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Abstract  25 

Serological prevalence of E. cuniculi infection in live and deceased rabbits and histopathological 26 

lesions in seropositive deceased rabbits, were evaluated. Blood samples from 183 adult rabbits, 27 

including 118 industrial rabbits (IR), 10 family farm rabbits (FR), 16 zoo animals (ZR), 30 28 

laboratory animals (LR) and 9 pet rabbits (PR) were collected, centrifuged, and tested by an 29 

enzyme-linked immunosorbent assay. Data were statistically analysed. Tissue samples from brain 30 

and kidney of 10 deceased rabbits were fixed in 4% neutrally buffered formaldehyde solution, and 31 

subsequently processed for histopathological and immunohistochemical analysis. 32 

Anti-E. cuniculi antibodies were found in 129/183 (70.5%) analysed sera. At statistical analysis, E. 33 

cuniculi seropositivity was found significantly prevalent (p< 0.05) in industrial and zoo rabbits.  34 

At histological examination, all serological positive (9) deceased animals resulted positive also to 35 

histology with different degrees of pathological lesions. In three deceased rabbits with a history of 36 

neurological signs, the severity of the lesions was interpreted as the cause of the death.  37 

 38 

 39 

Keywords: Encephalitozoon cuniculi, rabbit, prevalence, lesions, Italy.  40 
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1. Introduction 41 

Encephalitozoon cuniculi is a worldwide mammalian microsporidian pathogen that can affect a 42 

number of different species of animals as well as humans [1, 2 aggiungere lavoro di Joakim]. E. 43 

cuniculi isolates from animal and human hosts are divided into 4 genotypes, named I, II, III and IV, 44 

on the basis of the differences in the nucleotide sequences of the internal transcribed spacer (ITS) 45 

region of ribosomal RNA (rRNA) gene. Genotypes I, II and III are mainly detected in isolates from 46 

rabbits, mice and dogs, respectively, while the human genotype IV has so far been found in humans, 47 

cats and dogs (lavoro di Joakim + Talabaniet al., 2010.). Humans have been found to be infected 48 

with all known genotypes; for this reason it has been assumed that infections with E. cuniculi are 49 

predominantly zoonotic [lavoro di Joakim]. In humans, E. cuniculi is a possible cause of fever and 50 

multi-organ involvement in severely immunocompromised patients [3, 4] and one of the major 51 

microsporidial agents causing latent infections in immunocompetent individuals [5]. In rabbits, 52 

infections usually have a chronic and latent course and only a low percentage of infected animals 53 

develop clinical disease, characterized by neurological and ocular signs and symptoms linked with 54 

renal failure [6]. In farm rabbits, especially in industrial animals, the infection can cause 55 

considerable financial loss, due to mortality, reduced carcass weight and increased number of 56 

reformed animals [7]. In laboratory rabbits, encephalitozoonosis is a frequent problem affecting the 57 

health status of the animals and interfering with experiments [2].  58 

Granulomatous meningoencephalitis and chronic interstitial nephritis and fibrosis are the typical 59 

lesions observed in infected deceased rabbits [8-10]. Phacoclastic uveitis is the consequence of 60 

intrauterine infection, when the spores are reported also to reach the anterior lens capsule of the eye 61 

[8+ Kunzel et al., 2008 ]; this feature is characterized by the infiltration of the eye lens by various 62 

inflammatory cells (granulocytes, macrophages, giant cells) leading to a rupture of the lens capsule. 63 

First tissue changes are known to be present in the kidneys, liver and lung while the brain is 64 

affected after about 3 months post-infection [2 + Giordano et al., 2005]. 65 
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Some papers assess the seroprevalence of E. cuniculi infection in rabbits in Italy. They are referred 66 

to industrially reared animals [11, 12] and pet rabbits [13, 14]. This study was aimed to determine 67 

the seroprevalence of E. cuniculi infection in rabbits, considering industrial and family farm 68 

animals, pets, zoo and laboratory rabbits. Cerebral and renal histopathological lesions in necropsied 69 

serologically positive deceased rabbits were also evaluated. 70 

  71 

2. Materials and methods 72 

2.1. Animals 73 

One hundred and seventy-three alive and 10 deceased adult rabbits were examined to assess E. 74 

cuniculi infection and lesions. More precisely, 118 industrial rabbits (commercial hybrids), 10 75 

family farm rabbits (commercial hybrids), 16 zoo animals (15 coloured dwarf rabbits and 1 giant 76 

grey rabbit), 30 laboratory animals (New Zealand), and 9 pet rabbits (4 angora, 3 coloured dwarf 77 

and 2 English lop rabbits) were included in the study. The clinical status of the 173 live subjects 78 

was assessed by physical and neurological examination. Twelve live rabbits (4 pet, 5 laboratory and 79 

3 zoo rabbits) out of 173 showed clinical signs suggestive of encephalitozoonosis, mostly 80 

represented by torticollis. Among deceased rabbits, 4 pets and 2 laboratory animals had a clinical 81 

history of neurological signs, while the remaining 4 rabbits (laboratory animals) were 82 

asymptomatic. 83 

Blood samples were collected by the permission of the owners. The study was carried out in 84 

accordance with the guidelines given by the European law on the use of animals in research and 85 

was approved by the animal ethics and welfare committee of Pisa University (n. 2A-13374). 86 

 87 

2.2. Serology 88 
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From all alive rabbits, 2 ml of blood taken from the marginal ear vein were collected and 89 

centrifuged at 1,500 rpm for 15 minutes and tested by a commercial enzyme-linked immunosorbent 90 

assay (ELISA, Medicago®, Uppsala, Sweden). From deceased rabbits, serum specimens tested 91 

were obtained from intracardiac coagulum.  92 

2.3. Statistical analysis 93 

Data from serology were analysed by a χ2 test with the Yates correction [15] to find significant 94 

differences among the groups such as animal breeding (industrially or family farm reared, zoo 95 

animals, laboratory rabbits or pet rabbits) and clinical status. Significance was set at P < 0.05. 96 

2.4. Histopathology and Immunohistochemistry 97 

Deceased animals were routinely necropsied. The brain and both kidneys of all animals were fixed 98 

in 4% neutrally buffered formaldehyde solution and subsequently embedded in paraffin. Before 99 

processing for histology, the brain was sagittally split into two halves and each half was divided 100 

into three consecutive parasagittal sections, while only one sagittal section was taken from each 101 

kidney. Four µm thick tissue sections were submitted to histochemical staining such as 102 

Haematoxylin-Eosin (H&E), Ziehl-Neelsen (ZN), Acid-fast trichrome (AFT), and Gram methods.  103 

Selected sections were chosen for immunohistochemistry (IHC) and put onto polylisinated glass 104 

slides (Superfrost®). Endogenous peroxidases were quenched through 30 min incubation in 6% 105 

H2O2 solution in PBS and subsequently unspecific binding sites were blocked with a 25% solution 106 

of normal horse serum at room temperature. A pool of ELISA positive rabbit sera were employed as 107 

primary antibody, diluted in PBS (1:100) and incubated overnight at 4°C. HRP-conjugated 108 

Universal ImmPRESS (Vector Labs, Burlingame, UK) was added to sections as secondary antibody 109 

for 30 min. at room temperature. The reaction was developed with DAB chromogen (ImmPACT 110 

DAB, Vector Labs, Burlingame, UK).  111 

 112 
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3. Results 113 

Anti-E.cuniculi antibodies were found in 129/183 (70.5%) analyzed sera and 10/12 (83.3%) 114 

symptomatic live animals scored positive. In particular, 87 samples out of 118 (73.7%) industrial 115 

rabbits, 5 out of 10 (50%) family farm rabbits, all 16 zoo animals (100%), 17 out of 30 (57%) 116 

laboratory rabbits and 4 out of 9 (44%) pets resulted positive. Symptomatic seronegative animals 117 

(2) presented with clinically evident torticollis resulted affected by otoacariasis. Moreover, 9 out of 118 

10 deceased animals were found seropositive. Among deceased and seropositive rabbits, all animals 119 

with a clinical history of neurological signs (6) and all pet rabbits were included. 120 

The results of χ2 test showed that only the rabbit typology has a significant effect on E. cuniculi 121 

seropositivity (P< 0.05). In particular, the rate of infection was significantly higher (P<0.05) in the 122 

zoo and in industrial rabbits.  123 

Among histochemical staining used for identification of intracellular E. cuniculi, ZN showed the 124 

higher sensitivity. In particular, H&E allowed only the detection of inflammatory lesions, while 125 

compared to AFT and Gram staining, ZN allowed to evaluate the histological positivity also in 126 

those tissue sections containing very few parasite elements (3-5 spores) and its sensitivity was 127 

comparable to that of IHC.  128 

At histological examination of kidney samples, in 8 out of 9 seropositive rabbits lesions were 129 

characterised by mesangial proliferative glomerulonephritis, while no histological changes were 130 

observed in a seropositive rabbit. In two milder affected cases, there was thickening of the basement 131 

membrane of the glomerular capillaries and occasional formation of glomerulo-capsular synechiae. 132 

In the six most severely affected cases, marked fibrosis was associated with scar-like tissue causing 133 

retraction of the kidney capsule. Histologically, interstitial deposition of collagen was associated 134 

with moderate mixed inflammatory infiltration composed of lymphocytes, plasma cells and 135 

macrophages. Intraluminal accumulation of proteinaceous material and desquamated cells were 136 

observed within the tubules and the tubular epithelium showed both degenerative and regenerative 137 
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features. In all affected cases, glomerular lesions were characterized by sclerotic atrophy and 138 

thickening of the basement membrane. ZN staining revealed the presence of E. cuniculi within the 139 

cytoplasm of macrophages, mesangial and epithelial cells. In all seropositive rabbits, 140 

immunoreactivity to E. cuniculi antigen was detected in parasitophorous vacuoles within the tubular 141 

epithelium (Fig. 1), and less frequently free or intracellularly in the sloughed epithelium or within 142 

the center of necrotic lesions. In all rabbits, the presence of perivascular cuffs, composed of 143 

lymphocytes, plasma cells and rare macrophages, was the main lesion observed in the brain. 144 

Granulomata, composed of tightly packed epithelioid macrophages in close proximity of 145 

perivascular cuffs, were observed only in the most affected brain areas (Fig. 2). Granulomatous 146 

lesions were scattered and mainly located in the inner and outer cerebrocortical layers of all cerebral 147 

lobes and particularly in the pyriform lobe. Positive immunolabelling was frequently detected in the 148 

brain, in which cyst-like aggregates of E. cuniculi were observed within parasitophorous vacuoles 149 

close to granulomata and within the cytoplasm of perivascular macrophages. Histological 150 

examination confirmed the negativity found at serology of one deceased rabbit. 151 

4. Discussion 152 

Serology was chosen considered that in rabbits with chronic E. cuniculi infections excretion of the 153 

spores into urine and feces is short and intermittent [10, 16], and direct methods could lead to 154 

underestimate the real prevalence. Could the authors provide any data about sensitivity and 155 

specificity of the commercial ELISA kit used? No but for ELISA test a sensitivity of 94-98% and a 156 

specificity of 97-99% has been reported (Boot R., Hansen C., Nozari N., Thuis H. (2000) “ 157 

Comparison of assays for antibodies to Encephalitozoon cuniculi in rabbits.” Lab. Anim. 158 

34(3): 281-289. ) 159 

 160 

The examined animals showed an overall seroprevalence of 70.5%, confirming the high rate of 161 

infection of the pathogen in these lagomorphs. Rabbits reared in industrial farms appeared 162 
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significantly more frequently infected. These results agree with the work of Neumayerova et al. [17] 163 

that reported 85.9% of seroprevalence in commercial farms versus 56.3% in house farms, 164 

supporting the hypothesis that the direct transmission of E. cuniculi by spores excreted in infected 165 

animal’s urine is a factor that facilitates the spreading of the infection in rabbit industrial flocks, due 166 

to the high density of animals. These data are also supported by Lonardi et al. [12], who found 167 

infected 75.4% of industrially reared rabbits from Italy. Fifty-seven percent of laboratory animals 168 

resulted infected, suggesting a large spread of this infection in such animals. Data about infection 169 

with Nosema cuniculi in laboratory rabbits date back to the middle of last century. 170 

Encephalitozoonosis is reported to be a frequent problem, affecting the health status of laboratory 171 

animals and interfering with experiments [18-21], but to the best of our knowledge there is a lack of 172 

recent epidemiological studies in this typology of animals. Considered that E. cuniculi targets 173 

organs of interest in toxicological studies and impacts on the immune system, infected laboratory 174 

animals are of questionable utility. Moreover, lesions associated with this microsporidium observed 175 

in apparently healthy subjects also in this study, can confound histologic evaluation in such animals 176 

[22, 23] and a thorough check of laboratory rabbits to exclude this infection is mandatory. Although 177 

all zoo rabbits showed seropositivity, data concerning these animals do not allow us to draw 178 

conclusions because a single zoo and a small number of rabbits were examined. Furthermore, 44% 179 

of pet rabbits resulted seropositive. This prevalence is lower than that (67.2%) reported by Dipineto 180 

et al. [13] and that (59.5%) reported by Lavazza et al. [14] but higher than 22.6% referred by Shin 181 

et al. [24], indicating a strong variability probably due to the different size of the samples, but 182 

confirming a substantial occurrence of this zoonotic agent in rabbit living in close contact with 183 

humans in Italy.  184 

Lymphoplasmacytic meningoencephalitis associated with granulomatous lesions and chronic 185 

interstitial nephritis and fibrosis are considered typical pathological findings of cerebral and renal 186 

encephalitozoonosis, respectively [8-10, 25]. Results from this study confirm these data, but 187 
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differently from what previously reported [2, 8], in one case only cerebral lesions without renal 188 

involvement were observed. As evidenced in a previous study [9], both acute and chronic lesions 189 

were observed in the kidneys of 6 deceased positive rabbits. In 3 out of the 6 deceased symptomatic 190 

ones, the severity of the lesions, comparable to the most severe grades (II and III) according to 191 

Rodríguez-Tovar et al. [10], was interpreted as the cause of the death of the infected rabbits. ZN 192 

method was confirmed as one of the histochemical gold standard for detection of intracellular E. 193 

cuniculi antigen [8, 25]. 194 

5. Conclusion 195 

The present study reports data about the high seroprevalence of E. cuniculi in different rabbit 196 

breeding typologies in central Italy, suggesting possible impacts on the health of other animals and 197 

the risk of a possible interference with research. Also possible effects on human health cannot be 198 

ruled out. Our findings seem to confirm that many animals are seropositive without showing 199 

clinical signs [26, 27]. Moreover, seropositive animals may demonstrate typical histopathological 200 

changes [8] without showing clinical signs, even if symptomatic rabbits are more likely to be E. 201 

cuniculi antibody-positive than healthy ones [14, 28] and frequently show the most severe brain 202 

lesions [10]. 203 

Serological check of rabbits is recommended, considered that E. cuniculi infection suppresses both 204 

humoral and cell-mediated immunity [29], making seropositive animals more likely to become 205 

unwell from any supervening pathological cause.  Furthermore, such routine screening tests would 206 

reduce the diffusion of this potential zoonotic microorganism allow the establishment of E. 207 

cuniculi-free colonies [30]. 208 

 209 
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Table 1. Breeding typology, breed, areas of provenance and number of rabbits from Italy 320 

serologically examined for Encephalitozoon cuniculi. 321 
 322 

 323 
Breeding Provenance N. Animals 

 

Breed N. Farms/ 

Laboratory/ 

Private 

owners 

 

N.  

Symptomatic 

Industrial Farm Pisa (Central 

Italy), 

Lucca (Central 

Italy), 

Forlì (Northern 

Italy) 

 

118 Commercial 

 ibrids 

18 0 

Family Farm Pisa (Central 

Italy), 

Carrara (Central 

Italy) 

 

10 Commercial  

ibrids 

 

6 0 

Pet* Pisa 

(Central Italy), 

Rome 

(Central Italy 

 

9 4 Angora, 

3 coloured dwarf  

2 English lop 

 

9 8 

Laboratory** Pisa 

(Central Italy) 

 

25 New Zealand 

 

5 7 

Zoo Pistoia 

(Central Italy) 

16 15 coloured dwarf 

1 giant grey 

1 3 

 324 
 325 
*: 4/9 deceased animals 326 
**: 6/25 deceased animals 327 
 328 

-    Materials and Methods: The categories of the examined rabbits are confusing, maybe a Table 329 
would be helpful, stating the origin of the animals, including the number of farms/households/zoos 330 

they were derived from, their health status (healthy or diseased) and the breeds. This information is 331 
a requirement for understanding results, esp. statistics! 332 
  333 
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 334 

Figure Legends 335 

Figure 1. Kidney. Positive immunolabelling of Encephalitozoon cuniculi in a parasitophorous 336 

vacuole within the tubular epithelium. IHC, x500. 337 

Figure 2. Brain. Granulomatous lesion with presence of Ziehl-Neelsen positive Encephalitozoon 338 

cuniculi within the cytoplasm of macrophages. ZN, x500. 339 

 340 


