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ARTICLE INFO ABSTRACT

Keywords: Blastocystis is one of the most common enteric parasites in humans and domestic animals. For Tibetan sheep and
Blastocystis Tibetan goats, the traditional grazing methods still occupy a dominant position, and the close contact between
Subtype humans and domestic animals increases the risk of infection by Blastocystis between herdsmen and livestock.
Z};‘;‘;P However, less pertinent information is available for Tibetan sheep or Tibetan goats. In this study, 880 fecal
Tibet specimens from Tibetan sheep and Tibetan goats were collected from 6 sampling sites in Tibet to test for Blas-

tocystis using the polymerase chain reaction and sequencing analysis of the partial SSU rRNA gene. The infection
rate of Blastocystis was 8.55% for Tibetan sheep (53/620) and 8.46% for Tibetan goats (22/260). The genetic
analysis of 53 positive samples from Tibetan sheep identified 4 known subtypes (ST4, ST5, ST10, and ST14). Four
known subtypes (ST1, ST5, ST6, and ST10) were identified in Tibetan goats. ST10 was the dominant subtype in
Tibetan sheep and Tibetan goats, accounting for 65.33% (49/75) of total subtypes. ST1, ST4, ST5, and ST6 were
recognized as belonging to zoonotic subtypes. This report provides a detailed data on the prevalence and subtype
distribution of Blastocystis in Tibetan sheep and Tibetan goats in Tibet, which enriches the epidemiological data
of Blastocystis infection in Tibetan sheep and Tibetan goats in China. Our results indicated that Tibetan sheep and
Tibetan goats can be infected with multiple Blastocystis subtypes, including zoonotic subtypes. More research is
needed among humans, livestock and wild animals in Tibet to better understand their role in the spread of
Blastocystis. And, One Health measures need to be taken to control and prevent its zoonotic transmission.

1. Introduction

Blastocystis is an intestinal non-fungal microeukaryote that colonizes
the gastrointestinal tracts of vertebrates, including humans, birds, and
mammals [1,2]. Transmission of Blastocystis cysts to humans occurs
mainly via ingestion of contaminated food or water, exposure to fecal
contaminated environments, and person-to-person contact [3,4].
Although the classification and pathogenicity of Blastocystis are still
controversial, some studies have shown that gastrointestinal dysfunc-
tion, irritable bowel syndrome, and skin lesions are associated with
Blastocystis infection [5,6]. Studies have confirmed that Blastocystis
isolates from patients can cause damage and ulceration to the colon of
experimental mouse [7]. Previous studies have shown that there is a
higher infection rate in hosts with diarrhea or other gastrointestinal

symptoms and in young animals and immunocompromised individuals
[8,9]. However, one recent study challenged this view, where Blasto-
cystis appeared to be more common in healthy individuals [1]. Due to
the low host specificity, genetic diversity, and zoonotic potential of
Blastocystis, it is believed that animals may be potential hosts for the
transmission of this organism [10].

Due to the development of molecular biotechnology, Blastocystis
strains can be classified by different genes, which also can be used to
identify and evaluate the infectivity, pathogenicity, and other properties
[11-13]. Based on phylogenetic analysis using the small subunit ribo-
somal RNA (SSU rRNA) gene sequence, Blastocystis isolated from
humans and animals has shown considerable genetic diversity [14-16].
Genetic characterization of Blastocystis isolates based on SSU rRNA gene
sequences has revealed the existence of 22 subtypes (STs 1-17, ST21,
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and STs 23-26) that differ in their host distribution [17]. ST 1 to ST 9
and ST 12 are found in humans and in many other mammals; ST 10, ST
11, STs 13-17, and STs 23-26 occur in a variety of non-human hosts
[18,19]. ST1-ST4 are more common in humans, accounting for more
than 95% of the reported prevalence [20-22]. The prevalence of Blas-
tocystis sp. in humans ranges from 0.5-30% in developed world and can
reach 100% in developing countries [23]. Furthermore, animal-keepers
and abattoir workers are at high risk of infection of Blastocystis, which
means that Blastocystis are transmitted between animals and people
[14,22,24]. Obviously, the high infection rate of Blastocystis in rural
communities and animal-keepers should carriage doubts about its role in
human health and disease. Notably, based on molecular detection
methods (particularly PCR-based), mixed subtypes of infection were
detected in a variety of animals [25,26]. Inter-subtype recombinant and
transmission of infection between species are thought to be the major
evolution sources of diversity in the zoonotic pathogen [27,28].

In Tibet, animal husbandry is one of the major activities and human-
livestock contact occurs daily. With close contact with herders, the role
of livestock in the infection of zoonotic pathogens is getting more trac-
tion in Tibet [29,30]. Tibetan sheep and Tibetan goats share habitat with
wildlife on the plateau and are the major livestock breeds in the Qinghai-
Tibet Plateau region. Both are well adapted to the local environment,
and there is extensive feeding and management in alpine pastoral areas.
The genetic performance of sheep and goats in this area is stable, and the
region is famous for its high-quality cashmere [31,32]. However, there
are no available reports on conditions of Blastocystis infection in Tibetan
sheep or Tibetan goats under the grazing conditions in Tibet. Efforts
have been made to study livestock parasitic infection in some districts in
Tibet [29,30,33]. Investigations are needed to facilitate improved in-
terventions and prevention to minimize the burden of zoonotic Blasto-
cystis infection associated Tibetan sheep and Tibetan goats. The aim of
this research is to understand the prevalence of Blastocystis infection in
Tibetan sheep and Tibetan goats in Tibet. And the impact of this or-
ganism on One Health is also discussed.

2. Materials and methods
2.1. Sample collection

A total of 880 fresh fecal samples from Tibetan sheep and Tibetan
goats were collected from sites randomly located in Gongbo’gyamda,
Nedong, Chanang, Konggar, Namling, and Xietongmen during June to
July 2016. All the animals are raised on rangeland by natural grazing,
and sharing the Tibetan Plateau habitat with other animals including
humans. Prior to sample collection, the appropriate permission was
obtained from the herdsmen. Fecal samples were collected from the
ground after natural defecation of the animals, therefore, no permission
regarding laws on animal protection was required. To avoid repeated
sampling as well as avoiding sampling bias, the following sampling
strategy was used: (1) random sampling of herds including Tibetan
sheep and Tibetan goats; (2) up to 20 samples was collected from each
flock; (3) the herd size in this study was 200-1600 sheep/goats; (4) all
the samples were collected irrespective of any other symptoms or sign.
Each specimen (about 10 g) was collected immediately after being
defecated onto the ground by the animal, and samples were individually
placed into clean plastic bags, then stored in 2.5% (w/v) potassium di-
chromate solution at 4 °C prior to further analysis. Sampling was con-
ducted according to the animal welfare guidelines of the OIE.

2.2. DNA extraction and PCR amplification

Approximately 200 mg of stool per sample was placed in a clean
microcentrifuge tube, and sterile water was used to remove potassium
dichromate in the sample. Total DNA was extracted from fecal samples
using an E.Z.N.A. Stool DNA Kit (D4015-02, Omega Bio-tek, Inc., Nor-
cross, GA), according to the manufacturer’s instructions. Detection of
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Blastocystis subtypes by PCR used the previously reported primers [34]
(RD5: 5'-ATC TGG TTG ATC CTG CCA GT-3' and BhRDr: 5-GAG CTT
TTTA ACT GCA ACA ACG-3'). The PCR reaction conditions were per-
formed as previously reported [35]. For each PCR, three biological
repetitions were performed, including for negative and positive controls.
The products were screened by 1% agarose gel electrophoresis with
SYBR Green (TIANDZ Inc., Beijing, China) staining.

2.3. Sequencing and phylogenetic analysis

Direct bidirectional sequencing of objective fragments (~600 bp)
was performed using an ABI3730xl by SinoGenoMax (SinoGenoMax
Inc., Beijing, China). The sequencing peaks obtained were viewed using
Chromas software. Mixed infections yield overlapping peaks in the
chromatogram peaks when they are sequenced directly. The sequencing
results were analyzed by the NCBI BLAST program, and a set of asso-
ciated SSU rRNA gene sequences was downloaded from the GenBank
database, and all raw sequences were assembled and aligned using
DNASTAR software (DNASTAR Inc., Madison, WI, USA) to determine
the subtypes. The neighbor-joining (NJ) method in the MEGA7 software
(http://www.megasoftware.net/) was used to construct the phyloge-
netic tree, and 1000 bootstrap repetitions were used to evaluate the
reliability of the branches.

2.4. Avadilability of data and materials

The nucleotide sequences in this study have been submitted to the
GenBank database (GenBank Accession No. MW713070-MW713084).

2.5. Statistical analysis

Statistical comparisons were performed with SPSS version 17.0 (IBM
SPSS Inc., Chicago, IL, USA). The Pearson’s chi-squared test (}2) were
used for comparisons between two groups. P < 0.05 was considered
statistically significant.

3. Results
3.1. Prevalence of Blastocystis

The overall infection rate of Blastocystis in 880 fecal samples was
8.52% (75/880), with infection rates of 8.55% (53/620) in Tibetan
sheep and 8.46% (22/260) in Tibetan goats (Table 1). The results from
different sampling sites showed that the positive rate differed according
to site; Chanang was highest at 12.3%, and Gongbo’gyamda was lowest
at 2.15%. Significantly difference (P > 0.05) of Blastocystis infection
were detected among six study sites, ranging from 2.15% to 12.3%.
There was no significant difference (P > 0.05) in the rate between Ti-
betan sheep and Tibetan goats.

3.2. Distribution of Blastocystis subtypes

In order to determine the subtypes of Blastocystis, we analyzed the
genotypes of these isolates based on the sequence of SSU rRNA. A total of
six subtypes were detected (Table 1), ST1(1/75), ST4(6/75), ST5(6/75),
ST6(3/75), ST10(49/75), ST14(10/75); four belonged to zoonotic sub-
types (ST1, ST4, ST5, ST6), and two were classified as animal-specific
subtypes (ST10, ST14). Four (ST4, ST5, ST10, ST14) of these subtypes
were represented among the 53 Blastocystis samples from Tibetan sheep,
and four subtypes (ST1, ST5, ST6, ST10) detected in Tibetan goats. In
this study, ST10 was the preponderant subtype in Tibetan sheep and
Tibetan goats, 62.3% (33/53) and 72.7% (16/22), respectively. ST5 and
ST10 were present both in Tibetan sheep and Tibetan goats. Zoonotic
subtype ST4 was only detected in Tibetan sheep, and Zoonotic subtypes
ST1, ST5, and ST6 were only detected in Tibetan goats. No mixed sub-
types infection was detected in this study.
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Table 1
The infection rate and subtype distribution of Blastocystis in Tibetan sheep and
Tibetan goats at different locations in Tibet, China.

Species  State Positive Sample Positive

No No rate%

Subtype (No.)

2.15%
5.88%
12.07%

ST10A(n = 2)
ST10A(n = 2)
ST4A(n = 4),
ST5A( = 3),
ST10A(n =
11), ST10B(n
= 3), ST10C(n
=5), ST14A(n
=6), ST14B(n
= 2), ST14C(n
=1)

ST4B(n = 2),
ST5A(n = 1),
ST10A(M = 4)
ST10D(n = 2)
ST10A(n = 3),
ST10D(n = 1),
ST14A(n = 1)
ST4A(n = 4),
ST4B(n = 2),
ST5A(n = 4),
ST10A(n =
22), ST10B(n
= 3), ST10C(n
=5), ST10D(n
= 3), ST14A(n
=7), ST14B(n
= 2), ST14C(n
-1)

ST1(n = 1),
ST5B(n = 2),
ST6A( = 3),
ST10A(n = 9),
ST10E(n = 1),
ST10F(n = 3),
ST10G(n = 3)
ST1(n = 1),
ST4A(n = 4),
ST4B(n = 2),
ST5A(n = 4),
ST5B(n = 2),
ST6A(n = 3),
ST10A(n =
31), ST10B(n
=3), ST10C(n
=5), ST10D(n
= 3), STI0E(n
=1), ST10F(n
= 3), ST10G(n
= 3), ST14A(n
=7), ST14B(n
= 2), ST14C(n
= ])

Sheep Gongbo’gyamda 2 93
Nedong 2 34
Chanang 35 290

Konggar 9 160 5.63%

Namling 5 43 11.63%

Total 53 620 8.55%

Goats Xietongmen 22 260 8.46%

Totals 75 880 8.52%

3.3. Phylogenetic analysis of Blastocystis sp.

In this study, 75 positive isolates were sequenced, and 15 represen-
tative sequences were obtained. The newly obtained sequences have
been uploaded to NCBI (GenBank Accession No. MW713070-
MW713084). The sequences obtained in this study have high homol-
ogy with the reference sequence of Blastocystis. sp. in the GenBank
database (Fig. 1). The newly obtained sequences belong to ST4, ST5,
ST6, ST10, and ST14. Two variations were identified in ST4 and ST5,
respectively. Only one variation was identified in ST6. 49 ST10 isolates
producted seven variations (ST10A to ST10G), with a similarity of
97.9-99.8%. ST10A, comprising 31 out of 49 ST10 subtypes, was the
dominant subtype. Three variations of the subtype ST14 were identified
by sequence alignment analysis, and subtype ST14A(n = 7) was the
dominant subtype. The SSU rRNA gene-based sequence of the ST1
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Fig. 1. Phylogenetic relationships using neighbor-joining analysis among
Blastocystis isolates based on SSU rRNA nucleotide sequences. The self-test
value was 1000 repetitions. Isolates from this study are in bold.

isolate is consistent with that from the Rhesus monkey in Bangladesh,
and the GenBank sequence accession number is MN338074. Phyloge-
netic analysis also revealed the polymorphism of the SSU rRNA gene of
Blastocystis isolates in this study.
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4. Discussion

Blastocystis is the most common intestinal organism in humans. The
transmission route of Blastocystis similar to those of other intestinal
protozoans, and transmission occurs fecal-orally through contaminated
water and food. In addition, people who are working in farms and zoos
have a much higher risk of infections than those who do not [36]. As an
important ecological security barrier area in China, Tibet has high
biodiversity with many species of livestock, and animal husbandry plays
an important role in social, economic, political, and cultural life [37].
The traditional grazing methods still occupy a dominant position, and
these practices carry the risk of zoonotic transmission [38].The close
contact between humans and domestic animals increases the risk of
infection by Blastocystis between herdsmen and livestock.

Results of the study indicate that Blastocystis are common in Tibetan
sheep and Tibetan goats in Tibet, China. In the present study, Blastocystis
was detected in all six collecting areas. The 8.55% infection rate
observed in Tibetan sheep was lower than the infection rates previously
described in United Arab Emirates (63.64%) [25] and in China Jiangsu
(24%) and Shandong (16.67%) [39] but higher than that in China Anhui
(3.16%) [39] and Heilongjiang (5.5%) [40]. In Tibetan goats, the
infection rate of Blastocystis was 8.46%, which was lower than those in
China Shanxi (58.05%) [41], Malaysia (30.9%) [42], Thailand (94.74%)
[43], Brazil (33.33%) [44] and USA (75%) [45], but higher than those in
China Anhui (0.35%) [39] and Nepal (0.75%) [46]. The detected dif-
ferences in infection rate of Blastocystis between different surveys may
be due to many factors, including regional disparity, rearing conditions,
detection method, and host health status.

In this study, subtypes ST1 (1), ST4 (6), ST5 (6), ST6 (3), ST10 (49),
and ST14 (10) were detected by comparing the sequence of the SSU
rRNA gene. ST10 was the dominant subtype in this study and was
observed in 62.26% of Tibetan sheep and 72.73% of Tibetan goats. In
addition, among the four zoonotic subtypes identified in this study, ST4
and ST5 were found in Tibetan sheep, while ST1, ST5, and ST6 were
found in Tibetan goats. Some studies have shown that ST1 and ST4 are
the main subtypes of human infection [17,47,48]. ST4 was also found in
cattle and rodents [49,50]. Zoonotic subtype ST5 has been detected in a
variety of animals [51,52], and an early investigation identified trans-
mission from person to person [53]. In addition, ST6 was detected in
cattle and birds [54,55]. ST10 and ST14 are common in domestic ani-
mals and are considered as animal-specific subtypes. ST10 is found
predominately in Artiodactyls [19,41,56,57]. Factors such as animal
age, season, and environmental differences may cause different subtype
infection [11].

This survey did not detect the mixed infection of different subtypes.
Some investigations have detected mixed infection of different subtypes
[25,26], but infection with a single subtype is still the most common
pattern. In addition, when zoonosis pathogen co-infection occurs,
recombination and genetic admixture between genotypes is highly in-
creases, indicating that the risk of continuing evolution and broadening
its host range is increased too [27,28]. In addition, Tibetan sheep and
Tibetan goats share habitat with wildlife on the plateau may increase the
challenges of One Health measures.

As described in the text, sequencing revealed genetic variations
among Blastocystis subtypes, as well as at the intra-subtype level.
Furthermore, it is unknown whether the genetic variations are linked
with clinical signs and pathogenicity disorders. Some investigations
found that ST1 may contribute to clinical symptoms [58-60]. Similarly,
several surveys also found that ST4 and ST6 were detected in symp-
tomatic patients [61,62], although ST4 and ST6 appear to show some
degree of host specificity [60]. And these data suggesting the possibility
that these subtypes may be related to acute infection in humans.

5. Conclusion

We demonstrated the prevalence and subtype diversity of Blastocystis
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in Tibetan sheep and Tibetan goats. Although the infection rate was
different in each sampling area, the results show that Blastocystis is a
common parasite in Tibetan sheep. Based on molecular analysis of the
SSU rRNA gene, six known gene subtypes were detected, and four were
zoonotic subtypes. Blastocystis is not only highly prevalent in Tibetan
sheep and Tibetan goats but also carries the risk of animal-to-human
zoonotic transmission. At present, infection of Blastocystis has been
identified worldwide, and this has aroused the interest of many re-
searchers. However, the source and transmission route of Blastocystis are
still unclear, and further investigations are required to clarify its etiology
and pathological mechanisms and One Health approaches are needed to
prevent infection.
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