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I Abstract
Introduction and Objective. Encephalitozoon cuniculi is a species of fungus belonging to the phylum Microsporidia,
potentially pathogenic to rodents, rabbits, dogs, cats, horses and humans. The aim of the study is to conduct preliminary
serological and molecular monitoring of encephalitozoonosis among persons coming into contact with rabbits, i.e., a
potential reservoir of E.cuniculi.
Materials and Method. The study included 28 persons (Group 1), who had been in contact with rabbits (as the owners
or veterinary staff), for a minimum of 2 years (from 2-20 years), and 20 persons who had had no such contact, who
formed a control group (Group 2). Blood and serum samples were collected for molecular and serological testing for
encephalitozoonosis from all the persons.
Results. Using the Real-Time HRM PCR, the DNA of E. cuniculi was detected in blood samples obtained from 3 person in
the study group, but was not detected in the control group. The presence of antibodies to E. cuniculi was demonstrated in
the 4 samples of sera collected from persons who had been in constant contact with rabbits.
Conclusion. The results obtained and the literature indicate that individuals working with animals are at increased risk of
developing Encephalitozoon ciniculi, and that in the event of health problems, encephalitozoonosis should also be considered

in the differential diagnosis.
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INTRODUCTION

Microsporidia are intracellular, opportunistic pathogens
found in diverse environments. Originally classified as
protozoa, they have been reclassified as fungi, although
some researchers propose that they are a sister group to
fungi [1, 2]. The National Institute of Allergy and Infectious
Diseases have classified microsporidia as Category B Priority
pathogens, which implies that these microorganisms
spread moderately easily in the environment and have a
moderate pathogenicity index [3]. Microsporidian spores are
environmentally persistent and infect many animal species,
being excreted in faeces, urine, or sputum, and spreading
via airborne, alimentary, or vertical routes [4-7]. E. cuniculi
spores withstand external conditions due to a two-layered
wall and can survive up to 6 weeks at 22°C, or longer in
water [8-10]. Experiments show their infectivity duration
depends on storage temperature, with a marked decline at
higher temperatures, and E. cuniculi spores lose infectivity
faster than those of other microsporidia.

Human infection most often occurs through food
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contaminated with microsporidian spores, including
irrigated agricultural products, rabbit meat, and processed
foods such as milk and fermented meat products. Notably,
E. cuniculi spores remain active even after short-term high-
temperature pasteurisation, and fermentation does not fully
eliminate the risk of infection from pork products [11-13].
There are currently 17 known species of Encephalitozoonidae
capable of infecting humans. The highest pathogenicity
is exhibited by 4 species: Encephalitozoon intestinalis,
Encephalitozoon cuniculi, as well as Encephalitozoon hellem
and Enterocytozoon bieneusi [14]. In recent decades, these
pathogens have been recognised as an emerging cause of
disease in both humans and animals. The global prevalence
of microsporidia infection in humans has been estimated
to exceed 8%, with much higher rates (up to 50%) in
immunocompromised populations such as HIV-positive
patients or organ transplant recipients [15]. Those most at
risk of infection are persons with compromised immunity,
e.g., after organ transplants, suffering from viral infections
(HIV), and undergoing immunosuppressive therapy [16-20],
as well as owners of animals such as rabbits, dogs, cats or
rodents, which may be carriers of microsporidia, excreting
their spores in faeces and urine.

In humans infected with Encephalitozoon spp., the early
stages of infection are characterised by diarrhoea and
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weight loss. At a later stage, the following may develop:
keratitis, urinary tract inflammation, hepatitis, encephalitis,
peritonitis, prostatitis, sinusitis, pneumonia, rhinitis,
urethritis and cholangitis [15, 21]. Among individuals,
those who had undergone hip or knee replacement surgery;
difficult wound healing was also associated with E. cuniculi
spore contamination [22]. Infection in immunocompetent
individuals is typically subclinical [23]. Given the potential
hazard the disease poses to human health and life, research
into its pathogenesis and treatment appears warranted.

In livestock, infections with Encephalitozoon species can
reduce reproductive efficiency, impair growth, and increase
mortality, resulting in measurable economic losses. Thus,
microsporidia infections carry not only clinical, but also
public health and socio-economic significance, highlighting
the need for better epidemiological surveillance and
diagnostic tools [24, 25].

The aim of the study is to conduct preliminary serological
and molecular monitoring of encephalitozoonosis among
persons in contact with rabbits, a potential reservoir of
E. cuniculi.

MATERIALS AND METHOD

The study included 28 persons (Group 1) who had been
in contact with rabbits (owners or veterinary staft) for at
least 2 years (range: 2-20 years), and 20 persons (Group 2)
who had no such contact. The first group comprised
veterinarians (n=21) working in general medical facilities
(n=>5) and facilities specialising exclusively in the treatment
of exotic animals and small mammals (n=16)), veterinary
technicians (n=1), students (n=1) and rodent owners (n=>5).
Each participant in the study was asked to report how often
they come into contact with sick animals (Tab. 1) and whether
they exhibit any symptoms of disease. Blood samples were
collected for molecular, haematological, and biochemical
testing from all individuals in both Groups 1 and 2 only
once. Haematological and biochemical parameters were
assessed in all subjects. Biochemical tests were performed
using routine tests on a BioSystems A25 analyser (Barcelona,
Spain). Concentrations of glucose, total protein, albumin,
total bilirubin, urea, creatinine, uric acid, calcium, inorganic
phosphate, iron, magnesium, and high-sensitivity C-reactive
protein were determined. Haematological parameters were
measured on a Sysmex XN1000 analyser. The blood samples
were additionally subjected to molecular and serological
testing for encephalitozoonosis.

The study obtained approval from the relevant Ethics
Committee to collect and analyse blood samples with EC
number 0254/75/2023. All persons provided informed
consent to participate in the study.

Molecular testing. DNA was isolated from whole blood
using a Genomic Mini set (A&A Biotechnology, Poland).
PCR tests used a set of primers msp3, msp4a and msp4b,
complementary to the ITS gene (internal transcribed spacer)
(ITS) Encephalitozoon spp., with the following sequences:
msp3 (GGAATTCACACCGCCCGTCACTATS3 ), msp4a
(5CCAAGCTTATGCTTAAG-TCCAAGGGGT 3°) and
msp4b (5 'CCAAG-CTTATGCTTAAGTCCAGGGAG 3’)
[24]. The sequences enabled amplification of a DNA segment
approximately 300 base pairs long.

Real-time polymerase chain reaction with SYBR Green
1 dye was performed in thin-walled 100 uL tubes using the
DyNAmo HS SYBR Green qPCR kit (Finnzymes), which
enabled high specificity. The reaction mixture with a volume
of 22.4 pL contained the following components: 10 mL of
Master Mix containing modified hot start Tbr (Thermus
brockianus) polymerase, a buffer for Tbr polymerase, ANTP,
MgCI2 and intercalating SYBR Green 1 dye, 5 mL of de-
ionised water, 0.8 mL of msp3 primer (final concentration
of 25 pM/mL), 0.8 mL of msp4a primer (final concentration
of 25 pM/mL), 0.8 mL of msp4b primer (final concentration
of 25 pM/mL) and 5 mL of DNA.

The optimised real-time PCR consisted of 41 cycles, each
comprising 3 steps: denaturation at 95°C for 180 seconds,
primer annealing at 95 °C for 5 seconds, and strand elongation
at 60 °C for 15 seconds. The reactions were performed using a
Rotor-Gene3000 thermal cycler (Corbett Research, Mortlake,
NSW, Australia). For each reaction, the Ct values of the PCR
products formed on the cDNA template were determined. To
confirm amplification specificity, the melting temperature of
the PCR products was determined by gradually increasing
the reaction mixture temperature from 50 °C to 95°C while
continuously measuring fluorescence intensity. In the PCR
reaction, E. cuniculi DNA obtained from a previous study
[26] served as a positive control.

The PCR reaction products were sent for purification and
sequencing to the DNA Sequencing and Synthesis Service
of the Institute of Biochemistry and Biophysics of the Polish
Academy of Sciences in Warsaw. The sequencing results
were received via email and subsequently processed using
the Lasergene DNA Star software.

Using the same program, the obtained sequences of the
Encephalitozoon cuniculi isolates were compared with the
sequences of E. cuniculi AJ005581.1, KJ941140.1 genotype
1, MF062430, genotype 2, KF736984.1 genotype 3, and
HMO045511 genotype 4 from the GenBank gene bank.

Serological testing. Blood samples were collected for
serological testing from all individuals in groups 1 and 2.
The serum obtained was stored at -70°C until the time of
analysis. The serological test for antibodies to E. cuniculi
was performed using commercially available kits (Medicago,
Uppsala, Sweden).

The serum samples were diluted 1:40 in PBS-T and applied
to antigen-coated plates (both the positive and negative
controls were diluted 1:100 in PBS-T). The plate was
rinsed 3 times before use. Next, 100 uL of diluted negative
control, 100 pL of diluted positive control, and 100 uL of
diluted test samples were measured and added to the wells.
The arrangement was incubated for 60 minutes at room
temperature (20°C - 25°C).

The plate wells were then emptied and rinsed 3 times with
350 pL of PBS-Tween. 100 microlitres of diluted secondary
antibody conjugated with HR was added to each well, and
the mixture incubated for 30 minutes at room temperature
of 20°C - 25°C. After 3 more rinses of the plate with PBS-
Tween, 100 pL of liquid TMB substrate was added to each
well, and the whole was incubated for 15 minutes at room
temperature of 20°C - 25°C and 50 pL of stop solution was
then added to each well. The absorbance of the samples was
measured at 450 nm. The cut-off threshold was 2.1 (sample
A, EC coated/sample A, control antigen coated), according

450
to the test manufacturer’s recommendations.
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Table 1. Results of the study

ltem Age Gender Facility Li-k Lengthof Freque-cy of contact Frequency of contact Urinary system  nervous system Respiratory Eyesight
(years) type service  with an-imals serving with animals inf system
(years) as E.c carriers ected with E.c

1 35 Q \ AC 8 F F - - - -

2 25 1) (e} - 2 VF MF - - - -

3 28 3 Vi s 6 VF VF - - - -

4 48 1) % S 20 VF VF - - Seasonal colds -

5 38 Q o - 5 VF VF - - g:s::;’:; -

6 36 Q \Y AC 10 MF MF - = - -

7 37 Q Vv AC 10 MF MF = - - -

8 38 Q v S 1 VF VF - = - -

9 27 Q VS S 2 VF MF - - - -
10 29 Q v S 4 VF F - - - -
1 34 Q Vv AC 10 MF - - - = -
12 37 Q v S 9 VF VF - - -
13 30 Q v S 6 VF VF - = 4 -
14 25 Q wo- 4 VF VF - . B .
wom o v s s v v e : -
16 38 Q Vv S 10 F VF - - - -

Headaches,
AR A MF mF ofamtion pamand bronchis :
numbness
18 39 3 v s 10 VF VF - - -
asthma

19 29 3 V. AC 4 VF F - - - -
20 32 Q v s 6 MF MF - - - -
21 28 Q \Y AC 4 VF F - - - -
22 33 Q v S 8 VF F - - - -
23 33 Q \Y S 5 VF MF - Migraines - =
24 29 Q v S 4 VF MF - - - -
s % v % P Umomen fitie
26 27 Q \Y AC 3 VF F - - - -
27 38 3 (0] - 2 VF VF - - - -
28 35 Q O - 2 VF VF - - - -

V - veterinarian; O - owner; VT - veterinary technician; VS- veterinarian student; AC — animal clinic; S - specialized animal clinic; F - Frequently; VF - very frequently; MF — Moderatly frequently;

‘~'~none; & - male; ¢ - female

RESULTS

Using the Real-Time HRM PCR technique with SYBR Green
I dye, DNA of E. cuniculi was detected in blood samples from
3 individuals in the study group, but was not detected in the
control group. The individuals with fungal DNA detected
in their blood had been in contact with rabbits for more
than 2 years and had previously owned animals with active
encephalitozoonosis.

The Ct values of the positive samples ranged from 28-38.
Analysis of the amplicon melting curve showed that the
melting temperature (Tm) of the obtained products ranged
from 78.5°C - 80.5°C. The presence of products of the Real-

Time PCR reaction was further confirmed by agarose gel
electrophoresis. The size of the products referred to the mass
standard was approximately 300 base pairs.

A comparison of nucleotide sequences from the
isolates in the current study with reference sequences of
E. cuniculi from the GenBank gene bank, using the DNA
Star MegAligne programme, revealed that the highest
similarity, approximately 100%, was found between the ITS
gene fragments under study and the sequence MF062430
derived from fungi isolated from patients with postoperative
wounds after hip replacement surgery (Fig. 1).

Antibodies to E. cuniculi were present in the samples
of 4 sera collected from persons in Group 1 (1, 3, 6 and 7).
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Table 2. Results obtained from Group 1

Item Result of ELISA test Ratio* PCR Sequence Item Result of ELISA test Ratio* PCR Sequence
1 + 2213 - neg 15 - 0.840 - neg
2 1.063 + + 16 - 1.595 - neg
3 + 2.351 - neg 17 - 1.110 - neg
4 1.127 - neg 18 - 1.000 - neg
5 1.383 + + 19 - 0.826 - neg
6 + 5.676 - neg 20 - 0.886 - neg
7 + 2.075 = neg 21 - 0.794 - neg
8 1.328 > neg 22 - 1.127 - neg
9 1.048 - neg 23 - 1.000 - neg
10 1.010 = neg 24 - 0.887 - neg
1 0.062 - neg 25 - 0919 - neg
12 0.079 - neg 26 - 0.716 - neg
13 0.070 ® neg 27 - 0.962 - neg
14 - 1.220 A neg 28 - 1.069 + +

*sample A, EC coated/sample A, control antigen coated

person 2
person 3
person 1
MFO82430.1 ype 2

L mo4sst1 ype 4
KF736984 1 type 3
KJIG41140.1 bype 1

%28 .Amﬁﬂl 1

250 200 150 100 0 o
Hucleotide Subsitubions (x100)

Figure 1.Phylogenetic tree showing the similarity of nucleotide sequences of the
E. cuniculi ITS gene fragments obtained in the study

The absorbance values were 2.213, 2.351, 5.676 and 2.075,
respectively. No disease symptoms were observed among any
seroreactive individuals. All persons with positive serological
test results were veterinarians (Tab. 2).

The results of biochemical and haematological tests showed
no deviations from physiological norms in any of the persons
qualified for the current study, i.e. from both Groups 1 and 2.

Statistical analysis. In the assessment of the prevalence of
Encephalitozoon cuniculi infection in humans, statistical
analysis performed using Fisher’s exact test and Spearman’s
method enabled evaluation of the relationship between:
permanent contact — pet owners (n = 5) or occasional contact
- veterinarians involved only in the clinical examination
of animals (n = 23), or the absence of such contact (n = 20),
and a positive PCR result confirming E. cuniculi infection in
humans. For humans in Groups I and II, statistical analysis
showed no significant difference (p = 0.2553) between
individuals who had contact with animals and the occurrence
of a positive PCR results. In contrast, when only the group
of humans who had contact with animal (Group I) was
considered, a significant correlation (p = 0.0031) between the
type of contact (occasional in veterinarians and permanent
in animal owners) and the presence of a positive (in animal
owners) or negative (in veterinarians) PCR results were noted.

DISCUSSION

Domestic animals, such as dogs, cats, rodents, and rabbits,
can serve as reservoirs of E. cuniculi, which poses a risk to

humans, and the source of infection may be contaminated
food or water. Fungal spores were demonstrated to be capable
of surviving for long periods in pasteurised milk derived
from cows carrying E. cuniculi. An increasing number of
potential sources of E. cuniculi has been found, with the
parasite’s DNA even detected in ticks [27, 28].

Rabbits are considered the primary source of the pathogen
thataffects humans, with the first cases of encephalitozoonosis
in humans described in 1959 [29]. Literature data indicate
that the disease primarily impacts humans with impaired
immunity [30, 31], namely, patients with neoplastic diseases,
such as lung cancer (8.4% of whom were tested positive
for microsporidia in sputum, whereas all the results in
the control group were negative), transplant recipients,
HIV infected persons, the elderly and children [31-33].
Among patients after hip or knee replacement surgery,
E. cuniculiwas associated with wound-healing complications
in 14.7% of 34 patients [22]. Infection in immunocompetent
persons is typically subclinical [23]. Given the potential
hazards that the disease poses to human health and life, it
seems reasonable to conduct both molecular and serological
monitoring.

Among the 28 participants in the study who had contact
with rabbits, molecular testing detected fungal DNA in 3,
all of whom had owned animals with an active form of the
disease. The amplicon sequences revealed that, in all cases,
infection with genotype II of the fungus was present. Based
on the ITS (internal transcribed spacer) E. cuniculi genome
regions, 4 genotypes of the fungus pathogenic to different
species can be distinguished: genotypes I and I were isolated
from humans, rabbits and rodents, donkeys and horses,
genotype III from dogs and lemmings, while genotype IV
was isolated from humans, cats and dogs [13, 32-35].

The detection of E. cuniculi DNA of genotype II, which
is pathogenic to rabbits, in 3 persons who had contact with
animals infected with encephalitozoonosis, may indicate that
they were the source of infection in the owners. Unfortunately,
in the study it was not possible to compare the amplicon
sequences isolated from humans and rabbits. The animals
that could have been potential sources of infection for PCR-
positive persons with E. cuniculi died within 2 - 4 months
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Table 4. Results cycological blood test

No. WBC RBC HGB HCT MCv PLT NEUT NEUT% LYPH LYPH% MONO MONO % EO EO% BASO BASO %
10°%uL  10%uL  g/dL % fL 10°%uL  10%/uL % 10°/uL % 10°/uL % 10%/uL % 10°%/uL %
1 5.60 532 15.9 48.1 90.4 258 3.03 54 1.8 32 0.53 9.5 0.17 3 0.07 13
2 593 4.19 12.9 38.8 93 277 2.67 449 2.49 421 0.51 8.6 0.22 3.7 0.04 0.7
3 7.33 436 12.8 376 86.2 245 37 50.6 2.73 37.2 0.77 10.5 0.09 1.2 0.04 0.5
4 3.96 4.54 133 42.6 93.8 201 1.98 50 1.6 39.1 0.34 8.6 0.06 15 0.03 0.8
5 5.19 4.24 121 36.6 86.3 208 2.66 51.8 1.75 34 0.47 43 0.22 43 0.04 0.8
6 6.79 4.46 14.0 419 93 260 37 54.6 24 35.2 0.56 8.2 0.07 1 0.05 0.7
7 3.36 3.78 12.0 36.5 96.6 226 1.47 43.8 15 44 0.25 74 0.12 3.6 0.03 0.9
8 9.21 4.84 143 42.5 87.8 259 6.52 70.8 18 19.5 0.69 7.5 0.13 14 0.07 0.8
9 8.34 443 12.8 395 89.2 288 4.89 58.6 2.1 25.5 0.56 6.7 0.64 77 0.09 1.1
10 6.27 4.78 14.9 43.7 91.4 183 3.33 53.2 2.36 37.6 0.46 7.3 0.09 14 0.03 0.5
1" 6.15 4.52 13.2 389 86.1 185 3.42 55.5 1.48 241 0.56 9.1 0.65 10.6 0.04 0.7
12 6.95 5.39 16.2 47.2 87.6 235 3.91 56.2 1.88 27.1 0.78 1.2 0.3 43 0.08 1.2
13 3.74 4.06 123 374 92.1 206 1.52 40.6 1.6 42.8 0.37 9.9 0.21 5.6 0.04 1.1
14 6.01 4 12.8 38.1 953 329 3.22 53.5 22 36.1 0.43 7.2 0.15 25 0.03 0.5
15 4.39 4.69 14.5 40.8 87 178 2.63 59.9 1.27 289 0.44 10 0.03 0.7 0.02 0.5
16 5.70 53 15.8 46.1 87 252 3.94 69.1 13 228 0.34 6 0.07 1.2 0.05 0.9
17 5.49 4.07 1.1 357 87.7 310 29 52.8 19 34.8 0.45 8.2 0.15 2.7 0.07 13
18 6.31 4.61 13.5 39.3 85.2 156 4.07 64.5 1.32 20.9 0.45 7.1 0.42 6.7 0.05 0.8
19 6.77 4.57 133 39.8 87.1 277 3.27 483 2.77 40.9 0.62 9.2 0.09 13 0.02 0.3
20 5.55 5.15 15.9 46 89.3 286 2.78 50.1 2.3 414 0.36 6.5 0.06 1.1 0.04 0.01
Standards 4-10 3.5-52 12-16 37-47 82-92 150-400 1.5-7.4 70 1.1-35 15-40 0.03-0.8 3-8 0.2-067 2-4 0-0.13 0-3

prior to the commencement of the study. Interestingly, no
antibodies to Encephalitozoon were detected in the serum of
any PCR-positive individuals. This situation can be explained
by the fact that the infection was diagnosed at an early stage,
before the pathogen stimulated the host’s immune system
and specific antibodies were produced, as well as by a kind
of camouflage involving the absorption of microorganisms
by macrophages, and their non-presentation to the host’s
immune system [27]. The study performed in rabbits showed,
that the results of serological testing are related to animal
immune competency, circumstances of exposure, and the
period prior to seroconversion. Relative to this point is that
a few rabbits with lymphoma and very young rabbits have
been described to be seronegative in the presence of infection
[36]. The same situation may be noted in humans.

The serological test, which in addition to the physical
examination, is a primary option for the diagnosis of E.
cuniculiinfection [37] and showed the presence of antibodies
to E. cuniculiin the serum of 4 veterinarians (with a negative
PCR result). No clinical signs of the disease were observed in
any of them, which may suggestsubclinical infection ora cross-
reaction in serological tests between E. cuniculi antigen and
antibodies to other species of the genus Encephalitozoon spp.
[38, 39]. As indicated by literature data, the seroprevalence
of E. cuniculi in the human population varies depending on
the geographical region, ranging from 2.8% [40] in Slovakia,
through 5.1-7.7% [41] in China [42], to 44.3% in Egypt [43].
The observations in the current study, despite being limited
to a rather small study group, are confirmed by literature
data, and indicate that persons working with animals are
a risk group for developing Encephalitozoon, and, in the
event of health problems, Encephalitozoonosis cuniculi
should also be considered in the differential diagnosis [44].

The present study constitutes a pilot study in the context
of human encephalitozoonosis caused by Encephalitozoon
cuniculi infection.

Limitations of the study. The main limitations were the
relatively small number of participants and the restriction of
the analysis to a single microsporidian species. As outlined
above, although positive ELISA results in patients could have
reflected cross-reactivity between E. cuniculi antigens and
antibodies for other microsporidia, the detection of E. cuniculi
genetic material in the blood of the owners of affected animals
may be evidence of infection. Encephalitozoon cuniculi is
the principal microsporidian species infecting rodents and
rabbits, which underpins the interest in the extent to which
this organism may pose a risk to humans.

CONCLUSIONS

Notwithstanding the absence of clinical signs typical of
encephalitozoonosis in any of the individuals in whom
antibodies against E. cumiculi or fungal DNA were
detected, infections caused by these pathogens should not
be underestimated, as they may have a subclinical course
and the clinical signs of the illness may be presented only
in immunosuppressed patients.

Inline with the concept of ‘One Medicine, One Health, One
World’, it is advisable to conduct continuous monitoring of
the occurrence of microsporidia in the environment, and to
identify asymptomatic carriers of these microorganisms [45].
Diseases caused by microsporidia remain poorly studied, and
the microorganisms in question are commonly found in the
environment, thereby increasing the potential risk of human
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and animal exposure to this pathogen. Encephalitozoonosis
is a ‘disease with many faces’ that poses a serious hazard

to

animals and humans alike. Because their symptoms

can be highly diverse, they are often not attributed to E.
cuniculi infections as the primary cause. Understanding
the potential clinical progression of encephalitozoonosis, as
well as identifying animals that may serve as reservoirs of
this pathogen, is crucial for effective diagnosis, prevention,
treatment, and the protection of public health.
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