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ABSTRACT. Blastocystis sp. is one of the most prevalent human parasites with a vast variety of non-human hosts. The
aim of the present study was to determine the subtype distribution of Blastocystis in humans and trace the route of
transmission by molecular data and phylogenetic analysis. Stool samples were collected from patients who referred to
14 medical laboratories in Kurdistan, Iran. All the samples were examined using the direct wet mount and formalin-
ether concentration techniques. DNA extraction was carried out for 30 microscopically positive isolates and 33 negative
samples. DNA amplification and subtype identification were also performed using the barcoding method and
sequencing techniques. Of 1383 stool samples, 239 (17.3%) were infected with Blastocystis sp. Out of the 24 sequenced
isolates, two (8.3%), six (25%), and 16 (66.6 %) belonged to the ST1, ST2, and ST3 subtypes, respectively.
Bioinformatics analysis indicated that all the isolates were genetically similar to animal isolates. Blastocystis sp. was
very common and ST1, ST2, and ST3 subtypes were prevalent in the study population. Bioinformatics analysis suggests
that zoonotic transmission plays an important role in Blastocystis sp. distribution in Kurdistan province.
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Introduction

Blastocystis sp. is one of the most common
intestinal anaerobic unicellular eukaryotic parasites
infecting humans with a large variety of animal
hosts [1]. This parasite is found in normal and
diarrheic fecal samples [2]. Although Blastocystis
organisms have been isolated from a wide range of
non-human hosts including mammals, birds,
reptiles, amphibians, and insects [3,4], all isolates
are morphologically indiscernible [3]. Due to the
morphological diversity, it is difficult to assign a
standard morphology for the diagnosis of clinical
samples [2].

The prevalence of human Blastocystis infection

differs from region to region because of several
environmental and socioeconomic factors [5]. In
general, the prevalence of Blastocystis is higher in
developing countries than in developed ones due to
the poor sanitary and hygienic conditions [2,5].
The transmission of Blastocystis possibly occurs
through  animal-to-animal, animal-to-human,
human-to-human, and human-to-animal routes [6].
However, the transmission of the parasite via the
fecal-oral route from person-to-person or indirectly
by eating food or drinking water has been
demonstrated among individuals in closed human
communities [2,7], as well as among experimental
rats in the same cage [8]. The cystic form is also
known to be responsible for transmission [7].
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Blastocystis sp. isolated from humans and
animals have been reported to be morphologically
identical. However, an extensive genetic variation
was observed among numerous Blastocystis sp. in
human and animal isolates by sequencing PCR
products [5]. Furthermore, molecular genetic
studies have demonstrated that the genus
Blastocystis comprises at least 17 subtypes, nine of
which, STI1-ST9, have been isolated from both
humans and animals worldwide, while the others
have been reported only in animals [9,10]. The
recent molecular data indicate that the majority of
human isolates are ST1 to ST4 in most countries,
with a predominance of ST3 [11,12]. Conversely,
only a few isolates from animals are found to belong
to ST3. Interestingly, all these animal ST3 isolates
are found to be from domestic animals living in
direct contact with humans. These lines of evidence
suggest that only ST3 can easily infect humans, and
other animals could be possible reservoirs for it,
whereas subtypes 5-9 only sporadically cause
infection in humans and are more suitable for
animal hosts [2].

Accordingly, molecular epidemiological surveys
have been conducted to investigate the genetic
diversity of Blastocystis in different geographical
settings and host assemblages in order to identify host
specificity and investigate the possibility of zoonotic
transmission routes [6] and the possible pathogenicity
of some subtypes [13]. Thus, the molecular studies of
Blastocystis isolates and the discrimination of
subtypes are useful to identify the transmission routes
and effective prevention strategies.

The aim of the present study was to identify the
subtypes of Blastocystis isolates and investigate the
possibility of zoonotic transmission routes of
Blastocystis in Kurdistan province, north-western
Iran.

Materials and Methods

Parasitological study. A total number of 1383
stool samples were collected from individuals who
referred to 14 medical laboratories in Sanandaj city,
the capital of Kurdistan province, from June 2015 to
February 2017. All the fecal samples were examined
by direct smear (wet mount with normal saline and
Lugol’s iodine) and formalin-ether concentration
techniques for the detection of Blastocystis sp. In
addition, some positive samples were cultivated in
the xenic HSr + S and LIT medium.

Table 1. Characterization of Blastocystis subtypes
detected in humans in Kurdistan province based on
sequence analysis

Sample ID Subtype  Accession No.
1 FB(B.ST3)41-IR ST3 KY359227
2 FB(B.ST3)87-IR ST3 KY359228
3 FB(B.ST2)99-IR ST2 KY359229
4 FB(B.ST2)120-IR ST2 KY359230
5  FB(B.ST3)179-IR ST3 KY359231
6  FB(B.ST3)282-IR ST3 KY359232
7  FB(B.ST3)404-IR ST3 KY359233
8  FB(B.ST1)444-IR ST1 KY359234
9  FB(B.ST3)513-IR ST3 KY359235
10 FB(B.ST3)592-IR ST3 KY359236
11 FB(B.ST3)641-IR ST3 KY359237
12 FB(B.ST3)669-IR ST3 KY359238
13 FB(B.ST3)704-IR ST3 KY359239
14 FB(B.ST3)741-IR ST3 KY359240
15 FB(B.ST2)773-IR ST2 KY359241
16 FB(B.ST2)783-IR ST2 KY359242
17 FB(B.ST2)827-IR ST2 KY359243
18 FB(B.ST1)912-IR ST1 KY359244
19  FB(B.ST3)985-IR ST3 KY359245
20 FB(B.ST3)1039-IR  ST3 KY359246
21  FB(B.ST2)1120-IR ST2 KY359247
22 FB(B.ST3)1129-IR ST3 KY359248
23  FB(B.ST3)1369-IR  ST3 KY359249
24  FB(B.ST3)1370-IR  ST3 KY359250

DNA extraction and PCR amplification. The
DNA of 30 positive samples with morphological
diversity was extracted using a commercial DNA
extraction kit (YTA, FavorGen, Cat. No YT9032,
Taiwan) according to the manufacturer’s instructions.
DNA was also extracted from 33 samples negative
for Blastocystis by microscopy.

PCR amplification. A 620-bp fragment from
the 18S rRNA gene was amplified using the DNA
barcoding method and RD5 and BhRDr primers as
previously described [14]. PCR was performed
using the Tag DNA Polymerase Master Mix Red
(Amplicon, Denmark). PCR products were
electrophoresed and visualized on 1.5% agarose gel
stained with ethidium bromide.

Sequence analysis and accessions. The
sequence chromatograms were observed using
Chromas Version 1.0 (Technelysium Pty. Ltd.,
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Figure 1. Phylogenetic relationships of Blastocystis subtypes in our study

Helensvale, Queensland, Australia). The nucleotide
sequences were manually edited. The nucleotide
sequences of 24 isolates in the present study were
submitted to the GenBank/EMBL/DDBJ database
under the accession numbers KY359227 to
KY359250 (Table 1).

Ethical clearance. All the procedures were
approved by the Ethics Committee of Shahid
Beheshti University of Medical Sciences (SBMU),
Iran (Grant No. 6598) with respect to the human
rights. The authors asserted that all the procedures
of this work complied with the ethical standards of
the Declaration of Helsinki as revised in 2008.

Results

The microscopy results showed that 239 (17.3%)
individuals were positive for Blastocystis sp. Based
on PCR, all the 30 selective microscopy-positive
samples showed a positive band. In addition, out of
the 33 randomly selected negative samples, five
isolates showed a 620-bp fragment band on the
agarose gel.

Thirty positive samples by PCR method were
sent to Macrogen® Corp for sequencing. Six

samples failed to generate a sequence. The sequence
analysis revealed that 2 (8.3%), 6 (25%), and 16
(66.6 %) isolates belonged to subtypes 1, 2, and 3,
respectively. All the subtypes showed 99-100
homology with their own kind and sequences in the
GenBank.

According to the phylogenetic tree (Fig. 1), all
the sequences generated in the current study were
placed in two branches. Subtypes I and II were
placed in the same branch and subtype III in a
different one. The results of the phylogenetic
analysis also represented that Blastocystis subtypes
isolated in our study were placed near to the
subtypes isolated from animals (Fig. 2).

In order to investigate the relationship between
Blastocystis subtypes and morphological diversity,
12 out of 30 selected samples for sequencing with
different morphological forms, including avacuolar,
granular, cyst, and vacuolar forms in the
microscopic method, and three cases in the growth
medium (amoeboid form) were selected to examine
the relationship between the morphological form
and Blastocystis subtypes. All morphological forms
were observed in the three subtypes.
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Figure 2. Phylogenetic relationships between Blastocystis subtypes (KY isolate) in this study
and animal isolates of Blastocystis subtypes previously published in GenBank

Discussion
To date, there have been a few studies
concerning the molecular epidemiology of

Blastocystis infections in Iran, mostly describing the
distribution of Blastocystis subtypes. Most of them
proposed the investigation of the association
between Blastocystis subtypes and clinical
symptoms. However, the phylogenetic analysis and
transmission route of Blastocystis have not yet been
investigated. Therefore, this study aimed to improve
our understanding of the aspects of transmission
routes of human Blastocystis in Kurdistan province,
the northwest of Iran.

In the current study, the results obtained from
sequencing revealed that ST1, ST2, and ST3 were
the subtypes obtained from human fecal samples. In
similar studies, these subtypes were isolated from
humans in different parts of Iran [15-19], Lebanon
[20], Senegal [21], Turkey [22], Libya [23],
Makkah [24], Egypt [13], China [25], Poland [26],
and France [11]. The predominance of subtype 3 in
this study is consistent with the studies from Iran
[15,18], Turkey [22], Saudi Arabia [24], China [25],
Singapore [27], Colombia [28], and France [11].
However, in another study from Iran [17], subtype
2, and in studies from Libya [23] and China [29],
subtype 1 was predominant. Furthermore, in Iran,

subtype 3 was identified from the cattle [30]. These
three subtypes were also common in water and
wastewater [31,32]. Additionally, these subtypes
have been introduced as the most common
Blastocystis subtypes in cancer and HIV+/AIDS
patients [33]. Subtypes 4 [18,34,35], 5 [15,18,34,
35], and 7 [35] have also been reported in humans
in Iran.

The results of the phylogenetic analysis also
represented that Blastocystis subtypes isolated from
both human and animal subjects were placed beside
each other, indicating the high possibility of
zoonotic transmission of this microorganism
(Fig. 2). In that way, phylogenetic analysis indicated
ST1 isolates in our study were 99-100%
homologous with ST1 sequences obtained from
chicken (AB070993), monkey (EU445490),
primates (AB107967), dog (KY964544), and
wastewater (GU992411). In addition, this homology
was observed between ST2 isolates in our study and
ST2 sequenced from pig (AB107969), monkey
(EU445491), and wastewater (GU992418).
Furthermore, ST3 isolates in our study had 95-
100% homology with sequences from the cattle
(AB107965), monkey (EU445489), and pig
(AB107963). Accordingly, the potential zoonotic
transmission of Blastocystis is tracked in the region.

Therefore, we conclude that animals could play
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an important role in the epidemiology of
Blastocystis infection. It is noteworthy to indicate
that Blastocystis is considered as the most common
water-borne intestinal infection. Blastocystis
commonly exists in water contaminated with faeces
of infected humans or animals [31,32]. Thus, it has
been suggested that people can be infected with
Blastocystis of zoonotic origin without direct
contact with animals. Therefore, zoonotic
Blastocystis can be transmitted to humans by
ingesting Blastocystis-contaminated food and water.
Blastocystis is one of the most common
intestinal parasites in Kurdistan province and it
specifically belongs to the ST1, ST2, and ST3
subtypes. Bioinformatics analysis to compare the
phylogenetic patterns of Blastocystis subtypes
sequenced in this study and the isolates from
animals in GenBank showed that zoonotic
transmission plays a crucial role in Blastocystis
transmission. However, further studies should be
performed on the distribution of Blastocystis
subtypes in animals and different water sources in
Iran, where Blastocystis is reported in humans.
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