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Blastocystis is the most prevalent eukaryotic gastrointestinal symbiont found in humans and animals 
worldwide. Increased human infection rates are associated with raising concerns about the involvement 
of the parasite in public health. Over the last decade, the number of linked epidemiology studies has 
been prudently grown. Microscopy has been used to detect the presence of protozoan and the advent of 
molecular techniques has made detection easier. However, due to its limited host specificity and zoonotic 
potential, animals, either livestock or wildlife animals, may serve as a potential reservoir for Blastocystis 
infection transmission. The approach utilised in this study aided in understanding the distribution and 
prevalence of Blastocystis in animals, particularly captivated and free-ranging wild animals worldwide 
due to increased interest. This review will help comprehend the epidemiological aspects, demographic, 
subtypes, and the zoonotic potential of Blastocystis in wildlife and captive animals.
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INTRODUCTION

Blastocystis was first discovered in human faecal samples over a 
decade ago by Alexeiff (Petrášová et al., 2011). It is a ubiquitous 
anaerobic protist that infects the gastrointestinal tract of both 
animals and humans (Ahmed & Karanis, 2019). The faecal-oral 
pathway is the means of spreading this single-celled eukaryote 
(Tan & Suresh, 2006; Alfellani et al., 2013b). Inadequate sanitary 
conditions by humans or animals could explain the high parasite 
prevalence seen in impoverished countries compared to developed 
countries (Ahmed & Karanis, 2018). Blastocystis sp. infection is 
associated with various non-specific intestinal disorders including 
diarrhoea, stomach pain, skin rash or urticaria, flatulence, vomiting, 
and constipation (Stensvold et al., 2012). 
 The four most common morphological forms of Blastocystis are 
cystic, vacuolar, granular, and amoeboid. The vacuolar and granular 
forms are the most common form observed (Boreham & Stenzel, 
1993). Significant genetic diversity has been observed within the 
Stramenopiles group according to a comparative investigation of 
small subunit rRNA gene sequences (SSU rRNA) (Ahmed & Karanis, 
2019). Blastocystis sp. subtypes (STs) 1-9 nomenclature was 
originally introduced in 2007, after which many new subtypes were 
proposed. By 2013, 17 STs (ST1 to ST17) had been identified across 
several hosts, each with sufficient genetic variation to be designated 
as a separate species (Alfellani et al., 2013b; Stensvold & Clark, 
2020). Currently, a total of 29 subtypes have been proposed. Out of 
these, the legitimacy of four subtypes (ST18, ST19, ST20, and ST22) 
is under question due to the possibility that they were created from 
artefacts which are based on their chimeric appearance (Stensvold & 
Clark, 2020). The remaining 25 subtypes (ST1 to 17, ST21, ST23-29) 

have met the currently recommended criteria for unique subtype 
designations (Maloney & Santin, 2021). Furthermore, ten subtypes 
namely ST1-9 and ST12 have been discovered in humans with varying 
occurrence levels (Greige et al., 2019). 
 The article is a compiled study on the distribution and genetic 
variation of Blastocystis in wild and captive wild animals worldwide 
in the last decade. Important data on the prevalence, distribution 
and predictors of Blastocystis sp. infection and its subtypes in wildlife 
animals will aid in understanding the host (Andersen & Stensvold, 
2016).

MATERIALS AND METHODS

Research articles on the distribution of Blastocystis in captivated and 
free-living wild animals around the world were collected based on 
search results against Google Scholar, ResearchGate, PubMed and 
ScienceDirect databases. The keywords used in the search were 
Blastocystis, wildlife, STs, subtypes, zoonotic transmission, zoo 
animals, captive animals, primates, rodents, artiodactyla, marsupial, 
birds, carnivora, proboscidea, reptiles, rodentia, perisodactyla, 
characterisation, life cycle, molecular, genetic diversity and animals. 
Duplicate articles from all the databases were identified and 
removed. Additionally, the unclear and confusing articles were also 
removed. The articles chosen were those written in English and 
focused on Blastocystis in free living wild animals and captivated 
wild animals in zoological gardens worldwide. Articles reporting both 
parasitological and molecular methods of detection have also been 
chosen. Country/region, host, number of positive samples, subtypes 
of the animal examined, number of animals for each subtype, and 
references were the variables recorded.
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RESULTS AND DISCUSSION

Distribution of Blastocystis sp. in captive and wild animals 
worldwide
A total of 99 selected articles related to Blastocystis in captivated 
wild animals and free-living wild animals from different taxonomic 
groups namely, non-human primates, artiodactyl, marsupial, 
birds, carnivora, proboscidea, reptiles, rodentia, and perissodactyl 
worldwide were reported in this review. These animals were 
associated with Blastocystis sp. infection with ST1, ST2, ST3, ST4, ST6, 
ST10, ST11, and ST13 being the most recognised subtypes. Mixed 
subtypes most likely a combination of ST1, ST2, ST3, and ST5 are 
commonly found in wildlife whereas the least common subtypes 
are ST15 and ST17. However, ST16 is the only subtype that has not 
been reported. The most extensive studies on Blastocystis in wildlife 
animals were mostly reported from Australia and China in which high 
Blastocystis diversity was primarily reported from China. 

Distribution of Blastocystis sp. in different groups of captive and 
wildlife animals

Non-human primates (NHP)
Studies on Blastocystis in non-human primates (NHP) was reported 
from 27 countries with the prevalence rate ranging from 2% to 100% 
(Table 1). The pathogenic significance of Blastocystis in non-human 
primates remains largely unknown. To date, China, Australia, and the 
United Kingdom witnessed the most diverse species being examined. 
Specifically, 29 groups of animals from China, 19 from Australia and 
21 from the United Kingdom were observed. Meanwhile, a study 
from Tanzania by Petrášová et al. (2011) reported a higher number 
of individuals examined with 206 chimpanzees (Pan troglodytes) 
and 111 vervet monkeys (Chlorocebus aethiops pygerythrus) and 
49 mantled guereza (Colobus guereza). Several different subtypes 
were identified in these animal hosts with ST1 and ST2 being 
predominant, followed by ST3. These subtypes were also commonly 
found in humans. The frequent identification of these subtypes in 
non-human primates supports suggestions that they may be the 
reservoir for these subtypes.

 Notably, evidence of zoonotic transmission via the faecal-oral 
route between these animals and humans was shown mainly in 
animal handlers in zoological gardens as reported by Parkar et 
al. (2010). At the same time, Yoshikawa et al. (2009) reported on 
Blastocystis ST2 transmission in monkeys and children in Nepal. 
Nevertheless, Helenbrook et al. (2015) elucidated there was no 
Blastocystis cross-transmission between humans and non-human 
primates despite close proximity in some instances in north-western 
Ecuador due to the lack of shared subtypes between humans and 
monkeys in which Blastocystis ST1, ST2, and ST3 were found in 
human whereas all monkey samples examined were ST8.

Birds
A wide range of bird species has been examined worldwide after a 
group of primates with the prevalence rate of Blastocystis in birds 
ranging from 2.1% to 100% (Table 2). The studies that examined 
birds have long been regarded as potential reservoirs of Blastocystis 
sp. transmission (Noël et al., 2005). The most studied wild bird 
population was the ostrich (Roberts et al., 2013; Zhao et al., 2017; 
Cian et al., 2017; Maloney et al., 2020; Deng et al., 2021). There were 
13 different subtypes found in wild birds worldwide with ST6 being 
the most reported subtype followed by ST5 and ST7. Therefore, it 
was believed that these subtypes might be the major reservoirs for 
the wild birds. It is important to note that the four most common 
human subtypes namely, ST1-ST4 were not found in wild bird hosts. 
However, due to the limited studies, the role of birds, specifically wild 
birds, as hosts and potential reservoirs of these subtypes is unknown.
 There is scientific evidence that wild birds are associated with 
ST1-8, ST10, ST13, ST14, ST20, ST24, ST27 and ST28. Several novel 
subtypes were reported, such as ST20, which was unique to the 
ostriches (Zhao et al., 2017), whereas ST27 and ST28 were only 
associated with Garganey and Indian peafowls (Maloney et al., 
2020). There is no additional subtype reported in Indian peafowls. 
According to Ramírez et al. (2014), ground-dwelling birds are more 
likely than tree-dwelling birds to be infected with Blastocystis due 
to increased faecal exposure linked with eating behaviour and 
exposure to exposure parasites prevalent in water. Out of 20 studies 
on Blastocystis in wild birds, only three studies were conducted on 
free-living wild birds in Iran (Asghari et al., 2019) and Malaysia (Yong 
et al., 2008); others were captive wild birds. 
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Artiodactyl
Deer, boars, camels, alpacas, and other artiodactyla have a 
prevalence rate ranging from 6.7% to 100% (Table 3). The United 
Kingdom had the highest prevalence rates concerning the most 
positively examined samples, even though the samples used in 
the study were relatively small. The highest number of artiodactyls 
examined was in Yaks with 278 positive samples out of 1027 
conducted in China (Ren et al., 2019). Overall, 15 subtypes were 
found in artiodactyl, namely, ST1, ST2, ST4, ST5, ST7, ST8, ST10-ST15, 
ST18, ST21, and ST22. Blastocystis ST10 was the most discovered 
Blastocystis subtype in cervids, bovids, ovids and camelids, followed 
by ST5 and ST14 (Zhao et al., 2017). The unique and rare subtypes 
found in these groups are ST8, ST15, ST18, ST21, and ST22 in red 
deer, camel, alpaca, guanaco, and waterbuck.
 The significance of pathogenicity in disease is still unknown. 
ST18, ST21, and ST22 were discovered to be the novel subtypes of 
Blastocystis infection from waterbuck, alpaca and guanaco. Several 
studies have been conducted on Blastocystis sp. outbreaks in deer 
with various subtype distributions. In the United Kingdom, red 
deer were reported to be infected with ST4 and ST10, and muntjac 
deer have been found infected with ST14 (Cian et al., 2017; Betts 
et al., 2018). In China, ST10 has been discovered in fallow deer, 
sika deer, and white-lipped deer. A rare subtype which is ST13 has 
been discovered in Java mousedeer in France and mouse deer in 
the United Kingdom. The distribution of STs in alpacas in China 
and France revealed that all the isolates were ST10 and ST14 (Abe 
et al., 2002; Zhao et al., 2017; Li et al., 2020a; Ma et al., 2020b). 
Overall, these findings suggested that alpaca and deer may be 
Blastocystis reservoirs. Meanwhile, domestic yaks’ infection status 
varied significantly depending on their geographical origin in 
Qinghai Province, China as many factors including wildlife age, 
varying quantities of samples from various seasons, environmental 
situations, and altitude variability may have contributed to the 
disparity in prevalence based on Ren et al. (2019). Domestic yaks 
in Qinghai Province were also found to have the above subtypes 
indicating a high prevalence. Furthermore, subtype ST12 was 
discovered in kangaroos and giraffes in Western Australian zoos for 
the first time by Roberts et al. (2013).

Carnivora
Most of the wild carnivore studies were conducted on captive 
animals rather than wild animals. The prevalence rate ranged 
from 0.06% to 100% (Table 4). In studies with a limited number of 
samples, 100% prevalence rate was observed. Compared to other 
groups of animals, most studies used a small number of samples. 
ST1, ST2, ST3, ST4, ST5, ST7, ST9, and ST17 are subtypes associated 
with carnivores, with ST1 and ST3 being the most common subtypes 
discovered. Several studies on Blastocystis in carnivores reported 
with negative infection in several hosts such as European badger, 
meerkat, red fox, serval, stoat and many more indicating that they 
might not be a natural host for zoonotic transmission (Abe et al., 
2002; Lim et al., 2008; Alfellani et al., 2013b; Parkar et al., 2010; 
Zhao et al., 2017). Others reported that wildlife infections continue 
to vary with 2.83% in China (Table 4) (Deng et al., 2019), 7.5% in 
the US (Ruaux & Stang, 2014), 2.94% in England (Betts et al., 2018), 
23.8% in India (Wang et al., 2013) and 69.35% in Australia (Duda 

et al., 1998). Only with light-scoping technologies high prevalence 
rates were recorded (Duda et al., 1998) and have been questioned 
since then. A study by Wang et al. (2013) on Indian stray dogs found 
that various geographical areas have a bearing on diversity. This was 
mainly infected by temporary and opportunistic ST infection. Others 
claimed that 99% to 100% of Blastocystis infection carnivores are 
similar to humans by ST (Cian et al., 2017).

Rodentia
In comparison to captive rodents, there are fewer studies on 
Blastocystis being conducted on wild rodents (Table 5). Several 
subtypes were found in rodents namely, ST1-5, ST7, ST8, ST10, ST13, 
and ST17 with ST4 being the most prevalent subtype (Alfellani et 
al., 2013b; Yoshikawa et al., 2016; Betts et al., 2018; Farah Haziqah 
et al., 2018; Katsumata et al., 2018).

Marsupial
Marsupial studies were scarce with only a few studies carried out on 
this group of animals worldwide (Table 7). However, Blastocystis in 
marsupial were frequently being reported in Australia (Parkar et al., 
2007, 2010; Roberts et al., 2013). The prevalence rate varies from 
0.5% to 100%. Blastocystis ST11 was highly reported in marsupial 
in China (Zhao et al., 2017), whereas ST1, ST4, ST8 and ST10 are 
the common subtypes found in this group worldwide (Parkar et 
al., 2010; Roberts et al., 2013; Zhao et al., 2017; Cian et al., 2017; 
Li et al., 2019).

Proboscidea
To date, studies on proboscidea were lacking with only six studies 
recorded worldwide. Blastocystis sp. was found in elephants from 
Australia, Netherlands, Belgium, France, and Bangladesh with 
the prevalence rate varying from 33.3% to 100% (Table 6). It was 
reported that ST11 was the most common subtype discovered. 
Nonetheless, ST1 and ST3 were also reported in this animal group.

Perissodactyla
Perissodactyla is among the animal group that received less research 
attention on genotypic characterisation (Table 8). The prevalence 
rate ranges from 16.7% to 40%. The most predominant subtype was 
ST3. Other subtypes identified were ST2, ST3, ST5 and ST10 (Figure 
8). The most common perissodactyla being studied was the pony. 
Recently, Zhang et al. (2021) reported the occurrence of Blastocystis 
in a captive wild animal. Pony was found to be the new host for ST2. 

Reptiles
There have only been a few conventional studies on Blastocystis 
in reptiles (Table 9) in which no molecular investigations have 
been conducted in Australia, United Kingdom or China. Most of 
the studies were conducted in Singapore and the United Arab 
Emirates. In Malaysia, the only study on genotypic characteristics 
of Blastocystis in reptiles was reported by Mohd Zain et al. (2017) 
who demonstrated Blastocystis Clade VIII isolated from a water 
monitor lizard. The overall number of reptiles examined throughout 
all the studies was generally smaller. Thus, further molecular studies 
on reptiles are required to understand better the distribution of 
subtypes and the evolutionary relationships in Reptilia.
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CONCLUSIONS

Most Blastocystis studies were conducted on wildlife and captive 
animals in Australia, China, and the United Kingdom. Among the 
other countries involved were France, Colombia, Brazil, Bangladesh, 
Netherlands, Belgium, the United Arab Emirates, the United States, 
Mexico, Indonesia, Japan, Libya, Belgium, Poland, Iran, South Korea, 
the Czech Republic, Mauritius, Denmark, Malaysia, Spain, Saint Kitts 
and Nevis, Cameroon, Morocco, Philippines, Germany, Thailand, 
Tanzania, Nepal, Italy, Senegal, and France. Overall, different 
geographic regions worldwide were reported to have different 
subtypes. The geographic region and sample size have an impact on 
the prevalence rate. Therefore, more Blastocystis epidemiological 
studies are necessary for most countries.
 Studies on Blastocystis in non-human primates (NHP) were the 
most commonly being reported with diverse species being examined 
worldwide as well as higher number of individuals were examined. In 
contrast, the less frequently wildlife being studied was the reptiles. 
Thus, further studies are needed to obtain more information on the 
role of these animal with Blastocystis infection.
 Detection of human subtypes namely, ST1-ST9 in most group 
of animals except in reptile indicated that transmission may occur 
between human and animal. As Blastocystis has lack host specificity 
and variety of wildlife animals were found to be infected with this 
organism thus Blastocystis could serve as a significant reservoir for 
human infection. Further studies should be expended on wildlife, 
captive animals, and the interaction in humans transmission are 
required to identify the zoonotic association and risk factor of this 
protozoan parasite in those animals. 
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