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Abstract. Blastocystis is a genetically diverse and widespread intestinal parasite of
humans and animals with controversial pathogenic outcomes. In order to enhance
our understanding of the influence of subtype differences in pathogenicity, 253
stool samples were collected from Orang Asli (aboriginal) population in Pahang,
Malaysia. Blastocystis was identified by stool culture and subtyped by sequenc-
ing the small subunit ribosomal RNA gene. Forty-five stool samples from 21
males and 24 females, aged between 2 to 56 years, were positive for Blastocystis
by a PCR assay, with three Blastocystis subtypes identified, namely, ST1 (31%),
ST2 (16%) and ST3 (53%). Twelve infected [ST1 (25%), ST2 (25%) and ST3 (50%)]
individuals were symptomatic [diarrhea (33%) and fever (67%)]; the remaining
33 subjects were asymptomatic. The present findings indicate that among the
Orang Asli population in Pahang, Malaysia Blastocystis infection was likely not
associated with specific subtypes, even if some subtypes were predominant in
the epidemiologic studies, but rather with a conjunction of host factors, such as
immune status and age. Furthermore, treatment options for Blastocystis should
be investigated because there is no consensus as to the means of eradicating Blas-

tocystis infection in this population.
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INTRODUCTION

Blastocystis is a single cell anaerobic
and enteric parasite, which inhabits the
lower gastrointestinal tract of human and
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many animals. This emerging parasite
with a worldwide distribution is often
identified as the most common eukary-
otic organism reported in human stool
samples and its prevalence has shown a
tremendous increase in recent years (Tan,
2008). Moreover, its prevalence is higher
in developing countries and this has been
linked to poor hygiene practices, exposure
to animals and consumption of contami-
nated food or water as the fecal-oral route
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is considered to be the main mode of Blas-
tocystis transmission (Anuar et al, 2013).
Indeed, a higher risk of infection has
been found in humans with close animal
contact, highlighting the zoonotic nature
of this parasite (Yoshikawa et al, 2009).

Blastocystis is found in individu-
als both with and without symptoms.
However, a report has been published of
patients with gastrointestinal symptoms
with Blastocystis as the only putative
pathogen detected and whose symptoms
were relieved after treatment of Blasto-
cystis infection (Vogelberg et al, 2010).
Various gastrointestinal symptoms, such
as diarrhea, abdominal pain, vomiting,
constipation, fever and flatulence, have
been linked to blastocystosis. As with
other intestinal parasitic infections, diar-
rheal episodes can alternate with normal
defecation patterns or even constipation,
conditions similar to chronic gastroin-
testinal illnesses such as irritable bowel
syndrome (IBS) (Stensvold et al, 2009).
Moreover, symptomatic Blastocystis infec-
tion has been reported to occur more often
in immunocompromised adult patients
than in normal individuals (Salvador et
al, 2016). In supporting this observation,
blastocystosis has also been reported to
be common in HIV-infected (Tan et al,
2009) and immunocompromised children
(Idris et al, 2010) with gastrointestinal
symptoms.

Molecular methods have shown
extensive genetic variation among Blas-
tocystis isolates. A consensus approach
has assigned Blastocystis isolates from
humans, mammals and birds to one of
nine subtypes (STs) with sufficient ge-
netic divergence (Stensvold et al, 2007).
Recently, four additional subtypes have
been identified but only in non-human
hosts (Stensvold et al, 2009). This genetic
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diversity has supported the hypothesis
that the variability in symptomatic pa-
tients with Blastocystis could be due to
different pathogenic potential among
the different subtypes (Souppart et al,
2010). Hence, the main objective of the
present study was to determine the level
of heterogeneity of Blastocystis sp among
symptomatic and asymptomatic Orang
Asli (aboriginal) population in Pahang,
Malaysia and its possible relationship
with parasite’s pathogenic role.

MATERIALS AND METHODS

Study area and collection of stool samples

A total of 253 stool samples from
Sungai Lembing (3°55'N, 103°02’E), Pa-
hang state, Malaysia were collected over
the period from February to March 2015.
Participant were asked by trained field
assistants a pre-test questionnaire devel-
oped to elicit information on demographic
data, socioeconomic, signs and symptoms
and medical treatment. After consent was
obtained and questionnaire answered,
each participant then was requested to
provide in a wide-mouth screw capped
container pre-labeled with name and code
a sufficiently large amount of stool sample
to enable both microscopic examination
and molecular method to be performed.
Inclusion criteria were provision of in-
formed consent and stool samples, with
no limit of age group.

The study protocol [reference no.
600-RMI (5/1/6/)] was reviewed and
approved by the Universiti Teknologi
MARA Research Ethics Committee and
permission for fieldwork was obtained
from the Ministry of Rural and Regional
Development Malaysia (reference no.
JAKOA /PP30.052 J1d8). The study was
conducted according to the Declaration
of Helsinki guidelines.
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Questionnaire survey

A pre-validated questionnaire was
posed to participants to gather demo-
graphic data, socio-economic background,
behavioral risks, living conditions and en-
vironmental sanitation and health status
(history of infection and gastrointestinal
symptoms). For children, their parents or
guardians answered on their behalf. The
participants were interviewed by four
research assistants who received a specific
training on how to apply the question-
naire. Alteration to the participants’ nor-
mal pattern of bowel movement is defined
as diarrhea if there is at least three loose
stools during a 24-hour period and as
dysentery if there is a passage of mucous
bloody stool (WHO, 1988).

In vitro cultivation of Blastocystis
Approximately 5 mg of stool sample
were incubated for 30 minutes at 37°C
in a 5-ml screw-capped tube containing
3 ml of Jones” medium supplemented
with 10% heat-inactivated horse serum
(Gibco, Life Technologies, Carlsbad, CA)
(Jones, 1946). Presence of Blastocystis was
observed daily for three days by placing
one drop of the culture sediment onto a
glass slide pre-coated with polyvinyl alco-
hol, followed by staining with Wheatley’s
trichrome and viewed under a light mi-
croscope. Cultures were reported as posi-
tive when any of the four morphologies
(vacuolar, granular, cyst, and amoeboid)
of Blastocystis sp was observed. A nega-
tive result was recorded when there was
no observed parasite growth during the
incubation period.
Bacteriological and viral identification
Stool samples were also examined
for the presence of other intestinal pro-
tozoans, rotavirus and adenovirus (SD
Bioline Rota/ Adenovirus Rapid Kit, Stan-
dard Diagnostics, Yongin, South Korea).
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Laboratory analyses for investigating
the cause(s) of acute diarrhea included
analyses for Salmonella spp (XLD agar),
Shigella spp (XLD agar), Vibrio cholerae
(TCBS agar) and enteropathogenic Esch-
erichia coli (Mac Conkey and blood agar).
Biochemical tests were conducted using
a MICRONAUT-IDS system (MERLIN
Diagnostika, Bornheim, Germany).

PCR-based detection of Blastocystis

Genomic DNA was extracted directly
from fresh stool samples using QIAamp®
Fast DNA Stool Mini Kit (QIAGEN,
Hilden, Germany) according to the manu-
facturer’s recommendation procedures. In
brief, approximately 0.2 g of stool sample
were incubated at 70°C for 5 minutes in the
cell lysis and disruption agent provided by
the manufacturer, followed by proteinase
K digestion. DNA was collected in a 100-
ul storage solution and kept at -20°C until
used. A conventional PCR assay using a
specific primer set was performed as de-
scribed previously (Bohm-Gloning et al,
1997; Stensvold et al, 2007). The 50 ul PCR
mixture contained 25 ul of TopTaq Master
Mix (QIAGEN, Hilden, Germany), 17 ul
of nuclease-free water, 2 ul of each primer
and 4 ul of template DNA. DNA from
ST1-, ST2- and ST3-positive samples were
used as the positive controls and negative
control contained no DNA. Thermocycling
conditions were as follows: 94°C for 3 min-
utes; 35 cycles of 94°C for 30 seconds, 59°C
for 30 seconds and 72°C for 60 seconds;
with a final step at 72°C for 10 minutes.
Amplicons (550-585 bp) were analyzed
by 1.5% agarose gel-electrophoresis and
stained with GelRed (0.1 ul/ml; Biotium,
Hayward CA).

DNA sequencing and phylogenetic tree
construction

Amplicons were sequenced in both di-
rections using the same PCR primer set as
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Table 1
Microscopic examination and PCR assay for Blastocystis detection and subtyping
performed on stool samples.

PCRP
ST1 ST2 ST3 Negative Total
Microscopic examination®
Positive 11 5 18 33 67
Negative 3 2 6 175 186
Total 14 7 24 208 253

*Subtype cannot be distinguished. "Subtype detected by PCR and phylogenetic analysis. ST1, subtype

1; ST2, subtype 2; ST3, subtype 3.

using an ABI 3730XL sequencer (Applied
Biosystems, Foster City, CA). Forward and
reverse sequences were edited and manu-
ally aligned, and a consensus sequence
was created for each sample using BioEdit
Sequence Alignment Search Tool (BLAST)
for comparison with the National Centre
for Biotechnology Information (NCBI) ref-
erence sequences. Subtypes were identi-
fied by determining exact match or closest
similarity according to the classification
of Stensvold et al (2007). A phylogenetic
tree was constructed using the maximum
likelihood method employing MEGA soft-
ware version 6.06. Flagellate Proteromonas
lacertae (GenBank accession no. U37108)
was used as the outgroup. Bootstrap
confidence values for branching reliabil-
ity were calculated with 100 replicates.
The small subunit ribosomal DNA (SSU
rDNA) sequences obtained in this study
were deposited in GenBank under acces-
sion nos. KX108706, KX108712, KX108713,
KX108714, KX108718, KX108723, and
KX108731.

RESULTS

Of the 253 stool samples, 67 were
microscopy-positive for Blastocystis of
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which 33 were negative by the PCR assay,
whereas among the 186 microscopy-nega-
tive samples 11 were PCR-positive (Table
1). Among the 33 PCR-negative samples
in the former group, 14 were positive for
vacuolar form, 12 granular, 3 both vacu-
olar and granular forms, and 1 each was
positive for cyst, ameboid, both granular
and amoeboid, and both granular and
cyst. Of the 45 PCR-positive samples, 21
were males and 24 females, aged between
2 to 56 years.

Sequences of the 45 amplicons showed
97-100% similarity to Blastocystis sequence
in GenBank (accession no. AB070988).
Twelve and 33 Blastocystis-positive sam-
ples were from symptomatic and asymp-
tomatic individuals, respectively, and four
individuals had Blastocystis in association
with pathogenic protozoans (Table 2).

Six ST3 were detected among symp-
tomatic individuals, followed by ST1 (3)
and ST2 (3) (Fig 1). In addition, 18 ST3,
11 ST1 and 4 ST2 were found in stool
samples from asymptomatic individuals.
All symptomatic Orang Asli subjects posi-
tive for Blastocystis infection were negative
for the presence of both viral (adenovirus
and rotavirus) and bacterial (Salmonella
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Entamoeba histolytica
Endolimax nana
Entamoeba hartmanni
Giardia intestinalis

None
None

Negative
Negative
Negative
Negative
Negative
Negative

Fever, dyspepsia

Fever, abdominal pain
Fever, nausea/ vomiting
Fever

Diarrhea
Fever, dyspepsia

Diarrhea

ST1
ST1
ST1
ST2
ST2
ST2

Positive
Negative
Positive
Positive
Negative
Positive

M
F
F
M
M
F

32
11
20
56
48
14

.2 March 2018

Endolimax nana, Giardia intestinalis
Entamoeba hartmanni

None

Negative

Fever, abdominal pain, flatulence Negative

Fever, flatulence

ST3
ST3
ST3
ST3
ST3
ST3

Positive

Positive

20

Negative

Positive

15

Endolimax nana, Giardia intestinalis

Entamoeba coli

None

Negative
Negative

Fever, abdominal pain

Diarrhea
Diarrhea

Negative
Positive

F
M

Negative

Positive

28

Subtypes were determined by PCR.

sp, Shigella sp, Vibrio cholerae and
enteropathogenic Escherichia coli)
pathogens.

DISCUSSION

It is still a matter of debate
whether blastocystosis is subtype
related. Clark (1997) was the first to
suggest Blastocystis subtype corre-
lates with the parasite’s pathogenic
potential. In this study, the identity
of Blastocystis subtypes present in
the Orang Asli population was in-
vestigated by PCR and sequencing,
as well as its association with clinical
manifestations of infection. It was
anticipated that the present findings
would provide further knowledge
on the pathogenicity of the different
subtypes, as well as a link to hu-
man gastrointestinal disease. This
study reveals tST3 was the most
predominant Blastocystis subtype
isolated from stool of symptomatic
and asymptomatic Orang Asli and is
suggested to be of human origin. Epi-
demiological studies from other loca-
tions around the world indicated ST3
is commonly but not exclusively the
most predominant subtype isolated
from symptomatic and asymptomatic
individuals (Ozyurt et al, 2008; Soup-
part et al, 2009). Likewise, Hameed
et al (2011) reported presence of ST3
from the symptomatic Blastocystis
urticarial patients in Cairo, Egypt.
On the other hand, Yoshikawa et al
(2004) did not find any association
between the more common subtype
ST3 and clinical manifestations,
which was confirmed by Kaneda
et al (2001). Approximately 25% of
Blastocystis ST3-infected Orang Asli
individuals presented some sort of
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Fig 1-A phylogenetic tree of Blastocystis small subunit rDNA (partial)
sequences from stool of symptomatic Orang Asli individuals
and reference sequences from GenBank, shown with accession
numbers. The tree is inferred using the maximum likelihood
method with bootstrap values indicated at the internal nodes
(100 replicates). The position of the subtypes in the tree is in-
dicated on the right of the tree. Proteromonas lacertae (accession
number U37108) was used as the outgroup.
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gastrointestinal symp-
toms, with the stron-
gest association being
with diarrhea and fever.
Although clinical fea-
tures of illnesses, such
as diarrhea, abdominal
pain, nausea, fatigue,
constipation, flatulence,
and vomiting that have
been attributed to Blas-
tocystis are nonspecific,
several studies have re-
ported abdominal pain
and diarrhea are two
of the major symptoms
in Blastocystis-positive
patients (Tan, 2008).
Surprisingly, three
ST2 isolates in our sur-
vey were associated
with symptoms. Al-
though one of these
three Orang Asli sub-
jects had another patho-
genic intestinal proto-
zoon present (Giardia
intestinalis), the other
two individuals had no
other infectious agents.
There is conflicting evi-
dence regarding the
pathogenicity of ST2,
with two studies show-
ing high infection in-
tensity of ST2 (Ozyurt
et al, 2008; Vogelberg
etal,2010), while another
study demonstrated no
link between ST2 and
pathogenicity (Yan et al,
2007). To the best of our
knowledge, this is the
first time that ST2 strains
have been isolated from
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symptomatic Orang Asli population. The
present study also confirmed ST1 strains
could be associated with pathogenicity as
suggested in previous studies carried out
in other countries (Dominguez-Marquez
et al, 2009; Souppart et al, 2009). Hussein
et al (2008) confirmed this hypothesis by
concluding that ST1 is the most virulent,
while ST3 consists of both pathogenic
and non-pathogenic strains. ST4 was
not found among symptomatic and as-
ymptomatic individuals, consistent with
previous study of Souppart et al (2010).
On the other hand, ST4 was identified as
the most common subtype (94.1%) in a
large symptomatic group of patients in
Spain (Dominguez-Marquez et al, 2009).
ST4 was particularly absent in subtropical
countries, suggesting that infection with
ST4 is dependent on the geographical area
(Alfellani et al, 2013).

Almost all data available from epi-
demiological surveys of symptomatic in-
dividuals including this study confirmed
that several Blastocystis subtypes could be
involved in human infections associated
with gastrointestinal symptoms, and that
the implicated subtypes and their relative
frequency might broadly differ among
countries as well as within the same
country. For instance, in Turkey, remark-
able differences were observed among
communities as four subtypes (ST1-4)
were detected (Ozyurt et al, 2008), while
ST1 is the only subtype detected in 20
symptomatic patients (Eroglu et al, 2009).
In Egypt, a total of three subtypes (ST1-3)
were identified in symptomatic patients
(Souppart et al, 2009). In one local study,
at least 4 different subtypes (ST1-4) were
found in cancer and HIV-infected patients
with gastrointestinal symptoms (Tan et al,
2009). In previous studies, the existence of
pathogenic and non-pathogenic variants
in different subtypes including ST3 was
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also suggested (Ozyurt et al, 2008; Soup-
part et al, 2009).

In 33 samples positive for Blastocys-
tis by microscopy, PCR failed to amplify
DNA from any member of the Blastocystis
subtypes assayed with the primer pairs
employed and there was no inhibition
of the PCR in control experiments. These
results might be explained by the presence
of DNA polymerase inhibitors in stool,
degradation of DNA due to long storage
time or the presence of a too low num-
ber of parasites in the sample. Another
possible explanation is the possibility
of culture subtype preference thereby
supporting growth of certain subtypes
that are not recognized by the set of PCR
primers used.

In summary, it is clear from the pres-
ent study that only an association and not
necessarily causality, indicating a lack of
correlation between specific subtype and
pathogenic potential of Blastocystis sp.
Analysis of Blastocystis DNA sequences
from different groups of population is
mandatory if there is to be any attempt to
investigate the potential pathogenicity of
this parasite. Furthermore, the pathogenic
role(s) of Blastocystis sp should not be dis-
missed lightly especially in cases where
other pathogenic protozoa, helminthes,
bacteria, and viruses are not detected.
Further studies should be continued to
provide information on Blastocystis sub-
types and sequence data, preferably as
part of case-control studies.

ACKNOWLEDGEMENTS

The authors thank the Department of
Orang Asli Development (JAKOA), Min-
istry of Rural and Regional Development,
Malaysia for granting permission to con-
duct this research, all participants from
the Sungai Mas and Sungai Jin villages

195



SOUTHEAST AsIAN ] TRor MED PuBLic HEALTH

for their commitment and contribution in
providing stool samples, and especially
Fatmah Md Salleh, Juwairiyah Mohd Nor,
Azah Ashikin Azhari, Munirah Mokhtar
and Nurul Azmiera Zamri for their assis-
tance and kind support during the field
work. The study was supported by the
Research Acculturation Grant Scheme
(600-RMI/RAGS 5/3[52/2014]) from the
Universiti Teknologi MARA and Ministry
of Education, Malaysia.

REFERENCES

Alfellani MA, Taner-Mulla D, Jacob AS, et al.
Genetic diversity of Blastocystis in livestock
and zoo animals. Protist 2013; 164: 497-509.

Anuar TS, Ghani MKA, 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.

Bohm-Gloning B, Knobloch J, Walderich B. Five
subgroups of Blastocystis hominis isolates
from symptomatic and asymptomatic pa-
tients revealed by restriction site analysis
of PCR-amplified 165-like IDNA. Trop Med
Int Health 1997; 2: 117-8.

Clark CG. Extensive genetic diversity in Blasto-
cystis hominis. Mol Biochem Parasitol 1997;
87:79-83.

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: 949-55.

Eroglu F, Gene A, Elgun G, Koltas IS. Identifi-
cation of Blastocystis hominis isolates from
asymptomatic and symptomatic patients
by PCR. Parasitol Res 2009; 105: 1589-92.

Hameed DM, Hassanin OM, Zuel-Fakkar NM.
Association of Blastocystis hominis genetic
subtypes with urticarial. Parasitol Res 2011;
108: 553-60.

196

Hussein EM, Hussein AM, Eida MM, Atwa
MM. Pathophysiological variability of
different genotypes of human Blastocystis
hominis Egyptian isolates in experimen-
tally infected rats. Parasitol Res 2008; 102:
853-60.

Idris NS, Dwipoerwantoro PG, Kurniawan
A, Said M. Intestinal parasitic infection
of immunocompromised children with
diarrhea: clinical profile and therapeutic
response. | Infect Dev Ctries 2010; 4: 309-17.

Jones WR. The experimental infection of rats
with Entamoeba histolytica with a method
for evaluating the anti-amoeboic proper-
ties of new compounds. Ann Trop Med
Parasitol 1946; 40: 130-40.

Kaneda Y, Horiki N, Cheng X]J, Fujita Y,
Maruyama M, Tachibana H. Ribodemes of
Blastocystis hominis isolated in Japan. Am |
Trop Med Hyg 2001; 65: 393-6.

Ozyurt M, Kurt O, Molbak K, Nielsen HYV,
Haznedaroglu T, Stensvold CR. Molecular
epidemiology of Blastocystis infections in
Turkey. Parasitol Int 2008; 57: 300-6.

Salvador F, Sulleiro E, Sanchez-Montalva A,
et al. Epidemiological and clinical profile
of adult patients with Blastocystis sp. in-
fection in Barcelona, Spain. Parasit Vectors
2016; 9: 548.

Souppart L, Sanciu G, Cian A, ef al. Molecu-
lar epidemiology of human Blastocystis
isolates in France. Parasitol Res 2009; 105:
413-21.

Souppart L, Moussa H, Cian A, et al. Subtype
analysis of Blastocystis isolates from symp-
tomatic patients in Egypt. Parasitol Res
2010; 106: 505-11.

Stensvold CR, Suresh GK, Tan KS, et al. Ter-
minology for Blastocystis subtypes - a
consensus. Trends Parasitol 2007; 23: 93-6.

Stensvold CR, Lewis HC, Hammerum AM,
et al. Blastocystis: unravelling potential
risk factors and clinical significance of a
common but neglected parasite. Epidemiol
Infect 2009; 137: 1655-63.

Vol 49 No.?2 March 2018



CLINICAL OUTCOME OF BLASTOCYSTIS IN MALAYSIAN ORANG ASLI

Tan KSW. New insights on classification, identi-
fication and clinical relevance of Blastocys-
tis spp. Clin Microbiol Rev 2008; 21: 639-65.

Tan TC, Ong SC, Suresh KG. Genetic variability
of Blastocystis sp. isolates obtained from
cancer and HIV/AIDS patients. Parasitol
Res 2009; 105: 1283-6.

Vogelberg C, Stensvold CR, Monecke S, et al.
Blastocystis sp. subtype 2 detection during
recurrence of gastrointestinal and urticari-
al symptoms. Parasitol Int 2010; 59: 469-71.

World Health Organization (WHO). Persistent
diarrhea in children in developing coun-
tries: memorandum from a WHO meeting.

Vol 49 No. 2 March 2018

Bull World Health Organ 1988; 66: 709-17.

Yan Y, Su S, Ye ], et al. Blastocystis sp. subtype
5: a possibly zoonotic genotype. Parasitol
Res 2007; 101: 1527-32.

Yoshikawa H, Wu Z, Kimata, et al. Polymerase
chain reaction-based genotype classifica-
tion among human Blastocystis hominis
populations isolated from different coun-
tries. Parasitol Res 2004; 92: 22-9.

Yoshikawa H, Wu Z, Pandey K, et al. Molecular
characterization of Blastocystis isolates
from children and rhesus monkeys in
Kathmandu, Nepal. Vet Parasitol 2009;
160: 295-300.

197



