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Abstract
Background: Blastocystis is ubiquitous presence in animals and humans worldwide and has a high level genetic
diversity. The aim of this study was to conduct a summary of Blastocystis prevalence, subtypes (STs) in humans and
animals in China and depict their distribution.
Methods: We searched for the articles related to epidemiology of Blastocystis in humans and animals throughout
China which published from January 1, 1990, to July 31, 2019 in the following databases: PubMed, China National
Knowledge Infrastructure (CNKI) and Wanfang database. The keywords were Blastocystis and one of the following
ones: STs, subtypes, distribution, epidemiology, prevalence, infection, molecular, geographic, intestinal parasites,
genetic diversity and characterization.
Results: In recent years, various molecular epidemiological studies have been carried out in some provinces/
regions of China to identify subtypes of Blastocystis. Infants and young children, school students, hospitalized diarrhea
patients, HIV/AIDS patients, tuberculosis patients, and cancer patients as respondents had been included. ST1–ST7
and ST12 were the main subtypes in Chinese population. Moreover, surveys of Blastocystis infection in animal were
also conducted in some provinces of China. A variety of animals were investigated including pigs, cattle, sheep, yak,
giant panda, and crested ibis (Nipponia nippon) with the main subtypes of ST1–ST8, ST10, ST12–ST14.
Conclusions: In recent years, some provinces/regions in China have conducted various molecular epidemiological
studies to identify the Blastocystis subtypes. It is important to focus on new subtypes and mixed subtypes of infec‑
tion, while increasing data on ribosomal alleles. We encourage the scientific community to start research on humans
and surrounding animals (including domestic and wild animals) to better understand the possibility of Blastocystis
transmission between humans and animals. We call for action among researchers studying intestinal parasitic diseases
(Blastocystis), start drawing the subtype of Blastocystis and increase the subtype related to its clinical symptoms.
Keywords: Blastocystis, Epidemiology, Prevalence, Subtype, Diversity, China
Background
Blastocystis is widely distributed throughout the world. It
is an anaerobic intestinal parasite that can infect humans
and a variety of animals [1, 2]. Blastocystis is the most
common intestinal protozoa in human fecal specimens,
which probably due to its rapid propagation and survival
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ability in different hosts such as humans and animals.
Similar to the transmission route of some intestinal protozoans, the route of Blastocystis in humans and animals
is via fecal-oral transmission, such as through contaminated water and food [3]. Based on gene analysis of small
subunit of the ribosomal RNA (SSU-rRNA), wide genetic
diversity is observed within Blastocystis, and multiple
subtypes (STs) have been reported [4]. Currently, at least
17 subtypes are known, of which ST1 to ST8 and ST12
have been reported in humans [5, 6]; ST9 was exclusively
identified in humans; and ST10–ST17 were identified
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only in animals [7]; novel subtypes are still being discovered [8]; and mixed-subtype infections of Blastocystis
occurs [9]. ST1–ST4 commonly occur in humans, but
ST4 is only reported in European region [10].
Clinical manifestations of Blastocystis are very diverse,
including acute or chronic diarrhea, abdominal pain,
nausea, anorexia, bloating, fatigue and flatulence [11, 12],
along with allergy [13]. The prevalence of Blastocystis
is high. Obviously, this parasite has a certain impact on
human health, but its role in human health and disease
is still uncertain [14]. A high rate of asymptomatic carriers exist in Blastocystis infections, and it is still uncertain
whether the clinical symptoms of Blastocystis infection
are related to a specific subtype or several subtypes of
Blastocystis; or whether it is colonized by multiple parasites, causing the pathogenicity in Blastocystis under
strong debate [2, 3]. But, Clark proposed that different
subtypes may have different pathological potentials [15].
Kaneda et al. suggested that ST1, ST2 and ST4 may be
related to gastrointestinal symptoms [16]. Blastocystis
ST1 is regarded as a pathogenic subtype and associated
with irritable bowel syndrome diarrhoea (IBS-D) [17].
Blastocystis ST3 is considered to be virulent, which not
only increases the pathogenicity of this parasite, but also
increases the level of IgE in the serum, thereby causing
allergies [13]. Jimenez et al. [3] proposed that the pathogenicity of Blastocystis is still controversial for many
reasons, for example, the high proportion of asymptomatic carriers, host susceptibility, differences in intestinal
microbiota and different pathogenic potentials of different Blastocystis subtypes. The prevalence of Blastocystis
is high in some areas of China, which is mainly attributed to use of earthen toilets or manure pits, contact
with animal, drinking unboiled water directly and poor
hygiene [18, 19]. Blastocystis can colonize the intestines
of humans, domestic animals (cattle, sheep, goats and
pigs) and wild animals, which has been observed in many
provinces in China. Therefore, we describe herein our
summary of the studies about epidemiology of Blastocystis in humans and animals throughout China, and aim
to depict the prevalence of Blastocystis in different provinces, display the distribution of Blastocystis subtypes
among different hosts (humans and animals).

Methods
Search strategy

Geographically, the study domain was restricted to
research in China. Studies reported in English and
Chinese were selected. The information in the article
includes whether Blastocystis and epidemiology (infection status and/or subtype) in humans or animals are
mentioned.
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Both PubMed and China National Knowledge Infrastructure (https://www.cnki.net/) and Wanfang (http://
www.wanfangdata.com.cn/index.html) database were
used to find potentially eligible articles. The articles
about epidemiology of Blastocystis were searched in
humans and animals throughout China, which were
published from January 1, 2010, to July 31, 2019. There
included keywords Blastocystis and one of the following keywords: STs, subtypes, distribution, epidemiology,
prevalence, infection, molecular, geographic, intestinal
parasites, genetic diversity and characterization. Duplicate studies from the three databases were removed. We
excluded conference abstract papers, case reports, case
series and review articles. For the same survey, multiple
results may be published in different forms, and we select
articles with complete results. A total of 215 articles were
found, and only 82 of them met the above criteria (Fig. 1).
More details of the 82 articles were displayed in Additional file 1: Table S1, including title, author, journal.
Information extraction and analysis

Two investigators independently screened abstracts,
full-text articles, performed data extraction. Data were
extracted by the first investigator from the included
articles, evaluated by the second investigator and final
evaluation was conducted by the third investigator. The
characteristics were extracted from each study, including
the surveyed province, number of samples, number of
samples positive for Blastocystis, host, detection method,
subtypes, number of samples per subtype, article title,
first author and year of publication. We extracted relevant information from each article that met the inclusion
criteria of this study.
According to the different detection methods of Blastocystis in the study, the overall infection rate in China and
the infection rate in each province were calculated, and
revealed the distribution of subtypes in different provinces in China. At the same time, we could determine the
distribution of subtypes in humans and different kinds of
animals.

Results
Distribution of investigation of Blastocystis infection

For the study of Blastocystis infection in humans, we
divide the humans into the general population, students,
children, hospitalized or outpatients, diarrhea cases, and
people with HIV or tuberculosis and other diseases. We
have summarized the infection of Blastocystis in humans
and animals, shown in Tables 1 and 2.
Risk factors of Blastocystis infection in humans

The risk factors of Blastocystis infection are diverse. Several studies have shown that not washing hands after
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31 records idenfied through
PubMed database searching
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184 addional records idenfied through
NCKI and Wanfang database searching

215 records idenfied from PubMed,
NCKI and Wanfang database

198 records aer duplicate removed

17 duplicate records

116 records exclude:

82 arcles assessed for analysis
Fig. 1 Flow diagram, literature search and screening process

going to the toilet, drinking unboiled tap water, eating
outside for a long time, raising poultry or livestock, low
immune function, poor nutritional status, female, body
mass index < 19, anemia and barefoot working in farm are
the risk factors that cause Blastocystis infection [21, 28,
29, 32, 44, 45]. In addition, suffering from some underlying diseases such as Helicobacter pylori infection and
hepatitis B are also risk factors for Blastocystis infection
[46].
Infection status and subtypes of Blastocystis in general
population

In general population, the infection status and subtype distribution of Blastocystis in China are shown in
Table 1. The infection rate of Blastocystis in the population has regional differences. For example, surveys in different regions of Guangxi found that the infection rate
of Blastocystis in Bama Yao Autonomous County was
43.26%, and in Beihai and Qinzhou was 36.35% [24, 25].
The methods used in the two studies were the same and
the subjects were the local general population. Yan et al.
identified that the subtypes of Blastocystis in humans
were ST1–ST3. ST3 was the main subtype (40.0%), followed by ST1 (37.1%), the mixed subtype of ST1 and ST3
accounted for 14.3%, and unknown subtypes have also
been found [47].
Blastocystis infection in students and children

There are few studies focus on Blastocystis infection in
students. The infection rate of Blastocystis in primary and
university students from Jiangxi was 1.10% and 10.09%,
respectively [48, 49]. The prevalence of Blastocystis in

college students in Guangxi was 14.93% [50]. Another
study in Guangxi found that infection subtypes include
ST1, ST3, ST4, ST6 and ST7, among which ST3 was the
main subtype (32.08%) [51].
A study found that children in Jiangxi Province have a
higher infection rate (35.9%) and have symptoms such as
diarrhea and recurrent abdominal pain [52]. The infection rate of children with diarrhea in Yunnan (3.1%) and
Fujian (8.94%) was lower than that in Jiangxi [53, 54]. Cao
et al. performed fecal microscopy on children in Shenzhen Children’s Hospital and found that the infection rate
of Blastocystis was low (0.4%) [55].
Infection status and subtype of Blastocystis in inpatients
or outpatient without distinction of disease

Some investigations related to Blastocystis infections
were conducted in the hospitals, and the subjects were
hospitalized or outpatients. These patients were randomly selected from the hospital. The infection rate of
patients in the First Affiliated Hospital of Guangxi Medical University was 22.78%, and the infection rate was significant different in gender. The disease of these patients
was not clear [56]. The study found that the infection rate
of Blastocystis in hospitals in Nanning, Guangxi has little
change over time. The prevalence of patients were 16.27%
and 16.77%, respectively in 2005 and 2013 [57].
Blastocystis infection and its subtypes in patients
with diarrhea

Blastocystis was one of the common pathogens in patients
with diarrhea. The main manifestations of patients with
Blastocystis include abdominal pain or diarrhea, followed

Shanghai
(2006)

Li et al.
2007,
[20]

Li et al.
2007,
[20]

Li et al.
2007,
[20]

Gong and
Liu 2019,
[21]

Zhou et al.
2019,
[22]

1

2

3

4

5

Age range /mean
or median

Cross5–57 years/–
sectional
obser‑
vational
study

Cross2–96 years/–
sectional
obser‑
vational
study

Study
design

Rural perma‑
Cross1–101 years/
nent popula‑
sectional
38.95 years
tion in Henan
obser‑
(2015)
vational
study

Mengla county, Cross21–72 years/–
Yunnan
sectional
(2014)
obser‑
vational
study

Yongjia county, Cross4 months to
Zhejiang
sectional
90 years/–
(2006)
obser‑
vational
study

Eryuan county,
Yunnan
(2005)

Study area
(years
of the survey)

No Author,
year,
reference
number

Male
(3191),
female
(3515)

NA

NA

NA

NA

Sex (n)

Table 1 Infection and characteristics of Blastocystis in humans

6706
residents
of Qinba
Mountains
Ecological
Zone

289 Yao peo‑
ple from
villages

170 inpatients

407 people
from vil‑
lages

1505 people
living in
villages

Participants

3 (0.04%)

13 (4.50%)

10 (5.88%)

75 (18.43%)

29 (1.93%)

No. positive
(prevalence)

Iodine

PCR

PCR

PCR

PCR

Method
of diagnosis

NA

NA (260 bp)

NA

NA

NA

Primer
sequence
(amplification
length)

NA

NA

NA

Clinical
manifestation
(n/N)

NA

NA

ST1 (3), ST3 Diarrhea
(8), ST4 (1),
(6/29a),
Unknown
abdominal
(1)
pain (2/29a)

ST1 (3), ST2
(1), ST3 (6)

ST1 (22),
ST2 (6),
ST3 (38),
ST1 + ST3
(5),
ST2 + ST3
(1),
Unknown
(3)

ST1 (6),
ST2 (1),
ST3 (17),
ST6 (1),
ST1 + ST3
(2),
Unknown
(2)

Subtypes
(n)

NA

NA

NA

NA

NA

Blastocystis
subtypes
in patients
with diarrhea
(n)
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Kunming city,
Yunnan
(2014–2015)

Zhang
et al.
2016,
[23]

He 2013,
[24]

6

7

Bama Yao
autonomous
county,
Guangxi
(2011)

Study area
(years
of the survey)

No Author,
year,
reference
number

Table 1 (continued)
Sex (n)

No. positive
(prevalence)

215 (43.26%)

1121 diarrhea Diarrhea
cases and
cases: 47
319 non(4.19%),
diarrhea
non-diar‑
cases from
rhea cases:
hospitals
11 (3.44%)

Participants

Male (253), 497 local
female
residents
(244)

Diarrhea cases (1121): Diarrhea
0–6 months (186),
cases
6–12 months (263),
(1121):
1–2 years (269),
male
2–5 years (132),
(559),
5–65 years
female
(244), > 65 years
(562).
(27)
Nondiarrhea
cases
(319):
male
(165),
female
(154)

Age range /mean
or median

Cross2–80 years/–
sectional
obser‑
vational
study

Casecontrol
study

Study
design

Improved
acid ether
centrifugal
sedimenta‑
tion /PCRb

PCR

Method
of diagnosis

Subtypes
(n)

Clinical
manifestation
(n/N)

Forward primer ST1 (25),
(F): 5′-GAA
ST6 (1),
GGAC TC
ST1 + ST6
TCTGACGAT
(1),
GA-3′, reverse
Unknown
primer (R):
(78)
5′-GTCCAA
ATGAAA
GGCAGC-3′
(351 bp); F:
5′-ATCAGC
CTACAATCT
CCTC-3′, R:
5′-ATCGCC
ACTTCT
CCAAT-3′
(650 bp); F:
5′-TAGGAT
TTGGTGT TT
GGAGA-3′, R:
5′-TTAGAA
GTGAAGGAG
ATGGAAG-3′
(526 bp)

NA

Forward primer Diarrhea
Diarrhea cases:
(5′-CGAATG
cases: ST1
vomiting
GCTCATTAT
(46), ST2
(263/1121),
ATCAGTT-3′),
(1)
dehydration
reverse
non-diar‑
(64/1121)
primer
rhea cases:
(5′-TCTTCG
ST1 (11)
TTACCCGTT
ACTGC-3′),
(1100 bp)

Primer
sequence
(amplification
length)

NA

Diarrhea cases:
ST1 (46), ST2
(1)

Blastocystis
subtypes
in patients
with diarrhea
(n)
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Beihai city and
Qinzhou
city, Guangxi
(2010)

Yang 2011,
[25]

Wang
2015,
[26]

8

9

Guangxi
(2013–2014)

Study area
(years
of the survey)

No Author,
year,
reference
number

Table 1 (continued)
Age range /mean
or median

Participants

360 (36.35%)

No. positive
(prevalence)

285 HIV/AIDS HIV/AIDS
patients,
patients: 59
150 general
(20.70%),
population
general
population:
38 (25.33%)

Male (702), 1366 rural
female
permanent
(664)
population

Sex (n)

CrossHIV/AIDS patients:
HIV/AIDS
sectional
21–85 years/mean
patients:
obser‑
48.6, general popu‑
male
vational
lation: 18–81 years/
(216),
study
mean 46.6
female
(69),
general
popula‑
tion:
male
(101),
female
(49)

Cross6 months to 91 years
sectional
obser‑
vational
study

Study
design

Improved
acid ether
centrifugal
sedimenta‑
tion

Improved
acid ether
centrifugal
sedimenta‑
tion /PCRc

Method
of diagnosis

Subtypes
(n)

Clinical
manifestation
(n/N)

NA

NA

NA

Forward primer ST1 (12), ST3 NA
(F): 5′-GAA
(2), ST4
GGAC TC
(1), ST6 (1),
TCTGACGAT
ST7 (3),
GA-3′, reverse
ST1 + oth‑
primer (R):
ers (6),
5′-GTCCAA
Unknown
ATGAAA
(12)
GGCAGC-3′
(351 bp); F:
5′-ATCAGC
CTACAATCT
CCTC-3′, R: 5
-ATCGCCACT
TCTCCAAT-3′
(650 bp); F:
5′-TAGGAT
TTGGTGT TT
GGAGA-3′, R:
5′-TTAGAA
GTGAAGGAG
ATGGAAG-3′
(526 bp)

Primer
sequence
(amplification
length)

NA

NA

Blastocystis
subtypes
in patients
with diarrhea
(n)
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Fuyang city,
Anhui (2008)

Tian et al.
2012,
[27]

Teng et al.
2018,
[28]

Li et al.
2015,
[29]

10

11

12

Sex (n)

Participants

≤ 60 years old
(153), > 60 years
old (188)/median
62 years

Method
of diagnosis

12 (3.70%)

In vitro
culture

PCR

HIV positives: In vitro
49 (16.23%),
culture
HIV nega‑
tive Indi‑
viduals: 67
(22.11%)

No. positive
(prevalence)

Male (249), 369 Patients 22 (5.96%)
female
with
(120)
pulmonary
TB (PTB)
undergoing
anti-Mycobacterium
tubercu‑
losis treat‑
ment

HIV
324
positives:
male
(157),
female
(167)

HIV positives:
HIV posi‑
302 HIV
6–65 years/mean
tives: 143
positives,
42.8 years, HIV neg‑
males
303 HIV
ative individuals:
and 159
negative
6–65 years/mean
females,
Individuals
41.5 years
303 HIV
negative
Individu‑
als: 144
males
and 159
females

Age range /mean
or median

Cross10–74 years/mean
sectional
40.4 years
obser‑
vational
study

Casecontrol
study

Study
design

Gushi county,
CrossHenan (2012)
sectional
obser‑
vational
study

Tengchong
city, Yunnan
(2016–2017)

Study area
(years
of the survey)

No Author,
year,
reference
number

Table 1 (continued)

NA

Subtypes
(n)

NA

Clinical
manifestation
(n/N)

NA

NA

NA

Forward primer: ST1 (3), ST3 Diarrhea (3/12)
5′-GGAGGT
(2), ST4
AGTGAC
(3), ST7 (3),
AATAAST12 (1)
ATC-3′;
reverse
primer:
5′-ACTAGG
AATTCCTCG
TTC-ATG-3′
(1100 bp)

NA

Primer
sequence
(amplification
length)

NA

ST1 (2), ST12
(1)

NA

Blastocystis
subtypes
in patients
with diarrhea
(n)
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Harbin city,
Heilongjiang
(2016–2017)

Zhang
et al.
2017,
[30]

Hu et al.
2015,
[31]

Hu et al.
2017,
[32]

13

14

15

Age range /mean
or median

No. positive
(prevalence)

105 samples of positive samples were cultured and PCR tested

37 of the positive samples were tested by PCR

c

Male (367), 913 patients
female
with
(546)
chronic
diseases

Smear: 30
(3.29%),
improved
acid ether
centrifugal
sedimenta‑
tion: 137
(15.01%)

Male (378), 683 tumor
Smear:
female
patients:
29(4.25%),
(305)
Digestive
improved
system
acid ether
(228),
centrifugal
respiratory
sedimenta‑
system
tion: 83
(189), uri‑
(12.15%)
nary system
(128), nerv‑
ous system
(87), other
tumor
patients
(51)

Number of symptomatic cases among patients infected with Blastocystis at China-Myanmar border

< 42 years old
(310), ≥ 42 years
old (603)

Participants

Male (220), 381 cancer
27 (7.09%)
female
patients:
(161)
lung (90),
stomach
(88), colo‑
rectal (49),
liver (47),
esophagus
(29), breast
(28), hema‑
tologic (22),
other types
of cancer
(28)

Sex (n)

b

Crosssectional
obser‑
vational
study

Cross5 to 79 years
sectional
obser‑
vational
study

Cross25 to 84 years
sectional
obser‑
vational
study

Study
design

Smear/
improved
acid ether
centrifugal
sedimenta‑
tion

Smear/
improved
acid ether
centrifugal
sedimenta‑
tion

PCR

Method
of diagnosis

NA

NA

NA (600 bp)

Primer
sequence
(amplification
length)

Clinical
manifestation
(n/N)

NA

NA

NA

ST1 (8), ST3 (6)

Blastocystis
subtypes
in patients
with diarrhea
(n)

Diarrhea (80),
NA
abdominal
pain (71),
anorexia (51),
nausea and
vomiting (34),
wasting (42),
fever (27)

NA

ST1 (12), ST3 Diarrhea
(15)
(14/27)

Subtypes
(n)
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a

NA not available, – not applicable

Nanning city,
Guangxi
(2016)

Nanning city,
Guangxi
(2013–2014)

Study area
(years
of the survey)

No Author,
year,
reference
number

Table 1 (continued)
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by fatigue and anorexia. Some researchers have found
that these gastrointestinal symptoms may be related to
colitis [58]. Diarrhea patients have different infection
rates in different seasons, and the subtype was mainly
ST1 [23, 59]. There are few studies on the association
between the subtypes of Blastocystis and clinical manifestations, some of which are related to the subtypes of
Blastocystis in patients with diarrhea (Table 1).
Blastocystis infection in patients with underlying diseases

There are few studies on the co-infection of Blastocystis
and underlying diseases (HIV/AIDS patients, tuberculosis patients, cancer patients and chronic disease patients).
The prevalence, clinical manifestation and subtypes
of Blastocystis in patients with HIV/AIDS, pulmonary
TB, cancer and chronic diseases show in Table 1. Blastocystis and HIV co-infection were studied in Yunnan,
Anhui and Guangxi provinces. Studies have suggested
that Blastocystis infection increases the level of IL-2 in
HIV-infected persons, changes the Th1/Th2 balance,
and accelerates the conversion of HIV infection to AIDS
[60]. In China, ST12 infection was first detected in AIDS
patients in 2018 [28]. There was no difference in the
infection of Blastocystis in tuberculosis patients (6.2%)
and the healthy group (7.6%) [44]. The detection of cancer patients found that the infection rate of Blastocystis
in lung, stomach, colorectal cancer patients was higher
than that of other cancer patients, and the infection rate
of cancer patients was significantly higher than that of
the general population (malignant tumors: 43.24%, nonmalignant tumors: 22.59%, 19.70% of the general population) [61]. The symptoms of diarrhea in cancer patients
may be related to ST1 [30]. The infection rate of Blastocystis in patients with chronic disease was 18.29%, and
clinical symptoms such as abdominal pain, diarrhea, and
vomiting may occur [32].
Distribution and infection of Blastocystis in animals

There is a list of the distribution and genetic diversity of
Blastocystis in different animals including non-human
primates, birds, and mammals in China. Some provinces have performed genotyping of animal Blastocystis
(Table 2). There are significant differences in the prevalence of Blastocystis in pigs in different regions and age
groups [34]. The infection rate of Blastocystis in cats was
low. Among the 346 cats surveyed in six provinces, only 2
cats were found to be infected with Blastocystis in Lu’an,
Anhui Province [42]. Among animal Blastocystis isolates,
the potential zoonotic subtype including ST1, ST3 and
ST5 accounts for 38.5% [38]. At the same time, insects
could also be infected, and the body surface and digestive tract of cockroach and housefly can be infected with
Blastocystis [62].
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Discussion
Based on the above information, we found that the infection of Blastocystis in different populations and regions
is different. The infection rate of primary school students
was lower than that of college students [48, 49]. It may
be that under the management of parents and teachers,
primary school students have developed good hygiene
habits, such as washing hands frequently. The investigations of Blastocystis infection in hospitalized patients
found that the infection rate in Guangxi was higher than
that in other regions. This may be due to the help of doctors after local residents developed symptoms such as
diarrhea, or different detection methods used in the
study. The specific reasons need to be studied in depth
[63]. Studies on patients with diarrhea have shown that
ST1 is related to clinical symptoms such as diarrhea and
has potential pathogenicity. The main subtype of diarrhea patients is ST1, and the main subtype of asymptomatic Blastocystis infection is ST3 [23, 30, 45]. CD4 + cell
count ≤ 500 cells/μl, and an HIV-RNA viral load > 50 copies/ml were the influencing factors of Blastocystis infection in HIV-seropositive individuals [64].
Considering the subtype of Blastocystis in humans and
animals, this study found that ST1–ST7 and ST12 were
present in the sample of humans in China [28, 63, 65],
of which a large number were typed most frequently as
ST1, ST2 and ST3 [21, 23, 51, 66], including mixed subtypes of ST1 and ST3, ST1 and ST2, and ST2 and ST3
[20], followed by other subtypes in minor percentages.
Foreign studies have found that ST1–ST9 of Blastocystis
can infect humans [67]. However, it has not been found
that ST8 and ST9 can infect humans in China. This study
found that ST1–ST8 and ST10, as well as ST12–ST14
were present in the sample of animals in China (Table 2).
Some foreign studies have found that ST1–ST17 can
infect animals [67]. However, ST9, ST11, ST15–ST17
have not been found to infect animals in China. In China,
ST10 predominates in animal infection [39–41, 68, 69],
followed by ST5 [34]. This is different from some foreign
studies. An Italian study found that the subtype of Blastocystis infection in dogs was ST3 [70]. The subtype of
Blastocystis infection in animals from the United States
was mainly ST8 (20.6%), followed by ST6 (17.3%) and
ST5 (15.9%) [3]. Because ST1–ST8 subtypes can infect
both humans and animals, there are studies abroad to
explore the possibility of the transmission of Blastocystis between humans and animals. In 2019, a report in
Lebanon believed that Blastocystis has a potential risk
of transmission from livestock to its contacts. The study
found that ST1, ST2, ST3 infected in cows and people
who have been in contact with cows, and the sequence
of ST3 is exactly the same between cows and their contacts [71]. Few studies conducted in this research field

Guangxi (2010)

Nong et al. 2012, [33]

Zhao et al. 2017, [34]

Zhang et al. 2015, [35] Zhouzhi county, Xi’an
city, Shaanxi (2008)

Deng et al. 2019, [36]

Wang et al. 2018, [37]

Wang et al. 2018, [38]

1

2

3

4

5

6

Hionglongjiang
(2010–2016)

Heilongjiang,
Liaoning and Jilin
(2015–2017)

Sichuan (2017–2018)

Qinling Mountains,
Shaanxi, (2015–
2016)

Study area (years
of the survey)

No Author, year,
reference number
29

No. positive

6/63

Pig: 68, cattle: 147,
sheep: 109 and
goats:13

1080 mammals, 185
birds

Pig: 6/68, cattle:
14/147, sheep:
6/109 and goats:
0/13

Mammals: 41/1080,
birds: 13/185

81 giant pandas
Giant pandas: 10/81,
(< 1.5 years: 4, 1.5–
red pandas: 2/23,
5.5 years: 23, > 5 years:
birds: 7/64
54. Male 31, female
50, 23 red pandas, 64
birds

63 captive breeding
crested ibis (1:1 male
to female ratio)

497 Wild animals: 127
Wild animals:
Nonhuman primates,
200/497, Nonhu‑
158 Artiodactyla,
man primates:
18 Perissodactyla,
96/127, Artio‑
3 Proboscidae, 11
dactyla: 89/158,
Marsupialia, 135 Aves,
Perissodactyla:
45 Carnivora (NA)
4/18, Proboscidae:
0/3, Marsupialia:
8/11, Aves: 3/135,
Carnivora: 0/45

150 Rhesus monkeys
(2.5–4 years)

Hosts (age or gender)

Table 2 Infection and characteristics of Blastocystis in animals in China

Pig: 8.82, cattle: 9.52,
sheep: 5.50

Mammals: 3.80,
birds: 7.02

Giant pandas: 12.35,
red pandas: 8.69,
birds: 10.94

PCR

PCR

PCR

Smear/Iodine

PCR

Wild animals: 40.24,
Nonhuman
primates: 75.59,
Artiodactyla: 56.33,
Perissodactyla:
22.22, Proboscidae:
0.00, Marsupialia:
72.73, Aves: 2.22,
Carnivora: 0.00

9.52

Improved acid ether
centrifugal sedi‑
mentation

Method
of diagnosis

19.33

Prevalence (%)

Forward primer:
5′-GGAGGTA GTG
ACAATAAATC-3′,
reverse primer:
5′-TGCT TTCGC
ACTTG TTCATC-3′,
(600 bp)

Forward primer:
5′-GGAGGTA GTG
ACAATAAATC-3′,
reverse primer:
5′-TGCT TTCGC
ACTTG TTCATC-3′,
(600 bp)

Forward primer:
5′-GGAGGTA GTG
ACAATAAATC-3′,
reverse primer:
5′-TGCT TTCGC
ACTTG TTCATC-3′,
(600 bp)

NA

5′-GGAAGCT TATCT
GGTTGAT CCTGCC
AGTA-3’
5′-GGGATCC TG
ATCC TTCCG CAG
GTTCACC TAC-3′
(1800 bp);
5′-GGAGGTAGTGAC
AATAAATC-3’
5′-ACTAGGAATTCC
TCGT TCATG-3′
(1100 bp)

NA

Pig: ST5 (6), cattle: ST3
(2), ST10 (10), ST14 (2),
sheep: ST1 (1), ST5 (1),
ST10 (3), ST14 (1)

Mammals: ST1 (5); ST3
(3); ST4 (13); ST7 (1);
ST10 (13); ST13 (4);
ST14 (2), birds: ST6 (8);
ST7 (5)

Giant pandas: ST1 (10),
red pandas: ST1 (2),
birds: ST8 (7)

NA

ST1 (32), ST2 (13), ST3
(12), ST5 (2), ST10 (77),
ST12 (5), ST13 (37),
ST14 (17), S T18* (1),
ST19* (1), ST20* (1),
ST21* (1), ST22* (1)

NA

Sequence of primers Subtypes (n)
(Product size)
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Zhu et al. 2017, [40]

Ren et al. 2019, [41]

Li et al. 2019, [42]

Xiao et al. 2019, [43]

8

9

10

11

Enshi county, Hubei
(2017)

Zhejiang, Anhui,
Shanghai, Jiangsu,
Shandong, Jiangxi
(2015–2018)

Qinghai (2016–2017)

Prevalence (%)

Dairy goats: 196/362, Dairy goats: 54.14,
meat goats: 78/193,
meat goats: 40.41,
cashmere goats:
cashmere goats:
184/234
78.63

No. positive
PCR

Method
of diagnosis

69 flying squirrels (3
fecal samples per
animal)

346 cats (151
males and 195
females. ≤ 12 months
(60) and > 12 months
(286)

1027 yaks (≤ 6 months:
48, > 6 months: 979)
0.57

27.07

Fecal samples:
30.43
63/207, flying squir‑
rels 21/69

2/346, Blastocystis
was only observed
in Lu’an, Anhui
(22.2%, 2/9)

Yaks: 278/1027

Nested PCR

PCR

Nested PCR

526 cattle: < 3 months
Cattle:54/526. Daqing Cattle (10.27). Daqing Nested PCR
(n = 69), 3–12 months
city: 9/140, Qiqihar
city: 6.43, Qiqihar
(n = 61), and
city: 0/190, Harbin
city: 0.00, Harbin
aged > 12 months
city: 45/196
city: 22.96
(n = 66)

Dairy goats: 362, meat
goats: 193, cashmere
goats: 234

Hosts (age or gender)

Dairy goats: ST1 (1),
ST3 (1), ST5 (28),
ST10 (132), ST14 (33),
novel (1). Meat goats:
ST10 (37), ST14 (41).
Cashmere goats: ST4
(9), ST5 (3), ST10 (123),
ST14 (49)

ST1 (2)

ST10 (170), ST12 (38),
ST14 (70)

RD5: 5′-GGAAGCT TA ST1 (24), ST3 (12), ST13
(27)
TCTGGTTG ATC
CTGCCAGTA-3′,
RD3: 5′-GG GAT
CCTGATCCTTCCGC
AGGTT CACC TAC-3′,
(1800 bp);
RDII5: 5′-GGAGGTAGT
GACAAT AAATC-3′,
RDII3: 5′-ACTAGGAA
TTCC TCGTTCATG-3′,
(1100 bp)

NA

NA

RD3 (5′-GGGATCC TG Daqing city: ST10 (3),
ST14 (6), Harbin city:
ATCC TTC CGCAGG
ST4 (2), ST5 (1), ST10
TTCACCTAC-3′) and
(38), ST14 (4)
RD5 (5′-GGAAGC
TTATCTGGTT GAT
CCTGCCAGTA-3′)
(1780 bp)
2F (55 -GGGATCC TG
ATCC TTC GT-3′) and
2R (5′-AGCT TTT T
AACTGCAACAAC
G-3′), (600 bp)

Forward primer:
5′-GGAGGTA GTG
ACAATAAATC-3′,
reverse primer:
5′-TGCT TTCGC
ACTTG TTCATC-3′,
(600 bp)

Sequence of primers Subtypes (n)
(Product size)

(2020) 9:168

NA not available

Shaanxi (2014–2016)

Song et al. 2017, [39]

7

Daqing city, Qiqihar
city, Harbin city,
Heilongjiang
(2013–2014)

Study area (years
of the survey)

No Author, year,
reference number

Table 2 (continued)
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in China, and there is a lack of corresponding data. The
most recent epidemiological data of Blastocystis and its
subtypes are limited to reports from a few provinces in
China [40, 53, 59], and most of these reports come from
research conducted by certain institutions. We are considering summarizing the distribution of Blastocystis
and its subtypes in various provinces in China. However, there are no data available in many provinces/
regions. The fact that most of the research comes from
a few provinces may be related to the fact that there are
more investigators and enough attention. This shows that
in underrepresented provinces, more investigators and
more attention are needed to infer the true distribution
of Blastocystis in different regions of China.
There are several limitations in our study. Firstly,
most of our included studies were cross-sectional studies where selection bias may have occurred, for example, many research subjects are selected from hospitals,
schools, etc. Secondly, the detection methods of Blastocystis in each study are different, and the primers and
primer lengths are different when performing polymerase chain reaction (PCR) detection. Thirdly, some
provinces have conducted fewer studies or only conducted studies in a certain urban area, and the majority
of province no research on Blastocystis has been conducted, so some data are less representative. Finally, in
addition to real differences, the possible reasons for the
different infection rates among different regions may be
attributed to the large time span of this study (1990–
2019) and the possible differences in the results of the
researcher’s identification through microscopy.

Conclusions
In recent years, various molecular epidemiological studies have been conducted in some provinces/
regions of China to identify the subtypes of Blastocystis.
We believe that it is important to focus on new subtypes and mixed subtypes of infection, while increasing
data on ribosomal alleles. In addition, the relationship
between Blastocystis subtypes and clinical symptoms
should be studied. Finally, we should pay attention to
the people and surrounding animals (including domestic and wild animals) to better explore the possibility and means of transmission of Blastocystis between
humans and animals.
Supplementary information
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