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Abstract Enterocytozoon bieneusi is the most common
microsporidium associated with AIDS patients. Moreover,
its detection in increasing numbers of immunocompetent
patients has made it an emerging pathogen. This organism
was also identified in a wide range of animals, and the
zoonotic potential of human infections is of particular
interest. In this study, 538 fecal samples from cattle in
Korea were analyzed for the presence of E. bieneusi by
PCR. Approximately 15% were found to be positive, with
higher rates being detected over the summer months. The
internal transcribed spacer (ITS) regions of the rRNA gene
of ten E. bieneusi positive samples were amplified using
nested PCR and sequenced. Genetic polymorphisms, which
were represented by six distinct genotypes (CEbA—CEDbF),
were found among the E. bieneusi isolates. Five isolates
from this study had identical ribosomal ITS to the
previously known E. bieneusi genotype ITSs in cattle and
other animals. Four isolates were previously unreported but
were quite similar to the previously known genotypes of E.
bieneusi from cattle and other animals. One isolate was
identical to the human E. bieneusi type D, which indicated
some E. bieneusi isolates from cattle in the country may be
of public health importance. To the best of my knowledge,
this is the first report of E. bieneusi study in cattle in Asia.
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Introduction

Microsporidia are intracellular organisms that cause oppor-
tunistic infections in a wide range of animals and humans
(Didier and Weiss 2006). The phylum Microspora contains
almost 100 genera and more than 1,200 species of micro-
sporidia (Mathis et al. 2005). These organisms are defined
by the presence of a nucleated sporoplasm, a coiled polar
tube, and an anchoring disk, and an absence of several
eukaryotic characteristics such as a lack of mitochondria,
Golgi membranes, and eukaryotic ribosomes (Weber et al.
1996; Franzen and Muller 1999; Mathis et al. 2005).
Several species of microsporidia are becoming increasingly
recognized as a cause of significant diseases in humans.
Enterocytozoon bieneusi is the most common microspori-
dium found in AIDS patients and was detected in
increasing numbers in immunocompetent patients (Weber
and Bryan 1994; Rinder et al. 2000). This organism
primarily infects the enterocytes of the small intestine and
causes chronic diarrhea (Desportes et al. 1985; Cali and
Owen 1990). Since E. bieneusi was first recognized in
biopsy specimens from persons with AIDS in 1985
(Desportes et al. 1985), this parasite has been identified in
30 to 50% of AIDS patients suffering from chronic
diarrhea, and also causes significant wasting and malab-
sorption (Shadduck and Orenstein 1993; Weber et al. 1996;
Mathis et al. 1999). Moreover, E. bieneusi was recently
reported to be associated with hepatobiliary and pulmonary
infections and cause papillary stenosis, acalculous chole-
cystitis, bile duct dilatation, and sclerosing cholangitis
(McWhinney et al. 1991; Beaugerie et al. 1992; Weber et
al. 1992; Pol et al. 1993). The sources of microsporidia
infecting humans and its transmission routes are not
completely understood. However, animal is one of the most
likely sources of human infections because this organism is
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released into the environment through an animal’s stool,
urine, and respiratory secretions. Since the detection of E.
bieneusi in fecal samples from pigs was described in 1996
(Deplazes et al. 1996), the occurrence of E. bieneusi in
several other animals such as dogs, cats, rabbits, monkeys,
and cattle were reported (Mansfield et al. 1998; del Aguila
et al. 1999; Mathis et al. 1999; Rinder et al. 2000). Of these
animal studies, epidemiologic research on animals is a
critically important parameter for illustrating the sources of
human infection and for public health.

It is unclear if E. bieneusi-infected cattle pose a risk of
human infection. However, they must be considered a
potential source of human infection in cases of cattle
harboring zoonotic genotypes (Sulaiman et al. 2004). There
are few reports on the characterization of E. bieneusi in
cattle, and these reports are in mainly of Europe and North
America (Rinder et al. 2000; Dengjel et al. 2001; Fayer et
al. 2003; Santin et al. 2004; Sulaiman et al. 2004). There is
little information of the characterization of E. bieneusi in
cattle in other areas of the world. This study investigated
the occurrence of E. bieneusi in cattle in Korea using
molecular methods and the sequence analysis to both assess
their genotypic characteristics, and determined if they are a
potential source of human infection. Recently, the molec-
ular characterization of the 243-bp internal transcribed
spacer (ITS) region of the E. bieneusi rRNA was examined
in an attempt to determine the differences between E.
bieneusi stains (Rinder et al. 2000; Buckholt et al. 2002;
Sulaiman et al. 2004). This allows an examination of the
differences in E. bieneusi strains and an assessment of the
strains found in more than one host type. In this study,
sequence analysis of ITS was carried out for molecular
typing and a comparison with the available sequences. The
analysis revealed six ITS polymorphisms and three new
genotypes of E. bieneusi among the isolates examined.
More importantly, an isolate from one sample had an
identical sequence to that of the human-derived E. bieneusi
type D, which was also previously identified in pigs and
several wild animals (Rinder et al. 2000; Buckholt et al.
2002; Sulaiman et al. 2003). This suggests that this
genotype can be a crossover between hosts and have
zoonotic potential.

Materials and methods

Collection of fecal specimens

A total of 538 fecal samples were collected at monthly
intervals from beef and dairy cattle at 157 farms located
throughout Korea from September 2004 to August 2005

(Table 1). Two to five samples were collected per farm from
each of the sampling locations. The feces were collected
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Table 1 Prevalence of E. bieneusi in cattle feces between September
2004 and August 2005 in Korea

Sample date No. of No. of positive Positive
(month/year) cattle cattle rate (%)
9/04 47 8 17.0
10/04 39 5 12.8
11/04 51 4 7.8
12/05 35 3 8.6
1/05 42 3 7.2
2/05 55 3 5.5
3/05 41 4 9.8
4/05 38 3 7.9
5/05 45 7 15.6
6/05 63 13 20.6
7/05 54 10 18.5
8/05 58 15 259
Total 538 80 14.9

directly from the rectum of each cow. All the samples were
transported immediately to the laboratory in ice-cooled
containers and were processed within 2 days of collection.

DNA extraction for PCR

Approximately 200 pl of feces was transferred to a 2-ml
screw cap conical tube containing 200 ul of 0.5-mm glass
beads (Biospec Products, Bartlesville, OK, USA) and
400 ul of a digestion buffer (100 mM NaCl, 25 mM
EDTA, 10 mM Tris—Cl (pH 8.0), 1% sodium dodecyl
sulfate (SDS), and 100 pg/ml proteinase K). The sample
was then placed in a minibead beater at 5,000 rpm for
2 min and incubated for 1 h at 50°C. The samples were then
spun in a microcentrifuge for 2 min at top speed. The
supernatant was transferred to a new tube and mixed with
an equal volume of phenol/chloroform and 300 ul of the
supernatant was added to 50 pl of 5 M NaCl. The mixture
was incubated for 10 min at 65°C. After incubation the
solution was extracted with an equal volume of chloroform.
The DNA was recovered from the resulting supernatant
using the Geneclean system (BIO101, OH, USA) according
to the manufacture’s protocol for liquid samples, and the
DNA was resuspended in 20 pl of distilled water. As PCR
template, 1 to 2 pl of the DNA solution was used.

PCR amplification and sequence analysis

The presence of E. bieneusi in the feces was examined by
nested PCR amplification. The first PCR amplification was
performed using the EBIEF1 and EBIERI1 primers as
described by De Silva et al. (1996). The cycling parameters
consisted of 45 cycles of 94°C for 30 s, 55°C for 30 s, and
72°C for 40 s. Nested amplification was performed using



Parasitol Res (2007) 101:391-396

393

the primer EBIEF5: 5-GCGACACTCTTAGACGTAT-3’
and EBIER6: 5'-TGGCCTTCCGTCAATTTC-3’, with 30
cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 30 s.
The amplification of the E. bieneusi templates with the
nested primer pair results in a 200-bp DNA fragment. A
350-bp internal control amplified by EBIER1 and EBIEF1
was included in each reaction mixture to test for any false-
negative results due to the inhibition of PCR. The amplified
products were resolved electrophoretically on a 2% agarose
gel and stained with ethidium bromide for visual analysis.
The identities of the PCR products were further confirmed
by digestion with the MspAll restriction enzyme (Kondova
et al. 1998). Amplification of the ITS region of the rRNA
gene of E. bieneusi isolates was also carried out using
nested PCR. For primary PCR, a PCR product of 410 bp
was amplified using the primers AL4037: 5'-GATGGTCA
TAGGGATGAAGAGCTT-3'and AL4039: 5'-AATACAG
GATCACT TGGATCCGT-3". The cycling parameters were
35 cycles of 94°C for 45 s, 55°C for 45 s, and 72°C for 60 s
(Sulaiman et al. 2004). For secondary PCR, the 392-bp
DNA fragment was amplified using the primers AL4038:
5'-AGGGATGAAGAGCTTCGGCTCTG-3" and AL4040:
5'-AATATCCCTAATACAGGATCACT-3' under identical
conditions to those used for primary PCR. The secondary
PCR products with the expected size were purified using a
PCR DNA purification system (Promega, Madison, WI,
USA), and were sequenced using the sequencing service of
the Takara (Seoul, Korea). Sequencing was performed on
the products from two separate PCRs, which were
sequenced in both directions. The sequences were edited
and assembled using the consensus sequence. The sequences
of the E. bieneusi isolates detected in this study were
compared with those from GenBank. The nucleotide
sequences of the E. bieneusi ITS region from -cattle
representing new genotypes (CEbA, CEbD, and CEbF)
were deposited in the GenBank database under the
accession numbers EF139195, EF139198, and EF139194,
respectively.

Results

Five hundred thirty-two cattle were sampled during the 12-
month period. Eighty (approximately 15%) PCR products
of the expected size (200 bp) were produced for E.
bieneusi. Table 1 shows the percentage of positive samples
per collection date. There was a trend toward a higher
prevalence in the warmer periods with the highest and
lowest positive rate being found in August (25.9%) and
February(5.5%), respectively. The PCR products of
EBIEF5 and EBIERG6, as well as AL4038 and AL4040
from the 10 E. bieneusi-positive samples were randomly
selected for sequencing to ensure the specificity of the PCR

Table 2 Nucleotides found at 22 polymorphic sites in the E. bieneusi small-subunit rRNA ITSs of 6 representative sequences

Nucleotide at position

Genotype

31 34 76 77 81 93 95 113 117 118 123 124 129 130 131 136 137 143 147 158 196

23

G

C

Consensus
CEbA

CEbB

CEbC

G

CEbD

CEbE

CEbF

The bars indicate the same nucleotides as in the consensus sequences.
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assay. The homologies to the published E. bieneusi
sequences ranged from 99 to 100% for the small subunit
ribosomal RNA (SSU-rRNA) portions of each PCR
fragment amplified by EBIEF5 and EBIER6 (GenBank
accession numbers L16868, L07123, AF024657,
AF119100, and AF023245). The homology of the ITS
sequences amplified by AL4038 and AL4040 ranged from
94 to 100% of the published E. bieneusi ITS sequences
(Tables 2 and 3).

An analysis of ITS sequences revealed the presence of
six distinct genotypes (CEbA—CEBF) of E. bieneusi among
the ten isolates characterized. Sequence heterogeneity
among the six genotypes was found in the ITS region of
the sequences. Table 2 shows the polymorphic sites from
this study. Four genotypes differed from each other by one
to three single nucleotide polymorphisms (SNPs). Howev-
er, one of the genotypes, CEbC, differed by 10 SNPs, and
another, CEbD, was even more divergent (14 SNPs).

Two isolates of the genotype CEbB were homologous to
type J or BEBI1, which were originally isolated from cattle
and chickens (Table 3). Three isolates of the genotype
CEbE were homologous to type I or BEB2, which were
originally isolated from cattle. One isolate was identical to
E. bieneusi ITS type D, PigEBITS9 or WLS, which was
originally isolated from humans, pigs, and wild animals
such as foxes, beavers, and raccoons. Four isolates of
previously unreported types with three new polymorphic
nucleotides of the ITS region were also discovered, and
these new types are designated CEbA, CEbD, and CEbF
(Tables 2 and 3). The isolates of CEbA, CEbD, and CEbF
showed 99% similarity with types I or BEB2, 98%
similarity with types F or EbpA, which were originally
isolated from cattle and pigs, and 99% similarity with types
J or BEBI.

Discussion

The epidemiological information of E. bieneusi has evolved
in the recent years. However, The sources of infection and
its transmission routes are not completely understood. This
organism was isolated from many animals, and the isolates
from the animals have revealed high genetic similarity to
those of the human isolates; this indicates that the animals
are the possible sources of human infections in E. bieneusi
(Weber et al. 1996; Mansfield et al. 1998; del Aguila et al.
1999; Mathis et al. 1999, 2005; Rinder et al. 2000; Dengjel
et al. 2001; Buckholt et al. 2002; Sulaiman et al. 2003).
This study demonstrated, for the first time, the presence of
microsporidia in cattle in Asia, and investigated the
possible presence of human-related E. bieneusi in these
cattle.

Among the 538 fecal samples of cattle analyzed by PCR,
approximately 15% of samples tested positive. Ten ran-
domly selected PCR positive specimens were sequenced.
The portion of SSU-rRNA coding sequence of this micro-
sporidian was compared with other SSU-rRNA sequences
from GenBank. The homologies to the published E.
bieneusi sequences were 99 to 100%, which confirms that
the isolates from the cattle detected by PCR were E.
bieneusi. A recent study of 338 fecal samples of cattle in
the United States (Sulaiman et al. 2004) using PCR
techniques found 32 of E. bieneusi-positive cattle (9.5%).
In a study in Europe, 8 out of 88 (9.1%) cattle tested in
Germany were positive (Rinder et al. 2000). The differ-
ences in prevalence suggest real geographic variations or
differences in the procedures of the samples. The occur-
rence of E. bieneusi is apparently affected by temperature
because there was a trend toward a higher prevalence in the
warmer months in this study. Other studies have also
reported a higher prevalence in spring and summer
(Buckholt et al. 2002). This indicates that the season might

Table 3 A summary of the 10 ITSs from the cattle E. bieneusi isolated in this study

Genotype No. of samples found Identical genotype® GenBank accession no. Reference

CEbA® 1 EF139195 This study

CEbB 2 J, BEBI AF135837 Rinder et al. 2000
AY331005 EF139196 Sulaiman et al. 2004

CEbC 1 D, PigEBITS9, WL8 AF101200 Rinder et al. 2000
AF348477, AY237216 Chalifoux et al. 2000
AF023245 EF139197 Buckholt et al. 2002; Sulaiman et al. 2003

CEbD*® 2 EF139198 This study

CEbE 3 1, BEB2 AF135836 Rinder et al. 2000
AY331006 EF139199 Sulaiman et al. 2004

CEbF! 1 EF139194 This study

*Previously known genotypes are identical to the genotypes found in this study.
" This genotype showed 99% similarity to previously known types I or BEB2.

©This genotype showed 98% similarity to previously known type F or EbpA (Breitenmoser et al. 1999; Rinder et al. 2000).
9This genotype showed 99% similarity to previously known type J or BEBI.
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be a risk factor for E. bieneusi infections, even though no
conclusions can be drawn from this study.

The extent of genetic diversity in E. bieneusi from cattle
was measured by the multiple alignment of the ITS
sequences. The analysis revealed that heterogeneity among
the ITS sequences and genetic polymorphisms, which were
represented by six distinct genotypes, were found among
the E. bieneusi isolates. Four genotypes differed from each
other by only one to three SNPs. However, two genotypes
differed by 10 and 14 SNPs. A previous study reported
some trends in the nucleotide polymorphisms of the ITS
sequences (Buckholt et al. 2002). The isolates of a bovine
origin may contain four distinctive polymorphic sites (sites
129, 131, 147, and 158). However, this study revealed that
only two genotypes, CEbC and CebD, had the indicated
polymorphic sites (Table 2). There are no apparent
distinctive polymorphic sites in any of the ITS sequences
of the isolates from this study.

Many studies have reported host-specific genotypes and
broad host-adapted genotypes of the E. bieneusi. Distinct
genotypes, such as WL1, WL2, and WL3, were observed
only in raccoon specimens, and genotypes WL4, WLS, and
WL6 were found only in muskrat specimens (Sulaiman et
al. 2003, 2004). Phylogenetic analysis using neighbor-
joining and maximum likelihood analysis also revealed that
these genotypes formed two host-specific clusters outside
of the major cluster containing all E. bieneusi from humans
and domestic animals. This indicates that genotypes WL1,
WL2, and WL3 and genotypes WL4, WLS5, and WL6
represent only raccoon and muskrat isolates, respectively.
Cattle-specific genotypes also exist. Genotype CEbE from
this study, along with the previously described genotypes I
or BEB2 (Rinder et al. 2000; Sulaiman et al. 2004), was
found only in cattle, and phylogenetic analysis showed that
they form a cluster consisting of isolates from cattle only,
suggesting that this type is host-specific. On the other hand,
some genotypes such as CEbC, together with the previously
described genotypes D PigEBITS9 or WL8 (Rinder et al.
2000; Buckholt et al. 2002; Sulaiman et al. 2004), were
found in many different hosts and were geographically
widespread. This type was isolated in humans, pigs, and
several wild animals such as foxes, beavers, and raccoons
and was detected in Germany, Switzerland, and the United
States. Therefore, this genotype has broad host adaptation
and can be transmitted from animals to humans. The
detection of isolates of this genotype demonstrates the
zoonotic potential of E. bieneusi from cattle in this country,
and that cattle may be a source of environmental contam-
ination for E. bieneusi infections.

This study also discovered previously unreported types
with three new polymorphic nucleotides of the ITS region.
These new types showed high similarities (98 to 99%) to
previously identified genotypes, which were originally

isolated from cattle, chicken, and pigs (Breitenmoser et al.
1999; Rinder et al. 2000; Sulaiman et al. 2004). The new
genotypes identified in this study probably represent minor
differences in the structures of previously identified

genotypes.
In conclusion, these results suggest that E. bieneusi is

prevalent in cattle in Korea and there is extensive genetic
diversity, as was also reported in other parts of the world.
Even though the data suggests that most isolates from cattle
are not associated with human infections, cattle can serve as
a potential reservoir E. bieneusi due to the possibility of
cattle to human transmission.
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