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I Abstract
Blastocystis is a unicellular, anaerobic protist which lives in the intestinal tract of diverse animals, including humans. It was
found that the host specificity and the pathogenic potential of different isolates are correlated with sequence variations
in the SSU-rRNA gene. Identification of the organism to the species level is still an unresolved challenge. Genetic diversity
revisions have led to the identification of 17 subtypes (STs) within the Blastocystis genus, and 9 (ST1 to ST9) have been reported
in humans with varying prevalence. Since the members of the genus revealed a large genetic diversity, several molecular
modalities of subtyping methods have been developed. Numerous studies on conveying the pathogenic potential to the
molecular subtypes are available, but they could not be compared or analysed with the different molecular techniques
employed. The use of different approaches may give false positives during diagnosis and the possibility of missed infections.
A review of recent scientific literature indicates that the development of PCR assays is needed for molecular epidemiology
and for mixed infections in health and disease cohorts, and also to help identify sources of Blastocystis transmission to
humans, as well as to identify potential animal and environmental reservoirs. This review summarizes some of the recent
progress and improvements in Blastocystis research on genetic diversity, taxonomy, molecular epidemiology, pathogenicity

and subtyping methods.
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INTRODUCTION

Blastocystis sp. is an intestinal parasite with worldwide
distribution, colonizing humans and a wide range of animals
[1,2]. Blastocystis isa common unicellular anaerobic eukaryote
that inhabits the large intestine and finding it in the faeces of
mammals and birds suggests its zoonotic potential and that
these animals may be the source of many human infections
[3]. Blastocystis has been shown to be transmitted through
the faecal-oral route, for example, through contaminated
water [4]. The prevalence of Blastocystis spp. is reported in
many parasite assessments performed throughout the world.
Published human infection rates fall anywhere between 1 -
60% or even to 100%, depending on geographic distributions,
economic status, in developed or in developing countries,
etc. Blastocystis colonisations may concern more than 1
billion people globally [5, 6], although it is currently not
possible to distinguish between colonisation and infection.
At present, its clinical and public health significance remains
unclear, mainly because it is common in both healthy people
and patients suffering from intestinal symptoms, including
common manifestations such as diarrhoea and irritable
bowel syndrome [7, 8].

The diagnostic technique used for examining the infection
rates is another important variability that can influence
the real prevalence [9]. For many years, microscopic
examination has been the only tool available for detection
of gastrointestinal parasites in stool samples in routine
diagnostic laboratories. Today, molecular methods through
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DNA detection of parasite give several advantages, such as
an increased sensitivity and specificity, and the possibility
for molecular typing.

OBJECTIVE

The main aim of this review is evaluation of the recent
information on the pathogenicity, prevalence and genetic
diversity of Blastocystis sp. Additionally, the application and
suitability of subtyping methods is discussed.

Taxonomy. The identification of the organism at the species
level is still an unresolved challenge. First, Blastocystis was
originally named B. hominis, but recent phylogenetic studies
indicate limiting the name to Blastocystis species, because of
genetic diversity revealed with the members within the genus
[10]. Earlier, the species name was made based on the host
from which was isolated such as B. hominis (from humans), B.
ratti (from rats). It was then found that the host specificity and
the pathogenic potential of different isolates are correlated
with sequence variations in the SSU-rRNA gene [11]. Based on
these variations, the members of the genus are ordered into
several subtypes (STs), which could be named as species [12].
Later, it was discovered that humans were host to a number
of diverse, small subunit rRNA gene (SSU-rDNA)-based
subtypes of Blastocystis, and that most of these subtypes
also originated from other mammalian or avian hosts. This
predestined that the host-linked binomial species names
were invalid, as the same organism was being named by
multiple terms [13]. For example, one grouping of Blastocystis
hominis proved to be genetically indistinguishable from B.
ratti; both are now known as Blastocystis subtype 4 (ST4).
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For this reason, currently it is proper to use the nomenclature
of the organism as “Blastocystis species” followed by the ST
number, and it must be additionally characterized only by
molecular subtyping of the SSU-rRNA.

Molecular epidemiology. Could some human infections
result from zoonotic transmission? Blastocystis sp., as
noted above, is a common intestinal protist occurring in
humans and in a wide range of animals worldwide. A wide
genetic diversity of this parasite has been demonstrated and
17 subtypes (STs) have already been identified in mammalian
and avian hosts [3]. Among the 17 mammalian and avian ST,
9 (ST1 to ST9) have been reported in humans with varying
prevalence [3, 9] and most frequently (90%) belonged to
ST1-ST4, with a predominance of ST3 (around 60% of these
isolates). Among these subtypes, ST1, 2 and 4 have been
described as having a low host specificity and are probably
zoonotic infections [3]. ST1 and ST2 are found in humans
and a wide range of animals, including monkeys, cattle,
chickens, pigs, dogs, and non-human primates [14-17]. ST3
has been classified as more anthroponotic and this subtype
has also been found in non-human primates, pigs and cattle
[17, 18]. ST4 has been described in rodents and monkeys
[14, 17, 18]. Moreover, the 4 most common STs in humans
have also been identified in other hosts, the most frequent
of which were other primates, but they have also been found
in numerous hoofed mammals, rodents and birds [13, 19].
On the contrary, the rarer subtypes in humans (STs 5-8)
were also more commonly discovered in other hosts: ST5
is common in livestock, apes, and old world monkeys, but
rare in humans [3, 9, 18], while ST6 and ST7 are mostly
found in birds, and ST6 has also been described in livestock
and humans, while ST7 has also been found in humans [3,
20-22]. ST8 has been recognized in marsupials, different
species of captive primates, their caregivers, and in pheasant
[18, 19, 22], and ST9 has been reported in humans [15, 22].
It has been suggested that these rarer subtypes in humans
are of zoonotic derivation, and there is some confirmation
to support that ST8 has frequently been found in zookeepers
who work with non-human primates [19].

The phylogenetic analysis by Alfellani et al. [3] discovered
that human isolates create a separate subgroup within this
subtype distinct from the animal isolates. With the exception
of ST9 only found in humans, the other 8 STs show low to
moderate host specificity also by inhabiting various animal
groups [3, 23, 24]. Many authors include these animal
groups as representatives of potential reservoirs of zoonotic
transmission [16, 25]. One more confirmation for the
zoonotic potential of Blastocystis sp., is the high occurrence
of this parasite among people handling animals, compared
with those without contact with animals [18, 20, 26]. The
possibility of transmission of the parasite between human
and animal hosts has been demonstrated by experimental
infections of chickens and rats with human isolates [27, 28].

Since several STs are common to humans and animals, it
has been suggested that a percentage of human infections
may be a consequence of zoonotic transmission, but the
contribution of each animal source to human infection
should be clarified [29]. A new study by Cian et al. [29] is
attempting to expand knowledge about the epidemiology
and host specificity of this parasite with the investigation
concentrating on animal groups in conjunction with a
number of species screened. A total of 307 stool samples
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from 161 mammalian and non-mammalian species in 2
French zoos were selected by real-time PCR for the presence
of Blastocystis sp. More than 32.0% of the animal samples
and almost 38.0% of the species tested were shown to be
infected with the parasite. A total of 111 animal Blastocystis
sp. isolates were subtyped and 11 of the 17 mammalian and
avian STs, as well as supplementary STs previously recognized
in reptiles and insects were found with a changing prevalence,
according to animal groups. These data were combined with
those obtained from previous examinations to estimate the
potential risk of zoonotic transmission of Blastocystis sp.
through the comparison of ST distribution between human
and animal hosts. By combining obtained molecular data
with data obtained in previous examinations, and comparing
the summarized overall ST distribution between animals and
humans, it appears that non-human primates, artiodactyls,
especially livestock and birds, may serve as reservoirs for
human infection, particularly in animal handlers. However,
other mammals, such as carnivores, and non-mammalian
groups like reptiles or insects, do not seem to indicate that
they are sources of Blastocystis sp. infection in humans. The
authors suggest that more epidemiological data is needed to
completely identify the potential animal reservoirs of human
infection and add to our understanding of the circulation of
Blastocystis sp. in animal and human populations.

Pathogenicity of Blastocystis sp. Is a relationship possible
in which Blastocystis does not have a pathogenic role in
animals? It seems that there are no consequences in animals
infected with Blastocystis and all animals appear to be healthy
with no observed symptoms of disease. This is quite different
from human infections where there are huge symptom-
infection rates [30-32]. It shows the possible relationship
where Blastocystis does not have a pathogenic role in animals.
Blastocystis was shown to be transmitted through the faecal-
oral route, as well as through contaminated water [4]. It is
possible to say that the faecal-oral route may be the main
route of transmission in the community-based groups of
animals, such as the apes and elephants. The ape communities
all eat and defecate in the same areas in their enclosures as
well as play together and groom each other. If one animal
harboured Blastocystis, it would be easy for that animal to
spread it among the rest of the group. The Meerkat group were
the only animals that live in a large community in the zoo
that did not harbour Blastocystis. All the other community
living animals were almost all positive for Blastocystis. This
shows the easy transmission of this parasite in a group and
how simply it can be to spread through the faecal oral route.

Most animal studies were carried out on domestic animals
and animals in zoos. It would be interesting to compare
the results of the zoo animals with their wild relatives to
determine if the same subtypes and infection rates are
found. It is not possible to describe a true representation of
Blastocystis infection rates and subtypes present in animals
if only zoo animals or domestic animals have been studied
and only from specific areas of the world.

Human pathogenicity of Blastocystis sp. remains
controversial and it has been suggested that it may be
associated with certain subtypes of organism. Since B.
hominis can be found in both symptomatic and asymptomatic
patients (where its living may be commensal without any
pathogenic effect), there are disputatious opinions about its
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pathogenicity [33-35]. A very high prevalence of Blastocystis
sp. obviously invokes the question of the influence of this
parasite on human health; however its role in human health
and disease is uncertain [36, 37]. Genomic data by Denoeud
et al. [38] combined with in-vitro and in-vivo studies of Wu
et al. [39] and Ajjampur et al. [28] allowed the identification
of recognized virulence factors and revealed the harmful
influences of the parasite on the intestinal barrier, leading
to credible models of pathogenesis [40]. Several papers also
suggest that this parasite should be related with non-specific
gastrointestinal symptoms like diarrhoea, abdominal pain,
and vomiting, and additionally, an association between
B. hominis and irritable bowel syndrome (IBS) [40] and
urticarial [41] is suggested.

Based on gene analysis of small-subunit ribosomal RNA
(SSU-rRNA), as mentioned above, Blastocystis sp. isolates were
finally classified into subtypes (ST1-ST17), which colonize
a wide range of hosts, including humans and animals, both
mammalian and non-mammalian [10, 42]. Nine of 17 STs
have been identified in humans, and one recent working
hypotheses is that differences in clinical consequence may
depend on differences in subtypes. In 1997, Clark suggested
that different subtypes with different pathological potentials
may exist [43], and Kaneda et al. [44] proposed that STs 1, 2,
and 4 might be answerable for gastrointestinal symptoms. In
2012, Poirier et al. [40] designated that ST7 is connected with
IBS, and Wawrzyniak et al. [45] discovered that ST7 probably
uses hydrolases to destroy host tissues. What is more, the
occurrence of gut microbiota appears to be important for
the pathogenic countenance of Blastocystis [46]. Later, 9 of 17
subtypes of Blastocystis have been reported in humans and
some STs such as ST10 and ST14 are present only in cattle,
never in humans, even after direct contact [3]. Some STs
show host specificity with variable geographic distribution.
In America, there is a high prevalence of ST1 and ST2,
in Australia, Europe, and South Eastern Asia - ST1 and
ST3, and in Europe — ST4 [10]. A recent study from South-
America showed the presence of ST4 in humans [47] and
latter STs 1, 2 and 3 were detected as the most frequent [48].
People are colonized mainly by ST1 through ST4, containing
over 90% of assessments; but depending on the regions and
countries, infection by ST5 through ST9 is also detected
[10, 20]. Nevertheless, that ST3 is the most common ST in
humans worldwide, and its occurrence is a frequent finding
in analyses of ST distribution, regardless of the geographic
derivation of the population [18, 25, 49, 50].

In contrast, some studies have presented no distinct
differences in STs between isolates from symptomatic and
asymptomatic groups with gastrointestinal symptoms [15].
In numerous other investigations there was no association
between Blastocystis subtypes and gastrointestinal symptoms
[31, 51, 52]. They identified ST3 as the most frequent subtype
in both groups (symptomatic and asymptomatic), but did
not observe a significant relationship between this subtype
and gastrointestinal symptoms. Recently, it has been also
investigated the connection between the symptomatology
and subtypes of Blastocysis by Dogan et al. [53], but no
statistically significant difference was found between the
symptomatic and asymptomatic children groups in terms of
the Blastocystis positivity and the distribution of subtypes.

Molecular identification and subtype analysis. It is proposed
that diverse subtypes have different hosts, geographical

distribution and ways of transmission. Therefore, the
subtyping of Blastocystis sp. is important for epidemiological
studies because it helps to recognize routes of transmission
and potential sources of a specific ST in a precise area. This
new information can help to broaden knowledge about the
pathogenicity of Blastocystis sp. [54].

Microscopic checking of stool samples for the detection of
cysts, oocysts, and trophozoites continues to be the choice of
the diagnostic method for many laboratories [55]; however, the
method requires technical expertise, and it is laborious; it can
also be insensitive when infection is on low levels. Currently,
molecular methods, including polymerase chain reaction
(PCR), are available for detecting and identifying intestinal
parasites of protists, and demonstrate high sensitivity and
specificity with respect to conventional methods such as
microscopy [56, 57].

Although after more than a dozen years, molecular
analyses of Blastosystis is a leading method worldwide,
there is still no consensus for the best method to use for
STs. Numerous studies on the transmission of pathogenic
potential to the molecular subtypes are available, but they
cannot be compared or analysed with the different molecular
techniques employed [6, 12]. Among methods for Blastocystis
STs, there are examples of significantly different results from
the same country, dependently of the methodology used [12].

Generally, 2 distinct approaches of analysis are employed;
first, with small subunit rRNA gene (SSU-rDNA) PCR
amplicons sequencing, and second, with direct assignment
using diagnostic subtype-specific sequence-tagged sites
(STS) primers for PCR [15]. The second method eliminates
DNA sequencing, which is an advantage because DNA
sequencing is not easily available to every laboratory. This
approach involves the use of 7 PCR reactions, one for each
of the subtypes 1-7, and should be regarded as involving a
diagnostic method for each of these subtypes, avoiding the
need for sequencing.

The first method is one of the most used approaches, which
involves single-round PCR amplification and sequencing
of partial SSU-rRNA gene of the parasites as the ‘barcode’
region. In recent times, a publicly available online facility was
developed for fast and standardized identification of subtypes
(ribosomal lineages) and subtype alleles (variation within
subtypes), based on sequence data acquired by barcoding
PCR [58]. Furthermore, a modified barcoding method is
now available using nested PCR, which allows detecting
mixed subtype infections [6, 58]. ‘DNA barcoding’ is the
term used to describe a method proposed for constructing
a unique identifier for all living species [59]; Scicluna et al.
[21] investigated the barcoding region for Blastocystis. A
comparison of the STS method and barcoding indicated
that barcoding should be preferred for a variety of motives.
First and principal, barcoding allows detecting subtypes
beyond STs 1-7 and further examination of genetic diversity.
The barcode region has also been validated as a marker of
overall genetic diversity of Blastocystis [60]. Moreover, using
STS method, only known STs can be detected and, neither
the specificity of STS has been identified nor the range of
detectable STs extended. STS is certainly imperfect use if non-
human samples are of interest [6, 13]. STS typing is also more
dependent on interpretation - size and specificity of bands,
for example, in the case of sequence analysis. However, the
study by Roberts et al. [61] highlighted the need for specific
Blastocystis PCR methods to be advanced in order to stop
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the occurrence of false positives during diagnosis and the
possibility of missed infections. In that study, targeting the
SSU-rDNA specific for the Blastocystis, there were several
specimens that were identified as positive by the PCR
method, but after sequence analysis it was concluded that
these products actually were derived from fungal species,
in particular Mucor spp. and Rhizomucor spp. or from
Cryptosporidium sp. The ability of the PCR and primers
used in this study to cross-react with species other than
Blastocystis indicates the necessity for sequence analysis to
be performed on all PCR positive samples to confirm the
identity of the PCR sequence. This also explains the difficulty
in projecting primer pairs specific to Blastocystis. Molecular
analysis of Blastocystis continuously results in new subtypes
being identified as more animals and humans from different
geographical sites are examined. This gives the choice of
the right PCR technique and primer pairs essential for the
probability to detect all new subtypes.

Mixed infection. Scanlan et al. [6] underlined that although
most individuals seem to host only a single Blastocystis
ST, many individuals host multiple Blastocystis STs,
demonstrating that the occurrence of Blastocystis mixed-ST
infections is much greater than previously thought, primarily
due to methodological limitations. It is widely thought that
there are difficulties in evaluating precisely the distribution
of mixed infections due to the methodologies employed
[3, 62]. Dogan et al. [53] used real-time PCR for subtyping
Blastocystis and mixed subtyping occurrence was found.
Subtyping was successfully performed using sequenced-
tagged site (STS) primers and PCR in faecal samples of
children with or without symptoms. The most frequently
detected subtype was ST3 followed by ST1, ST4 and ST2
(8.7%). The mixed subtypes were identified as ST1 + ST3,
ST1 + ST2 and ST2 + ST3, and the authors concluded that
this method is practical. Also, Dagci et al. [63] found the
sensitivity and specificity of a real-time PCR array as the
ability of multiple different STs to co-colonize a single host.
Scanlan et al. [6] developed and applied Blastocystis ST-
specific nested PCR assay for investigation the most common
subtypes of Blastocystis (ST1 - ST4) to a healthy human
cohort (n = 50) and detected mixed infections in 22% of
the cases, all of which had been identified as single-ST
infections in a previous study. The obtained results show
that certain STs are predominant as either single (ST3 and
4) or occur mixed (ST1), and comparative analyses with
other primers used extensively previously [64, 65] for ST-
specific analysis, found them unsuitable for detection of
mixed- and, in some cases, single-ST infections. The authors
underline that the development of these nested PCR assays
will facilitate future work on molecular epidemiology, and
the significance of mixed infections in healthy and disease
cohorts. Additionally, it will help in the recognition of sources
of Blastocystis transmission to humans, including identifying
potential animal and environmental reservoirs.

CONCLUSIONS

Although, a large number of molecular techniques have
been developed for the identification of STs, a standard
methodology has not yet been confirmed. The techniques
commonly employed to identify human Blastocystis STs
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are PCR amplification with known sequence-tagged site
(STS) primers or sequencing of the SSU rDNA - barcode
region, followed by a search with known STs. But STS
primers are limited to STs 1-7, and the second method
requires sequencing for subtyping, which is not available in
alllaboratories and is still a relatively laborious and expensive
procedure. While STS primers can be detected in mixed
STs, ST-identification with conventional direct sequencing
of partial SSU rDNA cannot be performed in mixed-ST
infections, although mixed-ST infections have been reported
in human samples in various countries. The limits of first
method seem to have been resolved by last study of Yoshikawa
and Iwamasa [66] who developed ST-specific primers for
the subtyping of human Blastocystis isolates, based on the
unique nucleotide sequences of the SSU rRNA gene of 9 ST,
all known as human STs.

This review of recent scientific literature indicates that
the development of PCR assays is needed for molecular
epidemiology and for mixed infections in both healthy and
diseased cohorts, and also to help identify the sources of
Blastocystis transmission to humans, as well as identifying
potential animal and environmental reservoirs.
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