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Abstract Encephalitozoon cuniculi is an obligate intracellu-
lar microsporidian parasite that infects a wide range of mam-
malian hosts. The present study investigated the prevalence of
E. cuniculi in different animal hosts from different provinces
of Egypt (Alexandria, Behera, and Assuit) using serological
(IFATand ELISA) andmolecular (PCR) assays. A total of 324
serum and 274 urine samples were collected from seven
different species of animals (cattle, buffaloes, sheep, goat,
rabbit, dog, and rat). The results of serological examination
confirmed the occurrence of antibodies against E. cuniculi in
38.9 % (126 out of 324) of the examined animals. The signif-
icant (P<0.01) highest positivity was observed in goats
(67 %) followed by buffaloes, rabbits, dogs, rat, and cattle
(46.42, 41, 40, 36.2, and 28.1 %, respectively), while the least
was recorded in sheep (9 %). Behera province showed the
highest (P<0.01) infection rate (40.68 %) followed by
Alexandria and Assuit (39.2 and 22.73 %, respectively). The
infection rate was significantly higher (P<0.01) in females
(45.34 %) than that in males (30.47 %). Positive cases were
observed in all age categories. The highest infection rate
(64.66 %) was recorded in the age group 1–5 years and the
least was recorded in the age group <1 year (34.85 %).On the
other hand, only five positive out of 274 urine samples
(1.82 %) were detected by PCR. Our study provides a wide
database on prevalence and epidemiology of an ignored par-
asite (E. cuniculi) for the first time in Egypt.
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Introduction

Encephalitozoon cuniculi is an obligatory intracellular
microsporidian parasite that can infect a wide range of mam-
mals, including rodents, rabbits, horses, carnivores, and
humans, in which the organism is known as an opportunistic
pathogen of immunocompromised individuals (Künzel and
Joachim 2010). E. cuniculi replicates within infected host
cells, causing rupture of the cells and release of spores into
the bloodstream. Infectious spores are excreted in the urine or
feces of infected animals (Kasickova et al. 2009). E cuniculi
infects the eyes, kidneys, and brain of rabbits, causing clinical
signs such as cataracts, head tilt, paralysis, and death. In dogs,
the disease is only seen in puppies. Clinical signs of
E. cuniculi infection in pups are almost entirely neurological,
and include blindness, ataxia, and seizures (Jordan 2005). The
disease occurs as a result of horizontal transmission in the
majority of animal hosts; however, vertical transmission is
also known to occur in some host species. A characteristic
feature of the infection induced by E. cuniculi in susceptible
hosts is usually its chronic latent course, with higher mortality
in young and older individuals. Latently infected hosts, given
immunosuppression factors, will develop an acute, clinically
apparent disease (Schmidt and Shadduck 1983).

Seroepidemiological evidence suggests that rabbits repre-
sent the natural host of E. cuniculi strain I (Mathis et al. 2005),
serving as a source of infection for other animals and humans
(Dipineto et al. 2008). E. cuniculi was also considered one of
the infectious agents responsible for infertility and abortions
of goats, and these animals may be potential sources of
infection for people, especially for breeders attending these
animals (Cislakova et al. 2001). In cattle, E. cuniculi was first
described by Reetz (1995). The canine encephalitoonosis was
reported in various parts of the world (Akerstedt 2003;
Lindsay et al. 2009). The infection in dogs would present a
zoonotic problem due to close dog-man relationship

S. S. Abu-Akkada (*) :K. I. Ashmawy :A. W. Dweir
Department of Parasitology, Faculty of Veterinary Medicine,
Alexandria University, Edfina, Egypt
e-mail: somaia_abuakkada@yahoo.com

Parasitol Res (2015) 114:843–850
DOI 10.1007/s00436-014-4247-4



(Akerstedt 2002). E. cuniculi infection has been also reported
in rodents in the Czech Republic, Iceland, and Switzerland
(Muller-Doblies et al. 2002; Sak et al. 2011).

Diagnosis of E. cuniculi is difficult in vivo because many
animals are subclinically infected. Previous studies showed
high seroprevalence in rabbits, mostly without clinical mani-
festations (Harcourt-Brown and Holloway 2003; Dipineto
et al. 2008). At necropsy, parasites may be identified by
histological examination, mainly of the brain and kidney. In
live animals, a number of methods have been applied to detect
E. cuniculi infection. There are methods for detecting spores
in urine or feces. The methods for detection include specific
stains, for example, the chromotrope stain (Weber et al. 1992)
and isolation of spores (Cox et al. 1972). These methods are
specific, but not practically applicable as diagnostic methods
in veterinary medicine (Pye and Cox 1977). Serology is the
most important diagnostic tool for diagnosis of E. cuniculi
infection in the living animal. Various diagnostic tests have
been developed in order to detect antibodies to E. cuniculi.
Indirect fluorescent antibody technique (IFAT) and enzyme-
linked immunosorbent assay (ELISA) are the most common
tests and correlate well with each other (Boot et al. 2000).

Molecular methods such as polymerase chain reaction
(PCR) have the potential to be simple, rapid, and highly
sensitive, but have so far been underdeveloped and underused
in veterinary diagnostic practices. Previous attempts to opti-
mize an assay for diagnosis of encephalitozoonosis have been
insufficient, and it is not known if this lack of reported
sensitivity of PCR is due to intermittent shedding of spores
or due to an assay design that is unable to detect low numbers
of spores that may be shed in the urine (Reabel 2012). Many
factors as microsporidia genotype, host species, age, immune
status, and mode of infection may influence the outcome of
infection (Wasson and peper 2000).

To date, few studies have been carried out in order to assess
the prevalence of E. cuniculi infection in farm animals
throughout the world. In Egypt, information on the occurrence
and epidemiology of E.cuniculi is still scarce. The aim of the
present study was to evaluate the prevalence of E. cuniculi
infection in seven different animal hosts (cattle, buffaloes,
sheep, goat, rabbit, dog, and rat) in Egypt using serological
and molecular assays and to assess association between sero-
prevalence of E. cuniculi and species, age, and sex of affected
animals. To the best of our knowledge, this is the first report to
describe the prevalence of E. cuniculi in these animals in
Egypt.

Material and methods

Collection of samples

A total number of 324 blood and 274 urine samples were
collected from animals of different host species (cattle,

buffalo, sheep, goat, dogs, rat, and rabbit) (Table 1) from
veterinary medical convoys, veterinary clinics, faculty hospi-
tal, and farms from different provinces of Egypt (Alexandria,
Behera, and Assuit). The samples were collected in the period
from November 2012 to March 2014. For each sampled
animal, sex and age were recorded. With respect to sex, there
were 105 males and 161 females used in the study. These
animals were classified into three age groups: young (<1 year
old), adults (1–5 years old), and old (>5 years old). The
sample number of each sex and age group was shown in
Table 2. All animals were apparently healthy. Blood samples
were collected and centrifuged at 2000 rpm for 5 min and then
serum was kept at −20 °C until used for serological tests.
Collected urine samples were centrifuged at 12,000 rpm for
10 min and then supernatants were decanted, while pellets
were kept at −20 °C for molecular tests.

E. cuniculi spores

Spores of E. cuniculi (rabbit strain isolate) kindly supplied by
Dr. P. Deplazes (Institute of Parasitology, University of Zurich,
Switzerland) were used as an antigen in serological tests.

Reference sera

A negative reference serum was kindly supplied by Lisa
Bowers (Division of Microbiology, Tulane National Primate
Research Center, Covington, LA, USA). A positive reference
serum was obtained by experimental infection of rabbits with
E. cuniculi spores. Sera were collected after 3 weeks postin-
fection (PI), stored at −20 °C, and used as the positive control.

Serological assays

All collected sera were tested using IFAT except the dog sera
tested by ELISA.

Indirect immunofluorescent test

Sera of different animal hosts (cattle, buffalo, sheep, goat,
rabbit, and rat) were investigated for antibodies of E.cuniculi
using IFAT by the method described by Akerstedt (2002) and
modified by Soliman and Selim (2005). Briefly, slides were
washed with absolute alcohol and then kept till air dried.
Using black nail varnish, eight small circles were made on
each slide; each circle represents a well. Ten microliters of
spore suspension (containing 80,000 spores ofE.cuniculi) was
added to each well on each slide, which were incubated at
37 °C for 30 min. Ten microliters of methanol was added to
each well for antigen fixation, and then slides were kept for
another 10 min at 37 °C. Slides were then rinsed with distilled
water and kept till air dried. Serum was diluted 1:40 in PBS,
and 20 μl of diluted serum was added to each well and then

844 Parasitol Res (2015) 114:843–850



slides were incubated at 37 °C for 30 min. Slides were washed
three times in PBS and then distilled water, and the slides were
kept until air dried. Ten microliters of diluted fluorescein
Isothiocyanate conjugated antibody (FITC) suitable for each
host (Sigma, St. Louis, MO, USA) was added to each well.
Slides were then incubated at 37 °C for 30 min. Slides were
again rinsed three times in PBS and distilled water, then kept
till air dried. Ten microliters of glycerin/PBS (1:9) was added
to each well and kept till air dried. Slides were covered with a
cover slip and examined at ×40 with an Olympus
Immunofluorescent microscope. Positive and negative control
sera were used as controls on each slide.

Enzyme-linked immunosorbent assay

Dog sera were examined by indirect ELISA as described by
Akerstedt (2002). Briefly, Polystyrene microtitre plates
(Immunoplate Maxisorb; Nunc, Roskilde, Denmark) were
coated with the soluble antigen at a concentration of
2 μg/ml. Subsequently, the plates were incubated for 3 h at
37 °C, then washed with 200 μl PBS/Tween 20, and then
treated with the blocking solution (3 % bovine serum albumin
(BSA) with 0.05 % Tween 20). A total of 50 μl each of tested
dog serum, negative control sera, and positive control sera
were added to each well and then incubated at 37 °C for 1 h.
After incubation, the plates were washed three times with
200 μl PBS/0.05 % Tween 20. After washing, horseradish
peroxidase (HRP) conjugated goat poly anti-dog IgG
(KOMABIOTECH) was diluted at 1:1000 in PBS-T and
added to the plates (100 μl/well). Finally, the plates were
washed three times with PBS/0.05 % Tween 20, and the
enzyme activity of bound peroxidase was revealed by adding
100 μl of ortho-phenylenediamine substrate (OPD)
(Laboratories Inc., San Diego, CA, USA) to each well. After
incubation in darkness (45 min), the enzymatic color reaction

was stopped by adding 100 μl of 1 M phosphoric acid to each
well, and the optical density was read at 450 nm using a
microplate reader (Corona Electrical, Japan). Cutoff value
was calculated according to John (2009); Cutoff=Mean of
negatives+(3×SD of negatives).

Molecular assay

Extraction of DNA

DNA was extracted from urine samples of different animals
according to the method described by Ghatak et al. (2013).

PCR

The PCR was performed using E. cuniculi-specific primers
that amplified a 549-bp fragment of the small subunit ribo-
somal RNA (ssrRNA) gene (Csokai et al. 2009). The forward
and reverse primers were (Ence F: 5′-ATGAGAAGTGATGT
GTGTGCG-and (Ence R: 5′-TGCCATGCACTCACAGGC
ATC-3′). The PCR was performed using the following condi-
tions: after initial denaturation of the DNA at 95 °C for 3 min,
35 cycles were run 95 °C for 30 s, 55 °C for 30 s, and 72 °C for
1 min with a 10-min 72 °C extension after the 35 cycles.
Agarose gel electrophoresis was performed on PCR products,
and the resulting bands were visualized using ethidium bro-
mide and UV light. One positive and another negative control
reaction without template DNAwere also performed. The size
of the PCR products was calculated using a 3000-bp ladder.

Statistical analysis

The data obtained were analyzed by the chi-square test to
assess association between seroprevalence of E. cuniculi

Table 1 Number of blood and
urine samples collected from
different animal hosts

Samples Cattle Buffalo Sheep Goat Rabbit Dog Rat Total

Blood 64 56 22 31 73 20 58 324

Urine 35 45 40 40 35 38 41 274

Table 2 Sex and age of tested
animals Animal data Number Sex Age

Species Male Female <1 year 1–5 years >5 years

Cattle 64 20 44 14 20 30

Buffalo 56 21 35 20 17 9

Sheep 22 13 9 8 14 –

Goat 31 – 31 10 21 –

Rabbit 73 40 33 73 – –

Dog 20 11 9 7 13 –
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among different animal hosts and different parameters (spe-
cies, age, and sex) by the aid of SAS software (SAS 2004).

Results

Seroprevalence of E.cuniculi in different animal hosts

The results of serological examination confirmed the occur-
rence of antibodies against E. cuniculi in all examined animal
hosts in Egypt. E. cuniculi infection was detected in 126 out of
324 (38.9 %) of the examined animals. The infection rate of
E. cuniculi was significantly different between different ani-
mal host species. The highest positivity was observed in goats
(67 %) followed by buffaloes, rabbits, dogs, rat, and cattle
(46.42, 41, 40, 36.2, and 28.1 %, respectively) while the least
positivity was recorded in sheep (9 %) (Table 3). Seropositive
animals were distributed in all of the provinces from which
animals were sampled for this study. Behera province showed
the highest percentage (40.68 %) followed by Alexandria and
Assuit provinces (39.2 and 22.73 %, respectively) (Table 4).
Comparison of the infection rate by sex showed that the
highest infection rate was recorded in females 45.34 % (73
out of 161), then in males 30.47 % (32 out of 105) (Table 5).
Positive cases were observed in all age categories. The highest
infection rate (64.66 %) was recorded in the age group 1–
5 years, followed by the age group >5 years (38.64%), and the
least was recorded in the age group <1 year (34.85 %)
(Table 6). From statistical analysis, animal gender, age, and
species had a significant effect on E. cuniculi infection.

Seroprevalence of E. cuniculi in each animal host according
to sex and age

Table 7 demonstrates the rate of infection in each animal host
species and its association with sex and age. The rate of
infection in cattle was 28.12 % and was significantly higher
(25 %) in females than in males (3.1 %). The highest infection
rate was observed at ages more than 5 years (17.18 %) follow-
ed by ages less than 1 year (6.25 %) and finally the ages
ranged from 1 to 5 years (4.69 %). The percentage of positiv-
ity in buffaloes reached 46.42 % that were 39.28 % in females

and 7.14 % in males. In buffaloes, E. cuniculi infection was
the highest among ages ranged from 1 to 5 years (25 %) and
minimum in ages >5 years (10.71 %). Regarding goats, the
rate of infection reached 67.74 %, and all tested and infected
animals were females. Moreover, the highest infection rate
was observed in ages ranged from 1 to 5 years (64.52 %)
followed by ages less than 1 year (3.22 %). In sheep, the
percentage of positive samples reached 9 %. All infected
animals were females. The age of all infected animals ranged
from 1 to 5 years. In case of rabbits, the percentage of
positivity reached 41 % and its incidence in males (30.10 %)
was higher than in females (10.90 %). In dogs, positivity
reached 40 %, and it was equal in both males and females
(20 %). The highest incidence was observed in ages less than
1 year (25 %) followed by ages more than 1 year (15 %).

The results in Table 8 showed that a total number of 58 rats
(28 wild and 30 laboratory rats) were examined for
E. cuniculi. From which, 21 rats were proven positively
infected with E. cuniculi (36.20 %). Of these, 32.75 % were
of wild rats while 3.45 % were of laboratory rats.

Molecular assays (PCR)

From urine samples collected from different animal hosts (n=
274), only five positive samples were detected with a percent-
age of 1.82 % including two samples from cattle with a
percentage of 5.7 %, two from buffaloes with a percentage
of 4.44 %, and only one from rabbits with a percentage of
2.85 %.

Discussion

In the present study, E. cuniculi was detected in different
animal hosts including cattle, buffalo, sheep, goat, rabbit,
dogs, and rats using serological and molecular assays. The
serological survey showed a high prevalence of E. cuniculi
infection (38.9 %) suggesting that this parasite may be en-
demic in farm animals, dogs, rabbits, and rats in Egypt. This
high rate of infection may be explained by contamination of
food or water sources withE. cuniculi spores as the main route

Table 3 Prevalence of E. cuniculi infection among examined animals as determined by serologic survey (IFAT, ELISA) according to host species

Species Cattle Buffaloes Sheep Goat Rabbit Rat Dog Total

Number 64 56 22 31 73 58 20 324

No. of positive 18 26 2 21 30 21 8 126

Positive (%) 28.1 46.42 9 67.7 41 36.2 40 38.88

Chi2 value 17.88**

**=Significant at (P<0.01)
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of infection is through the ingestion of spores that are shed in
the urine of infected animals (Wasson and Peper 2000).

Behera province showed the highest percentage (40.68 %)
of infection rate followed by Alexandria and Assuit provinces
(39.2 and 22.73 %, respectively); this might be due to envi-
ronmental factors and husbandry. On the other hand, the
highest infection rate was recorded in females 45.34 % (73
out of 161) and then in males 30.47 % (32 out of 105).
Increased susceptibility in females might be returned to the
suppression of immune functions associated with reproduc-
tive stress (Schuurs and Verheul 1989). Regarding age, the
highest infection rate (64.66 %) was recorded in the age group
1–5 years, and the least infection rate was in the age group
<1 year (27.11 %); this might be returned to age-dependent
exposure to the parasite and/or predisposition to infection
(Wilson et al. 2007).

In the present study, IFAT was used for detection of
E. cuniculi antibodies in different animal hosts. Our findings
were supported by Pakes et al. (1984) who showed that IFAT
is very sensitive when compared to histological detection of
E. cuniculi, intradermal test, or complement fixation test. Our
results were also supported by Didier et al. (1998) who proved
that IFAT was the gold standard for serological diagnosis of
microsporidia infection. ELISA test was also used for detec-
tion of E. cuniculi antibodies in dogs in the present study. This
finding was supported by the recommendation of Boot et al.
(2000) who found that serology is the most important diag-
nostic tool for diagnosis of E. cuniculi infection in the living
animals and that indirect fluorescent antibody technique

(IFAT) and enzyme-linked immunosorbent assay (ELISA)
are the most common tests and correlate well with each other.

Our results revealed that the prevalence of E. cuniculi
infection in rabbits was 41 %. These results agreed with those
of Meyer-Breckwoldt (1996) who found 84 out of 200 rabbits
(42%) in Germany had antibodies toE. cuniculi. These results
agreed also with those of Ewringmann and Gobel (1999) who
tested 227 pet rabbits brought to the Berlin Veterinary School
Small Animal Clinic for E. cuniculi. Of these rabbits, 125
(45 %) had a positive antibody titer. This high prevalence
might be due to bad hygiene, overcrowding, and urine con-
tamination between rabbits (Hilali et al. 1991). In Turkey,
Eroksuz et al. (1999) examined 150 rabbits from 15 different
colonies both serologically (CIA) and pathomorphologically;
seropositivity was 65.33 % which disagreed with our results.
This might be due to different nonspecific diagnostic tests
(Hunt et al. 1972). Seroprevalence investigations in Egypt
have been published in our previous paper (Ashmawy et al.
2011) who revealed that E. cuniculi infection was detected in
15 % of tested rabbits. These different results from the present
study might be attributed to the larger number of examined
animals by Ashmawy et al. (2011) where they examined 240
rabbits. This is also in agreement with the conclusion ofMalik
et al. (1990) who stated that the prevalence of infection may
vary strongly in the same country from one locality to another
due to differences in certain ecological factors and the
breeding system in these areas. On the other hand, Hilali
et al. (1991) reported that 66–68 % of apparently healthy
rabbits collected from different areas in Cairo province,
Egypt, were seropositive for E. cuniculi which disagreed with
our results. This might be returned to the different testing
methods, where they used CIA to assess the seroprevalence
of E. cuniculi which is known to be a nonspecific test
(Akerstedt and Kapel 2003).

Concerning E. cuniculi infection in rats, the seroprevalence
was 36.20 % (21 out of 58). These results accorded with those
of Sak et al. (2011) who detected microsporidia in 34 % of
M. m. musculus and 33 % of M. m. domesticus examined
specimens. Our results disaccorded with those of Hersteinsson
et al. (1993) in Iceland where infection rate was 4 and 9 % of
Apodemus sylvaticus andMus musculus animals, respectively.

Table 4 Prevalence of E. cuniculi infection among examined animals
as determined by serologic survey (IFAT, ELISA) in different provinces
of Egypt

Province No. of tested No. of positive Positive (%)

Alexandria 125 49 39.2

Behera 177 72 40.7

Assuit 22 5 22.7

Total 324 126 38.88

Chi2 value 9.89**

**=Significant at (P<0.01)

Table 5 Prevalence of E. cuniculi infection among examined animals
as determined by serologic survey (IFAT, ELISA) according to sex

Sex No. of tested No. of positive Positive (%)

Female 161 73 45.34

Male 105 32 30.47

Chi2 value 5.20**

**=Significant at (P<0.01)

Table 6 Prevalence of E. cuniculi infection among the examined
animals as determined by serologic survey (IFAT, ELISA) according to
age

Age group No. of tested No. of positive Positive (%)

<1 year 132 46 34.85

1–5 years 90 42 64.66

>5 years 44 17 38.64

Chi2 value 12.33**

**=Significant at (P<0.01)
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This may be due to different climatic and geographical con-
ditions. Wild rodents spread infection through the release of
spores into the environment (Sak et al. 2011). The spores of
E. cuniculi survive for several months in the environment and
are resistant to factors such as moisture and dryness (Mathis
et al. 2005). Rodents are frequently found in agricultural areas
and have many opportunities to come into contact with other
wild animals, livestock, and humans. Thus, they are potential
reservoirs of parasites (Murakoshi et al. 2013).

In dogs, infection rate of E. cuniculi was 40 %, which
agreed with Lindsay et al. (2009) in Brazil who found that
infection rate was 35.3 %. In Florida, Cray and Rivas (2013)
found that infection rate was 21.6 % and Sasaki et al. (2011).
This lower incidence might be due to better management and/
or the examined animals might be recently infected and with
very low IgG titers which cannot be detected (Bywater and
Kellett 1978).

Infection rate in cattle was 28.12 %, in buffalo was 46.42,
in goat was 67.74 %, and in sheep was 9%. Our results agreed
with those ofMalcekova et al. (2010) who found that infection
rate in sheep was 9 %. While disagreeing with those of
Halánová et al. (1999) who found that 20 out of 55 cattle
samples (36.3 %) in Slovakia were serologically positive. This

might be due to different geographical, climatic conditions
and breeding system.

Regarding PCR results, only five positive out of 274 urine
samples (1.82 %) were detected. This result agreed with those
of Hůrková andModrý (2006) who found DNA of E. cuniculi
in 3.28 % (2/61) martens and in one examined European otter
(Lutra lutra). Our results also agreed with those of Jeklova
et al. (2010) who found that, following experimental oral
inoculation of high doses of E. cuniculi spores (107 spores),
rabbit urine was analyzed by real-time PCR and DNA corre-
sponding to low concentrations of spores (101 to 103 spores
per ml) was detected consistently up to 18 weeks postinfec-
tion. When repeated with a low dosage of spores (103 spores),

Table 7 Seroprevalence of E. cuniculi in each animal host according to sex and age

Host Cattle Buffaloes Sheep Goat Rabbits Dogs

Animal data

Sex Male No. of tested 20 21 13 – 40 11

No. of positive 2 4 – – 22 4

Positive (%) 3.1 7.14 – – 30.1 20

Female No. of tested 44 35 9 31 33 9

No. of positive 16 22 2 21 8 4

Positive (%) 25 39.28 9 67.74 10.9 20

Chi-square value 6.77** 7.75** 7.37** 6.75** 8.36** 8.37**

Age <1 year No. of tested 14 20 8 10 73 7

No. of positive 4 6 – 1 30 5

Positive (%) 6.25 10.71 – 3.22 41 25

1–5 years No. of tested 20 17 14 21 – 13

No. of positive 3 14 2 6 – 3

Positive (%) 4.69 25 9 10.71 – 15

>5 years No. of tested 30 9 – – – –

No. of positive 11 6 – – – –

Positive (%) 17.18 10.71 – – – –

Chi-square value 9.28** 10.43** 12.43** 11.44** 11.12** 8.24**

Total No. of tested 64 56 22 31 73 20

No. of positive 18 26 2 21 30 8

Positive (%) 28.1 46.42 9 67.74 41 40

Chi-square value 3.58** 4.36** 3.37** 5.37** 4.38** 5.33**

**P<0.01, significant

Table 8 Seroprevalence of E. cuniculi in Rat

Animal data No. of
tested

No. of
positive

Positive
(%)

Chi-square
value

Wild rat 28 19 67.86 5.38**

Laboratory
rat

30 2 6.67 5.43**

Total 58 21 36.20 4.33**

**P<0.01, significant

848 Parasitol Res (2015) 114:843–850



which is most likely to represent a natural infection, no DNA
was detected. Reabel (2012) suggested that false negative
PCR results are not because of intermittent shedding but occur
due to low numbers of spores being shed that are below the
detection threshold of the PCR assay. It is possible that do-
mestic rabbits maintain a low level of infection because they
are continuously exposed to low numbers of spores in the
environment, which could be responsible for the low number
of spores being shed in the urine. This suggestion confirmed
by a study of Furuya (2009) who analyzed rabbit urine sam-
ples, spores were identified using immunofluorescent staining
in three samples; however, only one of these samples was
positive after PCR analysis. This could provide further evi-
dence that current PCR assays cannot detect DNA corre-
sponding to low numbers of spores shed in urine. This data
could also indicate that the low dose of spores was not suffi-
cient to overwhelm the host immune response allowing mul-
tiplication of organisms (Reabel 2012). In addition to that,
experimental infection studies have reported that the shedding
of spores in urine begins about 4 to 6 weeks after the initial
infection occurs. Spores are shed consistently for approxi-
mately 1 to 3 months after the initial infection and intermit-
tently and/or in smaller numbers (Jeklova et al. 2010).
Moreover, urine has been found to be a mostly difficult
specimen for PCR-based amplification due to the presence
of many possible inhibitors (Yamaguchi-Shinozaki et al.
1992). For example, concentrations of 20 mM urea and above
are inhibitory for PCR (Khan et al. 1991). Even though Ghosh
and Weiss (2009) stated that molecular diagnostic methods
involving PCR have the potential to be more rapid and
sensitive than microscopy, serology, or cell culture, however,
have yet to be utilized extensively in veterinary medicine.

It is obvious that serological tests revealed more reliable
data about prevalence of E. cuniculi in different animal hosts
than molecular tests; this is parallel to the data of Jordan et al.
(2006) who showed that serology is the most important diagnos-
tic tool for diagnosis ofE. cuniculi infection in the living animals.

In conclusion, the serological positivity (38.9 %) recorded
in our study within the chosen group of animals and in 100 %
of the examined provinces indicates the wide distribution of
E. cuniculi in Egypt and confirms that these animals may be
reservoirs of E. cuniculi and thus potential sources for other
animals and human. Therefore, we highlight the need to carry
out further epidemiological and experimental work on
E. cuniculi and developing preventive strategies for eradica-
tion of the infection. It is also advisable to accomplish screen-
ing serological checks for E. cuniculi infection in both symp-
tomatic and asymptomatic animals.
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