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Summary

Blastocystis  is  one of  the most common single-celled
intestinal parasites found in human stool samples and in a
wide variety of domestic animals and wildlife. To date, 17
different subtypes (STs)—arguably separate species—have
been identified using molecular techniques. At least eight
subtypes (ST1–ST8) are shared by human and non-human
hosts,  suggesting  potential  zoonotic  and  anthroponotic
transmission. Prevalence in humans may amount to 100%
in some areas, with higher records reported in areas where
sanitation standards  and personal  hygiene are  relatively
poor.

Following  its  discovery  more  than  100  years  ago,
Blastocystis  remains  enigmatic  in  several  respects,
including  taxonomy,  life  cycle,  pathogenicity,  and
transmission.  Numerous  studies  incriminate  it  as  being
pathogenic,  although  the  parasite  is  frequently  seen  in
healthy individuals, and no tools are available to distinguish
disease  from  colonization.  Symptoms  attributed  to
Blastocystis  are  often  non-specific  and  overlap  with
infections  involving  bacteria,  viruses,  or  other  parasitic
protists.

Blastocystis is highly polymorphic, existing in multiple
forms,  including  a  cyst  stage,  which  measures  3–6  µm.
Blastocystis may be easily missed on microscopy due to its
small  size  and  irregular  shape,  sometimes  being
misidentified as yeast, lipid, or even an artefact. Reagents
are available commercially that facilitate identification of
Blastocystis  by  immunofluorescence  microscopy.
Meanwhile, PCR-based detection is currently state-of-the-
art,  and analysis  of  Blastocystis  nuclear  ribosomal  DNA
enables subtype identification.

Susceptible  hosts  acquire  colonisation/infection  via  the
fecal-oral route, i.e., through accidental ingestion of cyst-
contaminated  food  or  water.  Blastocystis  has  been
recovered  from drinking  water,  sewage/wastewater,  and
river systems suggesting that water can serve as a source
of  human  infection.  Information  on  the  removal  and/or
inactivation  of  Blastocystis  by  water  and  wastewater
treatment  processes  is  limited,  and  little  is  known
regarding  sensitivity  to  disinfection;  however,  as  for
(oo)cysts of protozoa, the cyst form may to some extent
retain  infectivity  following  disinfection  processes.
Prevention  of  source  water  contamination  by  human or
animal waste may prove critical to reducing transmission of
this parasite.

1.0  EPIDEMIOLOGY OF THE DISEASE AND
PATHOGEN

1.1 Global Burden of Disease

1.1.1 Global Distribution

Blastocystis  is  possibly  the  most  prevalent  micro-
eukaryotic  parasite  colonizing and/or  infecting the large

intestine of at least one billion people worldwide (Scanlan
et al., 2015; Stensvold, 2015). Several reviews indicate a
generally higher prevalence in developing countries where
the standards of sanitation and personal hygiene are poor,
and  where  exposure  to  domesticated  animals  and
consumption  of  fecally  contaminated  food  and  water  is
common (Tan, 2008; Suresh et al., 2010; Kumar and Tan,
2013).  Prevalence also appears to vary among countries
and  within  different  communities  of  the  same  country.
However,  these  studies  have  used  different  diagnostic
methods with different levels of sensitivity; hence, the data
presented in these reports may not entirely represent the
true prevalence of Blastocystis (Tan, 2008; Kumar and Tan,
2013).

It should be emphasized that molecular tools now offer
a remarkably better screening efficiency for  Blastocystis
when  compared  to  direct  microscopy  (Abu-Madi  et  al.,
2015).  A  recent  molecular  survey  performed  in  rural
villages  in  Senegal,  Africa  showed  a  surprising  100%
prevalence  among  children  living  in  close  contact  with
animals and with little or no access to clean water and
sanitation (El-Safadi et al., 2014). Updates on prevalence
were also recently presented in other parts of Africa, UK,
Qatar,  United  Arab  Emirates,  and  Australia  employing
molecular approaches for screening (Alfellani et al., 2013a;
Wang et al.,  2014; Abu-Madi et al.,  2015; Pandey et al.,
2015; Abuodeh et al.,  2016).  Subtypes 1 to 4 appear to
account for more than 95% of Blastocystis in humans, and
subtypes  such  as  1,  2,  and  3  appear  to  have  a  global
distribution (Alfellani et al., 2013a; Roberts et al., 2014a).
ST1 and ST3 were the only subtypes found in humans in
India (Pandey et al., 2015; Das et al., 2016). Similarly, ST3
has been found to predominate among Malaysian subjects
(Nithyamathi et al., 2015). The prevalence of ST4 is subject
to  remarkable  variation,  being  virtually  absent  in  most
countries outside of Europe. ST4 comprises at least two
genotypes (Stensvold et al.,  2012), one of which is most
commonly found in animals, with the other one accounting
for most human cases. The genotype found in humans is
virtually  clonal,  representing  the  subtype  allele  42
(Stensvold et al., 2012). Subtypes such as ST5, ST6, ST7,
and  ST8  are  rarely  seen  in  humans,  possibly  reflecting
cases of zoonotic transmission. ST9 has been found only in
humans, and only very rarely so.

1.1.2 Symptomatology

This is a parasite that primarily colonizes the coecum
and large intestine (Fayer et al., 2014; Wang et al., 2014).
Blastocystis is most probably confined to the lumen of the
gut, although close proximity to the mucosal lining has not
been ruled out and colonisation of the small intestine has
been noted in pigs (Fayer et al., 2014; Wang et al., 2014). It
is shed with stool, and day-to-day variation in shedding has
been described (Vennila et al., 1999).

The  clinical  and  public  health  significance  of
Blastocystis  in  human  health  and  disease  is  still  an
unresolved issue, despite the availability of large amounts
of data provided by multi-disciplinary studies.  Without a
relevant  animal  model  to  test  Koch’s  postulates,  our
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knowledge on the pathogenicity of Blastocystis will remain
limited  (Elwakil  and  Hewedi,  2010;  Coyle  et  al.,  2012).
Insights  from  molecular  studies  have  initially  indicated
pathogenesis to be subtype-related (Yakoob et al.,  2010;
Coyle et al., 2012; Roberts et al., 2014b). However, it is
clear from subsequent studies that the same subtypes occur
in  patients  with  gastrointestinal  complaints  and
asymptomatic carriers (Dogruman-Al et al., 2009), making
the  issue  even  more  confusing  and  difficult  to  resolve.
Symptoms that have been linked to symptomatic carriage
are  usually  non-specific  and  may  include  diarrhea,
constipation,  abdominal  pain,  nausea,  flatulence,  fatigue,
weight  loss,  and  sometimes,  skin  manifestations,  and
intestinal inflammation (Tan et al., 2010; Stensvold et al.,
2009b).  The severity of  symptoms may be influenced by
factors innate to the host such as age and immune status
(Dogruman-Al et al., 2009).

Blastocystis has been proposed as a natural component of
the human intestinal microbiota (Andersen and Stensvold,
2016).  Recent  independent  studies  suggest  that
Blastocystis is linked to a certain gut microbiota structure.
Andersen et  al.  (2015) managed to identify  Blastocystis-
specific  signatures  in  metagenomics  data  originally
developed  for  investigation  of  bacterial  organisms  only.
They confirmed that Blastocystis  is rare in patients with
organic bowel disease but common in healthy individuals.
Being the first ever to investigate the association between
Blastocystis and gut bacterial communities, they found that
Blastocystis  was  positively  associated  with  enterotypes
(Arumugam  et  al.,  2011)  driven  by  Ruminococcus  and
Prevotella and negatively associated with the enterotype
driven by Bacteroides. This association was later confirmed
using a different approach, namely qPCR for detection of
major groups of bacteria in samples positive and negative
for Blastocystis (Andersen et al., 2016). On a similar note,
Audebert et al. (2016) using Ion Torrent technology-based
16S rDNA sequencing to decipher Blastocystis-associated
gut  microbiota  found  higher  gut  microbiota  diversity  in
patients colonized with Blastocystis than in those who were
not. Taken together, these studies appear to suggest that
Blastocystis  is  associated  with  gut  microbiota  generally
perceived as “healthy” rather than with gut that is impaired
in terms of its function with a microbial imbalance.

Although Blastocystis appear to be a predictor of a healthy
gut  microbiota,  any  direct  role  for  the  parasite  in  the
development of gastrointestinal disease has not yet been
ruled out. For instance, it remains unclear to which extent
development of disease is dependent on infection intensity;
but the presence of five or more cells per high-power/oil
immersion objective microscopic field has been suggested
to reflect symptomatic carriage (Tan, 2008). Mono-infection
with a particular subtype is commonly encountered among
individuals,  but  some  cases  of  mixed-subtype  infections
have  been  reported  as  well  (Yoshikawa  et  al.,  2004;
Stensvold et al., 2009b; Malheiros et al., 2011; Abdulsalam
et  al.,  2013).  Using  subtype-specific  PCR  primers  also
revealed that mixed-subtype infections were common in a
healthy human population (Scanlan et al., 2015).

Blastocystis  has  been  suspected  of  being  associated
with irritable bowel syndrome (IBS) (Yakoob et al., 2004;

Ustün  and  Turgay,  2006;  Vargas-Sanchez  et  al.,  2015).
Regional data on disease burden of Blastocystis infection
associated with IBS have been reported from 48 states in
the  US,  Argentina,  Switzerland,  and  Chile  (FAO/WHO,
2014). Increased prevalence of Blastocystis in IBS patients
compared with controls has been demonstrated (Yakoob et
al., 2004; Dogruman-Al et al., 2010; Yakoob et al., 2010).
One study from Pakistan showed a high number of  IBS
patients harboring Blastocystis accompanied by high levels
of  antibodies against  Blastocystis  (Hussain et  al.,  1997).
ST4 has been potentially linked to IBS and other symptoms
or diseases (Stensvold et al., 2011; Alfellani et al., 2013b;
Mattiucci  et  al.,  2016);  whereas,  a  study  conducted  in
Denmark showed a greater proportion in the control group
than  IBS  cases  carried  Blastocystis  (Krogsgaard  et  al.,
2015).  On the other  hand,  the  incidence of  Blastocystis
infection  in  European  and  American  cohorts  did  not
significantly differ from IBS patients (Giacommeti  et  al.,
1999).  Similar  findings  were  reported  in  a  survey  that
involved Thai subjects (Tungtrongchitr et al., 2004).

It is possible that Blastocystis becomes an opportunistic
pathogen  when  the  host’s  immune  system is  negatively
impacted (Gassama et al.,  2001; Kurniawan et al.,  2009;
Alemu et al., 2011; Hotez et al., 2015). In a study involving
rats, the induction of physical stress exacerbated infectivity
and pathogenicity of Blastocystis through dysregulation of
the  host’s  oxidant-antioxidant  regulatory  system  and
suppression or alteration of the normal development and
physiological  functions  of  immune  cells  and  antibody
production (Chandramathi et al., 2014). Recently, a 29-kDA
parasite protein (Abou-Gamra et al., 2011) and a parasite-
associated protease (Abdel-Hameed and Hassanin,  2011)
have  received  attention  as  potential  markers  of
pathogenicity. Elevated protease activity in cultures having
a higher percentage of amoebic forms seen in symptomatic
isolates  may  imply  that  amoebic  forms  play  a  role  in
exacerbation  of  intestinal  symptoms  during  Blastocystis
infection (Rajamanikam and Govind, 2013). The elucidation
of  the  entire  genome  sequence  of  ST7  revealed  some
important processes identifying genes coding for proteins
that are responsible for host protease inhibition (Denoeud
et al., 2011). These proteins can modulate the host protease
activity,  thereby disturbing intestinal  homeostasis  (Parija
and Jeremiah, 2013).

1.2 Taxonomic Classification of the Agent

The earliest accounts of Blastocystis can be traced back
to 1849 with reports of what appeared as cystic forms –
known as cholera bodies –  observed in feces of  cholera
patients by Brittan, 1849 and by Swayne and Budd, 1849
according to Kumar and Tan, 2013; Parija and Jeremiah,
2013).  With  limited  tools  for  isolation  and identification
available at that time, it was not until the early 20th century
when Alexieff  and Brumpt studied isolates from humans
that the name Blastocystis hominis was applied to yeast-like
structures  (Zierdt,  1991).  Nearly  forty  years  after,
Blastocystis  was  reclassified  as  an  alga  (Cifferi  and
Redaelli, 1938) and later became known as a protist based
on cellular  morphology and ultrastructure (Zierdt  et  al.,
1967; Zierdt and Tan, 1976) and following an experiment
showing: i) the inability of Blastocystis to grow in fungal
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media and ii) a positive response to anti-protozoal drugs
(Zierdt et al.,  1983). However, the taxonomic position of
Blastocystis remained elusive until molecular tools became
available  and  provided  reliable  data  for  a  better
classification  (Silberman  et  al.,  1996;  Ho  et  al.,  2000;
Arisue et al., 2002). The use of molecular markers has led
to  the  positioning  of  Blastocystis  in  the  Phylum
Heterokontophyta;  a  molecular  phylogeny-based
heterogeneous  group  known  as  “Stramenopiles”,  which
includes “plant-like protists” such as algae, diatoms, and
slime molds (Keeling et al., 2005; Tan, 2008; Riisberg et al.,
2009).

1.2.1 Blastocystis subtypes

The earliest attempt to designate species epithets for
any member of the genus Blastocystis  was based on the
host from which it was isolated. For instance, B. hominis
and B. ratti were names applied to all Blastocystis detected
in humans and rodents, respectively (Clark et al., 2013).
Cellular  morphology  and  ultrastructural  features  were
elucidated  through  electron  microscopy  and  soon
considered  as  diagnostic  tools  for  identifying  and
classifying  species  of  Blastocystis  (Cassidy  et  al.,  1994;
Stenzel  et  al.,  1997).  However,  the  above-mentioned
approaches were proven unreliable soon after analysis of
molecular data revealed the remarkable genetic diversity
among Blastocystis isolates (Clark, 1997). The use of host
identity  and  cell  features  as  criteria  for  species
identification  was  therefore  discontinued,  and  the
terminology has  been limited to  Blastocystis  sp.  (mostly
followed  by  a  subtype  number)  when  referring  to  any
isolates  of  animal  and  human  origin  (Tan  et  al.,  2010;
Stensvold  et  al.,  2007;  Stensvold,  2013).  Currently,  17
different subtypes –arguably separate species– have been
identified (inferred from phylogenetic analysis of nuclear
small  subunit  rRNA  genes)  in  humans,  non-human
primates, other mammals, and birds (Stensvold et al., 2007;
Stensvold, 2013; Wang et al., 2014). Molecular studies have
shown  important  aspects  of  host  specificity  and  cross-
infectivity  of  the  different  subtypes  among  mammalian
hosts (Noel et al., 2005; Stensvold et al., 2009c; Alfellani et
al., 2013a; Alfellani et al., 2013b).

1.2.2 Physical description of the agent

Aside from being one of the two known stramenopiles
parasitic to the human body (Stensvold, 2015), Blastocystis
is peculiar in the sense that it lacks the typical flagellum
possessed by all other stramenopiles at some point in their
life  cycle  (Silberman  et  al.,  1996).  By  microscopy,  the
parasite  can  be  observed  typically  as  a  spherical  cell,
variable  in  size,  containing  numerous  mitochondria-like
organelles  (MLO),  Golgi  complex,  and  other  features
common to eukaryotes (Clark et al., 2013). Blastocystis is
polymorphic, displaying a great variety in morphology, and
a number of forms/life cycle stages have been mentioned,
including  the  vacuolar  form,  the  avacuolar  from,  the
multivacuolar form, the amoeboid form, the granular form,
and the  cyst  form,  some of  which  will  be  described  in
further detail below (Tan et al., 2002; Tan, 2008; Stenzel
and Boreham, 1991).

The vacuolar form exhibits extensive size variation and
is also the form that is usually encountered during direct
stool examination and by in vitro culturing. The average
cell diameter is approximately 4–15 µm, with some cells
reaching  the  size  of  about  200  µm  in  diameter  when
cultured in vitro (Stenzel and Boreham, 1996; Yamada and
Yoshikawa,  2012).  It  has  been  suggested  that  the  size
varies depending on the geographic source of the isolates
(Kumar  and  Tan,  2013),  which,  however,  requires
confirmation;  there  is  also  the  possibility  that  cell  size
varies with fitness, since larger (swollen) cells have been
observed  typically  in  cultures  to  which  fresh  growth
medium  has  not  been  provided  on  a  regular  basis
(Stensvold,  unpublished).  The  vacuolar  form is  typically
round to ovoid in shape, exhibiting a large central vacuole,
which  occupies  almost  the  entire  cytoplasmic  space.
Histochemical methods have demonstrated the metabolic
and  storage  functions  of  the  central  vacuole  for
carbohydrates,  lipids,  and  basic  proteins  (Yamada  and
Yoshikawa, 2012), but this requires further confirmation.
The thin rim of cytoplasm found in the periphery contains
the  nuclei,  mitochondria-like  organelle,  and  Golgi
complexes  (Boreham  and  Stenzel,  1993;  Yamada  and
Yoshikawa, 2012).

The granular forms were observed to predominantly co-
exist with the vacuolar forms in fresh fecal samples or in
vitro  cultures  (Yamada  and  Yoshikawa,  2012).  Moussa
(2009) noted the transformation of the vacuolar forms into
the granular  types after  48 hours of  culture.  Numerous
granules found within the large central vacuole have been
suggested to have roles in reproduction (Kumar and Tan,
2013).  Using  electron  microscopy,  Suresh  et  al.  (1994)
observed small “grape-like” clusters of what was believed
to be progeny of Blastocystis.  A similar observation was
made by Singh et al. (1995) when large cells were stained
with  acridine-orange.  Such  fluorochrome  dye  highlights
nucleic acids and can be used to localize DNA structures
(Grecu et al., 2013). Acridine-orange stain has been used to
differentiate  the  various  morphological  stages  of
Blastocystis sp. (Suresh et al., 1994; Grecu et al., 2013). It
was  also  used  to  elucidate  the  biochemical  difference
between vacuolar and granular forms of  Blastocystis  sp.
cultured at varying temperatures (Gaythri et al., 2014).

The amoeboid form is rarely seen in fresh fecal samples
but frequently observed in old or antibiotic-treated cultures
(Tan et al., 1996; Tan et al., 2002; Kumar and Tan, 2013).
Using  light  and  transmission  electron  microscopy,  cells
exhibiting  the  amoebic  form  have  been  described  as
irregular  in  shape  and  with  distinct  pseudopod-like
extensions (Tan et al., 1996; Tan et al., 2001), which have
no known function in terms of locomotion (Kumar and Tan,
2013). The role of the amoeboid form in the life cycle of
Blastocystis remains rather elusive (Tan et al., 2002), and
several  authors  have  proposed  conflicting  views  on  the
transformation  into  the  amoeboid  stage.  An  in  vitro
encystation study showed that the amoebic form could act
as an intermediate stage between the vacuolar stage and
the cyst (Suresh et al., 1994). During this stage, the cells
may consume bacteria and other cellular debris, possibly to
meet nutritional requirements for encystment (Singh et al.,
1995; Tan et al., 2001). Indeed, the formation of cyst-like
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stages was observed when solubilized bacteria were added
under in vitro conditions (Suresh et al., 1993). Zhang et al.
(2012) suggested that the amoeboid form develops from the
vacuolar  form,  in  response  to  stress  during  in  vitro
cultivation. Tan and Suresh (2006) proposed a pathogenic
role of the amoeboid form as this form was mostly seen in
samples  from  symptomatic  carriers.  Rajamanikam  and
Govind  (2013)  also  demonstrated  a  positive  correlation
between  protease  activity  and  abundance  of  amoeboid
forms  in  cultures  of  isolates  from  patients  with
gastrointestinal symptoms. Still others have regarded the
amoebic form as an artifact resulting from poor handling of
the samples (Boreham and Stenzel, 1993).

The cyst is considered the transmissible stage (Suresh
et  al.,  1993).  It  is  very  difficult  to  detect  by  direct
examination  of  stool  samples  due to  its  very  small  size
(Stenzel  and  Boreham,  1991),  which  may  vary  between
human and animal isolates (Stenzel et al., 1997). Generally,
however,  it  can  be  seen  in  fresh  specimens  by  light
microscopy as a round to ovoid refractile object, ranging in
size from 2 to 5 µm in diameter (Moussa, 2009; Stenzel and
Boreham, 1996; Moe et al., 1996). Despite being smaller in
size relative to other forms, the cysts contains one to four
nuclei  (Stenzel  and  Boreham,  1996;  Yoshikawa  et  al.,
2003),  and  the  cell  is  encapsulated  within  a  thick  wall
structure, which provides protection against environmental
pressure outside of the host’s body (Gajadhar and Allen,
2004;  Suresh  et  al.,  2005).  Within  the  cysts,  granular
bodies  have  been  observed  and  suggested  to  contain
“hibernating” progeny of Blastocystis, which are released
during excystation (Suresh et al., 2009). Glycogen was also
observed clumping in the cytoplasm (Zaman et al., 1995).
Cysts were usually observed in very old cultures (Moussa,
2009) and frequently encountered in stool  samples from
symptomatic patients (Moe et al., 1999). Cysts were viable
for up to 19 days at room temperature (Suresh et al., 1993;
Moe et al., 1996).

1.3 Transmission

1.3.1 Routes of transmission

The  life  cycle  proposed  by  Tan  (2008)  provides  a
plausible  mechanism  for  Blastocystis  transmission,
highlighting  the  remarkable  genetic  diversity  and
distribution of the parasite among humans and non-human
hosts.  Molecular  data  indicates  the  apparent  host-
preference  of  certain  subtypes  (Noel  et  al.,  2005;
Stensvold,  2013)  and  the  potential  of  some  subtypes
involved  in  zoonotic  transmission  (Tan,  2008).  What
remains unclear up to this point are the factors influencing
the transition between the intestinal forms of the parasite
(Tan,  2008),  and whether differences in intestinal  forms
reflect differences in clinical significance.

Similar to most protozoal agents implicated in diarrheal
disease, Blastocystis is transmitted via the fecal-oral route
through human-to-human or animal-to-human transfer. This
has been demonstrated in a transmission model using rats
with an infective dose20 of at least 10 cysts (data showed
this dose corresponded to infection in 20% to 100% of those

subjects  exposed)  (Yoshikawa  et  al.,  2004).  In  humans,
infection  is  likely  initiated  upon  accidental  ingestion  of
feces-derived  cysts  via  contaminated  food  and  water
(Roberts et al., 2014a).

Excystation of viable cysts in the large intestine was
demonstrated  in  laboratory  mice  (Moe  et  al.,  1997).
Vacuolated  forms  are  released  and  develop  into  other
vegetative  forms  (Wawrzyniak  et  al.,  2013).  Moe  et  al.
(1999)  observed  large  numbers  of  the  vacuolar  forms
within  24  hours  following  in  vitro  inoculation  of  cysts
isolated  from  human  feces.  Vacuolar  forms  multiply
asexually  through  binary  fission,  the  primary  mode  of
reproduction in Blastocystis – giving rise to both granular
and  amoebic  forms  (Moe  et  al.,  1999).  Binary  fission
commenced in some cysts (B. ratti), even before completion
of  excystation  (Chen  et  al.,  1999).  Other  reproductive
means  such  as  budding  and  plasmotomy  have  been
confirmed  recently  in  Blastocystis  (Zhang  et  al.,  2012).
Others (Kumar and Tan, 2013) suggest a more rapid mode
of reproduction in Blastocystis– citing the sudden rise in
cell population of certain human isolates seen within just a
few  hours  of  cultivation  (Tan,  2008).  Progeny  of
Blastocystis  that  resembled  grape-like  structures  when
observed by electron microscopy appeared to reproduce by
a multiple fission-like mode (Suresh et al., 1994, Suresh et
al.,  1997).  Of  course,  further  experimental  evidence  is
warranted to confirm this mode of reproduction.

Vegetative cells can revert into the cystic forms, with the
pre-cyst  being  the  transitional  structure.  Encystation
involves  extensive dehydration of  the cytoplasm coupled
with  active  synthesis  of  proteinaceous  materials  as
precursors of the wall found in mature cysts (Suresh et al.,
2009). Multivacuolar and amoebic forms are postulated to
produce two types of cysts: the thin- and thick-walled cyst,
respectively (Singh et al., 1995). The thick-walled cyst is
the  type  being  released  into  the  external  environment
during  defecation.  Excretion  of  thick-walled  cysts  was
inversely correlated with the abundance of vacuolar forms
seen in feces and may depend on host factors such as diet,
lifestyle, drugs, and immune status (Suresh et al., 2009).
Maintenance of disease through autoinfection is attributed
to the thin-walled cyst (Singh et al., 1995) and is most likely
since both the process of encystation and excystation could
occur in the large intestine (Moe et al., 1997).

1.3.2 Excretion

The  vacuolar  and  cyst  forms  of  Blastocystis  are  the
usual  stages  that  are  encountered  during  stool
examinations.  Venilla  et  al.  (1999)  investigated  the
shedding pattern of the cysts in both human and rodent
infection. The number of cysts encountered in human stool
appears  to  vary  greatly  from  day  to  day,  with  cysts
sometimes being absent in the stool.  When present,  the
number of cysts may reach up to an estimate of 7.4 x 105

cysts per gram of stool. However, no discernable pattern
has been observed over the course of infection. A similar
irregular  pattern  was  observed  in  rats  over  a  20-day
monitoring  period.  Moreover,  the  abundance  of  cysts
appears  to  vary  from  host  to  host.  These  findings
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underscore  the  need  for  repeated  stool  examination  in
patients suspected to have Blastocystis infection (Venilla et
al.,  1999).  A  follow-up study  to  determine some factors
influencing  excretion  was  performed  involving  a  human
volunteer  with  a  ST3  infection.  Stool  samples  were
submitted and examined within a 30-day monitoring period.
High  numbers  of  cysts  in  stools  were  associated  with
frequent visits to the toilet, defecation during the morning,
and  semi-solid  stool  form.  Emotional  fluctuations  also
appeared  to  be  associated  with  high  variations  in  the
excretion pattern of the cyst (Ragavan et al., 2015).

1.3.3 Population susceptibility

In places where sanitation and/or hygiene practices are
poor, the infective cysts may be acquired through direct
encounter with an infected person or contact with objects
contaminated  with  faeces  (Waikagul  et  al.,  2002;
Pipatsatitpong et  al.,  2012;  Anuar et  al.,  2013).  Studies
suggest that susceptibility to infection among human hosts
appears to be associated with certain subtypes (Souppart et
al., 2009; Stensvold et al., 2009a; Coyle et al., 2012; El-
Safadi et al., 2014) and immune/ health status of the person
during  establishment  of  infection  (Horiki  et  al.,  1999;
Kurniawan  et  al.,  2009).  Other  risk  factors  have  been
mentioned, including consumption of unboiled water and
raw  vegetables,  and  absence  of  or  under-maintained
sanitary  systems  (Kumar  and  Tan,  2013).  A  study  from
Aragua State, Venezuela suggests that persons belonging
to relatively lower social class are more likely predisposed
to  Blastocystis  infection  (Serna  et  al.,  2005).  The  same
findings were obtained in a recently concluded extensive
survey  involving  1,760  respondents  from  26  schools
throughout Malaysia (Nithyamathi et al.,  2015).  Age has
been  associated  with  Blastocystis  infection,  with  adults
being more susceptible than children (Gonzalez-Moreno et
al., 2011). However, a remarkably high prevalence of 58%
has been recorded among day-care children aged 5 and
below  from  Calarcá,  Colombia  (Londoño-Franco  et  al.,
2014).

1.3.4 Animal reservoirs

Blastocystis has been categorized as rank 3 zoonotic
pathogen associated with waterborne diseases (Suresh et
al.,  2012).  The  zoonotic  potential  of  Blastocystis  is
highlighted  in  several  epidemiological  surveys  that
analyzed specimens from humans and animals. Blastocystis
sp. has been found in farm animals, circus animals, pets as
well as in non-human primates (Pakandl, 1991; Boreham
and Stenzel, 1993; Stenzel et al., 1994; Abe et al., 2002; de
Bomfim and do Couto, 2013; de La Cruz et al., 2016), just
to mention a few major groups of host types. Evidence of
frequent exposure to animals as a potential risk factor for
human infection exists. In Malaysia, a higher prevalence of
up to 41% was observed in feces from animal  handlers
compared  with  feces  from  individuals  in  the  city  with
minimal animal exposure (Salim et al., 1999). Similarly, dog
ownership  was  associated  with  a  high  prevalence  of
Blastocystis infection according to one study done in an
urban area in Manila, Philippines (Belleza et al., 2015).

Molecular  studies  performed  in  certain  parts  of  the
world  have  recorded  the  occurrence  and  subtype
distribution of Blastocystis in a number of animal species.
Cats and dogs from the Pacific Northwest region of the US
were found to harbour several  STs of  Blastocystis,  with
ST10 reported to be the predominant subtype (Rauax and
Stang,  2015).  One  study  from  Australia  implicated  18
species of farm and zoo animals as hosts of nine subtypes of
Blastocystis  (ST1–ST5,  ST11–ST13,  and  ST17).  Among
these animal hosts, moderate to high rates of prevalence
was observed in pigs, gorillas, and elephants (Roberts et
al.,  2013a).  Surveys  done  in  pig  farms  in  Southern
Queensland, Australia and rural villages in Cambodia, for
example,  showed a predominance of  Blastocystis  ST5 in
pigs with a prevalence ranging from 45%–77%. In the same
study, faecal samples from Australian pig handlers were
shown to be positive for ST5 (Wang et al., 2014). In another
molecular survey carried out in de Colombia, Ramirez et al.
(2014) revealed the predominance of ST1 (34%) and ST2
(23%) in more than 350 fecal samples from humans and
different  species  of  mammals.  These  subtypes  (ST1 and
ST2) together with ST3 were found to co-infect humans and
domesticated animals alike. Subtypes 3, 4, 6 and 8 were
also observed in a few samples, with the latter two found
exclusively in birds and marsupials (Ramirez et al., 2014).
In the Philippines, isolates from pig farmers shared 100%
sequence  similarities  to  a  pig  subtype  (Rivera,  2008).
Subtype analysis of animal isolates coming from pigs (ST5)
from China (Yan et al., 2007); and samples also from a pig
and horse in Thailand (Thathaisong et al.,  2003) showed
sequence similarity with human isolates.

Indeed, the use of molecular tools has further provided
insights  into  the  cross-transmissibility  of  certain
Blastocystis subtypes between man and his domesticated
a n i m a l s .  R e c e n t l y ,  a n  o n l i n e  t o o l
(www.pubmlst.org/blastocystis)  was  developed  for  allele
identification  of  Blastocystis  subtypes,  which  enables
investigation into host specificity on a more discriminative
level  than  that  representing  mere  18S  analysis.  Hence,
each  subtype  comprises  up  to  several  different  alleles,
some of which appear to exhibit strict host specificity and
some of which appear to be linked to geography.

1.4 Population and Individual Control Measures

1.4.1 Drug therapy and hygiene measures

The disputable  pathogenic  nature of  Blastocystis  has
limited our approach to treatment of Blastocystis infection.
Antimicrobial agents have been investigated individually or
in combination for their efficacy to eradicate Blastocystis
infection in certain cases. To date, metronidazole is still
considered  the  primary  drug  of  choice  in  treating
blastocystosis, especially in symptomatic patients (Kurt et
al., 2016). The drug is usually administered to adults for 10
days, usually 3x a day with a dosage ranging from 250 to
750  mg  or  1.5  g  per  day  (Sekar  and  Shanthi,  2013).
However,  metronidazole  does  not  always  result  in  total
eradication, with some cases being clearly resistant even in
higher  dosage  (Engsbro  and  Stensvold,  2012).  Initial
treatment with metronidazole has been found ineffective in

http://www.pubmlst.org/blastocystis
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eliminating ST1, ST3, ST4, and ST5 from feces of patients
with  intestinal  symptoms  (Roberts  et  al.,  2013b).  Other
treatment  drugs  including  nitazoxanide,  ornidazole,
paromomycin, and trimethoprim were also tested and found
to have varying efficacy (Roberts et al., 2014b). ST1, ST3,
ST4, and ST8 have been shown to have little sensitivity
against  single-treatment  with  metronidazole  or
paromomycin  and  to  triple-treatment  with  zolidone,
nitazoxanide and secnidazole (Roberts et al.,  2015) Drug
susceptibility  has  been  suggested  to  be  subtype-related
which  can  only  be  elucidated  through  the  use  of  high-
resolution  molecular  markers  (Stensvold  et  al.,  2010;
Roberts  et  al.,  2015).  A  recent  study  investigated  the
effects of several herbal extracts on Blastocystis and found
garlic and ginger to significantly reduce the number of cells
after 48 hours (Abdel-Hafeez et al., 2015). Another study
have  also  demonstrated  the  anti-Blastocystis  effects  of
some ethanolic extracts from 21 medicinal plants collected
from Ghana (Bremer et al. (2015).

As with other parasites transmitted via the oral-fecal
route,  Blastocystis  infection  can  be  minimized  through
proper  hygiene  at  the  individual  and  community  level.
These  include  consumption  of  treated  water  and
thoroughly-cooked food and maintenance of waste disposal
systems.

2.0  ENVIRONMENTAL  OCCURRENCE  AND
PERSISTENCE

2.1 Detection Methods

State-of-the-art detection of Blastocystis now relies on
real-time PCR using genomic DNA extracted from faeces.
DNAs can be obtained by one of numerous commercial kits,
and at least three real-time PCRs have been published, two
of which (Poirier et al., 2011; Stensvold et al., 2012) enable
the detection of all the subtypes so far identified in humans
(ST1–ST9).  DNA-based detection may prompt a wish for
subtyping Blastocystis in positive cases, and so the DNA
can also be used for this purpose; here, one of the most
commonly used methods is  “barcoding”,  which relies on
amplification and sequencing of  small  subunit  ribosomal
genes  (Scicluna  et  al.,  2006;  Stensvold  et  al.,  2013).
Sequences  obtained  by  the  barcoding  method  can  be
analysed individually or in bulk, using the above mentioned
online database (www.pubmlst.org/blastocystis) (Stensvold
et  al.,  2012a),  where  both  subtype  and  subtype  allele
information will be provided upon sequence query. This tool
recently  enabled  detailed  epidemiological  analysis  of
Blastocystis from human and non-human primates (Alfellani
et al.,  2013b); although shared subtypes were identified,
potentially  suggesting  overlapping  host  specificity,  the
strains found in human and non-human primates differed,
as evidenced by subtype allele analysis.

For diagnostic purposes, culture of fresh stool using one
or more of a variety of suitable and quite simple media
(Clark and Diamond, 2002) can be used in those settings
where  real-time  PCR  or  PCR  and  sequencing  is  not
available. Although not as sensitive as PCR, culture is a
better  alternative  than  traditional  microscopy  of  faecal
concentrates (Stensvold et al., 2007b; Rene et al., 2009).

The  diagnostic  PCRs  published  so  far  remain  to  be
evaluated  with  regard  to  their  applicability  on  water
samples.

Commercial  assays  are  available,  including  one  for
detection  of  Blastocystis-specific  antigens  in  stool
(CoproELISA  BlastocystisTM,  Savyon  Diagnostics);  the
assay was recently evaluated by Dogruman-Al et al. (2015).
Detection by immunofluorescence (IFA) microscopy using
ParaFlor B™ antibody (Boulder Diagnostics, Boulder, CO)
has been described by Fayer et al. (2012 and 2014).

2.2 Data on Occurrence in the Environment

2.2.1 Raw sewage and sludge

Few  studies  have  reported  direct  evidence  for  the
presence of Blastocystis cysts in wastewater samples. It has
been found that influent and effluent samples from Pakistan
were positive with Blastocystis (Zaman and Khan, 1994).
Suresh et al. (2005) also detected viable cysts in sewage
treatment  plants  from  Scotland  and  Malaysia.  In  vitro
cultivation revealed that 50% the total influent samples and
28%  of  effluents  contained  viable  cysts.  The  study  of
Banaticla  and  Rivera  (2011)  using  in  vitro  cultivation
coupled  with  SSU  rRNA  gene  sequencing  revealed  the
occurrence  of  ST1  and  ST2  from  9  of  62  (14.5%)
wastewater  samples  from  residential,  commercial,
recreational areas and hospitals. Of these, 7 (23%) were
detected in 31 influent samples; whereas two (6%) were
recovered  from  31  effluent  samples.  The  sequence
identities  of  the  isolates  were  also  found  to  be  highly
similar to those found in humans and non-human primates.
The viability of cysts recovered in these studies as revealed
by in vitro cultivation presents evidence of the probability
of waterborne Blastocystis infection.

2.2.2 Surface water

Water samples collected from the Indrawati River and
Sindukhola  River  in  Nepal  showed  the  presence  of
Blastocystis ST1 and ST4; both subtypes were known to
occur in humans and their farm animals within the area.
Results  of  this  study  strongly  imply  the  possibility  of
waterborne zoonotic  transmission of  Blastocystis  (Lee et
al., 2012). Blastocystis was also found in two recreational
rivers  in  Malaysia.  A  positive  correlation  was  found
between coliforms and Blastocystis in river samples (Ithoi
et al., 2011).

2.2.3 Ground waters and drinking waters

Waterborne  outbreaks  of  Blastocystis  have  been
reported  only  in  China  (Wu  et  al.,  2000)  and  Italy
(Guglielmetti  et  al.,  1989).  Nonetheless,  the presence of
Blastocystis in drinking water highlights the possibility of
waterborne transmission of this parasite and the presence
of  cysts  has  been  demonstrated  in  a  number  of
epidemiological surveys. Blastocystis cysts were observed
in 1% of the total 840 potable water samples analysed in
Egypt (El Shazy et al., 2007). Similarly, 10% (one of 10)
water samples collected in a rural community in Argentina

http://www.pubmlst.org/blastocystis
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was  positive  for  Blastocystis  (Basualdo  et  al.,  2007).
Screening of  drinking water  in  La  Planta  urban center,
Argentina resulted in an estimate of finding four cells per
100 liter of water that corresponded to 4.2% probability of
occurrence (Basualdo et al.,  2000).  However,  the use of
direct microscopy with low sensitivity, even with the aid of
staining techniques, as the method of detection in these
studies might have underestimated the actual prevalence of
the cysts from these areas.

The  development  of  molecular  approaches  has
increased  the  detection  sensitivity  for  Blastocystis,
especially in water samples. A study that used sequenced-
tag  primers  demonstrated  ST1  in  tap  water  and  fecal
samples from human subjects, suggesting the former as the
source of human infection (Eroglu and Koltas, 2010). Fecal
and water samples coming from a primary school in central
Thailand  were  also  analyzed  through  direct  PCR  and
sequencing  of  the  SSU rRNA gene.  The  study  revealed
18.9% prevalence with subtypes 1 and 2 detected in human
samples.  ST1 was also detected in water collected from
sources near the school (Leelayoova et al., 2008). Exposure
to  well  water  was  also  linked  to  Blastocystis  infection
among  patients  examined  in  a  Children’s  hospital  of
Pittsburg,  Germany  (O’Gorman  et  al.,  1993).  The
occurrence  of  some  protozoa  in  household  tanks  was
investigated and Blastocystis was found in 12% of the water
samples (Khalifa et al., 2001).

Several studies have also linked human blastocystosis
with  environmental  contamination  and  poor  sanitary  or
personal hygiene practices – factors that could elevate the
environmental  occurrence  of  the  resistant  cysts.
Investigation of gastroenteritis outbreak in Izmer, Turkey
has been linked to a recent heavy rainfall that resulted in
cross-contamination of drinking water pipes with intestinal
parasites,  including  Blastocystis  (Tuncay  et  al.,  2008).
Another survey conducted in Nakhon Ratchasima Province,
Thailand has linked several intestinal parasitic infections,
including blastocystosis with the consumption of unboiled
drinking water (Kitvatanachai et al., 2008). Investigations
of Blastocystis infection in certain children populations in
different areas suggested environmental contamination as
one major factor. Faeces from primary school children from
Chile showed a high prevalence of Blastocystis, reaching up
to 64.3% and this was attributed to fecal contamination of
the  river  (Navarrete  and  Torres,  1994).  Blastocystis
infection was also frequently encountered among children
aged  10  and  below  and  consume  stored  water  in  lid-
covered containers (Seran et al., 2005 as cited by Suresh et
al., 2010). Similarly, Abdulsalam et al. (2012) observed an
estimated  25.7% prevalence  among  300  primary  school
children in rural communities in Pahang state, Malaysia.
The source of the water supply was a significant predictor
of infection in children, alongside the low educational level
of their mothers. A high prevalence of Blastocystis (61.8%)
along with other intestinal parasites was found in persons
residing in houses in Chile with no sanitary feces disposal
system (Torres et al.,  1992). In Yunnan Province, China,
unboiled/ raw drinking water and exposure to pigs were
risk  factors.  Consumption  of  raw  water  was  positively
correlated with  ST1 infections;  while  ST3 with  unboiled
drinking  water  (Li  et  al.,  2007).  A  remarkable  100%

prevalence  of  Blastocystis  was  found  among  children
residing along the Senegal River (El-Safadi et al., 2014).
This community used water from the river and wells for
drinking,  cooking,  and other  household  purposes.  Water
collected from such sources may have been contaminated
with  human  and  animal  wastes  that  contain  the
environmentally-resistant  cysts.

At an army base in Thailand, 334 (36.9%) of 904 stool
samples from army personnel were positive for Blastocystis
(Leelayoova et al., 2004). Consumption of unboiled drinking
water  was  found  to  be  significantly  associated  with
Blastocystis  infection  in  this  cohort.  Similar  to  their
previous study from another army base (Taasmari et al.,
2000), drinking unboiled water presented a higher risk of
acquiring Blastocystis infection. Both studies have provided
strong evidence for the role of waterborne transmission for
this parasite. In addition, preference for unboiled drinking
water also predisposed Orang Asli  tribal  communities in
Malaysia towards infection with Blastocystis (Anuar et al.,
2013).  Blastocystis  was  also  found  the  most  prevalent
intestinal parasite (27.2%) among 504 people surveyed in a
rural community in Argentina. Among the environmental
variables  investigated  in  this  study,  the  presence  of
communal pump and public faucet as possible sources of
drinking water as well as body waste disposal by latrine
were all associated with human blastocystosis (Basualdo et
al.,  2007).  Two parasitological  surveys  among preschool
children in Northern Jordan showed Blastocystis as one of
the most frequent parasites found in stool samples. In these
studies, consumption of contaminated water was suspected
to be the source of infection. For instance, the potential of
Blastocystis for water transmission was suggested due to
association with giardiasis, the infective agent known for
being a waterborne pathogen (Nimri, 1993). Also, children
from rural places that drank untreated rainwater stored in
wells  had  higher  Blastocystis  infection  rates  than  the
children coming from the city (Nimri and Batchoun, 1994).

2.2.4 Seawater and shellfish

Blastocystis cysts were recovered in samples of mussels
(Anodonta anatine) collected from Lake Malta, a municipal
reservoir  in  Poland.  This  finding  demonstrates  the
waterborne nature of Blastocystis and the potential role of
shellfish as a source of Blastocystis (Słodkowicz-Kowalska
et al., 2015).

2.3 Persistence

No data available.

3 .0  REDUCTIONS  BY  SANITATION
MANAGEMENT

3.1 Wastewater Treatment

According to a recent meta-analysis utilizing data from
54 papers,  access to and use of sanitation facilities and
water treatment were found to lower the odds of infection
with  intestinal  protozoa  (Speich  et  al.,  2016).  This
highlights  the  importance  of  improving  water  safety,
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sanitation,  and  hygiene  behavior  to  minimize  spread  of
infectious parasitic agents, including Blastocystis.

3.1.1 Composting of fecal wastes

No data available.

3.1.2 Wastewater treatment facilities

No data available.

3.1.3 Tertiary treatment

No data available.

3.2 Disinfection

3.2.1 Chlorine and ozone

Effects of chemical and physical intervention on cyst
viability  have  been  subject  to  investigation.  The
morphological integrity of the cysts remained intact when
they were placed in distilled water (Zaman, 1994; Zaman et

al., 1995), with cysts able to survive for up to 10 days (Wu
et  a l . ,  2000) .  The  e f fec t  o f  ozonat ion  on  the
viability/infectivity  of  some  parasitic  protists,  including
Blastocystis, was studied by Khalifa et al. (2001). While the
viability  of  Giardia  cysts,  Cryptosporidia  oocysts,  and
microsporidia  were  completely  inactivated  following
exposure to ozonated water at a concentration of 1 ppm for
nine  minutes,  some  Blastocystis  survived  and  remained
infective to laboratory animals (Khalifa et al., 2001). When
exposed to varying concentrations of chlorine, the cysts of
Blastocystis remained viable even at concentration of 2.2
ppm for up to three hours (Zaki  et  al.,  1997).  As such,
routine chlorination set at the standard concentration of 0.5
to 1.0 ppm to disinfect drinking water against vegetative
bacteria and inactivation of viruses was proven ineffective
with regard to metabolically inactivating Blastocystis cysts.
These  studies  indicate  a  highly  resistant  nature  of
Blastocystis  cysts  relative  to  those  of  other  intestinal
protozoa.

3.2.2 Irradiation and UV disinfection

No data available.
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