
Introduction

Blastocystis sp. is an enteric single-celled,
anaerobic, protistan parasite of humans and animals
with enigmatic and controversial pathogenicity, and
clinical relevance [1]. It is the most prevalent non-
fungal micro-eukaryote reported in the human
intestinal tract and faecal samples [2–4]. It has
infected the large intestine of more than one billion
people [3] and has a far higher prevalence than
Giardia sp., Entamoeba histolytica and Cryptospo -

ridium sp. [5]. Transmission is mainly via the faecal-
oral route and there is evidence of its zoonotic nature
[6–8]. The cyst stage, being water-resistant, is its
transmissible stage [9] and the amoeboid stage has
been linked with pathogenicity [2]. 

Seventeen Blastocystis sp. subtypes (STs) have
been identified based on full sequences of its small

subunit rRNA (SSU rRNA) gene [10]. However,
these STs can also be distinguished using a 600-bp
barcoding region at the 5’-end of the same gene
[11]. Blastocystis sp. cells from each ST are
morphologically indistinguishable from the cells of
other STs, but possess remarkable sequence
divergences. Stenzel and Boreham [1] have stated
that existing knowledge of Blastocystis sp. and the
putative disease it causes is not yet sufficient to
elucidate the relevance of the parasite in humans.
Hence, tremendous efforts using molecular studies
and surveys have been made to fully understand the
controversial biology of this parasite and its
ramifications on public health [2]. 

Blastocystis sp. has been associated with
irritable bowel syndrome [5,12], abdominal pains
[13–15], diarrhoea [14,15], and even haema -
tological malignancy [16]. In particular, ST4 has
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been associated with acute diarrhoea in patients
from Denmark [17], ST1 and ST3  with irritable
bowel syndrome in patients from Mexico [18], and
ST2 with a patient with recurring gastrointestinal
and urticarial symptoms from Europe [19].
However, direct links between disease and presence
of the parasite are yet to be described [20]. In the
Philippines, Blastocystis genomic studies based on
full SSU rRNA gene sequences have commenced on
animal and human subjects [6,21,22] as well as on
wastewater isolates [23]. Recently, Blastocystis sp.
ST identification was also performed in backyard
farm animals in the Philippines using the 600-bp
barcoding region [24]. 

The aim of the present study was to supplement
existing data on Blastocystis sp. ST diversity in the
Philippines by identifying the STs of isolates from
residents of an urban community in Pateros, Metro
Manila, Philippines. This is the first study on ST
identification of Blastocystis sp. human isolates
from a Philippine community using the barcoding
primers [11].

Materials and Methods

Sample collection. Faecal samples were

randomly collected from 35 residents of Pateros,
Metro Manila, Philippines. This urban community
is located southeast of Metropolitan Manila (Fig. 1).
The specimens were collected from permanent
residents in the municipality who had not taken
metronidazole or antidiarrheal medications two
weeks prior to sample collection. Gross
macroscopic examination of faecal samples was
performed to check for consistency and presence of
adult helminths. Written informed consent was
obtained from participants, parents, or guardians if
unable to give consent before starting the study.
This study protocol was approved by the Ethics
Review Committee of the College of Public Health,
University of the Philippines, Manila, Philippines.

Isolation and cultivation of Blastocystis.

Approximately 50 mg faecal specimens were
aseptically inoculated in diphasic medium
supplemented with 10% heat-inactivated horse
serum and 1% penicillin-streptomycin antibiotics
[6]. Cultures were maintained at 37°C and sub-
cultured every 3–4 days.  Positive cultures were
passaged into fresh medium two times before being
subjected to DNA extraction.

DNA extraction. DNA was extracted from
Blastocystis sp. cells collected from 3-4 day old
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cultures using the Chelex method [25]. Briefly, 1.5
ml of the culture was centrifuged at 10,000 rpm for
two minutes to harvest the cells. The pellets were
washed twice with 1 ml of phosphate-buffered
saline before re-suspension in 100 μl sterile distilled
water and 200 μl of 5% Chelex-100. The resulting

suspension was incubated at 56°C for 30 minutes,
vortexed briefly, and boiled for eight minutes using
water bath. Suspensions were then centrifuged at
13,000 rpm for two minutes. The supernatant
containing the DNA was transferred to a new
microfuge tube, and kept frozen until used.
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Table 1. Blastocystis sp. subtypes (STs) and most similar sequences in GenBank of samples identified using the Basic
Local Alignment and Search Tool (BLAST) and Blastocystis Subtype (18S) and Sequence Typing (MLST) Database
websites

Sample 

(GenBank 

accession no.)

Percent

identity

Percent

coverage
Most similar GenBank sequence

5H2b (KP408435) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

6H1F (KP408436) 100% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

10H2 (KP408437) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

14H2b (KP408438) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

15H1F (KP408439) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

16H1Fb (KP408440) 99% 99%
Blastocystis sp. MKJ04-19, Japan, Dendrolagus goodfellowi

(Goodfellow’s tree kangaroo), EU427516 (ST4)

17H2 (KP408441) 99% 99%
Blastocystis sp. JEB-2010 isolate E3, Philippines, wastewater,
GU992419 (ST1)

18H2b (KP408442) 100% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

19H2 (KP408443) 98% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

20H2b (KP408444) 100% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

21H2b (KP408445) 99% 99% Blastocystis sp. CK86-1, Japan, chicken, AB070993 (ST1)

23H1F (KP408446) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

24H2b (KP408447) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

25H2 (KP408448) 99% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

26H2 (KP408449) 100% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

27H2 (K408450) 100% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

28H2b (KP408451) 99% 99% Blastocystis sp. M9, Philippines, monkey, EU445490 (ST1)

29H1F (KP408452) 99% 99% Blastocystis sp. OSU6, USA, human, EU679349 (ST1)

30H2b (KP408453) 99% 100% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

H0927 (KT374017) 98% 99% Blastocystis sp. CK86-1, Japan, chicken, AB070993 (ST1)

H1061 (KT374018) 99% 100%
Blastocystis sp. M2, Philippines, Philippine macaque, EU445488
(ST1)

H1104 (KT374019) 98% 99%
Blastocystis sp. JEB-2010 isolate E3, Philippines, wastewater,
GU992419 (ST1)

H0838 (KT374020) 99% 99%
Blastocystis sp. M2, Philippines, Philippine macaque, EU445488
(ST1)

0850 (KT374021) 99% 99% Blastocystis sp. CK86-1, Japan, chicken, AB070993 (ST1)

H0552 (KT374022) 99% 100% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

H0585 (KT374023) 99% 100% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)

H0593 (KT374024) 98% 99%
Blastocystis hominis isolate Ah10 KP244347, Iran, human,
KP244347 (ST3)

H0554 KT374025) 100% 99%
Blastocystis hominis isolate DSS60, Senegal, human, KF848577
(ST3)

H0657 (KT374026) 100% 99% Blastocystis sp. BLERC01, Turkey, human, JX448397 (ST3)



Polymerase chain reaction (PCR). The 600-bp
barcoding region of the SSU rRNA gene of
Blastocystis sp. was amplified using the primers
RD5 and BhRDr [11]. Amplification was performed
using 30 cycles consisting of one minute each of
94°C, 59°C, and 72°C with an additional two-
minute final extension at 72°C. Results were
visualized in 1.5% agarose gels stained with 5.0
ng/ml ethidium bromide and viewed under a UV
transilluminator. PCR products that yielded the 600-
bp target were sent to Macrogen Inc. in Seoul, South
Korea for purification and sequencing.

Phylogenetic analysis. Reverse and forward
sequences were aligned manually using the
program, BioEdit v.7.0 [26]. These sequences were
uploaded to the Basic Local Alignment and Search
Tool (BLAST) (http://blast.ncbi.nlm.nih.gov
/Blast.cgi) to determine the most similar sequence
of each isolate, and to the Blastocystis Subtype
(SSU rRNA) and Sequence Typing (MLST)
Database (http://pubmlst.org/blastocystis) to
determine their ST. Sequences from this study,
along with reference sequences for ST1-ST10,
ST15, ST16, ST17, and Proteromonas lacertae SSU
rRNA (GenBank accession no. U37108) as an
outgroup, were aligned using the ClustalW feature
of BioEdit v. 7.0 [26]. The assemblies were then
manually aligned via ocular inspection to remove
ambiguous sequences in the alignment. 

The general time reversible (GTR+G) model
was determined to be the best model for use after
comparing the likelihoods (–ln L) of all possible
models using the jModelTest program [27].
Neighbor-joining (NJ) and Bayesian inference (BI)
phylogenetic trees were constructed using
PAUP*v.4.0b10 [28] and MrBayes v.3.1 [29],
respectively. The maximum likelihood (ML)
phylogenetic tree was constructed by uploading the
aligned sequences onto the www.phyml.org website
[30]. Clusters with branches of >50% bootstrap
support (NJ and ML) and >0.70 posterior
probability (BI) were considered valid for this
study.

Results

Twenty-nine (29) out of 35 asymptomatic
individuals living in Pateros, Metro Manila were
found to be positive for Blastocystis sp. using
culture and PCR. The DNA sequences generated
from the barcoding region of SSU rRNA gene were
99–100% similar to Blastocystis sp. sequences from

GenBank (Table 1). The results of the phylogenetic
analysis and the subtyping using the website
showed that 19 of the 29 (65.5%) Blastocystis sp.
isolates were ST3, 9 (31.0%) were ST1, and 1
(3.44%) was ST4. All sample isolate sequences
except for 28H2b clustered with their respective
similar ST sequences in the phylogenetic trees (Fig.
2). The sequences were stored in GenBank under
the accession nos. KP408435 to KP408453 and
KT374017 to KT374026.

Discussion

Blastocystis sp. is frequently encountered in
parasitological surveys in the Philippines with a
prevalence as high as 40.7% in children living in
Metro Manila [31] and 36.8% in patients from the
Philippine General Hospital and the College of
Public Health in the University of the Philippines-
Manila [22]. In this study, the prevalence of
Blastocystis sp. was higher than in previous studies
at 82.9% (29/35) of asymptomatic residents of
Pateros. The prevalence of Blastocystis sp. can be as
high as 100%, as shown in a survey conducted in
children from Senegal [4]. Belleza et al. [32] found
an association between dog ownership and
Blastocystis sp. infection in a previous study in
residents of Pateros. In this study, all 35 individuals
were dog owners. However, samples were not
obtained from the pet dogs of these residents. Thus,
proof of possible zoonotic transmission between pet
and owner is still lacking. The high prevalence may
be due to other factors such as poor hygiene
practices.

This study shows the utility of molecular
subtyping using DNA barcoding of Blastocystis sp.
[11]. Previous subtyping studies on Philippine
isolates made use of full SSU rRNA gene sequences
[6,23]. The use of barcode sequences has several
advantages over the entire SSU rRNA gene
sequence. These short barcode sequences can be
used in publicly available sequence databases that
can render consensus ST nomenclature and locus
and allele assignments per barcode sequence query
much more conveniently than using full SSU
sequences [3,33]. Another advantage of using the
DNA barcoding method of Scicluna et al. [11] is
that the barcode sequences of the primers cover all
polymorphic positions, ensuring that no
phylogenetic signal information is lost. Scicluna et
al. [11] have demonstrated that the barcode
sequence generated from only either forward or
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reverse primer was sufficient for barcoding. In this
study, only forward sequences were used for the
16H1F, 15H1F, 16H1Fb, 23H1F, and 29H1F since
the reverse sequences had mixed chromatogram
peaks possibly from amplification of contaminants. 

All sequences obtained in this study clustered
with their respective STs except for 28H2b.
However, this sample isolate sequence is still
declared as ST1 based on both BLAST and
pubmlst.org subtyping results. The sample isolate
sequence was 99% similar to Blastocystis sp. M9
ST1 (Genbank accession no. EU445490) based on
BLAST results. The reduced number of aligned
unambiguous nucleotide basepair (bp) positions
used in this study (463 bp) compared to when the
entire SSU rRNA gene is used may be the reason

why the 28H2b sequence clustered separately from
other ST1 sequences but still within the ST1/ST2
cluster. Moreover, there may be intra-ST variation
in ST1. Previous phylogenetic studies involving
Blastocystis, including that of Noël et al. [34] and
Scicluna et al. [11], had encountered similar
instances of topology variability, especially within
subgroups. According to current consensus, the
presence of a < 3% sequence difference between
complete SSU rRNA sequences indicates variation
within an ST, while a difference of at least 5%
indicates a new ST [10]. In this case, only the 600-
bp barcoding region was sequenced and not all
representative ST1 and ST3 sequences were used.
Thus, the case of 28H2b and other smaller clusters
cannot yet be declared as being within ST

                    

Fig. 2. Consensus phylogenetic tree constructed from 419 unambiguously aligned nucleotide basepairs of the 29
samples and 40 Blastocystis sp. 18S SSU rRNA reference sequences. The consensus tree is based on the Bayesian
Inference (BI) tree. Values above the branches represent bootstrap support or posterior probability for that particular
cluster in the order of Bayesian inference value/maximum-likelihood bootstrap support/neighbor-joining bootstrap
support. The scale bar at the bottom represents one nucleotide basepair change for every position composed of 10
nucleotides.
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variations. Nevertheless, the use of the barcode
region was sufficient in identifying the STs of the
isolates. 

ST1 and ST3 were the most common forms
found in the residents of Pateros. Similarly, these
STs are also common in patients from other
countries [35–38], as well as in non-human primates
[39] and livestock [10,38]. ST3 is usually the most
common ST found in humans while ST1, ST2, and
ST4 are the next most common [4,35,40,41]. In
other Southeast Asian countries including
Singapore [42], Thailand [43] and the Thai-
Myanmar border [44], ST3 was also found to be the
predominant form, followed by ST1. One exception
was a survey of the residents of a home for girls in
Bangkok, Thailand where ST3 was not detected;
ST1 was the predominant ST followed by ST6 and
ST2 [45]. Interestingly, one of the isolates (17H2)
was 99% similar to Blastocystis sp. ST1 previously
isolated from wastewater in the Philippines (JEB-
2010, GenBank accession no. GU992419) [23]. The
cyst form of Blastocystis sp. can be found in water
samples [46–50] suggesting a high possibility of
waterborne transmission. In particular, Lee et al.
[46] found ST1 and ST4 Blastocystis sp. in both
river water samples and livestock, as well as in the
residents of a village in Nepal.

With such remarkable genetic heterogeneity, it is
very likely that new Blastocystis STs will be
discovered soon. Dwelling on the advantages and
the utility of the barcode region, it is recommended
to utilize the DNA barcoding method to detect
potential new STs. Our findings encourage further
large-scale Blastocystis molecular subtyping
surveys in the Philippines to identify more STs
present in the country. Future subtyping surveys
involving human hosts should also include
symptomatic individuals to further highlight the
relationship between the STs and disease, and to
further supplement the emerging consensus on
Blastocystis pathogenicity.
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