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Abstract
Enterocytozoon bieneusi is an obligate intracellular protist-like fungi parasite that infects numerous mammal hosts including
humans, raising concerns of zoonotic transmission. There is little information available on the presence and diversity of E.
bieneusi genotypes in companion animals. Here, we determined the occurrence and genetic diversity of E. bieneusi in domestic
dogs and cats from Northern Spain. A total of 336 genomic DNA samples extracted from canine (n = 237) and feline (n = 99)
faecal specimens were retrospectively investigated. The presence of E. bieneusi was assessed by PCR of the rRNA internal
transcribed spacer (ITS) gene. The parasite was detected in 3.0% (3/99) and 0.8% (2/237) of the cats and dogs examined,
respectively. All three feline positive samples were from stray cats living in an urban setting, whereas the two canine samples
were from owned dogs living in rural areas. Sequence analysis revealed the presence of two genotypes in dogs, BEB6 and PtEb
IX, and two genotypes in cats, D and Peru11. The identification of Peru11 in a cat and BEB6 in a dog constitutes the first report of
those genotypes in such hosts as well as first report in Spain. This is also the first evidence of genotype D in cats and PtEb IX in
dogs in Spain. Three out of the four genotypes, BEB6, D and Peru11, have been previously reported as human pathogens and are
potentially zoonotic indicating that dogs and cats need to be considered potential sources of human infection and environmental
contamination.
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Introduction

Microsporidia is a diverse and ubiquitous phylum of obligate
intracellular and spore-forming parasites related to fungi with
hosts ranging from protists to mammals (Stentiford et al.
2016). There are approximately 1500 described species of
Microsporidia which are distributed into about 200 genera
(Weiss and Becnel 2014), among which Enterocytozoon
bieneusi is the most common species in human gut infections.
I t is responsible for 90% of the cases of human
microsporidiosis reported globally (Santín 2015). Infection
with E. bieneusi is mainly associated with chronic diarrhoea
and wasting syndrome in immunocompromised (e.g. HIV-
infected patients and organ transplant recipients) patients,
but also with self-limited acute diarrhoea and malabsorption
in immunocompetent individuals (Lobo et al. 2012). In devel-
oped countries, E. bieneusi is considered an emerging oppor-
tunistic pathogen with prevalence ranging from 2 to 78% and
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5–15% in HIV-seropositive and HIV-seronegative individ-
uals, respectively (reviewed by Matos et al. 2012). In devel-
oping countries, reported infection rates can be as high as 58%
in apparently healthy subjects (reviewed by Matos et al.
2012). In addition, E. bieneusi has been widely reported in a
broad range of animal hosts including wild and domestic an-
imals strongly suggesting the zoonotic potential of this para-
site in which animals may act as natural reservoirs of human
infections (Santín and Fayer 2011). Transmission is faecal-
oral through ingestion of contaminated food or water with
spores of the parasite (Izquierdo et al. 2011; Stentiford et al.
2016) as well as direct transmission from infected humans or
animals (Mathis et al. 2005).

Several hundred E. bieneusi genotypes have been defined
based on sequence analysis of the internal transcribed spacer
(ITS) of the rRNA gene which constitute 11 phylogenetic
groups with distinct differences in their host specificity and
zoonotic potential (Santín 2015; Henriques-Gil et al. 2010;
Karim et al. 2014b; Li et al. 2019). Group 1 and Group 2
include most of the potentially zoonotic genotypes, whereas
the rest of the clusters display genotypes with strong host
specificity (Li and Xiao 2019; Li et al. 2019).

The rate of pet ownership is increasing globally as animals
enrich the lives of humans. In Spain, it has been estimated that
over 49% (a total of 11.6 million) of the households own a
companion animal with an estimated number of dogs and cats
of 5.4 and 3.8 million, respectively (http://www.anfaac.org/
macromagnitudes-del-sector/censo-de-mascotas/). Although
there are benefits of animal companionship, pets can carry
diseases that may spread between them and humans arising
a potential threat to public health. However, in Spain, there is
no information of the presence of E. bieneusi in cats and
information in dogs is still scarce with only one study
reporting genotypes (del Águila et al. 1999; Lores et al.
2002a; Dado et al. 2012; Galván-Díaz et al. 2014) (Table 1).
Therefore, this study aims to investigate the occurrence and
genetic diversity of E. bieneusi in dogs and cats, owned and
sheltered, in Northern Spain, and to assess zoonotic potential
and risk to public health.

Materials and methods

Origin of specimens

A total of 336 genomic DNA samples extracted from dog (n =
237) and cat (n = 99) faecal specimens collected in the prov-
ince of Álava (Northern Spain) between 2014 and 2016 were
retrospectively investigated. Dogs and cats sampled were
owned and sheltered living in rural and urban settings
(Fig. 1) and did not present with any clinical manifestation
associated to gastrointestinal illness at the time of sample col-
lection. The characteristics of the population studied are

summarised in Table 2. Because sex and age were not avail-
able for many of the animals surveyed, these variables were
not considered in the study. Sample preparation and DNA
extraction and purification procedures were as described else-
where (Gil et al. 2017; de Lucio et al. 2017).

PCR and sequence analysis

Genomic DNA was analysed by nested PCR using primers
specific for E. bieneusi that amplified the ITS region as well
as a portion of the flanking large and small subunit ribosomal
RNA genes as previously described (Buckholt et al. 2002).
Negative and positive controls were included in all PCR
rounds. The PCR products were subjected to electrophoresis
in a 2% D5 agarose gels (Conda, Madrid, Spain) stained with
Pronasafe nucleic acid staining solution (Conda).

PCR products of the expected size were directly sequenced
in both directions with the inner primers in 10 μl reactions
using Big Dye™ chemistries and an ABI 3730xl sequencer
analyser (Applied Biosystems, Foster City, CA). Raw se-
quencing data were viewed using the Chromas Lite version
2.1 sequence analysis program (http://chromaslite.software.
informer.com/2.1/). The BLAST tool (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) was used to compare nucleotide
sequences with sequences retrieved from the National Center
for Biotechnology Information (NCBI) database. The
established nomenclature system based in ITS nucleotide se-
quence was used to determine E. bieneusi genotypes (Santín
and Fayer 2009). Sequences generated in this study were de-
posited in the GenBank database under accession numbers
MK932867–MK932870.

Results

In this study, stray dogs and cats (59.9%) constituted the most
common category, followed by owned (26.5%) and surren-
dered (13.7%). Overall, 56.0% of the dogs and cats examined
were from rural areas in the province of Álava, whereas the
remaining were from urban settings (Table 2). Of the 237 dogs
and 99 cats tested for the presence of E. bieneusi, 2 (0.8%) and
3 (3.0%) were found positive, respectively. All positive cats
were stray cats living in the capital city Vitoria-Gasteiz,
whereas the two positive dogs were rural owned dogs (Fig.
1 and Table 3). Nucleotide sequence analysis of the ITS region
revealed the presence of four distinct genotypes, in dogs,
BEB6 and PtEb IX, and in cats, D and Peru11 (Table 3).
Mixed infections with more than one genotype of E. bieneusi
were not detected. Both genotypes identified in cats, D and
Peru11, belong to Group 1. For genotypes identified in dogs,
BEB6 belongs to Group 2 and PtEB IX to Group 2.
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Discussion

In the present study, molecular techniques were used to test for
presence of E. bieneusi organisms in 234 dogs and 99 cats in
Northern Spain. Three cats (3.0%) and two dogs (0.8%) were
found positive for E. bieneusi. Although E. bieneusi has fre-
quently been reported in cats in many other countries includ-
ing Brazil, China, Colombia, Czech Republic, Egypt,
Germany, Iran, Japan, Poland, Portugal, Slovakia,
Switzerland, Thailand, and Turkey (Table 4), this constitutes
the first report of E. bieneusi in cats in Spain. Two previous
studies aiming to detect Microsporidia in animals in Spain that
included household cats (n = 9) from Madrid (Galván-Díaz
et al. 2014) and Galicia (n = 10) (Lores et al. 2002a) did not
find E. bieneusi. However, another Microsporidia species,
Encephalitozoon intestinalis, was identified in one of the cats
from Madrid (Galván-Díaz et al. 2014). In dogs, E. bieneusi
has already been reported not only in Spain (del Águila et al.
1999; Lores et al. 2002a; Galván-Díaz et al. 2014) but also in
other counties including China, Colombia, Egypt, Japan,
Poland, Portugal, Switzerland, and the USA (Table 4). The
prevalence of E. bieneusi in dogs (0.8%) and cats (3.0%)
was lower than those reported in previous studies that ranged
from 1.7–25.8% and 3.3–31.3% in dogs and cats, respectively
(Table 4). Differences in prevalence could be related to the
detection method (molecular or microscopy), differences in
the type of population included in the studies (stray or pet),

or others such geographic area or infection pressure. All E.
bieneusi positive dogs were rural owned dogs suggesting that
dogs living in rural areas may be more likely to be exposed to
the parasite than their counterparts in urban settings. It could
also be associated with differences in health care standards
between urban and rural dog populations. However, we need
to be cautious because prevalence was low and a higher num-
ber of rural than urban dogs were examined. On the other
hand, we only found E. bieneusi in stray cats living in an urban
setting. This is in accordance with observations in other stud-
ies in Central Europe that only found E. bieneusi in stray cats
(8.8%; 12/135) with no positives in any of the 120 owned cats
examined (Kvac et al. 2017).

Our sequencing data analysis revealed the presence of two
genotypes in dogs, PtEb IX and BEB6. PtEb IX is the most
common genotype reported in dogs (Table 4), but this is the
first report of this genotype in dogs in Spain. So far, only
genotype A, not found in this study, has been reported in dogs
in Spain (Galván-Díaz et al. 2014). However, PtEb IX has
been previously identified in Spain in wild European badgers
(Santín et al. 2018). PtEb IX is considered a host-adapted
genotype and, therefore, poses limited (if any) zoonotic po-
tential (Li et al. 2019). This is the first report in dogs of BEB6
(also reported as SH5). This genotype was initially detected in
dairy cattle in the USA (Fayer et al. 2007), and since then it
has expanded its host range to include humans, non-human
primates, cattle, sheep, alpacas, goats, horses, sika deer, hog
deer, and cats (Feng et al. 2011; Wang et al. 2013; Karim et al.
2014b; Stensvold et al. 2014; Zhao et al. 2014; Karim et al.
2015; Li et al. 2016; Qi et al. 2016; Shi et al. 2016). BEB6 has
been reported in domestic cats in China, but not in domestic
dogs (Karim et al. 2014a). In China, BEB6 has also been
identified in raw waste water (Ye et al. 2017) and in a
hospitalised child during a Cryptosporidium outbreak investi-
gation at a paediatric hospital (Wang et al. 2013), suggesting
that this genotype may have some zoonotic potential. BEB6
seems to be rare in Europe, where it has been described so far
only in Swedish lambs (Stensvold et al. 2014).

Two genotypes were identified in the three E. bieneusi
positive cats, D in two cats, and Peru 11 in the third cat. The

Table 2 Main epidemiological features of the canine and feline
populations investigated in the present survey

Dogs Cats Total

Variable No. %3 No. %3 No. %3

Category

Owned 55 23.2 34 34.3 89 26.5

Stray1 147 62.0 54 54.5 201 59.8

Surrendered2 35 14.8 11 11.1 46 13.7

Setting

Urban 78 32.9 70 70.7 148 44.0

Rural 159 67.1 29 29.3 188 56.0

Total 237 100 99 100 335 100

1 Stray animals refer to wandering dogs and cats captured by the person-
nel of the Animal Rescue Centre, City Council of Vitoria-Gasteiz
2 Surrendered animals refer to unwanted dogs and cats rendered by their
owners to the Animal Rescue Centre, City Council of Vitoria-Gasteiz
3 Relative frequencies are shown

Fig. 1 Map of the province of Álava (Northern Spain) showing the
geographical location of the canine (identified as filled squares) and
feline (identified as filled triangles) sub-populations sampled in the pres-
ent study. Black and dark red figures represent Enterocytozoon bieneusi-
negative and Enterocytozoon bieneusi-positive results by the ITS-PCR
method, respectively

Table 3 Main epidemiological andmolecular features of the canine and
feline samples infected with Enterocytozoon bieneusi in the province of
Álava (Northern Spain), 2014–2016

Epidemiological data Genotyping data

Sample Host Status Setting Genotype GenBank accession no.

59_14 Cat Stray Urban D MK932867

161_14 Cat Stray Urban D –

151_15 Cat Stray Urban Peru11 MK932868

72_14 Dog Owned Rural BEB6 MK932869

109_14 Dog Owned Rural PtEb IX MK932870

R
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Table 4 Summary of studies on Enterocytozoon bieneusi in cats and dogs including information of prevalence and genotypes reported. Genotypes in
bold denotes those genotypes reported also in humans

Host Country Prevalence (no. of positive/no. examined) Genotype (no.) References

Cat Brazil 3.3% (2/60) D (2) Prado et al. (2019)

China 11.5% (11/96) D (3), CC2 (1), CC3 (1), CC4
(1), BEB6 (2), CC1 (1), I (1),
PtEb IX (1)

Karim et al. (2014a)

5.8% (3/52) D (2), Type IV (1) Li et al. (2015)

1.4% (2/143) Type IV (1), D (1) Li et al. (2018)

5.6% (9/160) Type IV (5), D (4) Xu et al. (2016)

Colombia 17.4% (8/46) D-like (4), Type IV (2), Peru10
(1), WL11 (1)

Santín et al. (2006)

Czech Republic 2.5% (3/118) D (3) Kvac et al. (2017)

Egypt 12.5% (13/104) N/A Al-Herrawy et al. (2016)

Germany 5.0 (3/60) Type IV (2), L (1) Dengjel et al. (2001)

Iran 7.5% (3/40) N/A Jamshidi et al. (2012)

11.5% (3/26) N/A Askari et al. (2015)

Japan 14.3% (1/7) Type IV (1) Abe et al. (2009)

Poland 9.1% (4/44) PtEb IX (3), Eb52 (1) Piekarska et al. (2017)

6.3% (4/64) D (4) Kvac et al. (2017)

Portugal 100 (6/6)# Type IV (4), PtEb IV (1), PtEb
VIII (1)

Lobo et al. (2006)

Slovakia 6.8% (5/73) D (5) Kvac et al. (2017)

Spain 0% (0/10) – Lores et al. (2002a)

0% (0/9) – Galván-Díaz et al. (2014)

3.0% (3/99) D (2), Peru11 (1) This study

Switzerland 8.3 (1/12) EbfelA (1) Mathis et al. (1999)

Thailand 31.3% (25/80) D (22), ETMK2 (1), ETMK2
(1), ETMK4 (1)

Mori et al. (2013)

Turkey 5.5% (4/72) Type IV (2), D (2) Pekmezci et al. (2019)

Dog China 7.7% (2/26) CHN5 (1), CHN6 (1) Zhang et al. (2011)

15.5% (54/348) PtEb IX (26),O (4), CD8 (4), D
(3),EbpA (2), Macaque3 (2),
CD7 (2), EbpC (1), Peru8
(1), PigEBITS5 (1),Type IV
(1), CD1 (1), CD2 (1), CD3
(1), CD4 (1), CD6 (1), CD5
(1), WW8 (1)

Karim et al. (2014a)

6.7% (18/267) PtEb IX (14), EbpC (2), D (1),
NED1 (1), NED2 (1); NED3
(1), NED4 (1)

Li et al. (2015)

8.6% (27/315) PtEb IX (16), EbpC (4), CHD3
(3), CHD1 (2), CHD2 (2)

Li et al. (2018)

6.0% (29/485) PtEb IX (28), D (1) Xu et al. (2016)

Colombia 15.0% (18/120) PtEb IX (16), Type IV (1),
WL11 (1)

Santín et al. (2008)

Egypt 13% (14/108) N/A Al-Herrawy and Gad (2016)

Germany 0% (0/60) – Dengjel et al. (2001)

Iran 25.8% (8/100) N/A Jamshidi et al. (2012)

11.8% (2/17) N/A Askari et al. (2015)

Japan 2.5% (2/79) PtEb IX (2) Abe et al. (2009)

4.4% (26/597) PtEb IX (26) Phrompraphai et al. (2019)

Poland 4.9% (4/82) D (2), PtEb IX (2) Piekarska et al. (2017)

Portugal 100% (3/3)# D (1), Peru6 (1), PtEb IX (1) Lobo et al. (2006)
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presence of both genotypes is not surprising, as these geno-
types are known to have a broad host spectrum and have been
reported in humans, non-human primates, livestock, poultry,
companion animals, and wildlife (Santín 2015; Li et al. 2019).
This is the first report in cats of Peru11 (also reported as
Peru12) while D (also reported as PigEBITS9, WL8, Peru9,
CEbC, PtEb VI) has been reported in cats in Brazil, China,
Thailand, and Turkey (Mori et al. 2013; Karim et al. 2014a; Li
et al. 2015; Xu et al. 2016; Li et al. 2018; Pekmezci et al. 2019;
Prado et al. 2019). Genotypes D and Peru 11 belong to Group
1 that includes E. bieneusi genotypes most frequently found
not only in humans but also in domestic animals worldwide,
suggesting potential for zoonotic transmission. In Spain, ge-
notype D has been described in renal transplant recipients
(Galván et al. 2011), domestic rabbits (Galván-Díaz et al.
2014), and wild red foxes (Galván-Díaz et al. 2014) as well
as water (Galván et al. 2013), but no previous reports of Peru
11 were found.

In Spain, the epidemiology and transmission dynamics of
E. bieneusi remains largely unknown. It has been reported in
HIV-positive and HIV-negative patient populations, renal
transplants recipients, travellers returning from endemic areas
and geriatric outpatients (Table 1). In addition, E. bieneusi has
been identified in companion, farmed and wild animal spe-
cies, in urban pigeons and in environmental water samples
(Table 1).

In summary, this study represents a significant contribution
to our understanding on the epidemiology of E. bieneusi in
Spain. Our data indicate that rural dogs and stray cats are more
prone to harbour E. bieneusi infections, very likely due to
higher exposure to the parasite and worse standards of care
compared with owned animals living in urban settings. Our
findings expand current knowledge on host and geographical
distribution of E. bieneusi genotypes. The identification of
Peru11 in a cat and BEB6 in a dog constitutes the first report
of those genotypes in those hosts as well as first report in
Spain. Genotype D has been previously reported in cats in

China, but this is the first report in cats in Spain. PtEb IX
has been reported in multiple studies in dogs but this will be
the first report of this genotype in Spain. The identification of
genotypes with zoonotic potential (D, BEB6, Peru11) repre-
sents a public health concern that should be further investigat-
ed in future molecular epidemiological surveys.

Acknowledgements This study was funded by the Health Institute Carlos
III (ISCIII), Ministry of Economy and Competitiveness (Spain) under
project PI16CIII/00024.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Abe N, Kimata I, Iseki M (2009) Molecular evidence of Enterocytozoon
bieneusi in Japan. J Vet Med Sci 71:217–219. https://doi.org/10.
1292/jvms.71.217

Abreu-Acosta N, Lorenzo-Morales J, Leal-Guio Y, Coronado-Alvarez N,
Foronda P, Alcoba-Florez J, Izquierdo F, Batista-Díaz N, Del Aguila
C, Valladares B (2005) Enterocytozoon bieneusi (Microsporidia) in
clinical samples from immunocompetent individuals in Tenerife,
Canary Islands, Spain. Trans R Soc Trop Med Hyg 99:848–855.
https://doi.org/10.1016/j.trstmh.2005.05.010

Al-Herrawy AZ, Gad MA (2016) Microsporidial spores in fecal samples
of some domesticated animals living in Giza, Egypt. Iran J Parasitol
11:195–203

Askari Z, Mirjalali H, Mohebali M, Zarei Z, Shojaei S, Rezaeian T,
Rezaeian M (2015) Molecular detection and identification of zoo-
notic Microsporidia spore in fecal samples of some animals with
close contact to human. Iran J Parasitol 10:381–388. https://doi.
org/10.13140/RG.2.1.2022.6005

Buckholt MA, Lee JH, Tzipori S (2002) Prevalence of Enterocytozoon
bieneusi in swine: an 18-month survey at a slaughterhouse in
Massachusetts. Appl Environ Microbiol 68:2595–2599. https://doi.
org/10.1128/aem.68.5.2595-2599.2002

Dado D, Izquierdo F, Vera O, Montoya A, Mateo M, Fenoy S, Galván
AL, García S, García A, Aránguez E, López L, del Águila C,Miró G

Table 4 (continued)

Host Country Prevalence (no. of positive/no. examined) Genotype (no.) References

Spain 9.6% (7/73) A (7) Galván-Díaz et al. (2014)

8.7% (4/46) N/A del Águila et al. (1999)

11.8% (2/17) N/A Lores et al. (2002a)

0.8% (2/237) BEB6 (1), PtEb IX (1) This study

Switzerland 8.3% (3/36) PtEb IX (3) Mathis et al. 1999

Thailand 0% (206/80) – Mori et al. (2013)

USA 100%(1/1)# PtEb IX (1) Feng et al. (2011)

N/A, not available
# Samples used in the study were faecal samples previously identified as E. bieneusi positive

Parasitol Res (2019) 118:2979–2987 2985

https://doi.org/10.1292/jvms.71.217
https://doi.org/10.1292/jvms.71.217
https://doi.org/10.1016/j.trstmh.2005.05.010
https://doi.org/10.13140/RG.2.1.2022.6005
https://doi.org/10.13140/RG.2.1.2022.6005
https://doi.org/10.1128/aem.68.5.2595-2599.2002
https://doi.org/10.1128/aem.68.5.2595-2599.2002


(2012) Detection of zoonotic intestinal parasites in public parks of
Spain. Potential epidemiological role of Microsporidia. Zoonoses
Public Health 59:23–28. https://doi.org/10.1111/j.1863-2378.2011.
01411.x

de Lucio A, Bailo B, Aguilera M, Cardona GA, Fernández-Crespo JC,
Carmena D (2017) No molecular epidemiological evidence
supporting household transmission of zoonotic Giardia duodenalis
and Cryptosporidium spp. from pet dogs and cats in the province of
Álava, Northern Spain. Acta Trop 170:48–56. https://doi.org/10.
1016/j.actatropica.2017.02.024

del Águila NR, Gurbindo D, Ramos JT, Mellado MJ, Fenoy S, Muñoz
Fernandez MA, Subirats M, Ruiz J, Pieniazek NJ (1997a)
Microsporidiosis in HIV-positive children in Madrid (Spain). J
Eukaryot Microbiol 44:84S–85S

del Águila SV, Navajas R, Subirats M, Fenoy S, Valencia E, Baquero M,
Pieniazek NJ (1997b) Species identification of intestinal
microsporidiosis in HIV-positive patients using the polymerase
chain reaction. Enferm Infecc Microbiol Clin 15:456–461

del Águila C, Izquierdo F, Navajas R, Pieniazek NJ, Miró G, Alonso AI,
Da Silva AJ, Fenoy S (1999) Enterocytozoon bieneusi in animals:
rabbits and dogs as new hosts. J Eukaryot Microbiol 46:8S–9S

Dengjel B, Zahler M, Hermanns W, Heinritzi K, Spillmann T,
Thomschke A, Löscher T, Gothe R, Rinder H (2001) Zoonotic po-
tential of Enterocytozoon bieneusi. J Clin Microbiol 39:4495–4499.
https://doi.org/10.1128/JCM.39.12.4495-4499.2001

Fayer R, Santín M, Trout JM (2007) Enterocytozoon bieneusi in mature
dairy cattle on farms in the eastern United States. Parasitol Res 102:
15–20. https://doi.org/10.1007/s00436-007-0746-x

Feng Y, Li N, Dearen T, Lobo ML, Matos O, Cama V, Xiao L (2011)
Development of a multilocus sequence typing tool for high-
resolution genotyping of Enterocytozoon bieneusi. Appl Environ
Microbiol 77:4822–4828. https://doi.org/10.1128/AEM.02803-10

Galván AL, Sánchez AM, Valentín MA, Henriques-Gil N, Izquierdo F,
Fenoy S, del Águila C (2011) First cases of microsporidiosis in
transplant recipients in Spain and review of the literature. J Clin
Microbiol 49:1301–1306. https://doi.org/10.1128/JCM.01833-10

Galván AL, Magnet A, Izquierdo F, Fenoy S, Rueda C, Fernández
Vadillo C, Henriques-Gil N, del Aguila C (2013) Molecular charac-
terization of human-pathogenic microsporidia and Cyclospora
cayetanensis isolated from various water sources in Spain: a year-
long longitudinal study. Appl Environ Microbiol 79:449–459.
https://doi.org/10.1128/AEM.02737-12

Galván-Díaz AL, Magnet A, Fenoy S, Henriques-Gil N, Haro M, Gordo
FP, Millán J, Miró G, del Águila C, Izquierdo F (2014)
Microsporidia detection and genotyping study of human pathogenic
E. bieneusi in animals from Spain. PLoS One 9:e92289. https://doi.
org/10.1371/journal.pone.0092289

Gil H, Cano L, de Lucio A, Bailo B, de Mingo MH, Cardona GA,
Fernández-Basterra JA, Aramburu-Aguirre J, López-Molina N,
Carmena D (2017) Detection and molecular diversity of Giardia
duodenalis and Cryptosporidium spp. in sheltered dogs and cats in
Northern Spain. Infect Genet Evol 50:62–69. https://doi.org/10.
1016/j.meegid.2017.02.013

Haro M, Izquierdo F, Henriques-Gil N, Andrés I, Alonso F, Fenoy S, del
Aguila C (2005) First detection and genotyping of human-
associated Microsporidia in pigeons from urban parks. Appl
Environ Microbiol 71:3153–3157. https://doi.org/10.1128/AEM.
71.6.3153-3157.2005

Haro M, Henriques-Gil N, Fenoy S, Izquierdo F, Alonso F, Del Aguila C
(2006) Detection and genotyping of Enterocytozoon bieneusi in pi-
geons. J Eukaryot Microbiol 53:S58–S60. https://doi.org/10.1111/j.
1550-7408.2006.00173.x

Henriques-Gil N, Haro M, Izquierdo F, Fenoy S, del Aguila C (2010)
Phylogenetic approach to the variability of the microsporidian
Enterocytozoon bieneusi and its implications for inter- and intrahost

transmission. Appl Environ Microbiol 76:3333–3342. https://doi.
org/10.1128/AEM.03026-09

Izquierdo F, Castro Hermida JA, Fenoy S,MezoM, González-WarletaM,
del Aguila C (2011) Detection of Microsporidia in drinking water,
wastewater and recreational rivers. Water Res 45:4837–4843.
https://doi.org/10.1016/j.watres.2011.06.033

Jamshidi SH, Tabrizi AS, Bahrami M, Momtaz H (2012) Microsporidia
in household dogs and cats in Iran; a zoonotic concern. Vet Parasitol
185:121–123. https://doi.org/10.1016/j.vetpar.2011.10.002

Karim MR, Dong H, Yu F, Jian F, Zhang L, Wang R, Zhang S, Rume FI,
Ning C, Xiao L (2014a) Genetic diversity in Enterocytozoon
bieneusi isolates from dogs and cats in China: host specificity and
public health implications. J Clin Microbiol 52:3297–3302. https://
doi.org/10.1128/JCM.01352-14

Karim MR, Wang R, Dong H, Zhang L, Li J, Zhang S, Rume FI, Qi M,
Jian F, Sun M, Yang G, Zou F, Ning C, Xiao L (2014b) Genetic
polymorphism and zoonotic potential of Enterocytozoon bieneusi
from nonhuman primates in China. Appl Environ Microbiol 80:
1893–1898. https://doi.org/10.1128/AEM.03845-13

KarimMR, Dong H, Li T, Yu F, Li D, Zhang L, Li J, Wang R, Li S, Li X,
Rume FI, Ning C (2015) Predomination and new genotypes of
Enterocytozoon bieneusi in captive nonhuman primates in zoos in
China: high genetic diversity and zoonotic significance. PLoS One
10:e0117991. https://doi.org/10.1371/journal.pone.0117991

Kvac M, Hofmannova L, Ortega Y, Holubova N, Horcickova M, Kicia
M, Hlaskova L, Kvetonova D, Sak B, McEvoy J (2017) Stray cats
are more frequently infected with zoonotic protists than pet cats.
Folia Parasitol 64:2017.034. https://doi.org/10.14411/fp.2017.034

Li W, Xiao L (2019) Multilocus sequence typing and population genetic
analysis of Enterocytozoon bieneusi: host specificity and its impacts
on public health. Front Genet 10(307). https://doi.org/10.3389/
fgene.2019.00307

LiW, Li Y, SongM, LuY, Yang J, TaoW, JiangY,WanQ, Zhang S, Xiao
L (2015) Prevalence and genetic characteristics ofCryptosporidium,
Enterocytozoon bieneusi andGiardia duodenalis in cats and dogs in
Heilongjiang province, China. Vet Parasitol 208:125–134. https://
doi.org/10.1016/j.vetpar.2015.01.014

Li J, Luo N, Wang C, Qi M, Cao J, Cui Z, Huang J, Wang R, Zhang L
(2016) Occurrence, molecular characterization and predominant ge-
notypes of Enterocytozoon bieneusi in dairy cattle in Henan and
Ningxia. China Parasit Vectors 9:142. https://doi.org/10.1186/
s13071-016-1425-5

Li WC, Qin J, Wang K, Gu YF (2018) Genotypes of Enterocytozoon
bieneusi in dogs and cats in eastern China. Iran J Parasitol 13:457–
465

Li W, Feng Y, Santin M (2019) Host specificity of Enterocytozoon
bieneusi and public health implications. Trends Parasitol 35:436–
451. https://doi.org/10.1016/j.pt.2019.04.004

Lobo ML, Xiao L, Cama V, Stevens T, Antunes F, Matos O (2006)
Genotypes of Enterocytozoon bieneusi in mammals in Portugal. J
Eukaryot Microbiol 53:S61–S64. https://doi.org/10.1111/j.1550-
7408.2006.00174.x

LoboML,Xiao L, Antunes F,Matos O (2012)Microsporidia as emerging
pathogens and the implication for public health: a 10-year study on
HIV-positive and -negative patients. Int J Parasitol 42:197–205.
https://doi.org/10.1016/j.ijpara.2011.12.002

López-Vélez R, Turrientes MC, Garrón C, Montilla P, Navajas R, Fenoy
S, del Águila C (1999) Microsporidiosis in travelers with diarrhea
from the tropics. J Travel Med 6:223–227. https://doi.org/10.1111/j.
1708-8305.1999.tb00522.x

Lores B, del Águila C, Arias C (2002a) Enterocytozoon bieneusi
(Microsporidia) in faecal samples from domestic animals from
Galicia, Spain. Mem Inst Oswaldo Cruz 97:941–945. https://doi.
org/10.1590/S0074-02762002000700003

Lores B, López-Miragaya I, Arias C, Fenoy S, Torres J, del Águila C
(2002b) Intestinal microsporidiosis due to Enterocytozoon bieneusi

2986 Parasitol Res (2019) 118:2979–2987

https://doi.org/10.1111/j.1863-2378.2011.01411.x
https://doi.org/10.1111/j.1863-2378.2011.01411.x
https://doi.org/10.1016/j.actatropica.2017.02.024
https://doi.org/10.1016/j.actatropica.2017.02.024
https://doi.org/10.1128/JCM.39.12.4495-4499.2001
https://doi.org/10.1007/s00436-007-0746-x
https://doi.org/10.1128/AEM.02803-10
https://doi.org/10.1128/JCM.01833-10
https://doi.org/10.1128/AEM.02737-12
https://doi.org/10.1371/journal.pone.0092289
https://doi.org/10.1371/journal.pone.0092289
https://doi.org/10.1016/j.meegid.2017.02.013
https://doi.org/10.1016/j.meegid.2017.02.013
https://doi.org/10.1128/AEM.71.6.3153-3157.2005
https://doi.org/10.1128/AEM.71.6.3153-3157.2005
https://doi.org/10.1111/j.1550-7408.2006.00173.x
https://doi.org/10.1111/j.1550-7408.2006.00173.x
https://doi.org/10.1128/AEM.03026-09
https://doi.org/10.1128/AEM.03026-09
https://doi.org/10.1016/j.watres.2011.06.033
https://doi.org/10.1016/j.vetpar.2011.10.002
https://doi.org/10.1128/JCM.01352-14
https://doi.org/10.1128/JCM.01352-14
https://doi.org/10.1128/AEM.03845-13
https://doi.org/10.1371/journal.pone.0117991
https://doi.org/10.14411/fp.2017.034
https://doi.org/10.3389/fgene.2019.00307
https://doi.org/10.3389/fgene.2019.00307
https://doi.org/10.1016/j.vetpar.2015.01.014
https://doi.org/10.1016/j.vetpar.2015.01.014
https://doi.org/10.1186/s13071-016-1425-5
https://doi.org/10.1186/s13071-016-1425-5
https://doi.org/10.1016/j.pt.2019.04.004
https://doi.org/10.1111/j.1550-7408.2006.00174.x
https://doi.org/10.1111/j.1550-7408.2006.00174.x
https://doi.org/10.1016/j.ijpara.2011.12.002
https://doi.org/10.1111/j.1708-8305.1999.tb00522.x
https://doi.org/10.1111/j.1708-8305.1999.tb00522.x
https://doi.org/10.1590/S0074-02762002000700003
https://doi.org/10.1590/S0074-02762002000700003


in elderly human immunodeficiency virus–negative patients from
Vigo, Spain. Clin Infect Dis 34:918–921. https://doi.org/10.1086/
339205

Mathis A, Breitenmoser AC, Deplazes P (1999) Detection of new
Enterocytozoon genotypes in faecal samples of farm dogs and a
cat. Parasite 6:189–193. https://doi.org/10.1051/parasite/
1999062189

Mathis A, Weber R, Deplazes P (2005) Zoonotic potential of the
Microsporidia. Clin Microbiol Rev 18:423–445. https://doi.org/10.
1128/CMR.18.3.423-445.2005

Matos O, Lobo ML, Xiao L (2012) Epidemiology of Enterocytozoon
bieneusi infection in humans. J Parasitol Res 2012:981424. https://
doi.org/10.1155/2012/981424

Mori H, Mahittikorn A, Thammasonthijarern N, Chaisiri K,
Rojekittikhun W, Sukthana Y (2013) Presence of zoonotic
Enterocytozoon bieneusi in cats in a temple in Central Thailand.
Vet Parasitol 197:696–701. https://doi.org/10.1016/j.vetpar.2013.
07.025

Pekmezci D, Pekmezci GZ, Yildirim A, Duzlu O, Inci A (2019)
Molecular detection of zoonotic Microsporidia in domestic cats in
Turkey: a preliminary study. Acta Parasitol 64:13–18. https://doi.
org/10.2478/s11686-018-00003-x

Phrompraphai T, Itoh N, Iijima Y, Ito Y, Kimura Y (2019) Molecular
detection and genotyping of Enterocytozoon bieneusi in family pet
dogs obtained from different routes in Japan. Parasitol Int 70:86–88.
https://doi.org/10.1016/j.parint.2019.02.010

Piekarska J, Kicia M, Wesołowska M, Kopacz Ż, Gorczykowski M,
Szczepankiewicz B, Kváč M, Sak B (2017) Zoonotic
Microsporidia in dogs and cats in Poland. Vet Parasitol 246:108–
111. https://doi.org/10.1016/j.vetpar.2017.09.011

Prado JBF, Ramos CADN, Fiuza VRDS, Terra VJB (2019) Occurrence
of zoonotic Enterocytozoon bieneusi in cats in Brazil. Rev Bras
Parasitol Vet 28:80–90. https://doi.org/10.1590/S1984-
296120180096

Qi M, Wang R, Wang H, Jian F, Li J, Zhao J, Dong H, Zhu H, Ning C,
Zhang L (2016) Enterocytozoon bieneusi genotypes in grazing hors-
es in China and their zoonotic transmission potential. J Eukaryot
Microbiol 63:591–597. https://doi.org/10.1111/jeu.12308

Santín M (2015) Enterocytozoon bieneusi. In: Xiao L, Ryan U, Feng Y
(eds) Biology of foodborne parasites. CRC Press, , pp 149–174

Santín M, Fayer R (2009) Enterocytozoon bieneusi genotype nomencla-
ture based on the internal transcribed spacer sequence: a consensus.
J Eukaryot Microbiol 56:34–38. https://doi.org/10.1111/j.1550-
7408.2008.00380.x

Santín M, Fayer R (2011) Microsporidiosis: Enterocytozoon bieneusi in
domesticated and wild animals. Res Vet Sci 90:363–371. https://doi.
org/10.1016/j.rvsc.2010.07.014

Santín M, Trout JM, Vecino JA, Dubey JP, Fayer R (2006)
Cryptosporidium,Giardia and Enterocytozoon bieneusi in cats from

Bogota (Colombia) and genotyping of isolates. Vet Parasitol 141:
334–339. https://doi.org/10.1016/j.vetpar.2006.06.004

Santín M, Cortés Vecino JA, Fayer R (2008) Enterocytozoon bieneusi
genotypes in dogs in Bogota, Colombia. Am J Trop Med Hyg 79:
215–217. https://doi.org/10.4269/ajtmh.2008.79.215

Santín M, Calero-Bernal R, Carmena D, Mateo M, Balseiro A, Barral M,
Lima Barbero JF, Habela MÁ (2018) Molecular characterization of
Enterocytozoon bieneusi in wild carnivores in Spain. J Eukaryot
Microbiol 65:468–474. https://doi.org/10.1111/jeu.12492

Shi K, Li M,Wang X, Li J, KarimMR,Wang R, Zhang L, Jian F, Ning C
(2016) Molecular survey of Enterocytozoon bieneusi in sheep and
goats in China. Parasit Vectors 9:23. https://doi.org/10.1186/s13071-
016-1304-0

Stensvold CR, Beser J, Ljungström B, Troell K, Lebbad M (2014) Low
host-specific Enterocytozoon bieneusi genotype BEB6 is common
in Swedish lambs. Vet Parasitol 205:371–374. https://doi.org/10.
1016/j.vetpar.2014.06.010

Stentiford GD, Becnel JJ, Weiss LM, Keeling PJ, Didier ES, Williams
BAP, Bjornson S, Kent ML, Freeman MA, Brown MJF, Troemel
ER, Roesel K, Sokolova Y, Snowden KF, Solter L (2016)
Microsporidia–emergent pathogens in the global food chain.
Trends Parasitol 32:336–348. https://doi.org/10.1016/j.pt.2016.06.
002

Wang L, Xiao L, Duan L, Ye J, Guo Y, Guo M, Liu L, Feng Y (2013)
Concurrent infections of Giardia duodenalis, Enterocytozoon
bieneusi, andClostridium difficile in children during a cryptosporid-
iosis outbreak in a pediatric hospital in China. PLoS Negl Trop Dis
7:e2437. https://doi.org/10.1371/journal.pntd.0002437

Weiss LM, Becnel JL (2014) Microsporidia: pathogens of opportunity.
Willey-Blackwell, Hoboken

Xu H, Jin Y, Wu W, Li P, Wang L, Li N, Feng Y, Xiao L (2016)
Genotypes of Cryptosporidium spp., Enterocytozoon bieneusi and
Giardia duodenalis in dogs and cats in Shanghai, China. Parasit
Vectors 9:121. https://doi.org/10.1186/s13071-016-1409-5

Ye J, Ji Y, Xu J, Ma K, Yang X (2017) Zoonotic Enterocytozoon bieneusi
in raw waste water in Zhengzhou, China. Folia Parasitol 64:002.
https://doi.org/10.14411/fp.2017.002

Zhang X, Wang Z, Su Y, Liang X, Sun X, Peng S, Lu H, Jiang N, Yin J,
Xiang M, Chen Q (2011) Identification and genotyping of
Enterocytozoon bieneusi in China. J Clin Microbiol 49:2006–
2008. https://doi.org/10.1128/JCM.00372-11

Zhao W, Zhang W, Wang R, Liu W, Liu A, Yang D, Yang F, Karim MR,
Zhang L (2014) Enterocytozoon bieneusi in sika deer (Cervus
nippon) and red deer (Cervus elaphus): deer specificity and zoonotic
potential of ITS genotypes. Parasitol Res 113:4243–4250. https://
doi.org/10.1007/s00436-014-4100-9

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Parasitol Res (2019) 118:2979–2987 2987

https://doi.org/10.1086/339205
https://doi.org/10.1086/339205
https://doi.org/10.1051/parasite/1999062189
https://doi.org/10.1051/parasite/1999062189
https://doi.org/10.1128/CMR.18.3.423-445.2005
https://doi.org/10.1128/CMR.18.3.423-445.2005
https://doi.org/10.1155/2012/981424
https://doi.org/10.1155/2012/981424
https://doi.org/10.1016/j.vetpar.2013.07.025
https://doi.org/10.1016/j.vetpar.2013.07.025
https://doi.org/10.2478/s11686-018-00003-x
https://doi.org/10.2478/s11686-018-00003-x
https://doi.org/10.1016/j.parint.2019.02.010
https://doi.org/10.1016/j.vetpar.2017.09.011
https://doi.org/10.1590/S1984-296120180096
https://doi.org/10.1590/S1984-296120180096
https://doi.org/10.1111/jeu.12308
https://doi.org/10.1111/j.1550-7408.2008.00380.x
https://doi.org/10.1111/j.1550-7408.2008.00380.x
https://doi.org/10.1016/j.rvsc.2010.07.014
https://doi.org/10.1016/j.rvsc.2010.07.014
https://doi.org/10.1016/j.vetpar.2006.06.004
https://doi.org/10.4269/ajtmh.2008.79.215
https://doi.org/10.1111/jeu.12492
https://doi.org/10.1186/s13071-016-1304-0
https://doi.org/10.1186/s13071-016-1304-0
https://doi.org/10.1016/j.vetpar.2014.06.010
https://doi.org/10.1016/j.vetpar.2014.06.010
https://doi.org/10.1016/j.pt.2016.06.002
https://doi.org/10.1016/j.pt.2016.06.002
https://doi.org/10.1371/journal.pntd.0002437
https://doi.org/10.1186/s13071-016-1409-5
https://doi.org/10.14411/fp.2017.002
https://doi.org/10.1128/JCM.00372-11
https://doi.org/10.1007/s00436-014-4100-9
https://doi.org/10.1007/s00436-014-4100-9

	Occurrence...
	Abstract
	Introduction
	Materials and methods
	Origin of specimens
	PCR and sequence analysis

	Results
	Discussion
	References


