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Abstract
Encephalitozoon cuniculi is a microsporidian parasite mostly associated with its natural host, the rabbit (Oryctolagus 
cuniculus). However, other animals can be infected, like other mammals, birds, and even humans. Although it usually 
causes subclinical infection, it can also lead to encephalitozoonosis, a clinical disease characterized by neurological, ocular, 
and/or renal signs that can be even fatal, especially in immunocompromised individuals. Therefore, this multidisciplinary 
review contributes with updated information about the E. cuniculi, deepening in its molecular and genetic characterization, 
its mechanisms of infection and transmission, and its prevalence among different species and geographic locations, in a 
One Health perspective. Recent information about the diagnostic and therapeutic approach in the main host species and the 
prophylaxis and infection control measures currently suggested are also discussed.
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Introduction

Encephalitozoon cuniculi (E. cuniculi) is an obligate intra-
cellular and spore-forming microsporidian parasite that 
can infect many species of mammals, such as lagomorphs, 
rodents, dogs, cats, horses, ruminants, wild and exotic carni-
vores, nonhuman primates and even humans, but also some 
bird species (Deplazes et al. 2000). This pathogen is usually 
associated with subclinical chronic infections, but it can also 
lead to a serious clinical illness named encephalitozoonosis 
and even death (Wasson and Peper 2000; Künzel and Fisher 
2018).

This literature review will address the impact of Encepha-
litozoon cuniculi as an opportunistic zoonotic agent in the 
One Health context, highlighting its worldwide presence 
among different species and reinforcing the importance 
of its proactive investigation, treatment, and prevention. 
In addition to humans, the main animal species covered in 
this article are rabbits, as the natural hosts of E. cuniculi, 
rodents as the frequent reservoirs of infectious diseases, 
and small companion animals, such as dogs and cats, due to 
their close connection with humans, with whom they share 
the same living environment. Even so, the presence of this 
microsporidial parasite in other species will also be briefly 
discussed, since its potential role cannot be overlooked.
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Therefore, the main goal of this work is to contribute 
with updated and objective information about this zoono-
sis, promoting the awareness of health professionals, from 
human and veterinary medicine, for the importance of this 
often underdiagnosed disease that can lead to important 
public health issues, especially in immunocompromised 
individuals.

Characterization of Encephalitozoon cuniculi

Microsporidia were considered ancient and basic eukaryotic 
organisms due to their lack of typical mitochondria, Golgi 
apparatus, and peroxisomes and because they have struc-
tures closer to those found in prokaryotes, such as small 
ribosomes (Didier and Weiss 2006). In fact, a close phylo-
genetic relation to fungi has been supported by analyses of 
multiple gene sequences and due to the presence of fungal 
components, such as tubulins, chitin, and trehalose (Didier 
and Weiss 2006; Bohne et al. 2011). A determining feature 
for their ability to infect is the presence of the polar tube, a 
coiled filamentous hollow tube composed by proteins that is 
contained within their spores (Xu and Weiss 2005).

In 1995, Didier et al. (1995) described the existence of 
at least three E. cuniculi strains (I, II, and III), through the 
identification of a clear difference in the internal transcribed 
spacer (ITS) region of the ribosomal RNA gene. At this level, 
the sequence 5′-GTTT-3′ repeats 3 times in strain I, twice in 
strain II, and 4 times in strain type III (Didier et al. 1995). 
More recently, a novel type IV was identified in a human 
patient, exhibiting 5 repeats of 5′-GTTT-3′ in the ITS region 
(Talabani et al. 2010). The type of strain was eventually 
associated with the animal species in which it was isolated, 
so type I is considered the “rabbit strain”, type II is called 
the “mouse strain”, type III is designated the “dog strain”, 
and type IV is referred to as the “human strain” (Mathis et al. 
2005; Talabani et al. 2010). However, although each strain 
has a preferential host species, in practice, it is currently 
known that E. cuniculi has a low host specificity. For 
example, genotype I was also detected in horses (Wagnerová 
et al. 2012) and gorillas and chimpanzees (Sak et al. 2011b), 
genotype II in blue foxes (Mathis et al. 1996) and cats (Benz 
et al. 2011), genotype III in wild small rodents (Hofmannová 
et al. 2014; Perec-Matysiak et al. 2019) and pigs (Reetz et al. 
2009), and genotype IV in dogs (Nell et al. 2015). In addition, 
in humans, apart from strain type IV, the other three strains (I, 
II, and III) were also diagnosed, proving its zoonotic potential 
(Sak et al. 2011a).

New alternative tools have been recently suggested for 
the genotyping of E. cuniculi, based on the length polymor-
phism and the sequence diversities of the polar tube protein 
(PTP) and the spore wall protein I (SWP-1) genes (Xiao 
et al. 2001). These novel polymerase chain reaction (PCR) 

techniques could be a more easily accessible option to most 
laboratories, and their results (particularly the sequence 
analysis of the PTP gene) showed agreement with the pre-
vious three genotypes reported by the ITS sequence analysis 
(Xiao et al. 2001).

Host cell infection and immune system 
response

Once inside the host’s body, the spore is subject to a set of 
stimuli that result in an increase in osmotic pressure that 
leads to the eversion and the mechanic extrusion of the 
polar tube and to the consequent host cell invasion, through 
perforation or, as currently more accepted, through a channel-
like invagination of the plasma membrane of the host cell 
(Rönnebäumer et al. 2008; Bohne et al. 2011) (Fig. 1). This 
first set of phenomena is known as the germination stage 
(Xu and Weiss 2005; Bohne et al. 2011). Thus, the infective 
sporoplasm is transferred into the host cell, forming at the 
same time a parasitophorous vacuole (PV) around it, where 
it matures into simple structures called meronts, which in 
turn undergo a process of asexual reproduction, named 
merogony and described as an intense replication process 
through binary or multiple fission (Fasshauer et al. 2005; 
Bohne et al. 2011). After that, the meronts differentiate 
inside the PV into more morphologically and structurally 
complex structures, through the acquisition of the resistant 
spore wall and the characteristic polar tube inside, leading to 
the formation of sporons and then mature spores, completing 
the third stage designated sporogony (Bohne et al. 2011). 
With the continued formation and accumulation of spores 
within the intracellular space, the host cell eventually 
ruptures and releases spores into extracellular spaces, 
spreading the infection locally, through direct extension to 
the surrounding cells, and at a distance through invasion of 
the vascular system (Wasson and Peper 2000). Thus, the main 
target organs of this microsporidian parasite are those with 
high blood flow, leading to the formation of granulomatous 
lesions, as result of exuberant inflammatory infiltrates, 
mainly in the kidneys, eyes, and brain, but also in the liver, 
lungs, and heart (Latney et al. 2014).

As an alternative to the process of cell invasion described, 
dependent on extrusion of the polar tube, microsporidia can 
infect host cells at the moment they undergo phagocytosis 
(Fasshauer et al. 2005; Dalboni et al. 2021). After that, 
the two stages of intracellular proliferation (merogony) 
and differentiation (sporogony) occur as mentioned before 
(Fasshauer et al. 2005). The nutrient uptake that is essential 
for all intracellular stages of proliferation, development, and 
differentiation is ensured through the pores present in the 
PV membrane that allow the entry of small molecules from 
the cytoplasm of the host cell (Rönnebäumer et al. 2008).
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After infection, the host compromised cells induce the 
release of Th1 cytokines, such as interleukin 12 (IL-12) and 
interferon gamma (IFN-γ), establishing an immune response 
mediated by CD8 + T cells, which leads to the destruction 
of the infected cells, through the perforin pathway (Khan 
et al. 2001). Moreover, the proliferation of CD4 + cells is 
also described as part of the cell-mediated immunity (Sak 
et al. 2017; Jeklova et al. 2020) and, although with lesser 
protective effect, humoral immunity through the production 
of immunoglobulins against this pathogen is also present 
(Jeklova et al. 2020). In fact, it seems that higher antibody 
titers are related to the acute phase of infection since a more 
accentuated spore multiplication is expected at this stage 
(Levkutová et al. 2004; Wagnerová et al. 2013).

Despite this host immune response to control the 
infection, E. cuniculi can evade it in different ways. One 
of the main mechanisms is by taking advantage of the 
efferocytosis process, a natural phagocytic mechanism that 
occurs after cell death (mainly after apoptosis): the pathogen 
is able to multiply inside the macrophages and to modulate 

their activity, inducing the production of anti-inflammatory 
cytokines, such as IL-6 and IL-10, and consequently 
promoting a favorable environment for its dissemination 
(Dalboni et al. 2021). Moreover, the lack of host cell marker 
proteins in the PV membrane allows it to remain undetected 
inside the cells, avoiding the lysosomal digestion (Bohne 
et al. 2011).

Epidemiology and serological prevalence

Rabbits (Oryctolagus cuniculus) are considered the natural 
host of E. cuniculi, but a wide range of species can be affected, 
including humans, which makes it a pathogen with low host 
specificity, as mentioned above (Deplazes et al. 2000). In 
addition to not being a species-specific infection, there also 
seems to be no association with other characteristics of the 
animal. For example, E. cuniculi appears to be unrelated to the 
individual’s sex/gender, as described in rabbits (Keeble and 
Shaw 2006; Dipineto et al. 2008; Okewole 2008; Jeklova et al. 

Fig. 1  Life cycle of the Encephalitozoon cuniculi: from host cell invasion to systemic spread
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2010; Tee et al. 2011; Shin et al. 2014; Berger Baldotto et al. 
2015), cats (Benz et al. 2011; Tsukada et al. 2016), humans 
(Abu-Akkada et al. 2015b), and horses (Wagnerová et al. 
2012), and even unrelated to age (Keeble and Shaw 2006; 
Okewole 2008; Jeklova et al. 2010; Shin et al. 2014; Berger 
Baldotto et al. 2015). However, in terms of age, rabbits older 
than 4 months (Dipineto et al. 2008; Santaniello et al. 2009) 
and horses older than 3 years (Wagnerová et al. 2012) showed 
a significantly higher seropositivity in comparison with the 
respective younger counterparts. The reason given in the two 
studies carried out in rabbits to justify this discrepancy is 
that the young animals were tested between 1 and 2 months, 
when they are typically seronegative, as maternal antibodies 
have just stopped being present (Dipineto et al. 2008). Further 
studies are needed to investigate possible epidemiological 
associations.

Concerning its geographical distribution, E. cuniculi have 
a worldwide distribution, with cases reported over the five 
continents (Thomas et al. 1997; Okewole 2008; Lindsay 
et al. 2009; Pan et al. 2015; Maestrini et al. 2017).

The infection by this pathogen is mostly asymptomatic, 
so the serological detection of IgG antibodies against E. 
cuniculi has been performed in human and animal popula-
tions in order to assess the seroprevalence of this microspo-
ridian in different species and geographic locations around 
the globe. Therefore, the estimated prevalence of E. cuniculi 
described through serological screening in the main species 
with zoonotic interest (rabbits, small companion animals, 
and humans) and in different geographic regions is systema-
tized as shown in Table 1.

Potential transmission routes, 
environmental resistance, and risk factors

The most common transmission routes in mammals are 
through ingestion or inhalation of spores present in the envi-
ronment that were previously excreted by infected patients 
via urine (mainly) or feces (Künzel et al. 2008; Latney et al. 
2014) (Fig. 2). Moreover, it is assumed that microsporidia 
can be transmitted to humans through food, such as milk 
(Kváč et al. 2016), fermented meat products (Sak et al. 
2019), and products from crops (Thurston-Enriquez et al. 
2002).

Kváč et al. (2016) reported for the first time the pres-
ence of E. cuniculi in cow’s milk and showed that its spores 
remain infective even after a high-temperature short-time 
(HTST) pasteurization process (72 °C for 15 s or 85 °C for 
5 s). Moreover, Sak et al. (2019) recently suggested that fer-
mented pork products may represent an additional possible 
source of infection, considering the results of their study that 
show the presence of spores in pork meat samples, using 

a nested PCR protocol, and that the fermentation process 
is not effective for spore inactivation, under experimental 
conditions. Rabbit meat can also be a source of infection 
for humans, as in some countries this type of meat is often 
consumed (Wang et al. 2018). Finally, products from crops, 
which are often consumed raw, could also be sources of 
infection, as the presence of microsporidia spores in irri-
gation water has been reported (Thurston-Enriquez et al. 
2002).

In addition to the horizontal transmission, vertical trans-
mission has been also described, through the placenta, in 
different hosts species, such as rabbits (Baneux and Pognan 
2003), dogs (Snowden et al. 2009), and mice (Kotková et al. 
2018), and has been presumed in an infected snow leopard 
(Scurrell et al. 2015) and in emperor tamarins (Guscetti et al. 
2003; Juan-Sallés et al. 2006).

E. cuniculi is present in the environment in the form of a 
spore, which is quite resistant due to its wall formed by an 
inner layer with chitin and an outer layer enriched in pro-
tein (Bohne et al. 2011). It is known that E. cuniculi spores 
have the ability to survive up to 6 weeks at 22 °C outside 
the host’s body (Künzel and Fisher 2018) and even longer 
in water environments, such as ditch water and river water, 
at the proper temperature (Li et al. 2003). Li et al. (2003) 
conducted an experimental study that evaluated the infectiv-
ity of culture-derived E. cuniculi spores stored in water, at 
various temperatures, and concluded that spores were still 
infective for 3 months, 2 months, 1 month, 3 weeks, and only 
1 week at 10 °C, 15 °C, 20 °C, 25 °C, and 30 °C, respec-
tively. Even so, E. cuniculi spores apparently lose infectivity 
more rapidly than other microsporidia species that infect 
mammals, such as Encephalitozoon hellem and Encepha-
litozoon intestinalis (Li et al. 2003).

Regarding risk factors and conditions that favor infection, 
the immunocompromised health status of the individual has 
been described as the main factor favoring infection by this 
opportunistic agent (Didier 2005), but other factors have been 
reported in animals and humans. For example, in animals, 
some housing and food conditions have been highlighted: the 
rearing on household farms, in contrast to commercial farms, 
due to the less hygienic-sanitary conditions normally found 
in the first places (Wang et al. 2018); the use of multi-animal 
communal cages due to the higher animal density and the 
consequent contact with urine and feces from other animals 
(Okewole 2008); the fruit-, vegetable-, and grain-based diets 
due to the potential contamination of these foods (Wang 
et al. 2018; Marková et al. 2019); the outdoor life as stray/
feral animals instead of exclusive indoor life like pet animals 
(Addie et al. 2020); and keeping animals in stable systems 
rather than on pasture or in paddocks (Wagnerová et al. 
2012). In humans, other risk factors have been suggested: 
working with animals and animal products (Halánová et al. 
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Table 1  Serological prevalence of E. cuniculi according to species, geographic region, health status, and screening techniques

Species Geographic region n total Health status Serological Prevalence (%) Techniques References

Rabbits
   Pet rabbits Europe

  Czech Republic 500A+S 68.0 ELISA (Jeklova et al. 2010)
  Germany 773A+S /  555S /  218A 43.5 / 47.9 / 17.9 IFAT +/- CIA (Hein et al. 2014)
  Italy 125A+S /  78S /  47A 67.2 / 66.7 / 68.1 ELISA + CIA (Dipineto et al. 2008)
  Italy 826A+S /  310S /  516A 59.6 / 70.6 / 52.9 CIA (Lavazza et al. 2016)
  Italy 9A+S 44.4 ELISA (Maestrini et al. 2017)
  United Kingdom 97A 51.5 ELISA (Keeble and Shaw 2006)
  Slovakia (Eastern) 571NI 41.7 IFAT (Halánová et al. 2003)
South America
  Brazil 186A+S/  26S /160A 81.7 / 61.5 / 85.0 ELISA (Berger Baldotto et al. 2015)
Asia
  Japan 337A+S /  142S /  195A 63.5 / 71.1 / 57.9 ELISA (Igarashi et al. 2008)
  Korea 186A+S /  23S /  163A 22.6 / 0.0 / 25.8 ELISA (Shin et al. 2014)
  Taiwan 171A+S /  16S /  155A 67.8(63.2)/93.8(93.8)/65.

2(60.0)
ELISA + (CIA) (Tee et al. 2011)

   Commercially reared 
rabbits

Europe
  Czech and Slovak 

Republics
1883A 36.2 ELISA (Neumayerová et al. 2014)

  Italy 1600A+S 31.6 ELISA + CIA (Santaniello et al. 2009)
  Italy 260A 75.4 CIA (Lonardi et al. 2013)
  Italy 128A 71.9 ELISA (Maestrini et al. 2017)
Asia
  China 300A 18.7 ELISA (Pan et al. 2015)
  China 1213NI 19.4 ELISA (Wang et al. 2018)
  Turkey 52A+S 7.7 CIA (Ozkan et al. 2011)
Africa
  Egypt 240A+S /  30S /  210A 15.0 / 66.7 / 7.6 ELISA (Ashmawy et al. 2011)
  Nigeria 237A+S 16.5 IFAT (Okewole 2008)

   Wild rabbits Australia
  South West Western 

Australia
81NI 24.7 IFAT (Thomas et al. 1997)

   Zoo rabbits Europe
  Italy 16A+S 100.0 ELISA (Maestrini et al. 2017)

   Laboratory rabbits Europe
  Italy 30A+S 56.7 ELISA (Maestrini et al. 2017)
Australia
  South West Western 

Australia
29NI 75.9 IFAT (Thomas et al. 1997)

Cats Europe
  Austria 11S/  100A 100.0 / 2.0 IFAT (Benz et al. 2011)
  Slovakia (Eastern) 72NI 23.6 IFAT (Halánová et al. 2003)
  United Kingdom 27NI 0.0 DAT (Meredith et al. 2015)
North American
  United States 127NI 26.8 ELISA (Kourgelis et al. 2017)
  United States (Virginia) 232A+S /  36S /  196A 6.5 / 11.1 / 5.6 IFAT (Hsu et al. 2011)
Asia
  Japan 295A 6.1 ELISA (Tsukada et al. 2016)
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2003); handling animals and washing their cages due to 
the potential contact with the urine of infected individuals 
(Ozkan et al. 2011; Sak et al. 2011b; Carhan et al. 2015); 
living in poor sanitary conditions (Halánová et al. 2013); and 
outdoor activities in wildlife habitats, since wild animals are 
considered reservoirs of this disease (Murphy et al. 2007; 
Meredith et al. 2015).

Diagnosis: serological, molecular, 
and histopathological examinations

Serological testing

Serological testing has been used for the detection of 
antibodies against E. cuniculi in order to confirm/exclude 

Table 1  (continued)

Species Geographic region n total Health status Serological Prevalence (%) Techniques References

Dogs Europe

  Norway 237NI 0.0 IFAT + ELISA (Akerstedt 2003)

  Slovakia 111A 15.3 ELISA (Malčeková et al. 2010)

  Slovakia (Eastern) 193NI 37.8 IFAT (Halánová et al. 2003)

North America

  United States 125NI 21.6 ELISA (Cray and Rivas 2013)

South America

  Brazil 113NI /  63NI 27.4 / 14.3 DAT / IFAT (Lindsay et al. 2009)

  Colombia 254NI/  51NI 18.5 / 35.3 DAT / IFAT (Lindsay et al. 2009)

Asia

  Japan 472NI 21.8 ELISA (Sasaki et al. 2011)

Humans Europe
  Slovakia 215IS 0.9 ELISA (Malčeková et al. 2010)
  Slovakia (Eastern) 456 /  24IS 5.7 / 37.5 IFAT (Halánová et al. 2003)
Africa
  Egypt 44IS/44IC 77.3 / 11.4 IFAT (Abu-Akkada et al. 2015b)

Asia

  China 300A 9.7 ELISA (Pan et al. 2015)

A asymptomatic individuals, S symptomatic individuals, IC immunocompetent individuals, IS immunosuppressed individuals, NI - no informa-
tion (clinical status not defined), n total total number of individuals, CIA carbon immune assay, DAG direct agglutination test, IFAT indirect fluo-
rescence antibody test, ELISA enzyme-linked immunosorbent assay.

Fig. 2  Transmission of 
Encephalitozoon cuniculi 
among different hosts from a 
One Health perspective due to 
its zoological potential. Note 
that the rabbit is its main host 
but that the arrows represent all 
possible routes for the mature 
spores
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the presence of infection in suspected animals or even to 
identify asymptomatic carrier individuals. Although most 
studies only search for IgG antibodies against E. cuniculi, the 
simultaneous detection with IgM has been described, which 
allows the differentiation between active (acute, reactivation, 
or reinfection) and chronic/latent infection (Igarashi et al. 
2008; Jeklova et al. 2010): there is typically an increase 
in IgM titers from day 0 to day 35 post-exposure and an 
increase in IgG titers only at 2 and 3 weeks after exposure 
(Cox et  al. 1979). This serological aspect is important 
because it influences the therapeutic decision: a positive 
titer of IgM antibodies in a suspected animal is sufficient 
to establish the diagnosis and initiate intensive treatment 
(Jeklova et al. 2010). On the other hand, a positive titer of 
IgG can indicate a potential current infection (with at least 
3 weeks from exposure), a chronic infection, or a recovered 
previous infection (Cray and Rivas 2013; Latney et al. 2014). 
Therefore, a suspected individual with a negative titer allows 
the clinician to rule out the E. cuniculi as the causative agent 
of the disease, whereas if it has a positive titer, the clinical 
suspicion is reinforced, but it is still not possible to prove 
that the present clinical signs are caused by E. cuniculi 
(Csokai et al. 2009).

The serological techniques that have already been 
described for this detection are the enzyme-linked immu-
nosorbent assay (ELISA), the indirect fluorescence antibody 
test (IFAT), the carbon immune assay (CIA), the quantitative 
western blot (qWB) analysis, and the direct agglutination 
test (DAT) (Boot et al. 2000; Jordan et al. 2006b; Desou-
beaux et al. 2017).

As shown in Table 1, ELISA and IFAT are the most com-
monly used serological techniques, because they are easy to 
perform, allow quick results, and are currently well known 
and widely available (Boot et al. 2000; Csokai et al. 2009). A 
good agreement has been described between the two assays 
(Boot et al. 2000). From a study in which IFAT was the 
approach used, it was noticed that the IgG immunoglobulin 
response is triggered against the spore wall and not to the 
polar tube as previously thought (Talabani et al. 2010).

CIA has been used in seroprevalence studies mainly in 
rabbits (Dipineto et al. 2008; Santaniello et al. 2009; Ozkan 
et al. 2011; Tee et al. 2011; Lonardi et al. 2013; Hein et al. 
2014; Lavazza et  al. 2016), and it has been considered 
as an inexpensive and quick serological technique with a 
good correlation with ELISA (Dipineto et al. 2008) and 
IFAT (Boot et al. 2000; Hein et al. 2014) results. The main 
limitation remains in its later positive results compared to 
other methods, since it only has the ability to measure IgG, 
which means it only detects seropositivity when 2–3 weeks 
have elapsed from the onset of infection (Boot et al. 2000; 
Lavazza et al. 2016).

Quantitative western blot analysis allows a “one-step 
technical approach” for IgG- and IgM-antibody-specific 

detection (Desoubeaux et al. 2017) and has been applied 
in populations of cats (Künzel et al. 2014), rabbits (Desou-
beaux et al. 2017), and humans (Deplazes et al. 1996), as 
a reliable serological alternative. However, in the routine 
practice, it is not often applied due to its labor-intensive and 
time-consuming features and its similar results with faster 
and easier techniques, such as IFAT, which end up being 
preferred (Künzel et al. 2014; Desoubeaux et al. 2017).

Lastly, DAT has been described for the detection of anti-
bodies against E. cuniculi in mice, horses, and dogs, with 
a sensitivity and specificity that varies between 68.0 and 
94.0% and between 89.0 and 98.0%, respectively, according 
to the examined species (Goodwin et al. 2006; Jordan et al. 
2006b; Lindsay et al. 2009). The main advantages over the 
other serological assays are not needing specialized equip-
ment, being faster and easier to perform, the lower risk of 
cross-reactivity, and the ability to be applied to a greater 
number of species as it does not require species-specific anti-
bodies (Jordan et al. 2006b). Even so, in cats, DAT is not yet 
validated, and the study by Meredith et al. (2015) raised the 
possibility that it may not be appropriate in this species, as 
they have not detected any seropositive cats, within a popu-
lation from UK, through this serological methodology. Thus, 
its application in other species is necessary to confirm its 
diagnostic value, which may increase its use in the future.

The detection of IgG antibodies against E. cuniculi spore 
wall antigen or E. cuniculi polar tube antigen has been car-
ried out also in urine samples by an ELISA technique, but 
the uropositivity was only associated with strongly serore-
active rabbits, so further studies are needed to confirm the 
usefulness of this approach (Furuya et al. 2009).

Molecular testing

Another diagnostic method is the detection of E. cuniculi 
deoxyribonucleic acid (DNA) by polymerase chain reaction 
(PCR), by either conventional, nested, or real-time technique 
(Csokai et al. 2009; Zietek et al. 2014).

Nested or real-time PCR allows the detection of E. cunic-
uli DNA in organ and tissue samples, such as brain, kidney, 
liver, lung, spleen, and heart (Csokai et al. 2009; Leipig et al. 
2013). The brain has been considered the most appropriate 
tissue for the detection of E. cuniculi DNA, since it is prob-
ably the organ with the highest concentration of spores in 
infected individuals (Csokai et al. 2009; Leipig et al. 2013). 
The main disadvantages of this technique are that it only 
allows a postmortem diagnosis, since the tissues are usually 
obtained at necropsy, and the fact that there may be false 
negative results, due to a low concentration or a non-uni-
form distribution of spores in the tissue samples examined 
(Csokai et al. 2009). However, in rabbits and cats, conven-
tional PCR detection of E. cuniculi DNA from a sample of 
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aqueous humor or liquefied lens has been considered as an 
excellent method for the antemortem diagnosis of patients 
with phacoclastic uveitis (Csokai et al. 2009; Künzel et al. 
2014).

In addition to organs and tissues, nested or real-time PCR 
has been also carried out in animals and humans using sam-
ples from feces (Deplazes et al. 1996; Weber et al. 1997; 
Fournier et al. 2000; Lobo et al. 2003; Sak et al. 2011a; Sak 
et al. 2011b; Perec-Matysiak et al. 2019), urine (Deplazes 
et al. 1996; Fournier et al. 2000; Baneux and Pognan 2003; 
Csokai et al. 2009; Hein et al. 2014; Zietek et al. 2014; Abu-
Akkada et al. 2015a; Boer et al. 2021), and cerebrospinal 
fluid (Csokai et al. 2009; Hein et al. 2014; Jeklova et al. 
2020), allowing the diagnosis of the disease in clinical cases 
and the identification of infected animals excreting spores 
in epidemiological prevalence surveys. The PCR technique 
in urine (Baneux and Pognan 2003; Csokai et al. 2009) and 
in cerebrospinal fluid (Csokai et al. 2009; Jeklova et al. 
2020) has been associated with low sensitivity, which can 
lead to false negative results. The currently accepted reason 
for the low sensitivity of this molecular screening method 
on urine samples is the intermittent excretion of spores, 
which decreases during the course of the infection (Cox 
et al. 1979). In fact, according to Cox et al. (1979), a signifi-
cant amount of E. cuniculi spores was excreted in urine of 
acutely infected rabbits until day 63, but after that the excre-
tion became intermittent and in smaller amounts, ceasing 
around 98 days post-infection. Besides that, in humans, PCR 
testing has also been effectively carried out in other body 
fluids, such as bronchoalveolar washings (Deplazes et al. 
1996; Kicia et al. 2019), pleural fluid (Kicia et al. 2019), and 
sputum (Weber et al. 1997; Fournier et al. 2000; Talabani 
et al. 2010; Kicia et al. 2019).

Histological and immunological examination

Histopathology allows the identification of lesions compat-
ible with infection by E. cuniculi, such as granulomatous 
interstitial nephritis and granulomatous encephalitis in asso-
ciation with macrophage and lymphocyte infiltration and 
fibrosis (Leipig et al. 2013; Rodríguez-Tovar et al. 2017). 
Yet, similar lesions have also been described in the heart, 
lungs, and liver of infected animals (Rebel-Bauder et al. 
2011; Leipig et al. 2013). A high correlation between the 
intensity of the lesions and the levels of antibody titers has 
been described (Csokai et al. 2009).

The histological examination also enables the identifi-
cation and evaluation of spores in paraffin-embedded tis-
sues when samples are stained with Gram’s stain (Guscetti 
et al. 2003; Maestrini et al. 2017; Rodríguez-Tovar et al. 
2017), Ziehl–Neelsen (ZN) (Csokai et al. 2009; Maestrini 
et al. 2017; Rodríguez-Tovar et al. 2017), acid-fast trichrome 
(AFT) (Csokai et al. 2009; Maestrini et al. 2017), calcofluor 

white stain (Rodríguez-Tovar et al. 2017), and modified tri-
chrome staining (MTS) (Reetz et al. 2009; Rodríguez-Tovar 
et al. 2017). The preferred stains for detection of spores of 
E. cuniculi in tissues are MTS and Gram’s stain, by light 
microscopy, and calcofluor white stain, by ultraviolet light 
microscopy (Rodríguez-Tovar et al. 2017).

In addition, immunohistochemistry has been used mainly 
through monoclonal anti-E. cuniculi antibodies in tissue sec-
tions obtained from suspected animals (Mo and Drancourt 
2004; Maestrini et al. 2017; Jeklova et al. 2020).

Other diagnostic tests

Transmission electron microscopy examination, often 
referred to as TEM, is another effective diagnostic approach 
to enhance the identification of the microsporidia in tissue 
samples and that even allows the differentiation of its stage 
(meront, sporont, and sporoblast) (Illanes et al. 1993; Gusc-
etti et al. 2003; Juan-Sallés et al. 2006; Morsy et al. 2020).

Cerebral spinal fluid analysis has been also reported and 
usually shows a lymphomonocytic pleocytosis and a high 
protein level, laboratorial abnormalities common to other 
brain diseases, which result in little diagnostic value (Jass 
et al. 2008), so, given the inherent risk of the technique, this 
approach is no longer advised (Künzel and Fisher 2018).

Finally, cytological examination of aqueous humor or lens 
material (Benz et al. 2011) and urine staining with trichrome 
stain (Jass et al. 2008) were previously described, but the 
low sensitivity associated with both assessments limits their 
diagnostic value.

Infection in the main host species: clinical 
presentation and treatment

Rabbits

Most infections in rabbits are subclinical, with a large per-
centage of clinically healthy positive rabbits detected in 
serological screenings (Keeble and Shaw 2006; Csokai et al. 
2009; Lonardi et al. 2013; Neumayerová et al. 2014; Maes-
trini et al. 2017). Even so, rabbits with clinical manifestation 
of infection can show three main presentations: neurological, 
renal, and ocular (Künzel and Fisher 2018).

The neurological condition is the most reported in this 
species, and the clinical signs are related to a central ves-
tibular dysfunction, such as head tilt (Dipineto et al. 2008; 
Okewole 2008; Csokai et al. 2009; Ashmawy et al. 2011; 
Tee et al. 2011; Berger Baldotto et al. 2015; Lavazza et al. 
2016), torticollis (Ozkan et al. 2011; Fukui et al. 2013; 
Zietek et al. 2014; Maestrini et al. 2017; Morsy et al. 2020), 
tremors (Dipineto et al. 2008; Jeklova et al. 2010), circling 
(Jeklova et al. 2010; Lavazza et al. 2016; Morsy et al. 2020), 
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ataxia (Dipineto et al. 2008; Jeklova et al. 2010; Fukui et al. 
2013; Lavazza et al. 2016; Morsy et al. 2020), nystagmus 
(Jeklova et al. 2010; Lavazza et al. 2016), seizures (Jek-
lova et al. 2010), and asthenia, paresis, or even paralysis 
of limbs (Dipineto et al. 2008; Okewole 2008; Ashmawy 
et al. 2011; Ozkan et al. 2011; Zietek et al. 2014; Berger 
Baldotto et al. 2015; Morsy et al. 2020). Urinary inconti-
nence was also recorded (Okewole 2008; Zietek et al. 2014; 
Berger Baldotto et al. 2015). In turn, the ocular presenta-
tion is described as phacoclastic uveitis, characterized by 
severe inflammation of the uvea, the appearance of whitish 
intraocular lesions and even cataracts (Giordano et al. 2005; 
Dipineto et al. 2008; Csokai et al. 2009; Jeklova et al. 2010; 
Tee et al. 2011; Berger Baldotto et al. 2015; Lavazza et al. 
2016; Morsy et al. 2020). The renal presentation is noted as 
chronic interstitial nephritis, associated with signs of kidney 
disease, such as polyuria/polydipsia (Dipineto et al. 2008; 
Jeklova et al. 2010; Morsy et al. 2020), dehydration (Morsy 
et al. 2020), anorexia (Morsy et al. 2020), and weight loss 
(Jeklova et al. 2010; Morsy et al. 2020). Rabbits can show 
only one presentation or even a combination of these condi-
tions (Dipineto et al. 2008; Okewole 2008; Jeklova et al. 
2010; Tee et al. 2011; Berger Baldotto et al. 2015; Lavazza 
et al. 2016), and in some cases, this clinical condition can 
also lead to death (Fukui et al. 2013; Maestrini et al. 2017).

Fenbendazole is the drug of choice for the treatment of 
E. cuniculi at a dose of 20 mg/kg per day for 28 consecutive 
days (Suter et al. 2001). This drug allows the elimination, or 
at least reduction, of spores present in the affected tissues, 
controlling the microsporidial infection (Suter et al. 2001). 
Alternatively, the use of albendazole and oxibendazole is 
occasionally reported (Giordano et al. 2005; Desoubeaux 
et al. 2017). Care should be taken in patients undergoing 
these drugs as benzimidazole toxicosis has been described 
in rabbits, mainly with albendazole and when doses higher 
than the standard reference range or for longer than recom-
mended are given (Graham et al. 2014). In addition to the 
targeted treatment, supportive therapies are also described to 
control clinical signs and lesions secondary to the infection. 
For example, phacoemulsification or even enucleation has 
been required in rabbits with phacoclastic uveitis (Giordano 
et al. 2005; Csokai et al. 2009) and physiotherapy has been 
suggested for rabbits with central vestibular dysfunction 
(Künzel and Fisher 2018).

Rodents

Rodents have often been used to study E. cuniculi by 
allowing, in an experimental context, the evaluation of the 
parasite dissemination within the host’s body (Kotkova et al. 
2013; Sak et al. 2017), the possibility of vertical transmission 
(Kotková et al. 2018), and the therapeutic response to drugs 
(Kotkova et al. 2013; Lallo et al. 2013; Sak et al. 2017, 2020).

Furthermore, it is known that wild rodents are capable of 
being infected by this agent, functioning as potential “reservoirs” 
and sources of transmission for predatory species, other domestic 
animals, and even humans, as described in epidemiological 
surveys (Hersteinsson et al. 1993; Meredith et al. 2015; Perec-
Matysiak et al. 2019) and case reports (Hofmannová et al. 
2014; Kitz et al. 2018). For example, the overall prevalence of 
E. cuniculi in wild rodents was 5.31% in the UK (Meredith et al. 
2015) and 15% in Central Europe (Perec-Matysiak et al. 2019), 
according to epidemiological data obtained through serological 
and molecular methods, respectively.

Thus, infection by E. cuniculi has been reported in 
several species of small rodents, such as the house mouse 
(Mus musculus) (Hersteinsson et al. 1993), the striped field 
mouse (Apodemus agrarius) (Perec-Matysiak et al. 2019), 
the yellow-necked mouse (Apodemus flavicollis) (Perec-
Matysiak et al. 2019), the long-tailed field mouse/wood 
mouse (Apodemus sylvaticus) (Hersteinsson et al. 1993; 
Meredith et al. 2015; Perec-Matysiak et al. 2019), the barbary 
striped grass mouse (Lemniscomys barbarus) (Kitz et al. 
2018), the bank vole (Myodes glareolus) (Meredith et al. 
2015; Perec-Matysiak et al. 2019), the field vole (Microtus 
agrestis) (Meredith et al. 2015), and the steppe lemming 
(Lagurus lagurus) (Hofmannová et al. 2014). Domestic small 
rodents, such as the guinea pigs (Cavia porcellus) are also 
susceptible to infection (Illanes et al. 1993).

Multifocal granulomatous lesions were identified 
in association with clinical signs, such as weight loss 
(Hofmannová et al. 2014; Kitz et al. 2018), behavior changes 
(Hofmannová et al. 2014), conjunctivitis (Hofmannová et al. 
2014), and hind-limb paresis (Hofmannová et al. 2014), 
and the infection was even fatal for some small rodents 
(Hofmannová et al. 2014; Kitz et al. 2018).

In experimental mice, albendazole showed reduction of 
microsporidia burden (Kotkova et al. 2013; Lallo et al. 2013; 
Sak et al. 2017) and survival prolongation (Sak et al. 2017), 
becoming the drug of choice in the treatment of rodents.

Small companion animals: cats and dogs

There is still limited information about the course of 
the disease in cats and dogs, which is believed to be 
underdiagnosed in these species. Snowden et al. (2009), for 
example, described several reasons that can be responsible 
for the lack of diagnosis in dogs: (1) inadequate exploration 
of the cause of death in young dogs through necropsy, (2) 
incorrect attribution of neurological signs to more frequent 
viral diseases in puppies (e.g., canine distemper), and (3) 
unavailability of routine canine serological screening tests 
for E. cuniculi. In addition, we would add another potential 
reason: lack of knowledge and awareness of small animal 
veterinarians for this disease, a paradigm that we intend to 
change with this review.
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Nevertheless, it is currently known that both species 
can be infected with E. cuniculi through oral ingestion of 
water or food contaminated with spores and that they can 
develop clinically relevant and potentially fatal disease 
(Snowden et  al. 2009; Postma et  al. 2018; Addie et  al. 
2020). Moreover, stray and wild animals are at greater risk 
of infection, compared to domestic ones, since the exposure 
in the outdoor environment is significantly superior (Lindsay 
et al. 2009; Addie et al. 2020).

The main clinical manifestation of a symptomatic 
infected cat is the development of ocular abnormalities, 
such as cataracts and anterior uveitis (Benz et al. 2011; 
Künzel et al. 2014; Addie et al. 2020). Thus, the therapeutic 
protocol for cats with ocular lesions due to parasitic infection 
often involves the surgical removal of the affected lens 
(phacoemulsification), in addition to the administration of 
fenbendazole (20 mg/kg daily once daily for 21 consecutive 
days) and the symptomatic treatment of uveitis (Benz et al. 
2011; Addie et al. 2020).

On the other hand, canine patients with symptomatic 
infection normally develop systemic abnormalities 
compatible with the so-called encephalitis-nephritis 
syndrome, presenting neurological changes, such as epileptic 
seizures (Postma et  al. 2018; Boer et  al. 2021), altered 
mental state (Snowden et al. 2009; Postma et al. 2018), 
ataxia (Snowden et al. 2009; Boer et al. 2021), tremors 
(Boer et  al. 2021), circling (Snowden et  al. 2009), and 
central blindness (Snowden et al. 2009), but also anorexia 
and weight loss (Snowden et al. 2009; Postma et al. 2018). 
However, Nell et al. (2015) reported ocular lesions similar 
to those found in cats infected with E. cuniculi. In that case 
report, three dogs aged between 6 months and 7 and a half 
years were diagnosed with chronic anterior uveitis and focal 
anterior cortical cataract (Nell et al. 2015). As mentioned 
for cats, the same benzimidazole drug (fenbendazole) has 
been prescribed in dogs at doses ranging from 25 to 55 mg/
kg once daily for 10 to 30 consecutive days, depending on 
their therapeutic response, along with the supportive and 
symptomatic treatment (Nell et al. 2015; Boer et al. 2021). 
In the three dogs with the described ocular lesions, the 
phacoemulsification technique was also elected for their 
treatment with satisfactory results (Nell et al. 2015).

Humans

The emergence of patients diagnosed with acquired immu-
nodeficiency syndrome (AIDS) in the 1980s marked the 
knowledge about this opportunistic parasitosis in humans, 
since until this time, E. cuniculi was rarely diagnosed in 
people. The main reason for this epidemiological association 
is the impairment of the immune system of these individuals 
that allowed the clinical manifestation of the infection (Did-
ier 2005; Didier and Weiss 2006). Beyond that, homosexual 

practice among these patients proved to be an increased risk 
factor of parasite transmission, with microsporidia detected 
in the urethra and prostate (Didier 2005). Nevertheless, the 
increasing prescription of combination antiretroviral therapy 
to these patients has reduced the occurrence of this oppor-
tunistic infection. However, in less developed countries, 
where this therapy is less available, the infection continues 
to have a worrying prevalence in these immunocompromised 
patients (Didier and Weiss 2011).

In addition to AIDS patients, other groups of people are 
considered to be at risk such as cancer patients undergoing 
chemotherapy, the elderly and children, diabetic patients, 
and travelers (Didier and Weiss 2011), but also organ 
transplant recipients (Talabani et  al. 2010; Didier and 
Weiss 2011; Hocevar et al. 2014; Ladapo et al. 2014; Kicia 
et al. 2019), employees of slaughterhouse (Halánová et al. 
2003), and animal care workers (Ozkan et al. 2011; Sak et al. 
2011b; Carhan et al. 2015). Moreover, in a recent review, 
the potential zoonotic risk for patients undergoing animal-
assisted interventions was highlighted, due to the close and 
continued physical contact that these therapies often require 
(Santaniello et al. 2021).

Therefore, E. cuniculi infection in humans has been 
associated mainly with immunocompromised individuals, 
in whom higher percentages of seropositivity have been 
reported (Halánová et al. 2003; Abu-Akkada et al. 2015b). 
The development of clinical disease is particularly related 
to these patients, with the manifestation of different symp-
toms, which may even lead to death (De Groote et al. 1995; 
Weber et al. 1997; Fournier et al. 2000; Kicia et al. 2019). 
In contrast, the infection is mostly subclinical in immuno-
competent humans (Sak et al. 2011a).

E. cuniculi can infect and spread to various organs, caus-
ing multiple syndromes, such as encephalitis, keratoconjunc-
tivitis, nephritis, hepatitis, myositis, peritonitis, sinusitis, and 
pneumonia (Didier and Weiss 2011). The main clinical signs 
detected in humans with microsporidia are fever of unknown 
origin (De Groote et al. 1995; Talabani et al. 2010; Ladapo 
et al. 2014; Kicia et al. 2019), diarrhea (Weber et al. 1997; 
Didier and Weiss 2011; Ladapo et al. 2014), and ocular 
(De Groote et al. 1995; Franzen et al. 1995; Fournier et al. 
2000), nasal (De Groote et al. 1995; Franzen et al. 1995), 
and respiratory signs (De Groote et al. 1995; Talabani et al. 
2010; Kicia et al. 2019), in addition to more nonspecific 
signs, such as anorexia, wasting, and weight loss (De Groote 
et al. 1995; Fournier et al. 2000; Talabani et al. 2010; Didier 
and Weiss 2011). When E. cuniculi reaches the brain tissue, 
other clinical manifestations, such as headache and visual 
and cognitive impairments, may be present (Weber et al. 
1997).

Albendazole is the drug of choice for the treatment of E. 
cuniculi in humans and has been prescribed at the dose of 
200–400 mg twice daily (De Groote et al. 1995; Franzen 
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et al. 1995; Weber et al. 1997; Talabani et al. 2010; Hocevar 
et al. 2014; Ladapo et al. 2014; Carhan et al. 2015).The 
duration of treatment depends on the resolution of clinical 
signs, but more objectively on the spore clearance in the 
urine (Weber et al. 1997; Hocevar et al. 2014; Ladapo et al. 
2014; Carhan et al. 2015) and also on the time required for 
the white cell counts (mostly CD4 + cells) to rise to values 
considered acceptable for the health of the individual 
(Talabani et al. 2010).

Infection in other animal species: 
particularities and potential impact 
on the ecosystem

Horses

Levkutová et  al. (2004) described a seroprevalence of 
59.7% and 83.3%, respectively, in 72 asymptomatic and 30 
symptomatic horses from Israel, while Goodwin et al. (2006) 
reported a seroprevalence between 12.5–14.1% in 559 horses 
from Brazil. In contrast, Cray et al. (2014) showed that only 
4.8% of 105 clinically abnormal horses from USA were 
seropositive. Although this percentage result is comparatively 
lower in comparison with the previous studies, it is in line 
with the value reported by Wagnerová et al. (2012) in horses 
from the Czech Republic, through the PCR detection of E. 
cuniculi in their fecal samples: 6.9% of 377 horses.

In this species, E. cuniculi infection in pregnant mares 
has been associated with placentitis (Patterson-Kane et al. 
2003) and abortion (Patterson-Kane et al. 2003; Szeredi 
et al. 2007). Moreover, other clinical signs, such as colic 
(Levkutová et al. 2004; Cray et al. 2014), fever of unknown 
origin (Levkutová et  al. 2004; Cray et  al. 2014), and 
neurological signs (Levkutová et al. 2004), were reported in 
seropositive horses, although it was not possible to confirm 
a clear correlation between these clinical manifestations and 
seropositivity (Levkutová et al. 2004; Cray et al. 2014).

Production animals

The presence of E. cuniculi among production and farm 
animals has been reported, usually associated with 
subclinical infection (Abu-Akkada et al. 2015a). Previous 
serological studies showed a percentage of seropositivity 
of 67.7% in goats (Abu-Akkada et al. 2015a), 52.2% in 
swine (Malčeková et al. 2010), 46.4% in buffaloes (Abu-
Akkada et al. 2015a), 2.4–28.1% in cattle (Malčeková et al. 
2010; Abu-Akkada et al. 2015a), and 8.6–13.6% in sheep 
(Halánová et al. 2003; Malčeková et al. 2010; Abu-Akkada 
et al. 2015a). E. cuniculi was also identified in urine and 
fecal samples of cattle (Abu-Akkada et al. 2015a; Kváč et al. 

2016) and swine (Reetz et al. 2009; Sak et al. 2019), through 
molecular surveys. According to Kvapil et  al. (2021), 
herbivores seem to be more likely to become infected with 
E. cuniculi than carnivores and omnivores.

Wild, exotic, and zoological mammal species

Wild species have been considered as potential reservoirs 
of infections to domestic animals and even humans, based 
on serological studies. Therefore, antibodies against E. 
cuniculi have been detected in several wild carnivores, 
such as the red fox (Vulpes vulpes) (Meredith et al. 2015), 
the arctic/blue fox (Alopex lagopus) (Hersteinsson et al. 
1993; Akerstedt 2002), and the feral mink (Mustela vison) 
(Hersteinsson et al. 1993), but also in wild lagomorphs like 
European hares (Lepus europaeus) (Bártová et al. 2015; 
Özkan et al. 2021). Given the epidemiological results of 
recent studies, seroprevalence appears to be higher in foxes 
(52.1%) (Meredith et al. 2015) than in hares (0.47–2.9%) 
(Bártová et al. 2015; Özkan et al. 2021). Most of these 
wild animals are asymptomatic carriers; however, cases 
of infected arctic/blue fox pups with neurological signs 
have been described (Hersteinsson et al. 1993; Mathis 
et al. 1996).

In relation to exotic or zoological species, studies 
carried out in captive mammal animals from zoos and 
circuses described a seroprevalence of antibodies against 
E. cuniculi ranging from 20 to 44% (Marková et al. 2019; 
Kvapil et al. 2021). In these epidemiological surveys, a 
wide variety of seropositive animals were found, including 
the alpaca (Lama guanicoe f. pacos) (Marková et  al. 
2019; Kvapil et al. 2021), the bactrian camel (Camelus 
bactrianus) (Marková et al. 2019; Kvapil et al. 2021), the 
dromedary camel (Camelus dromedarius) (Marková et al. 
2019), the llama (Lama glama) (Marková et al. 2019), the 
brown bear (Ursus arctos) (Kvapil et al. 2021), and the 
Euroasian lynx (Lynx lynx) (Kvapil et al. 2021).

The presence of E. cuniculi among this species has also 
been confirmed by PCR-based techniques, which allowed, 
for example, the detection in fecal samples of clinically 
healthy great apes from European zoos and African sanc-
tuaries, such as chimpanzees (Pan troglodytes), bonobos 
(Pan paniscus), and gorillas (Gorilla gorilla) (Sak et al. 
2011b); in the brain tissue of two stone martens (Martes 
foina) and a European otter (Lutra lutra) (Hůrková and 
Modrý 2006); in the ocular tissue of a snow leopard (Pan-
thera uncia) (Scurrell et al. 2015); in the tissue specimens 
of the major organ systems of captive emperor tamarins 
(Saguinus imperator) (Guscetti et al. 2003); and in the 
brain, lung, and bone marrow specimens from cotton-top 
tamarins (Saguinus oedipus) (Juan-Sallés et al. 2006).

Although most exotic and zoological animals usually 
present subclinical infection by E. cuniculi, some 
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individuals showed clinical signs [e.g., phacoclastic 
uveitis in a snow leopard (Scurrell et al. 2015)] or in some 
cases overt disease and death [e.g., as reported in captive 
emperor and cotton-top tamarins (Guscetti et al. 2003; 
Juan-Sallés et al. 2006)].

Birds

Birds species are also susceptible of E. cuniculi infection, 
despite being mostly asymptomatic, as described in previ-
ous epidemiological surveys (Kašičková et al. 2009; Abu-
Akkada 2019).

A study carried out in the Czech Republic confirmed the 
presence of E. cuniculi by PCR detection in the feces of 
287 exotic birds, showing an overall prevalence of 12.5% 
(Kašičková et  al. 2009). This epidemiological survey 
allowed the detection of this pathogen in individuals of 
the orders Psittaciformes and Passeriformes, such as the 
rosy-faced lovebird (Agapornis roseicollis), the budgerigar 
(Melopsittacus undulatus), and the canary (Serinus canaria). 
Moreover, a serological screening in raised chicken detected 
antibodies against E. cuniculi in 14.8% of 88 animals 
examined (Abu-Akkada 2019).

Reptiles

Microsporidia are rarely identified in reptiles, but some 
authors have already described its presence in the Inland 
Bearded Dragon (Pogona vitticeps), an increasingly pet 
animal. Contrary to what was initially thought, the pathogen 
that affects this species is not E. cuniculi, but rather a new 
species named Encephalitozoon pogonae (Sokolova et al. 
2016). In fact, although there is a significant similarity 
between the morphology and pathogenesis of the two agents, 
their differentiation was possible through the evaluation 
of the ITS region as, at this level, the E. pogonae has 
two repeats of the sequence 5′-GTTT-3′ in two different 
places (Richter et al. 2013). Clinically, affected animals 
show granulomatous lesions in different regions, such as 
joints, heart, adrenal glands, liver, spleen, kidneys, and 
gastrointestinal mucosa (Richter et al. 2013; Sokolova et al. 
2016). Further studies are needed for the detection of this 
parasite in other reptile species, especially wild ones, which 
lack investigation as noted in the current literature.

Prophylaxis and infection control measures

As rabbits are the natural host for E. cuniculi, most 
prophylactic and control measures are directed to this 
species. One of the main recommended measures is 
serological screening, in order to separate seropositive 

from seronegative rabbits and to prevent the transmission 
of E. cuniculi among colonies (Fukui et al. 2013). In fact, if 
circulating antibodies against E. cuniculi are early detected 
in a given animal, it is even possible to prevent that animal 
from contaminating the environment and other animals, 
since they can be detected 3–4 weeks before the appearance 
of spores in the urine (Deplazes et al. 2000). Therefore, it 
has been suggested that all rabbits should be screened prior 
to introduction into new colonies to prevent the entrance of 
E. cuniculi, which can potentially lead to an outbreak of new 
infections (Okewole 2008; Fukui et al. 2013). Moreover, 
serological screening examinations have been recommended 
for pet rabbits whose owners have a less competent immune 
system, such as AIDS patients, children, and the elderly, as 
they are at greater risk of becoming infected and developing 
clinical disease (Dipineto et al. 2008).

According to this point of view, if an outbreak is detected, 
the effective approach of “all-out and all-in” may be imple-
mented at the animal production systems (Fukui et al. 2013).

Another measure described to prevent the development 
of the disease is the administration of fenbendazole not 
only for the treatment of infected rabbits, but also for 
rabbits at risk, since this drug proved to prevent the 
persistence of E. cuniculi in the animal’s body when 
administered before its exposure (Suter et  al. 2001). 
Associated with the previous measures, other important 
precaution is to keep rabbits in a stable and stress-free 
condition, since changes in the environment seem to be a 
triggering element for the development of clinical signs 
in previously infected rabbits (Künzel and Fisher 2018; 
Dalboni et al. 2021).

In terms of prophylaxis, although one study described 
that subcutaneous immunization with inactivated spores of 
E. cuniculi stimulates humoral immunity enough to pro-
duce a “highly active rabbit hyperimmune sera” against this 
pathogen (Sobottka et al. 2001), there are still no vaccine 
products available for this purpose. More studies are needed 
to confirm the feasibility and effectiveness of this type of 
immunization.

In humans, and considering the zoonotic risk for people 
who work with animals, staff education should be encour-
aged (Fukui et al. 2013) and personal hygiene should be 
ensured for those who handle the animals and who eventu-
ally come into contact with potential sources of infection, 
such as their urine, for example (Ozkan et al. 2011; Carhan 
et al. 2015).

Another effective measure to reduce the potential 
exposure of animals and humans to E. cuniculi spores is the 
regular cleaning and disinfection of animal housing facilities 
with bleach and 70% ethanol, which showed high efficacy in 
killing spores even after a short contact time (Jordan et al. 
2006a).
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Conclusion

In light of the present review, we concluded that regular 
serological screening is essential for the early detection 
of infected individuals and to identify the prevalence and 
incidence in numerous species and geographic locations; 
animal and human health professionals should be more 
aware and educated to diagnose this disease, considering 
it in cases of neurological, ocular, and/or renal conditions 
refractory to treatment or when other more frequent dis-
eases have already been discarded; immunocompromised 
people must reinforce care and personal protective meas-
ures, avoiding the aforementioned risk factors, especially 
if they come into contact with lagomorphs; and the general 
public should be more conscious about the existence of 
this parasite in the environment, promoting personal and 
community hygiene practices and ensuring the protection 
of public health.

We also detected some gaps in the literature that could 
be considered as research line opportunities in the future 
such as the evaluation of this pathogen in wild species, as 
the sylvatic life cycle is not yet fully understood and may be 
crucial to eradicate this parasite in some geographic areas. 
Moreover, we also suggest the serological assessment of 
other risk groups susceptible to infection, in addition to 
immunocompromised people, such as breeders and veteri-
narians, who may be potential asymptomatic carriers due to 
the high and continued exposure to which they are subjected. 
Finally, in our view, it is also necessary to continue to evalu-
ate the applicability, sensitivity, and specificity of the current 
screening tests and even to consider new, faster, and more 
practical approaches to facilitate the evaluation of different 
free-ranging animals that can act as reservoirs.

Therefore, we showed that E. cuniculi is currently pre-
sent worldwide and circulates in several animal and human 
populations, which makes it a public health problem that 
needs to be addressed in the one health context due to its 
low host specificity, its high resistance in the environment, 
and the possibility of causing serious disease or even death, 
depending on the individual’s health status.
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