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Abstract: Encephalitozoon cuniculi is a microsporidian parasite commonly found in rabbits that can infect humans, caus-
ing encephalitozoonosis. The prevalence of encephalitozoonosis is not well documented, even when many clinics sus-
pect pet rabbits as being highly infected. This study investigated the seropositivity of E. cuniculi using ELISA. The exami-
nation of 186 rabbits using ELISA showed that 22.6% (42/186) were seropositive against E. cuniculi. In analysis with
healthy status, all 42 seropositive sera were collected from clinically normal rabbits. Moreover, the gender and age of pet
rabbits did not have anysignificant effect on E. cuniculi infection. To the best of our knowledge, this is the first report to
describe the seroprevalence of E. cuniculi in pet rabbits and suggests that pet rabbits could act as an important reservoir
of encephalitozoonosis for both pet animals and humans in Korea.
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The intracellular microsporidium Encephalitozoon cuniculi is
a single-celled, spore- forming, obligate intracellular parasite
that infects a wide range of vertebrate animals, including rab-
bits, mice, dogs, cats, goats, pigs, and horses [1-3]. E. cuniculi is
also a zoonotic and opportunistic pathogen in human pa-
tients with acquired immunodeficiency syndrome (AIDS) or
in immunocompromised patients [2].

The rabbit is known as a main host for E. cuniculi, and can
be infected through transplacental transmission, inhalation of
spores, or ingestion of food contaminated with infected urine
[4,5]. Although many cases of rabbits infected with E. cuniculi
do not show any symptoms, some rabbits suffering from en-
cephalitozoonosis display various clinical signs, such as renal
failure, eye lesions, neurological signs, and sudden death [6,7].
The in vivo diagnosis of this disease is difficult, because many
animals are subclinically infected. Several diagnostic tools, in-
cluding neurological and ophthalmological examinations, se-
rological test, microscopic spore detection, and PCR are used
for detection of E. cuniculi infection in humans and animals
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[5]. In living animals, the serological detection of antibodies,
such as ELISA and indirect fluorescent antibody technique
(IFAT), is the most important diagnostic method for diagnosis
of E. cuniculi infection [5]. Serological surveys showing high
seroprevalence rates (37-68%) around the world suggest that
E. cuniculi infection is ubiquitous in rabbits |8]. However, the
information on the prevalence of E. cuniculi in rabbits is not
available in Korea. Therefore, this study evaluated the preva-
lence of E. cuniculi antibodies in pet rabbits in Korea.

The study material was collected from local veterinary hospi-
tals (Daejeon city; n= 11, Gyeongbuk province; n=100, Chun-
gnam province; n=75) in Korea. Serum samples from Chin-
chilla (n=100), New Zealand white (n=30), Rex (n=18), Li-
onhead (n=8), Dutch (n=2), Dwartf (n=1), and cross-breed
rabbits (n=27) were collected from January 2011 to February
2013. For each sampled animal, sex, age, and health status
(symptomatic/asymptomatic) were recorded. With respect to
sex, there were 74 male and 112 female rabbits used in the
study. These animals were classified into 3 age groups: young
(<4 months old), adults (4-12 months old) and old (>12
months old), and the sample number of each group was 48,
88, and 50, respectively. Out of 186 samples, 163 were taken
from rabbits that showed no clinical signs, and 23 were collect-
ed from rabbits showing anorexia, uveitis, head-tilt, cachexia,
renal failure, and hepatic failure.
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Serological examination was carried out using ELISA (Medi-
cago, Uppsala, Sweden) according to the manufacturer’s in-
structions. The serological test revealed that 42 out of 186
(22.6%) sera were positive for E. cuniculi antibodies. These
samples were collected from rabbits that originated from
Gyeongbuk and Chungnam provinces and showed 13.0% (13
out of 100) and 38.6% (29 out of 75) seropositivity, respec-
tively, resulting that the seropositive rate of Chungnam was
significantly higher than that of Gyeongbuk province (Pear-
son’s chi-square test) (Table 1).

Comparison of the infection rate by sex showed that 17/74
(22.9%) in male and 25/112 (22.3%) in female were seroposi-
tive, and all seropositive samples were collected from clinically
normal rabbits (Table 2). Furthermore, comparison of the in-
fection rate by age showed that 12/48 (25.0%) in young,
15/88 (17.0%) in adult and 15/50 (30.0%) in old groups were
seropositive.

From statistical analysis using Statistical Package for the So-
cial Sciences (SPSS, IBM, USA), rabbit gender (x*=0.691, P=
0.406), age (x*=0.549, P=0.76), and health status (x’=0.319,
P=0.116) did not have any significant effect on E. cuniculi in-
fection, as reported by other studies [9-12], which is in con-
trast to the reports presented by Dipineto et al. [9], Santaniello
etal. [11] and Tee et al. [12].

Although worldwide surveys have shown high rates (43-100%)
of E. cuniculi infection in rabbits with neurological signs, vestib-
ular disease or ocular lesions, asymptomatic rabbits also have
shown high rates (37-68%) of infection in various countries,
including UK, Austria, Italy, and Japan [5,8,9]. In the current
study, the total number of symptomatic rabbits was 23 which
included 3 (neurological signs), 11 (anorexia), 3 (ocular le-
sion), 2 (renal failure), and 4 rabbits (others), whereas 42/163
(25.8%) of asymptomatic rabbits were positive. This seroposi-
tive rate of asymptomatic rabbits (25.8%) in the current study
was higher than those reported in Nigeria (16.5%) but lower
than in UK (36.8%), Japan (57.9%), and Italy (68.1%) [5,13].
Reports from different countries have shown different incidenc-

Table 1. Prevalence of seropositive rabbits and statistical analysis
among different locations in Korea

Province No. of tested No. of positive % Positive P2
Gyeongbuk 100 13 13.0 0.000
Chungnam 75 29 38.6

Daejeon ihl 0 0

Total 186 42 22.6

es suggesting that the prevalence may vary strongly in the same
country from one locality to another due to certain ecological
factors and breeding system [14]. In the current study, samples
were collected from 3 areas including Daejeon city, Gyeongbuk,
and Chungnam province in Korea, and the results of the sero-
positive rate showed different in each area. This result suggests
that certain ecological factors and breeding system affect the E.
cuniculi prevalence in different areas. In addition, the high per-
centage of seropositive healthy rabbits suggests that healthy
rabbits may be considered as a potential zoonotic risk.

The distribution of seropositive samples by age in asymptom-
atic rabbit population in this study were 12/48 (25.0%) from
young rabbit group, 15/88 (17.0%) from adult rabbit group,
and 15/50 (30.0%) from old group. This finding showed that
rabbit’s age had no significant effect on E. cuniculi infection,
which is in agreement with the study performed on domestic
rabbits [10]. On the other hand, a previous study conducted on
pet rabbits showed that rabbit’s age, primarily adult rabbits
aged older than 4 months, exhibited significant effect for E. cu-
niculi infection [9]. In immunological aspect of E. cuniculi infec-
tion, maternal antibodies passed to the offspring are present
until 4 weeks of age, and from 4 to 8 weeks of age, the animals
are seronegative [15]. Although not significant, this may explain
why in the current study several asymptomatic rabbits from
young age group had antibodies for E. cuniculi. Furthermore,
this study also showed that rabbit gender has no significant ef-
fect on E. cuniculi infection, as reported by other studies [9,10].

Since in vivo diagnosis is difficult, serology remains the
most important diagnostic tool for the diagnosis of E. cuniculi
infection in living animals [5,7]. Indirect fluorescent antibody

Table 2. ELISA results and statistical analysis according to the
sex, age, and health status of the rabbits

No.  No. of % 95% ClI

FEglaft @21 tested positive Positive (%) =
Sex
Male 74 17 229 0.6-16.8 0.416
Female 112 25 223 54-222
Age
Young (<4 months old) 48 12 25.0 0-22.2 0.760
Adults (4-12 months old) 88 15 17.0 5.1-21.3
Old (> 12 months old) 50 15 30.0 0-19.3
Health status
Symptomatic 23 0 0 0 0.116
Asymptomatic 168 42 258 7.4-222
Total 186 42 226 5.7-17.7

#analyzed by Pearson’s chi-square test for independence.

2analyzed by Pearson’s chi-square test for independence.



technique (IFAT), carbon immunoassay (CIA), and ELISA are
the most common serological tests for E. cuniculi infection in
rabbits [7,9,16]. In comparison of the sensitivity between CIA
and ELISA, the serological results seem almost the same [9,16].

E. cuniculi is a potential zoonotic and opportunistic patho-
gen which may pose potential risk for E. cuniculi infection to
pet rabbit owners [2]. The main host for E. cuniculi is the rab-
bit, and the infected rabbits excrete the spores of E. cuniculi in-
termittently. The infection is transmitted horizontally to other
hosts, including humans by direct contact or through environ-
mental contamination [5]. In fact, E. cuniculi infections as de-
termined by immunological and/or molecular methods re-
ported in several patients with HIV, undergoing organ trans-
plantation, and with idiopathic CD4* T lymphocytopenia from
Europe and the USA proved the infectivity of E. cuniculi to im-
munodeficient individuals [17]. In addition, the identification
of a human isolate of E. cuniculi type 1 from Italy has been re-
ported [16].

In conclusion, the findings of the present survey, the first ex-
amined in Korea, showed that E. cuniculi is present and spread
in pet rabbits in Korea. Based on zoonotic potential and pub-
lic health concerns, further studies aimed at studying the trans-
mission dynamics of this zoonotic parasite are required. We
advise serological checks for E. cuniculi infection both in symp-
tomatic and asymptomatic pet rabbits.

CONFLICT OF INTEREST

We have no conflict of interest related to this study.

REFERENCES

1. Canning EU, Lom J. The microsporidea of vertebrates. London,
UK. Academic Press. 1986; p. 289.

2. Didier ES. Microsporidiosis: an emerging and opportunistic in-
fection in humans and animals. Acta Trop 2005; 94: 61-76.

3. Wasson K, Peper RL. Mammalian microsporidiosis. Vet Pathol
2000; 37: 113-128.

Shin et al.: Seroprevalence of E. cuniculi in pet rabbits

10.

11.

12.

13.

14.

15.

16.

17.

323

. Didier ES, Stovall ME, Green LC, Brindley PJ, Sestak K, Didier PJ.

Epidemiology of microsporidiosis: sources and modes of trans-
mission. Vet Parasitol 2004; 126: 145-166.

. Kunzel E Joachim A. Encephalitozoonosis in rabbits. Parasitol

Res 2010; 106: 299-309.

. Csokai J, Gruber A, Kunzel E Tichy A, Joachim A. Encephalitozo-

onosis in pet rabbits (Oryctolagus cuniculus): pathohistological
findings in animals with latent infection versus clinical manifes-
tation. Parasitol Res 2009; 104: 629-635.

. Kunzel E Gruber A, Tichy A, Edelhofer R, Nell B, Hassan J, Le-

schnik M, Thalhammer JG, Joachim A. Clinical symptoms and
diagnosis of 156 encephalitozoonosis in pet rabbits. Vet Parasi-
tol 2008; 151: 115-124.

. Harcourt-Brown FM, Holloway HK. Encephalitozoon cuniculi in

pet rabbits. Vet Rec 2003; 152: 427-431.

. Dipineto L, Rinaldi L, Santaniello A, Sensale M, Cuomo A, Cal-

abria M, Menna LE Fioretti A. Serological survey for antibodies to
Encephalitozoon cuniculi in pet rabbits in Italy. Zoo Public Health
2008; 55:173-175.

Keeble EJ, Shaw DJ. Seroprevalence of antibodies to Encephalito-
zoon cuniculi in domestic rabbits in the United Kingdom. Vet Rec
2006; 158: 539-544.

Santaniello A, Dipineto L, Rinaldi L, Menna LE Cringoli G, Fio-
retti A. Serological survey of Encephalitozoon cuniculi in farm rab-
bits in Italy. Res Vet Sci 2009; 87: 67-69.

Tee KY, Kao JP, Chiu HY, Chang MH, Wang JH, Tung KC, Cheng
FP, Wu JT. Serological survey for antibodies to Encephalitozoon
cuniculi in rabbits in Taiwan. Vet Parasitol 2011; 183: 68-71.
Okewole FA. Seroprevalence of antibodies to Encephalitozoon cu-
niculi in domestic rabbits in Nigeria. Onderstepoort J Vet Res
2008; 75: 33-38.

Ashmawy KI, Abuakkada SS, Awad AM. Seroprevalence of anti-
bodies to Encephalitozoon cuniculi and Toxoplasma gondii in
farmed domestic rabbits in Egypt. Zoo Public Health 2011; 58:
357-364.

Lyngset A. A survey of serum antibodies to Encephalitozoon cunic-
uli in breeding rabbits and their young. Lab Anim Sci 1980; 30:
558-561.

Rossi P, La Rosa G, Ludovisi A, Tamburrini A, Gomez Morales
MA, Pozio E. Identification of a human isolate of Encephalitozoon
cuniculi type I from Italy. Int J Parasitol 1998; 28: 1361-1366.
Mathis A, Weber R, Deplazes P. Zoonotic potential of the micro-
sporidia. Cli Microbiol Rev 2005; 18: 423-445.






