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Abstract  

Encephalitozoon cuniculi is an obligate, intracellular microsporidian organism capable of 

establish infection in a wide variety of animals. In carnivores it may cause a sporadic, severe 

disease in the first few months of life, which usually culminates with the death of the animal. 

The objective of this study was to report a natural fatal case of encephalitozoonosis in a puppy 

from Argentina. Clinical signs included reduced appetite, depression, vocalizing, weight loss, 

weakness, convulsions and recumbency. No significant gross lesions were noticed at necropsy. 

Microscopically, severe, diffuse, lymphocytic encephalitis was seen. Large cytoplasmic vacuoles 

containing spores, morphologically compatible with E. cuniculi, were present within 

endothelial cells of brain and kidney, in renal tubular epithelium and hepatocytes. 

Encephalitozoon cuniculi DNA was detected by PCR in the kidney. Antibody titers to E. cuniculi 

in serum from the surviving puppies and the dam were ≥ 1:200. This report contributes to our 

understanding of neurologic disease in puppies. Encephalitozoonosis should be considered as a 

differential diagnosis in cases of fatal encephalitis in puppies.  
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1. Introduction and objective   

Encephalitozoon cuniculi is an obligate, intracellular microsporidian organism capable of 

establishing infection in a wide variety of animals including mice  (Malherbe and Munday, 

1958), rats (Müller-Doblies et al., 2002), rabbits (Malherbe and Munday, 1958), guinea pigs 

(Moffatt and Schiefer, 1973), non-human primates (Seibold and Fussell, 1973; Zeman and 

Baskin, 1985; Guscetti et al., 2003), horses (Patterson-Kane et al., 2003) and carnivores 

(Plowright, 1952; Basson et al., 1966; van Rensburg and du Plessis, 1971; Vavra et al., 1971; 

Shadduck et al., 1978; Bjerkas and Nesland, 1987; Snowden et al., 2009; Greene, 2012; Cantile 

and Youssef, 2015). This organism may also affect immunocompromised humans (Franzen et 

al., 1995; Mertens et al., 1997; Tosoni et al., 2002). Subclinical asymptomatic infection is 

common in rabbits and laboratory rodents. Conversely, in carnivores E. cuniculi may cause a 

sporadic, severe disease during the first months of life, that usually culminates in death 

(Wasson and Peper, 2000; Greene, 2012; Cantile and Youssef, 2015). Carnivores most often 

infected with E. cuniculi include the farmed arctic fox (Vulpes lagopus), in which high mortality 

may occur (Mohn et al., 1974; Bjerkas and Nesland, 1987), and occasionally dogs (Canis lupus 

familiaris) (Basson et al., 1966; Shadduck et al., 1978; Snowden et al., 2009), and cats (van 

Rensburg and du Plessis, 1971). Spontaneous canine encephalitozoonosis has been reported in 

Europe (Vavra et al., 1971), Africa (Plowright, 1952; Basson et al., 1966), and North America 

(Shadduck et al., 1978; Cole et al., 1982; Snowden et al., 2009). The objective of this study was 

to report a spontaneous fatal case of canine encephalitozoonosis in Argentina.  

2. Materials and methods 

2.1 Case 
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A one month old female puppy was submitted for necropsy to the Pathology Veterinary 

Service of Buenos Aires University, Buenos Aires, Argentina. The clinical history was provided 

by the referring veterinarian. A pregnant stray bitch, with her litter of six puppies was adopted. 

One puppy died at the age of one month presumably due to cranial trauma, and was not 

examined. Three other puppies became ill, showing neurologic signs. Clinical signs included 

reduced appetite, depression, constant crying, weight loss, weakness, convulsions and 

recumbency. Two of the sick puppies died spontaneously, one of which was submitted for 

necropsy.  

2.2 Samples 

A complete necropsy was performed. Tissues were collected and fixed in 10% neutral buffered 

formalin, routinely embedded in paraffin wax, sectioned at 5 µm, and stained with 

haematoxylin and eosin, and Gram (Gram-Twort Technique). Samples of kidney were stored at 

-20 °C until processed for molecular diagnosis for E. cuniculi detection (see below). Serum 

samples were obtained from the dam and her three surviving puppies for serology.  

2.3 PCR  

DNA was extracted from frozen kidney at the Immunoparasitology Laboratory (LAINPA) of the 

Faculty of Veterinary Sciences, La Plata University, Buenos Aires, Argentina, using a commercial 

kit (Promega Wizard Genomic DNA Purification Kit, Madison, USA) according to the 

manufacturer's instructions and was stored at -20⁰C until it was used for PCR analysis.  

The nested PCR technique based on the small subunit ribosomal RNA (SSU-RNA) gene region 

was performed at the Department of Parasitology, INEI-ANLIS “Dr. Carlos G. Malbrán”. The 

first round reactions were carried out employing the generic primers for Microsporidia 18f (5´- 

CACCAGGTTGATTCTGCC-3´) and 1492r (5´-GGTTACCTTGTTACGACTT-3´) (Weiss and Vossbrinck, 

1998). For the second round a set of E. cuniculi specific primers ECUNF (5′-ATGAGAAGTGA-

TGTGTGTGCG-3′), and ECUNR (5′-TGCCATGCACTCACAGGCATC-3′) were used (Visvesvara et al., 
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1994). The PCR amplification conditions were as follows: initial denaturation of the DNA at 95 

°C for 5 min, 35 cycles of denaturation at 95 °C for 30 s, primer annealing at 55 °C for 30 s (45 

°C for 18f:1492r), elongation at 72 °C for 90 s, and final extension at 72 °C for 9 min. The PCR 

products were separated by agarose gel electrophoresis, and the resulting bands were 

visualized using ethidium bromide under UV light.   

 

2.4 Serology 

Serum samples were tested at LAINPA for E. cuniculi, Toxoplasma gondii and Neospora 

caninum antibodies. A commercial E. cuniculi antigen (designed for rabbits, Diagnostik 

Megacor, Hörbranz, Austria) was used to perform an indirect fluorescent antibody test (IFAT) 

with few modifications. Briefly, antigen was incubated with sera diluted at 1:25 to 1:200 in 

phosphate-buffered saline (PBS) at 37 °C for 30 min. Slides were then washed twice with PBS 

for 5 min. Anti-dog IgG fluorescein isothiocyanate conjugate (Sigma, Saint Louis, USA) diluted 

1:100 in PBS was added and the slides were incubated at 37 °C for 30 min, and rinsed twice 

with PBS. Slides were examined with a fluorescent microscope. The interpretation of the 

serologic results was based on published reference values for dogs with encephalitozoonosis in 

other countries (Lindsay et al., 2009; Greene, 2012). Titers of 1:200 or higher were considered 

positive. PBS was included as negative control to test no specific reactions with anti-dog IgG 

conjugate. Domestic positive or negative control sera to E. cuniculi were not available, since 

canine encephalitozoonosis had not been recorded in Argentina previously. For detection of 

Toxoplasma gondii and Neospora caninum antibodies, slides with tachyzoites of RH (Silva et al., 

2002) and NC-1 (Cavalcante et al., 2012) strains of these parasites were used as antigen, 

respectively. Sera were diluted in PBS from 1:50 to 1: 800 at 37 °C for 30 min. Slides were 

washed three times with PBS (Toxoplasma gondii) or carbonate buffer (Neospora caninum). 

Anti-dog IgG fluorescein isothiocyanate conjugate (FITC-Sigma, Saint Louis, USA) diluted 1:100 

in PBS was added and the slides were incubated at 37 °C for 30 min, and rinsed as previously 
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described. Slides were examined using a fluorescent microscope. Titers of 1:50 were 

considered positive for either, T. gondii and N. caninum. Positive and negative control sera 

were included.   

3. Results 

3.1 Gross findings  

Grossly, the carcass was icteric with orange liver, and moderate splenomegaly. No other gross 

lesions were observed.   

3.2 Microscopic findings 

Sections of brain showed severe, diffuse, lymphocytic encephalitis, affecting both gray and 

white matter (Figure 1). These lesions were present in all sections of the brain examined. 

Multifocal infiltrates of lymphocytes, plasma cells and fewer macrophages were accompanied 

by diffuse gliosis. Occasional perivascular cuffings of plasma cells and lymphocytes were seen. 

The endothelial cells were hypertrophied and had large cytoplasmic vacuoles containing 

several small (approximately 1 µm in diameter), rod-shape, gram-positive spores, 

morphologically compatible with E. cuniculi (Figures 2 and 3).  

The kidney presented moderate interstitial nephritis, characterized by small foci of 

lymphocytes and plasma cells, mainly in the cortical interstitium. Numerous vacuoles with 

clusters of organisms were widely seen in the cytoplasm of renal tubular epithelial cells (Figure 

4), and endothelium. The cells containing organisms were usually not associated with 

inflammatory infiltrate.  

Microscopic examination of the liver revealed mild lymphoplasmocytic hepatitis. Occasional 

small collections of densely-packed spores were observed in the cytoplasm of hepatocytes, 

scattered randomly throughout the parenchyma, and not associated with inflammation.  
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Other microscopic lesions included extensive extra-medullary hematopoiesis and congestion of 

the spleen.  

3.3 PCR Technique 

An amplicon of 549 bp was visualized by gel electrophoresis after the second round of the 

nested PCR reaction. This was the expected size for the amplification product of E. cuniculi.  

3.4 Serology 

Antibody titers to E. cuniculi in serum from the three surviving puppies and the dam were ≥ 

1:200. Antibodies for T. gondii or N. caninum were not detected in either of the puppies. A 

titer of 1:400 for T. gondii was found in the dam. Serology for N. caninum was negative in the 

dam.  

4. Discussion 

Microscopic findings and molecular and serologic results confirmed a definitive diagnosis of 

encephalitozoonosis and allowed differentiation of microsporidial disease from other 

neurologic diseases of dogs, such as canine distemper, rabies, toxoplasmosis and neosporosis 

(Wasson and Peper, 2000). 

The microscopic lesions found in this report were similar to those previously reported in dogs 

with acute and active infection by E. cuniculi (Shadduck et al., 1978; Mc Innes and Stewart, 

1991). In chronic cases of encephalitozoonosis, severe granulomatous infiltration by 

lymphocytes, macrophages and epithelioid cells, accompanied by plasma cells in kidneys and 

brain, are characteristic. Vasculitis and fibrinoid necrosis of arteries in kidney, brain, heart, 

lymph node, mesentery and lungs have been noted in these cases. In general, E. cuniculi 

organisms were absent in late lesions (Shadduck et al., 1978).  
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Several fatal infectious diseases were ruled out based on histologic examination. Meningitis 

was not seen. Neurologic lesions of Neospora caninum and Toxoplasma gondii include 

necrotizing encephalomyelitis, with intralesional tachyzoites and cysts (Dubey et al., 2006; 

Cantile and Youssef, 2015). These organisms were also ruled out by serology. Canine distemper 

has distinguishing characteristics such as demyelination in white matter tracts, which is result 

of direct infection of oligodendroglia. Intranuclear and, less frequently, intracytoplasmic 

inclusions may be found in neurons, glial cells, and epithelial tissues ( Lempp et al., 2014; 

Cantile and Youssef, 2015). Canid Herpesvirus type I is usually found in systemic infections in 

neonates. Focal necrosis in parenchymatous organs and intranuclear inclusion bodies may be 

present in these foci (Decaro et al., 2008; Cantile and Youssef, 2015). In Pseudorabies, 

eosinophilic intranuclear inclusion bodies are present in neurons and astroglia (Cantile and 

Youssef, 2015; Zhang et al., 2015). Rabies may develop without gross brain changes, but 

acidophilic cytoplasmic inclusion bodies in neurons, most commonly of hippocampus (Negri 

bodies), are always found (Lackay et al., 2008; Cantile and Youssef, 2015).  

There was a humoral response to infection as determined by IFAT. Serologic results in this case 

suggest that intrauterine transmission could have occurred, or indicates that a simultaneous 

infection of puppies and dam from the same unknown source, could have happened. 

Transplacental infection of E. cuniculi has been reported in domestic rabbits (Owen and 

Gannon, 1980), mice (Perrin, 1943), squirrel monkey (Saimiri sciureus) (Zeman and Baskin, 

1985), and arctic foxes (Mohn et al., 1974; Mohn and Nordstoga, 1982), and has been 

suggested in dogs (Mc lnnes and Stewart, 1991). The pathogenesis of encephalitozoonosis in 

carnivores has not been established, and there are many gaps in our knowledge regarding the 

epidemiology and transmission of this disease in dogs. Once infection occurs, it appears that 

the organism is shed in the urine (Shadduck et al., 1978; Mc lnnes and Stewart, 1991; Didier et 

al., 2004), and infective environmentally resistant microsporidial spores are acquired through 

ingestion by a susceptible host (Wasson and Peper, 2000; Greene, 2012; Cantile and Youssef, 

ACCEPTED MANUSCRIPT



AC
CE

PT
ED

 M
AN

US
CR

IP
T

 

2015). Some authors suggest that encephalitozoonosis may be a zoonotic risk for humans 

(Mathis et al., 1997; Deplazes et al., 2000; Didier et al., 2004; Didier, 2005), but the 

epidemiologic role of dogs as reservoirs of E. cuniculi has not been yet demonstrated.  Isolates 

of E. cuniculi genotype III has been documented in people, dogs and non-human primates 

(Didier et al., 1995; Didier et al., 1996; Snowden et al., 1999; Tosoni et al., 2002; Snowden et 

al., 2009). However, direct evidence confirming dog to human transmission or viceversa has 

not been provided. There has been a single case of a girl who seroconverted after close 

contact with infected puppies (Mc lnnes and Stewart, 1991).  

To our knowledge, this is the first case report of canine encephalitozoonosis in Latin America, 

so there is scant information about the importance of this infection in dogs in this region. It is 

possible that this disease may frequently occur unrecognized since it is uncommon in dogs, 

causes of mortality in puppies are not always investigated, and central nervous system 

dysfunction in young dogs is frequently attributed to canine distemper, and more recently to 

neosporosis, among other pathogens (Snowden et al., 2009).  

5. Conclusion 

A limited number of reports describe spontaneous infection by E. cuniculi in dogs, and the 

significance of this organism as a pathogen of dogs in Argentina is not known. This report 

contributes to increasing our understanding of neurologic disease in puppies and raises 

awareness of encephalitozoonosis as a differential diagnosis in cases of fatal encephalitis.  
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Figure captions 

Fig. 1. Cerebral cortex showing gray and white matter.  Note diffuse infiltrates of lymphoid and 

glial cells. HE. (100 x) 

Fig. 2. Cerebral vascular endothelium. Note cytoplasmic vacuoles with several E. cuniculi 

spores in endothelial cells, which protrude into the lumen of vessels. HE. (400 X)  

Figure 3. Cerebral vascular endothelium. A higher magnification demonstrating the 

characteristic posterior vacuole. Gram´s stain. (1000 X) 

Figure 4. Kidney, corticomedullary junction. Slight nonsuppurative nephritis and numerous 

microsporidia spores within renal tubular epithelium. HE. (400 X) 
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Highlights 

 Report of the first natural case in Latin America of encephalitozoonosis in a dog  

 Microscopic lesions are typical of an acute infection, mainly in brain and kidney  

 Encephalitozoonosis should be a differential diagnosis of encephalitis in puppies  

ACCEPTED MANUSCRIPT


