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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.
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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 

ability in different hosts such as humans and animals. 
Similar to the transmission route of some intestinal pro-
tozoans, the route of Blastocystis in humans and animals 
is via fecal-oral transmission, such as through contami-
nated 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 discov-
ered [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 carri-
ers 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 par-
asites, 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 path-
ogenicity of Blastocystis is still controversial for many 
reasons, for example, the high proportion of asympto-
matic carriers, host susceptibility, differences in intestinal 
microbiota and different pathogenic potentials of differ-
ent Blastocystis subtypes. The prevalence of Blastocystis 
is high in some areas of China, which is mainly attrib-
uted 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 Blasto-
cystis in humans and animals throughout China, and aim 
to depict the prevalence of Blastocystis in different prov-
inces, 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 (infec-
tion status and/or subtype) in humans or animals are 
mentioned.

Both PubMed and China National Knowledge Infra-
structure (https ://www.cnki.net/) and Wanfang (http://
www.wanfa ngdat a.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 follow-
ing keywords: STs, subtypes, distribution, epidemiology, 
prevalence, infection, molecular, geographic, intestinal 
parasites, genetic diversity and characterization. Dupli-
cate 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 Addi-
tional 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 rele-
vant information from each article that met the inclusion 
criteria of this study.

According to the different detection methods of Blasto-
cystis 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 prov-
inces 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. Sev-
eral studies have shown that not washing hands after 
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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 under-
lying 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 sub-
type distribution of Blastocystis in China are shown in 
Table 1. The infection rate of Blastocystis in the popula-
tion has regional differences. For example, surveys in dif-
ferent 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%), fol-
lowed 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 infec-
tion 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 Shenz-
hen 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 ran-
domly selected from the hospital. The infection rate of 
patients in the First Affiliated Hospital of Guangxi Medi-
cal University was 22.78%, and the infection rate was sig-
nificant 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 

31 records iden�fied through 
PubMed database searching

184 addi�onal records iden�fied through 
NCKI and Wanfang database searching

215 records iden�fied from PubMed, 
NCKI and Wanfang database

17 duplicate records

198 records a�er duplicate removed 116 records exclude:

82 ar�cles assessed for analysis

Fig. 1 Flow diagram, literature search and screening process
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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 mani-
festations, 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, tuberculo-
sis 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. Blas-
tocystis 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 can-
cer 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%, non-
malignant tumors: 22.59%, 19.70% of the general popula-
tion) [61]. The symptoms of diarrhea in cancer patients 
may be related to ST1 [30]. The infection rate of Blasto-
cystis 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 prov-
inces have performed genotyping of animal Blastocystis 
(Table  2). There are significant differences in the preva-
lence 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 diges-
tive tract of cockroach and housefly can be infected with 
Blastocystis [62].

Discussion
Based on the above information, we found that the infec-
tion 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 investiga-
tions 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 doc-
tors 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 diar-
rhea patients is ST1, and the main subtype of asympto-
matic Blastocystis infection is ST3 [23, 30, 45]. CD4 + cell 
count ≤ 500 cells/μl, and an HIV-RNA viral load > 50 cop-
ies/ml were the influencing factors of Blastocystis infec-
tion 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 sub-
types 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 Blas-
tocystis 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 Blastocys-
tis 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 con-
tacts [71]. Few studies conducted in this research field 
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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 con-
sidering summarizing the distribution of Blastocystis 
and its subtypes in various provinces in China. How-
ever, 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 stud-
ies where selection bias may have occurred, for exam-
ple, many research subjects are selected from hospitals, 
schools, etc. Secondly, the detection methods of Blas-
tocystis in each study are different, and the primers and 
primer lengths are different when performing poly-
merase chain reaction (PCR) detection. Thirdly, some 
provinces have conducted fewer studies or only con-
ducted studies in a certain urban area, and the majority 
of province no research on Blastocystis has been con-
ducted, 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 epidemiologi-
cal 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 sub-
types 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 domes-
tic and wild animals) to better explore the possibil-
ity and means of transmission of Blastocystis between 
humans and animals.
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