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Abstract

Enterocytozoon bieneusi is an opportunistic microsporidian parasite with zoonotic po-
tential that causes gastrointestinal illness in humans and animals. This study aimed to
investigate the presence and genetic diversity of E. bieneusi from cats in Korea and to
assess the potential public health risks associated with zoonotic genotypes. Among the
137 feline fecal samples, 4 (2.9%) were PCR-positive for E. bieneusi. In addition, 2 E. bi-
eneusi genotypes were identified: Type IV, a known zoonotic genotype belonging to
Group 1, and KCAT1, a novel genotype with zoonotic potential belonging to Group 1.
This study is the first to report on these genotypes from cats in Korea, most of which
were companion cats visiting veterinary clinics. Despite the low detection rate, the pres-
ence of zoonotic genotypes in companion cats is a potential public health concern be-
cause of the close physical interaction between cats and their human caregivers. These
findings indicate the importance of routine monitoring and the molecular characteriza-
tion of E. bieneusi in companion animals to comprehensively understand their zoonotic
transmission patterns and to guide future risk assessments and preventive strategies.
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The phylum Microsporidia includes obligate unicellular parasites that infect various verte-
brate and invertebrate hosts, with Enterocytozoon bieneusi being the most common species
found in humans [1]. Over 90% of human microsporidiosis cases are due to E. bieneusi [2],
which causes opportunistic infections, especially in immunocompromised patients, such
as those with acquired immune deficiency syndrome and cancer, as well as those who have
undergone organ transplantation [3,4]. E. bieneusi cannot perform metabolic processes
outside the host cell, and it can only survive externally in the spore stage. Upon ingestion
by a suitable host, the spore invades the intestinal cells, causing infection. Mature spores
are excreted through feces, and the life cycle of E. bieneusi continues through contact with
infected animals or humans or via consumption of contaminated water or food in the en-
vironment [5].

Enterocytozoon bieneusi spores are oval and are among the smallest Microsporidia
(0.70-0.98 pm x 1.08-1.64 um) [5], making microscopic diagnosis difficult and requiring
expertise. Therefore, PCR-based genotyping, which mainly targets the ribosomal internal
transcribed spacer (ITS) region, is widely used to identify genetic characteristics and diver-
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sity [6]. To date, >685 E. bieneusi genotypes are widely distributed across more than 11 ge-
notypic groups. Group 1 being the largest includes many genotypes found in humans and
animals [1,5,7], such as genotypes D and Type IV, which are identified in several countries,
including Korea [6].

In Korea, E. bieneusi has been studied in industrial animals (cattle, pigs, and horses) and
in wild animals (bats, raccoon dogs, deer, leopard cats, wild boars, and wild deer) [8-10].
The E. bieneusi genotypes that are confirmed in Korea include CAF1, CEbD, D, H, horesl,
KBAT3, Perull, PigEBITS3 to PigEBITS5, and Type IV (group 1); BEB8, CEbA, CEbE L, J,
KBAT1, KBAT2, and KBAT4 (group 2); and horse2 (group 6) [6,9,11]. However, only few
studies have investigated the prevalence of E. bieneusi in Korea, with only 1 study focusing
on cats living in shelters on Jeju Island [11]. Jeju Island is located approximately 80 km
from the southern coast of the Korean Peninsula. Given its geographical isolation and vol-
canic origins, the region exhibits a climate and natural environment that are markedly dis-
tinct from those of the mainland. The presence of zoonotic genotypes in companion cats
could pose a public health concern because of the close interaction between companion
cats and their human owners. Moreover, shelter cats may come into contact with the shel-
ter staff during their temporary stay and with new owners during adoption. Therefore, this
study aimed to assess the prevalence of E. bieneusi in cats, including companion and shelter
cats, in Korea and to determine its public health implications.

From January 2017 to November 2022, veterinarians collected 137 feline fecal samples
from animal clinics and shelters across Korea. Fresh fecal samples were placed in individual
tubes, transported in ice-packed boxes at 4°C, and transported to the laboratory for DNA
extraction. Sample information (including age, sex, season, region, the presence or absence
of diarrhea, and animal source) was recorded, with unclear or questionable data labeled as
“unknown.” Age was categorized into 5 groups: kittens (<6 months), juniors (<2 years),
adults (<10 years), seniors (>10 years), and unknown age. The sampling region was divid-
ed into northern (Gangwon and Gyeonggi), central (South Chungcheong, North Chun-
gcheong, North Gyeongsang, and North Jeolla), and southern (South Gyeongsang, South
Jeolla, and Jeju) regions in accordance with the administrative district boundaries.

Fecal samples from cats were collected in accordance with the project guidelines by vet-
erinarians at local, government-run veterinary institutes during monitoring, surveillance,
treatment, or regular medical checkups after the receipt of oral consent from the cat own-
ers. Fecal collection did not cause any harm to the animals and did not require ethical ap-
proval.

DNA was extracted using a QIAamp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germa-
ny) in accordance with the manufacturer’s instructions. DNA quantity and quality were
evaluated using the Infinite 200 PRO NanoQuant plate reader (Tecan, Mannedorf, Switzer-
land). In addition, PCR amplification was performed using AccuPower HotStart PCR Pre-
mix (Bioneer, Daejeon, Korea), and nested PCR was performed to amplify the E. bieneusi
ITS region for detection [12,13]. For the first round of PCR, ITSF1 (5-GGTCATAGGGA-
TGAAGAG-3') and ITSR1 (5-TTCGAGTTCTTTCGCGCTC-3’) were used as the for-
ward and reverse primers, respectively. For the second round of PCR, ITSF2 (5-GCTCT-
GAATATCTATGGCT-3') and ITSR2 (5-ATCGCCGACGGATCCAAGTG-3') were used
as the forward and reverse primers, respectively [14]. PCR amplification was performed

189



Park et al. Enterocytozoon bieneusi in cats

using Mastercycler Pro (Eppendorf, Hamburg, Germany) under the following conditions:
initial denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 30
sec, annealing at 55°C for 30 sec, and extension at 72°C for 30 sec, with a final extension at
75°C for 5 min.

Among the 137 collected specimens, 4 were positive for E. bieneusi (Table 1), with a
prevalence of 2.9%. This value was lower than that reported for other animals, such as cats
in Korea (Jeju Island, 3.8%) [11], wild animals (45.2%), calves (16.9%), cattle (14.9%), and
pigs (14.2%) [8], with only bats and wild deer showing lower prevalences of 2.6% and 6.8%,
respectively [8,10]. Based on these studies, the prevalence rate of E. bieneusi varies accord-
ing to animal type, sample size, and geographical region. This variation was also observed
in previous research on cats [1,11,15].

In this study, the prevalence of E. bieneusi was analyzed according to region, season, sex,
age, presence of diarrhea, and animal source. For statistical analysis, the chi-square test was
performed using the IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA), and
the results indicated no significant risks.

When comparing by region, the prevalence of E. bieneusi was 3.1% and 5.6% in the
northern and central regions, respectively. With regard to season, the prevalence of E. bi-
eneusi was 6.3% in summer, 3.6% in autumn, and 2.1% in winter. In addition, the preva-
lence of E. bieneusi was highest in females (3.4%), followed by males (2.8%) and those of
unknown sex (2.3%). With regard to age, the prevalence of E. bieneusi was 4.5% in kittens
aged 6 months, 4.2% in juniors aged <2 years old, and 2.3% in cats of unknown age. The E.
bieneusi I'TS region was not detected in diarrheal stools, but it occurred with a prevalence
of 3.4% in normal stools. Finally, the prevalence of E. bieneusi was 3.1% in animal samples

Table 1. Prevalence of Enterocytozoon bieneusiin cats in Korea

Region Northern 65 2(3.1) 0.626
Central 36 2(5.6)
Southern 31 0
Unknown 5 0

Season Spring 18 0 0.696
Summer 16 1(6.3)
Autumn 56 2(3.6)
Winter 47 1(2.1)

Sex Female 58 2(34) 1.000
Male 36 1(2.8)
Unknown 43 1(2.3)

Age Kitten (<6 months) 44 2(4.5) 0.927
Junior (<2 years) 24 1(4.2)
Adult (<10 years) 22 0
Senior (>11 years) 3 0
Unknown 44 1(2.3)

Fecal type Diarrhea 18 0 1.000
Normal 119 4(3.4)

Animal source  Clinic 98 3(3.1) 1.000
Shelter 39 1(2.6)

Total 137 4(2.9)
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collected from clinics and 2.6% in samples obtained from shelters (Table 1). Given the lim-
ited number of samples tested in each region and season, the association between the prev-
alence of E. bieneusi and specific geographical regions were not confirmed. Although the
results were not statistically significant in this study;, a previous study on the prevalence of E.
bieneusi in Korean water deer showed higher positivity in the southern region (9/68,
13.2%) than in the central (3/89, 3.4%) and northern (0/24) regions [10]. In this study, dif-
ferences in the prevalence of E. bieneusi by age were not statistically significant. Previous
studies also did not find any significant difference according to age, although some have
reported conflicting results [16,17]. Therefore, infection is more closely related to individu-
al differences than age [17]. Some of the specimens collected at clinics may have been taken
from stray cats that were temporarily sheltered at the clinics or from stray cats that had
been adopted by new owners and brought in for treatment. Therefore, further research on
the source of infection is necessary.

Four PCR-positive samples were sequenced at Macrogen (Daejeon, Korea), and 2
aligned sequences were obtained using BioEdit 7.2.5. Each sequence was submitted to
GenBank (accession numbers PQ534325 and PQ534326). Phylogenetic analysis, including
sequence comparisons via NCBI Web BLAST (http://www.ncbi.nlm.nih.gov/blast), was
also performed. The phylogenetic tree was constructed using MEGA?7 [18], and bootstrap
analysis was performed using 1,000 replicates. All sequences belonged to group 1, a zoo-
notic group (Fig. 1). Of the 4 sequences obtained, 3 were Type IV (PQ534326), and one
was a new genotype, namely, KCAT1 (PQ534325). The new type, KCAT1, was isolated
from a kitten that visited a clinic. The Type IV sequence obtained from humans
(AF242478) was used as the reference sequence (243 bp) for genotypic comparison. The
KCAT1 genotype exhibited 3 polymorphic sites at nucleotide positions 7 (T to G), 23 (C to
T), and 64 (C to T). However, there were no mixed infections of E. bieneusi genotypes were
observed.

Group 1, the most diverse genotype, has several subgroups (1a-1i) and low host specific-
ity. Along with Group 2, it is zoonoticand has been identified in various animals, including
cats [6]. More than 20 E. bieneusi genotypes, such as D, Type IV, Perul0, Perull, and
WL11, have been identified in cats and humans [11]. In a previous study on E. bieneusi
from cats in Korea, only Perull (subgroup la) was identified [11]. However, the genotypes
identified in this study were type IV and KCAT1 genotypes, which are both classified as
subgroup 1b/c of Group 1. E. bieneusi genotype IV has been identified in humans and in a
variety of animals, including cats, dogs, deer, and birds, indicating that this genotype is not
restricted to a specific host and has a wide host range. On the contrary, the KCAT1 geno-
type differs from genotype IV by 3 nucleotides, indicating that it could be a potential trans-
mission route for E. bieneusi. However, further studies are necessary to investigate patho-
genicity.

Type IV has been identified in cats in several countries, including Colombia, Germany,
Portugal, Japan, China, and Tiirkiye [6,19]. A study in Australia identified a novel E. bi-
eneusi genotype in cats, namely, VIC_catl (MK696086), which differs from the zoonotic
genotype IV by only 1 nucleotide [17]. Type IV, which was previously unidentified in cats
in Korea, has been confirmed in cow milk in Korea and is identical to that confirmed in
humans (AF242478) [20]. In addition, this Type IV genotype had a 100% sequence match
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Host region (accession No.) Genotype Subgroup Group
wild boar Korea (MT984296) D ]
wild boar Austria (KF383389) D
Korean water deer Korea (LC436451) D
cattle Korea (EF139197) D
human China (MG050712) D 1a
leopard cat Korea (LC46512) Korea-WL4
raccoon dog Korea (LC436511) Ko_rea-WL3
wild boar Slovakia (KF383396) WildBoarl
cat Korea (MW041631) Perull -
I bat Korea (KX641284) KBAT3
- CF-612-ITS(PQ534325) -_— KCAT1 1ble
Human France (AF242478) Type IV
CF-672-TS(PQ534326) —— Type IV
" wild boar Poland (KF383397) WildBoar2
human Vietnam (EF458627) HAN1
- wild boar Czech (KF383401) Horse5 q |
Swild boar Korea (MT984297) EbpC
7| wild boar Poland (KF383422) EbpC -
human Gabon (DQ683746) CAF1 J1g
wild boar Korea (MT984295) KwB4
human China (JX994266) SH10
human Iran (KY859473) M
cattle Korea (EF139198) CEbD
horse China (KU194601) (0]
1 I pig Spain (MN699290) PigEb4 1e
wild boar China (KX670588) EbpA
pig Swiss (AF076040) EbpA
sika deer China (KX383623) EbpA
wild boar Korea (MT984294) KWB3
£wild boar Korea (MT984292) KWB1
wild boar Korea (MT984293) KWB2 - 4
mouse Poland (KR062125) WR7 _ 1
- bat Korea (KX641283) KBAT2
bat Korea (KX641286) BEB8 2a
bat Korea (KX641285) KBAT4 :
bat Korea (KX641282) KBAT1 >
cattle Korea (EF139196) ]
g cattle Korea (EF139194) CEbF 2b
cattle Korea (EF139199) |
67 cattle Korea (EF139195) CEbA - -
— deer USA (KJ867485) DeerEb6 18
— horse Czech Republic (JQ804971) Horse3 310
cat Portugal (DQ885584) PtEbVIII 13
[ lemur China (KJ728811) CM18 7
\{ human Gabon (DQ683749) CAF4 5
9 raccoon USA (AY237209) WL1 14
baboon Kenya (JF681179) KB-5 J6
dog Portugal (DQ885585)  PtEbIX Bl
—A
0.05
Fig. 1. Analysis of Enterocytozoon bieneusi detected in cats in Korea based on the internal tran-
scribed spacer region. The phylogenetic tree was constructed using the maximum likelihood
method and bootstrap method with 1,000 replicates in MEGA7. The sequences identified in this
study are indicated (arrows). Each sequence is described by host, country, and GenBank accession
number. The genotypes (groups and subgroups) are also indicated on the right.

with the human isolate (AF242478).

Dogs and cats are popular companion animals in Korea. They are commonly housed in
homes or shelters, which increases their contact with people. In this study, the E. bieneusi
sequences obtained from cats were 100% identical to those obtained from humans in other
countries, indicating that cats represent a potential zoonotic reservoir.

This study is the first nationwide analysis of E. bieneusi from cats in Korea, including
those from Jeju Island, covering shelter and companion cats visiting clinics. Genotype type
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IV, which has not been previously reported in cats in Korea, belongs to Group 1 and exhib-

its zoonotic potential, along with the new genotype KCAT1. Three of the 4 positive cases

were identified in companion cats visiting veterinary clinics; thus, continuous monitoring

and further research into the potential zoonotic transmission of E. bieneusi are warranted

because of their close contact with humans. These findings underscore the importance of

routine surveillance of E. bieneusi in companion animals. Preventive measures, including

enhanced hygiene practices and regular fecal examinations targeting cat owners and veteri-

narians, are recommended. In addition, the molecular characterization of E. bieneusi is es-

sential for a comprehensive understanding of its zoonotic potential, and it plays a critical

role in future risk assessments and the development of effective prevention strategies.
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