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lastocystis sp. is a eukaryotic protozoan symbiont 

commonly found in the gut of humans and animals. 

Its role in the gut remains controversial due to 

conflicting reports of its pathogenicity. This paper 

provides a review of its morphology, life cycle, 

potential pathogenicity, subtype diversity, treatment, and 

detection based on latest research.  Studies on Blastocystis sp. in 

the Philippines are also summarized with recommended future 

directions. 
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INTRODUCTION 

 

Blastocystis sp. is the most commonly-encountered eukaryotic 

gastrointestinal symbiont in humans and animals.  Its life cycle 

and role in the gastrointestinal tract, whether it be as a 

commensal or as a parasite, remain unclear despite the 

application of recent advances in molecular and immunological 

methods to Blastocystis sp. research. Much of the current 

knowledge on Blastocystis sp. comes from examination of its 

SSU rRNA gene and culture of pathogenic isolates. There are 

currently 17 known subtypes (STs) of Blastocystis sp. in 

mammals (including humans) and birds (Alfellani et al. 2013a; 

Alfellani et al. 2013b; Alfellani et al. 2013c; Stensvold et al. 

2009a) and 8 non-mammalian and avian STs (NMASTs) (Cian 

et al. 2017; Yoshikawa et al. 2016a) based on SSU rRNA gene 

sequences. Certain isolates, particularly isolate B from a 

diarrheic patient and WR-1 from a laboratory rat, can cause 

apoptosis of cell lines, induce a pro-inflammatory response, and 

penetrate intestinal tissues. 

 

These are all signs of potential pathogenicity that may be 

associated with its proteinase activity. Most of the mammalian 

and avian STs have low host-specificity but some STs can also 

be found in water samples leading to possibilities of zoonotic, 

anthroponotic, and waterborne transmission. Certain STs have 

also been linked to pathogenicity but this still remains unclear 

since different isolates of the same ST demonstrate varying 

pathogenic activity. This paper reviews recent advances in 

Blastocystis sp. morphology, diversity, pathogenicity, life cycle, 

treatment, and detection. Moreover, studies of Blastocystis sp. 

in the Philippines are summarized with recommended future 

directions. 

 

 

MORPHOLOGY AND LIFE CYCLE 

 

The life cycle of Blastocystis sp. has yet to be fully understood. 

Nonetheless, recent studies have shed light on how it is 

transmitted and how it changes from one morphological form to 

another. The symbiont exhibits the following morphologic 

forms: vacuolar, granular, amoeboid, cyst (Stenzel and Boreham 

1996) and a proposed precyst form (Suresh et al. 2009). Results 

of a detailed study of how Blastocystis sp. changes between 

these morphologic forms in an infected patient were presented 

by Suresh et al. (2009). They showed that the spherical vacuolar 

and granular forms are the most distinct and commonly-

encountered form of Blastocystis sp. in fecal smears and in vitro 

cultures. These forms have a size range of 2-200 µm in diameter 

with an average of 4-15 µm.  (Tan 2008). The vacuolar form is 

comprised of a large central vacuole with clumps of 

homogeneous material inside and a cytoplasm with organelles 

concentrated at its peripheral rim (Suresh et al. 2009). The 
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central vacuole accumulates electron dense material during the 

stationary phase of growth suggesting accumulation of lipids 

and carbohydrates for cell growth (Yoshikawa and Hayakawa 

1996). Cysteine proteases that may be related to inducing host 

inflammatory response are also localized in this organelle 

(Puthia et al. 2008). Other organelles include one or more nuclei, 

Golgi apparatus, endosome-like vacuoles, microtubules, and 

mitochondrion-like organelles (MLOs) (Tan 2008). Blastocystis 

sp. axenic cultures require anaerobic conditions to grow (Ho et 

al. 1993) but the MLOs have enzymes and features of both 

mitochondria of aerobic eukaryotes and hydrogenosomes of 

anaerobic eukaryotes (Lantsman et al. 2008). These include 

succinyl-CoA synthetase that is compatible with both GTP and 

ATP activity characteristic of hydrogenosomes (Hamblin et al. 

2008). Features similar to mitochondria include mitochondrial 

DNA, pathways for amino acid metabolism, iron-sulfur cluster 

biogenesis, and translocase of outer membrane (Tom70) 

(Stechmann et al. 2008; Tsaousis et al. 2012; Tsaousis et al. 

2011). These enzymes and pathways were determined from 

MLO genome analysis of Blastocystis sp. Nand II (ST1) 

(Stechmann et al. 2008; Tsaousis et al. 2012; Tsaousis et al. 

2011). MLOs possess cristae visible under an electron 

microscope (Suresh et al. 2009). Raman et al. (2016) also noted 

that isolates from patients with gastrointestinal symptoms tend 

to have more abundant MLOs compared to isolates from 

asymptomatic patients. An outer surface coat or slime layer is 

also observed in cultures of vacuolar/granular forms (Zaman et 

al. 1998) which is hypothesized to be responsible for trapping 

bacteria for nutrition, protection against osmotic shock, and/or 

protection against host innate immune response (Stenzel and 

Boreham 1996; Tan 2008; Tan et al. 2002; Zaman et al. 1999). 

Granular forms are similar in size and shape as the vacuolar 

forms except for dense granules within the central vacuole. 

Homogeneous material within the central vacuole of the 

vacuolar form becomes more compact and dense in the granular 

form (Suresh et al. 2009). The latter form is also possibly an 

intermediate form for producing more viable cells as a survival 

reaction to stress (Dhurga et al. 2016). Non-viable granular 

forms tend to show higher granularity compared to viable 

granular forms (Yason and Tan 2015). The vacuolar and 

granular forms of Blastocystis sp. in pigs have been observed to 

occupy the jejunum and cecum but not the ileum and duodenum 

(Fayer et al. 2014). These occupy the lumen of the gut or attach 

to the intestinal epithelia but no signs of penetration of tissues 

have been observed so far in pigs (Fayer et al. 2014; Wang et al. 

14a). In contrast, in vivo pathogenicity studies in 

immunocompromised mice and rats showed vacuolar forms 

penetrating the intestinal submucosa with sloughing of the 

epithelial layer as well as attachment to intestinal epithelia 

(Abdel-Hafeez et al. 2016b; Elwakil and Hewedi 2010; Hussein 

et al. 2008). 

 

The vacuolar/granular forms of Blastocystis sp. soon adopt a 

more irregular shape as an amoeboid form. This morphologic 

form lacks certain organelles such as Golgi complex, surface 

coat, coated pits, and mitochondria (Suresh et al. 2009). 

Pseudopodia appear as either sharp projections or large round 

projections (Tan and Suresh 2006a) even though this 

morphologic form is non-motile (Tan 2008). Amoeboid forms 

are observed in xenic cultures (Lanuza et al. 1996) after at most 

4 days in liquid media (Tan and Suresh 2006b) suggesting a role 

in phagocytosis of bacteria for additional nutrition necessary for 

encystation (Suresh et al. 2009). These forms can also be 

observed in axenic cultures forming colonies in soft agar media 

(Ng and Tan 1999; Tan et al. 1996; Valido and Rivera 2007). 

The amoeboid form is the proposed pathogenic form of 

Blastocystis sp. although different studies show varying 

associations with symptoms of pathogenicity in infected patients. 

For example, Tan and Suresh (2006b) observed the presence of 

this morphologic form in 10 symptomatic patients and noted its 

absence in 10 asymptomatic patients while Katsarou-Katsari et 

al. (2008) found the amoeboid form in a patient with urticaria. 

In contrast, Souppart et al. (2009) reported its presence in a 

single symptomatic patient and in two asymptomatic patients. 

As a consequence, further investigation is needed to ascertain 

the role of the amoeboid form in pathogenicity. 

 

The precystic form has been reported in earlier studies as a 

highly refractile cyst-like stage with a thick, fuzzy coat 

surrounding the organism and with a vacuole formed within the 

protozoan (Singh et al. 1995; Suresh et al. 1994). This precystic 

stage was induced in vitro by incubating Blastocystis sp. 

vacuolar/granular forms in encystation medium, consisting of 

saline solution with yeast extract and 50% horse serum, with 

bacterial soluble products of Proteus vulgaris (Suresh et al. 

1993). Tan (2004) added this ‘intermediate cyst’ stage to a 

proposed life cycle of Blastocystis sp. Its presence was 

confirmed by a detailed electron microscope study of the 

morphology of an oval precystic stage (Suresh et al. 2009). It 

was characterized by the formation of ribosome-like particles 

resulting in a dense cytoplasm and of a homogeneous electron-

dense fuzzy coat, and disappearance of the central vacuole. This 

description was similar to that of the precystic stage induced by 

in vitro encystation of Suresh et al. (1993) and Singh et al. 

(1995) except for the absence of a central vacuole. Further study 

is required to confirm whether these are indeed the same 

morphological forms.  

 

The cyst form is the transmissible form as demonstrated in in 

vivo experiments by oral inoculation of Wistar rats (Iguchi et al. 

2007; Yoshikawa et al. 2004d), chicken (Iguchi et al. 2007; 

Tanizaki et al. 2005), quails, geese (Tanizaki et al. 2005), and 

BALB/c mice (Moe et al. 1997). The in vitro-induced cyst-like 

form of Suresh et al. (1993) can also infect Wistar rats via oral 

inoculation. The cyst stage is relatively small at 3-5 µm in 

diameter distinguished by a spherical to oval dense body bound 

by a three-layered cyst wall with a loose outer surface and 

containing 1-4 nuclei, glycogen deposits, and small vacuoles 

(Parija and Jeremiah 2013; Suresh et al. 1993; Tan 2008; Zaman 

1994). Likewise, present is a pore probably for excystation 

(Suresh et al. 2009). Cyst forms are also resistant to osmotic and 

temperature-related stress and can survive up to 19 days in water, 

a month at 25°C, and 2 months at 4°C (Parija 2013; Tan 2008). 

Blastocystis sp. has been observed to adopt the cyst form in 

BALB/c mice to avoid host immune response (Zhou et al. 2010). 

Bacteria are suspected of playing a role in inducing encystment 

(Suresh et al. 1993; Suresh et al. 2009). 

 

 

REPRODUCTION 

 

Binary fission is the most commonly-observed form of 

reproduction of Blastocystis sp. Other forms of reproduction, 

such as budding, plasmotomy and schizogony, have been 

proposed by Govind et al. (2002) based on light microscopy and 

DNA staining. However, Blastocystis reproduction has become 

a subject of debate due to lack of electron microscopy results 

and use of stress-induced conditions, such as metronidazole 

treatment, (Govind et al. 2003, Tan and Stenzel 2003, Windsor 

et al. 2003).  Plasmotomy and budding have since been observed 

with scanning electron microscopy and DNA staining in 

Blastocystis sp. vacuolar forms under xenic conditions (Zhang 

et al. 2012). Additionally, Tan and Suresh (2007) have also 

observed plasmotomy in amoeboid forms using transmission 

electron microscopy. Thus, binary fission, budding, and 

plasmotomy are the only forms of reproduction observed in 

Blastocystis sp. with sufficient evidence from light and electron 

microscopy and DNA staining (Yamada and Yoshikawa 2012). 
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Growth in xenic culture may have an influence on viability and 

reproduction of other non-vacuolar forms of Blastocystis sp. 

Amoeboid forms were the most commonly-observed 

morphologic forms in a xenic culture from a symptomatic 

patient (Tan and Suresh 2006b) with plasmotomy as a form of 

reproduction (Tan and Suresh 2007). Yamada and Yoshikawa 

(2012) also observed plasmotomy and budding in xenic 

Blastocystis sp. cultures. In contrast, Yason and Tan (2015) have 

shown that amoebic and granular forms of axenic ST1 

Blastocystis sp. are non-viable and can be artifacts. The same 

study also showed that granular forms of axenic ST1, ST4, and 

ST7 cultures have lower viability with increasing granularity. A 

variety of forms of reproduction have been proposed for 

Blastocystis sp. but only a few have been confirmed. Caution 

should be practiced in identifying forms of reproduction since 

microscopy results may be misinterpreted. It is best that 

conclusions are made after confirming results using various 

methods, such as light and electron microscopy and nuclear 

DNA staining. Moreover, it is recommended that the ST of the 

culture used and conditions, whether xenic or axenic, are 

indicated. Other microorganisms may have a role in inducing or 

maintaining the viability of the other morphological forms. 

Observations on xenic culture may provide an insight into the 

viability of Blastocystis sp. in the gut microbiota. 

 

 

TAXONOMY AND DIVERSITY 

 

Examination of the full SSU rRNA gene sequence of 

Blastocystis sp. revealed much about the organism in terms of 

phylogenetics. It was previously considered a yeast but after a 

phylogenetic analysis of the gene, it was classified as a Protozoa 

and grouped with other Stramenopiles, particularly in the 

Heterokonta with the commensal Proteromonas lacertae (Noël 

et al. 2003; Tan et al. 2002). Intra-species classification, 

previously based on several criteria such as electrophoretic 

karyotypes, random fragment length polymorphism (RFLP) 

patterns of SSU rRNA gene, and protein profiles (Tan et al. 

2002), has led to several types of intra-species groupings (e.g., 

groups, ribodemes, clades) that made comparison of results 

difficult. Consequently, Stensvold et al. (2007b) suggested the 

use of a consensus terminology based on STs from full SSU 

rRNA gene sequences of isolates from mammals and birds. 

Examination of this gene revealed the existence of 17 STs that 

can infect various species of mammals and birds leading to 

possibilities of zoonotic and anthroponotic transmission 

(Alfellani et al. 2013a; Alfellani et al. 2013b; Alfellani et al. 

2013c; Noël et al. 2005; Rivera 2008; Stensvold et al. 2009a; 

Yoshikawa et al. 2004b). Previously, Blastocystis sp. isolates 

were assigned species epithets based on their host, e.g., 

Blastocystis hominis in humans, Blastocystis ratti in rodents. 

However, surveys from various hosts have shown low host-

specificity of the various STs (Abe 2004; Noël et al. 2005; Noël 

et al. 2003; Rivera 2008). Thus, mammalian and avian samples 

belonging to the 17 STs are now referred to as ‘Blastocystis sp.’ 

and sometimes indicating its known ST (e.g. Blastocystis sp. 

ST1). Sequencing of partial sequences and the use of ST-specific 

primers have also been used for ST identification. The most 

widely-used barcoding sequence is the 600 bp sequence of the 

5’-end of the SSU rRNA gene amplified by the primers RD5 and 

BhRDr (Scicluna et al. 2006). The sequence-tagged site (STS) 

primers (Yoshikawa et al. 2004c) are ST-specific although these 

are limited only to identification of ST1-ST9 but have the 

advantage of identifying individual STs in mixed ST infections 

(Stensvold 2013b; Yoshikawa and Iwamasa 2016).  

 

A series of studies has recently analyzed all available data on 

STs present in both humans and animals worldwide at the time 

based on both SSU rRNA gene sequences and STS primers 

(Alfellani et al. 2013a; Alfellani et al. 2013b; Alfellani et al. 

2013c). The results showed that ST1 to ST9 have been detected 

in humans with ST1 to ST4 as the most commonly encountered 

while ST9 so far has been identified only in humans (Alfellani 

et al. 2013b). Moreover, ST prevalence patterns were also found 

on different animal groups (Alfellani et al. 2013a; Alfellani et al. 

2013c). New data on human Blastocystis sp. ST prevalence have 

become available after  studies compiled by Alfellani et al. 

(2013b)  showed the predominance of ST1-ST4 in both 

symptomatic and asymptomatic patients from Brazil (David et 

al. 2015), Colombia (Ramirez et al. 2014; Sánchez et al. 2017), 

Ecuador (Helenbrook et al. 2015), Egypt (El-Fetouh et al. 2015), 

France (El Safadi et al. 2016), India (Das et al. 2016; Pandey et 

al. 2015), Indonesia (Yoshikawa et al. 2016b), Iran 

(Alinaghizade et al. 2017; Badparva et al. 2016; Khademvatan 

et al. 2017; Khoshnood et al. 2015), Ireland (Scanlan et al. 2014), 

Italy (Mattiucci et al. 2015), Lao People’s Democratic Republic 

(Sanpool et al. 2017), Lebanon (El Safadi et al. 2013), Libya 

(Abdulsalam et al. 2013), Malaysia (Nithyamathi et al. 2016), 

Mexico (Villegas-Gómez et al. 2016), Netherlands (Bart et al. 

2013), North Cyprus (Seyer et al. 2017), the Philippines (Adao 

et al. 2016a; Belleza et al. 2016), Qatar (Abu-Madi et al. 2015), 

Senegal (El Safadi et al. 2014), Tanzania (Forsell et al. 2016), 

Thailand (Jantermtor et al. 2013; Palasuwan et al. 2016; Popruk 

et al. 2015; Sanpool et al. 2015; Thathaisong et al. 2013), Tunisia 

(Abda et al. 2017), Turkey (Dogan et al. 2017), and the United 

States of America (Scanlan et al. 2016). Among the four most 

common STs, ST3 was the most commonly-identified ST in 

humans worldwide (Alfellani et al. 2013b), a  trend that was 

evident in most of the more recent surveys in asymptomatic 

populations and routine outpatient clinics in Africa (Abda et al. 

2017), Europe (Bart et al. 2013; Scanlan et al. 2014), Southeast 

Asia (Adao et al. 2016a; Jantermtor et al. 2013; Nithyamathi et 

al. 2016; Palasuwan et al. 2016; Popruk et al. 2015), West Asia 

(Abu-Madi et al. 2015; Alinaghizade et al. 2017; Dogan et al. 

2017; Khademvatan et al. 2017), and the Indian subcontinent 

(Pandey et al. 2015). Moreover, it is also the most commonly-

encountered ST in patients with irritable bowel syndrome (IBS) 

(Das et al. 2016; Ramirez et al. 2014) as well as in patients 

showing symptoms of gastrointestinal diseases such as diarrhea 

and flatulence (El Safadi et al. 2014; Jones et al. 2009; Mattiucci 

et al. 2015; Sanpool et al. 2015; Souppart et al. 2010; Wong et 

al. 2008). However, this does not imply that ST3 is the only 

pathogenic ST or that all ST3 isolates are pathogenic. The other 

three most common STs in humans, ST1, ST2, and ST4, have 

also been associated with gastrointestinal symptoms (El-Fetouh 

et al. 2015; Eroglu et al. 2009; Jimenez-Gonzalez et al. 2012; 

Moosavi et al. 2012; Ramirez et al. 2014; Souppart et al. 2009; 

Stensvold et al. 2011; Whipps et al. 2010). Since ST1 to ST4 are 

the most commonly-found STs in both symptomatic and 

asymptomatic patients, more studies are necessary to determine 

their association with pathogenicity. 

 

Certain STs are commonly encountered in various animal 

groups. Alfellani et al. (2013c) compiled most of the available 

ST data at the time and found that ST6 and ST7 are most 

commonly identified in birds, ST4 in rodents and marsupials, 

and ST5 and ST10 in Artiodactyls (e.g., pigs, sheep, deer, cattle) 

(Alfellani et al. 2013c; Stensvold et al. 2009a). Moreover, ST1 

was the most commonly identified ST in non-human primates 

(Alfellani et al. 2013a). Subsequently, first reports of 

Blastocystis sp. infection in snow leopard, grey kangaroo, red 

kangaroo, and ostrich have appeared (Roberts et al. 2013). Novel 

ST-host associations have also been reported including ST1 and 

ST3 infections in cattle and ST8 in marsupials (Ramirez et al. 

2014), ST11 in elephants and ST12 in giraffes (Roberts et al. 

2013), ST7 in pigs and ST14 in goat (Adao et al. 2016b), and 

ST6 in cattle (Badparva et al. 2015). Reptiles, insects 

particularly cockroaches, amphibians, and bivalves also host 
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Blastocystis sp. Reptilian and insect isolates are referred to as 

different species compared to the 17 STs in mammalian and 

avian samples (e.g., Blastocysis cycluri, Blastocystis pythoni) 

due to differences in SSU rRNA gene sequences and in optimal 

growth temperature requirements. The SSU rRNA gene 

sequences of poikilothermic animal isolates formed separate 

clusters from those of the 17 mammalian and avian STs 

(Alfellani et al. 2013c). However, a recent phylogenetic analysis 

of Yoshikawa et al. (2016a) after addition of 12 new full SSU 

rRNA gene sequences of poikilothermic animal isolates showed 

formation of three reptilian clusters. Additionally, their study 

also indicated possible grouping of cockroach samples with 

ST17 and reptilian and amphibian isolates with ST15. More 

sequences from poikilothermic animal isolates may reveal new 

separate clusters that may be closely related to ST15 and ST17. 

Moreover, reptile, amphibian, and cockroach isolates do not 

grow optimally at 37°C. Reptilian isolates showed optimum 

growth at a room temperature of 24°C (Singh et al. 1996; Teow 

et al. 1992) but Blastocystis cycluri from iguana can tolerate 

incubation at 37°C (Yoshikawa et al. 2004b). Amphibian 

isolates also grew best at room temperature (Yoshikawa et al. 

2004a) although an amphibian isolate (AFJ96-H1) showed 

optimum growth at 31 and 34°C (Yoshikawa et al. 2004b). On 

the other hand, cockroach isolates had optimum growth at both 

25 and 37°C (Zaman et al. 1993). Blastocystis sp. has also been 

identified in mollusks particularly the marine bivalve Donax sp. 

(Pérez-Cordón et al. 2007) and the freshwater bivalve Anodonta 

anatina (Słodkowicz-Kowalska et al. 2015). However, both 

studies only reported microscopic identification of Blastocystis 

sp. in the gills and/or feces of these bivalves without any PCR 

verification or ST identification. 

 

The abovementioned studies showed that Blastocystis sp. as a 

species is genetically diverse with a wide host range. Certain 

patterns of ST host-specificity are being discovered as more 

subtyping studies are done. Moreover, host range is definitely 

not limited to vertebrates, especially mammals and birds, as new 

evidence reveals more new subtypes in non-mammalian and 

non-avian hosts. 

 

 

ZOONOTIC AND WATERBORNE TRANSMISSION 

 

The low host-specificity and presence of cysts in water indicate 

possible zoonotic and waterborne transmission of Blastocystis 

sp. Animal handlers, pet owners, and people who have access to 

contaminated water are at risk of possible infections. Lee et al. 

(2012) found Blastocystis sp. ST4 in humans, pigs and buffaloes, 

and in a nearby river water in a village in Nepal indicating 

possible zoonotic and waterborne transmission. Salim et al. 

(1999) noted a high degree of association between Blastocystis 

sp. infection and animal handlers as compared to asymptomatic 

individuals residing in high-rise flats in Malaysia with little to 

no contact with animals. Li et al. (2007b) also reported 

association between pig ownership and Blastocytis sp. infection 

among villagers in Yunnan province in China. Identification of 

similar Blastocystis sp. STs in both animals and their respective 

animal handlers provided further evidence of zoonotic 

transmissions. Alfellani et al. (2013a) reported the presence of 

ST8 in zookeepers handling zoo primates commonly infected by 

this ST. Zookeepers in Perth zoos in Australia were also found 

to have Blastocystis sp. STs similar to those found in wombats 

and primates under their care (Parkar et al. 2007; Parkar et al. 

2010). Yoshikawa et al. (2009) identified Blastocystis sp. ST1 

and ST2 in children and rhesus monkeys living in the same area 

in Kathmandu, Nepal. Moreover, Rivera (2008) also found 

similar Blastocystis sp. STs in pigs and monkeys and their 

respective human handlers indicating possible zoonotic or even 

anthroponotic transmission. Yan et al. (2007) identified 

Blastocystis sp. ST5 in pigs and their owners/handlers in several 

Chinese provinces. Companion animals, e.g., pets are also 

possible sources of Blastocystis sp. zoonotic transmission. 

Belleza et al. (2015) noted that dog ownership is a risk factor in 

the acquisition of Blastocystis sp.  Several recent studies on ST 

identification of Blastocystis sp. in dogs (Osman et al. 2015; 

Wang et al. 2013) showed that domestic dogs also carry 

Blastocystis sp. particularly ST1, ST2, ST4, ST5, ST6, and ST10. 

Only ST10 is not known to infect humans. Parkar et al. (2007) 

identified ST5 in a villager and a dog both residing in a village 

in Thailand indicating the possibility of dogs as sources of 

zoonotic transmission of Blastocystis sp.  

 

Waterborne transmission of Blastocystis sp. has been associated 

with consumption of untreated water (Abdulsalam et al. 2012; 

Anuar et al. 2013; Helenbrook et al. 2015; Lee et al. 2012; 

Leelayoova et al. 2004; Li et al. 2007b; Nimri and Batchoun 

1994; Nimri 1993; Taamasri et al. 2002). Viable cysts have been 

reported in wastewater (Banaticla and Rivera 2011; Suresh et al. 

2005), river water (Ithoi et al. 2011; Lee et al. 2012) and drinking 

water (Leelayoova et al. 2008) and identified as ST1 (Banaticla 

and Rivera 2011; Lee et al. 2012; Leelayoova et al. 2008), ST2 

(Banaticla and Rivera 2011), and ST4 (Lee et al. 2012). In some 

of these studies, the presence of similar Blastocystis sp. STs in 

both water sample and people utilizing the water source was 

noted adding evidence to waterborne transmission (Lee et al. 

2012; Leelayoova et al. 2008). In particular, Leelayoova et al. 

(2008) identified Blastocystis sp. ST1 in 77.9% of 

schoolchildren attending a primary school in central Thailand as 

well as in the water supply of the school. Moreover, the presence 

of viable Blastocystis sp. in both influent and effluent 

wastewater may indicate an inadequate treatment process 

(Banaticla and Rivera 2011). Thus, wastewater leaks are 

possible sources of waterborne transmission. 

 

Identification of similar Blastocystis sp. STs between two hosts, 

or sources in the case of water samples, can imply possible 

transmission of the protozoan between these hosts or sources. 

However, this may not always be the case since Blastocystis sp. 

also exhibits intra-ST diversity. For instance, Blastocystis sp. 

ST3 found in a certain population of people may be genetically 

distinct from those found in another population. Genetic 

diversity analyses of the SSU rRNA gene region of Blastocystis 

sp. have been recently used to analyze cryptic host diversity and 

specificity (Vargas-Sanchez et al. 2015; Villegas-Gomes et al. 

2016; Villanueva-Garcia et al. 2017). Tests, such as nucleotide 

diversity (π), haplotype polymorphism (θ), gene flow (Nm), 

genetic differentiation index (FST), and Tajima’s D test, have 

elucidated intra-ST diversity of Blastocystis sp. between 

populations of hosts carrying the protozoan. For example, the 

same ST1 population was found and transmitted between 

populations of howler monkeys but the identified ST2 

populations were genetically distinct in these same populations 

of howler monkeys (Villanueva-Garcia et al. 2017). Likewise, 

Blastocystis sp. in children in Mexico were more genetically 

distinct than those in adults implying that adults are more likely 

to transfer Blastocystis sp. to other adults compared to children 

(Villegas-Gomes et al. 2016). Another study showed that 

Blastocystis sp. from IBS patients are less genetically diverse 

compared to those in asymptomatic populations implying that 

only certain populations are found in IBS patients (Vargas-

Sanchez et al. 2015). 

 

The host range of Blastocystis sp. could be related to the 

pathogen’s genetic diversity.  Certain patterns of host-specificity 

that have been uncovered are reported in the previous section. In 

this section elucidated on certain STs, particularly ST1, that are 

considered generalists and possibly are transmitted among 

different hosts through waterborne transmission. Genetic 

diversity studies can reveal not only patterns of host range but 
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also possible routes of transmission.  This kind of information is 

particularly useful in assessing risks of infection.  

 

 

PATHOGENICITY 

 

Blastocystis sp. has been associated with a variety of diseases 

over the years. It is  prominently associated with gastrointestinal 

disorders, such as diarrhea and abdominal pain (Andiran et al. 

2006; Cabrine-Santos et al. 2015; Cirioni et al. 1999; Garavelli 

et al. 1991; Ghosh et al. 1998; Gil et al. 2016; Jerez Puebla et al. 

2014; Karasartova et al. 2015; Kaya et al. 2007; Rajič et al. 2015; 

Rao et al. 2003; Tan and Suresh 2006b; Taşova et al. 2000; 

Vogelberg et al. 2010), IBS (Azizian et al. 2016; Fouad et al. 

2011; Lepczyńska et al. 2016; Nourrisson et al. 2014; Yakoob et 

al. 2010a, b; Yakoob et al. 2004), and with appendicular 

peritonitis (Fréalle et al. 2015). Immuno-compromised patients, 

such as cancer and AIDS patients (Cirioni et al. 1999; Tan et al. 

2009), iron deficiency anemia patients (El Deeb and Khodeer 

2013), and those recovering from surgery or treatment (e.g., 

chemotherapy, renal transplant) (Ghosh et al. 1998; Gil et al. 

2016; Karasartova et al. 2015; Rao et al. 2003; Taşova et al. 

2000) are commonly reported to be at risk of pathogenic 

Blastocystis sp. infection. Blastocystis sp. has also been 

associated with presence of non-gastrointestinal related 

disorders. Most prominent of these are skin lesions and urticaria 

(Bálint et al. 2014; Casero et al. 2015; Katsarou-Katsari et al. 

2008; Pasqui et al. 2004; Rajič et al. 2015; Valsecchi et al. 2004; 

Vogelberg et al. 2010) as well as Hashimoto’s thyroiditis (Rajič 

et al. 2015), and formation of splenic cysts (Santos et al. 2014). 

However, other studies found no correlation between 

Blastocystis sp. infection and gastrointestinal disorders 

(Alinaghizade et al. 2017; Chen et al. 2003; Coskun et al. 2016; 

Dogan et al. 2017; Khademvatan et al. 2017; Rossen et al. 2015; 

Surangsrirat et al. 2010; Thamrongwittawatpong and 

Surangsrirat 2006). In fact, Blastocystis sp. is also commonly 

encountered in asymptomatic patients (Anuar et al. 2013; 

Pegelow et al. 1997; Santos and Rivera 2013; Velasco et al. 

2011; Yaicharoen et al. 2005). Thus, this gastrointestinal 

protozoan is equally common in both symptomatic and 

asymptomatic patients. Most notably, El Safadi et al. (2014) 

reported Blastocystis sp. infection in all 93 children sampled 

with or without gastrointestinal disorders in the Senegal River 

basin area. Blastocystis sp. may even be a normal part of a 

healthy human gut flora (Lukeš et al. 2015). These discrepancies 

in associations make it difficult to assess the pathogenicity of 

Blastocystis sp. based on simple correlations with disease 

presence. Nonetheless, pathogenic isolates of Blastocystis sp. 

have been identified. The two most extensively studied 

pathogenic isolates are isolate B (ST7) from a symptomatic 

patient from Singapore and WR-1 (ST4) from a laboratory rat. 

In vitro and in vivo experiments on these two isolates have 

shown possible mechanisms and pathogenic effects of 

Blastocystis sp. on host intestines. The more prominent signs of 

pathogenicity of the organism are induction of apoptosis (Puthia 

et al. 2006; Walderich et al. 1998) and infiltration of host 

intestinal tissues (Abdel-Hafeez et al. 2016b; Elwakil and 

Hewedi 2010; Iguchi et al. 2009; Moe et al. 1997). In addition, 

Chandramathi et al. (2010c) also observed high levels of 

hyaluronidase, which is produced by nematodes and Entamoeba 

histolytica for infiltration of host skin and gut in rats. In contrast 

to these apoptotic effects, proliferation of human colonic cancer 

cell line HCT116 when incubated with Blastocystis sp. have 

been observed (Chan et al. 2012; Chandramathi et al. 2010a; 

Kumarasamy et al. 2013) leading to suspicions of Blastocystis 

sp. as a cause of colon cancer. However, this remains under 

investigation.  

 

Vacuolar cells of Blastocystis sp. have been observed in in vitro 

studies to cause disruption of intestinal epithelial monolayer and 

of occluding tight junctions (ZO-1), and increased membrane 

permeability (Mirza et al. 2012; Wu et al. 2014a; Wu et al. 

2014b). Blastocystis sp. can induce apoptosis of human 

adenocarcinoma HT-29 and Chinese hamster ovary cell lines 

(Walderich et al. 1998), IEC-6 rat intestinal epithelial cell lines 

(Puthia et al. 2006), and Caco-2 human colonic cancer cell lines 

(Wu et al. 2014b). Blastocystis sp. isolate B induces apoptosis 

of cell lines through activation of caspase-3 and caspase-9 (Wu 

et al. 2014b) and rho-kinase and HMG-CoA of host cells (Mirza 

et al. 2012). Moreover, this isolate can also adhere to Caco-2 

cells leading to epithelial barrier dysfunction of the host cells 

(Wu et al. 2014a). In contrast, Puthia et al. (2006) observed 

contact-independent mechanism of inducing apoptosis to IEC-6 

rat cell lines of Blastocystis sp. WR-1.  

 

In vivo infection experiments showed that Blastocystis sp. can 

cause mucosal sloughing and inflammatory response in mice 

and rats through infiltration of the lamina propria (Elwakil and 

Hewedi 2010; Hussein et al. 2008; Li et al. 2013; Pavanelli et al. 

2015). In particular, Blastocystis sp. isolate B and isolate H 

(ST7) have been observed to attach to and degrade mucin 

leading to disruption of crypt architecture and goblet cell loss in 

infected C57/BL6 mice previously treated with 2% DSS 

(Dextran sodium sulfate) (Ajjampur et al. 2016). Rats, instead of 

mice, are recommended as animal models since they are natural 

hosts of Blastocystis sp. but screening for current infection prior 

to start of experiments is required (Ajjampur and Tan 2016). 

Older mice are refractory to Blastocystis sp. (Ajjampur and Tan 

2016) requiring induction of mild colitis using 2% DSS prior to 

infection (Ajjampur et al. 2016).  They can also be utilized as 

immunosuppressed individuals in pathogenicity experiments 

(Abdel-Hafeez et al. 2016b). Nonetheless, Blastocystis sp. from 

symptomatic patients have been observed infiltrating the lamina 

propria of immunocompetent mice in in vivo pathogenicity 

assays (Elwakil and Hewedi 2010; Pavanelli et al. 2015). Further, 

mice may also be more suitable for immunology studies as the 

possibility of rats exhibiting prior immunity to Blastocystis sp. 

can lead to errors (Ajjampur and Tan 2016). Pigs have also been 

used for observation of pathogenicity.  Similar to rats, healthy 

pigs are naturally infected with Blastocystis sp. with no signs of 

damage to their intestines (Fayer et al. 2014; Wang et al. 2014a). 

Anti-Blastocystis sp. IgA have also been observed more often in 

stool samples of immunosuppressed swine than in healthy swine 

(Wang et al. 2014b). Iguchi et al. (2007) also observed that not 

all human isolates of Blastocystis sp. of similar ST can infect 

chickens and rats. In their study, rats and chickens were 

inoculated with two cysts each of human isolates belonging to 

ST2, ST3, ST4, and ST7. Only one isolate each of ST4 and ST7 

successfully infected both chickens and rats while the other two 

isolates of same STs and both ST2 isolates infected only 

chickens. Both ST3 isolates failed to infect both chickens and 

rats. Thus, caution should be observed when choosing a suitable 

animal model.  

 

Pathogenicity may also vary among isolates of the same ST. 

Isolates from symptomatic patients have been observed to cause 

mucosal sloughing, inflammatory cell infiltration, and 

infiltration of lamina propria in mice (Abdel-Hafeez et al. 

2016b; Elwakil and Hewedi 2010; Moe et al. 1997; Pavanelli et 

al. 2015) and rats (Chandramathi et al. 2014; Hussein et al. 2008; 

Iguchi et al. 2009). Specifically, Ajjampur et al. (2016) 

demonstrated that Blastocystis sp. isolates B and H from 

symptomatic patients are capable of infiltrating the intestinal 

tissues of C57/BL6 mice after inducing colitis with 2% DSS 

leading to death. Isolates from stool samples of infected mice in 

this study were also capable of infecting and causing tissue 

damage in other mice. Blastocystis sp. ST1 and ST3 from 
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symptomatic individuals have also been observed to cause tissue 

damage in Wistar rats (Hussein et al. 2008; Li et al. 2013). In 

contrast, isolates from asymptomatic individuals are weakly 

pathogenic or show no signs of pathogenicity in in vitro and in 

vivo assays. For instance, Hussein et al. (2008) observed that 

ST3 isolates from asymptomatic individuals were weakly 

pathogenic to Wistar rats while isolates from symptomatic 

individuals of the same ST caused tissue damage. Different ST7 

isolates also exhibited different degrees of epithelial 

permeability in Caco-2 cells (Wu et al. 2014a) and tissue damage 

in C57/BL6 mice (Ajjampur et al. 2016). Moreover, Blastocystis 

sp. RN94-9 (ST4) did not cause mucosal sloughing in laboratory 

rats in inoculation experiments (Iguchi et al. 2009) and 

Blastocystis sp. Nand II (ST1) also did not exhibit cytopathic 

effects when incubated with colonic epithelial cell lines HT-29 

and T-84 (Long et al. 2001). In addition, pathogenic effects may 

be host-specific. Wu et al. (2014b) observed epithelial layer 

disruption and apoptosis of human colonic cancer cell line Caco-

2 cells by isolate B isolated from a human host but not by WR-

1 isolated from rat.  

 

Proteases both excreted or on the cell surface of Blastocystis sp. 

are suspected virulence factors and their activity may determine 

pathogenicity of an isolate. Cysteine proteases localized in the 

central vacuole (Puthia et al. 2008) are alleged to cause apoptosis 

and membrane permeability of host cells (Mirza et al. 2012). 

Serine, cysteine, and/or metalloproteases of Blastocystis sp. are 

possibly linked to increased paracellular permeability and 

perturbation of tight junctions of gut epithelial cells observed in 

biopsies of IBS patients (Poirier et al. 2012). High protease 

activity of Blastocystis sp. is suspected of causing IBS 

(Lepczyńska et al. 2016). Results of studies on cysteine protease 

activity of pathogenic strains correlated well with those from 

separate studies on in vitro and in vivo pathogenicity. Azocasein 

assays showed higher cysteine protease activities in Blastocystis 

sp. isolate B and ST3 isolates from symptomatic patients than in 

WR-1 and ST3 isolates from asymptomatic patients (Abdel-

Hameed and Hassanin 2011; Mirza and Tan 2009; Rajamanikam 

and Govind 2013; Sio et al. 2006). Moreover, a 32 kDa protease 

has been implicated as a possible virulence factor (Abdel-

Hameed and Hassanin 2011). Higher protease activities have 

also been observed in relation to neutral pH (Sio et al. 2006) and 

presence of amoebic forms of Blastocystis sp. (Rajamanikam 

and Govind 2013). Cysteine proteases, such as legumain and 

cathepsin B, are suspected virulence factors that may have 

immunomodulatory effects on human hosts (Ajjampur and Tan 

2016). Variations in cysteine protease activity and protein 

sequence may be related to pathogenicity of Blastocystis sp. 

although further study is needed. 

 

Certain isolates of Blastocystis sp. can cause host inflammatory 

response notably in cytokine production. Infection with the 

protozoa causes pro-inflammatory cytokine production (e.g., IL-

8, IL-6) of colon cells (Abdel-Hafeez et al. 2016b; Chan et al. 

2012; Chandramathi et al. 2010a; Chandramathi et al. 2010c; 

Iguchi et al. 2009; Kumarasamy et al. 2013; Puthia et al. 2008) 

through NF-κB (Chandramathi et al. 2010a; Puthia et al. 2008) 

and mitogen-activated protein (MAP) kinases (Lim et al. 2014). 

In contrast, Teo et al. (2014) reported NF-κB inhibition in 

monocytic cell line THP1-Blue. Moreover, Ragavan et al. 

(2015) reported that IBS patients infected with Blastocystis sp. 

also have elevated levels of IL-8 expression compared to IBS 

patients that are not infected with the protozoan. Blastocystis sp. 

infections also cause elevated productions of IgA in the 

intestinal lumen of pigs (Wang et al. 2014a) and BALB/c mice 

(Abdel-Hafeez et al. 2016b; Santos and Rivera 2009). In contrast, 

humans infected with Blastocystis sp. have low serum IgA 

(Nagel et al. 2015). Coincidentally, Blastocystis sp. WR-1 can 

also degrade human IgA (Puthia et al. 2005) but its relation to 

low serum IgA in patients infected with Blastocystis sp. remains 

a topic for further study. In addition, Blastocystis sp. infections 

are also known to cause oxidative damage to host gut 

(Chandramathi et al. 2010b), induce IgE production 

(Chandramathi et al. 2014), and activate Toll-like receptors, 

TLR-2 and TLR-4 (Teo et al. 2014). 

 

Adding more controversy to the pathogenicity of Blastocystis sp. 

are more recent studies showing that this protozoan is part of 

normal gut microbiota and may even be beneficial to the host. It 

is already suggested that Blastocystis sp. along with other gut 

eukaryotes should be referred to as ‘symbionts’ rather than as 

‘parasites’ due to their varying effects on the human gut as 

affected by factors such as gut microbiome composition, diet of 

host, and health of host (Lukeš et al. 2015). In this review, the 

definition of Leung and Polin (2008) was used for the term 

‘symbiosis’ which is an intimate relationship between two 

organisms regardless of the outcome whether it would be 

beneficial, neutral, or detrimental. Thus, the term ‘symbiont’ 

encompasses all forms of symbiosis – mutualism, 

commensalism, and parasitism – and is not limited to a 

beneficial relationship to both host and microorganism. 

Identification of gut bacterial diversity and species richness 

using methods such as Next Generation Sequencing (NGS) has 

led to more information on association of certain bacteria with 

Blastocystis sp. However, results of such studies have again 

raised more questions rather than answers in determining the 

role of this eukaryote in the human gut. Nourrisson et al. (2014) 

reported association of Blastocystis sp. colonization with IBS 

class C that is associated with constipation. The use of 

quantitative PCR with specific primers in this study showed a 

decrease in abundance of the butyrate-producing bacteria 

Faecalibacterium prausnitzii. On the other hand, Audebert et al. 

(2016) found contrasting results. NGS results comparing gut 

bacterial diversity of 48 Blastocystis-colonized and 48 

Blastocystis-free patients indicated an association of the gut 

eukaryote with higher gut bacterial diversity and species 

richness. Results of the study also showed more abundant 

Faecalibacterium and Roseburia as well as members of the 

Clostridia, Ruminococcaceae, and Prevotellaceae in 

Blastocystis-colonized individuals.  Andersen et al. (2015) also 

observed similar associations of Blastocystis sp. carriage with 

dominance of Prevotella and Ruminococcus enterotypes. Their 

results showed that carriage of Blastocystis sp. may not be 

associated only with species richness but with the presence of 

certain Prevotella or Ruminococcus enterotypes as well 

(Andersen et al. 2015). All 9 patients positive for Blastocystis sp. 

in the study of Nourrisson et al. (2014) were colonized by ST4 

with one patient having a ST4 and ST2 co-infection. Similarly, 

Andersen et al. (2015) noted that most of the Blastocystis sp. 

identified in their study was ST4 (21/58). The rest were ST3 

(12/58), ST2 (11/58), ST1 (8/58), or mixed (6/58). ST 

identification was not performed in the study of Audebert et al. 

(2016). It is not yet determined whether Blastocystis sp. 

modulates the bacterial population of the host gut or tends to 

thrive more in certain populations. Based on the aforementioned 

studies, Blastocystis sp. is more likely associated with members 

of the Prevotellaceae and Ruminococcaceae or just with ST4. 

More studies are definitely needed to understand these 

associations and whether the changes that emerge are beneficial 

or not to the host.  

 

The uncertain pathogenicity of Blastocystis sp. is a key issue on 

whether it should be included in disease control and surveillance 

or not. This is particularly important on account of its low host-

specificity and the global shift of focus to ‘One Health’ or 

disease transmission between animals, humans, and the 

environment in tackling disease issues. As explained earlier, ST 

and intra-ST diversity are key aspects in determining zoonotic 

transmission. So far, there are no specific STs associated with 

disease in both humans and animals, but it is suspected that those 
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that are potentially pathogenic in humans may have zoonotic 

sources. Ajjampur et al. (2016) has come close to demonstrating 

the pathogenicity of Blastocystis sp. isolates B and H, both ST7 

which is common in avian hosts. Swine are also possible sources 

of potentially pathogenic zoonotic transmission (Yan et al. 2007, 

Lee et al. 2012). However, tests for protease activity or in vivo 

or in vitro apoptotic tests were not carried out for these swine 

isolates. Despite uncertain pathogenicity, monitoring of the 

presence of Blastocystis sp. is still included in human health 

surveillance studies,  particularly  in international travelers to the 

United States (Harvey et al. 2013), in hospitalized diarrheal 

patients in India (Nair et al. 2010), and in Syrian refugees in 

Europe (Mockenhaupt et al. 2016) along with other parasites 

related to diarrhea (e.g., Giardia lamblia). In summary, 

Blastocystis sp. should not be left out in parasite surveys in both 

humans and animals.   The inclusion of ST identification, if 

possible, is recommended most especially in diarrheic patients.      

 

In vitro and in vivo studies all point to Blastocystis sp. as 

utilizing cysteine proteases to degrade the mucin layer and 

penetrate the gut epithelial membrane of the host. Vacuolar 

forms are usually observed in these studies even if amoebic 

forms are the suspected pathogenic forms. Again, genetic 

diversity may be related to varying degrees of pathogenicity of 

Blastocystis sp. However, this remains inconclusive as isolates 

of the same ST may have varying apoptotic activities or gut 

epithelia invasiveness. Moreover, results of pathogenic studies 

are mostly observations on one isolate, particularly Blastocystis 

sp. isolate B (ST7). These observations may not be the same with 

other isolates since other studies have shown that Blastocystis sp. 

is part of a healthy gut microflora. Further studies on other 

isolates are recommended as pathogenicity may be related to 

other factors.  

 

 

PROGRAMMED CELL DEATH 

 

Programmed cell death (PCD) is a characteristic of multicellular 

eukaryotic cells during development although it has also been 

observed in unicellular eukaryotes, particularly parasites such as 

Giardia lamblia, Cryptosporidium parvum, and Entamoeba 

histolytica (Nasirudeen 2005). PCD seems to be 

counterproductive to parasites residing within a host but it has 

its benefits. PCD may function to moderate parasite population 

to avoid death of the host, to prevent alerting host immune 

response, and to modulate apoptotic pathways of host cells 

particularly immune cells (Bruchhaus et al. 2007). PCD was first 

observed in Blastocystis sp.  isolate B in the middle of colonies 

grown on agar medium (Tan et al. 2001a). Subsequent studies 

on this particular isolate soon determined that PCD in 

Blastocystis sp. can be triggered by the antiprotozoal drug 

metronidazole (Nasirudeen et al. 2004), the monoclonal 

antibody 1D5 which targets cell surface legumain (Tan et al. 

2001b; Wu et al. 2010), and apoptosis-inducer staurosporine 

(STS) (Yin et al. 2010b). Blastocystis sp. cells undergoing PCD 

show characteristic features of multicellular cells undergoing 

apoptosis such as nuclear condensation, externalization of 

phosphatidylserine, maintenance of plasma membrane integrity 

with increasing permeability, cell shrinkage, and in situ DNA 

fragmentation (Nasirudeen et al. 2004; Nasirudeen et al. 2001; 

Wu et al. 2010; Yin et al. 2010b). Unlike apoptosis in 

multicellular eukaryotes, Blastocystis sp. PCD is caspase- and 

mitochondria-independent and may involve multiple mediators 

(Nasirudeen and Tan 2004, 2005; Tan and Nasirudeen 2005; Yin 

et al. 2010b). In situ DNA fragmentation, caused by exposure to 

monoclonal antibody 1D5, can only be partially inhibited by the 

mitochondrial transition blocker cyclosporine A and the pan-

caspase inhibitor zVAD.fmk (Nasirudeen and Tan 2005) while 

the caspase-3-specific inhibitor Ac-DEVO-CHO has no effect 

(Nasirudeen and Tan 2004). However, these may be 

characteristic of monoclonal 1D5-induced PCD or of 

Blastocystis sp. isolate B or ST7 isolates. In contrast, 

Balakrishnan and Kumar (2014) observed high caspase-like 

activity in Blastocystis sp. ST3 isolates from symptomatic 

patients when PCD was induced by metronidazole treatment. 

PCD involves cell surface cysteine proteases since it can be 

triggered by monoclonal antibody 1D5 and inhibited by cysteine 

protease inhibitors such as the legumain-specific carbobenzoyl-

Ala-Ala-AAsn-epoxycarboxylate ethyl esther (APE-RR) (Wu et 

al. 2010) and the broad-range cysteine protease inhibitor 

iodoacetamide (Yin et al. 2010b). Blastocystis sp. PCD in other 

STs requires further study as the mechanisms involved may 

differ depending on the ST or of the inducing agent used. The 

rate of apoptosis depends on the ST under study. For instance, 

ST3 exhibited the highest rate of apoptosis when compared to 

ST1, ST2, and ST5 after 72 hours of exposure to metronidazole 

(Dhurga et al. 2012). The relationship between PCD and 

pathogenicity remains a subject for future studies since both 

involve cysteine proteases. Blastocystis sp. also showed 

characteristics of autophagy induced by starvation and 

rapamycin treatment (Yin et al. 2010a). Its survival in the host 

gut is likewise a topic for further investigation. 

 

 

DETECTION 

 

Various methods of detection and laboratory diagnosis of 

Blastocystis sp. infections in humans have been continually used 

over the years. These methods include microscopy and xenic in 

vitro culture (XIVC), nucleic acid amplification-related methods 

(PCR, RT-PCR, pyrosequencing) and new methods such as 

matrix-assisted laser desorption ionization time-of-flight 

(MALDI-TOF) technology (Roberts et al. 2014b).  An ELISA-

based detection method for stool samples, the Copro-ELISA 

Blastocystis (Savyon Diagnostics) (Dogruman-Al et al. 2015) is 

likewise commercially-available. Microscopy and XIVC are the 

most commonly used methods of detection in clinical 

laboratories (Stensvold et al. 2009b) while nucleic acid 

amplification methods (PCR and RT-PCR) are generally 

employed in prevalence and subtyping studies (Roberts et al. 

2014b; Stensvold 2013a). XIVC is more sensitive than 

microscopy (with or without trichrome stain) (Termmathurapoj 

et al. 2004) even when microscopy is coupled with a 

concentration technique such as formalin-ether concentration 

(FECT) (Stensvold et al. 2007a). It has been shown to be more 

sensitive than PCR  (Santos and Rivera 2013). Live Blastocystis 

sp. enriched in culture are more easily identified compared to 

cells in preserved slides (Stensvold 2015). There are varieties of 

media used for XIVC detection in epidemiological and 

prevalence studies. These include Robinson’s medium 

(Alfellani et al. 2013b; Yersal et al. 2016), Locke’s egg (LE) 

medium (Santos and Rivera 2013; Yan et al. 2007), Ringer’s 

solution (Li et al. 2007a; Li et al. 2007b), Tanabe-Chiba medium 

(Yoshikawa et al. 2016b), DMEM (Moosavi et al. 2012), Boeck-

Drbohlav medium (Dominguez-Marquez et al. 2009), and a 

biphasic nutrient medium (Adao et al. 2016b; Banaticla and 

Rivera 2011; Belleza et al. 2015; Belleza et al. 2016; Dela Cruz 

et al. 2016; Rivera 2008). However, Jones’ medium is most 

commonly used for XIVC  (Abdulsalam et al. 2013; Alfellani et 

al. 2013b; Das et al. 2016; Jantermtor et al. 2013; Lee et al. 2012; 

Nagel et al. 2012; Nithyamathi et al. 2016; Rene et al. 2009; 

Sanpool et al. 2015; Souppart et al. 2010; Stensvold 2015; 

Stensvold et al. 2011; Tan et al. 2009; Thathaisong et al. 2013; 

Wong et al. 2008). Usually, XIVC is followed by PCR for 

subtyping, which can be achieved by either sequencing of the 

SSU rRNA gene or using subtype-specific (STS) primers. As 

XIVC enhances PCR amplification (Stensvold et al. 2007a; 

Termmathurapoj et al. 2004), certain reviews recommended ST 
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identification by PCR or RT-PCR from XIVC (Roberts et al. 

2014b; Stensvold 2013a; Stensvold et al. 2007a). It has long 

been suspected that the choice of XIVC media may favor the 

growth of certain STs affecting the reported ST prevalence 

(Roberts et al. 2014b; Stensvold 2013a; Stensvold 2015) but 

evidence to  prove this growth bias has yet to be found. 

Nonetheless, many researchers prefer direct stool DNA extracts 

over DNA extracts from XIVC (Abu-Madi et al. 2015; David et 

al. 2015; El Safadi et al. 2016; El Safadi et al. 2014; El Safadi et 

al. 2013; Eroglu et al. 2009; Forsell et al. 2016; Forsell et al. 

2012; Helenbrook et al. 2015; Jones et al. 2009; Khoshnood et 

al. 2015; Malheiros et al. 2011; Mattiucci et al. 2015; Nagel et 

al. 2012; Pandey et al. 2015; Parkar et al. 2010; Popruk et al. 

2015; Souppart et al. 2009; Villegas-Gómez et al. 2016). A 

variety of storage methods for stool samples before direct stool 

DNA extraction have also been employed including stool 

transport and recovery (S.T.A.R.) buffer (Bart et al. 2013; El 

Safadi et al. 2014), potassium dichromate solution (David et al. 

2015), RNAlater (Helenbrook et al. 2015), freezing (Jones et al. 

2009), phosphate buffered saline (PBS) (Malheiros et al. 2011), 

70% ethanol (Forsell et al. 2012), or dried stool spots in filter 

paper (DSSFP) (Seyer et al. 2016).  The barcoding primer pair 

RD5 and BhRDr (Scicluna et al. 2006) is the most commonly 

used and recommended for phylogenetic analyses and subtyping 

(Roberts et al. 2014b). These primers are best used with XIVC 

since they can also amplify non-specific DNA, particularly 

fungal DNA,  when used with direct stool DNA extracts 

(Stensvold 2013a).  In spite of this situation, the barcoding 

primers have been used on direct stool DNA extracts in several 

studies (Bart et al. 2013; David et al. 2015; El Safadi et al. 2014; 

El Safadi et al. 2013; Forsell et al. 2016; Forsell et al. 2012; 

Malheiros et al. 2011; Mattiucci et al. 2015; Pandey et al. 2015; 

Popruk et al. 2015). Other primers have also been used to 

amplify and/or sequence certain regions of the SSU rRNA gene. 

These include Blast 505-532/Blast 998-1017 (Santín et al. 2011), 

Blf/Blr (Grabensteiner and Hess 2006), F1/BHCRseq3 

(Stensvold et al. 2007a), and BLF/BLR (Menounos et al. 2008).  

Other primers available for sequencing the entire SSU rRNA 

gene of Blastocystis sp.  include RD3/RD5 and the primers of 

Böhm-Gloning et al. (1997) and Parkar et al. (2007), eukaryote-

specific primers A and B of Medlin et al. (1988), and 

SR1F/SR1R with the inner primers F70, ABBH1, B6, and B71 

(Abe 2004) or the inner primers 413-S, 827-S, 1256-S, and 

1602-S (Rivera 2008). Full SSU rRNA gene sequencing is still 

useful in spite of the presence of barcode primers. Clark et al. 

(2013) recommended that new STs will only be declared if a full 

SSU rRNA gene sequence has a 5% or more difference with 

reference sequences of all the other STs. STS primers amplify 

specific STs without the need for sequencing. It also has the 

added advantage of identifying STs in mixed cultures. However, 

the STS primers still have some disadvantages. Some primers, 

particularly those used for identification of ST4, exhibit low 

sensitivity while STS primer regions exhibit sequence variations 

which may affect specificity (Stensvold 2013a). The STS primer 

set was once limited to the identification of ST1-ST7 but 

Yoshikawa and Iwamasa (2016) have since developed specific 

primer pairs for detection of ST1 to ST9, the Blastocystis sp. STs 

found in humans,  in combination with XIVC. Scanlan et al. 

(2015) have also created ST-specific primers used in nested PCR 

with RD5/BhRDr with high specificity but these are limited to 

detection of ST1-ST4. There have been three RT-PCR methods 

developed for detecting Blastocystis sp. (Jones et al. 2009; 

Poirier et al. 2011; Stensvold et al. 2012). These primers have 

already been used on field samples for detection and subtyping 

of Blastocystis sp. from direct stool DNA extracts (El Safadi et 

al. 2016; El Safadi et al. 2014; Forsell et al. 2016; Jones et al. 

2009).  RT-PCR-detected STs that are different from those 

detected from barcoding PCR on the same sample have not been 

reported.  The former, however, has the advantage of higher 

sensitivity compared to the latter.  In fact, El Safadi et al. (2014) 

used RT-PCR to detect Blastocystis sp. on DNA extracts that 

were negative for barcoding PCR. This method showed 100% 

prevalence of the symbiont on the sample set. A new set of 

primers targeting the MLO gene has been developed for 

subtyping (Poirier et al. 2014). This study also reported on the 

utility of using the MLO gene, instead of the SSU rDNA gene 

for identifying intra-ST variation. In summary, a variety of 

methods are available for detection of Blastocystis sp. High 

sensitivity and specificity are possible with these methods along 

with the added advantage of identifying the ST of the isolate. 

The SSU rDNA is the usual target for detection and subtyping. 

However, the MLO gene and other genes may be useful in 

identifying intra-ST variation. 

 

 

TREATMENT 

 

The earlier sections explained the role of Blastocystis sp. in the 

human intestinal flora, which is still controversial due to reports 

of both its pathogenicity and benign/beneficial role to the host. 

This has led to referral of detection of Blastocystis sp. in stool 

samples as ‘carriage’ rather than ‘infection’. This issue has 

already been tackled in reviews along with the necessity of drug 

treatment against Blastocystis sp. in human intestinal flora (Kurt 

et al. 2016; Stensvold et al. 2010). Treatment of Blastocystis sp. 

infection is reserved for patients with unexplained 

gastrointestinal symptoms. Research is still ongoing on the 

susceptibility of Blastocystis sp. to drugs despite the looming 

controversy on the necessity of treatment. Metronidazole is the 

first drug of choice for treatment but has not always been 

effective (Kurt et al. 2016; Roberts et al. 2014b; Stensvold et al. 

2010). This drug can induce PCD in Blastocystis sp. (Nasirudeen 

et al. 2004). Several studies have shown the efficacy of this drug 

in eradicating the protozoa in infected patients albeit not in all 

cases (Haresh et al. 1999; Moghaddam et al. 2005; Nigro et al. 

2003; Roberts et al. 2014a). Mirza et al. (2011) even 

demonstrated ST-related variations in metronidazole 

susceptibility of this gut protozoan. In this study, ST4 isolates 

were found more susceptible to metronidazole than ST7 isolates. 

Moreover, quick re-infection of the patient and the lack of the 

ntr and/or nim gene that induce/s production of the toxic form of 

metronidazole in Blastocystis sp. unlike in Entamoeba sp. and 

Giardia sp. indicated poor drug efficacy rather than resistance 

(Stensvold et al. 2010). However, there are metronidazole-

resistant WR-1 ST4 isolates developed for study in various drug 

treatment experiments (Dunn et al. 2012). Other drugs that are 

effective in treatment of Blastocystis sp. infection include 

paromomycin and cotrimoxazole (Kurt et al. 2016; Stensvold et 

al. 2010). On the other hand, Roberts et al. (2015) suggested 

trimetoprim-sulfamethoxazole (TMP-SMX) as a first choice for 

treatment of Blastocystis sp. infection after it proved more 

effective than metronidazole in an in vitro study. TMP-SMX can 

also eradicate Blastocystis sp. infection in some although not all 

cases much like metronidazole. Moghaddam et al. (2005) 

reported eradication of Blastocystis sp. in only two out of 9 

patients while Nagel et al. (2014) reported eradication in only 

six out of 10 Blastocystis sp.-positive IBS patients even when 

TMP-SMX was used in combination with secnidazole and 

diloxanide furoate.  There are a number of compounds and plant 

extracts that have been tested for cytotoxic activity against 

Blastocystis sp. infections. The protozoan was found to be 

susceptible to the protease inhibitor E-64 (Al-Mohammed et al. 

2013), monolaurine (lauric acid) and lactoferine (Lactobacillus 

acidophilus) in both in vitro and in vivo studies (Ismail et al. 

2016). Moreover, the antimicrobial peptide LL37 exerted a 

cytotoxic effect on Blastocystis sp. except for isolate B, which 

showed resistance to the effects of the peptide (Yason et al. 

2016). A number of plant extracts are effective against 

Blastocystis sp. in both in vivo and in vitro studies (Table 1).  
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Table 1: Plant extracts and other natural products with cytotoxic activity against Blastocystis sp. 

Natural product Solvent Concentration Type of study Reference 

Brucea javanica Water 500 µg/ml in vitro Yang et al. (1996) 

Coptis chinensis Water 100 µg/ml in vitro Yang et al. (1996) 

Brucea javanica Dichloromethane 2 mg/ml in vitro Sawangjaroen and Sawangjaroen (2005) 

Quercus infectoria Methanol 2 mg/ml in vitro Sawangjaroen and Sawangjaroen (2005) 

Nigella sativa Water 100 and 500 µg/ml in vitro El Wakil (2007) 

Serenoa repens Ethanol 5 mg/ml in vitro Grabensteiner et al. (2008) 

Thymus vulgaris Ethanol 5 mg/ml in vitro Grabensteiner et al. (2008) 

Vitis vinifera (seed) Ethanol 5 mg/ml in vitro Grabensteiner et al. (2008) 

Cucurbita pepo (fruit) Ethanol 5 mg/ml in vitro Grabensteiner et al. (2008) 

Allium sativum Water 0.01 and 0.1 mg/ml in vitro Yakoob et al. (2011) 

Ferula asafoetida (oil) Ethanol 40 mg/ml in vitro El Deeb et al. (2012) 

Ferula asafoetida (powder) Ethanol 116 mg/ml in vitro El Deeb et al. (2012) 

Green tea extract Water 20-35 mg/ml in vitro and in vivo Al-Mohammed et al. (2013) 

Achillea millefolium Methanol 198.8 µg/ml in vitro Özbilgin et al. (2013) 

Zingiber officinale Water 20 mg/kg/day in vivo Abdel-Hafeez et al. (2015) 

Allium sativum Water 20 mg/kg/day in vivo Abdel-Hafeez et al. (2015) 

Mallotus oppositifolius Ethanol 27.8 µg/ml in vitro Christensen et al. (2015) 

Vemonia colorata Ethanol 117.9 µg/ml in vitro Christensen et al. (2015) 

Zanthoxylum zanthoxyloides, 

cortex 

Ethanol 255.6 µg/ml in vitro Christensen et al. (2015) 

Z. zanthoxyloides, 

radix 

Ethanol 335.7 µg/ml in vitro Christensen et al. (2015) 

Eythrina senegalensis Ethanol 527.6 µg/ml in vitro Christensen et al. (2015) 

Clausena anisata Ethanol 3114 µg/ml in vitro Christensen et al. (2015) 

Eurycoma longifolia Ethyl acetate 1.0 mg/ml in vitro Girish et al. (2015) 

Purica granatum, peel Water 3 g/kg in vivo Abdel-Hafeez et al. (2016a) 

GENOMIC STUDIES 

 

Whole genome sequences are available for the most extensively-

studied Blastocystis sp. isolates WR-1 (ST4) (Wawrzyniak et al. 

2015), isolate B (ST7) (Denoeud et al. 2011), and NandII (ST1) 

(Eme et al. 2017).  MLO genomes for Blastocystis sp. Nand II 

(ST1) and DMP/02-328 (ST4), which have been used to study 

proteins and metabolic pathways present in the organism (Pérez-

Brocal and Clark 2008; Stechmann et al. 2008; Tsaousis et al. 

2012; Tsaousis et al. 2011), likewise, are accessible. In the same 

manner, whole genome sequences may also provide clues to 

pathogenicity of Blastocystis sp. either through production of 

proteases that affect integrity of host gut epithelium or of 

products that affect host gut microbiota. Whole genome analysis 

has already identified 20 secreted proteases that may be involved 

in the possible virulence of Blastocystis sp. with seven of these 

being specific to WR-1 (Wawrzyniak et al. 2015). Moreover, up 

to 2.5% of Blastocystis sp. NandII (ST1) genome consist of 

genes, acquired through lateral gene transfer, that may facilitate 

survival of the organism in the host gut (Eme et al. 2017). These 

include genes that influence metabolism, oxygen-stress response, 

host immune response evasion, and pathogenicity. Anaerobic 

metabolism of Blastocystis sp. may have been developed 

through lateral gene transfer (Eme et al. 2017). Notably, a 

tryptophanase gene has been identified in Blastocystis sp. Nand 

II. This gene produces indole which influences biofilm 

formation, cell-to-cell signaling of microorganism and 

establishment of host gut epithelial barriers that prevent 

intestinal inflammation (Lee et al. 2015). Indole production and 

the effect of the compound on host gut microbiota may be the 

link between Blastocystis sp. and intestinal disorders related to 

gut epithelia dysbiosis such as IBS and inflammatory bowel 

disease (IBD). IBS is a gastrointestinal disorder with typical 

symptoms such as abdominal pain and altered bowel movement 

but with no sign of disease that may cause such symptoms 

(Madden and Hunter 2002, Chey et al. 2015). It is divided based 

on three criteria as follows: IBS with diarrhea (IBS-D), IBS with 

constipation (IBS-C), and IBS with mixed bowel pattern (IBS-

M) (Chey et al. 2015). IBD, on the other hand, is a chronic 

gastrointestinal disorder characterized by inflammation of the 

gut with presence of lesions. Ulcerative colitis and Crohn’s 

disease are the two forms of IBD (Reiff and Kelly 2010). 

Dysbiosis or imbalance of gut microbiota is the suspected cause 

of both IBS and IBD (Carding et al. 2015). Several studies  
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Table 2: Subtypes and species of Blastocystis sp. identified in various sources using both barcode sequences and STS primers. 

Source/host ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST14 B. pythoni Mixed Total 

Human 55 6 107 30 8 0 0 0 0 1 207 

Pig 14 1 0 0 18 0 2 0 0 0 35 

Chicken 0 0 0 0 0 1 4 0 0 1 6 

Duck 0 0 0 0 0 0 2 0 1 0 3 

Goat 0 0 0 0 0 0 0 1 0 0 1 

Wastewater 7 2 0 0 0 0 0 0 0 0 9 

Philippine macaque 2 1 1 0 0 0 0 0 0 0 4 

Box turtle 0 0 0 0 0 0 0 0 1 0 1 

Dog 1 2 4 3 3 0 0 0 0 0 13 

Total 79 12 112 33 29 1 8 1 2 2 279 

examined the association among IBS, IBD, and Blastocystis sp. 

As with the other gastrointestinal disorders, association between 

IBS and Blastocystis sp. remains unclear with several studies 

both supporting (Yakoob et al. 2006, Yakoob et al. 2010, 

Yakoob et al. 2010b, Dogruman-Al et al. 2010, Fouad et al. 2011, 

Azizian et al. 2016) and contradicting (Thamrongwittawatpong 

and Surangsrirat 2006, Tungtrongchitr et al. 2006, Surangsrirat 

et al. 2010, Dogruman-Al et al. 2009) it. In particular, IBS-D has 

been found to be associated with either Blastocystis sp. ST1 

(Yakoob et al. 2010b, Fouad et al. 2011) or ST3 (Azizian et al. 

2016). Other studies did not identify the ST of Blastocystis sp. 

or the type of IBS. Unlike IBS, the association between 

Blastocystis sp. and IBD has not been extensively-studied. 

Boorom et al. (2007) hypothesized an association between IBD 

and Blastocystis sp. However, recent studies showed 

contradictory results (Dogruman-Al et al. 2009, Rossen et al. 

2015, Coskun et al. 2016). Studies on direct effects of 

Blastocystis sp. and production of indole on gut microbiota that 

causes gastrointestinal disorders are still lacking. 

 

Understanding the whole genome of Blastocystis sp. has shed 

new light on its physiology, potential pathogenicity, and 

potential in influencing the gut microbiota. These studies 

showed that Blastocystis sp. may have an indirect effect on 

causing gastrointestinal disorders through introducing changes 

in its neighboring gut microflora rather than an active role in 

causing disease. Information obtained from whole genome 

analysis may provide clues on possible mechanisms of the effect 

of this gut protozoan on the health of the host gut. 

 

 

STUDIES IN THE PHILIPPINES 

 

Researches on Blastocystis sp. in the Philippines are mostly on 

molecular diversity although there are also studies on 

comparison of detection methods (Santos and Rivera 2013), 

colony growth (Valido and Rivera 2007), and immune response 

(Santos and Rivera 2009).  Results of studies on the molecular 

diversity of Philippine Blastocystis sp. isolates have already 

been published at the time riboprinting was still used before the 

advent of full SSU rRNA gene sequences (Rivera and Tan 2005; 

Tan and Rivera 2009). Surveys on ST diversity on various 

sources based on SSU rRNA gene sequences soon followed but 

these were mostly limited to the island of Luzon, particularly 

Metro Manila (Adao et al. 2016a; Adao et al. 2016b; Banaticla 

and Rivera 2011; Belleza et al. 2015; Belleza et al. 2016; Evidor 

and Rivera 2016; Rivera 2008). ST surveys in humans and 

animals in other parts of the country are therefore encouraged. 

Most of the abovementioned studies involved culture of the 

Blastocystis sp. first on biphasic medium supplemented with 

10% horse serum and antibiotics (Rivera 2008) before DNA 

extraction and PCR. ST1 to ST7 have been grown on this 

medium as well as the rare STs such as ST14 and Blastocystis 

pythoni (Adao et al. 2016b). The study of Rivera (2008) was 

among the first to determine the lack of host-specificity of 

certain Blastocystis sp. STs. Other publications on ST diversity 

showed similarities in ST distribution with the findings of other 

surveys conducted in other parts of the world. For instance, ST3 

is the most commonly detected ST in Filipino patients (Adao et 

al. 2016a; Belleza et al. 2016) while ST5 is the most frequently 

isolated ST in pigs in the Philippines (Adao et al. 2016b; Evidor 

and Rivera 2016). In addition, certain STs, particularly ST1, are 

common in humans, animals, and water samples (Adao et al. 

2016a; Adao et al. 2016b; Banaticla and Rivera 2011; Belleza et 

al. 2016; Rivera 2008). The distribution of various Blastocystis 

sp. STs identified from various sources in the Philippines is 

summarized in Table 2. Studies on potential pathogenicity and 

cross-infection are crucial under Philippine conditions since 

Blastocystis sp. is highly prevalent in both humans and animals 

reaching as high as 40.7% in asymptomatic children (Baldo et 

al. 2004) and 36.8% in symptomatic patients (Tan and Rivera 

2009) as observed in Metro Manila. Similarly, Blastocystis sp. 

carriage has been reported in as high as 38.5% of 122 pigs in 

Bay, Laguna (Dela Cruz et al. 2016). The prevalence of 

Blastocystis sp. in various hosts in the Philippines is presented 

in Table 3. Collating ST diversity and distribution in various 

sources can show which STs are most likely distributed by 

zoonotic, anthroponotic, or waterborne transmission. Moreover, 

additional studies on pathogenic potential of such isolates as 

well as immune response to such infections in both in vitro and 

in vivo assays can determine if Blastocystis sp. carriage in 

Filipinos poses a pathogenic risk or is a normal or even 

beneficial part of a healthy gut microbiome. 

 

 

CONCLUSION 

 

Blastocystis sp. has high molecular diversity which may or may 

not be related to host-specificity or influence on host gut 

microbiota. Future studies should definitely address these 

relationships whether or not they pertain to SSU rRNA gene 

diversity, MLO gene diversity, or protease activity diversity. 

Molecular diversity even within the same STs of Blastocystis sp. 

also implies diversity in physiology and more importantly 

potential pathogenicity, which greatly affects the significance of 

further research in a clinical aspect. It is this uncertainty that 

needs to be addressed before research in treatment and clinical 

detection can truly progress. Addressing results of in vivo and in 

vitro pathogenicity experiments on Blastocystis sp. isolates WR-

1 (ST4), isolate B (ST7), and NandII (ST1) as characteristics of  
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Table 3: Prevalence of Blastocystis sp. in various sources from published studies in the Philippines. 

Source Prevalence Location Study 

Humans 70/127 (40.7%) Metro Manila Baldo et al. (2004) 

Humans 50/136 (36.8%) Philippine General Hospital and College of Public 

Health (Manila) 

Rivera and Tan (2005) 

Guinea pig 2/4 (50%) Arranque market, Metro Manila Rivera and Tan (2005) 

Pig 7/22 (31.8%) Bustos, Bulacan Rivera and Tan (2005) 

Squirrel 5/5 (100%) Arranque market, Metro Manila Rivera and Tan (2005) 

Chicken 6/19 (31.6%) Bustos, Bulacan Rivera and Tan (2005) 

Chinese chicken 6/8 (75%) Antipolo, Rizal Rivera and Tan (2005) 

Duck 8/16 (50%) Antipolo, Rizal Rivera and Tan (2005) 

Lovebirds 9/18 (50%) Arranque market, Metro Manila Rivera and Tan (2005) 

Quail 3/4 (75%) Arranque market, Metro Manila Rivera and Tan (2005) 

Turkey 3/4 (75%) Antipolo, Rizal Rivera and Tan (2005) 

Iguana 1/1 (100%) Arranque market, Metro Manila Rivera and Tan (2005) 

Influent wastewater 7/31 (23%) Various locations Banaticla and Rivera (2011) 

Effluent wastewater 2/31 (7%) Various locations Banaticla and Rivera (2011) 

Humans 28/110 (25%) San Isidro, Rodriguez, Rizal Santos and Rivera (2013) 

Humans 165/1271 

(12.98%) 

Pateros, Metro Manila Belleza et al. (2015) 

Philippine macaques 5/50 (10%) Parks and Wildlife Bureau, Quezon City, Metro 

Manila 

Casim et al. (2015) 

Pigs 16/71 (22.5%) Victoria, Laguna Adao et al. (2016b) 

Chicken 3/14 (21.4%) Victoria, Laguna Adao et al. (2016b) 

Pigs 4/28 (14.3%) Pila, Laguna Adao et al. (2016b) 

Goat 1/6 (16.7%) Pila, Laguna Adao et al. (2016b) 

Chicken 2/20 (10%) Pila, Laguna Adao et al. (2016b) 

Duck 3/14 (21.4%) Pila, Laguna Adao et al. (2016b) 

Humans 29/35 (82.86%) Pateros, Metro Manila Adao et al. (2016a) 

Dogs 21/145 (14.5%) Pateros, Metro Manila Belleza et al. (2016) 

Pigs 47/122 (38.5%) Bay, Laguna Dela Cruz et al. (2016) 

Pigs 14/100 (14%) Metro Manila Evidor and Rivera (2016) 

Blastocystis sp. in general may be misleading. For instance, 

tissue damage in Wistar rats caused by isolate B (ST7) could be 

a characteristic of this particular isolate or a gene unique to this 

isolate. The discovery of lateral gene transfer in Blastocystis sp., 

an important research breakthrough, may indicate  the 

possibility of genes found only in certain STs or even isolates. 

 

Future studies should not be limited to potential pathogenicity 

and molecular diversity since the life cycle and influence  on the 

gut microbiome are important aspects of Blastocytis sp. research 

as well. The cyst form is poorly studied as well as its induction 

and mechanism of transfer. Non-vacuolar forms, such as the 

amoebic and granular forms, may be dying cells due to low 

viability rather than actual viable morphological forms.  The 

case of the amoebic form is a debatable issue since this 

morphological form has been implicated as the pathogenic form 

of Blastocystis sp. It may be important to indicate the 

predominant morphological form during pathogenicity and 

protease activity assays since this may also have an influence on 

the results. Metagenomic studies also imply that Blastocystis sp. 

has an indirect effect on host gut health through dysbiosis. Other 

isolates may lack capabilities to infiltrate or disintegrate tight 

junctions of cells in the gut epithelia, but they may have an 

influence on gut microbiota diversity that can have detrimental 

effects on the host gut. 

 

Although its prevalence and diversity in the Philippines are high, 

Blastocytis sp. is mostly neglected due to its inconclusive 
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pathogenicity. More studies on the protozoan’s life cycle, 

potential pathogenicity, molecular diversity, and its influence on 

host gut microbiota are needed. Identification of potentially 

pathogenic isolates remains important but other research tools 

should be explored. As aforementioned elsewhere, Blastocystis 

sp. can indirectly affect host gut health through its influence on 

gut microbiota diversity. Whole genome and protein analyses 

are important approaches that may elucidate on these 

complexities. 

 

 

ACKNOWLEDGMENT 

 

The authors thank the Natural Sciences Research Institute, 

University of the Philippines Diliman for generously funding 

their researches on Blastocystis sp. in the Philippines. 

 

 

REFERENCES 

 

Abda IB, Maatoug N, Romdhane RB, Bouhelmi N, Zallegua N, 

Aoun K, Viscogliosi E, Bouratbine A. Prevalence and 

subtype identification of Blastocystis sp. in healthy 

individuals in the Tunis Area, Tunisia. Am J Trop Med Hyg 

2017; 96 (1): 202-204. 

 

Abdel-Hafeez E, Ahmed A, Abdellatif M, Kamal A, Toni M. 

The efficacy of pomegranate (Punica granatum) peel 

extract on experimentally infected rats with Blastocystis 

spp. J Infect Dis Prev Med 2016a; 4 (131): 2. 

 

Abdel-Hafeez EH, Ahmad AK, Abdelgelil NH, Abdellatif MZ, 

Kamal AM, Hassanin KM, Abdel-Razik A-RH, Abdel-

Raheem EM. Immunopathological assessments of human 

Blastocystis spp. in experimentally infected 

immunocompetent and immunosuppresed mice. Parasitol 

Res 2016b; 115 (5): 2061-2071. 

 

Abdel-Hafeez EH, Ahmad AK, Kamal AM, Abdellatif MZ, 

Abdelgelil NH. In vivo antiprotozoan effects of garlic 

(Allium sativum) and ginger (Zingiber officinale) extracts 

on experimentally infected mice with Blastocystis spp. 

Parasitol Res 2015; 114 (9): 3439-3444. 

 

Abdel-Hameed DM, Hassanin OM. Proteaese activity of 

Blastocystis hominis subtype 3 in symptomatic and 

asymptomatic patients. Parasitol Res 2011; 109 (2): 321-

327. 

 

Abdulsalam AM, Ithoi I, Al-Mekhlafi HM, Ahmed A, Surin J, 

Mak J-W. Drinking water is a significant predictor of 

Blastocystis infection among rural Malaysian primary 

schoolchildren. Parasitology 2012; 139 (08): 1014-1020. 

 

Abdulsalam AM, Ithoi I, Al-Mekhlafi HM, Al-Mekhlafi AM, 

Ahmed A, Surin J. Subtype distribution of Blastocystis 

isolates in Sebha, Libya. PLoS ONE 2013; 8 (12): e84372. 

 

Abe N. Molecular and phylogenetic analysis of Blastocystis 

isolates from various hosts. Vet Parasitol 2004; 120 (3): 

235-242. 

 

Abu-Madi M, Aly M, Behnke JM, Clark CG, Balkhy H. The 

distribution of Blastocystis subtypes in isolates from Qatar. 

Parasit Vectors 2015; 8 (1): 1-7. 

 

Adao DEV, Dela Serna AO, Belleza MLB, Bolo NR, Rivera WL. 

Subtype analysis of Blastocystis sp. isolates from 

asymptomatic individuals in an urban community in the 

Philippines. Ann Parasitol 2016a; 62 (3): 193-200. 

 

Adao DEV, Ducusin RJT, Padilla MA, Rivera WL. Molecular 

characterization of Blastocystis isolates infecting farm 

animals in Victoria and Pila, Laguna, Philippines. Philipp 

Agric Scientist 2016b; 99 (3): 233-239. 

 

Ajjampur SS, Png CW, Chia WN, Zhang Y, Tan KS. Ex vivo 

and in vivo mice models to study Blastocystis spp. adhesion, 

colonization and pathology: closer to proving Koch's 

postulates. PLoS ONE 2016; 11 (8): e0160458. 

 

Ajjampur SS, Tan KS. Pathogenic mechanisms in Blastocystis 

spp. - Interpreting results from in vitro and in vivo studies. 

Parasitol Int 2016; 65 (6 Pt B): 772-779. 

 

Al-Mohammed HI, Hussein EM, Aboulmagd E. Effect of green 

tea extract and cysteine proteases inhibitor (E-64) on 

symptomatic genotypes of Blastocystis hominis in vitro and 

in infected animal model. Int J Curr Microbiol App Sci 

2013; 2 (12): 228-239. 

 

Alfellani MA, Jacob AS, Perea NO, Krecek RC, Taner-Mulla D, 

Verweij JJ, Levecke B, Tannich E, Clark CG, Stensvold C. 

Diversity and distribution of Blastocystis sp. subtypes in 

non-human primates. Parasitology 2013a; 140 (08): 966-

971. 

 

Alfellani MA, Stensvold CR, Vidal-Lapiedra A, Onuoha ES, 

Fagbenro-Beyioku AF, Clark CG. Variable geographic 

distribution of Blastocystis subtypes and its potential 

implications. Acta Trop 2013b; 126 (1): 11-18. 

 

Alfellani MA, Taner-Mulla D, Jacob AS, Imeede CA, 

Yoshikawa H, Stensvold CR, Clark CG. Genetic diversity 

of Blastocystis in livestock and zoo animals. Protist 2013c; 

164 (4): 497-509. 

 

Alinaghizade A, Mirjalali H, Mohebali M, Stensvold CR, 

Rezaeian M. Inter-and intra-subtype variation of 

Blastocystis subtypes isolated from diarrheic and non-

diarrheic patients in Iran. Infect Genet Evol 2017; 50: 77-

82. 

 

Andersen LOB, Bonde I, Nielsen HB, Stensvold CR. A 

retrospective metagenomics approach to studying 

Blastocystis. FEMS Microbiol Ecol 2015; 91 (7): fiv072. 

 

Andiran N, Acikgoz ZC, Turkay S, Andiran F. Blastocystis 

hominis - an emerging and imitating cause of acute 

abdomen in children. J Pediatr Surg 2006; 41 (8): 1489-

1491. 

 

Anuar TS, Ghani MK, Azreen SN, Salleh FM, Moktar N. 

Blastocystis infection in Malaysia: evidence of waterborne 

and human-to-human transmissions among the Proto-

Malay, Negrito and Senoi tribes of Orang Asli. Parasit 

Vectors 2013; 6: 40. 

 

Audebert C, Even G, Cian A, Group TBI, Loywick A, Merlin S, 

Viscogliosi E, Chabé M. Colonization with the enteric 

protozoa Blastocystis is associated with increased diversity 

of human gut bacterial microbiota. Sci Rep 2016; 6:25255. 

 

Azizian M, Basati G, Abangah G, Mahmoudi MR, Mirzaei A. 

Contribution of Blastocystis hominis subtypes and 

associated inflammatory factors in development of irritable 

bowel syndrome. Parasitol Res 2016; 115 (5): 2003-2009. 

 

Badparva E, Ezatpour B, Mahmoudvand H, Behzadifar M, 

Behzadifar M, Kheirandish F. Prevalence and genotype 



 

Vol. 11 | No. 01 | 2018                  Philippine Science Letters  

 
51 

analysis of Blastocystis hominis in Iran: systematic review 

and meta-analysis. Arch Clin Infect Dis 2016; 12(1): 

e36648. 

 

Badparva E, Sadraee J, Kheirandish F. Genetic diversity of 

Blastocystis isolated from cattle in Khorramabad, Iran. 

Jundishapur J Microbiol 2015;8 (3): e14810. 

 

Balakrishnan DD, Kumar SG. Higher Caspase-like activity in 

symptomatic isolates of Blastocystis spp. Parasit Vectors 

2014; 7 (1): 1-7. 

 

Baldo ET, Belizario VY, De Leon WU, Kong H-H, Chung D-I. 

Infection status of intestinal parasites in children living in 

residential institutions in Metro Manila, the Philippines. 

Korean J Parasitol 2004; 42 (2): 67-70. 

 

Bálint A, Dóczi I, Bereczki L, Gyulai R, Szűcs M, Farkas K, 

Urbán E, Nagy F, Szepes Z, Wittmann T. Do not forget the 

stool examination!—cutaneous and gastrointestinal 

manifestations of Blastocystis sp. infection. Parasitol Res 

2014; 113 (4): 1585-1590. 

 

Banaticla JE, Rivera WL. Detection and subtype identification 

of Blastocystis isolates from wastewater samples in the 

Philippines. J Water Health 2011; 9 (1): 128-137. 

 

Bart A, Wentink-Bonnema EM, Gilis H, Verhaar N, Wassenaar 

CJ, van Vugt M, Goorhuis A, van Gool T. Diagnosis and 

subtype analysis of Blastocystis sp. in 442 patients in a 

hospital setting in the Netherlands. BMC Infect Dis 2013; 

13: 389. 

 

Belleza MLB, Cadacio JLC, Borja MP, Solon JAA, Padilla MA, 

Tongol-Rivera PN, Rivera WL. Epidemiologic study of 

Blastocystis infection in an urban community in the 

Philippines. J Environ Public Health 2015; 894297. 

 

Belleza MLB, Reyes JCB, Tongol-Rivera PN, Rivera WL. 

Subtype analysis of Blastocystis sp. isolates from human 

and canine hosts in an urban community in the Philippines. 

Parasitol Int 2016; 65 (3): 291-294. 

 

Böhm-Gloning B, Knobloch J, Walderich B. Five subgroups of 

Blastocystis hominis isolates from symptomatic and 

asymptomatic patients revealed by restriction site analysis 

of PCR-amplified 16S-like rDNA. Trop Med Int Health 

1997; 2 (8): 771-778. 

 

Bruchhaus I, Roeder T, Rennenberg A, Heussler VT. Protozoan 

parasites: programmed cell death as a mechanism of 

parasitism. Trends Parasitol. 2007; 23 (8): 376-383. 

 

Cabrine-Santos M, Cintra EdN, Carmo RAd, Nascentes GAN, 

Pedrosa AL, Correia D, Oliveira-Silva MBd. Occurence of 

Blastocystis spp. in Uberaba, Minas Gerais, Brazil. Rev Inst 

Med Trop Sao Paulo 2015; 57 (3): 211-214. 

 

Carding S, Verbeke K, Vipond DT, Corfe BM, Owen LJ. 

Dysbiosis of the gut microbiota in disease. Microb Ecol 

Health Dis 2015; 26: 10.3402/mehd.v3426.26191. 

 

Casero RD, Mongi F, Sánchez A, Ramírez JD. Blastocystis and 

urticaria: Examination of subtypes and morphotypes in an 

unusual clinical manifestation. Acta Trop 2015; 148: 156-

161. 

 

Casim LF, Bandal MZJ, Gonzales JCB, Valdez EMMJ, Chavez 

GCS, Paller VGV. Enteroparasites of captive long-tailed 

macaques (Macaca fascicularis) from National Wildlife 

Research and Rescue Center, Diliman, Quezon City, 

Philippines. AJCB 2015; 4 (1): 54-61. 

 

Chan KH, Chandramathi S, Suresh K, Chua KH, Kuppusamy 

UR. Effects of symptomatic and asymptomatic isolates of 

Blastocystis hominis on colorectal cancer cell line, HCT116. 

Parasitol Res 2012; 110 (6): 2475-2480. 

 

Chandramathi S, Suresh K, Kuppusamy UR. Solubilized antigen 

of Blastocystis hominis facilitates the growth of human 

colorectal cancer cells, HCT116. Parasitol Res 2010a; 106 

(4): 941-945. 

 

Chandramathi S, Suresh K, Shuba S, Mahmood A, Kuppusamy 

U. High levels of oxidative stress in rats infected with 

Blastocystis hominis. Parasitology 2010b; 137 (04): 605-

611. 

 

Chandramathi S, Suresh K, Sivanandam S, Kuppusamy UR. 

Stress exacerbates infectivity and pathogenicity of 

Blastocystis hominis: in vitro and in vivo evidences. PLoS 

ONE 2014; 9 (5): e94567. 

 

Chandramathi S, Suresh KG, Mahmood A, Kuppusamy U. 

Urinary hyaluronidase activity in rats infected with 

Blastocystis hominis—evidence for invasion? Parasitol Res 

2010c; 106 (6): 1459-1463. 

 

Chen T-L, Chan C-C, Chen H-P, Fung C-P, Lin C-P, Chan W-

L, Liu C-Y. Clinical characteristics and endoscoic findings 

associated with Blastocystis hominis in healthy adults. Am 

J Trop Med Hyg 2003; 69 (2): 213-216. 

 

Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a 

clinical review. JAMA 2015; 313 (9): 949-958. 

 

Christensen CB, Soelberg J, Stensvold CR, Jäger AK. Activity 

of medicinal plants from Ghana against the parasitic gut 

protist Blastocystis. J Ethnopharmacol 2015; 174: 569-575. 

 

Cian A, El Safadi D, Osman M, Moriniere R, Gantois N, 

Benamrouz-Vanneste S, Delgado-Viscogliosi P, Guyot K, 

Li L-L, Monchy S. Molecular epidemiology of Blastocystis 

sp. in various animal groups from two French zoos and 

evaluation of potential zoonotic risk. PLoS ONE 2017; 12 

(1): e0169659. 

 

Cirioni O, Giacometti A, Drenaggi D, Ancarani F, Scalise G. 

Prevalence and clinical relevance of Blastocystis hominis 

in diverse patient cohorts. Eur J Epidemiol 1999; 15 (4): 

387-391. 

 

Clark CG, van der Giezen M, Alfellani MA, Stensvold CR. 

Recent developments in Blastocystis research. Adv 

Parasitol 2013; 82: 1-32. 

 

Coskun A, Malatyali E, Ertabaklar H, Yasar MB, Karaoglu AO, 

Ertug S. Blastocystis in ulcerative colitis patients: Genetic 

diversity and analysis of laboratory findings. Asian Pac J 

Trop Med 2016; 9(9): 916-919.  

 

Das R, Khalil S, Mirdha B, Makharia GK, Dattagupta S, 

Chaudhry R. Molecular characterization and subtyping of 

Blastocystis species in irritable bowel syndrome patients 

from North India. PLoS ONE 2016; 11 (1): e0147055. 

 

David EB, Guimaraes S, de Oliveira AP, Goulart de Oliveira-

Sequeira TC, Nogueira Bittencourt G, Moraes Nardi AR, 



 

Philippine Science Letters                           Vol. 11 | No. 01 | 2018 52 

Martins Ribolla PE, Bueno Franco RM, Branco N, Tosini 

F, Bella A, Pozio E, Caccio SM. Molecular characterization 

of intestinal protozoa in two poor communities in the State 

of Sao Paulo, Brazil. Parasit Vectors 2015; 8: 103. 

 

Dela Cruz CPP, Gorospe MM, Paller VGV. Blastocystis 

infection among backyard-raised pigs in Bay, Province of 

Laguna, The Philippines. Asian J Microbiol Biotechnol 

Environ Sci 2016;18 (2): 209-217. 

 

Denoeud F, Roussel M, Noel B, Wawrzyniak I, Da Silva C, 

Diogon M, Viscogliosi E, Brochier-Armanet C, Couloux A, 

Poulain J. Genome sequence of the stramenopile 

Blastocystis, a human anaerobic parasite. Genome Biol 

2011;12 (3): R29. 

 

Dhurga DB, Suresh K, Tan TC. Granular formation during 

apoptosis in Blastocystis sp. exposed to metronidazole 

(MTZ). PLoS ONE 2016; 11 (7): e0155390. 

 

Dhurga D, Suresh K, Tan T, Chandramathi S. Apoptosis in 

Blastocystis spp. is related to subtype. Trans R Soc Trop 

Med Hyg 2012; 106 (12): 725-730. 

 

Dogan N, Aydin M, Tuzemen NU, Dinleyici EC, Oguz I, 

Dogruman-Al F. Subtype distribution of Blastocystis spp. 

isolated from children in Eskisehir, Turkey. Parasitol Int 

2017; 66 (1): 948-951. 

 

Dogruman-Al F, Kustimur S, Yoshikawa H, Tuncer C, Simsek 

Z, Tanyuksel M, Araz E, Boorom K. Blastocystis subtypes 

in irritable bowel syndrome and inflammatory bowel 

disease in Ankara, Turkey. Mem Inst Oswaldo Cruz 2009; 

104 (5): 724-727. 

 

Dogruman-Al F, Simsek Z, Boorom K, Ekici E, Sahin M, 

Tuncer C, Kustimur S, Altinbas A. Comparison of methods 

for detection of Blastocystis infection in routinely 

submitted stool samples, and also in IBS/IBD patients in 

Ankara, Turkey. PLoS ONE 2010; 5 (11): e15484. 

 

Dogruman-Al F, Turk S, Adiyaman-Korkmaz G, Hananel A, 

Levi L, Kopelowitz J, Babai O, Gross S, Greenberg Z, 

Herschkovitz Y. A novel ELISA test for laboratory 

diagnosis of Blastocystis spp. in human stool specimens. 

Parasitol Res 2015; 114 (2): 495-500. 

 

Dominguez-Marquez MV, Guna R, Munoz C, Gomez-Munoz 

MT, Borras R. High prevalence of subtype 4 among 

isolates of Blastocystis hominis from symptomatic patients 

of a health district of Valencia (Spain). Parasitol Res 2009; 

105 (4): 949-955. 

 

Dunn L, Tan K, Vanelle P, Juspin T, Crozet M, Terme T, 

Upcroft P, Upcroft J. Development of metronidazole-

resistant lines of Blastocystis sp. Parasitol Res 2012; 111 

(1): 441-450. 

 

El Deeb HK, Al Khadrawy FM, El-Hameid AKA. Inhibitory 

effect of Ferula asafoetida L.(Umbelliferae) on 

Blastocystis sp. subtype 3 growth in vitro. Parasitol Res 

2012; 111 (3): 1213-1221. 

 

El Deeb HK, Khodeer S. Blastocystis spp.: frequency and 

subtype distribution in iron deficiency anemic versus non-

anemic subjects from Egypt. J Parasitol 2013; 99 (4): 599-

602. 

 

El-Fetouh NIA, Abdelmegeed ES, Attia RA, El-Dosoky I, Azab 

MS. Genotyping of Blastocystis hominis symptomatic 

isolates and kinetics of associated local CD3 and CD20 cell 

infiltrate. Parasitol United J 2015; 8 (2): 115. 

 

El Safadi D, Cian A, Nourrisson C, Pereira B, Morelle C, 

Bastien P, Bellanger A-P, Botterel F, Candolfi E, 

Desoubeaux G. Prevalence, risk factors for infection and 

subtype distribution of the intestinal parasite Blastocystis 

sp. from a large-scale multi-center study in France. BMC 

Infect Dis 2016; 16 (1): 451. 

 

El Safadi D, Gaayeb L, Meloni D, Cian A, Poirier P, 

Wawrzyniak I, Delbac F, Dabboussi F, Delhaes L, Seck M. 

Children of Senegal River Basin show the highest 

prevalence of Blastocystis sp. ever observed worldwide. 

BMC Infect Dis 2014; 14 (1): 164. 

 

El Safadi D, Meloni D, Poirier P, Osman M, Cian A, Gaayeb L, 

Wawrzyniak I, Delbac F, El Alaoui H, Delhaes L. 

Molecular epidemiology of Blastocystis in Lebanon and 

correlation between subtype 1 and gastrointestinal 

symptoms. Am J Trop Med Hyg 2013; 88 (6): 1203-1206. 

 

El Wakil S. Evaluation of the in vitro effect of Nigella sativa 

aqueous extract on Blastocystis hominis isolates. J Egypt 

Soc Parasitol 2007; 37 (3): 801-813. 

 

Elwakil HS, Hewedi IH. Pathogenic potential of Blastocystis 

hominis in laboratory mice. Parasitol Res 2010; 107 (3): 

685-689. 

 

Eme L, Gentekaki E, Curtis B, Archibald JM, Roger AJ. Lateral 

gene transfer in the adaptation of the anaerobic parasite 

Blastocystis to the gut. Curr Biol 2017; 27 (6): 807-820. 

 

Eroglu F, Genc A, Elgun G, Koltas IS. Identification of 

Blastocystis hominis isolates from asymptomatic and 

symptomatic patients by PCR. Parasitol Res 2009; 105 (6): 

1589-1592. 

 

Evidor FMR, Rivera WL. Genetic subtypes of Blastocystis sp. 

isolated from fecal materials in the large intestines of 

slaughtered swine. Philipp J Vet Med 2016; 53 (1): 59-64. 

 

Fayer R, Elsasser T, Gould R, Solano G, Urban Jr J, Santin M. 

Blastocystis tropism in the pig intestine. Parasitol Res 

2014; 113 (4): 1465-1472. 

 

Forsell J, Granlund M, Samuelsson L, Koskiniemi S, Edebro H, 

Evengård B. High occurrence of Blastocystis sp. subtypes 

1–3 and Giardia intestinalis assemblage B among patients 

in Zanzibar, Tanzania. Parasit Vectors 2016; 9 (1): 370. 

 

Forsell J, Granlund M, Stensvold CR, Clark CG, Clark GC, 

Evengard B. Subtype analysis of Blastocystis isolates in 

Swedish patients. Eur J Clin Microbiol Infect Dis 2012; 31 

(7): 1689-1696. 

 

Fouad SA, Basyoni MM, Fahmy RA, Kobaisi MH. The 

pathogenic role of different Blastocystis hominis genotypes 

isolated from patients with irritable bowel syndrome. Arab 

J Gastroenterol 2011; 12 (4): 194-200. 

 

Fréalle E, El Safadi D, Cian A, Aubry E, Certad G, Osman M, 

Wacrenier A, Dutoit E, Creusy C, Dubos F. Acute 

Blastocystis-associated appendicular peritonitis in a child, 

Casablanca, Morocco. Emerg Infect Dis 2015; 21 (1): 91. 

 

Garavelli P, Scaglione L, Bicocchi R, Libanore M. 

Pathogenicity of Blastocystis hominis. Infection 1991; 19 

(3): 185-185. 



 

Vol. 11 | No. 01 | 2018                  Philippine Science Letters  

 
53 

 

Ghosh K, Ayyaril M, Nirmala V. Case Reports-Acute GVHD 

involving the gastrointestinal tract and infestation with 

Blastocystis hominis in a patient with chronic myeloid 

leukaemia following allogeneic bone marrow 

transplantation. Bone Marrow Transplant 1998; 22 (11): 

1115-1118. 

 

Gil GS, Chaudhari S, Shady A, Caballes A, Hong J. Blastocystis 

sp. infection mimicking Clostridium difficile colitis. Case 

Rep Infect Dis 2016; 7264387. 

 

Girish S, Kumar S, Aminudin N. Tongkat Ali (Eurycoma 

longifolia): a possible therapeutic candidate against 

Blastocystis sp. Parasit Vectors 2015; 8 (1): 1-7. 

 

Govind SK, Khairul AA, Smith HV. Multiple reproductive 

processes in Blastocystis. Trends Parasitol. 2002; 18 (12): 

528. 

 

Govind SK, Khairul AA, Smith HV. Response to Tan and 

Stenzel, and Windsor et al.: Blastocystis reproduction and 

morphology. Trends Parasitol. 2003; 19 (7): 291-292. 

 

Grabensteiner E, Hess M. PCR for the identification and 

differentiation of Histomonas meleagridis, 

Tetratrichomonas gallinarum, and Blastocystis spp. Vet 

Parasitol 2006; 142: 223-230. 

 

Grabensteiner E, Liebhart D, Arshad N, Hess M. Antiprotozoal 

activities determined in vitro and in vivo of certain plant 

extracts against Histomonas meleagridis, 

Tetratrichomonas gallinarum and Blastocystis sp. Parasitol 

Res 2008; 103 (6): 1257-1264. 

 

Hamblin K, Standley DM, Rogers MB, Stechmann A, Roger AJ, 

Maytum R, Van Der Giezen M. Localization and 

nucleotide specificity of Blastocystis succinyl-CoA 

synthetase. Mol Microbiol 2008; 68 (6): 1395-1405. 

 

Haresh K, Suresh K, Anuar AK, Saminathan S. Isolate 

resistance of Blastocystis hominis to metronidazole. Trop 

Med Int Health 1999; 4 (4): 274-277. 

 

Harvey K, Esposito DH, Han P, Kozarsky P, Freedman DO, 

Plier DA, Sotir MJ. Surveillance for travel-related disease 

– geosentinel surveillance system, United States, 1997-

2011. MMWR Surveill Summ 2013; 62(3): 1-23. 

 

Helenbrook WD, Shields WM, Whipps CM. Characterization of 

Blastocystis species infection in humans and mantled 

howler monkeys, Alouatta palliata aequatorialis, living in 

close proximity to one another. Parasitol Res 2015; 114 (7): 

2517-2525. 

 

Ho L, Singh M, Suresh G, Ng G, Yap E. Axenic culture of 

Blastocystis hominis in Iscove's modified Dulbecco's 

medium. Parasitol Res 1993; 79 (7): 614-616. 

 

Hussein EM, Hussein AM, Eida MM, Atwa MM. 

Pathophysiological variability of different genotypes of 

human Blastocystis hominis Egyptian isolates in 

experimentally infected rats. Parasitol Res 2008; 102 (5): 

853-860. 

 

Iguchi A, Ebisu A, Nagata S, Saitou Y, Yoshikawa H, Iwatani 

S, Kimata I. Infectivity of different genotypes of human 

Blastocystis hominis isolates in chickens and rats. Parasitol 

Int 2007; 56 (2): 107-112. 

 

Iguchi A, Yoshikawa H, Yamada M, Kimata I, Arizono N. 

Expression of interferon gamma and proinflammatory 

cytokines in the cecal mucosa of rats experimentally 

infected with Blastocystis sp. strain RN94-9. Parasitol Res 

2009; 105 (1): 135-140. 

 

Ismail S, Ali I, Amer N, Fahmy Z, Azmy M, Magdy M. 

Susceptibility of Blastocystis hominis to monolaurine 

(Lauric acid), lactoferine (Lactobacillus acidophillus) and 

metronidazole: An in vitro and in vivo studies. Afr J Pharm 

Pharmacol 2016; 10 (2): 14-25.  

 

Ithoi I, Jali A, Mak J, Wan Sulaiman WY, Mahmud R. 

Occurrence of Blastocystis in water of two rivers from 

recreational areas in Malaysia. J Parasitol Res 2011; 

123916. 

 

Jantermtor S, Pinlaor P, Sawadpanich K, Pinlaor S, Sangka A, 

Wilailuckana C, Wongsena W, Yoshikawa H. Subtype 

identification of Blastocystis spp. isolated from patients in 

a major hospital in northeastern Thailand. Parasitol Res 

2013; 112 (4): 1781-1786. 

 

Jerez Puebla L, Millán I, Núñez Fernández F. Frequency of 

blastocystosis and its association with clinical symptoms in 

2 years of surveillance at" Pedro Kourí" Institute. Clin 

Microbiol 2014; 3 (6): 1000178. 

 

Jimenez-Gonzalez DE, Martinez-Flores WA, Reyes-Gordillo J, 

Ramirez-Miranda ME, Arroyo-Escalante S, Romero-

Valdovinos M, Stark D, Souza-Saldivar V, Martinez-

Hernandez F, Flisser A. Blastocystis infection is associated 

with irritable bowel syndrome in a Mexican patient 

population. Parasitol Res 2012; 110 (3): 1269-1275. 

 

Jones MS, Whipps CM, Ganac RD, Hudson NR, Boroom K. 

Association of Blastocystis subtype 3 and 1 with patients 

from an Oregon community presenting with chronic 

gastrointestinal illness. Parasitol Res 2009; 104 (2): 341-

345. 

 

Karasartova D, Gureser AS, Zorlu M, Turegun-Atasoy B, 

Taylan-Ozkan A, Dolapci M. Blastocystosis in post-

traumatic splenectomized patients. Parasitol Int 2015; 65: 

802-805. 

 

Katsarou-Katsari A, Vassalos CM, Tzanetou K, Spanakos G, 

Papadopoulou C, Vakalis N. Acute urticaria associated 

with amoeboid forms of Blastocystis sp. subtype 3. Acta 

Derm Venereol 2008; 88 (1): 80-81. 

 

Kaya S, Cetin ES, Aridogan BC, Arikan S, Demirci M. 

Pathogenicity of Blastocystis hominis, a clinical 

reevaluation. Turk Parazitol Derg 2007; 31 (3): 184-187. 

 

Khademvatan S, Masjedizadeh R, Rahim F, Mahbodtar H, 

Salehi R, Yousefi-Razin E, Foroutan M. Blastocystis and 

irritable bowel syndrome: Frequency and subtypes from 

Iranian patients. Parasitol Int 2017; 66: 142-145. 

 

Khoshnood S, Rafiei A, Saki J, Alizadeh K. Prevalence and 

genotype characterization of Blastocystis hominis among 

the Baghmalek People in Southwestern Iran in 2013-2014. 

Jundishapur J Microbiol 2015; 8 (10): e23930. 

 

Kumarasamy V, Kuppusamy UR, Samudi C, Kumar S. 

Blastocystis sp. subtype 3 triggers higher proliferation of 



 

Philippine Science Letters                           Vol. 11 | No. 01 | 2018 54 

human colorectal cancer cells, HCT116. Parasitol Res 

2013; 112 (10): 3551-3555. 

 

Kurt Ö, Al FD, Tanyüksel M. Eradication of Blastocystis in 

humans: Really necessary for all? Parasitol Int 2016; 65 (6 

Pt B): 797-801. 

 

Lantsman Y, Tan KS, Morada M, Yarlett N. Biochemical 

characterization of a mitochondrial-like organelle from 

Blastocystis sp. subtype 7. Microbiology 2008; 154 (9): 

2757-2766. 

 

Lanuza MD, Carbajal J, Villar J, Borrás R. Description of an 

improved method for Blastocystis hominis culture and 

axenization. Parasitol Res 1996; 83 (1): 60-63. 

 

Lee LI, Chye TT, Karmacharya BM, Govind SK. Blastocystis 

sp.: waterborne zoonotic organism, a possibility? Parasit 

Vectors 2012; 5: 130. 

 

Lee J-H, Wood TK, Lee J. Roles of indole as an interspecies and 

interkingdom signaling molecule. Trends Microbiol 2015; 

23 (11): 707-718. 

 

Leelayoova S, Rangsin R, Taamasri P, Naaglor T, Thathaisong 

U, Mungthin M. Evidence of waterborne transmission of 

Blastocystis hominis. Am J Trop Med Hyg 2004; 70 (6): 

658-662. 

 

Leelayoova S, Siripattanapipong S, Thathaisong U, Naaglor T, 

Taamasri P, Piyaraj P, Mungthin M. Drinking water: a 

possible source of Blastocystis spp. subtype 1 infection in 

schoolchildren of a rural community in central Thailand. 

Am J Trop Med Hyg 2008; 79 (3): 401-406. 

 

Lepczyńska M, Dzika E, Kubiak K, Korycińska J. The role of 

Blastocystis sp. as an etiology of irritable bowel syndrome. 

Pol Ann Med 2016; 23 (1): 57-60. 

 

Leung T, Poulin R. Parasitism, commensalism, and mutualism: 

exploring the many shades of symbioses. Vie Milieu 2008; 

58 (2): 107. 

 

Li J, Deng T, Li X, Cao G, Li X, Yan Y. A rat model to study 

Blastocytis subtype 1 infections. Parasitol Res 2013; 112 

(10): 3537-3541. 

 

Li LH, Zhang XP, Lv S, Zhang L, Yoshikawa H, Wu Z, 

Steinmann P, Utzinger J, Tong XM, Chen SH. Cross-

sectional surveys and subtype classification of human 

Blastocystis isolates from four epidemiological settings in 

China. Parasitol Res 2007a; 102 (1): 83-90. 

 

Li LH, Zhou XN, Du ZW, Wang XZ, Wang LB, Jiang JY, 

Yoshikawa H, Steinmann P, Utzinger J, Wu Z, Chen JX, 

Chen SH, Zhang L. Molecular epidemiology of human 

Blastocystis in a village in Yunnan province, China. 

Parasitol Int 2007b; 56 (4): 281-286. 

 

Lim MX, Png CW, Tay CYB, Teo JDW, Jiao H, Lehming N, 

Tan KSW, Zhang Y. Differential regulation of pro-

inflammatory cytokine expression by MAP kinases in 

macrophages in response to intestinal parasite infection. 

Infect Immun 2014; 82 (11): 4789-4801. 

 

Long H, Handschack A, König W, Ambrosch A. Blastocystis 

hominis modulates immune responses and cytokine release 

in colonic epithelial cells. Parasitol Res 2001; 87 (12): 

1029-1030. 

 

Lukeš J, Stensvold CR, Jirků-Pomajbíková K, Parfrey LW. Are 

human intestinal eukaryotes beneficial or commensals? 

PLoS Pathog 2015; 11 (8): e1005039. 

 

Madden J, Hunter J. A review of the role of the gut microflora 

in irritable bowel syndrome and the effects of probiotics. 

Br J Nutr 2002; 88 (S1): s67-s72. 

 

Malheiros AF, Stensvold CR, Clark CG, Braga GB, Shaw JJ. 

Molecular characterization of Blastocystis obtained from 

members of the indigenous Tapirapé ethnic group from the 

Brazilian Amazon region, Brazil. Am J Trop Med Hyg 

2011; 85 (6): 1050-1053. 

 

Mattiucci S, Crisafi B, Gabrielli S, Paoletti M, Cancrini G. 

Molecular epidemiology and genetic diversity of 

Blastocystis infection in humans in Italy. Epidemiol Infect 

2015; 144 (3): 635-646. 

 

Medlin L, Elwood HJ, Stickel S, Sogin ML. The 

characterization of enzymatically amplified eukaryotic 

16S-like rRNA-coding regions. Gene 1988; 71 (2): 491-

499. 

 

Menounos PG, Spanakos G, Tegos N, Vassalos CM, 

Papadopoulou C, Vakalis NC. Direct detection of 

Blastocystis sp. in human faecal samples and subtype 

assignment using single strand conformational 

polymorphism and sequencing. Mol Cell Probes 2008; 22 

(1): 24-29. 

 

Mirza H, Tan KS. Blastocystis exhibits inter-and intra-subtype 

variation in cysteine protease activity. Parasitol Res 2009; 

104 (2): 355-361. 

 

Mirza H, Teo JD, Upcroft J, Tan KS. A rapid, high-throughput 

viability assay for Blastocystis spp. reveals metronidazole 

resistance and extensive subtype-dependent variations in 

drug susceptibilities. Antimicrob Agents Chemother 2011; 

55 (2): 637-648. 

 

Mirza H, Wu Z, Teo JD, Tan KS. Statin pleiotropy prevents rho 

kinase-mediated intestinal epithelial barrier compromise 

induced by Blastocystis cysteine proteases. Cell Microbiol 

2012; 14 (9): 1474-1484. 

 

Mockenhaupt FP, Barbre KA, Jensenius M, Larsen CS, Barnett 

ED, Stauffer W, Rothe C, Asgeirsson H, Hamer DH, 

Esposito DH, Gautret P, Schlagenhauf P. Profile of illness 

in Syrian refugees: a geosentinel analysis, 2013 to 2015. 

Euro Surveill 2016; 21(10): pii=30160. 

 

Moe K, Singh M, Howe J, Ho L, Tan S, Chen X, Ng G, Yap E. 

Experimental Blastocystis hominis infection in laboratory 

mice. Parasitol Res 1997; 83 (4): 319-325. 

 

Moghaddam DD, Ghadirian E, Azami M. Blastocystis hominis 

and the evaluation of efficacy of metronidazole and 

trimethoprim/sulfamethoxazole. Parasitol Res 2005; 96 

(4): 273-275. 

 

Moosavi A, Haghighi A, Mojarad EN, Zayeri F, Alebouyeh M, 

Khazan H, Kazemi B, Zali M. Genetic variability of 

Blastocystis sp. isolated from symptomatic and 

asymptomatic individuals in Iran. Parasitol Res 2012; 111 

(6): 2311-2315. 

 

Nagel R, Bielefeldt-Ohmann H, Traub R. Clinical pilot study: 

efficacy of triple antibiotic therapy in Blastocystis positive 



 

Vol. 11 | No. 01 | 2018                  Philippine Science Letters  

 
55 

irritable bowel syndrome patients. Gut Pathogens? 2014; 6: 

34. 

 

Nagel R, Cuttell L, Stensvold C, Mills PC, Bielefeldt‐Ohmann 

H, Traub RJ. Blastocystis subtypes in symptomatic and 

asymptomatic family members and pets and response to 

therapy. Intern Med J 2012; 42 (11): 1187-1195. 

 

Nagel R, Gray C, Bielefeldt-Ohmann H, Traub RJ. Features of 

Blastocystis spp. in xenic culture revealed by 

deconvolutional microscopy. Parasitol Res 2015; 114 (9): 

3237-3245. 

 

Nair GP, Ramamurthy T, Bhattacharya MK, Krishnan T, 

Ganguly S, Saha DR, Rajendran K, Manna B, Ghosh M, 

Okamoto K, Takeda Y. Emerging trends in the etiology of 

enteric pathogens evidenced from an active surveillance of 

hospitalized diarrhoeal patients in Kolkata, India. Gut 

Pathogens? 2010; 2: 4.  

 

Nasirudeen A. Cell death and human intestinal protozoa: a brief 

overview. Curr Issues Intest Microbiol 2005; 6 (2): 77. 

 

Nasirudeen A, Hian YE, Singh M, Tan KS. Metronidazole 

induces programmed cell death in the protozoan parasite 

Blastocystis hominis. Microbiology 2004; 150 (1): 33-43. 

 

Nasirudeen A, Tan KS. Caspase-3-like protease influences but 

is not essential for DNA fragmentation in Blastocystis 

undergoing apoptosis. Eur J Cell Biol 2004; 83 (9): 477-

482. 

 

Nasirudeen A, Tan KS. Programmed cell death in Blastocystis 

hominis occurs independently of caspase and 

mitochondrial pathways. Biochimie 2005; 87 (6): 489-497. 

 

Nasirudeen A, Tan K, Singh M, Yap E. Programmed cell death 

in a human intestinal parasite, Blastocystis hominis. 

Parasitology 2001; 123 (03): 235-246. 

 

Ng G, Tan KS. Colony growth as a step towards axenization of 

Blastocystis isolates. Parasitol Res 1999; 85 (8-9): 678-679. 

 

Nigro L, Larocca L, Massarelli L, Patamia I, Minniti S, Palermo 

F, Cacopardo B. A placebo-controlled treatment trial of 

Blastocystis hominis infection with metronidazole. J Travel 

Med 2003; 10 (2): 128-130. 

 

Nimri LF. Evidence of an epidemic of Blastocystis hominis 

infections in preschool children in northern Jordan. J Clin 

Microbiol 1993; 31 (10): 2706-2708. 

 

Nimri L, Batchoun R. Intestinal colonization of symptomatic 

and asymptomatic schoolchildren with Blastocystis 

hominis. J Clin Microbiol 1994; 32 (11): 2865-2866. 

 

Nithyamathi K, Chandramathi S, Kumar S. Predominance of 

Blastocystis sp. infection among school children in 

peninsular Malaysia. PLoS ONE 2016; 11 (2): e0136709. 

 

Noël C, Dufernez F, Gerbod D, Edgcomb VP, Delgado-

Viscogliosi P, Ho L-C, Singh M, Wintjens R, Sogin ML, 

Capron M. Molecular phylogenies of Blastocystis isolates 

from different hosts: implications for genetic diversity, 

identification of species, and zoonosis. J Clin Microbiol 

2005; 43 (1): 348-355. 

 

Noël C, Peyronnet C, Gerbod D, Edgcomb VP, Delgado-

Viscogliosi P, Sogin ML, Capron M, Viscogliosi E, Zenner 

L. Phylogenetic analysis of Blastocystis isolates from 

different hosts based on the comparison of small-subunit 

rRNA gene sequences. Mol Biochem Parasitol 2003; 126 

(1): 119-123. 

 

Nourrisson C, Scanzi J, Pereira B, NkoudMongo C, 

Wawrzyniak I, Cian A, Viscogliosi E, Livrelli V, Delbac F, 

Dapoigny M. Blastocystis is associated with decrease of 

fecal microbiota protective bacteria: comparative analysis 

between patients with irritable bowel syndrome and control 

subjects. PLoS ONE 2014; 9 (11): e111868. 

 

Osman M, Bories J, El Safadi D, Poirel M-T, Gantois N, 

Benamrouz-Vanneste S, Delhaes L, Hugonnard M, Certad 

G, Zenner L. Prevalence and genetic diversity of the 

intestinal parasites Blastocystis sp. and Cryptosporidium 

spp. in household dogs in France and evaluation of zoonotic 

transmission risk. Vet Parasitol 2015; 214 (1): 167-170. 

 

Özbilgin A, Durmuskahya C, Kilimcioglu AA, Kayalar H, Kurt 

Ö, Ermis VÖ, Tabak T, Ostan İ. In vitro Efficacy of 

Quercus infectoria Oliv. and Achillea millefolium L. 

extracts against Blastocystis spp. isolates. Kafkas Univ Vet 

Fak Derg 2013; 19 (3): 511-516. 

 

Palasuwan A, Palasuwan D, Mahittikorn A, Chiabchalard R, 

Combes V, Popruk S. Subtype distribution of Blastocystis 

in communities along the Chao Phraya River, Thailand. 

Korean J Parasitol 2016; 54 (4): 455. 

 

Pandey PK, Verma P, Marathe N, Shetty S, Bavdekar A, Patole 

MS, Stensvold CR, Shouche YS. Prevalence and subtype 

analysis of Blastocystis in healthy Indian individuals. Infect 

Genet Evol 2015; 31: 296-299. 

 

Parija SC. Blastocystis: Status of its pathogenicity. Trop 

Parasitol 2013; 3 (1): 1. 

 

Parija SC, Jeremiah S. Blastocystis: Taxonomy, biology and 

virulence. Trop Parasitol 2013; 3 (1): 17-25. 

 

Parkar U, Traub R, Kumar S, Mungthin M, Vitali S, Leelayoova 

S, Morris K, Thompson R. Direct characterization of 

Blastocystis from faeces by PCR and evidence of zoonotic 

potential. Parasitology 2007; 134 (03): 359-367. 

 

Parkar U, Traub RJ, Vitali S, Elliot A, Levecke B, Robertson I, 

Geurden T, Steele J, Drake B, Thompson R. Molecular 

characterization of Blastocystis isolates from zoo animals 

and their animal-keepers. Vet Parasitol 2010; 169 (1): 8-17. 

 

Pasqui A, Savini E, Saletti M, Guzzo C, Puccetti L, Auteri A. 

Chronic urticaria and Blastocystis hominis infection. A case 

report. Eur Rev Med Pharmacol Sci 2004; 8: 117-120. 

 

Pavanelli MF, Kaneshima EN, Uda CF, Colli CM, Falavigna-

Guilherm AL, Gomes ML. Pathogenicity of Blastocystis sp. 

to the gastrointestinal tract of mice: relationship between 

inoculum size and period of infection. Rev Inst Med Trop 

Sao Paulo 2015; 57 (6): 467-472. 

 

Pegelow K, Gross R, Pietrzik K, Lukito W, Richards A, Fryauff 

D. Parasitological and nutritional situation of school 

children in the Sukaraja district, West Java, Indonesia. 

Southeast Asian J Trop Med Public Health 1997; 28 (1): 

173-190. 

 

Pérez-Brocal V, Clark CG. Analysis of two genomes from the 

mitochondrion-like organelle of the intestinal parasite 



 

Philippine Science Letters                           Vol. 11 | No. 01 | 2018 56 

Blastocystis: complete sequences, gene content, and 

genome organization. Mol Biol Evol 2008; 25 (11): 2475-

2482. 

 

Pérez-Cordón G, Rosales MJ, del Mar Gavira M, Valdez RA, 

Vargas F, Córdova O. Finding of Blastocystis sp. in 

bivalves of the genus Donax. Rev Peru Biol 2007;14 (2): 

301-302. 

 

Poirier P, Meloni D, Nourrisson C, Wawrzyniak I, Viscogliosi 

E, Livrelli V, Delbac F. Molecular subtyping of 

Blastocystis spp. using a new rDNA marker from the 

mitochondria-like organelle genome. Parasitology 2014; 

141 (5): 670-681. 

 

Poirier P, Wawrzyniak I, Albert A, El Alaoui H, Delbac F, 

Livrelli V. Development and evaluation of a real-time PCR 

assay for detection and quantification of Blastocystis 

parasites in human stool samples: prospective study of 

patients with hematological malignancies. J Clin Microbiol 

2011; 49 (3): 975-983. 

 

Poirier P, Wawrzyniak I, Vivarès CP, Delbac F, El Alaoui H. 

New insights into Blastocystis spp.: a potential link with 

irritable bowel syndrome. PLoS Pathog 2012; 8 (3): 

e1002545. 

 

Popruk S, Udonsom R, Koompapong K, Mahittikorn A, 

Kusolsuk T, Ruangsittichai J, Palasuwan A. Subtype 

distribution of Blastocystis in Thai-Myanmar border, 

Thailand. Korean J Parasitol 2015; 53 (1): 13. 

 

Puthia MK, Lu J, Tan KS. Blastocystis ratti contains cysteine 

proteases that mediate interleukin-8 response from human 

intestinal epithelial cells in an NF-κB-dependent manner. 

Eukaryot Cell 2008; 7 (3): 435-443. 

 

Puthia MK, Sio SW, Lu J, Tan KS. Blastocystis ratti induces 

contact-independent apoptosis, F-actin rearrangement, and 

barrier function disruption in IEC-6 cells. Infect Immun 

2006; 74 (7): 4114-4123. 

 

Puthia MK, Vaithilingam A, Lu J, Tan KS. Degradation of 

human secretory immunoglobulin A by Blastocystis. 

Parasitol Res 2005; 97 (5): 386-389. 

 

Ragavan ND, Kumar S, Chye TT, Mahadeva S, Shiaw-Hooi H. 

Blastocystis sp. in Irritable Bowel Syndrome (IBS) - 

detection in stool aspirates during colonoscopy. PLoS ONE 

2015; 10 (9): e0121173. 

 

Rajamanikam A, Govind SK. Amoebic forms of Blastocystis 

spp.-evidence for a pathogenic role. Parasit Vectors 2013; 

6 (1): 295. 

 

Rajič B, Arapović J, Raguž K, Bošković M, Babić SM, Maslać 

S. Eradication of Blastocystis hominis prevents the 

development of symptomatic Hashimoto’s thyroiditis: a 

case report. J Infect Dev Ctries? 2015; 9 (7): 788-791. 

 

Raman K, Kumar S, Chye TT. Increase number of 

mitochondrion-like organelle in symptomatic Blastocystis 

subtype 3 due to metronidazole treatment. Parasitol Res 

2016; 115 (1): 391-396. 

 

Ramirez JD, Sanchez LV, Bautista DC, Corredor AF, Florez AC, 

Stensvold CR. Blastocystis subtypes detected in humans 

and animals from Colombia. Infect Genet Evol 2014; 22: 

223-228. 

 

Rao K, Sekar U, Iraivan K, Abraham G, Soundararajan P. 

Blastocystis hominis—an emerging cause of diarrhoea in 

renal transplant recipients. J Assoc Physicians India 2003; 

51 (1): 719-721. 

 

Reiff C, Kelly D. Inflammatory bowel disease, gut bacteria and 

probiotic therapy. Int J Med Microbiol 2010; 300 (1): 25-

33. 

 

Rene BA, Stensvold CR, Badsberg JH, Nielsen HV. Subtype 

analysis of Blastocystis isolates from Blastocystis cyst 

excreting patients. Am J Trop Med Hyg 2009; 80 (4): 588-

592. 

 

Rivera WL. Phylogenetic analysis of Blastocystis isolates from 

animal and human hosts in the Philippines. Vet Parasitol 

2008; 156 (3–4): 178-182. 

 

Rivera WL, Tan MA. Molecular characterization of Blastocystis 

isolates in the Philippines by riboprinting. Parasitol Res 

2005; 96 (4): 253-257. 

 

Roberts T, Bush S, Ellis J, Harkness J, Stark D. In vitro 

antimicrobial susceptibility patterns of Blastocystis. 

Antimicrob Agents Chemother 2015; 59 (8): 4417-4423. 

 

Roberts T, Ellis J, Harkness J, Marriott D, Stark D. Treatment 

failure in patients with chronic Blastocystis infection. J 

Med Microbiol 2014a; 63 (2): 252-257. 

 

Roberts T, Stark D, Harkness J, Ellis J. Subtype distribution of 

Blastocystis isolates from a variety of animals from New 

South Wales, Australia. Vet Parasitol 2013;196 (1–2): 85-

89. 

 

Roberts T, Stark D, Harkness J, Ellis J. Update on the pathogenic 

potential and treatment options for Blastocystis sp. Gut 

Pathogens? 2014b;6 (1): 17. 

 

Rossen N, Bart A, Verhaar N, van Nood E, Kootte R, de Groot 

P, D’Haens G, Ponsioen C, van Gool T. Low prevalence of 

Blastocystis sp. In active ulcerative colitis patients. Eur J 

Clin Microbiol 2015; 34 (5): 1039-1044. 

 

Salim HR, Kumar GS, Vellayan S, Mak J, Anuar AK, Init I, 

Vennila G, Saminathan R, Ramakrishnan K. Blastocystis in 

animal handlers. Parasitol Res 1999; 85 (12): 1032-1033. 

 

Sánchez A, Munoz M, Gómez N, Tabares J, Segura L, Salazar 

Á, Restrepo C, Ruíz M, Reyes P, Qian Y, Xiao L, López 

MC, Ramírez JD. Molecular epidemiology of Giardia, 

Blastocystis and Cryptosporidium among indigenous 

children from the Colombian Amazon Basin. Front  

Microbiol 2017; 8: 248. 

 

Sanpool O, Laoraksawong P, Janwan P, Intapan PM, 

Sawanyawisuth K, Thanchomnang T, Changtrakul Y, 

Maleewong W. Genetic subtypes of Blastocystis isolated 

from Thai hospitalized patients in northeastern Thailand. 

Southeast Asian J Trop Med Public Health 2015;46 (2): 

184-190. 

 

Sanpool O, Laymanivong S, Thanchomnang T, Rodpai R, 

Sadaow L, Phosuk I, Maleewong W, Intapan PM. Subtype 

identification of human Blastocystis spp. isolated from Lao 

People's Democratic Republic. Acta Trop 2017; 168: 37-40. 

 

Santín M, Gómez-Muñoz MT, Solano-Aguilar G, Fayer R. 

Development of a new PCR protocol to detect and subtype 



 

Vol. 11 | No. 01 | 2018                  Philippine Science Letters  

 
57 

Blastocystis spp. from humans and animals. Parasitol Res 

2011; 109 (1): 205-212. 

 

Santos HJ, Rivera WL. Kinetic analysis of antibody responses 

to Blastocystis hominis in sera and intestinal secretions of 

orally infected mice. Parasitol Res 2009; 105 (5): 1303-

1310. 

 

Santos HJ, Rivera WL. Comparison of direct fecal smear 

microscopy, culture, and polymerase chain reaction for the 

detection of Blastocystis sp. in human stool samples. Asian 

Pac J Trop Med 2013;6 (10): 780-784. 

 

Santos HLC, Sodré FC, de Macedo HW. Blastocystis sp. in 

splenic cysts: causative agent or accidental association? A 

unique case report. Parasit Vectors 2014; 7 (1): 207. 

 

Sawangjaroen N, Sawangjaroen K. The effects of extracts from 

anti-diarrheic Thai medicinal plants on the in vitro growth 

of the intestinal protozoa parasite: Blastocystis hominis. J 

Ethnopharmacol 2005; 98 (1): 67-72. 

 

Scanlan PD, Knight R, Song SJ, Ackermann G, Cotter PD. 

Prevalence and genetic diversity of Blastocystis in family 

units living in the United States. Infect Genet Evol 2016; 

45: 95-97. 

 

Scanlan PD, Stensvold CR, Cotter PD. Development and 

application of a Blastocystis subtype-specific PCR assay 

reveals that mixed-subtype infections are common in a 

healthy human population. Appl Environ Microbiol 2015; 

81 (12): 4071-4076. 

 

Scanlan PD, Stensvold CR, Rajilić-Stojanović M, Heilig HG, De 

Vos WM, O'Toole PW, Cotter PD. The microbial 

eukaryote Blastocystis is a prevalent and diverse member 

of the healthy human gut microbiota. FEMS Microbiol 

Ecol 2014; 90 (1): 326-330. 

 

Scicluna SM, Tawari B, Clark CG. DNA Barcoding of 

Blastocystis. Protist 2006; 157 (1): 77-85. 

 

Seyer A, Karasartova D, Ruh E, Güreser AS, Imir T, Taylan-

Ozkan A. Is “dried stool spots on filter paper method 

(DSSFP)” more sensitive and effective for detecting 

Blastocystis spp. and their subtypes by PCR and 

sequencing? Parasitol Res 2016: 115 (12): 4449-4455.  

 

Seyer A, Karasartova D, Ruh E, Güreser AS, Turgal E, Imir T, 

Ozkan AT. Epidemiology and prevalence of Blastocystis 

spp. in North Cyprus.  Am J Trop Med Hyg 2017; 95 (5): 

1164-1170. 

 

Singh M, Ho L, Yap A, Ng G, Tan S, Moe K, Yap E. Axenic 

culture of reptilian Blastocystis isolates in monophasic 

medium and speciation by karyotypic typing. Parasitol Res 

1996; 82 (2): 165-169. 

 

Singh M, Suresh K, Ho L, Ng G, Yap E. Elucidation of the life 

cycle of the intestinal protozoan Blastocystis hominis. 

Parasitol Res 1995; 81 (5): 446-450. 

 

Sio SW, Puthia MK, Lee AS, Lu J, Tan KS. Protease activity of 

Blastocystis hominis. Parasitol Res 2006; 99 (2): 126-130. 

 

Słodkowicz-Kowalska A, Majewska AC, Rzymski P, 

Skrzypczak Ł, Werner A. Human waterborne protozoan 

parasites in freshwater bivalves (Anodonta anatina and 

Unio tumidus) as potential indicators of fecal pollution in 

urban reservoir. Limnologica 2015; 51: 32-36. 

 

Souppart L, Moussa H, Cian A, Sanciu G, Poirier P, El Alaoui 

H, Delbac F, Boorom K, Delhaes L, Dei-Cas E. Subtype 

analysis of Blastocystis isolates from symptomatic patients 

in Egypt. Parasitol Res 2010; 106 (2): 505-511. 

 

Souppart L, Sanciu G, Cian A, Wawrzyniak I, Delbac F, Capron 

M, Dei-Cas E, Boorom K, Delhaes L, Viscogliosi E. 

Molecular epidemiology of human Blastocystis isolates in 

France. Parasitol Res 2009; 105 (2): 413-421. 

 

Stechmann A, Hamblin K, Pérez-Brocal V, Gaston D, 

Richmond GS, Van der Giezen M, Clark CG, Roger AJ. 

Organelles in Blastocystis that blur the distinction between 

mitochondria and hydrogenosomes. Curr Biol 2008; 18 (8): 

580-585. 

 

Stensvold CR. Blastocystis: Genetic diversity and molecular 

methods for diagnosis and epidemiology. Trop Parasitol 

2013a; 3 (1): 26-34. 

 

Stensvold CR. Comparison of sequencing (barcode region) and 

sequence-tagged-site PCR for Blastocystis subtyping. J 

Clin Microbiol 2013b; 51 (1): 190-194. 

 

Stensvold CR. Laboratory diagnosis of Blastocystis spp. Trop 

Parasitol 2015; 5 (1): 3. 

 

Stensvold CR, Ahmed UN, Andersen LO, Nielsen HV. 

Development and evaluation of a genus-specific, probe-

based, internal-process-controlled real-time PCR assay for 

sensitive and specific detection of Blastocystis spp. J Clin 

Microbiol 2012; 50 (6): 1847-1851. 

 

Stensvold CR, Alfellani MA, Nørskov-Lauritsen S, Prip K, 

Victory EL, Maddox C, Nielsen HV, Clark CG. Subtype 

distribution of Blastocystis isolates from synanthropic and 

zoo animals and identification of a new subtype. Int J 

Parasitol 2009a; 39 (4): 473-479. 

 

Stensvold CR, Arendrup MC, Jespersgaard C, Mølbak K, 

Nielsen HV. Detecting Blastocystis using parasitologic and 

DNA-based methods: A comparative study. Diagn 

Microbiol Infect Dis 2007a; 59 (3): 303-307. 

 

Stensvold CR, Christiansen DB, Olsen KEP, Nielsen HV. 

Blastocystis sp. subtype 4 is common in Danish 

Blastocystis-positive patients presenting with acute 

diarrhea. Am J Trop Med Hyg 2011; 84 (6): 883-885. 

 

Stensvold CR, Nielsen HV, Mølbak K, Smith HV. Pursuing the 

clinical significance of Blastocystis–diagnostic limitations. 

Trends Parasitol 2009b; 25 (1): 23-29. 

 

Stensvold CR, Smith HV, Nagel R, Olsen KE, Traub RJ. 

Eradication of Blastocystis carriage with antimicrobials: 

reality or delusion? J Clin Gastroenterol 2010; 44 (2): 85-

90. 

 

Stensvold CR, Suresh GK, Tan KS, Thompson R, Traub RJ, 

Viscogliosi E, Yoshikawa H, Clark CG. Terminology for 

Blastocystis subtypes–a consensus. Trends Parasitol 

2007b; 23 (3): 93-96. 

 

Stenzel D, Boreham P. Blastocystis hominis revisited. Clin 

Microbiol Rev 1996; 9 (4): 563-584. 

 



 

Philippine Science Letters                           Vol. 11 | No. 01 | 2018 58 

Surangsrirat S, Thamrongwittawatpong L, Piyaniran W, 

Naaglor T, Khoprasert C, Taamasri P, Mungthin M, 

Leelayoova S. Assessment of the association between 

Blastocystis infection and irritable bowel syndrome. J Med 

Assoc Thai 2010; 93 (Suppl 6): S119-S124. 

 

Suresh K, Howe J, Chong S, Ng G, Ho L, Loh A, Ramachandran 

N, Yap E, Singh M. Ultrastructural changes during in vitro 

encystment of Blastocystis hominis. Parasitol Res 1994; 80 

(4): 327-335. 

 

Suresh K, Ng G, Ramachandran N, Ho L, Yap E, Singh M. In 

vitro encystment and experimental infections of 

Blastocystis hominis. Parasitol Res 1993; 79 (6): 456-460. 

 

Suresh K, Smith H, Tan T. Viable Blastocystis cysts in Scottish 

and Malaysian sewage samples. Appl Environ Microbiol 

2005; 71 (9): 5619-5620. 

 

Suresh K, Venilla G, Tan T, Rohela M. In vivo encystation of 

Blastocystis hominis. Parasitol Res 2009; 104 (6): 1373-

1380. 

 

Taamasri P, Leelayoova S, Rangsin R, Naaglor T, Ketupanya A, 

Mungthin M. Prevalence of Blastocystis hominis carriage 

in Thai army personnel based in Chonburi, Thailand.  Mil 

Med 2002;167 (8): 643-646. 

 

Tan KS. Blastocystis in humans and animals: new insights using 

modern methodologies. Vet Parasitol 2004; 126 (1): 121-

144. 

 

Tan KS. New insights on classification, identification, and 

clinical relevance of Blastocystis spp. Clin Microbiol Rev 

2008; 21 (4): 639-665. 

Tan KS, Howe J, Yap E, Singh M. Do Blastocystis hominis 

colony forms undergo programmed cell death? Parasitol 

Res 2001a; 87 (5): 362-367. 

 

Tan KS, Ibrahim M, Ng G, Nasirudeen A, Ho L, Yap E, Singh 

M. Exposure of Blastocystis species to a cytotoxic 

monoclonal antibody. Parasitol Res 2001b; 87 (7): 534-538. 

 

Tan KS, Nasirudeen A. Protozoan programmed cell death–

insights from Blastocystis deathstyles. Trends Parasitol 

2005; 21 (12): 547-550. 

 

Tan KS, Singh M, Yap EH. Recent advances in Blastocystis 

hominis research: hot spots in terra incognita. Int J Parasitol 

2002; 32 (7): 789-804. 

 

Tan KS, Stenzel DJ. Multiple reproductive processes in 

Blastocystis: proceed with caution. Trends Parasitol 2003; 

19 (7): 290-291. 

 

Tan MAV, Rivera WL. Genotypic characterization of 

Blastocystis isolates in the Philippines. Philipp J Vet Med 

2008; 45: 86-94. 

 

Tan S, Singh M, Yap E, Ho L, Moe K, Howe J, Ng G. Colony 

formation of Blastocystis hominis in soft agar. Parasitol 

Res 1996; 82 (4): 375-377. 

 

Tan T, Ong S, Suresh K. Genetic variability of Blastocystis sp. 

isolates obtained from cancer and HIV/AIDS patients. 

Parasitol Res 2009; 105 (5): 1283-1286. 

 

Tan T, Suresh K. Amoeboid form of Blastocystis hominis—a 

detailed ultrastructural insight. Parasitol Res 2006a; 99 (6): 

737-742. 

Tan T, Suresh K. Predominance of amoeboid forms of 

Blastocystis hominis in isolates from symptomatic patients. 

Parasitol Res 2006b; 98 (3): 189-193. 

 

Tan T, Suresh K. Evidence of plasmotomy in Blastocystis 

hominis. Parasitol Res 2007; 101 (6): 1521-1525. 

 

Tanizaki A, Yoshikawa H, Iwatani S, Kimata I. Infectivity of 

Blastocystis isolates from chickens, quails and geese in 

chickens. Parasitol Res 2005; 96 (1): 57-61. 

 

Taşova Y, Sahin B, Koltaş S, Paydaş S. Clinical significance and 

frequency of Blastocystis hominis in Turkish patients with 

hematological malignancy. Acta Med Okayama 2000; 54 

(3): 133-136. 

 

Teo J, MacAry PA, Tan K. Pleiotropic effects of Blastocystis 

spp. subtypes 4 and 7 on ligand-specific toll-like receptor 

signaling and NF-κB activation in a human monocyte cell 

line. PLoS ONE 2014a; 9 (2): e89036. 

 

Teow W, Ng G, Chan P, Chan Y, Yap E, Zaman V, Singh M. A 

survey of Blastocystis in reptiles. Parasitol Res 1992; 78 

(5): 453-455. 

 

Termmathurapoj S, Leelayoova S, Aimpun P, Thathaisong U, 

Nimmanon T, Taamasri P, Mungthin M. The usefulness of 

short-term in vitro cultivation for the detection and 

molecular study of Blastocystis hominis in stool specimens. 

Parasitol Res 2004; 93 (6): 445-447. 

 

Thamrongwittawatpong L, Surangsrirat S. Assessment of the 

association between Blastocystis hominis infection and 

irritable bowel syndrome in Phramongkutklao Hospital. 

Thai J Gastroenterol 2006; 7 (2): 88-92. 

 

Thathaisong U, Siripattanapipong S, Mungthin M, 

Pipatsatitpong D, Tan-ariya P, Naaglor T, Leelayoova S. 

Identification of Blastocystis subtype 1 variants in the home 

for girls, Bangkok, Thailand. Am J Trop Med Hyg 2013; 

88 (2): 352-358. 

 

Tsaousis AD, De Choudens SO, Gentekaki E, Long S, Gaston 

D, Stechmann A, Vinella D, Py B, Fontecave M, Barras F. 

Evolution of Fe/S cluster biogenesis in the anaerobic 

parasite Blastocystis. Proc Natl Acad Sci USA 2012; 109 

(26): 10426-10431. 

 

Tsaousis AD, Gaston D, Stechmann A, Walker PB, Lithgow T, 

Roger AJ. A functional Tom70 in the human parasite 

Blastocystis sp.: implications for the evolution of the 

mitochondrial import apparatus. Mol Biol Evol 2011; 28 

(1): 781-791. 

 

Valido EM, Rivera WL. Colony growth of Philippine isolates of 

Blastocystis hominis in simplified, soft agar medium. 

Parasitol Res 2007; 101 (1): 213-217. 

 

Valsecchi R, Leghissa P, Greco V. Cutaneous lesions in 

Blastocystis hominis infection. Acta Derm Venereol 2004; 

84 (4): 322-323. 

 

Vargas-Sanchez G-B, Romero-Valdovinos M, Ramirez-

Guerrero C, Vargas-Hernandez I, Ramirez-Miranda ME, 

Martinez-Ocaña J, Valadez A, Ximenez C, Lopez-

Escamilla E, Hernandez-Campos ME. Blastocystis isolates 

from patients with irritable bowel syndrome and from 

asymptomatic carriers exhibit similar parasitological loads, 

but significantly different generation times and genetic 



 

Vol. 11 | No. 01 | 2018                  Philippine Science Letters  

 
59 

variability across multiple subtypes. PLoS ONE 2015; 10 

(4): e0124006. 

 

Velasco J, Gonzalez F, Diaz T, Pena-Guillen J, Araque M. 

Profiles of enteropathogens in asymptomatic children from 

indigenous communities of Merida, Venezuela. J Infect 

Dev Ctries 2011; 5 (4): 278-285. 

 

Villanueva-Garcia C, Gordillo-Chavez EJ, Lopez-Escamilla E, 

Rendon-Franco E, Muñoz-Garcia CI, Gama L, Martinez-

Flores WA, Gonzalez-Rodriguez N, Romero-Valdovinos 

M, Diaz-Lopez H. Clarifying the cryptic host specificity of 

Blastocystis spp. isolates from Alouatta palliata and A. 

pigra howler monkeys. PLoS ONE 2017; 12 (1): e0169637. 

 

Villegas-Gómez I, Martínez-Hernández F, Urrea-Quezada A, 

González-Díaz M, Durazo M, Hernández J, Orozco-

Mosqueda GE, Villalobos G, Maravilla P, Valenzuela O. 

Comparison of the genetic variability of Blastocystis 

subtypes between human carriers from two contrasting 

climatic regions of México. Infect Genet Evol 2016; 44: 

334-340. 

 

Vogelberg C, Stensvold CR, Monecke S, Ditzen A, Stopsack K, 

Heinrich-Gräfe U, Pöhlmann C. Blastocystis sp. subtype 2 

detection during recurrence of gastrointestinal and 

urticarial symptoms. Parasitol Int 2010; 59 (3): 469-471. 

 

Walderich B, Bernauer S, Renner M, Knobloch J, Burchard GD. 

Cytopathic effects of Blastocystis hominis on Chinese 

hamster ovary (CHO) and adeno carcinoma HT29 cell 

cultures. Trop Med Int Health 1998; 3 (5): 385-390. 

 

Wang W, Bielefeldt-Ohmann H, Traub RJ, Cuttell L, Owen H. 

Location and pathogenic potential of Blastocystis in the 

porcine intestine. PLoS ONE 2014a; 9 (8): e103962. 

 

Wang W, Cuttell L, Bielefeldt-Ohmann H, Inpankaew T, Owen 

H, Traub RJ. Diversity of Blastocystis subtypes in dogs in 

different geographical settings. Parasit Vectors 2013; 6 (1): 

215. 

 

Wang W, Cuttell L, Traub R, Owen H, Bielefeldt‐Ohmann H. 

Characterization of the Blastocystis‐specific faecal IgA 

immune response in pigs. Parasite Immunol 2014b; 36 

(10): 503-508. 

 

Wawrzyniak I, Courtine D, Osman M, Hubans-Pierlot C, Cian 

A, Nourrisson C, Chabe M, Poirier P, Bart A, Polonais V. 

Draft genome sequence of the intestinal parasite 

Blastocystis subtype 4-isolate WR1. Genom Data 2015; 4: 

22-23. 

 

Whipps CM, Boorom K, Bermudez LE, Kent ML. Molecular 

characterization of Blastocystis species in Oregon identifies 

multiple subtypes. Parasitol Res 2010; 106 (4): 827-832. 

 

Windsor JJ, Stenzel DJ, Macfarlane L. Multiple reproductive 

processes in Blastocystis hominis. Trends Parasitol 2003; 

19 (7): 289-290. 

 

Wong KH, Ng G, Lin RT, Yoshikawa H, Taylor MB, Tan KS. 

Predominance of subtype 3 among Blastocystis isolates 

from a major hospital in Singapore. Parasitol Res 2008; 102 

(4): 663-670. 

 

Wu B, Yin J, Texier C, Roussel M, Tan KS-W. Blastocystis 

legumain is localized on the cell surface, and specific 

inhibition of its activity implicates a pro-survival role for 

the enzyme. J Biol Chem 2010; 285 (3): 1790-1798. 

 

Wu Z, Mirza H, Tan KSW. Intra-subtype variation in 

enteroadhesion accounts for differences in epithelial barrier 

disruption and is associated with metronidazole resistance 

in Blastocystis subtype-7. PLoS Negl Trop Dis 2014a; 8 

(5): e2885. 

 

Wu Z, Mirza H, Teo JD, Tan KS. Strain-dependent induction of 

human enterocyte apoptosis by Blastocystis disrupts 

epithelial barrier and ZO-1 organization in a caspase 3-and 

9-dependent manner. Biomed Res Int 2014b; 209163. 

 

Yaicharoen R, Sripochang S, Sermsart B, Pidetcha P. Prevalence 

of Blastocystis hominis infection in asymptomatic 

individuals from Bangkok, Thailand. Southeast Asian J 

Trop Med Public Health 2005; 36: 17. 

 

Yakoob J, Abbas Z, Beg MA, Naz S, Awan S, Hamid S, Jafri W. 

In vitro sensitivity of Blastocystis hominis to garlic, ginger, 

white cumin, and black pepper used in diet. Parasitol Res 

2011; 109 (2): 379-385. 

 

Yakoob J, Jafri W, Beg MA, Abbas Z, Naz S, Islam M, Khan R. 

Blastocystis hominis and Dientamoeba fragilis in patients 

fulfilling irritable bowel syndrome criteria. Parasitol Res 

2010a; 107 (3): 679-684. 

 

Yakoob J, Jafri W, Beg MA, Abbas Z, Naz S, Islam M, Khan R. 

Irritable bowel syndrome: is it associated with genotypes of 

Blastocystis hominis? Parasitol Res 2010b; 106 (5): 1033-

1038. 

 

Yakoob J, Jafri W, Jafri N, Khan R, Islam M, Beg MA, Zaman 

V. Irritable bowel syndrome: in search of an etiology: role 

of Blastocystis hominis. Am J Trop Med Hyg 2004; 70 (4): 

383-385. 

 

Yamada M, Yoshikawa H Morphology of human and animal 

Blastocystis isolates with special reference to reproductive 

modes, In:   Blastocystis: Pathogen or passenger? Springer, 

2012, pp. 9-35. 

 

Yan Y, Su S, Ye J, Lai X, Lai R, Liao H, Chen G, Zhang R, Hou 

Z, Luo X. Blastocystis sp. subtype 5: a possibly zoonotic 

genotype. Parasitol Res 2007; 101 (6): 1527-1532. 

 

Yang L, Singh M, Yap E, Ng G, Xu H, Sim K. In vitro response 

of Blastocystis hominis against traditional Chinese 

medicine. J Ethnopharmacol 1996; 55 (1): 35-42. 

 

Yason JA, Ajjampur SS, Tan KS. Blastocystis Isolate B exhibits 

multiple modes of resistance against antimicrobial peptide 

LL-37. Infect Immun 2016; 84 (8): 2220-2232. 

 

Yason JA, Tan KSW. Seeing the whole elephant: Imaging flow 

cytometry reveals extensive morphological diversity within 

Blastocystis isolates. PLoS ONE 2015; 10 (11): e0143974. 

 

Yersal O, Malatyali E, Ertabaklar H, Oktay E, Barutca S, Ertug 

S. Blastocystis subtypes in cancer patients: Analysis of 

possible risk factors and clinical characteristics. Parasitol 

Int 2016; 65: 792-796. 

 

Yin J, Angeline J, Tan KS. Autophagy is involved in starvation 

response and cell death in Blastocystis. Microbiology 

2010a; 156 (3): 665-677. 

 



 

Philippine Science Letters                           Vol. 11 | No. 01 | 2018 60 

Yin J, Howe J, Tan KS. Staurosporine-induced programmed cell 

death in Blastocystis occurs independently of caspases and 

cathepsins and is augmented by calpain inhibition. 

Microbiology 2010b; 156 (5): 1284-1293. 

 

Yoshikawa H, Hayakawa A. Morphological changes in the 

central vacuole of Blastocystis hominis during in vitro 

culture. Protoplasma 1996; 194 (1-2): 63-68. 

 

Yoshikawa H, Iwamasa A. Human Blastocystis subtyping with 

subtype-specific primers developed from unique sequences 

of the SSU rRNA gene. Parasitol Int 2016; 65: 785-791. 

 

Yoshikawa H, Koyama Y, Tsuchiya E, Takami K. Blastocystis 

phylogeny among various isolates from humans to insects. 

Parasitol Int 2016a; 65: 750-759. 

 

Yoshikawa H, Morimoto K, Nagashima M, Miyamoto N. A 

survey of Blastocystis infection in anuran and urodele 

amphibians. Vet Parasitol 2004a; 122 (2): 91-102. 

 

Yoshikawa H, Morimoto K, Wu Z, Singh M, Hashimoto T. 

Problems in speciation in the genus Blastocystis. Trends 

Parasitol 2004b; 20 (6): 251-255. 

 

Yoshikawa H, Tokoro M, Nagamoto T, Arayama S, Asih PB, 

Rozi IE, Syafruddin D. Molecular survey of Blastocystis sp. 

from humans and associated animals in an Indonesian 

community with poor hygiene. Parasitol Int 2016b; 65: 

780-784. 

 

Yoshikawa H, Wu Z, Kimata I, Iseki M, Ali IKM, Hossain MB, 

Zaman V, Haque R, Takahashi Y. Polymerase chain 

reaction-based genotype classification among human 

Blastocystis hominis populations isolated from different 

countries. Parasitol Res 2004c; 92 (1): 22-29. 

 

Yoshikawa H, Wu Z, Pandey K, Pandey BD, Sherchand JB, 

Yanagi T, Kanbara H. Molecular characterization of 

Blastocystis isolates from children and rhesus monkeys in 

Kathmandu, Nepal. Vet Parasitol 2009; 160 (3-4): 295-300. 

 

Yoshikawa H, Yoshida K, Nakajima A, Yamanari K, Iwatani S, 

Kimata I. Fecal-oral transmission of the cyst form of 

Blastocystis hominis in rats. Parasitol Res 2004d; 94 (6): 

391-396. 

 

Zaman V. Morphology of the cyst of Blastocystis hominis. 

Southeast Asian J Trop Med Public Health 1994; 25: 790-

790. 

 

Zaman V, Howe J, Ng M. Scanning electron microscopy of 

Blastocystis hominis cysts. Parasitol Res 1998; 84 (6): 476-

477. 

 

Zaman V, Howe J, Ng M, Goh T. Scanning electron microscopy 

of the surface coat of Blastocystis hominis. Parasitol Res 

1999; 85 (12): 974-976. 

 

Zaman V, Ng G, Suresh K, Yap E, Singh M. Isolation of 

Blastocystis from the cockroach (Dictyoptera: Blattidae). 

Parasitol Res 1993; 79 (1): 73-74. 

 

Zhang X, Zhang S, Qiao J, Wu X, Zhao L, Liu Y, Fan X. 

Ultrastructural insights into morphology and reproductive 

mode of Blastocystis hominis. Parasitol Res 2012; 110 (3): 

1165-1172. 

 

Zhou XB, Zhang X, Qiao JY, Cai J, Cheng S, Yuan Y, Li J. 

Encystation—survival of Blastocystis hominis in 

immunocompetent mice abdomen cavity. Parasitol Res 

2010; 106 (6): 1315-1320.  

 

 

 

  

 

 

 

 

 

 


