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ARTICLE INFO ABSTRACT

To assess the prevalence and molecular characteristics of Cryptosporidium spp., Giardia duodenalis, and
Enterocytozoon bieneusi in grazing adult sheep from Xinjiang Uygur Autonomous Region, China, 318 fecal
samples were collected and screened for the presence of these parasites by polymerase chain reaction. The
overall infection rate for the three pathogens was 13.5% (43/318), with observed individual infection rates of
)S(}J‘;P 0.9% (3/318), 7.5% (24/318), and 6.3% (20/318) for Cryptosporidium spp., G. duodenalis, and E. bieneusi, re-
XJS2 spectively. Three Cryptosporidium species were identified amongst the samples, including C. xiaoi (n = 1), C.

ubiquitum (n = 1), and C. parvum (n = 1), with gp60-based subtyping analysis identifying C. parvum as subtype
1IdA15G1 and C. ubiquitum as subtype Xlla. Eight E. bieneusi genotypes were identified based on internal tran-
scribed spacer region sequencing, including six known (BEB6, CHG1, CHG3, CHS3, CHS8, and COS-I) and two
novel (designated XJS1 and XJS2) genotypes. All G. duodenalis-positive samples were identified as assemblage E
based on small subunit rRNA (n = 24) and gdh (n = 10) gene sequence analysis. These data support the oc-
currence of host adaptation by Cryptosporidium spp., G. duodenalis, and E. bieneusi in sheep, and the zoonotic risk
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may posed by these parasites in Xinjiang, China.

1. Introduction

Cryptosporidium spp., Giardia duodenalis, and Enterocytozoon bieneusi
are important intestinal zoonotic pathogens causing diarrhea and en-
teric disease in humans and animals [1-4]. Amongst the 37 valid
Cryptosporidium species, C. ubiquitum, C. xiaoi, and C. parvum are the
most commonly associated with infections in goats and sheep [1,3]. G.
duodenalis consists of eight assemblages, designated A-H, with assem-
blages A and B found in both humans and animals and C—H demon-
strating host specificity for non-human species. Sheep are often infected
with assemblage E and infrequently with assemblage A strains, with
assemblage B infections being very rare [2]. E. bieneusi is an obligate
intracellular fungus, with > 250 human- and animal-associated geno-
types identified to date based on sequence analysis of the internal
transcribed spacer (ITS) region of the rRNA gene. Phylogenetic analysis
showed that the E. bieneusi genotypes can be divided into at least ten

large groups (Groups 1-9 and the so-called outlier in dog) [4]. Group 1
was considered to have zoonotic potential; some genotypes in groups 2
and 7 have been detected in human samples, suggesting these groups
may be also have zoonotic potential; remaining groups include most
host-specific genotypes found in specific animals hosts [4,5].

Several previous studies have examined the prevalence and species/
genotypes of Cryptosporidium spp., G. duodenalis, and E. bieneusi in
sheep from various regions of China. For example, a study by Wu et al.
[5] revealed Cryptosporidium spp., G. duodenalis, and E. bieneusi infec-
tion rates of 4.5%, 1.7%, and 34.5%, respectively, amongst sheep in
Gansu Province, with all E. bieneusi genotyped as Group 2 and G. duo-
denalis belonging to assemblage E. The prevalence of Cryptosporidium
spp. in sheep from Inner Mongolia was 13.1%, with all C. parvum iso-
lates characterized as subtype IIaA15G2R1, which is the dominant
subtype amongst infected humans in developed countries [6]. Ad-
ditionally, a study by Zhang et al. [7] showed that the prevalence of E.
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bieneusi amongst sheep in Tibet was 23.4%, with most isolates be-
longing to genotype Group 2. Importantly, all of these reports indicated
that the three intestinal pathogens are prevalent amongst sheep in
China, and have potential for zoonotic transmission.

In 2016, the total number of goats and sheep in China exceeded 150
million and 160 million, respectively (http://www.fao.org/faostat/
zh/#data/QL). Sheep farming has always been a very important part
of the economy of Xinjiang Uygur Autonomous Region (hereafter re-
ferred to as Xinjiang) because of the unique geography, climatic con-
ditions, ethnic beliefs, and dietary habits of the region. There are > 10
native sheep breeds in Xinjiang, with grazing being the predominant
feeding mode, which may contribute to the spread of zoonotic diseases.
However, there have been no reports of Cryptosporidium, E. bieneusi, or
G. duodenalis infection in sheep in Xinjiang.

This study aimed to determine the prevalence and molecular char-
acterization of Cryptosporidium, E. bieneusi, and G. duodenalis in grazing
adult sheep from Xinjiang to better understand the host specificity and
zoonotic risk of these enteric pathogens in sheep in China.

2. Materials and methods
2.1. Ethics approval and consent to participate

This study was conducted in accordance with the Chinese
Laboratory Animal Administration Act (1988). The study protocol was
approved by the Institutional Animal Care and Use Committee of Henan
Agricultural  University (authorization number IACUC-henau-
20130605). Appropriate permission was obtained from farmers prior to
collection of fecal samples.

2.2. Sample collection

From August 2015 to September 2017, 318 individual fresh fecal
samples were collected from 15 groups of sheep from different locations
in Xinjiang, China (Fig. 1). The sheep were free-grazing and shared
pastures with cattle and wild animals, with each herd containing be-
tween 100 and 400 animals. Fecal samples were collected directly from
the rectum of each adult sheep using disposable gloves. No obvious
diarrhea was observed in the sampled animals. The fecal samples were
stored at 4 °C prior to DNA extraction.
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2.3. DNA extraction

Aliquots (3-5g) of each fecal sample was passed with sterile dis-
tilled water through a wire mesh sieve with a 250 pm pore size and then
centrifuged at 5000 X g for 3 min. Genomic DNA was extracted from
approximately 200 mg of each fecal sample precipitate using an
E.Z.N.A.R Stool DNA Kit (Omega Biotek Inc., Norcross, GA, USA) ac-
cording to the manufacturer's instructions. Extracted DNA samples were
used as template for polymerase chain reaction (PCR)-based analyses.

2.4. PCR amplification

Nested PCR was performed to identify Cryptosporidium spp. based on
the small subunit rRNA (SSU rRNA) gene sequence [8]. C. parvum and
C. ubiquitum were subtyped based on sequence analysis of the 60-kDa
glycoprotein (gp60) gene following PCR amplification [8,9]. E. bieneusi
was detected via nested PCR-based amplification of the entire internal
transcribed spacer (ITS) region as described previously [10]. G. duo-
denalis was identified by nested PCR-based amplification of the SSU
rRNA gene as described previously [11]. DNA from all SSU rRNA-po-
sitive samples was subjected to further PCR-based analysis to detect the
presence of the glutamate dehydrogenase (gdh) gene [12]. The primers
sequences, fragment length, and the annealing temperatures were listed
in Table 1. Each sample was analyzed in duplicate using positive and
negative controls. The secondary PCR products were examined by
electrophoresis using a 1.5% agarose gel and staining with GelRed
(Biotium Inc., Hayward, CA, USA).

2.5. Sequencing and phylogenetic analysis

PCR amplicons of the correct size were DNA sequenced by
GENEWIZ (Suzhou, China). Sequence accuracy was confirmed by bi-
directional sequencing. Resulting sequences were aligned with re-
ference sequences downloaded from GenBank using ClustalX 2.1
(http://www.clustal.org/) for determination of genotypes. The E. bi-
eneusi ITS genotypes from sheeps in this study were compared with
previously reported reference sequences using Monte Carlo Markov
Chain analysis in MrBayes v 3.2.6 (http://nbisweden.github.io/
MrBayes) based on Bayesian inference (BI). FigTree v 1.4.4 (http://
tree.bio.ed.ac.uk/software/figtree/) was used to visualize and edit the

—

Fig. 1. Location of the study area in Xinjiang Uygur Autonomous Region, China. Filled triangles indicate sampling sites.
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Table 1
The primers used in the characterization of Cryptosporidium spp., E. bieneusi and G. duodenalis in the present study.

Gene Primer sequence (5’ to 3’) Fragment length (bp) Annealing temperature (°C)  Usage (s) References

SSU rRNA  SSU-F2: TTCTAGAGCTAATACATGCG ~1325 55 Specific nested PCR of Cryptosporidium spp. [8]
SSU-R2: CCCATTTCCTTCGAAACAGGA
SSU-F3: GGAAGGGTTGTATTTATTAGATAAAG ~840 58
SSU-R4: CTCATAAGGTGCTGAAGGAGTA

gp60 AL3531: ATAGTCTCCGCTGTATTC ~1280 55 Subtyping of C. parvum and C. hominis [8]
AL3535: GGAAGGAACGATGTATCT
AL3532: TCCGCTGTATTCTCAGCC ~850 58
AL3534: GCAGAGGAACCAGCATC

g60 Ubi-18S-F1: TTTACCCACACATCTGTAGCGTCG ~1044 58 Subtyping of C. ubiquitum [9]
Ubi-18S-R1: ACGGACGGAATGATGTATCTGA
Ubi-18S-F2: ATAGGTGATAATTAGTCAGTCTTTAAT ~948 55
Ubi-18S-R2: TCCAAAAGCGGCTGAGTCAGCATC

ITS AL4037: GATGGTCATAGGGATGAAGAGCTT ~410 55 Specific nested PCR of E. bieneusi [10]
AL4039: AATACAGGATCACTTGGATCCGT
AL4038: AGGGATGAAGAGCTTCGGCTCTG ~392 55
AL4040: AATATCCCTAATACAGGATCACT

SSU rRNA  Gia2029: AAGTGTGGTGCAGACGGACTC ~497 55 Specific nested PCR of G. duodenalis [11]
Gia2150c: CTGCTGCCGTCCTTGGATGT
RH11: CATCCGGTCGATCCTGCC ~292 59
RH4: AGTCGAACCCTGATTCTCCGCCCAGG

gdh Ghd1: TTCCGTRTYCAGTACAACTC 50 Subtyping of G. duodenalis [12]
Gdh2: ACCTCGTTCTGRGTGGCGCA
Gdh3: ATGACYGAGCTYCAGAGGCACGT ~530 50

Gdh4: GTGGCGCARGGCATGATGCA

maximum clade credibility tree generated by these analyses. Posterior
probability values were estimated based on 1,000,000 generations with
four simultaneous tree building chains, with trees being saved every
100th generation. A 50% majority rule consensus tree for each analysis
was constructed based on the final 75% of trees generated by BIL

2.6. Nucleotide sequence accession numbers

The nucleotide sequences reported in this study have been deposited
in the GenBank database at the National Center for Biotechnology
Information under accession numbers MH794164-MH794180.

2.7. Statistical analysis

A chi-square test was used to compare the prevalence of pathogens
infection between different sampling locations and breeds of animals.
Statistical significance was set at a value of p < .05.

3. Results

3.1. Prevalence and molecular characterization of Cryptosporidium spp., E.
bieneusi, and G. duodenalis

A total of 318 fecal samples from grazing adult sheep were screened
for Cryptosporidium spp., E. bieneusi, and G. duodenalis using various
PCR-based assays. The three intestinal pathogens were identified in 14
out of the 15 groups of sheep, with an overall infection rate of 13.5%
(43/318). The infection rates of three pathogens in different sampling
locations ranging from 0 to 33.3% (Table 1). Differences in the three
pathogens infection rates were not significant amongst sampling loca-
tions (p > .05). The higher infection rates of three pathogens was
found in Cele black sheep (33.3%, 6/18), followed by Hotan sheep
(25.0%, 5/20), Altay sheep (20.0%, 2/10), Suffolk sheep (16.1%, 10/
62), Bayinbuluk sheep (14.0%, 6/43), Small Tail Han sheep (14.0%, 6/
43), Bashbay sheep (6.9%, 2/29) and native sheep (6.5%, 6/93). Dif-
ferences in the three pathogens infection rates were significant amongst
sheep breeds (p < .05) (Table 2).

The infection rates for each of the three pathogens across all 318
samples were 0.9% (n = 3), 6.3% (n =20) and 7.5% (n = 24) for
Cryptosporidium spp., E. bieneusi and G. duodenalis respectively. The
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mixed infection rate was 1.3% (4/318) (Table 1), with one sample
showing a mixed infection of Cryptosporidium spp. and G. duodenalis,
and the remaining three samples containing a mixture of G. duodenalis
and E. bieneusi.

3.2. Distribution of species, genotypes, and subtypes

Sequence analyses of the SSU rRNA gene revealed the presence of
three Cryptosporidium species, including C. ubiquitum (n = 1), C. xiaoi
(n = 1), and C. parvum (n = 1). The C. ubiquitum and C. parvum samples
were further subtyped based on gp60 gene sequence analysis, with C.
parvum identified as subtype IIdA15G1 and C. ubiquitum as subtype
XIla. The two gp60 sequences showed 100% nucleotide sequence
identity to the corresponding regions of C. parvum and C. ubiquitum
isolates from a rhesus macaque (GenBank accession no. KJ917586) and
a sika deer (KX259144), respectively, from China.

Eight genotypes were identified amongst the 20 E. bieneusi-positive
samples based on ITS gene sequence analysis, including six known
genotypes (BEB6, n = 12; CHG1, n = 1; CHG3, n = 1; CHS3, n = 1;
CHSS8, n = 1; and COS-I, n = 2) and two novel genotypes (designated
XJS1 and XJS2) (Table 1). Novel genotype XJS1 differs from BEB6 at
one nucleotide, while genotype XJS2 shows two nucleotide differences.
Phylogenetic analysis of the ITS genotypes revealed that all genotypes
identified in this study fell into Group 2 (Fig. 2).

SSU rRNA gene sequencing identified 24 G. duodenalis-positive
samples. Ten of these SSU rRNA-positive samples were then success-
fully subtyped at the gdh gene, with all being identified as assemblage
E. Amongst the resulting gdh sequences, six, two, one, and one were
identical to the corresponding gdh sequences from G. intestinalis isolates
derived from cattle in China (KY769099, KY710744, and KY769098)
and a goat in Australia (KX813711), respectively.

4. Discussion

The observed Cryptosporidium spp. infection rate of 0.9% (3/318) in
the current study. Previous studies have reported a strong association
between prevalence of Cryptosporidium infection and age in sheep, with
lambs generally exhibiting higher rates of infection than adult sheep.
Santin et al. [13] recorded an infection rate of 76.2% in 2week old
lambs, which dropped to 64.4% by the third week of life and to 23.0%
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Fig. 2. Phylogenetic relationships amongst the Enterocytozoon bieneusi genotypes identified in this study and other reported genotypes. Bayesian phylogenetic
analysis of E. bieneusi ITS gene sequences. Statistically significant posterior probabilities are indicated at branches. Sample names include GenBank accession number
followed by host and then genotype designation. The E. bieneusi genotypes PtEbIX (DQ85585) from dogs were used as outgroup. Known and novel genotypes
identified in this study are indicated by triangles and filled triangles, respectively.
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in 1-3 month old lambs. Similar data was recorded in Serbia, with in-
fection rates of 45.3% and 38.7% determined for lambs aged < 1 month
and 1-3months, respectively [14]. In addition, the prevalence of
Cryptosporidium spp. in adult ewes from Brazil was 14.3% (6/42) but
was 20.3% (12/59) in lambs [15], while 19.9% (235/1182) of weaning
lambs, 16.2% (185/1141) of post-weaning lambs, and 14.3% (156/
1089) of pre-slaughter lambs tested positive for Cryptosporidium spp. at
eight farms across four regions of Australia [16]. In the current study,
samples were only collected from adult sheep, most of which were
reared in a free-range grazing mode. These two factors may contribute
to the relatively low observed infection rates.

Three Cryptosporidium species, including C. xiaoi, C. parvum, and C.
ubiquitum, were identified in the present study. C. parvum and C. ubi-
quitum have an extensive host range that includes humans, ruminants,
and rodents [17]. C. ubiquitum appears to be the most common Cryp-
tosporidium species infecting sheep in China, with the identification of
subtype Xlla C. ubiquitum in the current study consistent with previous
studies in sheep from Gansu and Qinghai, goats from Guangdong and
Shanghai, and humans in the United Kingdom, Turkey, Peru, and Ca-
nada [5,9,18,19]. Further analysis revealed that sequences from the
current study were associated with C. parvum subtype IIdA15G1, which
is commonly found in animals (yaks, buffalos, rodents, and calves) in
China [1]. IIdA15G1 was also the dominant subtype amongst calves in
northwestern regions of China, including Xinjiang, and was responsible
for an outbreak of lethal cryptosporidiosis in the Ningxia Hui Autono-
mous Region that resulted in the deaths of hundreds of pre-weaned
calves following severe diarrhea [20]. In addition, C. parvum subtype
IIdA15G1 strains have also been isolated from diarrheic lambs and goat
kids from Spain and Greece, and from humans in Australia [21-23]. All
of these findings indicate that sheep have played a role in the spread of
C. parvum and C. ubiquitum and represent a risk for zoonotic transmis-
sion.

In the current study, 6.3% of the 318 sheep examined were positive
for E. bieneusi. This prevalence rate amongst sheep from Xinjiang was
higher than that recorded in Liaoning (4.7%, 3/64) but lower than rates
reported in Tibet (23.4%, 73/312), Gansu (34.5, 61/177), Henan
(25.2%, 78/310), and Heilongjiang (25.0, 10/40), China [5,24-26].
Genotyping of E. bieneusi based on sequence analysis of the ITS region
revealed that BEB6 (60.0%, 12/20) was the predominant E. bieneusi
genotype in the current study, which is mainly consistent with other
relevant domestic reports of BEB6 in sheep [7]. In addition to their
prevalence in sheep, genotype BEB6 strains have also been reported in
red deer, captive non-human primates, non-human primates, and chil-
dren [27]. Phylogenetic analysis of all E. bieneusi genotypes identified
in the current study, including BEB6, CHG1, CHG3, COS-I, CHS3, CHS8,
and the two novel genotypes (XJS1 and XJS2), showed that all of the
genotypes belonged to Group 2, suggesting that these genotypes exhibit
zoonotic potential.

G. duodenalis infection is relatively common in sheep, although its
prevalence differs greatly across China. Previous studies have reported
prevalence rates of 1.7% (3/117) in Gansu, 5.4% (39/716) in Henan,
3.5% (13/375) in Inner Mongolia, 4.6% (25/539) in Heilongjiang, and
12.6% (51/406) in Qinghai, China [5,28,29]. The prevalence of G.
duodenalis in the current study was 7.5% (24/318), which is within the
range reported in previous studies. Molecular typing assays based on
the SSU rRNA and gdh genes showed that the 24 G. duodenalis-positive
samples in the current study all belonged to assemblage E. Recent
studies aimed at genetically characterizing G. duodenalis in sheep have
shown that assemblage E is the predominant assemblage, with assem-
blages A and B being relatively rare [30]. Previous reports suggested
that assemblage E was animal-specific and did not infect humans [2].
However, more recent studies have unexpectedly detected assemblage
E G. duodenadlis strains in humans from Brazil and Egypt [31,32], de-
monstrating a new anthropozoonotic route of G. duodenalis transmis-
sion.
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5. Conclusions

In conclusion, the present study demonstrates that Cryptosporidium
spp., G. duodenalis, and E. bieneusi are relatively common amongst
grazing sheep in Xinjiang, with more detailed genotypic analysis sug-
gesting that these three intestinal pathogens may pose a potential risk
for zoonosis. Further study is needed to investigate the relationships
between these pathogens and their ovine hosts.
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