their immune response with some 
rabbits showing persistently high antibody levels for years even in absence of clinical signs 
and others becoming seronegative soon after initial infection. Simultaneous testing of IgM, 
which is more indicative of a current active infection, in combination with IgG testing could 
therefore give a better indication of the infective status of the affected rabbit [12]. 
Unfortunately IgM testing is not yet available in UK.  

Polymerase chain reaction (PCR) has been long used in human medicine to detect even 
small amount of E.cuniculi DNA in patient’s urine and sputum [5]. PCR is now available for 
detection of Encephalitozoon DNA in rabbit’s urine and cerebrospinal fluid.  However it can 
be negative in clinically ill patients and it is not necessarily correlated with the severity of 
the disease [4] therefore at present PCR is not routinely performed. It also has to be 
considered that spores are shed in the urine of infected rabbits from 3-5 weeks post 
seroconversion and only sporadically so their detection appears to be not always possible. 
Considering that spores may be present in urine of symptomatic and asymptomatic 
rabbits, detection of spores in urine cannot be used as a valid method for diagnosis of 
clinically manifest encephalitozoonosis. In the same study [4] PCR methods of detections 
were found to be more sensitive when performed on samples from eyes with phacoclastic 
uveitis possibly due to the higher spore concentration in lens material.  

CSF examination could provide further information, either via cytological examination or 
PCR. CSF sampling is considered technically feasible, although with certain risks, in 



domestic rabbits and increased concentration of protein and lymphomonocytic pleocytosis 
have been shown to occur in rabbits with neurological disorders caused by E.cuniculi 
infection. The analysis of CSF could support a clinical diagnosis of encephalitozoonosis 
but any other viral, immune-mediated or protozoan encephalitis and CNS lymphoma may 
induce the same cytological changes [12]. Urinary protein: creatinine ratio cannot be used 
as a diagnostic test in the diagnosis of this disease as it has been found not to vary 
between E.cuniculi positive and negative rabbits [19].  

On post mortem examination visible changes may be evident in target organs, especially 
the kidney and brain. Histopathology remains the most common method for post mortem 
identification of granulomatous meningoencephalitis and chronic interstitial nephitis caused 
by E.cuniculi infection.  Lesions in the kidney and brain are usually found about four and 
eight week’s respectively after initial seroconversion [4]. Availability of more sophisticated 
laparoscopic equipment could allow biopsy collection via endoscopy of tissue samples to 
be submitted for histopathological examination. This will permit a more accurate diagnosis 
in vivo and a more specific treatment. 

Therapy aims at reducing inflammation and blocking spore formation. Anti-inflammatory 
drugs such as steroids can be given in the acute phase of disease to suppress the 
granulomatous inflammation, with careful consideration of the rabbit’s extreme sensibility 
to their side effects. Non-steroidal anti-inflammatory drugs, such as meloxicam, can also 
be safely used. Many in vitro studies have been carried out on the use of benzimidazole 
drugs in rabbits [8]. These drugs are microtubule inhibitors therefore block the extrusion of 
the polar filament preventing cell infection.  Albendazole, used to treat infections in 
humans, has been reported to cause bone marrow suppression and liver failure in rabbits 
[17]. Fenbendazole is, at present, the drug of choice as it has been shown to be effective 
in reducing clinical signs in an already established infection and to prevent it in exposed 
animals, when administered at 20mg/kg once daily for 28 days [21], coupled with frequent 
environmental disinfection. Broad spectrum antibiotics can be prescribed when necessary 
to reduce the risk of secondary infections. Fluid therapy and assisted feeding are 
mandatory to correct dehydration and for appropriate intensive care. Response to 
treatment may vary depending on whether the infection is acute or chronic and the level of 
tissue damage sustained. Many rabbits, despite treatment, do not improve clinically 
because the changes and damage that have already taken place in many organs cannot 
be reversed.  

More recent research has attempted reclassification of microsporidia as fungi rather than 
protozoa because they contain chitin and trehalose. In vitro studies have therefore been 
carried out to evaluate the susceptibility of the parasite to Polyoxin D and Nikkomicin 
which are chitin synthetase inhibitors [20]. The author is not aware of any in vivo studies 
carried out on rabbits at present.  

Encephalitozoon cuniculi, as with other microsporidia, is widespread amongst mammals 
and rabbits in particular. This explains how difficult is to prevent establishment of infection. 
E.cuniculi free colonies can be created but it will be time consuming and expensive. What 
is recommended at present is that rabbits should be tested, isolated if positive and treated. 



Seroconversion usually occurs before renal shedding so in contact rabbits could be tested 
to identify infected animals even before the parasite is excreted, in an outbreak. These 
animals should be isolated and treated as well. These might not be practically possible for 
pet rabbits so administering prophylactic fenbendazole to reduce the likelihood of infection, 
by observing good hygiene practices and performing routine disinfection to reduce urinary 
contamination might be of extreme importance.   

 

REFERENCES 

[1] Bart A, Wentink-Bonnema EM, Heddema ER, Buijs J, van Gool T. Frequent occurrence 
of human associated microsporidia in fecal droppings of urban pigeons in Amsterdam, The 
Netherlands. In: Applied and environmental microbiology, p.7056-7058; 2008 

[2] Boot R, Hansen AK, Hansen CK, Nozari N, Thuis HCW. Comparison of assays for 
antibodies to Encephalitozoon cuniculi in rabbits. Laboratory animals, 34, 281-289; 2000. 

[3] Canning E.U,  Lom J (eds). The microsporidia of vertebrates. Academic Press, London; 
1986 

[4] Csokai J, Joachim A, Gruber A, Tichy A, Pakozdy A, Kunzel F. Diagnostic markers of 
encephalitozoonosis in pet rabbits. Veterinary pathology 163: 18-26; 2009 

[5] De Groote M, Visvesvara G, Wilson M, Pieniazek N, Slemenda S, Da Silva A; Leitch G, 
Bryan R, RReves R. polymerase chain reaction and culture confirmation of disseminated 
Encephalitozoon cuniculi in a patient with AIDS: successful therapy with albendazole. The 
journal of infectious diseases 171: 1375-8; 1995 

[6] Didier ES, Vossbrinck CR, Baker MD, Rogers LB, Bertucci DC, Shadduck JA. 
Identification and characterisation of three Encephalitozoon cuniculi strains. Parasitology, 
111, p.411-21; 1995 

[7] Ewringmann A, Gobel T. Untersuchungen zur klinik und therapie der 
encephalitozoonose beim heimtierkaninchen. Kleintierpraxis 44, 357-372; 1999 

[8] Franssen FFFJ, Lumeij JT, Knapen F van. Susceptibility of Encephalitozoon cuniculi to 
several drugs in vitro. Antimicrobial agents and chemotherapy, 39.6: 1265-1268; 1995 

 [9] Giordano C, weigt A, Vercelli A, Rondena M, Grilli G, Giudice C. immunohistochemical 
identification of Encephalitozoon cuniculi in phacoclastic uveitis in four rabbits. Vet 
Ophatmol. 271-275; 2005 

 [10]Harcourt-Brown F. Textbook of rabbit medicine. Butterworth-Heineman; 2002 

[11] Harcourt-Brown FM, Holloway HKR. Encephalitozoon cuniculi in pet rabbits. The 
veterinary record, April 5; 2003 



[12] Jass A, Matiasek K, Henke J, Kuchenhoff H, Hartmann K, Fisher A. Analysis of 
cerebrospinal fluid in healthy rabbits and rabbits with clinically suspected 
encephalitozoonosis. The veterinary record, ;ay 10, 162: 618-622; 2008 

[13] Jeklova E, Jekl V, Kovarcik K, Hauptman K, Koudela B, Neumayearova H, Knotek Z, 
Faldyna M. Usefulness of detection of specific IgM and IgG antibodies for diagnosis of 
clinical encephalitozoonosis in pet rabbits. Veterinary parasitology; 2010. 

[14] Keeble E. Nervous and musculoskeletal disorders. In: BSAVA Manual of Rabbit 
medicine and surgery. Ed by Anna Meredith and Paul Flecknell, 2nd edition; 2006 

[15] Keeble E, Shaw DJ. Seroprevalence of antibodies to Encephalitozoon cuniculi in 
domestic rabbits in the United Kingdom. The veterinary record, April 22; 158: 539-544; 
2006 

[16] Kunzel F, Gruber A, Tichy A et all. Clinical symptoms and diagnosis of 
encephalitozoonosis in pet rabbits. Veterinary parasitology 151, 115-124; 2008 

[17] Mortiz C. Reactions in albendazole treated rabbits. EXOTIC DVM, 6.4, 21-22; 2004 

[18] Poonaka KB, Stamper RD. Encephalitozoonosis in a parrot. JAVMA 186, 700-702; 
1985 

 [19] Reusch B, Murray JK, Papasouliotis K, Redrobe SP. Urinary protein: creatinine ratio 
in rabbits in relation to their serological status to Encephalitozoon cuniculi. The veterinary 
record, march 7, 164: 293-295; 2009ORIGINAL PAPER 

[20] Sobottka I, Bartscht K, Schafer P, Weitzel T, Schottelius J, Kock N, Laufs R. In vitro 
activity of polyoxin D and nikkomycin Z against Encephalitozoon cuniculi Parasitol Res, 88: 
451–453; 2002 
 
[21] Suter C, Muller-Doblies UU, Hatt JM, Deplazes P. Prevention and treatment of 
Encephalitozoon cuniculi infection in rabbits with fenbendazole. The veterinary record, 
April 14: 478-480; 2001 

 

 


