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ARTICLE INFO ABSTRACT

Keywords: Encephalitozoon cuniculi infects a wide variety of domestic and wild mammalian species including humans.
Encephalitozoonosis Although the infection status has been studied in laboratory and pet rabbits worldwide, there is shortage of
Zoonosis information regarding the disease in Iran. In the present study, the occurrence of infection in brains of 117
Oryctolagus cuniculus asymptomatic rabbits from six breeding and experimental units with highest population of rabbit colonies in the
E::‘a;da" country (n = 60) as well as pet rabbits of pet stores in two cities (n = 57) were examined by nested-PCR.

Histological sections of brains and kidneys were also studied by light microscopy. PCR results revealed that 3.3%
of laboratory rabbits (2/60) and 59.6% of pet rabbits (34/57) harboured E. cuniculi in their brains.
Histopathology on the other hand showed spores of the parasite in kidney and brain of one and kidney of another
pet rabbit. As encephalitozoonosis may interfere with results of experiments performed on laboratory rabbits,
routine screenings for identification and culling of infected animals is recommended. Furthermore, infected
companion rabbits can transmit E. cuniculi to people in close contact with them, therefore, improving public

knowledge of this zoonotic infection is suggested.

1. Introduction

Encephalitozoon cuniculi Levaditi, Nicolau & Schoen, 1923
(Synonym: Nosema cuniculi) is an obligate intracellular microsporidian
parasite belonging to the fungi kingdom [1]. the organism has a wide
host range among mammals including humans and birds. To date, four
genotypes of E. cuniculi have been identified in animal and human hosts
namely I, II, IIl and IV [2]. These genotypes have no strict host pre-
ference and human infections with all of them have been documented
hence E. cuniculi is recognized as emerging pathogen with increasing
zoonotic concerns [3]. Although E. cuniculi can infect several domestic
and wild mammalian species, it has mainly been investigated in rabbits.
Various aspects of the disease such as etiology, epidemiology, clinical
signs, pathophysiology, immunology, diagnosis, treatment and control
have been discussed in detail [4,5].

Encephalitozoonosis has a worldwide distribution in both pet and
laboratory rabbits with reports of infection in up to 73% of conven-
tional rabbit colonies [6]. Transmission can occur via both horizontal

(ingestion or inhalation of spores) and vertical (transplacental) routes
[7]. Encephalitozoon cuniculi is occasionally associated with clinical
disease in rabbits most commonly with neurological signs, renal in-
sufficiency and ocular disorders, however, neurological signs have
predominantly been reported [5]. Neurologic manifestations including
behavioural changes, depression, head tilting, ataxia, circling, rotation,
seizures and paralysis [8]. At present, no effective treatment exists for
encephalitozoonosis in rabbits however, benzimidazoles have shown to
be partially effective in prevention and treatment of the disease [9]. No
vaccine is currently available for immunization of susceptible hosts.
As the naturally infected rabbits usually do not display clinical
symptoms [10], and on the other hand, clinical signs except for pha-
coclastic uveitis, are considered not pathognomonic enough to exclude
differential diagnoses including bacterial infection or injury [11], di-
agnosis continues to be problematic. Several serological and molecular
techniques have been used for the diagnosis of infection however,
nested polymerase chain reaction (nested PCR) has been proven to be
an advantageous method for detection of the pathogen in various organ

* Corresponding author at: Department of Pathobiology, Faculty of Veterinary Science, Bu-Ali Sina University, Felestin Sq., 6517658978, Hamedan, Iran.

E-mail address: z.sadeghidehkordi@basu.ac.ir (Z. Sadeghi-Dehkordi).

https://doi.org/10.1016/j.cimid.2019.04.005

Received 26 October 2018; Received in revised form 8 April 2019; Accepted 8 April 2019

0147-9571/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/01479571
https://www.elsevier.com/locate/cimid
https://doi.org/10.1016/j.cimid.2019.04.005
https://doi.org/10.1016/j.cimid.2019.04.005
mailto:z.sadeghidehkordi@basu.ac.ir
https://doi.org/10.1016/j.cimid.2019.04.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cimid.2019.04.005&domain=pdf

Z. Sadeghi-Dehkordi, et al.

tissues, urine and CSF [12].

In Iran three Encephalitozoon species of E. cuniculi Levaditi, Nicolau
& Schoen, 1923, E. hellem Didier et al., 1991 and E. intestinalis Cali,
Kotler & Orenstein, 1993 have been identified in feces of pigeons, exotic
birds, mice, rats, dogs and immunodeficient human patients by PCR
[13-17]. Although E. cuniculi is among infectious agents recommended
by the Federation of European Laboratory Animal Science Associations
(FELASA) to be monitored every three months in colonies in breeding
and experimental units [18], to the best of the authors’ knowledge,
those recommendations are not currently being practiced in the
country. Except for a single study on fecal samples of laboratory rabbits
from a University animal house [19], no information is available re-
garding the infection status in Iran. The present study aimed to in-
vestigate the infection of E. cuniculi in laboratory reared rabbits in six
breeding units as well as pet rabbits using molecular and histopatho-
logical examinations.

2. Materials and methods
2.1. Study population

During the year 2015, totally 117 laboratory rabbits of New Zealand
white breed (n = 60) and pet rabbits (Oryctolagus cuniculus) (n = 57)
were examined. Six breeding and experimental units with highest po-
pulation of rabbit colonies were chosen: i. Razi Vaccine and Serum
Research Institute, ii. Pasteur Institute of Iran, iii. Royan Institute, iv.
Toliddaru Pharmaceutical Company, v. School of Pharmacy of Tehran
University of Medical Sciences and vi. Imam Khomeini Hospital, and 60
New Zealand White rabbits (10 rabbits per unit) were collected from
them. Moreover, 57 pet rabbits of both sexes were bought from pet
stores in Hamedan (n = 48) and Karaj (n = 9). The animals were be-
tween one to two years old, weighing 800-3100 g with no clinical signs
of vestibular disorder or other neurological diseases.

Pet rabbits were put in a carbon dioxide (CO,) chamber and eu-
thanized with increasing the gas concentration from 70% to 100%.

2.2. Sampling

Cerebra of all rabbits were dissected aseptically, half of which, was
kept in sterile tubes at —20 °C until further use, and the other half was
fixed in 10% neutral buffered formalin. In the case of pet rabbits, kid-
neys were also dissected and processed for histopathology.

2.3. DNA isolation and PCR assay

Extraction of DNA from cerebral tissue was performed on a 200 mg
homogenate using phenol/chloroform extraction and ethanol pre-
cipitation as described elsewhere [20]. A species-specific nested-PCR
targeting fragments of E. cuniculi ribosomal RNA was performed with
the obtained product from external PCR as template for nested PCR
[12]. Primer sequences and PCR conditions are listed in Table 1. All
PCRs were performed using Taq DNA Polymerase (Yekta Tajhiz Azma,
Tehran, Iran) in SimpliAmp® thermal cycler (Applied Biosystems, Ca-
lifornia, United States). The amplified products were gel electro-
phoresed on 2% w/v agarose gel, and viewed under UV transillumi-
nator. Positive and negative controls were included in each run of PCR

Table 1
PCR conditions for detection of E. cuniculi in rabbit brain.
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reactions and positive samples were rechecked twice.

2.4. Histopathology

The fixed tissue samples were dehydrated, cleared, paraffin em-
bedded, sectioned at 5pum thick, stained with haematoxylin and eosin
(H&E) and periodic acid-Schiff (PAS), examined independently by a
pathologist under a light microscope (Olympus CX41) equipped with a
digital camera (Olympus DP25).

3. Ethical statement

This study was carried out in accordance with the guidelines and
under supervision of the animal ethics and welfare committee of Bu-Ali
Sina University.

4. Results
4.1. Nested-PCR

Species-specific nested-PCR from homogenate of cerebra of labora-
tory and pet rabbits revealed an overall prevalence of 30.7% in all
sampled regions of the country. Two out of sixty laboratory rabbits
(3.3%) were positive for E. cuniculi. In the case of pet rabbits however,
34 out of 57 (59.6%) rabbits were found positive for E. cuniculi. The rate
of infection was higher in Karaj (77.8%) than Hamedan (56.2%).

4.2. Histopathological findings

No pathologic changes indicating the infection were found in
cerebra of examined lab rabbits. However, spores of E. cuniculi were
observed in two pet rabbits (1.7%). One rabbit had spores in its kidney,
and the other in both kidney and brain (Fig. 1).

5. Discussion

In the present study, molecular techniques and microscopic ex-
amination were used for detection of E. cuniculi in laboratory and pet
rabbits in Iran.

Common diagnostic tools for detection of E. cuniculi in organs, body
fluids and excreta of rabbits include i. molecular biology techniques
(e.g., conventional, nested and real-time PCR) [11,12,21,22], and iii.
serological analysis (e.g., indirect fluorescent antibody test (IFAT),
enzyme-linked immunosorbent assay (ELISA), and carbon im-
munoassay (CIA), Western blot analysis and C-reactive protein (CRP)
measurement). Although each test has advantages and disadvantages,
the PCR method is generally accepted as the standard molecular tech-
nique for the detection of microsporidia in animals and humans [5]. On
the other hand, histopathology has the ability to objectively pinpoint
the spores in place. Serological methods are widely used worldwide
however, seronegativity was observed in considerable rates of 22.9%,
16% and 28.6% in rabbits with neurological symptoms, phacoclastic
uveitis and renal failure respectively [8]. As excretion period of the
spores into urine and feces is short and intermittent [23] therefore, in
the present study, nested-PCR and histopathological techniques were
chosen for detection of E. cuniculi spores in cerebrum and kidneys of

Target Sequence (5'—3") No. of cycles Annealing temperature (°C) Primer concentration (pmol) Product size (bp)
ssTfRNA Ence_549_forward ATGAGAAGTGATGTGTGTGCG 35 61 5 549

Ence_549 reverse GCCATGCACTCACAGGCATC
ssTfRNA P2 TTGCGGGATGAGCAGTAGCTGCG 35 58 5 1460

M2 TGCTGCCACAAACACAACCCG
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Fig. 1. Light microscopic view of infected organs of pet rabbits. A) renal tubule
(star) of kidney showing degeneration of epithelial cells. One tubular cell (ar-
rowhead) with intracellular spores of E. cuniculi (arrow) in cytoplasm around
the cell nucleus. B) Tens of extracellular spores (arrow) in a renal tubule (star).
C) Extracellular E. cuniculi spores (arrows) in a cerebral section of a rabbit along
with moderate glial reaction in the form of focal glial cell aggregation (star).
Masson’s Trichrome staining, x 400, scale bar = 20 pm.

rabbits, as the most frequently affected areas by the parasite.
Species-specific nested-PCR on brain samples revealed an overall
prevalence of 3.3% of laboratory rabbits of six breeding and experi-
mental units in Iran. As PCR has not been routinely implemented for
diagnosis of encephalitozoonosis in rabbits, the molecular
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epidemiological data are scarce. Several research groups from different
countries have studied E. cuniculi in laboratory/breeding rabbits using
different methods with reported seroprevalences of 0-95% [4]. En-
cephalitozoon cuniculi is among the infectious agents that is re-
commended by the Federation of European Laboratory Animal Science
Associations (FELASA) to be monitored regularly in laboratory animals,
as results obtained from experiments on those animals could be inter-
fered by the infection [23]. Encephalitozoonosis should be investigated
every three months and annually in laboratory rabbits (Oryctolagus
cuniculus) and guinea pigs (Cavia porcellus), respectively. Testing of
laboratory rats (Rattus norvegicus) and hamsters (Mesocricetus auratus) is
optional, and in accordance with specific needs, with frequencies de-
pending on local circumstances [18]. In the only documented study on
rabbit encephalitozoonosis in Iran, the fecal material of 1 out of 10
laboratory rabbits from Animal House of School of Public Health,
Tehran University of Medical Sciences was found positive by PCR [19].
Although the prevalence of infection in laboratory rabbits of major
breeding and experimental units in this study and ours was low,
screening for identification and culling of infected animals is re-
commended.

In the present study, 34 out of 57 (59.6%) examined pet rabbits
were infected with the parasite. Prevalence of infection with E. cuniculi
in healthy/asymptomatic pet rabbits in UK, Austria, Italy and Japan
have been reported 36.8% to 68.1% [4]. People exposed to infected
rabbits may be at risk of this zoonotic infection. Disseminated infection
can occur particularly in hosts with impaired or supressed immune
system such as those suffering from conditions like HIV-AIDS and re-
cipients of transplanted organs [24]. However, apparently healthy im-
mune-competent individuals with asymptomatic microsporidiosis can
also intermittently shed organisms in feces and urine [25]. In a study in
China, 9.76% of 300 tested persons from three regions in major rabbit
producing and consuming provinces were found positive for E. cuniculi
by ELISA [26]. Although a direct correlation between close contact of
test-positive individuals with rabbits was not stated in that study, re-
porting a confirmed case of infection with E. cuniculi in an im-
munocompetent animal care worker in Turkey [27] urges routine ex-
amination of rabbit colonies as well as people close to them.

Histopathology sections showed the intra- and extracellular spores
of the parasite in 1.7% of rabbits, a much lower figure compared to the
results of nested-PCR. The molecular technique of PCR is able to detect
and multiply limited amount of target sequence, virtually a single
molecule of DNA, therefore increasing the possibility of finding the
parasite in a tissue homogenate. However, histopathology is a robust
method for in-place visualization of the parasite. Members of genus
Encephalitozoon infect several cell types in mammalian hosts, including
epithelial and endothelial cells, fibroblasts, macrophages, and astro-
cytes with a wide range of symptoms such as hepatitis, encephalitis,
peritonitis, urethritis, prostatitis, nephritis, sinusitis, keratoconjuncti-
vitis, cystitis and diarrhoea [1]. Encephalitozoon cuniculi initially infects
organs with high blood flow such as the lung, liver, and kidney, with
infection of nervous tissue occurring later in the course of the disease,
so predilection organs for the organism in rabbits would be central
nervous system particularly brain, kidney and eye [5]. In this study, one
rabbit had spores in kidney, and the other in both kidney and brain.
Similar to our finding, in previous studies more rabbits showed lesions
in kidney in comparison with brain that led to hypothesis that the
kidney is infected prior to the brain [10,12].

6. Conclusion

In our study, we report considerable infection of E. cuniculi in
breeding and experimental units in Iran. Due to possible interferences
with research as well as impacts on health and production of rabbits in
colonies application of FELASA guidelines for monitoring of laboratory
animals’ health status is suggested. Moreover, as most of rabbits de-
velop this zoonotic infection in chronic and subclinical forms, periodic
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clinical examinations of pet rabbits are highly recommended.
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