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Abstract: Encephalitozoon cuniculi is one of the mamalian microsporidian pathogens
that can affect a number of different species of animals as well as humans. The presence
of specific serum antibodies to Encephalitozoon cuniculi was studied in a group of
animals and humans from Eastern Slovakia by the indirect immunofluorescence of
antibodies (IFA). 456 people, 571 rabbits, 457 mice, 193 dogs, 72 cats, and 59 sheep
were examined. Specific anti-E. cuniculi antibodies were found in 26 out of 456 human
sera examined (5.7%). The highest occurrence of antimicrosporidial antibodies was
found in the group of immunodeficiency patients – 37.5%. In the group of animals, the
highest positivity was observed in rabbits – 41.7%, and in dogs – 37.8. The relative high
prevalence, especially in rabbits and dogs as potential sources of microsporidial
infection for humans, indicates the importance of performing the screening
examinations in animals with aim of reducing or halting the spread of this disease.
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INTRODUCTION
Microsporidia are ubiquitous obligate intracellular sporeforming, small pathogens that have caused significant
agricultural losses and interference with biomedical research.
To date, more than 1200 species belonging to 143 genera
have been described as parasites infecting a wide range of
vertebrate and invertebrate hosts, including man [24].
Microsporidia are characterised by the production of
resistant spores that vary in size, depending on the species.
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The first mammalian microsporidial infection was
reported in 1922 by Wright and Craighead in rabbits [25].
In humans, the first case was described by Magarinos
Torres in 1927 [19], but generally microsporidia were not
routinely diagnosed. Their importance has increased only
in the past two decades, in addition to the consequence of
its more frequent detection in the relatively healthy
populations of the susceptible hosts, as well as up to the
beginning of the human immunodeficiency virus (HIV)
pandemic, because clinically manifested forms of this
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disease occurs only under the influence of different immunosuppressive factors [17].
Natural ways of infection transmission are not known
for certain. It is believed that the disease is spread
horizontally in breeding with larger concentrations of
animals by the oro-fecal route, but above all, along the
oro-urinal pathway [21]. Vertical, transplacental transmission of infection may also play a key role in the
epidemiology and pathogenesis, especially in carnivores
and rodents [10, 14]. In humans, the fact that some
microsporidial species as Encephalitozoon cuniculi, Enterocytozoon bieneusi and Encephalitozoon hellem have a
zoonotic character, is very important for spreading this
microorganisms among the human population.
The aim of this work was to study the occurrence of the
specific antimicrosporidial (anti-Encephalitozoon cuniculii)
antibodies in humans and also in animals as the potentional
sources of microsporidial infection in Eastern Slovakia.
MATERIALS AND METHODS
456 people were examined for the presence of antibodies
against Encephalitozoon cuniculi. The groups of examined
people were selected as follows: 24 immunodeficiency
patients, 57 gynaecological patients, 4 HIV positive patients,
9 soldiers - whipper-ins, 22 dog breeders, 92 forestry
workers, 98 employees of a slaughterhouse, and 150
blood donors. All the examined people living in Eastern
Slovakia.
For the presence of antimicrosporidial antibodies there
were examined: 571 rabbits, 457 mice, 193 dogs, 72 cats,
and 59 sheep, also from Eastern Slovakia.
As antigen, the spores of Encephalitozoon cuniculi
were used. The spores were grown in E6 cells (Vero
green monkey kidney cell), cultivated in modified RPMI
1640 medium supplemented with 5% foetal calf serum
and an addition of antibiotics and antimycotics. After the
bursting of the infected cells, mature spores were released
into the media. The organisms were collected from
culture supernatants after centrifugation at 450 × g for 20
minutes. Sediment was re-suspended in non-buffered
Percoll (density 1.30 g/ml, pH 8.8) and following
centrifugation at 750 × g for 20 minutes, separated from
the spores. Subsequently, the organisms were processed
according to Koudela et al. (1993) [11].
The indirect immunoflorescence of antibodies (IFA)
was used as the diagnostic method to determine specific
anti-Encephalitozoon cuniculi antibodies. The method
was performed according to Chalupský et al. (1973) [1].
A fresh suspension of E. cuniculi from the tissue culture
was placed in each well of a slide. The slides were air–
dried for 24 h, then fixed in absolute acetone for 15 min
and again air-dried. Sera were serially diluted, beginning
at 1:16 and ending at 1:1024. Each of the wells on the
slide was covered with 10 µl diluted serum, and slides
incubated for 30 min at 37ºC in a moist chamber. The
slides were then washed twice in distilled water and PBS
at 10 min intervals. Following air–drying, the wells were

Table 1. Serological positivity to microsporidian Encephalitozoon cuniculi
in human.
Group

Number of
examined

Positive
N

%

Immunodeficiency patients

24

9

35.7

Gynaecological patients

57

10

17.5

4

-

-

HIV positive patients
Soldiers - whipper-ins

9

2

22.2

Dog breeders

22

-

-

Forestry workers

92

-

-

Employees of slaughterhouse

98

5

5.1

Blood donores

150

-

-

Total

456

26

5.7

Table 2. Serological positivity to microsporidian Encephalitozoon cuniculi
in animals.
Species

Number of
examined

Positive
N

%

Rabbits

571

238

41.7

Mice

457

73

16

Dogs

193

73

37.8

Cats

72

17

23.6

Sheep

59

8

13.6

1352

409

30.25

Total

covered with 10 µl of rabbit anti–human (or anti-rabbit,
anti-mice, anti-dog, anti-cat, anti-sheep) immunoglobulin
fluorescein isothiocyanate conjugate (SIGMA, USA) of
1:160 dilution. After 30 min at 37ºC the slides were
washed and air-dried. Then they were counter stained
with Evans blue and coverslips mounted with buffered
glycerine.
RESULTS
In the case of a positive immunological reaction to the
presence of antibodies against E. cuniculi, the spores were
shown as oval, fluorescent formations of 1.5 µm × 2.5
µm. The humans and animals whose sera reacted at the
titre 1:64 and higher were considered positive.
Of the total number of 456 human sera examined, 26
were positive, which represented 5.7%. The highest
occurrence (%) of anti-E. cuniculi antibodies was found
in the group of immunodeficiency patients - 9 positive
(37.5%). Positive specific antibodies were found in 17.5%
gynaecological patients (10 positive), 5.1% employees of
a slaughterhouse (5 positive), and 22.2% soldiers whipper-ins (2 positive) also. No positive titres were
observed in the group of dog breeders, forestry workers,
HIV positive patients and blood donors (Tab. 1).
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In the group of animals, the highest positivity was
observed in rabbits - 238 positive (41.7%) and in dogs 73 positive (37.8%). In the group of the cats, 23.6%
positivity (17 positive), in mice 16% (73 positive), and in
sheep 13.6% (8 positive) were observed (Tab.2).
DISCUSIONS
One from the most frequent microsporidia is Encephalitozoon cuniculi, which infects a wide range of
mammalian hosts, including humans [6, 22]. In Slovakia,
animal encephalitozonosis was first described in farmed
[9] and laboratory rabbits [12] using IFA as diagnostic
method. Later, this disease was reported in mice [7], dogs
[18], goats [3], cows [8], and also in mouflons and fallow
deer [20].
In humans, E. cuniculi is responsible for various
pathologies, affecting the nervous system as well as the
respiratory and digestive tracts, and can also cause
infection of the kidneys, lymph nodes and adrenal glands
[22, 23]. The portal of entry of this pathogen remains
unknown. The faecal – oral route of infection (enteric
infection), inoculation of spores into abrasions (ocular
infection) or inhalation of spores may all play a part in the
infective process [2].
In our study, 1352 serum samples coming from different
species of animals, as potential sources of infection for
humans, were examined for the presence of antibodies
against E. cuniculi. The highest positivity was observed in
the group of rabbits and dogs. This is very significant
from the epidemiological aspect, because E. cuniculi is
commonly found in animals and antibodies to this
organism have been found in surveys of the human
population. In 1995, three strains Encephalitozoon
cuniculi were identified, but only two are human isolates.
Strain I was originally isolated from rabbits [15] and also
described in humans [4], and strain III originally isolated
from dogs [16] was also identified in AIDS patients [6].
Strain II was isolated from mice [5], and also from blue
foxes [13], but has not been identified so far in humans.
Accumulating evidence indicates that human infection
with Encephalitozoon cuniculi results from animal
sources. Also, our serological surveys in human
population suggest that the number of positive a specific
anti-E. cuniculi antibodies are diagnosed in groups of
people with immunodeficienty and people working with
animals or animal products.
In conclusion, it can be stated that a relatively high
prevalence, especially in rabbits and dogs as potential
sources of microsporidial (E. cuniculi) infection for
people, indicates the importance of performing screening
examinations of animals with the aim of reducing or
halting of the spread of this disease.
Further studies are needed to isolate and compare strains
isolated from different hosts coming from this area.

119

Acknowledgements
This study was supported by the Slovak Grant Committee
VEGA, Grant No. 1/9269/02 and 1/0580/03.

REFERENCES
1. Chalupský J, Vávra J, Bedrník P: Detection of antibodies to
Encephalitozoon cuniculi in rabbits by the indirect immunofluorescent
antibody test. Folia Parasitol 1973, 20, 281-284.
2. Curry A, Canning EU: Human microsporidiosis. J Infect 1993, 27,
229-236.
3. ýLVOiNRYi / /LWHUiN , %iOHQW 3 /HYNXWRYi 0 7UiYQLþHN 0
Novotná A: Prevalence of antibodies to Encephalitozoon cuniculi
(Microsporidia) in Angora goats – a potentional risk of infection for
breeders. Ann Agric Environ Med 2001, 8, 289-291.
4. Deplazes P, Mathis A, Baumgartner R, Tanner I, Weber R:
Immunologic and molecular characteristics of Encephalitozoon-like microsporidia isolated from humans and rabbits indicate that Encephalitozoon
cuniculi is a zoonotic parasite. Clin Inf Dis 1996, 22, 557-559.
5. Didier ES, Vossbrinck CR, Baker MD, Rogers LB, Bertucci DC,
Shadduck JA: Identification and characterisation of three Encephalitozoon
cuniculi strains. Parasitology 1995, 111, 411-421.
6. Didier ES, Visvesvara GS, Baker MD, Rogers LB, Bertucci DS,
DeGrotte MA, Vossbrinck CR: A microsporidian isolated from an AIDS
patient correspondends to the Encephalitozoon cuniculi strain III originally
isolated from domestic dogs. J Clin Microbiol 1996, 34, 2835-2837.
7. El Naas A, Revajová V, Letková V, Halánová M, âWHINRYLþ 0
Murine encephalitozoonosis and kidney lesions in some Slovak
laboratory animal breeding centres. Helminthologia 1998, 35, 107-110.
8. +DOiQRYi 0 /HWNRYi 9 0DFiN 9 âWHINRYLþ 0 +DOiQ 0 7KH
first finding of antibodies to Encephalitozoon cuniculi in cows in
Slovakia. Vet Parasitol 1999, 82, 167-171.
9. Hipíková V, Bálent P, Levkut M, Levkutová M, Kolodzieyski L,
Horváth M, Bajová V: Evaluation of an indirect immunofluorescent
antibodies test to Encephalitozoon cuniculi in rabbits. In: Programme
and Abstracts of the 7th International Helminthological Symposium,
Košice, September 1995, 66. Institute of Parasitology, Slovak Academy
of Sciences 1995.
10. Hunt RD, King NW, Foster HL: Encephalitozoonosis: evidence
for vertical transmission. J Infect Dis 1972, 126, 221-224.
11. .RXGHOD % 9tWRYHF - .XþHURYi = 'LWULFK 2 7UiYQLþHN - 7KH
severe combined immunodeficient mouse as a model for Encephalitozoon
cuniculi microsporidiosis. Folia Parasitol 1993, 40, 279-286.
12. Levkut M, Levkutová M, Hipíková V, Kolodzieyski L, Bálent P,
Bajová V: Demonstration of antibodies to Encephalitozoon cuniculi in
rabbits on some Slovak farms. Helmithologia 1996, 33, 25-26.
13. Mathis A, Akerstedt J, Tharaldsen J, Odegaard O, Deplazes P:
Isoltes of Encephalitozoon cuniculi from farmed blue foxes (Alopex
lagopus) from Norway differ from isolates from Swiss domestic rabbits
(Oryctolagus cuniculus). Parasitol Res 1996, 82, 727-730.
14. Mohn SF, Nordstoga K, Dishington IW: Experimental encephalitozoonosis in the blue fox. Clinical, serological and pathological examination
of vixens after oral and intrauterine inoculation. Acta Vet Scand 1982,
23, 490-502.
15. Shadduck JA: Nosema cuniculi: in vitro isolation. Science 1969,
166, 516-517.
16. Shadduck JA, Bendele R, Robinson, GT: Isolation of the
causative organism of canine encephalitozoonosis. Vet Pathol 1978, 15,
449-460.
17. Schmidt EC, Shadduck JA: Murine encephalitozoonosis model
for studing the host-parasite relationship of a chronic infection. Inf
Immun 1983, 40, 936-942.
18. âWHINRYLþ0%DUDQRYi'+DOiQRYi06HURORJLFDOGLDJQRVLVRI
canine encephalitozoonosis in the Košice region. Folia Vet 1997, 41,
113-115.
19. Torres CM: Sur une nouvelle maladie de l´homme, caractérisée
par la présence d’un parasite intracellulaire, trés proche de Toxoplasma

120

+DOiQRYi0ýLVOiNRYi/9DOHQþiNRYi$%iOHQW3$GDP-7UiYQLþHN0

et de l´Encephalitozoon,dans le tissu musculaire cardique, les muscles
du squelette, le tissu cellulaire sous-cutane et le tissu nerveux. C R Soc
Biol Paris 1927, 97, 1778-1781.
20. 7UiYQLþHN0*XU\þRYi'+DOiQRYi0.RåXch O, Nadzamová
D, Miško J: Presence of antibodies to some zoonoses in mouflons (Ovis
musimon Pall.) and fallow deer (Dama dama L.) in Eastern Slovakia.
Vet Med - Czech 1999, 44, 215-219.
21. Vávra J, Chalupský J: Encephalitozoon cuniculi as a contaminate
agent of the laboratory animals and rabbit breedings. Final research
report 1980, Prague, PF UK.

22. Weber R, Bryan RT, Schwartz DA, Owen RL: Human microsporidial
infections. Clin Microbiol Rev 1994, 7, 426-461.
23. Weber R, Deplazes P, Flepp M, Mathis A, Baumann R, Sauer B,
.XVWHU + /&WK\ 5 &HUHEUDO PLFURVSRULGLRVLV GXH WR Encephalitozoon
cuniculi in a patient with human immunodeficiency virus infection.
N Engl J Med 1997, 336, 474-478.
24. Wittner M, Weiss LM: The Microsporidia and Microsporidiosis,
553 p. ASM Press Washington D.C., 1999.
25. Wright JH, Craighead EM: Infectious motor paralysis in young
rabbits. J Exp Med 1922, 36, 135-140.

